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OREGON HEALTH AUTHORITY COMPENDIUM OF ACUTE FOODBORNE DISEASES 01/01/2019

Agent?!

Usual
Incubation
Period
(Range)?

Symptom
Profile??3

Duration
of lliness?

Period of

Communicability

Characteristic
Foods3*

Criteria for Confirmation in an Outbreak Setting
kkkkkkkkkkkkkkkkkkkhkkhkhhkkkkkkkkkkkhkkhkhkhkkk

Specimen Submission Requirements for testing
performed at OSPHL, if applicable.

l. Agents typified by

nausea and vomiting, without fever, within 8 ho

urs of eating

Bacillus cereus 2—4 hours Vomiting, 24 hours Not Cooked rice, | Isolation of 105 organisms per gram from stool or two or
(“emetic variety”) (1-6 with nausea communicable meats, more ill persons OR isolation of 10° organisms per gram
hours) and diarrhea (preformed vegetables. of epidemiologically implicated food.
(abru pt enterotoxi n) . Fhkdkkkkdokkkkkkkokkokkkkkkdokkkkkkkokkkkkkkkkk
onset) N.b., emetic toxin
is heat resistant. Testing not performed at OSPHL. Contact ACDP for
testing options.
Staphylococcus | 2—4 hours Vomiting, 24-48 Not Sliced or Isolation of organism from stool or vomitus from two or
aureus (30 with nausea, hours communicable chopped ham | more ill persons OR detection of enterotoxin in
minutes — | cramps, and (preformed and meats, epidemiologically implicated food OR isolation of 10°
8 hours) diarrhea enterotoxin) N.b., custards, organisms per gram of epidemiologically implicated food.
(abrupt emetlc tOXIn IS cream fllllngsi khkhkkkkhhkkkhhhkkkhhkkhhhkkhhhkrhhhhkrkrrihkxs
onse) heat resistant. meugsgrs%c;;r:js, Testing not performed at OSPHL. Contact ACDP for
testing options.
Il. Agents typified by diarrhea and abdominal cramps, without fever, within 24 hours of eating
Bacillus cereus | 8-16 hours | Cramps and ~24 hours Not Custards, Isolation of 10° organisms per gram from stool or two or
(“diarrheal diarrhea communicable cereals, more ill persons and not from stool of control patients OR
variety”) (enterotoxin puddings, isolation of 105 organisms per gram of epidemiologically
formed in vivo) sauces, implicated food.
meatloaf T e

Testing not performed at OSPHL. Contact ACDP for
testing options.
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OREGON HEALTH AUTHORITY COMPENDIUM OF ACUTE FOODBORNE DISEASES 01/01/2019

Usual Criteria for Confirmation in an Outbreak Setting
I ncu b at ron kkkkhkkkhhkkhhhhkkhhhhkkrhhhhrrhhhrrhhhrxriirkx
Period Symptom Duration Period of Characteristic , . . )
Agent?! (Range)? Profile?® of lliness? | Communicability Foods3* Specimen Submission Reqm_remen.ts for testing
performed at OSPHL, if applicable.
Clostridium 10-12 Cramps and Up to 24 Not Meat, Isolation of 105 organisms per gram from stool or two or
perfringens hours (6 — diarrhea hours communicable poultry, more ill persons OR demonstration of enterotoxin in the
24 hours) (enterotoxin gravy, stool of two or more ill persons OR isolation of 10°
formed in vivo) Mexican foods | organisms per gram of epidemiologically implicated food.
*kkkkkkkkkkkkkkkkhkhkkhhhkhkkhkhkhkkhkhkhkhkhkkhkik
Testing not performed at OSPHL. Contact ACDP for
testing options. A loss of viability of C. perfringens will
occur if foods are frozen or held under prolonged
refrigeration.
Il Agents typified by diarrhea and abdominal cramps, with fever, within 12-48 hours of eating
Campylobacter 2-5days | Crampsand | 48 hours — 2—7 weeks Raw milk, Isolation of organism from clinical specimens from two or
jejuni (1-10 diarrhea 10 days poultry and more ill persons OR isolation of organism from
days) (sometimes poultry epidemiologically implicated food.
b|00q>I), with prOdUCtS: Kkkdkkkkdokkkkkkkokkokkkkkkdokkkkkkkkkkkkkkkkk
vom]!g\r/\grand liver paArf:alt Transfer stool into Cary-Blair transport medium to the fill
and paté, line. Store and transport at refrigerated temperatures to
contaminated | OSPHL with OSPHL Form 60, General Microbiology Test
water, Request Form.
young cats, )
dogs and Food tgstlng r_lot performed at OSPHL. Contact ACDP
livestock for testing options.
Escherichia coli 12-48 Cramps and | 5-10 days | Weeks to months Uncooked Isolation of same enteroinvasive serotype from stool of
Enteroinvasive hours diarrhea, with vegetables, two or more ill persons.
(EIEC) feverv salads, Fkkkkkkkkkkkkkkkdkdokkkokdokkkkdokkkok ok kkkkkk
headache g’:]zteesré Testing may be available at OSPHL upon special

approval from ACDP. Contact ACDP to discuss.
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OREGON HEALTH AUTHORITY COMPENDIUM OF ACUTE FOODBORNE DISEASES 01/01/2019

direct oral-anal
contact,
foreign travel

Usual Criteria for Confirmation in an Outbreak Setting
In cu bat I on ) . ) ) kkkkkkkkkkkkkkkkkkkhkkhkhhkkkkkkkkkkkhkkhkhkhkkk
Period Symptom Duration Period of Characteristic Speci Submission Requi ts for testi
Agent! (Range)? Profile23 of lllness? | Communicability Foods34 pecimen submission Requirements ior testing
performed at OSPHL, if applicable.
Salmonella (non- | 29-54 hrs | Cramps and 4-7 days Several days to Poultry, Isolation of organism of same serotype from clinical
typhoid) (-5 diarrhea, with several years, eggs, specimens from two or more ill persons OR isolation of
days) vomiting and depending on meat, organism from epidemiologically implicated food.
[ACCOI’dIng feVer type raw tuna! kkkkkkkkkkkkkkkkkkkkkhkkhhhkhkhkkkkkkhkkkhkhkhkx
10 ACDF] raw milk or Transfer stool into Cary-Blair transport medium to the fill
Concentrations/in | milk products, | |. y ansp
12-36 hrs fectivity typically sprouts line. Store_ and transport at refrigerated temperatures to
(6 hours — higher when other prodlljce OSPHL with OSPHL Form 60, General Microbiology Test
10 days) symptomatic raw nuts and | ReduestForm.
[according nut butters, Food testing not performed at OSPHL. Contact ACDP
evetoone spices (cross- | for testing options.
elrg el contamination
important)
lll.  Agents typified by diarrhea and abdominal cramps, with fever, within 12-48 hours of eating (continued)
Shigella 1-3 days Cramps and 2-7 days 4 weeks after Eggs, salads, | Isolation of organism of same serotype from clinical
(12 hours diarrhea illness lettuce, specimens from two or more ill persons OR isolation of
— 7 days) (may be infected food | organism from epidemiologically implicated food.
b|00dy), with handlers, Kkkkkdkkkkkokkkkkkkkkokkkkkkkkkkkkkkkkkkkkk
fever soiled diapers,

Transfer stool into Cary-Blair transport medium to the
fill line. Store and transport at refrigerated
temperatures to OSPHL with OSPHL Form 60,
General Microbiology Test Request Form.

Food testing not performed at OSPHL. Contact ACDP
for testing options.
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OREGON HEALTH AUTHORITY COMPENDIUM OF ACUTE FOODBORNE DISEASES 01/01/2019

Criteria for Confirmation in an Outbreak Setting

Usual
In cu bat ron ) . ) ) kkkkhkkkhhkkhhhhkkhhhhkkrhhhhrrhhhrrhhhrxriirkx
Period Symptom Duration Period of Characteristic Speci Submission R . ts for testi
Agent?! (Range)? Profile?3 of lliness? | Communicability Foods3* pecimen submission Requirements for testing
performed at OSPHL, if applicable.
Vibrio 12-24 Cramps and 1 -7 days Not Seafood, Isolation of organism from stool of two or more ill persons.
parahaemolyticus hours watery (according communicable especially et e s e s o s o
and other (4-96 diarrhea, to oysters and Transfer stool into Cary-Blair transport medium to the fill
noncholerae hours) sometimes Orpheus, other shellfish; | . y ansp
brios with nausea up to 3 occasionally line. Store and transport at refrigerated temperatures to
Vi , : . ;
vomiting weeks) salmon SSunI_éI;tV\[Q:)hrrSSPHL Form 60, General Microbiology Test

Test must be ordered on Form 60, as test is not part of
OSPHL routine enteric screening.

Food testing not performed at OSPHL. Contact ACDP
for testing options.
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OREGON HEALTH AUTHORITY COMPENDIUM OF ACUTE FOODBORNE DISEASES 01/01/2019

Usual Criteria for Confirmation in an Outbreak Setting
In cu bat I on ) . ) ) kkkkkkkkkkkkkkkkkkkhkkhkhhkkkkkkkkkkkhkkhkhkhkkk
Period Symptom Duration Period of Characteristic Speci Submission R . ts for testi
Agent?! (Range)? Profile?® of lliness? | Communicability Foods3* pecimen submission Requirements for testing
performed at OSPHL, if applicable.
Ill.  Agents typified by diarrhea and abdominal cramps, with fever, within 12-48 hours of eating (continued)
Yersinia 35-48 Cramps, 1-3 weeks 2-3 weeks Raw or Isolation of organism of same serotype from clinical
enterocolitica hours (24 diarrhea, undercooked | specimens from two or more ill persons OR isolation of
hours — fever, pork and pork | organism from epidemiologically implicated food.
10 dayS) headg_che, prOdU_CtS _SUCh Fkkkkkkkkkkkhkkkkdkdokkkkdokkkkdokkkk ok kkkkkk
Vc;rggldnc?_’ as Chr'rt]ti?kr“ngs’ Transfer stool into Cary-Blair transport medium to the fill
a P endicitis t ofu, line. Store and transport at refrigerated temperatures to
PP f - OSPHL with OSPHL Form 60, General Microbiology Test
arm animals,
dogs Request Form.

Test must be ordered on Form 60, as test is not part of
OSPHL routine enteric screening.

Food testing not performed at OSPHL. Contact ACDP
for testing options.
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OREGON HEALTH AUTHORITY COMPENDIUM OF ACUTE FOODBORNE DISEASES 01/01/2019

Usual Criteria for Confirmation in an Outbreak Setting
I ncu b at ton kkkkkkkkkkkkkkkkkkkhkkhkhhkkkkkkkkkkkhkkhkhkhkkk
Period Symptom Duration Period of Characteristic , . . )
Agent?! (Range)? Profile?® of lliness? | Communicability Foods3* Specimen Submission Reqw_remen_ts for testing
performed at OSPHL, if applicable.
V. Agents typified by vomiting, diarrhea, cramps, myalgias, and headache with fever, within 24 hours of eating
Listeria 18-31 Fever, with Days to Not known Inadequately | Isolation of Listeria monocytogenes of the same subtype
monocytogenes hours diarrhea, weeks pasteurized from two or more ill persons exposed to the
myalgia, and milk, lunch epidemiologically implicated food or to food from which
headache. meats and the same subtype of Listeria monocytogenes has been
cold cuts, isolated.

unpasteurized
soft cheeses,
sprouts, and
patés

kkkkkkkkkkkkkkhkkkhkkkkkkhkkkkhkkkkkkhkkkkkkk

Collect at least 2 grams (5-10 g is ideal) of fresh stool
(pea size) within three days of iliness and refrigerate prior
to the shipment. Stool in Cary-Blair transport medium to
the fill line is also accepted.

DO NOT FREEZE, Store and transport at refrigerated
temperatures to OSPHL for receipt within 24—36 hours of
collection, with OSPHL Form 60, General Microbiology
Test Request Form.

Food testing not performed at OSPHL. Contact ACDP
for testing options.
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OREGON HEALTH AUTHORITY COMPENDIUM OF ACUTE FOODBORNE DISEASES 01/01/2019

Usual Criteria for Confirmation in an Outbreak Setting
I ncu b at ton kkkkkkkkkkkkkkkkkkkhkkhkhhkkkkkkkkkkkhkkhkhkhkkk
Period Symptom Duration Period of Characteristic , . . )
Agent?! (Range)? Profile?® of lliness? | Communicability Foods3* Specimen Submission Reqm_remen.ts for testing
performed at OSPHL, if applicable.
V. Agents typified by vomiting, diarrhea, myalgias, and headache without fever, within 24-48 hours of eating
Norwalk virus Typically Vomiting, 24-72 Throughout the Shellfish, Detection of viral RNA in stool or vomitus by reverse
and other 24-48 with diarrhea, hours period of vomiting | water, salads, | transcriptase-polymerase chain reaction (RT-PCR) from
caliciviruses hours headache, and diarrhea and frosting, two or more persons.
(10_72 and myalgla 2_3 days aﬂer “handled" kkkkkkkkkkkkkkkkkkkkkhkkhhhkhkhkkkkkkhkkkhkhkhkx
hours) Usual symptoms end foods. Cpllect 2 grams of whole stool (Walnujc-sizeQ) OR 5 mL of
symptom dlarrheal stool (apout 3 tablespoqns) in sterl!e container.
g Stool in Cary-Blair transport medium to the fill line is
profile:
Diarrhea: acc_epted but not preferred. Store and transport at
refrigerated temperatures to OSPHL with OSPHL Form
80.% 42, Virology/Immunology Test Request Form
Vomiting: ’ ’
60% Food testing not performed at OSPHL. Contact ACDP
Nausea: 75% for testing options.
Fever: 30%
VI. Agents typified by watery diarrhea and headache without fever, within 24-48 hours of eating
Cyclospora 7 days (1- Watery Several Not Water, Detection of Cyclopora organisms or DNA in stool,
cayetanensis 11 days) diarrhea, weeks to a communicable uncooked intestinal fluid/aspirate or intestinal biopsy specimens.
fatigue, month food, raw
prOIraCted prOduce *kkkkkkkkkkkkhkkkhkhkkhhkhkhkkhhkhkkhhkhhhkhkhkhikx
diarrhea,
often Testing not performed at OSPHL. Contact ACDP for
relapsing 9 P '

testing options.
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OREGON HEALTH AUTHORITY COMPENDIUM OF ACUTE FOODBORNE DISEASES 01/01/2019

Usual Criteria for Confirmation in an Outbreak Setting
I ncu b at ton kkkkkkkkkkkkkkkkkkkhkkhkhhkkkkkkkkkkkhkkhkhkhkkk
Period Symptom Duration Period of Characteristic , . . )
Agent?! (Range)? Profile?® of lliness? | Communicability Foods3* Specimen Submission Reqm_remen.ts for testing
performed at OSPHL, if applicable.
VI. Agents typified by watery diarrhea and headache without fever, within 24—48 hours of eating (continued)
Escherichia coli 10-72 Cramps, 3-4 days; | Weeks to months Food and Isolation of organism of same serotype demonstrated to
Enterotoxigenic hours (10 profuse upto3 water, produce heat-stable (ST) or heat labile (LT) enterotoxin
(ETEC)S hours — 7 watery weeks produce, from stool of two or more ill persons.
dayS) dlarrhea' SeafOOdi SUShI kkkkkkkkkkkkkkkkkkkkkhkhhkhhkhkhkkkkkkhkkkkhkhkhkx
vgr?wrir':iﬁg Testing may be available at OSPHL upon special
approval from ACDP. Contact ACDP to discuss.
Vibrio cholerae 2-3 days Profuse 72 hours — Usually a few Shellfish, Isolation of toxigenic organism from stool or vomitus of
01 and 0139 (several watery 7 days; days after water, two or more ill persons OR significant rise in vibriocidal,
hours — 5 diarrhea and | causes life- | recovery except “street food,” | bacterial-agglutinating, or anti-toxin antibodies in acute
days) vomiting, threatening | when in a carrier foods and early convalescent phase sera among persons not
which can dehydratio state contaminated | recently immunized OR isolation of toxigenic organism
lead to n by infected from epidemiologically implicated food.
Severe. fOOd handlers kkkkkkkkkkkkkkkkkkkkkkhhhhkhkhkkkkkkkhkkkhkhkhkx
d::gcér:gg‘n '!'ransfer stool into Cary-Blair trgnsport medium to the fill
within hours line. Store_ and transport at refrigerated temperatures to
OSPHL with OSPHL Form 60, General Microbiology Test
Request Form.
Test must be ordered on Form 60, as test is not part of
OSPHL routine enteric screening.
Food testing not performed at OSPHL. Contact ACDP
for testing options.
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OREGON HEALTH AUTHORITY COMPENDIUM OF ACUTE FOODBORNE DISEASES 01/01/2019

Usual Criteria for Confirmation in an Outbreak Setting
I ncu b at ron kkkkhkkkhhkkhhhhkkhhhhkkrhhhhrrhhhrrhhhrxriirkx
Period Symptom Duration Period of Characteristic , . . )
Agent?! (Range)? Profile?® of lliness? | Communicability Foods3* Specimen Submission Reqm_remen.ts for testing
performed at OSPHL, if applicable.
VII. Agents typified by bloody diarrhea without fever, within 48 hours of eating
Escherichia coli | 48 hours — Bloody 5-10 days 1-4 weeks Beef, venison, | Isolation of E. coli O157:H7 or other shiga-toxin-producing
Shiga-toxin- 8 days diarrhea with raw milk, E. coli from clinical specimens from two or moreill
producing (24 hours — cramps, sprouts, water, | persons OR isolation of E. coli O157:H7 or other STEC
(STEC,; Entero- 10 days) vomiting; leafy greens, | from epidemiologically implicated food.
hemorrhaglc hemOIytlc Other prOducel kkkkkkkkkkkkkkkkkkkkkhkkhkhhhkhkkkkkkkkkkhkhkhkx
E. coli 0157:H7 uremic unpastequzed Transfer stool into Cary-Blair transport medium to the fill
and others) syndrome apple cider. i .
(2%-—7 % of ine. Store_ and transport at refrigerated temperatures to
OSPHL with OSPHL Form 60, General Microbiology Test
cases)
Request Form.
Test must be ordered on Form 60, as test is not part of
OSPHL routine enteric screening.
Food testing not performed at OSPHL. Contact ACDP
for testing options.
VIII. Agents typified by malaise, hausea, abdominal pain and jaundice with fever, within 15-50 days of eating
Hepatitis A 28-30 Fever, Weeks to 2 weeks before Raw or Collect and submit 1.5 mL serum or 5mL whole blood in a
days (15— malaise, months symptom onset undercooked | red top or serum separator tube (SST). Store and
50 days) nausea, and 1 week after | shellfish from | transport at refrigerated temperatures for receipt at
abdominal onset of jaundice | contaminated | OSPHL less than 7 days after collection. Submit with
pain, jaundice. waters, OSPHL Form 42, Virology/Immunology Test Request
raw produce, | Form.
Chlldren <5 Water, fOOdS khkhkkkkhhkkkhhhkkkhhkkhhhkkhhhhkkhhhhkhhhhkiiik
are typically contaminated | Food testing not performed at OSPHL.
asymptomatic by an infected
food handler
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OREGON HEALTH AUTHORITY COMPENDIUM OF ACUTE FOODBORNE DISEASES 01/01/2019

accompanied
or preceded
by nausea,
vomiting, or
diarrhea

(“stink heads™);
honey (infants)

Usual Criteria for Confirmation in an Outbreak Setting
In cu bat I on ) . ) ) kkkkkkkkkkkkkkkkkkkhkkhkhhkkkkkkkkkkkhkkhkhkhkkk
Period Symptom Duration Period of Characteristic Speci Submission R . ts for testi
Agent?! (Range)? Profile?® of lliness? | Communicability Foods3* pecimen submission Requirements for testing
performed at OSPHL, if applicable.
IX. Botulism (foodborne)
Clostridium 12-72 Double vision, Days to Not Improperly Detection of botulinum toxin in serum, stool, gastric
botulinum hours eyelid months communicable canned or contents, or implicated food OR isolation of organism from
(2 hours — | drooping, and (preformed similarly stool or intestine
8 days) descendlng enterOtOXIn) preserved kkkkkkkkkkkkkkkkkkkkkhkkhhhkhkhkkkkkkhkkkhkhkhkx
paralysis, foods; L . . . 5
sometimes fermented fish Infant botulism: Submit 5g or 5mL stool in a sterile screw

top container

Adult botulism: Submit 5mL serum (preferred). 5g or 5mL
stool in a sterile screw top container is accepted.

Food: Collect 100-200g of food items aseptically into a
sterile container or submit in original container.

For all specimen types, submit at refrigerated
temperatures with one OSPHL Form 60, General
Microbiology Test Request Form per specimen.
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OREGON HEALTH AUTHORITY COMPENDIUM OF ACUTE FOODBORNE DISEASES

01/01/2019

Criteria for Confirmation in an Outbreak Setting

Usual
I ncu b at ron kkkkhkkkhhkkhhhhkkhhhhkkrhhhhrrhhhrrhhhrxriirkx
Period Symptom Duration Period of Characteristic , . . )
Agent?! (Range)? Profile?® of lliness? | Communicability Foods3* Specimen Submission Reqm_remen_ts for testing
performed at OSPHL, if applicable.
X. Agents most readily diagnosed from the history of eating a particular type of food
Heavy metals 5 minutes Vomiting, Usually Not Acidic foods | Demonstration of high concentration of metal in
(antimony, — 8 hours | with nausea, | self-limited communicable and beverages | epidemiologically implicated food.
arsenic1 (usually <1 cramps, and preparedv B e
cadmium, hour) diarrhes, stored, or Collect suspect food or metal container
copper, iron, vision cooked in P '
Iea;ji;‘,n;?r:g; Y |mrp:$rsr2|2nt, ngtr:;"?iir; d Tes_ting not performed at OSPHL. Contact ACDP for
testing options.
weakness, or
other contaminated
neurological with offending
symptom metal,
environmental
exposure, rice
or produce
grown in
contaminated
soil.
Poisonous <2 hours Vomiting, Usually Not wild Clinical syndrome among persons who have eaten
mushrooms diarrhea, self-limited communicable mushrooms mushrooms identified as toxic type OR demonstration of
confusion, toxin in epidemiologically implicated mushrooms or food
visual containing mushrooms.
distu rbances, B S
salivation, Collect mushrooms or food containing mushrooms
diaphoresis, 9 '
ha(ljl_ucm_anons Testing not performed at OSPHL. Contact ACDP for
, disulfiram- test i
like reaction esting options.
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OREGON HEALTH AUTHORITY COMPENDIUM OF ACUTE FOODBORNE DISEASES 01/01/2019

Usual Criteria for Confirmation in an Outbreak Setting
I ncu b at ton kkkkkkkkkkkkkkkkkkkhkkhkhhkkkkkkkkkkkhkkhkhkhkkk
Period Symptom Duration Period of Characteristic , . . )
Agent?! (Range)? Profile?® of lliness? | Communicability Foods3* Specimen Submission Reqm_remen.ts for testing
performed at OSPHL, if applicable.
X.  Agents most readily diagnosed from the history of eating a particular type of food (continued)
Shellfish 20 minutes Cramps, Days Not Mussels, Detection of toxin in epidemiologically implicated food OR
poisoning — 3 hours diarrhea, communicable oysters, detection of large numbers of shellfish-poisoning-
(diarrheic, headaches, scallops, razor | associated species of dinoflagellates in water from which
neurotoxic, vomiting, clams, squid, | epidemiologically implicated mollusks are gathered.
am neSIC)4 am neSIa’ anChOVy kkkkkkkkkkkkkkkkkkkkkhkkhkhhhkhkkkkkkkkkkhkhkhkx
t?r?ézli‘:];ef;r Collect any amount of implicated shellfish.
num)bsn:r?g of Tes_ting not performed at OSPHL. Contact ACDP for
throat, can testing options.
cause death
Ciguatera 1-6 hours Diarrhea, Days to Not Large, tropical | Demonstration of ciguatoxin in epidemiologically
poisoning* (usually nausea, weeks to communicable ocean fish implicated fish OR clinical syndrome among persons who
within 6 vomiting, months (grouper, have eaten a type of fish previously associated with
hours) paresthesias, amberjack, ciguatera fish poisoning.
sensitivity of barracuda, N ks ke ok
terr?);;greg?ueres snapper) Collect epidemiologically implicated fish.
: Testing not performed at OSPHL. Contact ACDP for
, arrhythmia ) )
testing options.
Scombroid fish 1 minute — | Facial / trunk | 6-12 hours Not Tuna-like fish | Demonstration of histamine in epidemiologically
poisoning 3 hours flushing, communicable (mahi-mahi, implicated fish OR clinical syndrome among persons who
(histamine fish (usually heart tuna, have eaten a type of fish previously associated with
poisoning)*> within 6 palpitations, mackerel, histamine fish poisoning (especially fish of the
hours) nausea, bluefish, Scombridae family).
vomiti ng, salmon ' Fhkdkkkkdokkkkkkkokkokkkkkkdokkkkkkkokkkkkkkkkk
diarrhea, bonito, . . . L .
food tasting skipjack) Collgct epidemiologically implicated fish.
“ " Testing not performed at OSPHL. Contact ACDP for
peppery” or ) )
“metallic” testing options.
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Usual Criteria for Confirmation in an Outbreak Setting
I ncu b at ton kkkkhkkkhhkkhhhhkkhhhhkkrhhhhrrhhhrrhhhrxriirkx
Period Symptom Duration Period of Characteristic , . . )
Agent?! (Range)? Profile?® of lliness? | Communicability Foods3* Specimen Submission Reqm.remen.ts for testing
performed at OSPHL, if applicable.
X.  Agents most readily diagnosed from the history of eating a particular type of food (continued)
Paralytic 30 minutes | Paresthesias, Days Not Clams, Demonstration of toxin in epidemiologically implicated fish
shellfish — 3 hours feeling of communicable mussels, OR detection of large numbers of shellfish-poisoning-
poisoning* floating, loss cockles, associated species of dinoflagellates in water from which
of balance, oysters, epidemiologically implicated mollusks are gathered.
dry mouth, scallops
diplopia, Collect epidemiologically implicated shellfish.
dysarthria, Fkkdokkkdokkkdokkkdokkkdokkkdokkkdokkkdokkkokkkkdokk
sh%rr?:tis, of Tes_ting not performed at OSPHL. Contact ACDP for
respiratory testing options.
paralysis;
death is
possible
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Note: Use laboratory submission instructions with caution. Current criteria are posted at www.healthoregon.or/labtests.
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Diagnosis and Management of Foodborne llinesses

A Primer for Physicians and Other Health Care Professionals

Produced collaboratively by the
American Medical Association
American Nurses Association—American Nurses Foundation
Centers for Disease Control and Prevention
Center for Food Safety and Applied Nutrition, Food and Drug Administration
Food Safety and Inspection Service, US Department of Agriculture

Preface

Foodborne illness is a serious public health problem. CDC estimates that each year 76 million people get sick, more than
300,000 are hospitalized, and 5,000 die as a result of foodborne illnesses. Primarily the very young, the elderly, and the
immunocompromised are affected. Recent changes in human demographics and food preferences, changes in food production and
distribution systems, microbial adaptation, and lack of support for public health resources and infrastructure have led to the
emergence of novel as well as traditional foodborne diseases. With increasing travel and trade opportunities, it is not surprising
that now there is a greater risk of contracting and spreading a foodborne illness locally, regionally, and even globally.

Physicians and other health care professionals have a critical role in the prevention and control of food-related disease out-
breaks. This primer is intended to provide practical and concise information on the diagnosis, treatment, and reporting of
Jfoodborne illnesses. It was developed collaboratively by the American Medical Association, the American Nurses Association-
American Nurse Foundation, CDC, the Food and Drug Administration’s Center for Food Safety and Nutrition, and the United
States Department of Agricultures Food Safety and Inspection Service.

Clinicians are encouraged to review the primer and participate in the attached continuing medical education (CME) program.

Background

This primer is directed to primary care and emergency phy-
sicians, who are likely to see the index case of a potential food-
related disease outbreak. It is also a teaching tool to update
physicians and other health care professionals about foodborne
illness and remind them of their important role in recogniz-
ing suspicious symptoms, disease clusters, and etiologic agents,
and reporting cases of foodborne illness to public health
authorities.

Specifically, this guide urges physicians and other health care
professionals to

* Recognize the potential for a foodborne etiology in a

patient’s illness;

* Realize that many but not all cases of foodborne illness

have gastrointestinal tract symptoms;

An earlier edition of this Primer, covering different foodborne illnesses,
was published in MMWR in 2001 (MMWR 2001;50[No. RR-2]) and
also as a separate publication by the American Medical Association,
CDC, the Food and Drug Administration, and the U.S. Department
of Agriculture. This report updates and supplements the previous
edition. It is being reprinted here as a courtesy to the collaborating
agencies and the MMWR readers.

* Obrtain stool cultures in appropriate settings, and recog-
nize that testing for some specific pathogens, eg, E. coli
O157:H7, Vibrio spp., must be requested;

* Report suspect cases to appropriate public health officials;

* Talk with patients about ways to prevent food-related dis-
eases; and

* Appreciate that any patient with foodborne illness may
represent the sentinel case of a more widespread outbreak.

Foodborne illness is considered to be any illness that is
related to food ingestion; gastrointestinal tract symptoms are
the most common clinical manifestations of foodborne ill-
nesses. This document provides detailed summary tables and
charts, references, and resources for health care professionals.
Patient scenarios and clinical vignettes are included for self-
evaluation and to reinforce information presented in this
primer. Also included is a CME component.

This primer is not a clinical guideline or definitive resource
for the diagnosis and treatment of foodborne illness. Safe food
handling practices and technologies (eg, irradiation, food pro-
cessing and storage) also are not addressed. More detailed
information on these topics is available in the references and
resources listed in this document, as well as from medical spe-
cialists and medical specialty societies, state and local public
health authorities, and federal government agencies.
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For additional copies, please contact

Litjen (L.J.) Tan, PhD
American Medical Association
515 North State Street
Chicago, Illinois 60610

(312) 464-4147

(312) 464-5841 (fax)

srt@ama-assn.org (e-mail)

Or visit the following websites:

The American Medical Association
http://www.ama-assn.org/go/foodborne
Centers for Disease Control and Prevention
heep://www.cdc.gov/foodsafety/cme.htm
Center for Food Safety and Applied Nutrition,
Food and Drug Administration
http://www.cfsan.fda.gov
Food Safety and Inspection Service, US Department
of Agriculture
heep://www.fsis.usda.gov

Clinical Considerations

Food-related disease threats are numerous and varied,
involving biological and nonbiological agents. Foodborne ill-
nesses can be caused by microorganisms and their toxins,
marine organisms and their toxins, fungi and their related
toxins, and chemical contaminants. During the last 20 years,
some foods that have been linked to outbreaks include milk
(Campylobacter); shellfish (noroviruses); unpasteurized apple
cider (Escherichia coli O157:H7), raw and undercooked eggs
(Salmonella); fish (ciguatera poisoning); raspberries (Cyclospora);
strawberries (hepatitis A virus); and ready-to-eat meats (Listeria).

While physicians and other health care professionals have a
critical role in surveillance for and prevention of potential dis-
ease outbreaks, only a fraction of the people who experience
gastrointestinal tract symptoms from foodborne illness seek
medical care. In those who do seck care and submit speci-
mens, bacteria are more likely than other pathogens to be iden-
tified as causative agents. Bacterial agents most often identified
in patients with foodborne illness in the United States are
Campylobacter, Salmonella, and Shigella species, with substan-
tial variation occurring by geographic area and season. Test-
ing for viral etiologies of diarrheal disease is rarely done in
clinical practice, but viruses are considered the most common
cause of foodborne illness.

This section and the accompanying Foodborne Illnesses
Tables summarize diagnostic features and laboratory testing
for bacterial, viral, parasitic, and noninfectious causes of
foodborne illness. For more specific guidance, consult an

appropriate medical specialist or medical specialty society, as
well as the various resources listed in this primer. Also refer to
this section and the accompanying Foodborne Illnesses Tables
when working through the various Patient Scenarios and the
Clinical Vignettes portion of this primer.

Recognizing Foodborne lliness

Patients with foodborne illnesses typically present with
gastrointestional tract symptoms (eg, vomiting, diarrhea,
abdominal pain); however, nonspecific symptoms and neuro-
logic symptoms may also occur. Every outbreak begins with
an index patient who may not be severely ill. A physician or
health care professional who encounters this person may be
the only one with the opportunity to make an early and expe-
ditious diagnosis. Thus, the physician or health care profes-
sional must have a high degree of suspicion and ask appropriate
questions to recognize that an illness may have a foodborne
etiology.

Important clues to determining the etiology of a foodborne
disease are the

* Incubation period;

e Duration of the resultant illness;

* Predominant clinical symptoms; and

¢ Population involved in the outbreak.

Additional clues may be derived by asking whether the
patient has consumed raw or poorly cooked foods (eg, raw or
undercooked eggs, meats, shellfish, fish), unpasteurized milk
or juices, home-canned goods, fresh produce, or soft cheeses
made from unpasteurized milk. Inquire as to whether any of
the patient’s family members or close friends have similar symp-
toms. Inquiries about living on or visiting a farm, pet contact,
day care attendance, occupation, foreign travel, travel to coastal
areas, camping excursions to mountains or other areas where
untreated water is consumed, and attendance at group pic-
nics or similar outings also may provide clues for determining
the etiology of the illness.

If a foodborne illness is suspected, submit appropriate speci-
mens for laboratory testing and contact the state or local health
department for advice about epidemiologic investigation. For
the physician or other health care professional, implication of
a specific source in disease transmission is difficult from a single
patient encounter. Attempts to identify the source of the out-
break are best left to public health authorities.

Because infectious diarrhea can be contagious and is easily
spread, rapid and definitive identification of an etiologic agent
may help control a disease outbreak. Early identification of a case
of foodborne illness can prevent further exposures. An individual
physician who obtains testing can contribute the clue that uld-
mately leads to identification of the source of an outbreak.
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Finally, health care professionals should recognize that while
deliberate contamination of food is a rare event, it has been
documented in the past. The following events may suggest
that intentional contamination has occurred: an unusual agent
or pathogen in a common food, a common agent or patho-
gen affecting an unusually large number of people, or a com-
mon agent or pathogen that is uncommonly seen in clinical
practice, as might occur with pesticide poisoning.

Diagnosing Foodborne llinesses

Differential Diagnosis

As shown in Table 1 and the Foodborne Illnesses Tables, a
variety of infectious and noninfectious agents should be con-
sidered in patients suspected of having a foodborne illness.
Establishing a diagnosis can be difficult, however, particularly
in patients with persistent or chronic diarrhea, those with
severe abdominal pain, and when there is an underlying dis-

TABLE 1. Etiologic agents to consider for various manifestations of foodborne illness

Clinical presentation

Potential food-related agents to consider

Gastroenteritis (vomiting as primary
symptom; fever and/or diarrhea also
may be present)

Noninflammatory diarrhea (acute watery
diarrhea without fever/dysentery; some
patients may present with fever)*

Inflammatory diarrhea (invasive
gastroenteritis; grossly bloody stool and
fever may be present)’

Persistent diarrhea (lasting >14 days)

Neurologic manifestations (eg,
paresthesias, respiratory depression,
bronchospasm, cranial nerve palsies)

Systemic illness (eg, fever, weakness,
arthritis, jaundice)

Viral gastroenteritis, most commonly rotavirus in an infant or norovirus and other caliciviruses in an older
child or adult; or food poisoning due to preformed toxins (eg, vomitoxin, Staphylococcus aureus toxin,
Bacillus cereus toxin) and heavy metals.

Can be caused by virtually all enteric pathogens (bacterial, viral, parasitic) but is a classic symptom of
Enterotoxigenic Escherichia coli
Giardia
Vibrio cholerae
Enteric viruses (astroviruses, noroviruses and other caliciviruses, enteric adenovirus, rotavirus)
Cryptosporidium
Cyclospora cayetanensis

Shigella species
Campylobacter species
Salmonella species
Enteroinvasive E. coli
Enterohemorrhagic E. coli
E. coli O157:H7

Vibrio parahaemolyticus
Yersinia enterocolitica
Entamoeba histolytica

Prolonged iliness should prompt examination for parasites, particularly in travelers to mountainous or
other areas where untreated water is consumed. Consider Cyclospora cayetanensis, Cryptosporidium,
Entamoeba histolytica, and Giardia lamblia.

Botulism (Clostridium botulinum toxin)
Organophosphate pesticides

Thallium poisoning

Scombroid fish poisoning (histamine, saurine)
Ciguatera fish poisoning (ciguatoxin)
Tetradon fish poisoning (tetradotoxin)
Neurotoxic shellfish poisoning (brevitoxin)
Paralytic shellfish poisoning (saxitoxin)
Amnesic shellfish poisoning (domoic acid)
Mushroom poisoning

Guillain-Barré syndrome (associated with infectious diarrhea due to Campylobacter jejuni)

Listeria monocytogenes

Brucella species

Trichinella spiralis

Toxoplasma gondii

Vibrio vulnificus

Hepatitis A and E viruses

Salmonella Typhi and Salmonella Paratyphi
Amebic liver abscess

*Noninflammatory diarrhea is characterized by mucosal hypersecretion or decreased absorption without mucosal destruction and generally involves the
small intestine. Some affected patients may be dehydrated because of severe watery diarrhea and may appear seriously ill. This is more common in the
young and the elderly. Most patients experience minimal dehydration and appear mildly ill with scant physical findings. lliness typically occurs with abrupt
onset and brief duration. Fever and systemic symptoms usually are absent (except for symptoms related directly to intestinal fluid loss).

TInflammatory diarrhea is characterized by mucosal invasion with resulting inflammation and is caused by invasive or cytotoxigenic microbial pathogens.
The diarrheal iliness usually involves the large intestine and may be associated with fever, abdominal pain and tenderness, headache, nausea, vomiting,
malaise, and myalgia. Stools may be bloody and may contain many fecal leukocytes.




4 MMWR

April 16, 2004

ease process. The extent of diagnostic evaluation depends on
the clinical picture, the differential diagnosis considered, and
clinical judgment.

The presentation of a patient with a foodborne illness is
often only slightly different from that of a patient who pre-
sents with a viral syndrome. In addition, viral syndromes are
so common that it is reasonable to assume that a percentage
of those diagnosed with a viral syndrome have actually con-
tracted a foodborne illness. Therefore, the viral syndrome must
be excluded in order to suspect the foodborne illness and take
appropriate public health action. Fever, diarrhea, and abdomi-
nal cramps can be present or absent in both cases so they are
not very helpful. The absence of myalgias or arthralgias would
make a viral syndrome less likely and a foodborne illness (that
does not target the neurologic system) more likely. Foodborne
illnesses that do target the neurologic system tend to cause
paraesthesias, weakness and paralysis that are distinguishable
from myalgias or arthralgias (see below). The presence of dys-
entery (bloody diarrhea) is also more indicative of a foodborne
illness, particularly if it is early in the course.

If any of the following signs and symptoms occur in patients,
either alone or in combination, laboratory testing may pro-
vide important diagnostic clues (particular attention should
be given to very young and elderly patients and to immuno-
compromised patients, all of whom are more vulnerable):

* Bloody diarrhea

* Weight loss

* Diarrhea leading to dehydration

* Fever

* Prolonged diarrhea (3 or more unformed stools per day,

persisting several days)

* Neurologic involvement, such as paresthesias, motor weak-

ness, cranial nerve palsies

* Sudden onset of nausea, vomiting, diarrhea

* Severe abdominal pain

In addition to foodborne causes, a differential diagnosis of
gastrointestinal tract disease should include underlying medi-
cal conditions such as irritable bowel syndrome; inflamma-
tory bowel diseases such as Crohn’s disease or ulcerative colitis;
malignancy; medication use (including antibiotic-related
Clostridium difficile toxin colitis); gastrointestinal tract sur-
gery or radiation; malabsorption syndromes; immune defi-
ciencies; and numerous other structural, functional, and
metabolic etiologies. Consideration also should be given to
exogenous factors such as the association of the illness with
travel, occupation, emotional stress, sexual habits, exposure
to other ill persons, recent hospitalization, child care center
attendance, and nursing home residence.

The differential diagnosis of patients presenting with neuro-
logic symptoms due to a foodborne illness is also complex. Pos-
sible food-related causes to consider include recent ingestion of
contaminated seafood, mushroom poisoning, and chemical
poisoning. Because the ingestion of certain toxins (eg, botuli-
num toxin, tetrodotoxin) and chemicals (eg, organophosphates)
can be life-threatening, a differential diagnosis must be made
quickly with concern for aggressive therapy and life support
measures (eg, respiratory support, administration of antitoxin
or atropine), and possible hospital admission.

Clinical Microbiology Testing

When submitting specimens for microbiologic testing, it is
important to realize that clinical microbiology laboratories
differ in protocols used for the detection of pathogens. To
optimize recovery of an etiologic agent, physicians and other
health care professionals should understand routine specimen-
collection and testing procedures as well as circumstances and
procedures for making special test requests. Some complex
tests (eg, toxin testing, serotyping, molecular techniques) may
only be available from large commercial or public health labo-
ratories. Contact your microbiology laboratory for more
information.

Stool cultures are indicated if the patient is immuno-
compromised, febrile, has bloody diarrhea, has severe abdomi-
nal pain, or if the illness is clinically severe or persistent. Stool
cultures are also recommended if many fecal leukocytes are
present. This indicates diffuse colonic inflammation and is
suggestive of invasive bacterial pathogens such as Shigella,
Salmonella, and Campylobacter species and invasive E. coli. In
most laboratories, routine stool cultures are limited to screen-
ing for Salmonella and Shigella species and Campylobacter
jejuni/coli. Cultures for Vibrio and Yersinia species, E. coli
O157:H7, and Campylobacter species other than jejuni/coli
require additional media or incubation conditions and there-
fore require advance notification or communication with labo-
ratory and infectious disease personnel.

Stool examination for parasites generally is indicated for
patients with suggestive travel histories, who are immuno-
compromised, who suffer chronic or persistent diarrhea, or
when the diarrheal illness is unresponsive to appropriate anti-
microbial therapy. Stool examination for parasites is also indi-
cated for gastrointestinal tract illnesses that appear to have a
long incubation period. Requests for ova and parasite exami-
nation of a stool specimen will often enable identification of
Giardia lamblia and Entamoeba histolytica, but a special
request may be needed for detection of Cryptosporidium and
Cyclospora cayetanensis. Each laboratory may vary in its rou-
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tine procedures for detecting parasites, so it is important to
contact your laboratory.

Blood cultures should be obtained when bacteremia or sys-
temic infection is suspected.

Direct antigen detection tests and molecular biology tech-
niques are available for rapid identification of certain bacterial,
viral, and parasitic agents in clinical specimens. In some cir-
cumstances, microbiologic and chemical laboratory testing of
vomitus or implicated food items also is warranted. For more
information on laboratory procedures for the detection of
foodborne pathogens, consult an appropriate medical special-
ist, clinical microbiologist, or state public health laboratory.

Treating Foodborne Iliness

Selection of appropriate treatment depends on identifica-
tion of the responsible pathogen (if possible) and determin-
ing if specific therapy is available. Many episodes of acute
gastroenteritis are self-limiting and require fluid replacement
and supportive care. Oral rehydration is indicated for patients
who are mildly to moderately dehydrated; intravenous therapy
may be required for more severe dehydration. Routine use of
antidiarrheal agents is not recommended because many of these
agents have potentially serious adverse effects in infants and
young children.

Choice of antimicrobial therapy should be based on

* Clinical signs and symptoms;

* Organism detected in clinical specimens;

* Antimicrobial susceptibility tests; and

* Appropriateness of treating with an antibiotic (some

enteric bacterial infections are best not treated).

Knowledge of the infectious agent and its antimicrobial sus-
ceptibility pattern allows the physician to initiate, change, or
discontinue antimicrobial therapy. Such information also can
support public health surveillance of infectious disease and
antimicrobial resistance trends in the community. Antimicro-
bial resistance has increased for some enteric pathogens, which
dictates judicious use of this therapy.

Suspected cases of botulism are treated with botulinum
antitoxin. Equine botulinum antitoxin for types A, B, and E
can prevent the progression of neurologic dysfunction if
administered early in the course of illness. Physicians and other
health care professionals should notify their local and state
health departments regarding suspected cases of botulism.
CDC maintains a 24-hour consultation service to assist health
care professionals with the diagnosis and management of this
rare disease.

Surveillance and Reporting
of Foodborne lliness

Reporting of foodborne illnesses in the United States began
more than 50 years ago when state health officers, concerned
about the high morbidity and mortality caused by typhoid
fever and infantile diarrhea, recommended that cases of
“enteric fever” be investigated and reported. The intent of
investigating and reporting these cases was to obtain informa-
tion about the role of food, milk, and water in outbreaks of
gastrointestinal tract illness as the basis for public health
actions. These early reporting efforts led to the enactment of
important public health measures (eg, the Pasteurized Milk
Ordinance) that profoundly decreased the incidence of
foodborne illnesses.

Often health care professionals may suspect foodborne ill-
ness either because of the organism involved or because of
other available information, such as several ill patients who
have eaten the same food. Health care professionals can serve
as the eyes and ears for the health department by providing
such information to local or state public health authorities.
Foodborne disease reporting is not only important for disease
prevention and control, but more accurate assessments of the
burden of foodborne illness in the community occur when
physicians and other health care professionals report foodborne
illnesses to the local and state health department. In addition,
reporting of cases of foodborne illness by practicing physi-
cians to the local health department may help the health
officer identify a foodborne disease outbreak in the commu-
nity. This may lead to early identification and removal of con-
taminated products from the commercial market. If a
restaurant or other food service establishment is identified as
the source of the outbreak, health officers will work to correct
inadequate food preparation practices, if necessary. If the home
is the likely source of the contamination, health officers can
institute public education about proper food handling prac-
tices. Occasionally, reporting may lead to the identification of
a previously unrecognized agent of foodborne illness. Report-
ing also may lead to identification and appropriate manage-
ment of human carriers of known foodborne pathogens,
especially those with high-risk occupations for disease trans-
mission such as foodworkers.

Table 2 lists current reporting requirements for foodborne
diseases and conditions in the United States. National report-
ing requirements are determined collaboratively by the Council
of State and Territorial Epidemiologists and CDC. Additional
reporting requirements may also be mandated by state and
territorial laws and regulations. Details on specific state
reporting requirements are available from state health depart-
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TABLE 2. Foodborne diseases and conditions designated as
notifiable at the national level* — United States 2003

Notifiable BACTERIAL foodborne diseases and conditions
Anthrax
Botulism
Brucellosis
Cholera
Enterohemorrhagic Escherichia coli
Hemolytic uremic syndrome, post-diarrheal
Listeriosis
Salmonellosis (other than S. Typhi)
Shigellosis
Typhoid fever (S. Typhi and S. Paratyphi infections)

Notifiable VIRAL foodborne diseases and conditions
Hepatitis A

Notifiable PARASITIC foodborne diseases and conditions
Cryptosporidiosis
Cyclosporiasis
Giardiasis
Trichinellosis

In the United States, additional reporting requirements may be
mandated by state and territorial laws and regulations. Details on
specific state reporting requirements are available from state health
departments and from the

Council of State and Territorial Epidemiologists (phone
number: 770-458-3811). Information available electronically at:
www.cste.org/nndss/reportingrequirements.htm.

Centers for Disease Control and Prevention. Information
available electronically at www.cdc.gov/epo/dphsi/phs/
infdis2003.htm.

ments and from the Council of State and Territorial Epidemi-
ologists and CDC.

Typically, the appropriate procedure for health care profes-
sionals to follow in reporting foodborne illnesses is to contact
the local or state health department whenever they identify a
specific notifiable foodborne disease. However, it is often
unclear if a patient has a foodborne illness prior to diagnostic

tests, so health care professionals should also report potential
foodborne illnesses, such as when 2 or more patients present
with a similar illness that may have resulted from the inges-
tion of a common food. Local health departments then
report the illnesses to the state health departments and deter-
mine if further investigation is warranted.

Each state health department reports foodborne illnesses to
CDC. CDC compiles these data nationally and disseminates
information via the weekly Morbidity and Mortality Weekly
Report and annual summary reports. CDC assists state and
local public health authorities with epidemiologic investigations
and the design of interventions to prevent and control food-
related outbreaks. CDC also coordinates a national network of
public health laboratories, called PulseNet, which performs
“molecular fingerprinting” of bacteria (by pulsed-field gel elec-
trophoresis) to support epidemiologic investigations.

Thus, in addition to reporting cases of potential foodborne
illnesses, it is important for physicians to report noticeable
increases in unusual illnesses, symptom complexes, or disease
patterns (even without definitive diagnosis) to public health
authorities. Prompt reporting of unusual patterns of diarrheal/
gastrointestinal tract illness, for example, can allow public
health officials to initiate an epidemiologic investigation ear-
lier than would be possible if the report awaited definitive
etiologic diagnosis.

Finally, new information on food safety is constantly emerg-
ing. Recommendations and precautions for people at high
risk are updated whenever new data about preventing
foodborne illness become available. Physicians and other health
care professionals need to be aware of and follow the most
current information on food safety.
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Foodborne llinesses (Bacterial)

Incubation Duration of
Etiology Period Signs and Symptoms lliness Associated Foods Laboratory Testing Treatment
Bacillus anthracis 2 days to Nausea, vomiting, malaise, = Weeks Insufficiently cooked Blood. Penicillin is first choice for
weeks bloody diarrhea, acute contaminated meat. naturally acquired gastrointes-
abdominal pain. tinal anthrax. Ciprofloxacin is
second option.
Bacillus cereus 1-6 hrs Sudden onset of severe 24 hrs Improperly refrigerated Normally a clinical Supportive care.
(preformed nausea and vomiting. cooked or fried rice, diagnosis. Clinical
enterotoxin) Diarrhea may be present. meats. laboratories do not routinely
identify this organism. If
indicated, send stool and
food specimens to
reference laboratory for
culture and toxin
identification.
Bacillus cereus 10-16 hours Abdominal cramps, watery ~ 24-48 Meats, stews, gravies, Testing not necessary, self- Supportive care.
(diarrheal toxin) diarrhea, nausea. hours vanilla sauce. limiting (consider testing
food and stool for toxin in
outbreaks).
Brucella abortus, 7-21 days Fever, chills, sweating, Weeks Raw milk, goat cheese Blood culture and positive Acute: Rifampin and
B. melitensis, and weakness, headache, made from unpasteur- serology. doxycycline daily for >6 weeks.
B. suis muscle and joint pain, ized milk, contaminated Infections with complications
diarrhea, bloody stools meats. require combination therapy
during acute phase. with rifampin, tetracycline, and
an aminoglycoside.
Campylobacter 2-5 days Diarrhea, cramps, fever, 2-10 days Raw and undercooked Routine stool culture; Supportive care. For severe
Jjejuni and vomiting; diarrhea poultry, unpasturized Campylobacter requires cases, antibiotics such as
may be bloody. milk, contaminated special media and erythromycin and quinolones
water. incubation at 42°C to grow. may be indicated early in the
diarrheal disease. Guillain-
Barré syndrome can be a
sequela.
Clostridium 12-72 hrs Vomiting, diarrhea, blurred Variable Home-canned foods Stool, serum, and food can  Supportive care. Botulinum
botulinum— vision, diplopia, dysphagia, (from days  with a low acid content,  be tested for toxin. Stool antitoxin is helpful if given
children and adults and descending muscle to months).  improperly canned and food can also be early in the course of the
(preformed toxin) weakness. Can be commercial foods, cultured for the organism. iliness. Contact the state
compli- home-canned or These tests can be health department. The 24-
cated by fermented fish, herb- performed at some state hour number for state health
respiratory  infused oils, baked health department departments to call is (770)
failure and potatoes in aluminium laboratories and CDC. 488-7100.
death. foil, cheese sauce,
bottled garlic, foods held
warm for extended
periods of time (eg, in a
warm oven).
Clostridium 3-30 days In infants <12 months, Variable Honey, home-canned Stool, serum, and food can  Supportive care. Botulism
botulinum—infants lethargy, weakness, poor vegetables and fruits, be tested for toxin. Stool immune globulin can be
feeding, constipation, corn syrup. and food can also be obtained from the Infant
hypotonia, poor head cultured for the organism. Botulism Prevention Program,
control, poor gag and These tests can be Health and Human Services,
sucking reflex. performed at some state California (510-540-2646).
health department Botulinum antitoxin is generally
laboratories and CDC. not recommended for infants.
Clostridium 8-16 hrs Watery diarrhea, nausea, 24-48 hrs Meats, poultry, gravy, Stools can be tested for Supportive care. Antibiotics not
perfringens toxin abdominal cramps; fever is dried or precooked enterotoxin and cultured for indicated.
rare. foods, time- and/or organism. Because
temperature-abused Clostridium perfringens can
food. normally be found in stool,
guantitative cultures must
be done.
Enterohemorrhagic 1-8 days Severe diarrhea that is 5-10 days Undercooked beef Stool culture; E. coli Supportive care, monitor renal

E. coli (EHEC)
including

E. coli O157:H7
and other Shiga
toxin-producing
E. coli (STEC)

often bloody, abdominal
pain and vomiting. Usually,
little or no fever is present.
More common in children
<4 years.

especially hamburger,
unpasteurized milk and
juice, raw fruits and
vegetables (eg.
sprouts), salami (rarely),
and contaminated
water.

0157:H7 requires special
media to grow. If E. coli
0157:H7 is suspected,
specific testing must be
requested. Shiga toxin
testing may be done using
commercial kits; positive
isolates should be
forwarded to public health
laboratories for confirmation
and serotyping.

function, hemoglobin, and
platelets closely. E. coli
0157:H7 infection is also
associated with hemolytic
uremic syndrome (HUS), which
can cause lifelong complica-
tions. Studies indicate that
antibiotics may promote the
development of HUS.
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Foodborne llinesses (Bacterial) (Continued)
Incubation Duration of

Etiology Period Signs and Symptoms lliness Associated Foods Laboratory Testing Treatment

Enterotoxigenic 1-3 days Watery diarrhea, 3to>7 Water or food Stool culture. ETEC Supportive care. Antibiotics

E. coli (ETEC) abdominal cramps, some days contaminated with requires special laboratory  are rarely needed except in
vomiting. human feces. techniques for identifica- severe cases. Recommended

tion. If suspected, must antibiotics include TMP-SMX
request specific testing. and quinolones.

Listeria 9-48 hrs for Fever, muscle aches, and Fresh soft cheeses, Blood or cerebrospinal fluid ~ Supportive care and

monocytogenes gastrointestinal  nausea or diarrhea. Variable unpasteurized milk, cultures. Asymptomatic antibiotics; Intravenous

symptoms, Pregnant women may inadequately pasteur- fecal carriage occurs; ampicillin, penicillin, or TMP-
2—-6 weeks have mild flu-like illness, ized milk, ready-to-eat therefore, stool culture SMX are recommended for
for invasive and infection can lead to deli meats, hot dogs. usually not helpful. invasive disease.
disease premature delivery or Antibody to listerolysin O

stillbirth. Elderly or may be helpful to identify

immunocompromised outbreak retrospectively.

patients may have

bacteremia or meningitis.
At birth and Infants infected from
infancy mother at risk for sepsis or

meningitis.

Salmonella spp. 1-3 days Diarrhea, fever, abdominal Contaminated eggs, Routine stool cultures. Supportive care. Other than for
cramps, vomiting. S. Typhi ~ 4-7 days poultry, unpasteurized S. Typhi and S. Paratyphi,
and S. Paratyphi produce milk or juice, cheese, antibiotics are not indicated
typhoid with insidious contaminated raw fruits unless there is extra-intestinal
onset characterized by and vegetables (alfalfa spread, or the risk of extra-
fever, headache, sprouts, melons). S. intestinal spread, of the
constipation, malaise, Typhi epidemics are infection. Consider ampicillin,
chills, and myalgia; often related to fecal gentamicin, TMP-SMX;, or
diarrhea is uncommon, contamination of water quinolones if indicated. A
and vomiting is not usually supplies or street- vaccine exists for S. Typhi.
severe. vended foods.

Shigella spp. 24-48 hrs Abdominal cramps, fever, Food or water Routine stool cultures. Supportive care. TMP-SMX
and diarrhea. Stools may 4-7 days contaminated with recommended in the US if
contain blood and mucus. human fecal material. organism is susceptible;

Usually person-to- nalidixic acid or other

person spread, fecal— quinolones may be indicated if
oral transmission. organism is resistant,
Ready-to-eat foods especially in developing
touched by infected food countries.

workers, eg, raw

vegetables, salads,

sandwiches.

Staphylococcus 1-6 hrs Sudden onset of severe Unrefrigerated or Normally a clinical Supportive care.

aureus (preformed nausea and vomiting. 24-48 hrs improperly refrigerated  diagnosis. Stool, vomitus,

enterotoxin) Abdominal cramps. meats, potato and egg and food can be tested for
Diarrhea and fever may be salads, cream pastries.  toxin and cultured if
present. indicated.

Vibrio cholerae 24-72 hrs Profuse watery diarrhea Contaminated water, Stool culture; Vibrio Supportive care with

(toxin) and vomiting, which can 3-7 days. fish, shellfish, street- cholerae requires special aggressive oral and intra-
lead to severe dehydration  Causes life- vended food typically media to grow. If V. venous rehydration. In cases of
and death within hours. threatening  from Latin America or cholerae is suspected, must confirmed cholera, tetracycline

dehydra- Asia. request specific testing. or doxycycline is recommended
tion. for adults, and TMP-SMX for
children (<8 years).

Vibrio para- 2-48 hrs Watery diarrhea, Undercooked or raw Stool cultures. Vibrio Supportive care. Antibiotics

haemolyticus abdominal cramps, 2-5 days seafood, such as fish, parahaemolyticus requires  are recommended in severe
nausea, vomiting. shellfish. special media to grow. If V.  cases: tetracycline, doxycy-

parahaemolyticus is cline, gentamicin, and
suspected, must request cefotaxime.
specific testing.

Vibrio vulnificus 1-7 days Vomiting, diarrhea, Undercooked or raw Stool, wound, or blood Supportive care and

abdominal pain, 2-8 days shellfish, especially cultures. Vibrio vulnificus antibiotics; tetracycline,

bacteremia, and wound
infections. More common
in the immunocompro-
mised, or in patients with
chronic liver disease
(presenting with bullous
skin lesions). Can be fatal
in patients with liver
disease and the
immunocompromised.

oysters, other
contaminated seafood,
and open wounds
exposed to sea water.

requires special media to
grow. If V. vulnificus is
suspected, must request
specific testing.

doxycycline, and ceftazidime
are recommended.
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Foodborne llinesses (Bacterial) (Continued)

Incubation Duration of

Etiology Period Signs and Symptoms lliness Associated Foods Laboratory Testing Treatment

Yersinia 24-48 hrs Appendicitis-like symptoms Undercooked pork, Stool, vomitus, or blood Supportive care. If septicemia

enterocolytica and (diarrhea and vomiting, 1-3 weeks,  unpasteurized milk, tofu, culture. Yersinia requires or other invasive disease

Y. pseudotuber- fever, and abdominal pain)  usually self- contaminated water. special media to grow. If occurs, antibiotic therapy with

culosis occur primarily in older limiting Infection has occurred in suspected, must request gentamicin or cefotaxime
children and young adults. infants whose specific testing. Serology is  (doxycycline and ciprofloxacin
May have a scarlitiniform caregivers handled available in research and also effective).
rash with Y. pseudotuber- chitterlings. reference laboratories.
culosis.

Foodborne llinesses (Viral)

Incubation Duration of
Etiology Period Signs and Symptoms lliness Associated Foods Laboratory Testing Treatment
Hepatitis A 28 days Diarrhea, dark urine, Variable, Shellfish harvested from Increase in ALT, bilirubin. Supportive care. Prevention
average jaundice, and flu-like 2 weeks — contaminated waters, Positive IgM and anti- with immunization.
(15-50 days) symptoms, i.e., fever, 3 months raw produce, contami-  hepatitis A antibodies.
headache, nausea, and nated drinking water,
abdominal pain. uncooked foods and
cooked foods that are
not reheated after
contact with infected
food handler.

Noroviruses (and 12-48 hrs Nausea, vomiting, 12-60 hrs Shellfish, fecally Routine RT-PCR and EM Supportive care such as

other caliciviruses) abdominal cramping, contaminated foods, on fresh unpreserved stool  rehydration. Good hygiene.
diarrhea, fever, myalgia, ready-to-eat foods samples. Clinical diagnosis,
and some headache. touched by infected food negative bacterial cultures.

Diarrhea is more prevalent workers (salads, Stool is negative for WBCs.
in adults and vomiting is sandwiches, ice,
more prevalent in children. cookies, fruit).

Rotavirus 1-3 days Vomiting, watery diarrhea,  4-8 days Fecally contaminated Identification of virus in Supportive care. Severe
low-grade fever. foods. Ready-to-eat stool via immunoassay. diarrhea may require fluid and
Temporary lactose foods touched by electrolyte replacement.
intolerance may occur. infected food workers
Infants and children, (salads, fruits).
elderly, and
immunocompromised are
especially vulnerable.

Other viral agents 10-70 hrs Nausea, vomiting, 2-9 days Fecally contaminated Identification of the virus in  Supportive care, usually mild,

(astroviruses, diarrhea, malaise, foods. Ready-to-eat early acute stool samples. self-limiting. Good hygiene.

adenoviruses, abdominal pain, headache, foods touched by Serology. Commercial

parvoviruses) fever. infected food workers. ELISA kits are now

Some shellfish. available for adenoviruses
and astroviruses.
Foodborne llinesses (Parasitic)
Incubation Duration of

Etiology Period Signs and Symptoms lliness Associated Foods Laboratory Testing Treatment

Angiostrongylus 1 week to >1 Severe headaches, Several Raw or undercooked Examination of CSF for Supportive care. Repeat

cantonensis month nausea, vomiting, neck weeks to intermediate hosts (eg, elevated pressure, protein, lumbar punctures and use of
stiffness, paresthesias, several snails or slugs), infected leukocytes, and eosino- corticosteroid therapy may be
hyperesthesias, seizures, months paratenic (transport) phils; serologic testing used for more severely ill
and other neurologic hosts (eg, crabs, fresh using ELISA to detect patients.
abnormalities. water shrimp), fresh antibodies to

produce contaminated  Angiostrongylus
with intermediate or cantonensis.
transport hosts.

Cryptosporidium 2-10 days Diarrhea (usually watery), May be Any uncooked food or Request specific Supportive care, self-limited. If
stomach cramps, upset remitting and food contaminated by examination of the stool for  severe consider paromomycin
stomach, slight fever. relapsing an ill food handler after  Cryptosporidium. May need for 7 days. For children aged

over weeks  cooking, drinking water. to examine water or food. 1-11 years, consider
to months nitazoxanide for 3 days.
Cyclospora 1-14 days, Diarrhea (usually watery), May be Various types of fresh Request specific TMP-SMX for 7 days.
cayetanensis usually at least  loss of appetite, remitting and produce (imported examination of the stool for
1 week substantial loss of weight, relapsing berries, lettuce). Cyclospora. May need to
stomach cramps, nausea, over weeks examine water or food.
vomiting, fatigue. to months
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Foodborne llinesses (Parasitic) (Continued)
Incubation Duration of

Etiology Period Signs and Symptoms lliness Associated Foods Laboratory Testing Treatment

Entamoeba 2-3 days to Diarrhea (often bloody), May be Any uncooked food or Examination of stool for Metronidazole and a luminal

histolytica 1-4 weeks frequent bowel move- protracted food contaminated by cysts and parasites—may agent (iodoquinol or
ments, lower abdominal (several an ill food handler after  need at least 3 samples. paromomycin).
pain. weeks to cooking, drinking water.  Serology for long-term

several infections.
months)

Giardia lamblia 1-2 weeks Diarrhea, stomach cramps, Days to Any uncooked food or Examination of stool for ova Metronidazole.
gas. weeks food contaminated by and parasites — may need

an ill food handler after  at least 3 samples.
cooking, drinking water.

Toxoplasma gondii  5-23 days Generally asymptomatic, Months Accidental ingestion Isolation of parasites from Asymptomatic healthy, but
20% may develop cervical ofcontaminated substances blood or other body fluids; infected, persons do not
lymphadenopathy and/or a (eg, soil contaminated observation of parasites in require treatment. Spiramycin
flu-like iliness. In with cat feces on fruits ~ patient specimens via or pyrimethamine plus
immunocompromised and vegetables), raw or microscopy or histology. sulfadiazine may be used
patients: central nervous partly cooked meat Detection of organisms is for pregnant women.
system (CNS) disease, (especially pork, lamb, rare; serology (reference Pyrimethamine plus
myocarditis, or pneumoni- or venison). laboratory needed) can be  sulfadiazine may be used
tis is often seen. a useful adjunct in for immunocompromised

diagnosing toxoplasmosis. persons, in specific cases.
However, IgM antibodies Pyrimethamine plus
may persist for 6-18 sulfadiazine (with or without
months and thus may not steroids) may be given for
necessarily indicate recent  ocular disease when indicated.
infection. PCR of bodily Folinic acid is given with
fluids. For congenital pyrimethamine plus sulfadiaz-
infection: isolation of ine to counteract bone marrow
T. gondii from placenta, suppression.
umbilical cord, or infant
blood. PCR of white blood
cells, CSF, or amniotic
fluid, or IgM and 1gA
serology, performed by a
reference laboratory.

Passed from mother

Toxoplasma gondii  In infants at Treatment of the mother Months (who acquired acute

(congenital birth may reduce severity and/ infection during

infection) or incidence of congenital pregnancy) to child.
infection. Most infected
infants have few
symptoms at birth. Later,
they will generally develop
signs of congenital
toxoplasmosis (mental
retardation, severely
impaired eyesight, cerebral
palsy, seizures), unless
the infection is treated.

Raw or undercooked
Trichinella spiralis 1-2 days for Acute: nausea, diarrhea, Months contaminated meat, Positive serology or
initial vomiting, fatigue, fever, usually pork or wild demonstration of larvae via  Supportive care plus
symptoms; abdominal discomfort game meat (eg, bear or muscle biopsy. Increase in  mebendazole or albendazole.
others begin followed by muscle moose). eosinophils.
2-8 weeks soreness, weakness, and

after infection

occasional cardiac and
neurologic complications.
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Foodborne llinesses (Noninfectious)

Incubation Duration of
Etiology Period Signs and Symptoms lliness Associated Foods Laboratory Testing Treatment
Antimony 5 min — 8 hrs. Vomiting, metallic taste. Usually Metallic container. Identification of metal in Supportive care.
usually <1 hr self-limited beverage or food.
Arsenic Few hrs Vomiting, colic, diarrhea. Several Contaminated food. Urine. May cause Gastric lavage, BAL
days eosinophilia. (dimercaprol).
Cadmium 5 min — 8 hrs. Nausea, vomiting, myalgia, Usually Seafood, oysters, Identification of metal in Supportive care.
usually <1 hr increase in salivation, self-limited clams, lobster, grains, food.
stomach pain. peanuts.
Ciguatera fish 2-6 hrs GI: abdominal pain, Days to A variety of large reef Radioassay for toxin in fish ~ Supportive care, IV mannitol.
poisoning nausea, vomiting, weeks to fish. Grouper, red or a consistent history. Children more vulnerable.
(ciguatera toxin) diarrhea. months snapper, amberjack,
and barracuda (most
3 hrs Neurologic: paresthesias, common).
reversal of hot or cold,
pain, weakness.
2-5 days Cardiovascular:
bradycardia, hypotension,
increase in T wave
abnormalities.
Copper 5 min — 8 hrs. Nausea, vomiting, blue or Usually Metallic container. Identification of metal in Supportive care.
usually <1 hr green vomitus. self-limited beverage or food.
Mercury 1 week or Numbness, weakness of May be Fish exposed to organic Analysis of blood, hair. Supportive care.
longer legs, spastic paralysis, protracted mercury, grains treated
impaired vision, blindness, with mercury fungicides.
coma. Pregnant women
and the developing fetus
are especially vulnerable.
Mushroom toxins, <2 hrs Vomiting, diarrhea, Self-limited ~ Wild mushrooms Typical syndrome and Supportive care.
short-acting confusion, visual (cooking may not mushroom identified or
(museinol, disturbance, salivation, destroy these toxins). demonstration of the toxin.
muscarine, diaphoresis, hallucinations,
psilocybin, coprius disulfiram-like reaction,
artemetaris, confusion, visual
ibotenic acid) disturbance.
Mushroom toxin, 4-8 hrs Diarrhea, abdominal Often fatal Mushrooms. Typical syndrome and Supportive care, life-
long-acting diarrhea; cramps, leading to hepatic mushroom identified and/or  threatening, may need life
(amanitin) 24-48 hrs liver  and renal failure. demonstration of the toxin.  support.
failure
Nitrite poisoning 1-2 hrs Nausea, vomiting, Usually Cured meats, any Analysis of the food, blood.  Supportive care, methylene
cyanosis, headache, self-limited contaminated foods, blue.
dizziness, weakness, loss spinach exposed to
of consciousness, excessive nitrification.
chocolate-brown colored
blood.
Pesticides Few min to few Nausea, vomiting, Usually Any contaminated food. Analysis of the food, blood.  Atropine; 2-PAM (Pralidoxime)
(organophosphates  hrs abdominal cramps, self-limited is used when atropine is not
or carbamates) diarrhea, headache, able to control symptoms and
nervousness, blurred is rarely necessary in
vision, twitching, carbamate poisoning.
convulsions, salivation and
meiosis.
Puffer fish <30 min Parasthesias, vomiting, Death Puffer fish. Detection of tetrodotoxin in  Life-threatening, may need
(tetrodotoxin) diarrhea, abdominal pain, usually in fish. respiratory support.
ascending paralysis, 4-6 hours
respiratory failure.
Scombroid 1 min-3hrs Flushing, rash, burning 3-6 hrs Fish: bluefin, tuna, Demonstration of histamine  Supportive care, antihista-
(histamine) sensation of skin, mouth skipjack, mackerel, in food or clinical diagnosis. mines.

and throat, dizziness,
uriticaria, parasthesias.

marlin, escolar, and
mahi mabhi.
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Foodborne llinesses (Noninfectious) (Continued)
Incubation Duration of
Etiology Period Signs and Symptoms lliness Associated Foods Laboratory Testing Treatment
Shellfish toxins Diarrheic Nausea, vomiting, Hrs to 2-3 A variety of shellfish, Detection of the toxin in Supportive care, generally self-
(diarrheic, shellfish diarrhea, and abdominal days primarily mussels, shellfish; high-pressure limiting. Elderly are especially
neurotoxic, poisoning pain accompanied by oysters, scallops, and liquid chromatography. sensitive to ASP.
amnesic) (DSP) — 30 chills, headache, and shellfish from the Florida
min to 2 hrs fever. coast and the Gulf of
Mexico.
Neurotoxic Tingling and numbness of
shellfish lips, tongue, and throat,
poisoning muscular aches, dizziness,
(NSP) — few reversal of the sensations
min to hours of hot and cold, diarrhea,
and vomiting.
Amnesic Vomiting, diarrhea,
shellfish abdominal pain and
poisoning neurologic problems such
(ASP) — as confusion, memory
24-48 hrs loss, disorientation,
seizure, coma.
Shellfish toxins 30 min—-3hrs  Diarrhea, nausea, vomiting  Days Scallops, mussels, Detection of toxin in food or  Life-threatening, may need
(paralytic shellfish leading to parasthesias of clams, cockles. water where fish are respiratory support.
poisoning) mouth, lips, weakness, located; high-pressure
dysphasia, dysphonia, liquid chromatography.
respiratory paralysis.
Sodium fluoride Few min to Salty or soapy taste, Usually Dry foods (eg, dry milk,  Testing of vomitus or Supportive care.
2 hrs numbness of mouth, self-limited flour, baking powder, gastric washings. Analysis
vomiting, diarrhea, dilated cake mixes) contami- of the food.
pupils, spasms, pallor, nated with sodium
shock, collapse. fluoride—containing
insecticides and
rodenticides.
Thallium Few hrs Nausea, vomiting, Several Contaminated food. Urine, hair. Supportive care.
diarrhea, painful days
parathesias, motor
polyneuropathy, hair loss.
Tin 5 min — 8 hrs. Nausea, vomiting, Usually Metallic container. Analysis of the food. Supportive care.
usually <1 hr diarrhea. self-limited
Vomitoxin Few min to Nausea, headache, Usually Grains such as wheat,  Analysis of the food. Supportive care.
3hrs abdominal pain, vomiting. self-limited corn, barley.
Zinc Few hrs Stomach cramps, nausea,  Usually Metallic container. Analysis of the food, blood  Supportive care.
vomiting, diarrhea, self-limited and feces, saliva or urine.

myalgias.
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Patient Scenarios

The learning scenarios in this section can be used to rein-
force medical management information pertaining to
foodborne illnesses, such as that provided from the previous
sections of this primer. The case studies provide questions that
need to be considered when dealing with a potential case of
foodborne illness. Answers are provided immediately follow-
ing the questions to enhance the learning process.

Similar learning scenarios are also available for other
foodborne pathogens.

Congenital Toxoplasmosis, A Patient
Scenario

Susan, a 6-month-old infant, is brought to your office for
evaluation of apparent blindness. Her mother reports that she
had been well during the pregnancy and the delivery was
uncomplicated. The baby appeared healthy until age 4 months,
when the parents became concerned about her vision.

Physical examination was normal except for bilateral macu-
lar scars, microphthalmos, and unresponsiveness to visual
stimuli. There were no other neurologic abnormalities, and
her growth and development were appropriate for her age. A
computed tomography (CT) scan of the head was obtained.

Congenital infection with which of the
following should be included in the
differential diagnosis?

* Viruses:

— Cytomegalovirus

— Rubella

— Herpes simplex

—Human immunodeficiency virus
* Bacteria:

— Treponema pallidum

— Listeria monocytogenes
e DParasites:

— Toxoplasma gondii

What additional information would assist
with the diagnosis?

* More history from the mother, including travel to for-
eign country

* Vaccination record, including during pregnancy

* History of exposure to cats and raw meat

* History of multiple sex partners and sexually transmit-
ted disease (STD)

* History of herpes

* Evaluation of CT scan

The CT scan of the child’s head showed periventricular cal-
cifications and asymmetric dilation of the lateral ventricles.
The mother is 35 years old and reiterated that she does not
recall being ill during the pregnancy; however, she also indi-
cated that she would not necessarily remember every little
symptom. She also denied having a history of STDs. She had
received the mumps-measles-rubella (MMR) vaccine as a child
but no vaccines during pregnancy. The mother recalled eating
insufficiently cooked meat while traveling in France during
the first trimester of pregnancy. The family does not own a
cat, and she does not recall having been exposed to cats dur-
ing her pregnancy.

What diagnostic tests are needed?

Serologic evaluation of both mother and child focusing
on potential congenital infection (ie, a TORCH profile)
based on the history of the mother ingesting raw meat
while traveling in a foreign country during first trimester
of pregnancy and the clinical findings (blindness, cere-
bral calcifications, and hydrocephalus).

Results of serologic testing detected both IgG and IgM
antibodies to Toxoplasma gondii in both the baby’s and
mother’s serum. The mother’s IgM titer was 1:6400 and
IgG titer was 1:6400, while those of the baby were IgM
titer of 1:160 and IgG titer of 1:6400.

How does this information assist with the
diagnosis?

Diagnosis of toxoplasmosis is usually confirmed by
serologic tests. Occasionally, organisms are identified in
tissue or body fluids or isolated by culture or animal
inoculation. Polymerase chain reaction (PCR)-based
assays are available from some laboratories for diagnosis
of fetal infection and infection in compromised hosts.
For immunocompetent persons, seroconversion or a
4-fold rise of specific IgG antibodies or demonstration of
specific IgM antibodies indicate recent infection. High
titers of IgG antibodies in the absence of IgM antibodies
are consistent with chronic latent infection acquired in
the past. The IgM-capture enzyme-linked immunosorbent
assay (ELISA) is more sensitive than the IgM-indirect fluo-
rescent-antibody assay (IFA) test. However, IgM tests may
be false-positive, and true-positive IgM tests may persist
for a year or more. Therefore, to determine if infection
occurred during pregnancy, additional tests, such as an
anti- Joxoplasma avidity test, may be required at a refer-
ence laboratory.
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Immunodeficient persons usually do not have measur-
able IgM antibodies, even in the presence of active dis-
ease. The diagnosis of central nervous system (CNS)
toxoplasmosis in such persons is therefore based on clini-
cal picture, typical CT scan or magnetic resonance imag-
ing (MRI) showing multiple ring-enhancing hypodense
nodules, and a positive IgG test. Brain biopsy is reserved
for cases that fail to respond to an empiric trial of anti-
Toxoplasma drugs.

The baby was diagnosed with congenital toxoplasmosis.

How is toxoplasmosis best treated?

Toxoplasmosis in immunocompetent persons rarely
requires treatment, whereas infection in immunodeficient
persons or in infants with congenital infections usually
requires treatment. The combination of pyrimethamine
and sulfadiazine is the treatment of choice. Folinic acid
(leucovorin) is given to prevent bone marrow suppres-
sion. Treatment must be continued for the duration of
immunosuppression and for life in AIDS patients whose
immunity is not reconstituted by highly aggressive
antiretroviral therapy (HAART).

For persons unable to tolerate the pyrimethamine and
sulfadiazine combination, high doses of pyrimethamine
(and leucovorin) and clindamycin are effective.

The management of toxoplasmosis acquired during preg-
nancy is controversial. Testing of newly pregnant women
for T gondii infection is not routinely done, and routine
testing is not recommended by CDC or by the American
College of Obstetricians and Gynecologists. To prevent
fetal infection, one approach is to administer spiramycin (a
macrolide antibiotic, which is concentrated in the placenta
and is not harmful to the fetus). At the same time, amni-
otic fluid is submitted for PCR-based testing to determine
whether fetal infection has occurred. If so, options may
include pyrimethamine and sulfadiazine given after the 16th
week of pregnancy (since pyrimethamine is potentially ter-
atogenic) or consideration of terminating the pregnancy. If
the fetus is shown to be uninfected, spiramycin is contin-
ued throughout pregnancy.

Different protocols exist for treatment of infants born
with congenital infection. The most commonly recom-
mended treatment is pyrimethamine and sulfadiazine plus
leucovorin during the first year of life. In the present case,
the child was treated for 6 months with pyrimethamine
and sulfadiazine plus leucovorin.

Human infection with the intracellular protozoan parasite
Toxoplasma gondii occurs globally. Infection is usually sub-
clinical or produces a mild illness, except in immunodeficient
persons and fetuses infected in utero. Most infants with con-
genital toxoplasmosis appear healthy at birth but have a high
incidence of developing serious ophthalmologic and neuro-
logic sequelae during the next 20 years of life. Severe congeni-
tal toxoplasmosis may be apparent at birth or become apparent
during the first 6 months of life. Chorioretinitis, intracerebral
calcifications, and hydrocephalus, as in the present case, are
typical features

The child was treated with pyrimethamine, sulfadiazine, and
folinic acid for 6 months. She remains blind, and has devel-
oped moderate psychomotor retardation.

How could Toxoplasma infection have
been prevented in this child?

Toxoplasma gondii may be transmitted transplacentally
to the fetus if the mother acquired toxoplasmosis during
pregnancy. There is almost no risk of transplacental trans-
mission if the mother was infected prior to conception;
accordingly, women with positive IgG antibody tests for
toxoplasmosis at the onset of pregnancy are not at risk for
developing acute toxoplasmosis. Women with negative
I¢G antibody tests during pregnancy should avoid eating
insufficiently cooked or uncooked meat and should avoid
ingestion of soil and water or food that may be contami-
nated with cat feces.

Transmission occurs by a) ingestion of tissue cysts in
raw or insufficiently cooked meat, especially lamb, pork,
and wild game; b) accidental ingestion of food, water, or
soil contaminated with cat feces that contain infective
oocysts; ¢) transplacental passage of infective tachyzoites;
d) transfusion of infected white blood cells or transplan-
tation of an infected organ; and e) laboratory accidents.

Prevention of toxoplasmosis is particularly important
for uninfected (ie, seronegative) pregnant mothers, HIV-
infected persons, and other immunocompromised
patients:

* Avoid ingestion of raw or insufficiently cooked meat
and poultry; cook meat to 160°F (71°C) or freeze to -4°F
(-20°C). For more details on preventing toxoplasmo-
sis, please see the Suggested Resources and Suggested
Reading List.

* Avoid ingestion of environmental oocysts by avoiding
contact with cat litter, soil, water, and vegetables
potentially contaminated with cat feces.
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Infection acquired by healthy persons is usually asymptom-
atic or may lead to painless lymphadenopathy or a mononucleo-
sis syndrome. Maternal infection is usually unrecognized.

Disease in persons with depressed cellular immunity (eg,
persons with AIDS, transplant recipients, persons receiving
immunosuppressants) usually is due to reactivation of latent
infection but can result from acute infection. Toxoplasmosis
in these persons leads to lethal meningoencephalitis, focal
lesions of the CNS, and less commonly, myocarditis or pneu-
monitis. The clinical picture may include headache, seizures,
mental status changes, focal neurologic signs, and aseptic
meningitis. Thirty to forty percent of AIDS patients with IgG
antibodies to 7. gondii (indicating chronic latent infection)
develop active toxoplasmosis unless they take preventive medi-
cation.

Congenital infection occurs when a previously uninfected
mother develops infection during pregnancy. Infection prior
to conception, demonstrated by specific IgG antibodies, in
nearly all cases guarantees against infection of the fetus. How-
ever, transplacental transmission occurs from mothers whose
prior infections reactivate when they receive immunosuppres-
sant medications or develop AIDS. Congenital toxoplasmosis
may result in abortion, stillbirth, mental retardation, and reti-
nal damage. Recurrent toxoplasmic chorioretinitis in children
and young adults is frequently the result of congenital infec-
tion that was asymptomatic at birth.

Acute Hepatitis A: A Patient Scenario

While working in an emergency room, you are asked to see
a 31-year-old Asian-American woman who has had fever,
nausea, and fatigue for the past 24 hours. She also reports
dark urine and has had 3 light colored stools since yesterday.
She has previously been healthy and has no previous history
of jaundice. Her physical examination shows a low-grade
fever of 100.6°F/38.1°C, faint scleral icterus, and hepatome-
galy. Her blood pressure and neurologic exam are normal and
there is no rash. Initial laboratory studies show an alanine ami-
notransferase (ALT) result of 877 IU/L, aspartate amino trans-
ferase (AST) enzyme levels of 650 IU/L, an alkaline phosphatase
of 58 IU/L and a total bilirubin of 3.4 mg/dL. White blood cell
count is 4.6, with a normal differential; electrolytes are normal;
the blood urea nitrogen level is 18 mg/dL; and serum creati-
nine level is 0.6 mg/dL. Pregnancy test is negative.

What should be included in the differential
diagnosis of acute hepatitis?

* Viral infections:
— hepatitis A, B, C, D, and E
— varicella
— cytomegalovirus
— herpes virus
— Epstein-Barr virus
* Bacterial infections:
— typhoid fever
— Q fever
— Rocky Mountain spotted fever
— leptospirosis
— secondary syphilis
— sepsis
e Darasitic infections:
— toxocariasis
— liver flukes
* Drugs:
— acetaminophen
— isoniazid
— rifampin
— oral contraceptives
— anti-seizure medications
— sulfonamides
* Toxins:
— alcohol, carbon tetrachloride
* Autoimmune disease:
— autoimmune hepatitis
— systemic lupus erythematosus

What additional information would assist
with the diagnosis?

* Has she traveled outside the United States recently?

* Does she use illicit drugs?

* Is anyone else in the household ill?

* How many sex partners has she had in the past 6 months?
* Does she have regular contact with animals?

* What medications is she taking?

* Has she ever had a transfusion?

* Does she drink alcohol?

* Does she take care of children?

* Has she ever received hepatitis B vaccination?

* Has she ever received hepatitis A vaccination?

* Did she receive immune globulin within the past 3 months?
* What is her occupation?

15
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She has no children, and her boyfriend is not ill. She has
been in a monogamous relationship with her boyfriend for 2
years. She was born in the United States; her parents immi-
grated to the United States from Taiwan in the 1950s. She
works as a food preparer for a catering business. She returned
4 weeks ago from a 1-week vacation in Mexico (Mexico City
and nearby areas), where she stayed with her boyfriend in sev-
eral hotels. She drank only bottled water but ate both cooked
and uncooked food at numerous restaurants while in Mexico,
and she visited a family friend and her 3 young children in a
Mexico City suburb.

She did not receive hepatitis A vaccine or immune globulin
before going on vacation. She is not sure if she has received
hepatitis B vaccine. She has not gone camping or hiking and
had no recent tick exposures. She has never used illicit drugs,
drinks alcohol rarely, and has never received a transfusion.
She is taking oral contraceptives but no other prescription
medication, and took 500 milligrams of Tylenol® once after
onset of her current symptoms. She has a pet cat but no other
animal exposures. She had chickenpox and mononucleosis

during childhood.

How does this information assist with the
diagnosis?

Lack of animal or tick exposures makes leptospirosis
and Rocky Mountain spotted fever unlikely, and Q fever
less likely. Yellow fever and typhoid fever are very unlikely
with no history of travel to rural endemic areas, and
assuming exposure occurred in Mexico, inconsistent with
the long incubation period. Hepatitis A virus (HAV),
hepatitis B virus (HBV), hepatitis C virus (HCV), and
hepatitis E virus (HEV) infection are all possible diag-
noses. A drug reaction to the oral contraceptive is a pos-
sible cause of hepatitis. The history of travel to an endemic
area makes hepatitis A the most likely diagnosis.

What diagnostic tests are needed?

Specific diagnostic serologic studies are necessary to
distinguish one form of viral hepatitis from another.
Testing for total (IgG+ IgM) anti-HAV does not distin-
guish between a past history of hepatitis A virus infec-
tion and current infection and is not useful in diagnosing
acute hepatitis A. Hepatitis A can be easily confirmed
with an anti-IgM anti-HAV test. This test is widely avail-
able and results are usually available within 24 hours. A
hepatitis panel is ordered, and results from such a panel
are shown here.

You obrtain the following results from the serologic testing:
* Total anti-HAV: positive

e IgM anti-HAV: positive

* Total anti-HBc: positive

* IgM anti-hepatitis B core antigen: negative

* HBsAg: negative

* anti-HBs: positive

* anti-HCV: negative

What is the diagnosis?
The diagnosis is hepatitis A. The hepatitis B serologic

tests indicate past, resolved infection with no chronic
infection. Acute hepatitis C is also possible; the appear-
ance of anti-HCV may be delayed for as long as 9 months
after exposure. However, with a confirmed diagnosis of
hepatitis A, further testing for HCV RNA is not indi-
cated at this point. Finally, note that hepatitis E is rarely
reported in travelers, and results of serologic tests for hepa-
titis E virus (HEV) are difficult to interpret. Tests for HEV
should only be performed if other more common causes
of hepatitis have been excluded.

The incubation period for hepatitis A is 15-50 days, with
an average of 28 days. The most common signs and symp-
toms associated with acute hepatitis A include jaundice, fever,
malaise, anorexia, and abdominal discomfort. The illness can
be severe and approximately 10% to 20% of reported cases
require hospitalization. The likelihood of having symptoms
with HAV infection is related to the person’s age. In children
<06 years of age, most (70%) infection is asymptomatic; if ill-
ness does occur it is not usually accompanied by jaundice.
Older children and adults are more likely to have symptom-
atic disease, although jaundice may be absent in as many as
one third of adults with HAV infection. In many developing
countries in Asia, Africa, and Central and South America,
infection is nearly universal during early childhood and is
often asymptomatic.

What treatment is indicated?

There is no specific treatment for hepatitis A. Bed rest
does not hasten recovery. Hepatitis A is never a chronic
infection, although 10% to 15% of symptomatic persons
have prolonged or relapsing disease lasting up to 6 months.
While rarely fatal in younger persons, the case-fatality rate
is nearly 2% among reported patients who are more than
50 years old. Following is a depiction of a typical course,
including times of peak fecal excretion of HAV, liver func-
tion test abnormalities, and clinical symptoms.
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How is hepatitis A virus transmitted, and
who is at risk for this disease?

HAYV is an RNA virus that only infects primates. HAV
has a fecal-oral route of transmission and is easily trans-
mitted person to person. HAV is also transmitted through
contaminated food or water. Because HAV is present in
the blood during acute infection, bloodborne transmis-
sion is also possible, but rare. The highest levels of HAV
are found in the stool, and peak levels occur in the 2 weeks
before onset of illness.

Groups at increased risk for hepatitis A include travel-
ers to developing countries, men who have sex with men,
and injecting and noninjecting drug users. In the United
States, 4% to 6% of reported cases occur among interna-
tional travelers, many of whom presumably acquired HAV
infection from contaminated food or water. Approximately
50% of persons with hepatitis A do not report any known
risk factors, and some of these infections may be from
unrecognized transmission via HAV-contaminated food.

How might this illness have been
prevented?

Persons planning to travel to an endemic region should
receive hepatitis A vaccine or immune globulin before
departure. Hepatitis A vaccination can be given to any-
one 2 years of age and older, and has the advantage of
providing long-term protection (at least 20 years). Hepa-
titis A vaccine is an inactivated HAV preparation; the first
dose of vaccine provides protective anti-HAV levels within
30 days for >90% of vaccine recipients. Licensed hepati-
tis A vaccines available in the United States are consid-
ered to be equivalent in effectiveness, and include Havrix®

(manufactured by Glaxo SmithKline), VAQTA® (Merck

& Co.), and Twinrix® (combined hepatitis A and hepati-
tis B vaccine, Glaxo SmithKline). Vaccination is admin-
istered in a 2-dose schedule (0, 6 months) for Havrix®
and VAQTA®, and a 3-dose schedule (0, 1, 6 months)
for Twinrix®. The second (or third) dose is provided to
ensure protection in those who did not respond to the
first dose of vaccine. Ninety-nine percent of vaccinees will
be protected after 2 doses of vaccine.

For persons who present for hepatitis A immuno-
prophylaxis <30 days before departure to an endemic
region and for children <2 years old, immune globulin
(IG) is an effective means of preventing hepatitis A. IG is
the appropriate immunoprophylaxis for children <2 years
old. IG is a sterile preparation of concentrated antibodies
(immunoglobulins) made from pooled human plasma.
IG provides protection against hepatitis A for 3-5 months,
depending on dosage, through passive transfer of anti-
body. Vaccine and IG may be given simultaneously.

Hepatitis A is the most common vaccine-preventable dis-
ease among travelers. The risk varies according to region vis-
ited and the length of stay, and is increased even among
travelers who report observing measures to protect themselves
against enteric infection or stay only in urban areas. In the
United States, children account for approximately one third
of reported travel-related cases.

What else needs to be done?

Cases of hepatitis A should be reported to the local
health department immediately. The patient’s boyfriend
and any other household or sexual contacts whose last
exposure to the patient was <14 days ago should be given
IG. Screening for immunity before administering IG is
not recommended in this situation because it is more costly
than IG and would delay its administration. IG is not
indicated for family members or friends not living in the

household.

Prompt reporting of hepatitis A cases allows time to decide
on a course of action and provide timely immunoprophylaxis
when appropriate. Because this patient works as a food
preparer, the health department will need to visit the estab-
lishment to assess the likelihood that her duties and hygiene
practices pose a significant risk of food contamination. IG is
often recommended for co-workers of commercial food han-
dlers with hepatitis A. In addition, if she worked at any time
during the 2 weeks before onset of jaundice to 1 week after
onset, persons who ate food prepared or handled by this
patient may be candidates for IG prophylaxis. Determina-
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tions of the need for IG prophylaxis are made on a case-by-
case basis by experienced health department personnel. Again,
immediate reporting of hepatitis A cases allows time to decide
on a course of action and provide timely treatment and inter-
vention when appropriate.

Norovirus Infection: A Patient Scenario

Nancy is a 25-year-old previously well graduate student who
presents to the emergency department with a 12-hour history
of nausea, diarrhea, abdominal cramping, and vomiting (about
6 episodes), malaise, and a low-grade fever. She describes her
onset of symptoms as sudden.

Physical examination shows that Nancy is afebrile with a
supine blood pressure of 123/74 mm Hg. She has a diffusely
tender abdomen and is dehydrated. Stool examination is nega-
tive for occult blood.

What is the possible differential diagnosis
for her chief complaint?

* Infectious gastroenteritis

* Food intoxication (noninfectious gastroenteritis)
* Inflammatory bowel disease

* Appendicitis

* Pelvic inflammatory disease

What additional information would assist
with the diagnosis?

* Did anyone in her household experience similar illness
within the week prior to onset of symptoms?

* Has she been in contact with anyone outside her house-
hold with similar symptoms within the previous week?

* Has she had such symptoms before?

* Does she know if anyone else became ill?

* Has she traveled outside the United States within the
last month?

* Has she previously had a sexually transmitted diseases
or does she have multiple sex partners?

Nancy reports that she rarely has diarrhea or vomiting. She
also reports no contact with anyone who was ill in the past
week, nor has she been out of the country in the past month.
Her boyfriend, who does not live with her, has similar symp-
toms with an almost identical onset time. Both attended a
wedding 2 days ago. The meal at the wedding reception, which
was held at a local reception hall, was the only meal they shared
in the past several days. Nancy does not know if anyone else
who attended the wedding became ill. Nancy reports that she

has no history of a sexually transmitted disease and that she
and her boyfriend have a monogamous sexual relationship.

How does this information assist with the
diagnosis?

Based on the rapid onset of symptoms, Nancy’s reported
past history of good health, and the fact that her boy-
friend has an almost identical history, inflammatory bowel
disease, appendicitis, and pelvic inflammatory disease are
the least likely diagnoses.

Food intoxication is also not very likely. Assuming that
the wedding reception was the source of the toxin, and
this was their most recent common meal, the time from
exposure to onset of symptoms is too long. Toxins usually
cause illness within minutes to hours after ingestion.

The most likely diagnosis is infectious gastroenteritis.
There is a possibility that Nancy’s and her boyfriend’s ill-

ness may be associated with an outbreak of gastroenteritis.

What additional information would assist
with the identification of the etiologic
agent?

* What sorts of foods were served at the wedding recep-
tion?

* When did the couple last share a meal prior to the wed-
ding reception?

* Has an outbreak of gastroenteritis associated with this
reception has been reported to the local health depart-
ment?. The health department may be able to aid in
determining what the etiologic agent was if it is cur-
rently investigating the outbreak.

At the wedding, the couple had a choice of meal. Nancy
had lobster tail and filet mignon. Her boyfriend had chicken.
They both consumed stuffed mushrooms, salad, and hors
d’ocuvres preceding the main meal. For dessert they both had
wedding cake and fresh fruit. Both drank wine or beer during
the reception.

The couple attended a barbecue the previous week. This
outing was a function sponsored by Nancy’s employer. Nancy
tells you that none of her co-workers have been ill with vom-
iting and diarrhea.

You place an inquiry with the local health department about
the possible outbreak. The health department notifies you that
an investigation is currently under way. Illness has also been
reported among 75% of attendees at a wedding the day
before the one Nancy attended, at the same reception hall.
The only common food between the 2 weddings is the salad,
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and the health department currently suspects a food handler
who worked during both weddings who was experiencing
diarrhea. Most patients have reported nausea, vomiting (about
90%), and diarrhea (70%), with some fever, malaise, head-
ache, chills, and abdominal pain. The mean incubation
period for those who have reported illness is 28.6 hours, with
a mean duration of 31.8 hours.

The health department suspects viral gastroenteritis caused
by a norovirus. A norovirus is suspected because of the rapid
onset of symptoms, the short 36-hour incubation period and
relatively short duration of illness, the absence of bloody diar-
rhea, and the high percentage of vomiting. Bacterial cultures
are negative for enteric pathogens on stool samples collected
thus far.

What are the complications of norovirus
infection?

Noroviruses are common causes of self-limiting acute
gastroenteritis, with illness frequently lasting no longer
than 60 hours. They commonly cause outbreaks in such
settings as restaurants, catered events, cruise ships, schools,
and nursing homes. The viruses can be spread person to
person through the fecal-oral route, through contaminated
food or water, or by raw or undercooked shellfish.

How should norovirus infections be
managed?

There is no antiviral agent that can be used to treat
norovirus infections. Supportive care such as oral or
intravenous fluids for rehydration should be provided.

To reduce the spread of illness, patients should be edu-
cated to use good hand washing practices, particularly
after using the bathroom and before preparing and han-

dling food.

The health department requests that a stool sample be col-
lected. The sample should be collected in a sterile container
without transport media, and kept at 4°C (40°F) until shipped.
The sample should be shipped on ice packs to the local health
department laboratory for testing. The health department also
asks you to encourage Nancy’s boyfriend to submit a stool
sample.

How could this norovirus infection have
been prevented?

The food handler with diarrhea should not have
returned to work for at least 24—48 hours after symptoms

subsided.

Proper hand washing procedures can prevent the spread of
the virus between persons. Hands should be washed under
warm water with soap for approximately 15 seconds to pre-
vent fecal-oral transmission.

Antibiotic-Resistant Salmonellosis:
A Patient Scenario

Andrea brings her 3-year-old son, Marcus, to your office
with a 2-day history of low-grade fever, nausea, and 6-8
watery stools per day. Marcus has also been complaining of
abdominal pain and feeling tired. He has been eating and
drinking less than usual. His medical history is remarkable
for recurrent otitis media, for which he was prescribed oral
antibiotics 10 days prior to this visit.

Physical examination reveals a well-developed boy who
appears fatigued. Vital signs are remarkable for low-grade
fever (99.5°F/37.5°C). He does not have signs of dehydra-
tion. His otitis appears resolved and he has a normal cardiop-
ulmonary exam. The abdominal exam reveals hyperactive
bowel sounds, mild diffuse tenderness, and stool negative for
occult blood.

What is the differential diagnosis
for Marcus’ chief complaint?

* Infectious gastroenteritis

* Appendicitis

e Celiac disease

* Inflammatory bowel disease
¢ Antibiotic-associated colitis

What additional information would assist
with the diagnosis?

* Has he had similar symptoms before?

* Does he attend child care? If yes, have other children
attending the same care facility been ill with similar
symptoms?

* Has the child recently consumed a meal outside his
home; eg, at a birthday party or restaurant?

* Do other members of the household or close acquain-
tances have diarrhea or bloody diarrhea?
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* Has he traveled in the month prior to the onset of ill-
ness? If yes, where?

* Has he had contact with pet reptiles or farm animals or
visited petting zoos in the week prior to his symptom
onset?

Marcus has not had similar episodes of diarrhea in the past.
He attends preschool and is cared for by his grandmother
after school in her home. He last visited a petting farm 3
months prior to this illness. Their family returned the previ-
ous day from a 5-day Caribbean cruise. Marcus was diagnosed
with otitis media 4 days prior to their departure and was pre-
scribed a 1-week course of oral antibiotics. Andrea has had
nausea and 3—4 loose stools per day for the previous 2 days.
She has not had any fever, abdominal pain, or vomiting.
Marcus’ father and two sisters also traveled on the cruise and
are asymptomatic. None of the family members took prophy-
lactic antibiotics for travelers’ diarrhea during the cruise.

How does this information assist with the
diagnosis?

The additional history suggests that Marcus’ and
Andrea’s illness may be an infectious gastroenteritis
related to their recent travel. Antibiotic-associated colitis
caused by Clostridium difficile infection must be consid-
ered since the child was prescribed antibiotics for otitis 8
days prior to this illness. Given the recent onset, travel
history, and his mother’s symptoms, it is unlikely that
appendicitis, celiac disease, or inflammatory bowel dis-
ease are the etiologies of Marcus’ illness.

The most likely diagnosis is infectious gastroenteritis.

What additional historical information will
assist in the identification of the etiologic
organism?

* What foods did Marcus and Andrea consume in the pre-
vious week? In particular, which foods/ beverages did they
consume that the other family members did not?

* Did either Marcus or Andrea consume undercooked
meats, runny eggs, unpasteurized milk, raw shellfish,
or untreated water?

* Is there a reptile in the home?

* Marcus was prescribed antibiotics for otitis media 1 week
prior to the onset of his gastrointestinal symptoms. Has
Andrea been prescribed antibiotics during the month
prior to the onset of her diarrheal illness?

* Have there been other cases of diarrhea recognized in
the cruise ship travelers, in their community, or at
Marcus’ school?

An open-ended food history reveals multiple common meals
eaten by Andrea and Marcus. Andrea denies the consump-
tion of unpasteurized milk, raw shellfish, and undercooked
meats. She does report that, unlike the rest of the family, she
and Marcus used to wake up early enough to enjoy the break-
fasts served on board the cruise. Breakfast served on the cruise
consisted of a choice of French toast or pancakes with fruit
compote, scrambled eggs or omelets made to order, potatoes,
and fresh fruit along with a choice of beverages, including
milk, coffee, and tea. Andrea complained that the eggs were
occasionally runny. Several fellow passengers told Andrea at
breakfast that they were experiencing vomiting and diarrhea.
Andrea and Marcus ate the remainder of their meals with the
entire family. They did not drink any untreated water or eat
items purchased from street vendors at ports of call. In
response to your other questions, Marcus does not have a rep-
tile at home. Andrea has not been prescribed antibiotics for
more than 1 year. The family lives in a city and has access to
municipal water.

Based on the additional historical dertails, it appears that
many people on board the cruise were experiencing symp-
toms of vomiting and diarrhea. This suggests an outbreak of
infectious gastroenteritis that may be related to a common
food or water source on the ship. The etiologic agent may be
bacterial, viral, or parasitic. The most likely bacterial organ-
isms causing this diarrheal illness are Campylobacter jejuni,
Escherichia coli, Shigella species, and Salmonella. C. jejuni is
the most common bacterial cause of diarrheal illness in the
United States. Outbreaks of C. jejuni have been linked to raw
milk, poultry, eggs, and water. Enterotoxigenic E. coli (ETEC)
is recognized as the most common cause of “travelers’ diar-
rhea” and can be transmitted via food or water. Salmonella is
an important bacterial cause of foodborne illness, ranking just
behind C. jejuni in its frequency. Vehicles most commonly
implicated in foodborne outbreaks of salmonellosis include
beef, poultry, produce, eggs, pork, and dairy products. Large
waterborne outbreaks of salmonellosis have occurred rarely.

Why is identification of the cause of the
diarrhea important?

Identification of the cause of diarrhea in these two cases
is important because of the impact on treatment, identi-
fication of related cases, and detection of an outbreak and
identification of the responsible vehicle. Stool cultures
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should be performed to detect common bacterial patho-
gens such as Campylobacter, Salmonella, Shigella, or E. coli
O157:H7. Antimicrobial susceptibility results can guide
antibiotic therapy if a resistant organism is detected.
Additional testing may be conducted to detect nonbacte-
rial organisms. Stool examination for ova and parasites
(O&P) will reveal parasitic causes of foodborne and water-
borne illness such as Cyclospora cayetanensis. Rotavirus
infection, one of the most common etiologies of pediat-
ric diarrhea, may be diagnosed with enzyme immunoas-
say (EIA). The presence of fecal leukocytes suggests
bacterial infection but may be found in other infectious
or inflammatory states. Testing for the presence of Shiga

toxin to detect infection with enterohemorrhagic E. coli
(EHEC) would be appropriate if Marcus or Andrea had
bloody diarrhea.

What approaches would you take to
treating Marcus’ and Andred’s illness?
Are antibiotics indicated for both Marcus
and Andrea? What other therapeutic
measures are useful for the management
of diarrheal illness?

Because Andrea’s symptoms are mild, she does not wish
to receive antibiotics. For Marcus, you prescribe
trimethoprim-sulfamethoxazole at appropriate doses. You
encourage Andrea to monitor for worsening fever, diar-
rhea, vomiting, and dehydration. You obtain stool speci-
mens for culture and O&P from both Marcus and Andrea
to confirm the etiologic agent.

The primary goal of therapy for Marcus and Andrea is
the maintenance of adequate hydration and electrolyte
balance. A commercial oral rehydration solution (ORS)
may be used, particularly for Marcus, to provide glucose
and salts. You encourage Andrea to give Marcus ORS to
prevent dehydration. Bismuth subsalicylate or loperamide
may be used to decrease the number of unformed stools
and shorten the duration of diarrhea, although neither is
available over the counter for children of Marcus™ age.
Loperamide should not be used in those patients who
develop fever or dysentery.

Finally, empiric antibiotic therapy can be used to treat
“travelers’ diarrhea,” which is most commonly caused by
ETEC, after obtaining the stool samples but prior to
obtaining results of stool cultures.

Three days after the initial visit, Andrea feels better with
fewer stools per day, but Marcus has had worsening vomiting
and diarrhea. He has had several episodes of high fever and
has not been drinking ORS adequately. In the office, Marcus
is febrile (102°F/38.8°C) and appears dehydrated with dry
mucous membranes and decreased skin turgor. No signifi-
cant change is noted in the abdominal examination. You
admit Marcus for intravenous hydration and encouragement
of oral rehydration and consider a change in antibiotic therapy.
Because of the progressive systemic nature of his illness, you
also obtain blood cultures at this time.

What information will guide your therapy
at this time?

The use of intravenous fluids to improve volume status
is reasonable given Marcus’ inability to maintain hydra-
tion with ORS. However, during hospitalization, he
should be encouraged to resume drinking ORS as early as
possible. The decision to change from oral to intravenous
antibiotics may be based on Marcus’ increased vomiting
and on his clinical decline. The choice of antibiotics should
reflect the results of stool culture and antimicrobial sensi-
tivities.

The laboratory reports the growth of Salmonella
Typhimurium from Marcus’ stool cultures. Susceptibility test-
ing reveals an organism resistant to multiple antibiotics,
including ampicillin and sulfamethoxazole. Multidrug-
resistant S. Typhimurium has been on the rise in the United
States since the early 1990s and now accounts for at least 25%
of these isolates. Definitive type 104 (DT 104), the most com-
mon phage type of multidrug-resistant S. Typhimurium, may
be responsible for more invasive disease than other phage types.
In an outbreak, resistant organisms appear to cause more cases
than do sensitive strains. Marcus’ recent exposure to antibiot-
ics for otitis media likely increased his susceptibility to Salmo-
nella infection, perhaps by decreasing the usual protection
offered by normal bowel flora, and thus decreasing the infec-
tious dose necessary to cause illness. In addition, he was placed
at increased risk for infection with a resistant strain of
S. Typhimurium if he was exposed while still taking the anti-
biotic.

Treatment of Salmonella gastroenteritis with antibiotic
therapy is controversial because of the resulting increase in
asymptomatic carriage, particularly among children less than
5 years of age. However, given the systemic nature of his ill-
ness, you choose to treat Marcus with several days of an intra-
venous third-generation cephalosporin. This is a reasonable
choice in light of the antimicrobial resistance and the reluc-
tance to use fluoroquinolones in the pediatric population.
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Should these cases be reported to the
local health department? What are the
public health implications of these two
cases of salmonellosis?

Salmonellosis is a nationally notifiable disease, and most
states require clinicians to report cases to local or state pub-
lic health agencies. The health department and its public
health partners can conduct studies to determine whether
these cases indicated an outbreak of salmonellosis aboard
the cruise ship. If an outbreak is confirmed, additional
investigation is necessary to identify the contaminated food
or the ill food worker infected with Salmonella, and whether
there were correctable food-handling errors. If a food
vehicle is identified, traceback and recall may be necessary
to remove it from the market and prevent the occurrence
of other cases. Given the increasing prevalence of drug-
resistant strains of S. Typhimurium, public health labora-
tories may perform bacteriophage typing or pulsed-field
gel electrophoresis (PFGE) to further characterize the drug-
resistance patterns of these organisms. Reporting of these
cases will contribute to essential nationwide surveillance of
salmonellosis, foodborne outbreaks, and antimicrobial
resistance.

What prevention measures will you
recommend to Marcus and Andrea? Are
repeat stool cultures necessary?

To prevent Salmonella infections, all meat and egg dishes
should be fully cooked. Andrea can purchase eggs that
are pasteurized in the shell, and irradiated ground beef
and poultry to reduce the risk of contamination. Basic
food safety practices in the kitchen can also help prevent
such infections, such as refrigerating leftovers promptly,
washing hands and utensils after contact with raw meat
and poultry, and keeping raw meat and poultry separate
from ready-to-eat foods. Marcus and Andrea should be
reminded to wash their hands with warm running water
and soap after using the bathroom and before and after
meals to avoid transmitting the infection to others. Marcus
is likely to have prolonged carriage of Salmonella in the
intestines. While he may return to preschool as soon as
he is feeling well enough to do so because direct spread
from one child to another is rare, clinicians should defer
to their local health departments regarding their clear-
ance policies for convalescing children attending pre-
school.

With adequate hydration and your chosen antimicrobial
therapy, Marcus will likely recover fully from this diarrheal
illness without residual complications.

Unexplained llIness: A Patient Scenario

You have been a primary care practitioner in Manhattan,
New York, for several years. Jack, a 29-year-old otherwise
healthy male, has been your patient for the past year. At 8:00
a.m. he calls your triage nurse complaining of a very sudden
onset of nausea, cramps, coughing, and sweating. The nurse
is concerned about the suddenness of onset and wants to know
what you would like to do.

Should you have him call again later if he
does not improve? Should you have him
make an acute-visit appointment, or
should you send him to the emergency
room?

You are concerned about the suddenness of the onset of
symptoms but not the severity, so you decide to have him
come to the office immediately.

Jack presents in your office 30 minutes later. In addition to
nausea, cramps, coughing, and sweating, his eyes have begun
to tear uncontrollably and he complains of having had diffi-
culty breathing while en route to the office. Upon arrival, he
immediately asks to use the bathroom.

Jack reports that he started his morning routine as usual
with a run. Upon returning home, he finished drinking the
bottle of water he had purchased eatlier from the local deli
and began to get ready for work. By the time he had finished
showering and dressing, he began to feel sick to his stomach.
He then developed cramping but no diarrhea. Shortly there-
after, he began to have bouts of coughing uncontrollably. He
does not know when the sweating started. He states that he
had difficulty breathing while en route to the office, and that
the tearing just started. He denies vomiting, hemoptysis,
hematuria, bright red blood per reccum (BRBPR), chills, fever,
headache, myalgia, arthralgia, or diarrhea. Jack also denies the
use of any medication, other drugs or alcohol. “That stuff
rots your gut.”

Jack reports that he finished his run at about 7:00 a.m. It is
now 9:00 a.m..

Despite having just urinated, he states that he must go again
and immediately. However, Jack experiences incontinence on
his way to the bathroom. Upon his return to the exam room,
you notice a slight tremor in his left arm. He states that this
has only just begun.
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What preliminary diagnosis can you make
at this point?

* An anxiety attack

* A viral syndrome

* A potential foodborne illness

* Anticholinergic poisoning

You are not ready to reach a conclusion at this point, so you
move to a physical exam and observe the following:
Objective:

Respiration rate: 20

BP: 92/60 mm Hg,.

Heart rate: 50

Temperature: 98.6°F (37°C)
You note that Jack is anxious but oriented to time, place, and
person. His head, ears, eyes, nose, throat (HEENT) examina-
tion shows bilateral miosis and decreased reactivity. There are
no signs of trauma or bleeding. His heart has regular rate and
rhythm, no murmur, and good perfusion. Radial and dorsal
pulses are 2+. His lung examination reveals scattered wheez-
ing. His abdomen is soft, nontender, not distended, with
increased bowel sounds, and no mass. Extremities appear
within normal limits. The neurologic exam reveals the slight
tremor in his left arm, slightly slurred speech, excessive saliva-
tion, and transient fasciculations in both upper extremities.
You note negative Babinski and his cranial nerves (CN) 2-11
appear intact, while CN 12 appears slightly abnormal.

What other information would assist with
the diagnosis?

More history from Jack, including most recent activity
and diet.

You now seek additional history. Jack lives alone and does
not believe that he has been in contact with anyone who is ill.
He works in an office as a lawyer. His run takes him up 5th
Avenue and then over to 3rd Avenue, then back home. He
does not run through Central Park. He does not have plants
and does not garden as a hobby. His most recent meal was the
night before, about 10 hours prior to the onset of his symp-
toms. It consisted of boiled pasta, steamed broccoli, and olive
oil. He prepared the meal himself. He states that he carefully
washed the broccoli, the oil was from a bottle he opened last
week, and the pasta was from a box he had already used 2
days before. All he had to drink was tap water with dinner last
evening and the bottled water from this morning.

Jack’s presentation appears to involve
which of the following systems?

* Autonomic nervous system
* Lymphatic system
* Central nervous system

The signs and symptoms in Jack’s presentation predomi-
nantly involve increased autonomic responses, and are per-
haps progressing to include the central nervous system as well.
You decide that immediate treatment is called for and order
oxygen, atropine, and pralidoxime (2-PAM). Given that Jack
does notappear to have been exposed dermally, the most likely
route appears to have been oral. Therefore, you also appropri-
ately begin an IV with normal saline

What is the initial diagnosis?

This presentation is not consistent with bacterial, viral,
or parasitic food poisoning. While the signs and symp-
toms indicate acute organophosphate poisoning, the his-
tory provides no indication, and indeed seemingly
contradicts this theory because of the lack of exposure.
There has been no exposure to places where organophos-
phates are typically used, such as on lawns, house plants,
and parks. Nevertheless, Jack has presented with a fairly
classic case of organophosphate poisoning. Therefore,
ingestion must be considered. Since you have no sugges-
tion of deliberate ingestion on Jack’s part, it must be
assumed that he has consumed it unintentionally.

Organophosphate poisoning has an onset of 30 minutes to
2 hours. Jack has actually made it easy to identify the most
likely source: the only thing he has consumed in 10 hours is
water. The broccoli could have had pesticides on it that may
not have been removed when Jack washed it, but then he would
have developed his symptoms during the night. Taking into
account the temporal relationship between his ingestion of
the bottled water and the onset of his symptoms, the bottled
water seems the most likely candidate.

Given this information, what are key
questions you should consider?

* Is the water truly contaminated?

e Ifitis, how did it become contaminated?
* Who else may have ingested it?

e Who else is at risk?

e What action should be taken?
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You realize that if your diagnosis and conclusions are
correct then a public health hazard may exist. Two things
need to be done. First, the health department must be
contacted, and second, tests need to be done that will
confirm your diagnosis. While the usual work-up for
organophosphate poisoning is clinical diagnosis, there are
assays available to measure cholinesterase activity in plasma
and red blood cells. It is also possible to detect some pes-
ticides in urine. You decide to order both tests as this will
provide the greatest insight into what the possible expo-
sure is for other people in Jack’s building, neighborhood,
or even his city.

When communicating with the local public
health department, whom should you ask
to speak to concerning this situation?

* The medical epidemiologist?
* The medical director?
* The infectious disease officer?

You ask to speak with the medical director. You present
Jack’s case, making careful note of the time course, and
also inform the medical director of your suspicions of the
source. The medical director takes this information and
agrees with your concerns. She then asks you to speak
with the chief epidemiologist so that an investigation can
begin.

In many large cities, there is a city health department;
in smaller cities or towns, it will usually be necessary to
contact the local or state health department. Try to match
the level with the greatest number of people who may
become affected. Other persons who may be of immedi-
ate help if you cannot reach the medical officer are the
epidemiologist or even an environmental health officer.
These people will most likely know what to do with the
information you have.

Most health departments across the country have been
working to increase their knowledge or at least their aware-
ness of the possibility of intentional contamination. Many
have also created positions solely devoted to this task.
Therefore, it is possible that you will be directed to such
an individual.

The health department initiates an investigation that
includes testing the water; looking for other cases of organo-
phosphate poisoning; interviewing the patient; notifying other

parts of the public health system, including law enforcement,
CDC, and the state health department. They may even issue
a public notice.

There is another possible cause for the case you have just
seen: sarin gas can cause a similar presentation. If sarin gas
had been sprayed into the air, it is possible that Jack could
have respiratory exposure to the nerve gas.

If this were true, how would it change
what you did?

Persons exposed to sarin, and possibly other nerve
agents, will have a clinical presenation similar to those
with organophosphate poisoning. Hence, medical man-
agement will likely be similar.

Finally, you are gratified to have helped detect a possible act
of contamination that could potentially harm or even kill a
great many people. Afterward, while making rounds in the
hospital that day you are told by a colleague that a number of
runners from a 5K race in Central Park this morning and
tourists visiting the Empire State Building were brought to
the emergency room complaining of sudden onset of nausea,
cramps, and coughing. It was reported that all had been drink-
ing bottled water.

Clinical Vignettes: What's Your Call?

The following clinical vignettes are provided for your self-
evaluation. All are possible situations that may present at your
practice. The “Diagnostic Considerations” section and the
tables of etiologic agents that are also part of this primer will
provide the information necessary for you to adequately
address these clinical situations. Note that these vignettes
include both infectious and noninfectious forms of foodborne
illness.

For the following clinical vignettes, choose the best answer
from the choices listed at the end of the vignettes:

A — likely diagnosis; choose the best possible answer listed
on “answer selections” page under A selections.

B — most appropriate choice to confirm the diagnosis (there
may be more than one correct answer — list all of them).
Choose from the possible answers listed on “answer selections”
page under the B section.

Finally, decide whether the situation warrants reporting to
the local or state health department.
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Clinical Vignettes

L

II.

III.

IV.

You receive a long-distance call from a patient who is
an outdoorsman. He is with a group that collected
and ate some wild mushrooms less than 2 hours ago.
Several members of the group have since developed
vomiting, diarrhea, and some mental confusion.

A — likely diagnosis:
B — most appropriate test to confirm etiology/follow-up
action:
Report to the health department? ___ Yes __ No

A newborn child has symptoms of sepsis. Cerebrospi-
nal fluid studies are consistent with meningitis. The
mother had a flu-like syndrome prior to delivery.

A — likely diagnosis:
B — most appropriate test to confirm etiology/follow-up
action:
Report to the health department? ___ Yes __ No

This patient has just returned today from Latin
America following a 2-day business trip. He reports
having eaten several meals of fish that he bought from
street vendors around his hotel. He feels very ill with
profuse, watery diarrhea, and vomiting.

A — likely diagnosis:
B — most appropriate test to confirm etiology/follow-up
action:
Report to the health department? ___ Yes __ No

An 18-month-old child is brought to your office with
fever, bloody diarrhea, and some vomiting. She has
been drinking unpasteurized milk in the last 48 hours.
No other family members are ill.

A — likely diagnosis:
B — most appropriate test to confirm etiology/follow-up
action:
Report to the health department? ___Yes __ No

A patient calls and states that he and several family
members are ill with severe vomiting. They ate at a
church picnic 4 hours earlier.

A — likely diagnosis:
B — most appropriate test to confirm etiology/follow-up
action:
Report to the health department? ___Yes __ No

VI.

VIIL

VIII.

IX.

A patient calls and states that most family members
have developed severe vomiting, about 1 hour after
eating at a picnic. They ate barbecued beef, chips,
potato salad, and homemade root beer. Some are com-
plaining of a metallic taste.

A — likely diagnosis:
B — most appropriate test to confirm etiology/follow-up
action:
Report to the health department? ___Yes __ No

A patient has had chronic intermittent diarrhea for
about 3 weeks. There is no fever or vomiting and no
blood in the stool. The patient travels to Latin America
and Eastern Europe frequently, most recently 2 weeks
ago.

A — likely diagnosis:
B — most appropriate test to confirm etiology/follow-up
action:
Report to the health department? ___Yes __ No

The parents of a 6-month-old infant are concerned
because she is listless and weak. The infant is feeding
poorly, has poor head control, and is constipated.
There is no fever or vomiting.

A — likely diagnosis:
B — most appropriate test to confirm etiology/follow-up
action:
Report to the health department? ___Yes __ No

A businessman who travels frequently is ill with
fatigue, jaundice, abdominal pain, and diarrhea. About
1 month ago, he returned from an international trip
during which he consumed raw oysters.

A — likely diagnosis:
B — most appropriate test to confirm etiology/follow-up
action:
Report to the health department? ___ Yes No

. Several members of a single family are ill with abdomi-

nal cramps and watery diarrhea. They just returned
from visiting friends on the East Coast of the United
States, where they consumed raw oysters 48 hours ago.
A — likely diagnosis:
B — most appropriate test to confirm etiology/follow-up
action:
Report to the health department? ___ Yes No
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XI.

XII.

XIII.

XIV.

XV.

A minister at a local church calls to report that many
members began experiencing watery diarrhea on the
morning after the annual turkey dinner fundraiser.
Some people also reported nausea and abdominal
cramps, but no one has fever or bloody stools.

A — likely diagnosis:
B — most appropriate test to confirm etiology/follow-up
action:
Report to the health department? ___Yes

___No

You receive a long-distance call from a patient on a
fishing vacation off the coast of Belize. Her family has
been eating a variety of local fish and shellfish that
they caught. She reports that several family members
developed abdominal pain, severe diarrhea, and weak-
ness the morning after they consumed the seafood for
dinner. One family member began having difficulty
speaking later on that same night.

A — likely diagnosis:
B — most appropriate test to confirm etiology/follow-up
action:
Report to the health department? ___ Yes

___No

A family in a rural community is worried that their
father may be having a stroke. He is complaining of
double vision and is having trouble swallowing. They
have a large garden and eat home-canned vegetables.
A — likely diagnosis:
B — most appropriate test to confirm etiology/follow-up
action:
Report to the health department? ___ Yes

___No

A 2-year-old child who attends day care presents with
abdominal cramps and severe bloody diarrhea, which
has been present for 2 days. He has no fever.

A — likely diagnosis:
B — most appropriate test to confirm etiology/follow-up
action:
Report to the health department? ___ Yes

__ No

Susan tells you that she has had diarrhea, nausea, and
abdominal cramping for almost 12 hours now. She
also presents with malaise and a low-grade fever and
informs you that as far as she can tell, the symptoms
developed very suddenly. Stool examination is nega-
tive for occult blood. Susan informs you that her good
friend is also sick and they both attended a company
picnic less than 2 days ago.

A — likely diagnosis:
B — most appropriate test to confirm etiology/follow-up
action:
Report to the health department? ___ Yes

__ No

XVL

XVII.

XVIII.

XIX.

Sally arrives at your office with acute gastrointestinal
illness characterized by diarrhea, abdominal cramps,
chills, fever, and body aches. She also informs you
that about 3 days before she started getting sick, she
had consumed raw ground beef that was seasoned with
onions and an herb mix.

A — likely diagnosis:
B — most appropriate test to confirm etiology/follow-up
action:
Report to the health department? ___Yes

___No

James presents to the emergency room with a low-
grade fever and complaining of fatigue and nausea for
the past 24 hours. He also describes his urine as being
dark and states that he has had 4 bowel movements in
the past 24 hours, all of which were light colored.
Upon further questioning, James says that he has no
history of jaundice and that he returned from a busi-
ness trip to the Philippines a month ago.

A — likely diagnosis:
B — most appropriate test to confirm etiology/follow-up
action:
Report to the health department? ___Yes

___No

You are halfway through your shift in the ER. There
are four patients, two adults and two children, with a
history of nausea, vomiting, abdominal pain, and pro-
fuse (especially in the children) watery diarrhea in the
absence of fever. They each report that these symp-
toms began 5 days ago and resolved after 1 day. They
had all been symptom free for 3 days, but now the
symptoms have returned. There is also a new onset of
jaundice and bloody diarrhea. Lab results indicate el-
evated LFTs. The patients do not know each other,
but all report eating hamburgers several hours before
the initial onset of symptoms.

A — likely diagnosis:
B — most appropriate test to confirm etiology/follow-up
action:
Report to the health department? ___Yes

___No

A mother has brought in a 5-month-old child with ap-
parent blindness. She reports that the child had been
healthy until the past month when the vision problems
appeared. The mother states that she had been well dur-
ing the pregnancy, but further questioning reveals that
the mother had two young cats at home for which she
was the sole care provider. The cats were given away
just before the birth of the child because of concerns
about the child being smothered by the cats.

A — likely diagnosis:
B — most appropriate test to confirm etiology/follow-up
action:
Report to the health department? ___ Yes

~_ No
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Answer Choices
A: Choose from any of these possible etiologies:

1. Intoxication from preformed toxins of Staphylococcus
aureus or Bacillus cereus

2. Intoxication from toxins produced 772 vivo by Clostridium
perfringens

. Salmonella or Campylobacter are possible.

. E. coli O157:H7

. Noroviruses, Vibrio parahaemolyticus, and other Vibrio
infections

. Vibrio cholerae infection

. Botulism must be ruled out

. Listeria monocytogenes sepsis
9. Cryprosporidium parvum

10. Cyclospora cayetanensis

11. A form of metal poisoning

12. A form of mushroom poisoning

13. Likely fish/shellfish toxin

14. Giardia lamblia

15. Trichinella spiralis

16. Hepatitis A virus

17. Congenital toxoplasmosis

18. Intentional amanitin poisoning

N

[C BN B

B: Choose from any of these following tests/actions

1. Clinical diagnosis; laboratory tests may not always
be indicated.

2. Generally detected on routine stool cultures.

3. Generally, a reference laboratory is needed to iden-
tify the toxin from food, stool, or vomitus.

4. Important to identify causative organism for public
health reasons.

5. Send stool samples to health department (Vibrio
cholerae, other vibrios, E. coli O157:H7, special toxin
tests, Clostridium perfringens, Clostridium botulinum).

6. Not detected by routine stool cultures (E. coli
O157:H7, Vibrio cholerae, other vibrios).

7. Should test for viral agents.

8. For cysts, ova, and parasite detection, at least 3 stool
samples must be collected. Sometimes the organism
may still be missed.

9. Test for appropriate metal.

10. Special test needed to identify a fish toxin.

11. Consult a mycologist to identify the mushroom.

12. Blood culture is the best source for diagnosis.

13. Blood test helpful to identify the agent.

14. May need acute and convalescent serum or viral
cultures.

15. Isolation of 7 gondii from infant blood. PCR of white
blood cells or CSE or IgM and IgA serology, per-
formed by a reference laboratory.

16. Rapid and aggressive antitoxin therapy. There is no
single effective antidote at this time, but silibinin (with
penicillin G) and N acetyl cysteine are showing prom-
ise. Plan for hepatic and renal failure.

Answers

Question Choice(s) Choice(s) Report to

number for A for B Health Dept.?

| 12 11 Yes

1 8 12 Yes

1 6 5,6 Yes

\Y 3,4 2 Yes

\% 1 1,3 Yes

VI 11 9 Yes

Vil 14 8 Yes

VIl 7 5 Yes

IX 16 13,7,14 Yes

X 5 5,6,7 Yes

Xl 2 15 Yes

Xl AL 10 Yes

Xl 7 3,5 Yes

XIV 4 5,6 Yes

XV 3,5 5,6,7 Yes

XVI 34 2 Yes

XVII 16 13,7,4 Yes

XVl 18 16, Yes (intentional
contamination?)

XIX 17 15,13 Yes

Suggested Resources

General Information

CDC Food Safety Information
http://www.cdc.gov/foodsafety

Continuing Medical Education (CDC)
heep://www2.cde.gov/mmwr/cme/conted.heml

US Government Food Safety Information Gateway
heep://www.foodsafety.gov

Fight BAC!™ Education Campaign
http://www.fightbac.org

Foodborne Illness Education Information Center
heep://www.nal.usda.gov/fnic/foodborne/foodborn.htm

Public Health Partners — Networks and Resources
heep://www.cde.gov/other.htm

Bad Bug Book (FDA)
http://www.cfsan.fda.gov/~mow/intro.html

Travelers’ Health Information (CDC)
heep://www.cde.gov/travel



http://www.cdc.gov/foodsafety
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http://www.foodsafety.gov
http://www.fightbac.org
http://www.nal.usda.gov/fnic/foodborne/foodborn.htm
http://www.cdc.gov/other.htm
http://www.cfsan.fda.gov/~mow/intro.html
http://www.cdc.gov/travel
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Listing of foodborne diseases, pathogens and toxins (CDC)
http://www.cdc.gov/foodsafety/disease.htm
Searchable database: U.S. Foodborne Disease Outbreaks,
1990-1995
www2.cde.gov/ncidod/foodborne/fbsearch.asp
Terrorism and Public Health (CDC)
htep://www.bt.cde.gov/

Professional Organizations

American Academy of Family Physicians
http://www.aafp.org

American Medical Association (AMA)
http://www.ama assn.org

Infectious Diseases Society of America
http://www.idsociety.org

American Academy of Pediatrics
http://www.aap.org

American Nurses Association (ANA)
http://www.nursingworld.org

American Association for Health Education
http://www.aahperd.org

American Dietetic Association
http://www.eatright.org

State and Local Organizations

Association of Food and Drug Officials
http://www.afdo.org
Association of State and Territorial Directors of Health Pro-
motion and Public Health Education
http://www.astdhpphe.org
Association of Public Health Laboratories (APHL)
http://www.aphl.org
Association of State and Territorial Health Officials
(ASTHO)
http://www.astho.org
Council of State and Territorial Epidemiologists (CSTE)
http://www.cste.org
National Public Health Information Coalition (NPHIC)
http://www.nphic.org
National Association of County and City Health Officials
(NACCHO)

http://www.naccho.org

Government

US Department of Agriculture (USDA) Food Safety and
Inspection Service
htep://www.fsis.usda.gov

US Department of Health and Human Services (DHHS):

Centers for Disease Control and Prevention
http://www.cdc.gov

US Food and Drug Administration
http://www.tda.gov

Center for Food Safety and Applied Nutrition (CFSAN)

Information for Health Professionals
http://www.cfsan.fda.gov/~dms/hpro-toc.html

State and local government agencies
http://www.foodsafety.gov/ - fsg/fsggov.html

Role of Government Agencies in Food Safety
http://vm.cfsan.fda.gov/-Ird/foodteam.html

Gateway to government food safety information
hetp://www.foodsafety.gov

Reports and Journals
CDC, Morbidity and Mortality Weekly Report

heep://www.cdc.gov/mmwr
CDC, Emerging Infectious Diseases Journal
http://www.cdc.gov/eid

Food Safety Education Resources

An Ounce of Prevention Keeps the Germs Away
heep://www.cdc.gov/ncidod/op

Attention Pregnant Women: What you can do to keep germs

from harming you and your baby

http://www.cdc.gov/foodsafety/edu.htm

Consumer Advice from CFSAN
heep://www.cfsan.fda.gov/~Ird/advice.html

Cooking for Groups: A Volunteer’s Guide to Food Safety
www.fsis.usda.gov/OA/pubs/cfg/cfg.htm

Fight BAC: Keep Food Safe From Bacteria
http://www.fightbac.org

Food Safety Resources for Kids, Teens and Educators
heep://www.foodsafety.gov/ ~fsg/fsgkids.html

For Kids, Teens, and Educators
http://www.cfsan.fda.gov/~dms/educate.html

Hand Hygiene in Healthcare Settings
http://www.cdc.gov/handhygiene

Healthy Pets, Healthy People
heep://www.cdc.gov/healthypets

Healthy Schools, Healthy People — It’s a SNAP
http://www.ItsASnap.org

Listeriosis and Pregnancy: What is Your Risk?
http://www.fsis.usda.gov/OA/pubs/Im_tearsheet.htm

National Food Safety Education Month
http://www.nraef.org/nfsem

Thermy™ Campaign
http://www.fsis.usda.gov/thermy
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http://www.aafp.org
http://www.ama assn.org
http://www.idsociety.org
http://www.aap.org
http://www.nursingworld.org
http://www.aahperd.org
http://www.eatright.org
http://www.foodsafety.gov
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http://www.cdc.gov/eid
http://www.cdc.gov/ncidod/op
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http://www.fsis.usda.gov/thermy
http://www.afdo.org
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Thinking Globally, Working Locally: A Conference on Food
Safety Education
http://www.fsis.usda.gov/Orlando2002
To Your Health: Food Safety for Seniors
http://www.foodsafety.gov/%7Efsg/sr2.html
Toxoplasmosis: An important message for pregnant women

heep://www.cde.gov/ncidod/dpd/parasites/toxoplasmosis/
ToxoWomen.pdf

Food Safety Education Partnerships

Clean Hands Coalition
Email to: cleanhands@cdc.gov

Food Safety Training and Education Alliance
http://www.ESTEA.org

National Coalition for Food Safe Schools
http://www.FoodSafeSchools.org
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Toll-free Information Phone Numbers
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1-888-SAFE FOOD (723-3366)
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Goal and Objectives

This MMWR provides recommendations for physicians and other health-care professionals who have a critical role in diagnosing, treating, and reporting food-related
disease outbreaks. These recommendations were developed by the American Medical Association, the American Nurses Association-American Nurse Foundation,
the Centers for Disease Control and Prevention, the Food and Drug Administration’s Center for Food Safety and Nutrition, and the United States Department of
Agriculture’s Food Safety and Inspection Service. The goal of this report is to provide health-care providers with guidance and patient-education materials regarding
foodborne illness. After completing this continuing education activity, the reader should be able to 1) differentiate between the six etiologic agents that should be
considered regarding manifestations of foodborne illness; 2) describe four criteria to consider when treating a diagnosed foodborne illness; 3) summarize the reporting
requirements for foodborne illness; and 4) identify three groups of persons who are at higher risk for foodborne illnesses.

To receive continuing education credit, please answer all of the following questions:

1. Which of the following provide important clues to the possible 8. Intentional contamination of food is uncommon, but which of the
etiology of a food-associated illness? following would make you suspect that such an act had occurred (i.e.,
A. Incubation period. the unusual nature of the situation would induce suspicion of
B. Duration of illness. intentional contamination)?
C. Predominant clinical signs and symptoms (e.g., vomiting, diarrhea, A. An unusual agent or pathogen in a common food.
and abdominal pain). B. A common agent or pathogen affecting an unusually large number of
D. Travel history. persons.
E. All of the above. C. A common agent or pathogen that is uncommonly seen in clinical
ractice.
2. Which group is at higher risk for complications from foodborne D. Kll of the above.
illness?
A. Persons with weakened immune systems. 9. Multidrug-resistant Salmonella typhimurium cases . . .
B. Persons with liver disease. A. have been on the rise in the United States since the 1990s.
C. Pregnant women. B. might be responsible for more invasive disease than other types.
D. Older adulss. C. often are resistant to ampicillin and sulfamethoxazole.
E. All of the above. D. cause more cases in an outbreak than do sensitive strains.
E. all of the above.

3. Which of the following is not a safe food-handling behavior?

A. Using the same cutting board for raw foods and cooked foods. 10. Norovirus infection, .WhiCh O{:‘te‘.‘ results in nausea, vomiting, and
watery/large-volume diarrhea within 2448 hours, can be caused by . . .
inadequately cooked shellfish.
inadequately cooked hamburger.

. ready-to-cat foods (e.g. salads).
. iced drinks.
A, C, and D are correct.

B. Using a food thermometer to check the internal temperature of food
before eating it.
C. Rinsing raw produce with water.

D. Washing hands before and after handling food.

moONO® >

4. What is the appropriate method to use in determining if a hamburger
is cooked to a proper temperature?
A. Cooking it until it is brown inside. 11. Indicate your work setting.
B. Using a food thermometer to ensure that the internal temperature State/local health department.
reaches 160°F. Other public health setting.
C. Determining if a hamburger is cooked to a proper temperature is not . Hospital clinic/private practice.
necessary because it is too small. . Managed care organization.
D. Taking a bite of the hamburger to ensure that it tastes cooked. Academic institution.
Other.

mTmo QW

5. When a foodborne outbreak is suspected, who would be a helpful
contact at the health department? 12. Which best describes your professional activities?

A. Medical officer. A. Physician.
B. Epidemiology officer. B. Nurse.
C. Environmental health officer. C. Health educator.
D. Any of the above would be helpful. D. Office staff.
6. Which of the following is not consistent with inflammatory diarrhea? E. Other.
A. Presence of fecal leukocytes. 13.1 plan to use these recommendations as the basis for . . . (Indicate all
B. Grossly bloody stool. that apply.)
C. Infection with invasive or cytotoxigenic bacterial and protozoan A. health education materials.
species. B. insurance reimbursement policies.
D. Involvement of the small intestine. C. local practice guidelines.
7. If a foodborne illness is suspected, which of the following should be ED E?lil ;c policy.

considered?

A. Submission of appropriate specimens for laboratory testing.
B. Contacting the state or local health department.

C. Initiating oral rehydration therapy.

D. All of the above.
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14.

15.

16.

17.

MMWR Response Form for Continuing Education Credi

Each month, approximately how many patients with a foodborne
illness do you treat?

None.

1-5.

6-20.

. 21-50.

51-100.

>100.

THOoOOw>

How much time did you spend reading this report and completing the
exam?

A. <2.0 hours.

B. >2.0 hours but <3.0 hours.

C. >3.0 hours but <4.0.

D. >4.0 hours.

After reading this report, I am confident I can differentiate between
the six etiologic agents that should be considered regarding
manifestations of foodborne illness.

A. Strongly agree.

B. Agree.

C. Neither agree nor disagree.
D. Disagree.

E. Strongly disagree.

After reading this report, I am confident I can describe four criteria to
consider when treating a diagnosed foodborne illness.

A. Strongly agree.

B. Agree.

C. Neither agree nor disagree.
D. Disagree.

E. Strongly disagree.

18.

19.

20.

21.

After reading this report, I am confident I can summarize the
reporting requirements for foodborne illness.

A. Strongly agree.

B. Agree.

C. Neither agree nor disagree.

D. Disagree.

E. Strongly disagree.

After reading this report, I am confident I can identify three groups of
persons who are at higher risk for foodborne illnesses.

A. Strongly agree.

. Agree.

B

C. Neither agree nor disagree.
D. Disagree.

E. Strongly disagree.

The objectives are relevant to the goal of this report.

A. Strongly agree.

B. Agree.

C. Neither agree nor disagree.
D. Disagree.

E. Strongly disagree.

The teaching strategies used in this report (text, figures, and tables)
were useful.

Strongly agree.

A
B. Agree.

C. Neither agree nor disagree.
D

E

. Disagree.
Strongly disagree.

(Continued on pg CE-4)
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22. Overall, the presentation of the report enhanced my ability to 25. The availability of continuing education credit influenced my
understand the material. decision to read this report.
A. Strongly agree. A. Strongly agree.
B. Agree. B. Agree.
C. Neither agree nor disagree. C. Neither agree nor disagree.
D. Disagree. . Disagree.
E. Strongly disagree. E. Strongly disagree.
23. These recommendations will affect my practice. 26. How did you learn about this continuing education activity?
A. Strongly agree. A. Internet.
B. Agree. B. Advertisement (e.g., fact sheet, MMWR cover, newsletter, or journal).
C. Neither agree nor disagree. C. Coworker/supervisor.
D. Disagree. D. Conference presentation.
E. Strongly disagree. E. MMWR subscription.
F. Other.
24. The content of this activity was appropriate for my educational needs.
A. Strongly agree.
B. Agree.
g.. giesl;fglre;ea.lgree nor disagree. A0 6°A8:ALAIACHFVETTHT
. *0T—1 suonsanb 1oy sxomsue 1921107
E. Strongly disagree.
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The Evolving Challenge of

Foodborne lllness Outbreak Response

CHAPTER SUMMARY POINTS

e Foodborne illness strikes tens of millions, hospitalizes more than 100,000, and
kills an estimated 3,000 people in the United States each year.

e The U.S. diet has changed in response to numerous factors creating new food-
safety challenges.

e Important advances in clinical laboratory techniques and public health
approaches to detect and investigate clusters of illness are being used to better
define the scope and nature of foodborne illness.

¢ Information systems and food-supply investigation techniques are developing
to enhance our ability to trace contaminated foods, identify and control
contamination sources, and remove contaminated food from circulation.

e |Industry-driven and regulatory food-safety standards are being changed to
better address risks identified by foodborne illness outbreak investigations to

prevent similar outbreaks.

URLs in this chapter are valid as of July 11, 2019.
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1.0 Introduction

Outbreaks of foodborne illness and their
detection, investigation, and control are
functions of several constantly changing
factors. The U.S. diet has changed in response
to public health recommendations; economics
of food production and distribution; and the
growing demands for convenience in food
service, as well as diversity and freshness of
foods in the marketplace. Important advances
have been made in clinical laboratory
techniques to diagnose foodborne illnesses
and in public health approaches to detect and
investigate clusters of illness. Information

systems are developing to enhance our ability
to trace contaminated food and eliminate it
from circulation and to glean lessons learned
from these investigations to prevent similar
outbreaks. In addition, industry-driven and
regulatory food-safety standards are being
changed to better address risks identified by
foodborne illness outbreak investigations to
prevent similar outbreaks.

This chapter provides an overview of these
ever-changing factors. Subsequent chapters
detail specific approaches used by investigators.

1.1 The Burden of Foodborne lliness in the United States

1.1.1 In 2011, the Centers for Disease
Control and Prevention (CDC) estimated
that each year in the United States 47.8
million illnesses, resulting in 128,000
hospitalizations and 3,000 deaths, were
attributable to contaminated food (1, 2).
Of these illnesses, 9.4 million are caused by
31 known agents of foodborne illness, and
the remaining 38.4 million by unspecified
agents. Tracking overall changes in the
burden of foodborne illness from year to
year is not currently possible, but trends

are evident in known foodborne illnesses
tracked by FoodNet (https://wwwn.cdc.gov/
foodnetfast). Most notably, the incidence of
Escherichia coli O157:H7 infections dropped
from approximately 2.5 cases per 100,000

population during the mid-1990s to fewer
than 1 case per 100,000 by the mid-2000s,
accomplishing a goal of Healthy People 2010.
Following early declines in the incidence of
Listeria and Campylobacter infections, rates

remained stable throughout the 2000s, whereas

the incidence of Vibrio infections increased.
Opverall rates of Salmonella infections remained
stable; the incidence of infection by serotypes
Typhimurium and Heidelberg decreased; and
infection by serotypes Enteritidis, Javiana, and

the monophasic variant of Typhimurium,
serotype I 4,[5],12:1:-, increased (3).

Because not all illnesses caused by foodborne
pathogens are individually reportable,
recognition of other pathogen-specific
trends relies on surveillance of foodborne
illness outbreaks. CDC’s National Outbreaks
Reporting System (NORS) logged 20,854
outbreaks comprising 403,110 illnesses,
16,517 hospitalizations, and 392 deaths
during 1998-2017 (https://wwwn.cdc.gov/
norsdashboard/). Reporting of foodborne
illness outbreaks caused by norovirus increased
during 1998-2004, but since 2010, annual
totals have varied little, hovering around 300

per year. A comparison of ctiologies causing
single-agent outbreaks during 2012-2017 with
those during 2002—2011 showed that outbreaks
caused by agents associated with poor food-
holding practices in commercial food-service
establishments decreased: Bacillus cereus, down
from an average of 17 outbreaks per year to
10 per year; Clostridium perfringens, from 40 to
32 per year; scombroid or histamine, from

23 to 17 per year; and Staphylococcus aureus,
from 27 to 12 per year. These changes most
likely represent actual reductions in outbreak
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1.1 The Burden of Foodborne lliness in the United States

occurrence because the percentage of reported
outbreaks for which no etiologic agent was
identified dropped from 59% in 1998 to 23%

in 2017 (4).

1.1.2 In 2014, the U.S. Department of

Agriculture’s Economic Research Service
(USDA-ERS) estimated the average annual
economic burden of foodborne illness

at $15.5 billion (5). USDA-ERS based

this burden on cost estimates of foodborne
illness caused by 15 major pathogens in the
United States (Table 1.1). These 15 pathogens

account for 95% of illnesses and deaths from

foodborne illness acquired in the United States

for which a pathogen was identified. These

estimates include costs associated with medical
treatment of acute and chronic illness, lost
wages of persons who recovered, and costs

associated with premature deaths.

Table 1.1. Estimated Annual Cost of Foodborne lliness, Estimated Total Foodborne
Cases, and Average Cost per Case Identified, United States, 2013

PATHOGEN TOTALCOST  TIMATERTOmL  COTPER
Vibrio vulnificus $319,900,000 96 $3,332,000
Listeria monocytogenes $2,834,400,000 1,591 $1,782,000
Toxoplasma gondii $3,304,000,000 86,686 $38,100
Vibrio spp. (other noncholera) $72,800,000 17,564 $8,100
Shiga oK prosleng $271,400,000 63,153 $4,300
Salmonella spp. (nontyphoidal) $3,666,600,000 1,027,561 $3,600
Yersinia enterocolitica $278,000,000 97,656 $2,900
Campylobacter spp. $1,928,800,000 845,024 $2,300
Vibrio parahaemolyticus $40,700,000 34,664 $1,200
Shigella (all species) $138,000,000 131,254 $1,100
Cryptosporidium parvum $51,800,000 57,616 $900
Norovirus $2,255,800,000 5,461,731 $410
Clostridium perfringens $342,700,000 965,958 $360
Non-O157 Shiga toxin-producing E. coli $27,400,000 112,752 $240
Cyclospora cayetanensis $2,300,000 11,407 $200

Source: U.S. Department of Agriculture. Cost estimates of foodborne illnesses. https://www.ers.usda.gov/
data-products/cost-estimates-of-foodborne-illnesses
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1.1 The Burden of Foodborne lliness in the United States

1.1.3 The impact of foodborne illness on
the food industry varies greatly, and the
costs seldom are limited to one company.
This impact is evident when the distribution
network of the food supply is considered. The
impacts of recalls on the food industry are far-
reaching, in some cases topping $10 million in
direct costs.

Direct costs of recalls include notification

of regulators, supply chain, and consumers;
product retrieval, storage, and destruction;
unsalable product; and the additional labor
associated with these activities. These direct
costs do not include litigation, increased
regulatory compliance, and the impact to the

company’s market value and brand reputation.

The outbreak of E. coli O157:H7 infection
associated with romaine lettuce grown in the
Yuma, Arizona, growing region in April 2018
provides a good example of the indirect costs
to the industry associated with lost sales and
brand damage (6). This outbreak sickened
210 people in 36 states. During the week that
followed the initial news of the outbreak, sales
of romaine lettuce fell 20% (7). In addition,
data from Nielsen also showed marked drops

in sales of iceberg lettuce, red leaf lettuce,
and endive. The impact of a second, although
unrelated, outbreak of E. coli O157:H7
associated with romaine lettuce in November
2018 (8) was even more dramatic because
CDC advised consumers to avoid eating
romaine lettuce from any source in an effort
to remove potentially contaminated romaine
from commercial distribution channels.

With a more comprehensive accounting

of potential costs, researchers at the Johns
Hopkins Bloomberg School of Public Health
suggested that the cost to a restaurant for a
single foodborne illness outbreak can range
from $4,000 to $2.6 million, depending on the
pathogen, type of restaurant involved, and size
of the outbreak. For example, a foodborne
illness outbreak in which five people became
sick in a fast food restaurant would result in
costs of approximately $4,000 if there was

no loss in revenue and no lawsuits, legal fees,
or fines. In contrast, a single outbreak of
listeriosis involving 250 persons in a fine dining
restaurant could cost upwards of $2.6 million
in lost sales, lawsuits, legal fees, fines, and
higher msurance premiums (9).

1.2 Growing Complexity of the Food Supply

U.S. food-consumption patterns change
continuously. Changes in diets and food
preferences have resulted in a greater demand
for a broader variety of fruits, vegetables,
and other foods. Moreover, Americans
expect to consume these foods year-round,
driving importation from areas of the world
with the growing seasons necessary to meet
U.S. demand. Meeting global supply-chain
demands also has increased the complexity
and logistics of how food is transported from
farm to fork.

1.2.1 A major indicator of changing diets
is the consumption of fresh fruits and
vegetables. IFrom 1996 to 2017, loss-adjusted
per capita availability of fresh fruit increased
7% from 55 to 59 pounds (70). Consumption
of fresh vegetables increased only marginally
from 68 to 70 pounds per person. During

the same time, per capita consumption of
chicken increased 30% from 40 to 52 pounds,
whereas that of beef declined 17% from

49 to 41 pounds (70). Within the arena of
fresh produce, consumption of head lettuce
declined 34% from 12 to 8 pounds per capita,
whereas consumption of romaine and leaf
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1.2 Growing Complexity of the Food Supply

lettuce doubled from 3 to 6 pounds per

capita, and consumption of fresh spinach
nearly tripled from 0.3 to 0.9 pounds per
capita. Gonsumption of fresh berries also
increased substantially. The general pattern

of these dietary changes reflects public health
recommendations toward healthier eating (70).

The food industry has met this demand
through routine importation of items once
considered out of season or exotic. According
to reports by USDA-ERS (77), the proportion
of imported fresh fruits increased from 39%
in 1996 to 53% in 2016. Excluding bananas,
for which there is no domestic production,

the share of imported fruits increased from
16% to 38%. Similarly, the percentage of
imported fresh vegetables increased from

14% to 31%. Although a high proportion

of some fresh produce items, such as mango
and papaya, always have been imported, an
increasingly more conventional produce items
are also imported. For example, the percentage
of imported avocadoes increased from
approximately 14% in 1996 to 89% in 2016,
and that of blueberries increased from 24% to
57% during that same period (11).

The safety of imported food products depends
largely on the public health and food-safety
systems of other countries. Recent analyses of
foodborne illness outbreaks reported to CDC
support the existence of food-safety problems
in other countries. During 1996-2014, the
number of confirmed foodborne illness
outbreaks associated with imported foods
increased from 3 per year to 18 per year.
Salmonella and Cyclospora accounted for about
one third of the outbreaks and 75% of cases,
most due to contaminated produce from Latin
America (11).

1.2.2 Culinary preferences for undercooked
or raw foods also contribute to more
frequent infections and outbreaks caused
by the microorganisms associated with
these foods. These include classical outbreaks

of Shiga toxin—producing E. coli (STEC),
Salmonella, Campylobacter; and Listeria infections
associated with raw milk and raw milk cheeses;
Salmonella associated with raw tuna in sushi;
and Campylobacter and Salmonella in minimally
processed liver pates. A corresponding trend
for raw pet foods made from meat and poultry
products also has led to outbreaks among
people from handling the raw pet food,
exposure to ill animals, or environmental
contamination in the household.

Foodborne illnesses also can be associated with
ingestion of products not typically thought of
as food. During 20172018, kratom, a tree leaf
with stimulant and opioid properties, caused
illness by a variety of Salmonella serotypes.
Smoking marijuana caused an outbreak of
salmonellosis in 1981 (72); and a cannabis-
associated toxidrome among four persons who
attended the August 2014 Denver County

Fair was associated with consumption of
chocolate bars obtained at the “LoveAll”
booth at the fair’s “Pot Pavilion” (73). The full
legalization of cannabis products in at least
nine other states and the District of Columbia
since 2014 and associated sales of cannabis-
infused edibles could lead to more foodborne
illness outbreaks. However, no outbreaks from
cannabis products were reported to NORS
from 2015 to 2018.

1.2.3 Changes in how food is cultivated

or raised, processed, and distributed

and where, how, and by whom food is
prepared also contribute to changing
patterns of foodborne illness. The demand
for processed and ready-to-cat foods has led
to the industrialization of food production
with increasingly intense agricultural practices
and broadening distribution of food products.
Changes in agricultural, processing, or
packaging methods might facilitate bacterial
contamination or growth. Large multistate
STEC outbreaks associated with leafy green
vegetables reflect the challenges of intensive
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1.2 Growing Complexity of the Food Supply

animal and fresh produce production in

a shared environment. The scale of these
operations magnifies the impact of food-
safety system failures, resulting in thousands
of exposures and potential illnesses across
multiple states, and even multiple countries.

Increasingly complex food-distribution systems
span the globe. Products move from farm to
fork through a network of farms, processors,
manufacturers, packers, importers, brokers,
storage facilities, distribution centers, and retail
outlets. In some instances, food from a farm
can change hands more than 10 times before
it reaches a consumer. These complex supply
chains are maintained by a wide variety of
record-keeping systems; outbreak investigators
charged with tracing foods back through the
supply chain are left to decode these systems
and piece together, step by step, how a food
reached its final destination.

At the same time, a counter-trend promoting
local food sources and small-scale farm-to
table distribution networks (sometimes termed
the “locavore movement” or “community-
supported agriculture”) has emerged. The
number of small food producers and direct-
to-consumer marketing avenues (e.g., farmer’s
markets, farm stands, farm-to-school programs,
and “pick-your-own” operations) also has risen.
According to national agriculture census data,
from 1997 to 2017, direct sales of agricultural
products to the public increased by 374%,
compared with an increase of 93% for all
agricultural sales. During the same period, the
number of farms selling directly to consumers
increased by 18%, compared with an 8%
decrease in the total number of farms (74).

In addition, most states have “cottage food”
laws, allowing small producers to cook, can, or
pickle outside of licensed kitchens certain foods
that are typically considered low-risk.

The effect of increased consumption of
locally produced foods is yet to be determined,

but the consequences of eating unsafe food
apply to both small and large producers.

For an individual, it is equally as bad to get
STEC infection from farm-fresh strawberries
harvested from a local field frequented by
wild deer as it is to get STEC infection from
romaine lettuce shipped hundreds of miles
after contamination with runoff from a cattle
feed lot. Although a small producer’s limited
distribution system might affect fewer people,
implementing improved food-safety measures
might be more challenging for the small
producer. In addition, farm direct sales (i.c.,
farmers selling produce, eggs, and other foods
they produced directly to retail customers,
such as through farmers’ markets and farm
stands) are not included among food facilities
in the 2011 Food Modernization and Safety
Act (FMSA) (15). In some states and local
jurisdictions, these sales have been exempted
from food-safety regulations that pertain to
other food facilities.

By whom and where our food is prepared also
plays a role in foodborne illness occurrence
and outbreaks. Americans increasingly eat
away from home, spending more than 50% of
food dollars away from home, since 2010 (76).
During this period, there was considerable
growth in limited service “fast casual”
restaurants that featured more complex food
handling than traditional fast-food restaurants.
The increased number of meals eaten

away from home most likely influenced the
increase in foodborne illness. In an analysis of
toodborne illness outbreaks reported to CDC
during 20092017, 62% were associated with
restaurants (4, /7). In addition, studies of
sporadic and outbreak-associated foodborne
illness, including infection with STEC O157,
Salmonella enterica serotypes Enteritidis and
Typhimurium, and Campylobacter jejuni suggest
that commercial food-service establishments,
such as restaurants, play an important role in
foodborne illness in the United States (78).
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Finally, the growing e-commerce in delivery
of groceries and restaurant food directly

to consumers’ homes provides foodborne
illness investigators with opportunities for

verifying food purchases and dates. Whether
an increased risk for illness accompanies these
means of food distribution remains to be
determined.

1.3 Enhanced U.S. Foodborne lliness Surveillance Systems

A variety of surveillance systems have been
developed to identify foodborne illness and
detect outbreaks. Some systems focus on
specific pathogens likely to be transmitted
through food and have been used extensively
for decades. More recently, new surveillance
methods have emerged that provide data on
food vehicles, settings, pathogens, contributing
factors, and environmental antecedents.
Effective surveillance to track cases of
foodborne illness and outbreaks is critical to
developing effective control strategies.

1.3.1 Changes in surveillance for human
illness have affected how outbreaks are
detected (Chapter 4) and investigated
(Chapter 5). All states and territories have
legal requirements for the reporting of certain
illnesses and conditions, including illnesses
likely to be foodborne (e.g., salmonellosis,
campylobacteriosis, and STEC infection), by
healthcare providers and laboratories to the
local, state, or territorial public health agency
(Chapter 2). Local and state agencies also
receive and respond to complaints of illness
directly from the public. The adoption of new
testing methods in clinical and public health
laboratories, as well as improved information
management systems and social media, are
transforming surveillance activities.

* Molecular subtyping by public health
laboratories has been the basis for national
pathogen-specific surveillance since
the initiation of PulseNet in 1996. The
use of pulsed-field gel electrophoresis
(PFGE) increased the ability to link
1solates from distant locations and thereby

to infer epidemiologic relatedness;

PFGE revolutionized the detection and
investigation of foodborne illness outbreaks
and led to prevention of illnesses. However,
PFGE provided limited information

about the organism itself. Rapid bacterial
sequencing technology and the informatics
tools needed to accommodate whole-genome
sequencing (WGS) have been developed and
in 2019 rapidly deployed to public health
laboratories across the United States. On
July 15, 2019, WGS replaced PFGE as

the primary molecular subtyping tool for
pathogen-specific surveillance.

Concurrent with the development of

WGS to improve molecular subtyping,
clinical laboratories have moved away from
traditional fecal culture in favor of culture-
independent diagnostic tests (CIDTs). These
methods can rapidly identify pathogens and
expedite treatment decisions, but they do
not yield the bacterial isolates required by
public health officials. Many public health
jurisdictions require submission of CIDT-
positive specimens for subsequent culture
and subtyping—but this shifts the burden
of isolation from the clinical laboratory

to the public health laboratory and delays
cluster recognition. Conversely, CIDTs may
be more sensitive and offer the prospect of
detecting pathogens (e.g., enterotoxigenic

E. coli) that may elude detection by culture.
FoodNet, the 10-site active surveillance
program for infections often transmitted
through foods, has increased collection of
data on use of CIDTs and on the frequency
and results of reflex cultures.
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Newer technologies are likely to lead to
recognition of more clusters and reduced
cluster sizes than with PFGE. They also
take longer, delaying cluster recognition by
this means.

Improved epidemiologic investigation
practices have been developed. These
include the standardization of common
data elements for interviewing case-patients,
use of standardized hypothesis-generating
questionnaires, increased use of consumer
product purchase (e.g., “shopper card”)
data, aggregation of case-patient exposures
and comparison with population reference
standards, and improved subcluster
investigation and informational traceback
methods to improve the specificity of
exposure assessments.

The principles of foodborne illness complaint
surveillance are being standardized (Chapter
4). The value of using electronic databases
to review and analyze complaints and to

link complaints with pathogen-specific
surveillance systems has been demonstrated.
Numerous social media platforms have

been evaluated to assess their potential
utility to enhance conventional complaint
surveillance. To the extent these can facilitate
linking illnesses with exposure, rather than
just reinforcing the “last meal eaten” bias,
they may warrant attention from public
health agencies.

Standards and procedures for outbreak
reporting have been developed for NORS.
NORS supports outbreak reporting

from state, local, and territorial health
departments in the United States. NORS
Dashboard is a public-facing, web-based
tool containing limited and cleaned NORS
data that can be filtered using an interactive
interface that produces summary data,
statistics, and a variety of graphs based

on user preferences (https://wwwn.cdc.
gov/norsdashboard). CDC, USDA’s Food

Safety and Inspection Service (FSIS), Food
and Drug Administration (FDA), and other
investigating agencies analyze these data to
improve understanding of the impact of
foodborne illness outbreaks on human health
and of the pathogens, foods, and settings
involved in these outbreaks.

* Specialized surveillance networks have
been developed for specific pathogens. For
example, CaliciNet is a norovirus outbreak
surveillance network of local, state, and
federal public health laboratories. Network
partners perform viral sequencing and
upload sequences into CaliciNet to monitor
circulating strains, and identify newly
emerging norovirus strains. CaliciNet
outbreak lab data are linked to matching
outbreak data in NORS. CryptoNet, the
first U.S. national molecular tracking system
for a parasitic infection, was formally
launched in 2015 to collect specimens and
to characterize the molecular epidemiology
of infection by Cryptosporidium spp., only
some of which are pathogenic for humans
but which are typically indistinguishable
morphologically.

1.3.2 Surveillance for food-preparation
hazards and environmental assessments
of outbreaks have been developed to
identify root causes (Chapter 5) and
improve preventive controls (Chapter 6).
Routine food-safety inspections are conducted
for all licensed food-service establishments by
approximately 3,000 local and 75 state and
territorial agencies. Although traditionally
conducted to ensure that food-service
establishments were operating within the
provisions of state food codes, many of which
are adopted from the FDA Model Food Code
(19), inspection results are being increasingly
displayed at the point of service or online

to provide information to consumers about
potential food-safety risks. A growing body of
evidence suggests that such public disclosure
of inspection results might improve restaurant
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mspection results and reduce the risk for illness 1.3.3 The food supply and associated

transmission to patrons. environments are tested by local, state,
and federal regulatory officials and the

¢ To standardize assessment of retail food food industry. Food testing is a tool used

risk factors, FDA initiated the Retail Food
Risk Factor Study to measure practices

and behaviors commonly identified as
contributing factors in foodborne illness
outbreaks (20). Data from the initial study,
collected during 1998, 2003, and 2008,
documented progress toward the goal of
reducing contributing factors (https://www.

cdc.gov/nceh/ehs/nears/ cf-definitions.htm)

at retail establishments: five of the nine
facility types showed a statistically significant
improvement in compliance for all 42
contributing factors during the study period.
A second round of the Retail Food Study was
initiated in 2013 to assess food-protection
manager certification and food-safety
management systems. One important finding
from the study was that fewer food-safety
items were out of compliance in restaurants
having well-developed and documented
food-safety management systems (20).

The Environmental Health Specialists
Network (EHS-Net) of environmental health
specialists and epidemiologists from local
and state health departments, FDA, FSIS,
USDA’s Food and Nutrition Service, and
CDC developed the National Environmental
Assessment Reporting System (NEARS)

to systematically monitor and evaluate

root causes of foodborne illness outbreaks,
including contributing risk factors and
environmental antecedents. This system is
cross-referenced with NORS and collects
information from detailed environmental
assessments on factors contributing to the
outbreak and the underlying conditions that
led to it. The information collected through
NEARS can inform hypothesis generation
about antecedents to foodborne illness
outbreaks and strengthen the ability of food-
control authorities to formulate and evaluate
the effectiveness of food-safety actions.

to assess whether an establishment’s food-
safety system is functioning adequately to
address hazards in food production and
manufacturing and prevent foodborne
illnesses. Food and environmental testing data,
including molecular subtyping data, can be
used to inform hypothesis generation during
outbreaks. Food testing data also can be used
to estimate the fraction of selected foodborne
illnesses caused by specific food sources, to
assess changes in food contamination over
time, and to assess the success of regulatory
measures. Foodborne pathogens of interest
that are isolated from food or from animal

or environmental sources during various
government testing programs are being
characterized by WGS and the sequence data
added to FDA’s Genome'lrakr BioProjects
housed at NIH NCBI, where they can be
compared with data from human isolates
directly on NCBI Pathogen Browser and/or
in the CDC-PulseNet National Database. No
formal framework exists to link industrywide
testing to public health surveillance data.
Mechanisms have been discussed that would
provide access to aggregated, or blinded
industry data to avoid regulatory penalties to
individual companies.

To ensure technical competence and the
ability to generate reliable data, food testing
laboratories within FDA and FSIS maintain

accreditation in the International Organization

for Standardization/International
Electrotechnical Commission 17025
standard—the main international standard
used by testing and calibration laboratories.
Additionally, FDA is leading an effort to
bring state human and animal food testing

laboratories into International Organization for
Standardization/International Electrotechnical

Commission 17025 accreditation to enhance
efforts to protect the food supply. Data
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generated by accredited laboratories will be
made available for consideration during FDA
enforcement actions, as well as for surveillance
purposes and during local, state, or federal
response to foodborne illness outbreaks.

Laboratory accreditation also will assist state
manufactured food-regulatory programs in
achieving conformance with the Manufactured
Food Regulatory Program Standards.

1.4 Foodborne lllness Outbreak Response and System Change

1.4.1 Although foodborne illness
surveillance and response are rooted

in individual states’ laws, the growing
trend in multistate outbreaks associated
with widely distributed foods requires
increasing standardization of methods,
integration of activities, and federal
support and oversight. In response to the
emergence of F. coli O157:H7 and other
foodborne pathogens during the 1990s, CDC
developed the active surveillance network
FoodNet, with funding assistance from

FSIS and FDA, to conduct comprehensive
surveillance of diagnosed illnesses within
defined populations to assess and monitor
trends in the burden of illness associated
with specific agents. Simultaneously, CDC
established the national molecular subtyping
network PulseNet to improve laboratory-based
surveillance for bacterial pathogens routinely
detected by clinical laboratories. PulseNet
increased detection of multistate outbreaks,
and FoodNet provided a framework to
interpret the impact of food system changes in
response to improved outbreak detection and
regulatory activity.

In 2005, CIFOR was established to identify
barriers to effective surveillance and
investigation of foodborne illnesses and
outbreaks. One of the first CIFOR projects
was to develop guidelines for outbreak
detection and response. The First Edition of
the CIFOR Guidelines, published in 2009,
established model practices for foodborne
disease surveillance at local and state levels,

with specific reference to coordination of
multijurisdictional outbreaks investigations
and development of performance indicators
to measure the effectiveness of surveillance
activities. The Second Edition of the
Guidelines was published in 2014.

During this time, CDC began providing
dedicated funding to support state-level
foodborne illness outbreak response

through Epidemiology and Laboratory
Capacity cooperative agreements. This led

to development of several CDC programs:
OutbreakNet, CDC’s Foodborne Diseases
Centers for Outbreak Response Enhancement
(FoodCORE), and the Integrated Food Safety
Centers of Excellence and OutbreakNet
Enhanced (OBNE). The CDC Integrated Food
Safety Centers of Excellence were created by
FSMA. These programs are intended to work
together to enhance the development and
evaluation of foodborne illness surveillance
and outbreak response activities across the
United States.

In conjunction with CDC’s investments in
the performance of public health agencies,
FDA has used additional resources provided
by FSMA to develop a network of Rapid
Response Teams (RRT) to enhance
coordination between public health and
food-regulatory agencies at the state level and
formed a Coordinated Outbreak Response
and Evaluation (CORE) Network to centralize
coordination of outbreak response activities
within FDA. FSIS has developed parallel
outbreak response capacity (Chapter 3).
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With a stated goal of building an Integrated
Food Safety System, FDA established the
Partnership for Food Protection in 2008,
bringing together local, state, territorial, tribal,
and federal representatives with expertise in
food; feed; epidemiology; laboratory; and
animal, environmental, and public health. The
Partnership for Food Protection (PFP) brings the
collective expertise of the above stakeholders
to work on projects that enhance human and
animal food safety in the United States.

Coordination of activities on the federal

level is accomplished through mutual liaisons
between agencies, and joint participation in
the Intergovernment Food Safety Analytics
Collaboration (IFSAC) which secks to improve
the use of outbreak surveillance in foodborne
illness attribution models and thus better guide
food-safety regulation. Chapter 3 details the
agencies currently involved in foodborne illness
outbreak response, along with their respective
roles and responsibilities. Issues posed in the
response to multijurisdictional outbreaks are
discussed in Chapter 7.

1.4.2 Food-safety standards are changing
to better control food-safety risks
identified by foodborne illness outbreak
investigations. Both industry-driven
standards (e.g., from the Global Food Safety
Initiative, https://www.mygfsi.com/about-us/

about-gfsi/what-is-gfsi.html) and government-

driven regulatory requirements are being

updated to identify and manage food-safety
hazards more rapidly. Examples of noteworthy
regulatory changes in the United States include

e The 2011 FSMA—the first major reform
of the FDA’s food-safety authority since the
1938 enactment of the Food, Drug, and
Cosmetic Act. Since the Second Edition of
the CIFOR Guidelines, some key provisions
of FSMA have been rolled out in seven
federal regulations (Chapter 2), which
provide FDA with additional legal authorities
and resources to strengthen food-safety

systems. They enable FDA and its food-
safety partners, to focus on preventing food-
safety problems and to address food-safety
risks more rapidly when they are identified.
FSMA and its associated regulations grant
FDA substantial new authority to protect
food all along the farm-to-fork line, covering
preventive controls, inspections, laboratory
testing, product tracing, mandatory recall
authority, importer accountability, authority
to deny entry to the U.S. market, state and
local capacity building, and other areas.

* Since enactment of its Pathogen Reduction,
Hazard Analysis and Critical Control Point
Systems rule to reduce risks associated
with meat and poultry in 1996, FSIS has
continued to address food-safety hazards.

In 2011, FSIS established raw poultry
performance standards for Campylobacter and
updated existing ones for Salmonella. In 2012,
FSIS added six non-O157 STEC serogroups
as “adulterants” in raw beef. In 2015, after
agency investigators noted they often were
impeded in efforts to trace ground beef to
its source during outbreak investigations and
in response to STEC-positive sample results,
FSIS required its regulated establishments
and retail stores to maintain detailed records
to identify all ground-beef source materials.

In summary, the foods we eat and the processes
by which they are produced, distributed, and
prepared; the means for diagnosing illness and
detecting outbreaks; the methods whereby
outbreaks are investigated; and the response

of government and private partners are always
changing. The following chapters provide
updated guidance to responders with these
changes in mind. The final chapter (Chapter 8)
provides and references metrics for evaluating
an agency’s progress toward optimizing its
response to foodborne illness outbreaks.
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Abstract

Problem/Condition: Approximately 179 million cases of acute gastroenteritis (AGE) occur in the United States each year, and
outbreaks of AGE are a substantial public health problem. Although CDC has conducted national surveillance for waterborne
and foodborne AGE outbreaks since 1971 and 1973, respectively, no national surveillance existed for AGE outbreaks resulting
primarily from person-to-person transmission before implementation of the National Outbreak Reporting System (NORS) in 2009.

Reporting Period: 2009-2010.

Description of System: NORS is a national surveillance system launched in 2009 to support the reporting of all waterborne
outbreaks and enteric disease outbreaks from foodborne, person-to-person, animal contact, environmental, and unknown modes
of transmission. State and local public health agencies in the 50 U.S. states, the District of Columbia, five U.S. territories, and
three Freely Associated States report these outbreaks to CDC via NORS using a standardized online data entry system. Data are
collected on general outbreak characteristics (e.g., dates, number of illnesses, and locations), demographic characteristics of cases
(e.g., age and sex), symptoms, case outcomes, and laboratory testing information and results. Only outbreaks reported in NORS
with a primary mode of transmission of person-to-person contact are included in this report.

Results: During 2009-2010, a total of 2,259 person-to-person AGE outbreaks were reported in NORS from 42 states and
the District of Columbia. These outbreaks resulted in 81,491 reported illnesses, 1,339 hospitalizations, and 136 deaths. No
etiology was reported in approximately 40% (n = 840) of outbreaks. Of the remaining 1,419 outbreaks with a reported etiology,
1,270 (89%) were cither suspected or confirmed to be caused solely by norovirus. Other reported etiologies included Shigella
(n = 86), Salmonella (n = 16), Shiga toxin-producing Escherichia coli (STEC) (n = 11), and rotavirus (n = 10). Most (82%) of
the 1,723 outbreaks caused by norovirus or an unknown etiology occurred during the winter months, and outbreaks caused by
Shigella or another suspected or confirmed etiology most often occurred during the spring or summer months (62%, N = 53 and
60%, N = 38, respectively). A setting was reported for 1,187 (53%) of total outbreaks. Among these reported settings, nursing
homes and other long-term—care facilities were most common (80%), followed by childcare centers (6%), hospitals (5%), and

schools (5%).

Interpretation: NORS provides the first national data on AGE outbreaks spread primarily through person-to-person transmission
and describes the frequency of this mode of transmission. Norovirus is the most commonly reported cause of these outbreaks and,
on the basis of epidemiologic characteristics, likely accounts for a substantial portion of the reported outbreaks of unknown etiology.
In the United States, sporadic and outbreak-associated norovirus causes an estimated 800 deaths and 70,000 hospitalizations
annually, which could increase by an additional 50% during epidemic years. During 20092010, norovirus outbreaks accounted
for the majority of deaths and health-care visits in person-to-person AGE outbreaks reported to NORS.

Public Health Action: Prevention and control of person-to-person AGE outbreaks depend primarily on appropriate hand hygiene
and isolation of ill persons. NORS surveillance data can help identify the etiologic agents, settings, and populations most often
involved in AGE outbreaks resulting primarily from person-to-person transmission and guide development of targeted interventions
to avert these outbreaks or mitigate the spread of infection. Surveillance for person-to-person AGE outbreaks via NORS also might
be important in clarifying the epidemiology and role of certain pathogens (e.g., STEC) that have been traditionally considered
foodborne but can also be transmitted person-to-person.
As ongoing improvements and enhancements to NORS
Corresponding author: Mary Wikswo, Division of Viral Diseases, are introduced, participation in NORS has the potential
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Introduction

Acute gastroenteritis (AGE) is a major cause of illness in
the United States, with approximately 179 million episodes
occurring each year (7,2). Outbreaks of AGE contribute to this
substantial public health problem. Data on waterborne and
foodborne AGE outbreaks have been collected nationally by
various methods since the 1920s (3,4). These methods were
formalized in 1971 and 1973 when the Waterborne Disease
and Outbreak Surveillance System (WBDOSS) and the
Foodborne Disease Outbreak Surveillance System (FDOSS),
respectively, were created as national surveillance systems
to provide complete and accurate data for waterborne and
foodborne disease outbreaks. However, no national system
existed for reporting AGE outbreaks caused by direct person-
to-person contact or other modes of transmission.

In 2006, the Council for State and Territorial Epidemiologists
passed a resolution recommending that all outbreaks of
AGE in the United States be nationally reported. The
National Outbreak Reporting System (NORS) addresses
this resolution by integrating WBDOSS and FDOSS with
the first national reporting system for person-to-person AGE
outbreaks, as well as AGE outbreaks caused by contact with
animals or contaminated environments or by unknown
modes of transmission.

The information collected through NORS can help guide
the development of appropriate strategies to prevent and
control AGE outbreaks resulting primarily from person-to-
person transmission. This information is vital to improving
understanding of these outbreaks, their frequency, and
population-level risk factors for severe illness and death. To
characterize the frequency and characteristics of person-to-
person AGE outbreaks, CDC analyzed 2009-2010 data (the
inaugural years that data were available) from NORS. This
report summarizes those findings and is intended to be used by
health departments and regulatory agencies to identify settings
and populations for interventions likely to yield the greatest

public health benefits.

Methods

Data Source

NORS is a voluntary national surveillance system designed to
support the reporting of all waterborne outbreaks and enteric
disease outbreaks from foodborne, person-to-person, animal
contact, environmental, and unknown modes of transmission.
State and local public health agencies in the United States and
its territories report these outbreaks to CDC via NORS using
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a standard online data entry system. The NORS web-based
data entry system was launched in February 2009 to all 59
NORS reporting sites comprised of the 50 U.S. states, the
District of Columbia, five U.S. territories (American Samoa,
Guam, the Commonwealth of the Northern Mariana Islands,
Puerto Rico, and the U.S. Virgin Islands), and three Freely
Associated States (the Federated States of Micronesia, the
Republic of the Marshall Islands, and the Republic of Palau).
Sites were encouraged to report outbreaks occurring since
January 1, 2009, as well as those occurring prospectively.

Case Definition and Classification

All cases included in each NORS report were assumed to have
met the case definition used for that outbreak investigation.
For this analysis, the etiology of the outbreaks were categorized
as norovirus, Shigella, other/multiple, and unknown on the
basis of state reports. The term “no etiology reported” also
is sometimes referred to as an “unknown etiology.” The term
“any etiology” refers to all reported outbreaks, including those
with no etiology reported. NORS allows reporting sites to edit,
add, or delete reports at any time. To reduce this fluidity in
the data, only reports marked as “finalized” by the reporting
site administrators were included in the analyses. Data also
are subjected to basic logic checks at the conclusion of each
calendar year to improve data quality.

An outbreak from person-to-person transmission is defined
as 22 cases of a similar enteric illness associated with a common
exposure in which the primary mode of transmission is
reported as person-to-person contact, as determined by each
reporting site. The source or index case of each outbreak,
defined as the patient with the earliest illness onset, is included
among the outbreak-associated cases. Case definitions or
classification schemes might not be consistent across all sites.
The date of earliest illness onset is defined in NORS as the
date of outbreak occurrence. Data are reported on general
outbreak characteristics (e.g., dates, number of illnesses, and
locations), general demographic characteristics of cases (e.g.,
age and sex), symptoms, case outcomes, and laboratory testing
information and results. A reported etiology was considered
“confirmed” if >2 laboratory-confirmed cases were reported,
consistent with CDC guidelines for confirmation of etiologies
in foodborne disease outbreaks (5). If a reported etiology was
associated with <2 laboratory-confirmed cases, it was classified
as a suspected etiology. Symptoms were classified and reported
in NORS according to the definitions used during each
outbreak investigation.

To calculate attack rates in certain settings in which exposure
occurred, states were asked to classify cases into two groups:
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residents and guests or staff. The former group is intended
to capture the number of persons who did not work in the
major setting of exposure, such as children attending childcare
centers, residents of a long-term—care facility (LTCF), or guests
of a hotel. The latter group is intended to capture the number
of persons who work in the major setting, such as health-care
providers, teachers, childcare center employees, and hotel staff.

The following outbreak reports were excluded from analysis:
all outbreak reports in which the total number of cases was not
entered, the total number of cases was <2, the reported etiology
does not cause AGE (e.g., measles, scabies, or Hepatitis A), and
outbreaks with a different primary mode of transmission (e.g.,

foodborne) with secondary person-to-person transmission.

Analysis

Person-to-person AGE outbreaks with a first illness onset
during January 2009-December 2010, reported in NORS,
marked as finalized by a state administrator, and meeting
the inclusion criteria as stated in the methods are included
in this summary. Data were extracted from NORS on
January 24, 2012. Outbreak incidence in each reporting site
was calculated using national data from the U.S. Census Bureau
for 2009 for each state and expressed per 1 million population
per year (6). If a state reported outbreaks in both 2009 and
2010, the average number of outbreaks over the 2 years was
used to calculate the incidence per 1 million population per
year. Ifa state only reported outbreaks for 1 year, the incidence
per 1 million population for that single year was used.

During 2009-2010, NORS only allowed reporting of the
percentage of the number of cases in each age and sex category.
An age group category “unknown” is included in the analysis
because states were allowed to enter the percentage of cases that
were of unknown age as part of the total. Only outbreaks with
complete information were included in each analysis; reports
in which the total age or sex percentages were not entered or
did not add to 100% (+/- 2% to account for rounding errors)
were excluded from that analysis.

Comparisons of symptoms and case outcomes by etiology
were performed using Pearson’s chi square test. Comparisons of
the mean number of cases reported in outbreaks from different
etiologies were performed between each pair of etiologies
using the Tukey method in conjunction with one-way analysis
of variance. Comparisons of median attack rates among the
different etiologies were performed using the Kolmogorov-
Smirnov test, and comparisons of the staff and guest/resident
group were performed using the signed rank test. All analyses
were performed using SAS v 9.2 (SAS Institute, Inc.; Cary, North
Carolina). Significance was determined by p<0.05 for all analyses.

Results

Reporting Sites

As of January 24, 2012, a total of 2,340 enteric person-to-
person outbreaks occurring during 2009-2010 were reported
to CDC through NORS. Of these, 2,259 outbreak reports
were marked finalized by a state administrator and met the
inclusion criteria (972 for 2009 and 1,287 for 2010). These
outbreaks were reported in 43 reporting sites representing
42 states and the District of Columbia. Eight states (Delaware,
Georgia, Illinois, Indiana, Montana, Nebraska, New York, and
Oklahoma), five U.S. territories (American Samoa, Guam, the
Commonwealth of the Northern Mariana Islands, Puerto Rico,
and the U.S. Virgin Islands), and three Freely Associated States
(the Federated States of Micronesia, the Republic of the
Marshall Islands, and the Republic of Palau) reported no
person-to-person AGE outbreaks occurring during 2009-2010
that met the inclusion criteria. Several of these sites, primarily
the territories (excluding Puerto Rico) and Freely Associated
States, have not reported any outbreaks in NORS or reported
only one or two outbreaks of any type during 2009-2010.
Puerto Rico and the eight U.S. states have regularly reported
foodborne and waterborne outbreaks in NORS but have not
reported any or have only reported very few outbreaks from
person-to-person transmission.

Of the 43 reporting sites with at least one finalized person-
to-person AGE outbreak report, 36 either began entering data
in early 2009 (during the launch period) or reported these
outbreaks retrospectively (Figure 1). Of the 36 states reporting
outbreaks occurring in 2009, five did not enter reports for

FIGURE 1. Date of first reported acute gastroenteritis outbreak
transmitted by person-to-person contact, by state — National
Outbreak Reporting System, United States, 2009-2010

B Jul-Dec 2010
B Jan-Jun 2010
[ Jul-Dec 2009
[ Jan-Jun 2009
No data
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outbreaks occurring before July 2009. Forty-one states reported
at least one outbreak occurring in 2010. Of the 43 sites that
reported at least one outbreak occurring during 2009-2010,
a total of 16 sites reported <10 outbreaks each, 18 reported
10-99 outbreaks each, and nine reported >100 outbreaks each
(range: 1-276 outbreaks per site). Across all sites, the median
outbreak incidence was 4.7 per million population per year

(mean: 7.9; range: 0.03—41.9) (Figure 2).

Etiologies

Of the 2,259 person-to-person AGE outbreaks, 840 (37%)
had an unknown etiology, 1,410 (62%) had a single suspected
or confirmed etiology, and nine (<1%) had multiple etiologies
(Figure 3). Norovirus was the only suspected or confirmed
etiology reported in 1,270 (56%) outbreaks. Shigella was
the second most commonly reported etiology, although it
accounted for only 86 (4%) of all reported outbreaks. Other
single-etiology outbreaks were suspected or confirmed to be
caused by Salmonella (n = 16), rotavirus (n = 10), Shiga toxin-
producing E. coli (STEC) (n = 11), Giardia lamblia (n = 5),
Cryprosporidium spp. (n =9), Clostridium difficile (n = 4), sapovirus
(n = 2), and Campylobacter jejuni (n = 1). Nine outbreaks had
multiple etiologies: norovirus and Clostridium spp. (n = 5),
norovirus and rotavirus (n = 1), Salmonella enterica and STEC
(n=1), norovirus and Bacillus sp. (n = 1), and norovirus, rotavirus,

and Clostridium difficile (n = 1).

FIGURE 2. Rate* of outbreaks of acute gastroenteritis transmitted by
person-to-person contact, by statet — National Outbreak Reporting
System, United States, 2009-2010

o
Vhme

W 47-<11.8
O 0.9-<47

[ <o0.9
No data

* Incidence of outbreaks per state, per million population, on the basis of U.S.
Census Bureau population estimates.

T For states reporting outbreaks in both 2009 and 2010, the average number of
outbreaks per year was used to calculate the incidence. For states reporting
outbreaks for 1 year, the incidence per 1 million population for that single year
was used.
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FIGURE 3. Number* and percentage of outbreaks of acute gastro-
enteritis transmitted by person-to-person contact, by etiology —
National Outbreak Reporting System, United States, 2009-2010
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*N=2,259.

T Includes Salmonella (n = 16), rotavirus (n = 10), Shiga toxin-producing E. coli
(STEC) (n=11), Giardia lamblia (n = 5), Cryptosporidium spp. (n = 5), Clostridium
difficile. (n = 4), sapovirus (n = 2), Campylobacter jejuni (n = 1), norovirus and
Clostridium spp. (n=5), norovirus and rotavirus (n = 1), Salmonella enterica and

STEC (n = 1), norovirus and Bacillus sp. (n = 1), and norovirus, rotavirus, and
Clostridium difficile (n = 1).

Of the 1,419 outbreaks with at least one reported etiology,
1,016 (72%) reported at least one laboratory confirmed etiology
and 403 (28%) outbreaks reported only a suspected etiology.
Of the 1,016 outbreaks with at least one laboratory confirmed
etiology, 886 (87%) reported norovirus as the only confirmed
etiology, and 80 (8%) listed Shigella spp. (Figure 4). Other
laboratory confirmed single-etiology outbreaks were caused by
Salmonella enterica (n = 16), STEC (n = 9), rotavirus (n = 7),
Giardia lamblia (n = 4), Cryptosporidium spp. (n = 4), Clostridium
difficile (n = 3), sapovirus (n = 2), and Campylobacter jejuni (n = 1).
Four outbreak reports listed >2 confirmed etiologies: norovirus
and Clostridium difficile (n = 2), norovirus and Bacillus sp. (n = 1),
and norovirus, rotavirus, and Clostridium difficile (n = 1).

Seasonality

Most (79%) of the 2,259 outbreaks occurred during winter
months (Figure 5). This pattern is attributed to the substantial
number of suspected and confirmed norovirus outbreaks,
which exhibit strong winter seasonality. An estimated 83%
of norovirus outbreaks occurred during October—March.
Approximately 80% of outbreaks of unknown etiology also
occurred during the winter season. In contrast, outbreaks
caused by suspected or confirmed Shigella were relatively more
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FIGURE 4. Number* and percentage of outbreaks of acute gastro-
enteritis transmitted by person-to-person contact, by confirmed
etiology — National Outbreak Reporting System, United States,
2009-2010
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*N=1,016.

tIncludes Salmonella enterica (n = 16), STEC (n = 9), rotavirus (n = 7), Giardia
lamblia (n = 4), Cryptosporidium spp. (n = 4), Clostridium difficile (n = 3),
sapovirus (n = 2), Campylobacter jejuni (n = 1), norovirus and Clostridium
difficile (n = 2), norovirus and Bacillus sp. (n = 1), and norovirus, rotavirus, and
Clostridium difficile (n = 1).

frequent during summer months, although an insufficient
number of these outbreaks existed to determine a consistent
seasonal pattern. Only 38% of Shigella and 40% of other or
multiple etiology outbreaks occurred during October—March.

Outbreak-Associated Cases

In the 2,259 person-to-person AGE outbreaks reported in
NORS, 81,491 cases were identified, with a mean of 36 cases
per outbreak (median: 26; range: 2-394) (Table 1). The
mean number of cases per outbreak was significantly higher
for suspected or confirmed norovirus outbreaks (44 cases)
than for outbreaks caused by Shigella (15 cases), multiple or
other etiology (22 cases), or an unknown etiology (27 cases).
Outbreaks suspected or confirmed to be caused by Shigella
had a significantly lower mean number of cases per outbreak
(15 cases) than that of outbreaks caused by an unknown
etiology (27 cases).

Of the 1,038 outbreak reports of any etiology with complete
information on distribution of cases by sex, 69% of cases
occurred in females (Figure 6). Of the 627 outbreaks with a
suspected or confirmed etiology of norovirus, 71% of cases
occurred among females. Cases reported in outbreaks suspected
or confirmed to be caused by Shigella were as likely to occur
among males as females. In outbreaks with another etiology
or unknown etiology, 66% of cases were in females, following
a similar pattern to those associated with norovirus outbreaks.

Of the 936 outbreak reports containing information on age
group distribution of cases, most cases (54%) occurred among
those aged >49 years. This pattern can be largely explained by
the substantial number of suspected and confirmed norovirus
outbreaks (N = 550), in which 58% of cases occurred among
those aged >49 years (Figure 7). Conversely, 76% of cases in
suspected or confirmed Shigella outbreaks occurred in children

FIGURE 5. Number* of outbreaks of acute gastroenteritis transmitted by person-to-person contact, by month of firstillness onset and etiology

— National Outbreak Reporting System, United States, 2009-2010
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TABLE 1. Number of cases in outbreaks of acute gastroenteritis transmitted by person-to-person contact, by etiology — National Outbreak

Reporting System, United States, 2009-2010

Etiology Total cases No. of outbreaks Mean cases Median cases Range
Norovirus 56,053 1,270 44 33 2-357
Shigella 1,305 86 15 7 2-105
Other/multiple 1,375 63 22 10 2-394
Unknown 22,758 840 27 20 2-246
Any 81,491 2,259 36 26 2-394

FIGURE 6. Percentage* of cases in outbreaks of acute gastroenteritis
transmitted by person-to-person contact,t by sex and etiology —
National Outbreak Reporting System, United States, 2009-2010
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* Percentages might not total 100% because of rounding.
TN=1,038.

FIGURE 7. Percentage* of cases in outbreaks of acute gastroenteritis
transmitted by person-to-person contact,’ by age group distribution
and etiology — National Outbreak Reporting System, United States,
2009-2010
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aged <10 years. In outbreaks caused by another or unknown
etiology, 43% and 52% of cases, respectively, occurred in
persons aged >49 years, similar to those associated with
norovirus outbreaks. However, these outbreaks also involved
relatively larger proportions (26% and 18%, respectively) of
children aged <10 years than norovirus outbreaks (5%).

Settings

The age distribution of cases by etiology largely relate
to the settings in which these outbreaks occurred. Overall,
of the 1,187 person-to-person AGE outbreak reports
containing information on setting, most were commonly
identified in LTCFs, schools, childcare centers, and hospitals
(Table 2). Outbreaks caused by norovirus or an unknown
etiology occurred most frequently in LTCFs (86% and
77%, respectively); thus, most cases occurred in older adults.
Outbreaks caused by Shigella occurred almost exclusively
(97%) in childcare centers; thus, the majority of cases were
reported in children aged <10 years. Other settings reported
included other health-care facilities (n = 26), camp (eight),
private settings (seven), prison or detention facilities (three),
restaurants (three), athletic facilities (three), youth centers
(two), hotels (two), adult day care facility (one), a harbor (one),
and communitywide (e.g., not limited to a single setting) (one).

Symptoms and Clinical Outcomes

Information on the proportion of cases reported with at
least one symptom was available for 1,156 (51%) outbreaks,
although notall cases or all outbreaks provided information on
each of the four symptoms analyzed in this report (Figure 8).
Among cases for which information was available, diarrhea and
vomiting were the most common symptoms reported (80% of
39,055 cases and 65% of 37,464 cases, respectively). Outbreaks
caused by norovirus or unknown etiology involved vomiting
in a significantly higher percentage of cases (65% and 68%,
respectively) than in outbreaks caused by any other suspected
or confirmed etiology (43% of cases). Fever and bloody stools
were each reported significantly more often in outbreaks caused

by Shigella (32%), multiple, or other etiologies (15%) than



TABLE 2. Number and percentage of outbreaks of acute gastroenteritis transmitted by person-to-person contact, by setting and etiology —
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National Outbreak Reporting System, United States, 2009-2010

Total LTCF Childcare center School Hospital Other*
Etiology outbreaks No. (%) No. (%) No. (%) No. (%) No. (%)
Norovirus 714 617 (86) 13 2) 21 (3) 32 (5) 31 4)
Shigella 30 0 (0) 29 97) 0 (0) 0 (0) 1 (3)
Other/multiple 30 1 (37) 10 (33) 3 (10) 0 (0) 6 (20)
Unknown 413 320 (77) 15 (4) 37 9) 22 (5) 19 (5)
Any 1,187 948 (80) 67 (6) 61 (5) 54 (5) 57 (5)

Abbreviation: LTCF = long-term—care facilities.

* Other settings reported included other health-care facilities (N=26), camp (8), private settings (7), prison or detention facilities (3), athletic facilities (3), restaurants (3),
youth centers (2), hotels (2), an adult day care facility (1), a harbor (1), and communitywide (1).

FIGURE 8. Percentage®*of outbreaks of acute gastroenteritis
transmitted by person-to-person contact, by symptom and etiology
— National Outbreak Reporting System, United States, 2009-2010
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with outbreaks caused by norovirus or an unknown etiology
(1% and 2%, respectively).

During 2009-2010, a total of 136 deaths were reported
among 1,670 outbreaks with information on death, and 1,339
hospitalizations were reported among 1,576 outbreaks with
information on hospitalizations. Of the 94 outbreak reports
with an associated death, 61 outbreaks occurred in an UTCFE,
three in a hospital or other health-care setting, and one in a
childcare center; setting was not reported for 29 outbreaks. In
80 (85%) of these 94 outbreak reports, which accounted for 118
(87%) deaths, norovirus was identified as the only suspected or
confirmed etiology. Cryprosporidium sp. and E. coli O157:H7

were the confirmed etiology in one outbreak each, and each was

associated with one reported death. A total of 16 reported deaths
occurred in 12 outbreaks for which an etiology was not reported.

Patients reported in outbreaks caused by Shigella were
significantly more likely to seek health care (i.e., outpatient
health-care provider visits, emergency department visits, and
hospitalizations combined) than cases associated with norovirus
outbreaks (odds ratio: 10.2; 95% confidence interval = 9.3—11.2);
however, norovirus outbreaks contributed to the largest

number of deaths and health-care visits (Table 3).

Attack Rates

Unique to person-to-person AGE outbreak surveillance,
data are collected on the total number of persons exposed,
categorized as either guests and residents or staff, thereby
allowing for calculation of attack rates. The median attack rate
for guests and residents was significantly higher in suspected
or confirmed norovirus outbreaks (35%) than in Shigella
outbreaks (12%) (Table 4). Likewise, the median attack rate
for guests and residents in outbreaks of unknown etiology
(21%) also was significantly higher than in Shige/la outbreaks.
The median staff attack rate in norovirus outbreaks (19%) was
significantly higher than the median staff attack rate in Shigella
outbreaks (8%). For each outbreak etiology, the median attack
rates were significantly lower among staff than among guests
and residents.

Discussion

NORS is a novel reporting system that provides the first
national data on AGE outbreaks spread through person-
to-person transmission, highlighting the frequency of these
outbreaks. During 2009-2010, a total of 2,259 person-to-
person AGE outbreaks and 81,491 outbreak-related illnesses
were reported to CDC via NORS from 43 reporting sites. The
actual frequency of these outbreaks is likely underestimated, as
evidenced by the inconsistent levels of reporting in NORS of
outbreaks from different modes of transmission. In 2009, a total

MMWR / December 14,2012 / Vol.61 / No.9 7
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TABLE 3. Number and percentage* of cases in outbreaks of acute gastroenteritis transmitted by person-to-person contact, by clinical outcome
and etiology — National Outbreak Reporting System, United States, 2009-2010

Patients who visited Patients who sought

Deaths Hospitalized patients the ED health caret
Etiology No. (%) No. (%) No. (%) No. (%)
Norovirus 118 (0.3) 919 ) 373 (2) 1,639 (10)
Shigella 0 (0.0) 50 (6) 97 (16) 551 (69)
Other/multiple 28 (0.2) 57 (4) 20 (5) 116 (25)
Unknown 16 (0.1) 313 ) 129 (@) 369 (6)
Any 136 (0.2) 1,339 (2) 619 (2) 2,675 (11)

Abbreviation: ED = emergency department.

* Percentages might not round to 100% because each percentage was calculated using a different denominator.

T Excludes ED visits and hospitalizations.

$ Confirmed Cryptosporidium sp. and E. coli 0157:H7 outbreaks were responsible for one death each.

TABLE 4. Attack rates among guests and residents or staff in outbreaks of acute gastroenteritis transmitted by person-to-person contact, by
etiology — National Outbreak Reporting System, United States, 2009-2010

Median guest/resident Median staff
attack rate* Range attack ratet Range

Etiology % (%) % (%) p-value$
Norovirus 35 (1.0-100) 19 (0-100) p<0.001
Shigella 12 (3-51) 8 (0-38) 0.001
Other/multiple 31 (0-78) 12 (0-75) 0.03
Unknown 21 (1-100) 8 (0-100) <0.0001
Any 30 (0-100) 13 (0-100) <0.0001

*N =976 outbreaks.
TN =768 outbreaks.
§ As calculated using the signed rank test.

of 972 person-to-person AGE outbreaks and 33,085 illnesses
were reported in NORS by only 36 sites. In comparison,
during the same year, 668 foodborne outbreaks and 13,497
illnesses were reported by 45 sites (7). This further illustrates
that person-to-person transmission is an important cause of
AGE outbreaks in the United States, although surveillance for
these outbreaks has only recently been prioritized and has not
yet been fully implemented in all states.

Norovirus was the most frequently reported cause of person-
to-person AGE outbreaks. It was reported as the only suspected
or confirmed etiology in 56% of all person-to-person AGE
outbreaks and in 89% of outbreaks with an etiology reported.
These data are consistent with other studies indicating that
norovirus is the leading cause of AGE outbreaks and that
person-to-person transmission is the most common mode of
transmission (8—13). Consistent with previous reports (9-16),
LTCFs were the most frequent setting of person-to-person
norovirus outbreaks (86%) reported in NORS, which might
explain, in part, the predominance of cases among females
and older adults. The 2004 National Nursing Home Survey
indicated that 71% of nursing home patients were female (1),
which is a similar proportion of males and females in norovirus
outbreaks (86%) reported in NORS. However, among the
936 outbreak reports that include complete information
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by age, only 58% of cases in norovirus outbreaks occurred
among persons aged >50 years. This might be explained, in
part, by outbreaks in which not all ages of persons with cases
were known; age was unknown in 19% of cases in norovirus
outbreaks for which at least some age information was provided
for the outbreak report. In addition, information on patient
age was reported in fewer than half of all outbreaks reported,
possibly introducing some bias. Nursing home outbreaks
also included cases among staff members, which might have
shifted the age of cases downward relative to the age of the
resident populations.

The median attack rates reported for suspected and
confirmed person-to-person norovirus outbreaks were
significantly higher than those reported for suspected and
confirmed Shigella outbreaks. This high norovirus attack rate
is consistent with other attack rates calculated for outbreaks
in LTCFs and previous reports in the literature (10,13). The
lower attack rates among staff might result from several factors
including better hand hygiene practices, immunity acquired
from more frequent exposures to these pathogens from
working in a high-risk setting (18,19), reluctance to report
illness (20,21) or, in settings such as LTCFs, staff members
who are younger than their residents and therefore less likely
to experience symptomatic or severe disease (12,13,16,22—-24).
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The overall case-hospitalization and case-fatality rates for
person-to-person norovirus outbreaks also were consistent with
other studies conducted during norovirus outbreaks in LTCFs
(10,12-15). Although hospitalizations and deaths represent
a relatively small fraction of all person-to-person norovirus
outbreak-associated cases (2% and 0.3%, respectively), the
high frequency of these outbreaks resulted in 118 reported
deaths and 919 hospitalizations during 2009-2010. Norovirus
infection often results in a mild, self-limiting illness;
however, consequences of norovirus disease in elderly and
immunosuppressed populations could be especially severe and
have been previously reported to include hospitalization and
death (12,13,16,22-24).

Furthermore, other studies have demonstrated that all-cause
gastroenteritis-associated hospitalizations and deaths appear
to be increasing, which might be attributable at least in part
to norovirus. In the United States, sporadic and outbreak-
associated norovirus causes an estimated 800 deaths and
70,000 hospitalizations each year. These numbers increase by
up to 50% during epidemic years associated with emergent
strains (25,26). The highest rates of norovirus-associated
hospitalizations occurred among adults aged 265 years; within
this group, rates increased with advancing age (25). The
elderly also accounted for 83% of AGE-associated deaths,
of which norovirus was the second leading infectious cause
after Clostridium difficile (26). A literature review of norovirus
outbreaks during 1993-2011 indicated that hospitalizations
and deaths were significantly more likely when outbreaks
occurred in health-care settings, including LTCFs (27). The
findings in this report affirm that norovirus can account for
substantial morbidity and mortality among persons with acute
gastrointestinal illness in the United States, particularly among
the elderly.

Person-to-person AGE outbreaks of unknown etiology
reported through NORS had epidemiologic characteristics
consistent with norovirus outbreaks. Norovirus illnesses tend to
peak during winter months, and many enteric bacterial illnesses
tend to predominate in summer (9,11,25,26,28-30). Both the
confirmed and suspected norovirus outbreaks and outbreaks of
unknown etiology reported through NORS exhibited a strong
winter seasonality, whereas outbreaks caused by other etiologies
demonstrated slight peaks during spring and summer months.
Norovirus and unknown etiology outbreaks also exhibited
similarly high frequencies of diarrhea and vomiting and low
frequencies of fever and bloody stools. A high proportion of
patients with vomiting (250%) and a relatively low proportion
with fever are characteristics that have been previously
demonstrated as helpful in differentiating norovirus outbreaks
from AGE outbreaks caused by other etiologies (31,32).

However, bloody stools are more commonly associated with

bacterial infections than with norovirus infections (8,33-36).
Other characteristics common among norovirus and unknown
etiology outbreaks reported through NORS included a higher
frequency of cases among older adults and females, a high
number of cases in LTCFs, and high attack rates. These findings
suggest that many of the outbreaks of unknown etiology might
have been caused by norovirus.

Although surveillance for person-to-person AGE outbreaks
is predominated by norovirus, other etiologies were identified
as important contributors. Shigella was suspected or confirmed
to have caused 86 person-to-person AGE outbreaks and 1,305
outbreak-related illnesses reported through NORS during the
first 2 years of the system. Similar to norovirus, Shigella has a
low infectious dose and is commonly transmitted person-to-
person (37-39). However, the profile of Shigella outbreaks was
distinct from norovirus and unknown etiology outbreaks, likely
in part because of the difference in setting. Almost all (97%)
Shigella outbreaks for which setting was reported occurred
in a childcare center, thus explaining why approximately
75% of reported outbreak-associated cases occurred among
children aged <10 years. Most cases of shigellosis are identified
in children aged <5 years, and Shigella is a well-recognized
cause of AGE outbreaks in childcare facilities (29,37,40—45).
Shigella outbreaks tend to affect more females than males, but
outbreaks in young children tend to have an equal distribution
of male and female patients, as is reflected in the findings of
this report (29,41).

Cases involved in Shigella outbreaks were more likely
to include fever and bloody stools than cases in norovirus
outbreaks, and substantially more patients in Shigella
outbreaks sought health care than those involved in norovirus
outbreaks (69% and 10%, respectively). These outbreaks
might have even broader implications because transmission
to household contacts is common during Shigella outbreaks
(44—46), and adults, particularly those aged 265, have much
higher hospitalization rates for shigellosis than children (37).
Furthermore, antibiotics are widely used during shigellosis
outbreaks in the United States, yet multidrug resistance is
common among Shigella bacteria, limiting antibiotic treatment
options (41,43,44).

Some reported etiologies in person-to-person AGE outbreaks,
including STEC and Salmonella, are primarily considered
foodborne pathogens, and before 2009, national surveillance
systematically captured only foodborne outbreaks of these
pathogens. In 2009, a total of 119 foodborne outbreaks of
Salmonella were reported via NORS; five additional Salmonella
outbreaks were reported through person-to-person AGE
outbreak surveillance. An estimated 40 foodborne outbreaks
of STEC were reported in 2009, and five additional STEC
outbreaks were reported as transmitted by person-to-person
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contact (7). In 2010, six additional STEC person-to-
person outbreaks were reported, including one outbreak of
STEC O157:H7 in a childcare facility that resulted in a death.
Studying these outbreaks is especially important because
person-to-person transmission of STEC is a recognized cause of
outbreaks in childcare settings, and young children are most at
risk for STEC infection and the complication hemolytic uremic
syndrome (HUS) (47). Surveillance for person-to-person AGE
outbreaks via NORS also might be important in clarifying the
epidemiology and role of non-O157 STEC, which has been
underrecognized because of limitations in surveillance and

diagnostics (48-50).

Limitations

The findings in this report are subject to at least two
limitations. First, similar to many other passive reporting
systems, NORS is subject to underreporting. NORS ultimately
relies on health-care providers and facilities reporting potential
outbreaks to state and local health departments, which often
depends on the general public seeking medical care. However,
only 15%-20% of persons with an acute diarrheal illness seek
medical care and only 17%—19% of those submit a stool sample
for testing (57,52). This type of underreporting is influenced by
behavioral patterns and nuances of the health-care system in the
United States. In addition, underreporting to NORS probably
occurs because state and local health departments, which often
have limited resources and competing responsibilities, might
not have the resources available to investigate each potential
outbreak or submit a completed report in NORS. Furthermore,
NORS is a new reporting system with variable adoption and
use, which might vary by modes of illness transmission. For
example, Puerto Rico and the eight U.S. states that did not
have any NORS reports that met the inclusion criteria for
this summary have been regularly reporting foodborne and
waterborne outbreaks in NORS but have not reported any or
have only reported very few outbreaks from person-to-person
transmission. Only 36 sites reported person-to-person AGE
outbreak data in 2009, compared with 45 sites that reported
foodborne outbreaks during the same year (7). The primary
mode of illness transmission also is determined by each
reporting site and case definitions or classification schemes
might not be consistent across all sites. Notably, the most
populous states reported no or disproportionately low numbers
of person-to-person AGE outbreaks, suggesting that the
number of outbreaks in this report is an underestimate, and the
findings reported might not be generalizable. System coverage
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could improve as sites become more familiar with NORS and
as features are enhanced or added to facilitate reporting.

Second, only four variables (outbreak identification, date of
first illness, reporting site, and total ill) are required to submit
an outbreak report via NORS. Although this affords flexibility
to sites that would like to report outbreaks for which they have
only limited information available, it results in variable levels
of completeness of other variables collected in the system (e.g.,
age, sex, etiology, and setting).

Conclusion

The findings in this report enable a better understanding of
the frequency, causes, and patient outcomes of AGE outbreaks
in the United States, especially those caused by person-to-
person transmission. During 2009-2010, norovirus was the
most frequently reported cause of person-to-person AGE
outbreaks. On the basis of epidemiologic characteristics,
norovirus also might be responsible for a substantial portion
of the 840 reported outbreaks of unknown etiology. An
additional 86 outbreaks were reported to be caused by Shigella.
No vaccines exist for either norovirus or Shigella in the United
States, and recommendations for prevention and control
of person-to-person AGE outbreaks depend primarily on
appropriate hand hygiene and isolation of ill persons.

Although norovirus and Shigella were associated with the
majority of AGE outbreaks, they were not the only reported
cause of person-to-person AGE outbreaks. Approximately 3%
of outbreaks were caused by other or multiple etiologies, many
of which are considered primarily foodborne pathogens but can
be transmitted through multiple routes, such as Salmonella and
STEC. Further study of these person-to-person AGE outbreaks
should provide a better understanding of these pathogens and
how they can be spread. Similarly, further examination of
outbreaks of unknown etiology could help identify barriers
to making an etiologic determination, to analyze clinical and
epidemiologic clues suggestive of a probable etiology, and to
discover new and emerging etiologic agents.
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Outbreak-associated
Salmonella enterica Serotypes
and Food Commodities,

United States, 1998-2008

Brendan R. Jackson, Patricia M. Griffin, Dana Cole, Kelly A. Walsh, and Shua J. Chai

Salmonella enterica infections are transmitted not only
by animal-derived foods but also by vegetables, fruits, and
other plant products. To clarify links between Salmonella se-
rotypes and specific foods, we examined the diversity and
predominance of food commaodities implicated in outbreaks
of salmonellosis during 1998-2008. More than 80% of out-
breaks caused by serotypes Enteritidis, Heidelberg, and
Hadar were attributed to eggs or poultry, whereas >50% of
outbreaks caused by serotypes Javiana, Litchfield, Mban-
daka, Muenchen, Poona, and Senftenberg were attributed
to plant commodities. Serotypes Typhimurium and Newport
were associated with a wide variety of food commaodities.
Knowledge about these associations can help guide out-
break investigations and control measures.

Salmonella enterica is estimated to cause 1.2 million
illnesses each year in the United States and to be the
leading cause of hospitalizations and deaths from food-
borne disease (/). Because of the major public health role
of Salmonella infections, the US Department of Health and
Human Services has made decreasing the nationwide inci-
dence of these infections by 25% a Healthy People 2020
national goal (2). Overall, salmonellosis incidence has not
decreased in the past decade; the incidence has substan-
tially increased for some serotypes and decreased for others
(2,3). Focused attention on determining sources of Salmo-
nella infections will be vital to reach the 25% target reduc-
tion in these infections.

Salmonella serotypes differ in their natural reservoirs
and ability to cause human infections (4-6); only a small
proportion of >2,500 serotypes cause most human infections
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(4,7). In 2009, only 20 serotypes comprised >82% of the
~36,000 serotyped human-derived Sa/monella isolates in
the United States that were reported to the Centers for Dis-
ease Control and Prevention (3). A few serotypes have been
associated with specific animal reservoirs. For example, se-
rotype Dublin, which caused 103 laboratory-confirmed hu-
man infections in 2009 (3), is found predominantly in cattle
(5). However, reservoir sampling alone has limited use in
predicting the contribution of a reservoir to the incidence of
human illness (8).

Outbreak data and case—control studies have linked
some serotypes to certain foods or exposures (e.g., sero-
type Enteritidis to eggs and chicken) (9—/7). Information
obtained during outbreak investigations is a key tool in
understanding which foods are common sources of patho-
gens contributing to foodborne infections. During outbreak
investigations, illnesses can be linked to a particular food
by using epidemiologic or laboratory evidence (/2). To
our knowledge, no systematic examination of Salmonella
serotypes and food vehicles implicated in outbreaks has
been reported. We analyzed foodborne disease outbreak
data to determine associations between food commodities
and serotypes to help inform future outbreak investiga-
tions, foodborne illness source attribution analyses, and
control measures.

Methods

State, local, and territorial health departments volun-
tarily submit reports of foodborne disease outbreak inves-
tigations to the Foodborne Disease Outbreak Surveillance
System (FDOSS) of the Centers for Disease Control and
Prevention. A foodborne disease outbreak is defined as >2
cases of a similar illness resulting from ingestion of a com-
mon food. Submitted reports include a description of the
pathogen, the implicated food(s), the main ingredients of
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the food, and the contaminated ingredient, if known (/3).
When a Salmonella sp. is the etiologic agent, public health
laboratories serotype the isolate. A Salmonella sp. is con-
sidered the confirmed etiology of an outbreak when the
same serotype is isolated from >2 ill persons or when the
bacterium is isolated from an epidemiologically implicated
food (13).

To standardize the analysis of foods, we used a
modified version of an existing classification scheme
(14) to categorize reported foods into 1 of 20 mutually
exclusive food commodities. Foods were classified into
a single food commodity if a single ingredient was im-
plicated or if all ingredients in a food product belonged
to a single food commodity. We then combined the in-
dividual food commodities into 3 broad food commod-
ity groups: 1) aquatic animal—-derived food commodities
(crustaceans, fish, and mollusks); 2) land animal—de-
rived food commodities (dairy, eggs, beef, game, pork,
chicken, turkey, and duck); and 3) plant-derived food
commodities (grains—beans, oils—sugars, fruit, nuts, fun-
gi, sprouts, leafy vegetables, root vegetables, and vine—
stalk vegetables).

We reviewed all reports of foodborne outbreaks of
Salmonella infections to FDOSS during 1998-2008 and
included in the analysis those outbreaks caused by a single,
laboratory-confirmed serotype. We excluded outbreaks in
which multiple etiologies were reported, that had an un-
known serotype, or that could not be assigned to 1 of the 20
food commodities.

Among all salmonellosis outbreaks and for each Sal-
monella serotype, we calculated the frequency and percent-
age of outbreaks associated with each food commodity. For
each serotype, we also determined the percentage of out-
breaks associated with animal-derived food commodities
(land and aquatic) and plant-derived food commodities.
We calculated the Gini coefficient as a descriptive measure
of the magnitude of food commodity diversity, or inequal-
ity (15) among outbreaks caused by a particular serotype.
The Gini coefficient was chosen as a measure of diversity
because it provides an easily interpretable range of values
from 0 to 1. A Gini coefficient of 0 indicates an equal dis-
tribution of outbreaks caused by a serotype across all food
commodities, and a value of 1 indicates that all outbreaks
were attributed to a single food commodity.

Results

During 1998-2008, a total of 1,491 outbreaks of Sal-
monella infections were reported to FDOSS, and 1,193
(80%) were caused by a single serotype. Of the single-
serotype outbreaks, 595 (50%) had an implicated food,
and 403 (34%) could be assigned to a single food com-
modity. Among these 403 outbreaks, 47 serotypes were
reported; 23 serotypes caused >3 outbreaks. Of the 47
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serotypes reported, the 4 most common caused 66% of
the 403 outbreaks (Enteritidis 144 [36%], Typhimurium
58 [14%], Newport 40 [10%], and Heidelberg 24 [6%]).
Overall, eggs were the most commonly implicated food
commodity (112 outbreaks, 28%), followed by chicken
(64 outbreaks, 16%), pork (37 outbreaks, 9%), beef (33
outbreaks, 8%), fruit (33 outbreaks, 8%), and turkey (28
outbreaks, 7%) (Table 1, Appendix, wwwnc.cdc.gov/EID/
article/19/8/12-1511-T1.htm).

The most commonly implicated food commodity dif-
fered by Salmonella serotype (Table 1). Eggs were the
most common food commodity for outbreaks caused by
serotypes Enteritidis (93 [65%] of 144 outbreaks) and Hei-
delberg (10 [42%] of 24 outbreaks). Egg-associated sero-
type Enteritidis outbreaks accounted for 23% of all single
food commodity outbreaks. Chicken was the most common
food commodity for serotypes I 4,[5],12:1:- (3 [75%] of 4
outbreaks) and Typhimurium (15 [26%] of 58 outbreaks).
Pork was the most common food commodity for sero-
types Uganda (all 4 outbreaks) and Infantis (4 [57%] of
7 outbreaks). Fruit was the most common food commod-
ity for serotypes Litchfield (all 5 outbreaks), Poona (all
4 outbreaks), Oranienburg (2 [50%] of 4 outbreaks), and
Javiana (3 [30%] of 10 outbreaks). Turkey was the most
common food commodity for serotypes Hadar (3 [38%)]
of 8 outbreaks) and Saintpaul (3 [33%] of 9 outbreaks).
Sprouts were the most common food commodity for sero-
type Mbandaka (3 [75%] of 4 outbreaks). Food commodi-
ties in the aquatic animal group were the most common for
serotype Weltevreden (2 [67%] of 3 outbreaks). Animal-
derived food commodities were implicated in >90% of out-
breaks caused by serotypes Enteritidis, Heidelberg, Hadar,
I 4,[5],12:1:-, Uganda, and Weltevreden, whereas plant-
derived food commodities were implicated in >50% of out-
breaks caused by serotypes Javiana, Litchfield, Mbandaka,
Muenchen, Poona, and Senftenberg.

Evaluation of the serotype diversity within food com-
modity categories (Table 2, Appendix, wwwnc.cdc.gov/
EID/article/19/8/12-1511-T2.htm) showed that the 112
egg-associated outbreaks were predominantly caused by
Salmonella serotypes Enteritidis (83%) and Heidelberg
(9%). Of the 64 chicken-associated outbreaks, 64% were
caused by serotypes Enteritidis (28%), Typhimurium
(23%), and Heidelberg (13%) combined. Among the 37
pork-associated outbreaks, serotypes Typhimurium (22%),
Infantis (11%), Newport (11%), and Uganda (11%) were
the most common etiology. The most common serotypes
causing beef-associated outbreaks were Enteritidis (18%),
Newport (18%), and Typhimurium (18%). Of the 33 fruit-
associated outbreaks, 57% were caused by serotypes New-
port (18%), Litchfield (15%), Enteritidis (12%), and Poona
(12%) combined. Among the fruit-associated outbreaks,
17 (52%) were attributed to melons. The most common
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serotypes causing melon-associated outbreaks were Litch-
field (29%), Poona (24%), Newport (18%), and Javiana
(12%). Of the 28 turkey-associated outbreaks, 53% were
caused by serotypes Enteritidis (25%), Heidelberg (14%),
and Typhimurium (14%) combined. Of the 21 vine-stalk
vegetable-associated outbreaks, the most common sero-
types were Newport (29%), Braenderup (14%), and Ty-
phimurium (14%). Among the vine-stalk vegetable out-
breaks, 19 (90%) were attributed to tomatoes. The most
common serotypes causing tomato-associated outbreaks
were Newport (32%), Typhimurium (16%), Braenderup
(11%), Enteritidis (11%), and Javiana (11%). Of the 16
dairy-associated outbreaks, most were caused by sero-
types Typhimurium (56%) and Newport (25%). Eleven
outbreaks were associated with aquatic animal-derived
food commodities, of which 5 (45%) were caused by sero-
type Enteritidis. Of the 10 leafy vegetable-associated out-
breaks, 50% were caused by serotypes Newport (30%) and
Javiana (20%).

Some serotypes were associated with a narrow range
of food commodities. Among the 10 serotypes causing the
most outbreaks in our study, Salmonella serotypes Enter-
itidis, Hadar, Heidelberg, and Infantis had the lowest di-
versity, or highest inequality (Gini coefficient >0.8), of
implicated food commodities (Figure). Outbreaks caused
by serotypes Enteritidis, Hadar, and Heidelberg were
mostly attributed to eggs and poultry, and serotype Infan-
tis outbreaks were mostly linked to pork. Serotypes New-
port and Typhimurium had the greatest diversity (Gini
coefficient <0.6), which reflected a wide range of impli-
cated food commodities. Serotypes Braenderup, Javiana,
Montevideo, and Saintpaul had modest diversity. Among
them, serotype Montevideo outbreaks were mostly

Salmonella enterica Serotypes and Food Commaodities

attributed to animal-derived food commodities (>80%);
30%—56% of outbreaks caused by serotypes Braenderup,
Javiana, and Saintpaul were attributed to animal-derived
food commodities.

Discussion

We found notable relationships between Salmonella
serotypes and food commodities that point to major food
reservoirs for different serotypes. Certain serotypes, in par-
ticular Enteritidis, Heidelberg, Hadar, and Infantis, caused
outbreaks predominantly attributed to specific animal-de-
rived food commodities, a finding that is consistent with re-
sults from animal reservoir sampling (6). We also identified
serotypes that commonly caused outbreaks associated with
plant-derived food commodities, particularly the fruit, vine—
stalk vegetable, sprouts, and leafy vegetable food commod-
ities. These serotypes that cause plant-associated outbreaks
are found relatively infrequently in Sa/monella reservoir
studies of livestock (6), which suggests that serotypes with
non-livestock reservoirs (e.g., environmental, amphibian,
or reptile reservoirs) may be more likely to cause outbreaks
by plant-based food vehicles. For example, during an out-
break investigation of serotype Poona infections attributed
to cantaloupe consumption, investigators suspected that
melons might have been indirectly contaminated through
packing equipment or wash water contaminated by reptiles
(16). Our findings regarding plant-associated serotypes are
particularly relevant given recent increases in Salmonella
outbreaks attributed to fruits or vegetables and a concurrent
increase in infections caused by serotype Javiana (3,17),
a serotype that compared with other common serotypes in
this study, caused a higher percentage of plant-derived food
commodity—associated outbreaks.

Heidelberg Hadar ""5"‘2;"“, Figure. Gini coefficient and
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Our findings of predominant animal-derived food
commodities for specific serotypes are supported not
only by animal reservoir studies, but also by case—con-
trol studies of sporadic illness. Although the percentage
of outbreaks attributed to a specific food commodity is not
directly comparable to the population—attributable frac-
tion estimated in case—control studies because the units
of measure (outbreaks versus illnesses) and the method
of estimating the sources of illnesses are different, our
results and those of case—control studies show similar
dominant food commodity reservoirs for some serotypes.
For example, serotype Enteritidis was responsible for a
high (83%) proportion of egg-associated outbreaks and
~25% of chicken and turkey outbreaks; these findings are
supported by case—control studies that found eggs and
poultry to be common sources of serotype Enteritidis in-
fection (10,11).

The high percentages of serotype Heidelberg out-
breaks attributed to eggs, chicken, and turkey are also
supported by findings from case—control studies and pre-
vious reviews (/8,19). These findings suggest that these
products are common vehicles for this serotype. The link
we found between serotype Hadar and turkey is consistent
with historical data and animal surveillance data show-
ing that serotype Hadar is now the most common sero-
type isolated from turkey (6). The link we found between
serotype Infantis and pork is also consistent with animal
surveillance data showing that this serotype is commonly
isolated from swine but not poultry (6). Three of the 4
serotypes with the lowest food commodity diversity mea-
sured by the Gini coefficient (Enteritidis, Heidelberg,
and Hadar) were predominantly associated with eggs and
poultry, suggesting that these serotypes are well adapted
to poultry reservoirs and are a well-defined target for con-
trol measures.

Two of the most common Salmonella serotypes, Ty-
phimurium and Newport, had a wider range of implicated
food commodities. Serotype Typhimurium has a well-
characterized ability to infect various species (20) and can
survive for a long time in the environment (27); these 2
factors enhance the ability of this serotype to be one of the
most common causes of salmonellosis in the United States
(2). Although we found serotype Typhimurium was associ-
ated with several animal commodities, the most common
food commodity was chicken (26% of outbreaks), indicat-
ing that chicken is a major route of exposure. Among pork-
associated outbreaks, Typhimurium was the most common
serotype, which corroborates animal data showing that se-
rotype Typhimurium has emerged as the predominant sero-
type in swine (6).

For Salmonella serotype Newport, diversity of im-
plicated food commodities might be related to intrasero-
type genetic variation because several distinct clades have

1242

been identified (22). Antimicrobial drug resistance data
might be helpful for differentiating serotype Newport in-
fections transmitted through animal commodities versus
those transmitted by plant-derived food commodities. A
sporadic case—control study found associations between
infection with multidrug-resistant strains of Sal/monella
serotype Newport and beef and egg consumption, where-
as infection with pansusceptible strains was associated
with direct or indirect exposure to frogs or lizards (23).
In a similar manner, strains of serotype Newport caus-
ing several outbreaks attributed to beef or dairy products
have been multidrug resistant (24,25), whereas outbreaks
attributed to produce have generally been pansusceptible
(26,27). Therefore, pansusceptibility might be a marker
for serotype Newport strains with environmental res-
ervoirs and a greater potential for transmission though
produce. Our findings support the hypothesis that Sa/mo-
nella serotypes with environmental, amphibian, or rep-
tile reservoirs might be more likely to be transmitted by
fresh produce.

All outbreaks caused by Salmonella serotypes Litch-
field and Poona were attributed to fruit. These 2 serotypes
were responsible for 25% of fruit outbreaks despite rep-
resenting only 2% of outbreaks caused by all serotypes in
our study. Both serotypes have been established as reptile
associated (28,29) and reptiles might play a role in fruit
contamination (/6). In a similar manner, 70% of outbreaks
caused by serotype Javiana, a serotype associated with
reptile and amphibian contact (30), were linked to plant-
derived food commodities.

Among Salmonella serotypes causing small numbers
of outbreaks, several had particular animal reservoirs. This
result is consistent with reported findings. For example, 2
of 3 serotype Weltevreden outbreaks were associated with
aquatic animals, and serotype Weltevreden was the most
common serotype found in a survey of imported seafood
(31). Serotype Agona was responsible for 2 of the 3 out-
breaks attributed to grains—beans, both traced to the same
facility 10 years apart (32). This serotype was introduced
into the United States in the 1970s by another dry food
product, contaminated fishmeal used in livestock feed (33),
which suggests good survival of this serotype in dry envi-
ronments and products.

Salmonella serotype Agona also caused outbreaks
attributed to chicken and turkey, consistent with animal
surveillance data documenting its frequent isolation in
swine, chicken, and turkey since its introduction in ani-
mal feed (6,34). All 4 serotype Uganda outbreaks were at-
tributed to pork, and all 4 serotype I 4,[5],12:1:- outbreaks
were linked to eggs or poultry, suggesting that these food
products are reservoirs. Serotype I 4,[5],12:1:- emerged as
a cause of human illness in the early 1990s and is now one
of the 10 most common serotypes in humans in the United
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States (35). Serotype Senftenberg is one of the most com-
monly isolated serotypes from turkeys and chickens (6)
but was the cause of only a few outbreaks (all nonpoultry)
in our study, suggesting that poultry is not the only food
serving as a vehicle for transmission of serotype Senften-
berg to humans.

Outbreak-associated illnesses represent only a small
fraction of all Sa/monella infections (/), and food vehicles
responsible for outbreaks might differ from those caus-
ing sporadic infections. During the 11 years of our study,
changes in product contamination frequency or consump-
tion patterns might be associated with changes in the dis-
tribution of serotypes causing illness in the general popula-
tion or the proportion of sporadic illnesses associated with
specific food commodities. In a recent analysis of the dis-
tribution of serotypes causing foodborne disease outbreaks
(36), the proportion of outbreaks caused by serotype En-
teritidis decreased from 44% of Salmonella outbreaks dur-
ing 1998-2000 to 24% during 2006—2008, and the percent-
age of outbreaks caused by S. enferica remained relatively
constant. That study lacked the statistical power to detect
changes over time in the percentages of outbreaks associ-
ated with most serotype—food commodity pairs, but found
that the percentage of outbreaks caused by Sa/monella and
eggs decreased from 33% during 1998—1999 to 15% during
2006-2008.

Although outbreak data provide one of the only direct
connections between food sources and infection, outbreak
investigations are frequently unable to confirm the single
contaminated food vehicle, limiting our ability to detect
major changes over time. In our study, <33% of outbreaks
had an implicated food that could be assigned a commod-
ity. Investigators may also report suspected food vehicles
on the basis of prior knowledge of the most likely foods as-
sociated with the serotype; this reporting technique would
bias results toward these typical foods. Although genetic
heterogeneity and differences in reservoirs exist within
serotypes (22,37), our results demonstrate that serotyping
provides helpful discrimination among certain serotype—
food commodity pairs. Further subtyping of Salmonella se-
rotypes could help identify major subtype—food commod-
ity relationships, particularly for common serotypes like
Enteritidis and Newport.

This systematic examination of foodborne disease
outbreaks by Salmonella serotype and implicated food
commodity provides major evidence linking serotypes
to likely reservoirs and pathways of food contamination.
Our analysis could have used outbreak-associated ill-
nesses rather than outbreaks; the attributed sources would
have been the same, but the percentages would have dif-
fered. However, the goal of this study was to describe ma-
jor commodity sources by serotype, and this goal was not
greatly influenced by the number of outbreak-associated
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illnesses. Using outbreaks or illnesses for analysis would
not provide information about the proportion of sporadic
illnesses that can be attributed to specific food commodi-
ties; more complex models are needed for such analyses
(14). The results of our analysis can provide guidance to
investigators when forming hypotheses about contami-
nated food sources during outbreak investigations, and in
suggesting the likely contaminated ingredient in outbreaks
associated with foods containing ingredients from mul-
tiple commodities. Investigators should also remain alert
to uncommon or novel food vehicles, which are regularly
being identified (38). Armed with knowledge of serotype—
food commodity associations, public health officials may
be able to more quickly form hypotheses, identify likely
sources of contamination, and prevent illnesses.
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Table 1

Percentage of Salmonella enterica serotypes attributed to specific food commodities for 403 outbreaks, Foodborne Disease Outbreak Surveillance System, Unites States, 1998-2008*

Commodity
Serotype (no. Vine—stalk Aquatic Leafy Root
outbreaks) Eggs Chicken Pork Beef Fruit Turkey veg. Sprouts Dairy animalst veg. Game Nuts Grains—beans veg. Othert
Enteritidis (144) 65 13 1 4 3 5 1 3 0 3 1 0 1 0 0 0
Typhimurium 7 26 14 10 0 7 5 3 16 2 2 3 2 0 2 2
(58)
Newport (40) 0 13 10 15 15 8 15 0 10 0 8 3 0 0 5 0
Heidelberg (24) 42 33 0 4 4 17 0 0 0 0 0 0 0 0 0 0
Braenderup (10) 10 30 10 0 0 0 30 20 0 0 0 0 0 0 0 0
Javiana (10) 0 10 20 0 30 0 20 0 0 0 20 0 0 0 0 0
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Commodity

Serotype (no. Vine—stalk Aquatic Leafy Root
outbreaks) Eggs Chicken Pork Beef Fruit Turkey veg. Sprouts Dairy animalst veg. Game Nuts Grains—beans veg. Othert
Saintpaul (9) 1 0 0 1 1 33 1 22 0 0 0 0 0 0 0 0
Hadar (8) 13 38 13 0 0 38 0 0 0 0 0 0 0 0 0 0
Infantis (7) 0 0 57 29 0 0 0 0 0 0 0 0 0 14 0 0
Montevideo (7) 0 0 29 14 0 14 0 14 29 0 0 0 0 0 0 0
Thompson (6) 0 17 0 33 0 0 17 0 0 0 17 0 17 0 0 0
Agona (5) 0 20 0 0 0 20 0 0 0 0 0 20 0 40 0 0
Litchfield (5) 0 0 0 0 100 0 0 0 0 0 0 0 0 0 0 0
Muenchen (5) 0 20 0 0 40 0 0 40 0 0 0 0 0 0 0 0
Anatum (4) 0 0 25 25 25 0 0 0 0 0 0 0 0 0 0 25
Berta (4) 0 0 25 25 25 0 25 0 0 0 0 0 0 0 0 0
1 4,[5],12:i:- (4) 25 75 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Mbandaka (4) 0 0 25 0 0 0 0 75 0 0 0 0 0 0 0 0
Oranienburg (4) 0 25 0 25 50 0 0 0 0 0 0 0 0 0 0 0
Poona (4) 0 0 0 0 100 0 0 0 0 0 0 0 0] 0] 0] 0]
Uganda (4) 0 0 100 0 0 0 0 0 0 0 0 0 0 0 0 0
Senftenberg (3) 0 0 0 33 33 0 0 0 0 0 33 0 0 0 0 0
Weltevreden (3) 0 0 33 0 0 0 0 0 0 67 0 0 0 0 0 0
Other (31) 3 13 16 13 6 6 6 10 3 10 3 6 3 0 0 0
Total (403) 112 64 37 33 33 28 21 19 16 11 10 6 5 3 3 2

*veg, vegetables.
TCrustaceans, fish, and mollusks.
$Duck (serotype Anatum) and fungus (serotype Typhimurium).

Main Article

The conclusions, findings, and opinions expressed by authors contributing to this journal do not necessarily reflect the official position of the U.S. Department of Health and Human Services, the Public Health Service, the Centers for Disease Control and
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Table 2

Percentage of food commodity-associated outbreaks caused by specific Salmonella enterica serotypes for 403 outbreaks, Foodborne Disease Outbreak Surveillance System, United States, 1998-2008*

Enteritidis Typhimurium Newport Heidelberg Braenderup Javiana Saintpaul

Commodity

(no.

outbreaks)

Eggs (112) 83
Chicken (64) 28
Pork (37) 5
Beef (33) 18
Fruit (33) 12
Turkey (28) 25
Vine—stalk veg. 10
(1)

Sprouts (19) 21
Dairy (16) 0
Aquatic animalst 45
1)

Leafy veg. (10) 10
Game (6) 0
Nuts (5) 40
Grains, beans (3) 0
Root veg. (3) 0
Other? (2) 0
Total (403) 144

*veg., vegetables.
tCrustaceans, fish, and mollusks.

$Duck (serotype Anatum) and fungus (serotype Typhimurium).
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Abstract

Problem/Condition: State and local public health departments report hundreds of foodborne illness outbreaks each year to CDC
and are primarily responsible for investigations of these outbreaks. Typically, investigations involve epidemiology, laboratory, and
environmental health components. Health departments voluntarily report epidemiologic and laboratory data from their foodborne
illness outbreak investigations to CDC through the Foodborne Disease Outbreak Surveillance System (FDOSS); however, minimal
environmental health data from outbreak investigations are reported to FDOSS.

Period Covered: 2014-2016.

Description of System: In 2014, CDC launched the National Environmental Assessment Reporting System (NEARS) to
complement FDOSS surveillance and to use these data to enhance prevention efforts. State and local health departments voluntarily
report data from their foodborne illness outbreak investigations of retail food establishments. These data include characteristics of
foodborne illness outbreaks (e.g., agent), characteristics of establishments with outbreaks (e.g., number of meals served daily), food
safety policies and practices of these establishments (e.g., glove use policies), and characteristics of outbreak investigations (e.g.,
timeliness of investigation activities). NEARS is the only available data source that includes characteristics of retail establishments
with foodborne illness outbreaks.

Results: During 2014-2016, a total of 16 state and local public health departments reported data to NEARS on 404 foodborne
illness outbreaks at retail establishments. The majority of outbreaks with a suspected or confirmed agent were caused by norovirus
(61.1%). The majority of outbreaks with identified contributing factors had at least one factor associated with food contamination by
aworker who was ill or infectious (58.6%). Almost half (47.4%) of establishments with outbreaks had a written policy excluding ill
workers from handling food or working. Approximately one third (27.7%) had a written disposable glove use policy. Paid sick leave
was available for at least one worker in 38.3% of establishments. For most establishments with outbreaks (68.7%), environmental
health investigators initiated their component of the investigation soon after learning about the outbreak (i.c., the same day)
and completed their component in one or two visits to the establishment (75.0%). However, in certain instances, contacting the
establishment and completing the environmental health component of the investigation occurred much later (>8 days).

Interpretation: Most outbreaks reported to NEARS were caused by norovirus, and contamination of food by workers who were ill or infectious
contributed to more than half of outbreaks with contributing factors; these findings are consistent with findings from other national outbreak
data sets and highlight the role of workers in foodborne illness outbreaks. The relative lack of written policies for ill workers and glove use
and paid sick leave for workers in establishments with outbreaks indicates gaps in food safety practices that might have a role in outbreak
prevention. The environmental health component of the investigation for most outbreaks was initiated quickly, yet the longer initiation
timeframe for certain outbreaks suggests the need for improvement.

Public Health Action: Retail establishments can reduce viral foodborne illness outbreaks by protecting food from contamination
through proper hand hygiene and excluding workers who are
ill or infectious from working. NEARS data can help prioritize
Corresponding author: Laura Brown, Division of Environmental tr aining and interventions for state and local food safety programs
Health Science and Practice, National Center for Environmental and the retail food establishment industry by identifying gaps
Health, CDC. Telephone: 770-488-4332; E-mail: lrigd@cdc.gov. . . . . .

in food safety policies and practices and types of establishments
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vulnerable to outbreaks. Improvement of certain outbreak investigation practices (e.g., delayed initiation of environmental
health investigations) can accelerate identification of the agent and implementation of interventions. Future analysis comparing
establishments with and without outbreaks will contribute knowledge about how establishments” characteristics and food safety
policies and practices relate to foodborne illness outbreaks and provide information to develop effective prevention approaches.

Introduction

Public health departments report hundreds of outbreaks each
year to CDC. During 2009-2015, state, local, and territorial
health departments reported 5,760 foodborne illness outbreaks
to CDC (7). Most of these outbreaks occurred in retail food
establishments (7).

State and local public health departments are typically
responsible for regulating and ensuring food safety in
retail food establishments. They do this primarily through
inspecting establishments to ensure they comply with their
jurisdictions’ food safety regulations. The U.S. Food and
Drug Administration (FDA) Food Code is the basis of most
jurisdictions’ food safety regulations. The FDA Food Code
is a model set of science-based, comprehensive food safety
regulations intended to reduce foodborne illness risk in retail
food establishments (2). For example, the Food Code includes
guidelines that

* limit opportunities for food workers to contaminate food,

such as prohibiting workers who are ill or infectious from
working with food and prohibiting workers from handling
ready-to-eat food (i.e., foods that need no further
preparation) with their bare hands (e.g., through glove
use); and

* require kitchen managers to be certified in food safety (i.e.,

pass a food safety knowledge test administered by an
accredited program).

State and local public health departments also investigate
foodborne illness outbreaks. Data from these investigations
provide insights into the epidemiology of foodborne illness,
such as identifying the pathogens and foods that lead to illness
(7). This information can be used to help prevent foodborne
illness outbreaks and sporadic foodborne illnesses that can have
the same epidemiologic profile as outbreaks.

State and local public health departments provide
epidemiologic and laboratory data from their investigations to
CDC through the Foodborne Disease Outbreak Surveillance
System (FDOSS) (3). Typically, epidemiology or communicable
disease control programs within health departments collect and
report these data, which include the etiologic agent; food;
setting; and number of illnesses, hospitalizations, and deaths
associated with an outbreak. These data have led to discoveries
of new and emerging foodborne illness agents and specific

agent-food pairs (4).

2 MMWR / February 22,2019 / Vol.68 / No. 1

Environmental health programs within state and local health
departments also are involved in investigations of foodborne
illness outbreaks. The environmental health component of the
investigation, or environmental assessment, describes how the
environment contributed to the introduction or transmission
of agents that caused illness. During these assessments,
environmental health investigators typically interview
the manager of the establishment with an outbreak about
characteristics such as food preparation policies and practices
that might have contributed to the outbreak. Environmental
health investigators also review the processes used in preparing
food items suspected in the outbreak and observe workers’
food preparation practices. After all investigation activities are
completed, the epidemiologic, laboratory, and environmental
health information is reviewed to determine the outbreak
contributing factors, which are the conditions that enabled
or amplified a foodborne illness outbreak. These factors can
contribute to contamination of food with foodborne illness
agents, proliferation of microbial agents in food, or survival
of foodborne illness agents in food after a process that should
have eliminated or reduced them.

Although FDOSS captures data on foodborne illness
outbreak contributing factors, the system does not capture
most other environmental assessment data and is not
limited to retail food establishments. These data about the
context in which outbreaks occur are important to outbreak
prevention. For example, data on worker practices associated
with outbreaks can provide information about interventions
that encourage retail food establishments to improve worker
practices. Because of the importance of these environmental
assessment data, CDC developed the National Environmental
Assessment Reporting System (NEARS) to capture data
from health departments’ environmental assessments of
outbreaks (5). NEARS was designed to be a complementary
surveillance system to FDOSS. The Environmental Health
Specialists Network (EHS-Net), a CDC-funded network of
environmental health specialists and epidemiologists from
CDC, FDA, the U.S. Department of Agriculture, and multiple
state and local health departments (6), helped develop NEARS.

This report summarizes selected data reported to NEARS for
foodborne illness outbreaks that occurred during 2014-2016.
The data describe the outbreaks, the establishments where
the outbreaks occurred, including their food safety policies,
and the outbreak investigations. State and local public
health departments responsible for ensuring food safety and

US Department of Health and Human Services/Centers for Disease Control and Prevention
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investigating foodborne illness outbreaks can use these data
to help identify gaps in their outbreak investigation practices
and in retail food establishment policies.

Methods

Description of the System and
Case Definition

The majority of foodborne illness outbreaks occur in retail
food establishments (i.e., places that prepare and serve food
to consumers) (/). In 2014, NEARS was launched to collect
data on outbreaks associated with such establishments (4).
CDC defines a foodborne illness outbreak as an incident in
which two or more persons experience a similar illness resulting
from the ingestion of a common food (7); most state and local
health departments have a similar definition. Outbreak agents
were classified as confirmed if they were laboratory confirmed
according to CDC laboratory and clinical guidelines (7);
otherwise they were classified as suspected. During 2014-2016,
a total of 16 state and local health departments (California;
Coconino County, Arizona; Connecticut; Davis County, Utah;
Fairfax County, Virginia; Harris County, Texas; Michigan;
Minnesota; New York City; New York State; Rhode Island;
South Carolina; Southern Nevada Health District; Tennessee;
Washington; and Wisconsin) reported environmental
assessment data to NEARS from at least one foodborne
illness outbreak occurring in a retail food establishment.
Supplementary data on foodborne illness outbreaks reported
to NEARS (https://stacks.cdc.gov/view/cdc/61382) and retail
establishments with outbreaks (https://stacks.cdc.gov/view/
cdc/61383) are available.

NEARS complements FDOSS by collecting data from state
and local foodborne illness outbreak investigations that are not
collected in FDOSS. Although some data points are collected
in both systems (e.g., outbreak agent), this redundancy is
designed to ensure that outbreaks can be matched accurately
across the two systems.

Data Sources, Collection, and Variables

NEARS data sources include environmental health
investigators and their epidemiology and laboratory
counterparts, as well as interviews with establishment managers
(Box 1). After each foodborne illness outbreak investigation in
a retail food establishment is completed, participating health
departments voluntarily report their environmental health
investigation data to CDC through the NEARS online data
management system on CDC’s website. Environmental health

US Department of Health and Human Services/Centers for Disease Control and Prevention

investigators’ epidemiologic and laboratory counterparts
provide the data on outbreak characteristics. The environmental
assessments provide data on characteristics and policies of
establishments with outbreaks, primarily through interviews
with managers. The environmental health investigators
determine outbreak investigation characteristics. Not all
data points are collected during all investigations; thus,
denominators vary throughout the results.

Data are collected and presented on four sets of variables:
characteristics of foodborne illness outbreaks, characteristics of
establishments with outbreaks, policies of establishments with
outbreaks, and characteristics of investigations.

* QOutbreak characteristics. Characteristics include the
outbreak agent and contributing factors. FDA and CDC
have identified 32 outbreak contributing factors, divided
into three groups (8):

— contamination of food with a foodborne illness agent;

— proliferation or growth of microbial agents in food
(proliferation can mean an increase in the number of
bacteria, the production of toxins, or both); and

— survival of foodborne illness agents after a process, such
as cooking, that should have eliminated or reduced
them.

* Outbreak establishment characteristics. Characteristics
that have been hypothesized or found to be associated with
retail food establishment food safety. These include
ownership (independent or chain [shares name and
operation with at least one other establishment]) and
number of meals served daily (9-12).

* Outbreak establishment policies. Policies recommended
by FDA in the Food Code to reduce foodborne illness
risk. These include limiting opportunities for food workers
to contaminate food, such as prohibiting workers who are
ill or infectious from working with food and prohibiting
workers from handling ready-to-eat food (i.e., foods that
need no further preparation) with their bare hands (e.g.,
through glove use), and requiring kitchen managers to be
certified in food safety (i.e., pass a food safety knowledge
test administered by an accredited program). Data also are
included on the availability of paid sick leave for ill
workers. Although the Food Code specifically does not
recommend paid sick leave, the food service industry could
explore this policy as a potential method to help keep ill
workers from working (13).

* Outbreak investigation characteristics. Characteristics
that have been hypothesized or found to be associated with
investigation effectiveness, such as the timeliness of
outbreak environmental assessments (/4,15).

MMWR / February 22,2019 / Vol.68 / No. 1 3
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BOX 1. Data sources for characteristics of foodborne illness outbreaks, characteristics and policies of retail establishments with outbreaks,
and characteristics of investigations — National Environmental Assessment Reporting System, 2014-2016

Data collected
Outbreak characteristics

Primary agent identification — confirmed (laboratory-confirmed by
laboratory and clinical guidelines) or suspected (not confirmed by the
guidelines) (In 2014, these data were obtained from the Foodborne Disease
Outbreak Surveillance System; during 2015-2016, environmental health
investigators reported these data to the National Environmental Assessment
Reporting System)

Contributing factor identification (factors that contribute to the
contamination, proliferation, and survival of foodborne illness agents

on food)

Outbreak also reported to the Foodborne Disease Outbreak Surveillance
System

Outbreak establishment characteristics

Ownership — independent or chain (establishment shares name
and operations with at least one other establishment)

Establishment type — restaurant (fixed establishment that prepares
and serves food to customers) or other (e.g., institutions, mobile
food units, temporary food stands, or restaurants in supermarkets,
etc.)

Average number of meals served daily

Most complex food preparation process

* Complex — food item requires a pathogen kill step (a process,
such as cooking or freezing, that reduces or eliminates pathogens)
and holding beyond same-day service, or a kill step and some
combination of holding, cooling, reheating, and freezing

* Complex-serve — food item is prepared for same-day service; at
least one involves a kill step such as cooking

* Prep-serve — food item is prepared and served without a kill step

Menu type (e.g., American or Indian)

Number of critical violations on previous inspection (i.e., violations
of regulations that help eliminate or reduce hazards associated with
foodborne illness; also called priority or priority foundation items)

Source

Epidemiology and laboratory investigation counterparts

Investigation team determination

Epidemiology and laboratory investigation counterparts

Establishment manager interview

Environmental health investigator determination

Establishment manager interview

Environmental health investigator determination

Environmental health investigator determination

Environmental health investigator determination

Box continued on next page.

Data Analysis

CDC calculated descriptive statistics on four sets of NEARS
variables. These were characteristics of foodborne illness
outbreaks, characteristics of establishments with outbreaks,
policies of establishments with outbreaks, and characteristics
of investigations.

Results

During 2014-2016, state and local health departments
reported 404 foodborne illness outbreaks in retail establishments
to NEARS. Of these, 111 (27.5%) occurred in 2014, 113
(28.0%) in 2015, and 180 (44.6%) in 2016. A total of 384

(95.0%) of these outbreaks occurred in one location, and

4 MMWR / February 22,2019 / Vol.68 / No. 1 US Department of Health and Human Services/Centers for Disease Control and Prevention
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BOX 1. (Continued) Data sources for characteristics of foodborne illness outbreaks, characteristics and policies of retail establishments with
outbreaks, and characteristics of investigations — National Environmental Assessment Reporting System, 2014-2016

Data collected

Outbreak establishment policies

Policy requiring workers to tell their manager when they are ill
Policy restricting or excluding ill workers from working

Paid sick leave available for at least one worker

Disposable glove use policy

Disposable glove use policy requiring food workers to wear gloves at
all times when working in the kitchen, when handling ready-to-eat
food, and when they have cuts or other skin injuries

Kitchen manager food safety certification requirement
Outbreak investigation characteristics

Number of visits to the establishment with an outbreak to complete
environmental assessment

Number of days between identification of establishment for an
environmental assessment and first contact with the establishment,
observation, and manager interview

Number of critical violations on previous inspection (i.e., violations
of regulations that help eliminate or reduce hazards associated with
foodborne illness; also called priority or priority foundation items)

Source

Establishment manager interview
Establishment manager interview
Establishment manager interview
Establishment manager interview

Establishment manager interview

Establishment manager interview

Environmental health investigator determination

Environmental health investigator determination

Environmental health investigator determination

20 (5.0%) occurred in multiple locations. Data were reported
to NEARS on 415 establishments with outbreaks. Most
(83.7%, 338 of 404) outbreaks reported to NEARS also were
reported to FDOSS. This percentage is expected to increase
in the future because of updates to the reporting system and
improvements in linking processes. A supplementary summary
report is available (https://www.cdc.gov/nceh/ehs/nears/
outbreak-investigations-restaurants-2014-16.html).

Outbreak Characteristics

Investigations identified an agent in 311 (77.0%) outbreaks
(Table 1). Of these agents, 31.8% were suspected and 68.2%
were confirmed. Most identified agents were viral (61.7%),
followed by bacterial (34.4%) and toxic, chemical, or other
(3.9%). Overall, norovirus was the most common agent,
accounting for 61.1% of outbreaks where an agent was
identified. The second most common agent was Salmonella,
accounting for 16.1% of outbreaks with an identified agent.

Investigators identified at least one contributing factor
in 251 (62.1%) outbreaks. Outbreaks can have more than

US Department of Health and Human Services/Centers for Disease Control and Prevention

one contributing factor, and 455 were identified. Of the
251 outbreaks with an identified contributing factor, 214
(85.3%) had at least one contamination factor, 69 (27.5%)
had at least one proliferation factor, and 44 (17.5%) had at
least one survival factor (Table 2). The top three contributing
factors were related to food contamination by an ill worker;
147 (58.6%) outbreaks with an identified contributing factor
had at least one of these factors.

All three types of contributing factors (i.e., contamination
of food with agents, proliferation of agents, and survival of
agents) were represented among the top 10 contributing factors
to foodborne illness outbreaks (Box 2). The most common
contributing factor (27.9%) was bare-hand contact by a food
worker suspected to have an infectious illness, followed by
contamination through a method other than hand contact by
a food worker suspected to have an infectious illness (23.1%)
and glove-hand contact by a food worker suspected to have
an infectious illness (15.5%) (Table 2). The most common
proliferation and survival contributing factors were improper
or slow cooling of hot food (10.0%) and insufficient time or
temperature during cooking or heat processing (10.8%).

MMWR / February 22,2019 / Vol.68 / No. 1 5
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Outbreak Establishment Characteristics

Most establishments with outbreaks were independently
owned (72.9%, 237 of 325), were restaurants (80.2%, 333 of
415), and served complex food items (i.e., a food item required
a kill step, which is a process, such as cooking, that reduces
or eliminates foodborne illness pathogens, and other food
preparation processes, such as cooling and reheating) (87.2%,
362 of 415) (Table 3). More than half of establishments
with outbreaks (54.6%, 161 of 295) served <200 meals daily
(upper range: 7,500). The most common menu type was
American (nonethnic) (55.9%, 232 of 415), and most (65.8%)
establishments with outbreaks received one or more critical
violations on their last routine inspection before the outbreak.

Outbreak Establishment Policies

More than half of establishments with outbreaks (56.3%,
179 of 318) had a written policy and 36.2% (115) had a
verbal policy requiring food workers to notify their manager
when they were ill (Table 4). About half (47.4%, 144 of
304) of establishments had a written policy and 39.1% had
a verbal policy that prevented ill workers from handling food
(i.e., restriction) or prevented ill workers from working (i.e.,
exclusion). In 118 of 308 (38.3%) establishments, paid sick
leave was available for at least one food worker. The majority
of establishments with outbreaks (62.3%, 198 of 318) had a
verbal policy concerning disposable glove use; an additional
27.7% had a written disposable glove use policy. Glove use
policy requirements were varied. Most establishments required
food workers to wear gloves when handling ready-to-eat foods
(97.2%, 278 of 286) and when they had cuts or other skin
injuries (98.6%, 278 of 282), and half (49.7%, 142 of 286)
required food workers to wear gloves at all times when working
in the kitchen. In 243 of 314 (77.4%) establishments, kitchen

managers were required to have a food safety certification.

Outbreak Investigation Characteristics
Three fourths (74.6%, 306 of 410) of environmental

assessments were completed in one or two visits to the
establishment; the remaining assessments were completed in
three or more visits (Table 5). Investigators contacted most
(68.7%, 285 of 415) of the establishments with outbreaks the
same day they were identified for an environmental assessment.
The mode of contact varied (e.g., telephone, e-mail, or in
person). For the remaining establishments, contact occurred
1-2 days (23.4%, 97 of 415) and >3 days (7.9%, 9 of 415)
after identification. Half (49.6%, 175 of 353) of observations
were conducted the same day the establishment was identified
for an environmental assessment. The remaining observations
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BOX 2.Top 10 contributing factors to foodborne illness outbreaks,*
by type — National Environmental Assessment Reporting System,
2014-2016

Contamination of food with a foodborne illness agent
Bare-hand contact by a food handler, worker, or
preparer with a suspected infectious illness

Other mode of contamination (excluding cross-
contamination) by a food handler, worker, or preparer
with a suspected infectious illness

Glove-hand contact by a food handler, worker, or
preparer with a suspected infectious illness

Cross-contamination of ingredients
Other source of contamination

Contaminated raw product — food was intended to be
consumed raw or undercooked or underprocessed

Contaminated raw product — food was intended to be
consumed after a kill step

Proliferation or growth of microbial agents in food
(increase in number of bacteria or the production
of toxins)

Improper or slow cooling

No attempt was made to control the temperature of
implicated food or the length of time food was out of
temperature control

Survival of foodborne illness agents after a process,
such as cooking, that should have eliminated or
reduced them

Insufficient time, temperature, or both during cooking
or heat processing

*N =251 outbreaks for which data were known; some outbreaks had more
than one identified contributing factor.

were conducted 1-2 days after identification (28.0%) and >3
days after identification (22.4%). One fourth (25.8%, 82 of
318) of interviews with managers were conducted the same
day the establishment was identified for an assessment. The
remaining interviews were conducted 1-2 days (19.5%), 3—7
days (12.9%), and =8 days (41.8%) after identification.

Discussion

Approximately 60% of foodborne illness outbreaks in retail
food establishments reported to NEARS were caused by

norovirus, and contamination of food by workers who were ill
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or infectious contributed to more than half of outbreaks with
contributing factors. These findings are similar to national
outbreak data reported to FDOSS; a recent analysis found that
approximately half of restaurant-associated foodborne illness
outbreaks were caused by norovirus, and that workers who
were ill or infectious contributed to about half of restaurant-
associated outbreaks (7/6). NEARS and FDOSS data both
highlight the role of workers in norovirus outbreaks (2,15,16).
The data also indicate the need for continued focus on reducing
viral foodborne illness outbreaks by protecting food from
worker contamination through proper hand hygiene, including
glove use, and preventing workers who are ill or infectious
from working (16,17).

NEARS is the only available data source that includes
characteristics of retail establishments with foodborne illness
outbreaks. Because ill workers are a frequent contributor
to outbreaks (1), of particular interest are NEARS data on
establishment characteristics that might be related to ill worker
behavior, such as requiring gloves and excluding workers who
are ill from work. Most establishments with outbreaks had
policies requiring food workers to wear gloves when handling
ready-to-eat foods and preventing those who are ill from
working. The FDA Food Code recommends these policies to
protect against outbreaks (2), yet establishments with these
policies still had outbreaks. One reason might be that existing
policies are not enforced.

This report assessed whether the establishments had these
policies but did not assess whether the policies were regulatory
requirements in the areas where the establishments were located.
If policies are not regulatory requirements, regulatory officials
do not assess them in their inspections and establishments do
not receive violations for a lack of policies. Lack of regulation
might affect policy effectiveness.

Finally, the mode of the policy might have a role in
effectiveness; research suggests that written policies are more
effective than unwritten ones (7). Written food safety policies
might indicate prioritization of food safety or institutionalized
policies and practices. Approximately half, or fewer, of the
establishments with outbreaks had these policies in writing.

Paid sick leave also might be relevant to outbreaks caused by
ill workers; a study found an association between supportive
paid sick leave regulations and decreased foodborne illness rates
(18). Workers have reported that lack of paid sick leave factors
into their decision to work while ill (79). The relative lack of
sick leave for workers suggests this might be a risk factor for
foodborne illness outbreaks.

Most outbreaks reported to NEARS occurred in
establishments that engaged in complex food preparation
processes, served American-style food, were independently
owned, and received critical violations on their last inspection.

US Department of Health and Human Services/Centers for Disease Control and Prevention

These data can contribute to generating hypotheses about the
context in which outbreaks occur. For example, the proportion
of establishments with outbreaks engaging in complex food
preparation processes (87%) is high compared with the
proportion of establishments without outbreaks engaging in
these processes (approximately 50%) found in other studies
(EHS-Net restaurant cooling practices study, unpublished
data, CDC, 2009) (20). This difference suggests that outbreaks
might occur more often in establishments where complex
food preparation occurs. On the other hand, comparisons
of establishment ownership indicate that the proportion of
independently owned establishments in the NEARS outbreak
data set is similar to the proportion of independently owned
restaurants nationwide (73% versus 66%) (21), which suggests
that independent and chain restaurants might experience
outbreaks with similar frequency. Although research comparing
establishments with and without outbreaks is necessary to
confirm these hypotheses, preliminary comparisons indicate
the potential value of NEARS data to facilitate development
and testing of hypotheses about the characteristics of outbreaks
associated with retail food establishments.

NEARS also provides new data that might identify strengths
and weaknesses of investigation practices. For example, for
most outbreaks the investigators initiated an environmental
assessment within a day of learning about the outbreak, which
is a positive indicator because experts recommend initiating
environmental assessments as quickly as possible (75). Research
also indicates that timely and comprehensive environmental
assessments are associated with identifying factors contributing
to outbreaks, which is an important goal of outbreak
investigations (/4). On the other hand, for certain outbreaks,
investigators took considerably longer (from 8 days to >14
days) to initiate contact, suggesting a need for improvement in
timeliness of environmental assessments. CDC provides free,
interactive training on outbreak environmental assessments,
a first step for health departments seeking to improve
investigation practices (22). The CDC-funded Integrated
Food Safety Centers of Excellence also provide free resources

for food safety professionals (23).

Limitations

The findings in this report are subject to at least four
limitations. First, the findings are determined from data
reported by a limited number of state and local health
departments. Although these health departments represent
geographically diverse areas, the foodborne illness outbreaks
reported to NEARS are not representative of all U.S.
outbreaks. Second, not all outbreaks are identified, reported,
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or investigated; therefore, the extent to which the outbreaks
reported to NEARS represent all outbreaks that occurred in
the reporting areas is unknown. Third, outbreak investigation
procedures and practices vary across state and local health
departments, possibly resulting in systematic differences in
data collection. Finally, the manager interview data might
be subject to social desirability bias, in which respondents
overreport socially desirable conditions, such as the existence
of food safety policies in their establishments.

Future Directions

Most (83.7%) foodborne illness outbreaks reported to
NEARS also were reported to FDOSS. Therefore, the data
from the two systems can be matched by outbreak to create a
comprehensive outbreak data set with epidemiologic, laboratory,
and environmental health data. Subsequent analyses of matched
data can help guide and develop outbreak prevention efforts. For
example, analysis of the relation between establishment policies
(environmental health data) and outbreak size (epidemiologic
data) can help identify effective policies. Future analyses also
might focus on differences between outbreaks that are reported
to both NEARS and FDOSS and outbreaks that only are
reported to FDOSS. NEARS data also allow comparisons of
establishments that have had bacterial outbreaks with those
that have had viral outbreaks, which can identify characteristics
and policies that might contribute to the likelihood of specific
types of outbreaks.

Conclusion

NEARS provides unique data on establishments that have
had foodborne illness outbreaks. These data increase knowledge
about the environmental context of outbreaks and contribute to
generating hypotheses about their causes and prevention. Use
of NEARS data to compare characteristics of establishments
with and without outbreaks, examine relations between
establishments and epidemiologic characteristics, and compare
bacterial and viral outbreaks will contribute to understanding
the role of these factors in outbreaks. CDC is developing
these analyses, and the information gained from them can
help public health authorities develop data-based, effective
approaches to prevention of foodborne illness outbreaks.
Because NEARS data identify gaps in food safety policies and
practices and types of establishments vulnerable to outbreaks,
the data also can help target training and interventions for state
and local food safety programs and the retail food establishment
industry. (For example, the data suggest that outbreaks occur
more often in establishments using complex food preparation.)

8 MMWR / February 22,2019 / Vol.68 / No. 1

Finally, NEARS data can identify gaps in environmental
health investigation practices, such as delayed environmental
assessments. Identifying these gaps can help investigators target
their improvement efforts, which might include increasing
communication among environmental health, epidemiologic,
and laboratory programs, as well as implementing policies and
training to support environmental assessments (24).

Acknowledgments

NEARS health department staff; Laurie Williams, U.S. Food and
Drug Administration. Eight health departments (California; Harris
County, Texas; Minnesota; New York City; New York State; Rhode
Island; Southern Nevada Health District; and Tennessee) received

funding through a CDC grant award under CDC-RFAEH05-013.

Conflict of Interest

No conflicts of interest were reported.

References

1. Dewey-Mattia D, Manikonda K, Hall A], Wise ME, Crowe S]J.
Surveillance for foodborne disease outbreaks—United States, 2009—
2015. MMWR Surveill Summ 2018;67(No. SS-10). https://doi.
org/10.15585/mmwr.ss6710al

2. US Food and Drug Administration [Internet]. Food code. Washington,
DC: US Department of Health and Human Services, US Public Health
Service, US Food and Drug Administration; 2017. hetps://www.fda.
gov/downloads/Food/GuidanceRegulation/RetailFoodProtection/
FoodCode/UCM595140.pdf

3. CDC [Internet]. Foodborne Disease Outbreak Surveillance System
(FDOSS). Atlanta, GA: US Department of Health and Human Services,
CDG; 2018. https://www.cdc.gov/fdoss/index.html

4. Gould LH, Walsh KA, Vieira AR, et al. Surveillance for foodborne disease
outbreaks—United States, 1998-2008. MMWR Surveill Summ
2013;62(No. SS-2).

5. CDC [Internet]. National Environmental Assessment Reporting System
(NEARS). Atlanta, GA: US Department of Health and Human Services,
CDC; 2017. hetps://www.cdc.gov/nceh/ehs/nears

6. CDC [Internet]. Environmental Health Specialists Network (EHS-Net).
Atlanta, GA: US Department of Health and Human Services, CDC;
2017. heeps://www.cdc.gov/nceh/ehs/chsnet/index.htm

7. CDC [Internet]. Guide to confirming an etiology in foodborne disease
outbreaks. Atlanta, GA: US Department of Health and Human Services,
CDG; 2017. https://www.cdc.gov/foodsafety/outbreaks/investigating-
outbreaks/confirming_diagnosis.html

8. CDC [Internet]. Appendix D: NORS guidance for contributing factors
(CF) in foodborne outbreak reports. Adanta, GA: US Department of
Health and Human Services, CDC; 2017. https://www.cdc.gov/nors/
downloads/appendix-d.pdf

9. Bogard AK, Fuller CC, Radke V, Selman CA, Smith KE. Ground beef
handling and cooking practices in restaurants in eight states. ] Food Prot
2013;76:2132-40. https://doi.org/10.4315/0362-028X.JFP-13-126

10. Brown LG. EHS-Net restaurant food safety studies: what have we
learned? J Environ Health 2013;75:44-5.

11. Brown LG, Hoover ER, Ripley D, et al. Retail deli slicer cleaning
frequency—six selected sites, United States, 2012. MMWR Morb Mortal
Wkly Rep 2016;65:306-10. https://doi.org/10.15585/mmwr.mm6512a2

12. Lipcsei LE, Brown LG, Hoover ER, et al. Retail deli slicer inspection
practices—an EHS-Net study. ] Food Prot 2018;81:799-805. https://
doi.org/10.4315/0362-028X.JFP-17-407

US Department of Health and Human Services/Centers for Disease Control and Prevention


https://doi.org/10.15585/mmwr.ss6710a1
https://doi.org/10.15585/mmwr.ss6710a1
https://www.fda.gov/downloads/Food/GuidanceRegulation/RetailFoodProtection/FoodCode/UCM595140.pdf
https://www.fda.gov/downloads/Food/GuidanceRegulation/RetailFoodProtection/FoodCode/UCM595140.pdf
https://www.fda.gov/downloads/Food/GuidanceRegulation/RetailFoodProtection/FoodCode/UCM595140.pdf
https://www.cdc.gov/fdoss/index.html
https://www.cdc.gov/nceh/ehs/nears
https://www.cdc.gov/nceh/ehs/ehsnet/index.htm
https://www.cdc.gov/foodsafety/outbreaks/investigating-outbreaks/confirming_diagnosis.html
https://www.cdc.gov/foodsafety/outbreaks/investigating-outbreaks/confirming_diagnosis.html
https://www.cdc.gov/nors/downloads/appendix-d.pdf
https://www.cdc.gov/nors/downloads/appendix-d.pdf
https://doi.org/10.4315/0362-028X.JFP-13-126
https://doi.org/10.15585/mmwr.mm6512a2
https://doi.org/10.4315/0362-028X.JFP-17-407
https://doi.org/10.4315/0362-028X.JFP-17-407

13.

14.

15.

16.

17.

18.

US Department of Health and Human Services/Centers for Disease Control and Prevention

Surveillance Summaries

CDC [Internet]. Vital signs: preventing norovirus outbreaks. Atlanta,
GA: US Department of Health and Human Services, CDC; 2014.
https:/fwww.cdc.gov/vitalsigns/norovirus/index.html

Brown LG, Hoover ER, Selman CA, Coleman EW, Schurz Rogers H.
Outbreak characteristics associated with identification of contributing
factors to foodborne illness outbreaks. Epidemiol Infect 2017;145:2254—
62. https://doi.org/10.1017/50950268817001406

Selman C, Guzewich J. Public health measures: environmental assessment
in outbreak investigations. In: Motarjemi Y, ed. Encyclopedia of food
safety. Waltham, MA: Academic Press; 2014, vol. 4:98-106. https://
www.cdc.gov/nceh/ehs/nears/docs/ea-encyclopedia-foodsafety.pdf
Angelo KM, Nisler AL, Hall A], Brown LG, Gould LH. Epidemiology
of restaurant-associated foodborne disease outbreaks, United States,
1998-2013. Epidemiol Infect 2017;145:523—-34. https://doi.
0rg/10.1017/50950268816002314

Hall AJ, Wikswo ME, Pringle K, Gould LH, Parashar UD. Vital signs:
foodborne norovirus outbreaks—United States, 2009-2012. MMWR
Morb Mortal Wkly Rep 2014;63:491-5.

Hsuan C, Ryan-Ibarra S, DeBurgh K, Jacobson DM. Association of
paid sick leave laws with foodborne illness rates. Am J Prev Med

2017;53:609-15. https://doi.org/10.1016/j.amepre.2017.06.029

19.

20.

21.

22.

23.

24.

Carpenter LR, Green AL, Norton DM, et al. Food worker experiences
with and beliefs about working while ill. ] Food Prot 2013;76:2146-54.
https://doi.org/10.4315/0362-028X.JFP-13-128

Radke TJ, Brown LG, Hoover ER, et al. Food allergy knowledge and
attitudes of restaurant managers and staff: an EHS-Net study. ] Food Prot
2016;79:1588-98. https://doi.org/10.4315/0362-028X.JFP-16-085
CHD Expert Group [Internet]. CHD Expert evaluates and compares
the independent and chain restaurant segments. Chicago, IL: CHD
Expert Group; 2015. https://www.chd-expert.com/blog/press_release/
chd-expert-evaluates-and-compares-the-independent-and-chain-
restaurant-segments-breaking-each-down-with-an-overview-around-full-
service-and-limited-service-restaurants/#sthash.m TexWa2z.dpuf
CDC [Internet]. Environmental Assessment Training Series (EATS).
Atlanta, GA: US Department of Health and Human Services, CDGC;
2018. https://www.cdc.gov/nceh/ehs/elearn/eats

CDC [Internet]. Integrated food safety centers of excellence. Atlanta,
GA: US Department of Health and Human Services, CDC; 2018.
https://www.cdc.gov/foodsafety/centers/index.heml

Freeland A, Masters M, Nicholas D, Kramer A, Brown L. Facilitators
and barriers to conducting environmental assessments for food
establishment outbreaks—National Environmental Assessment
Reporting System, 2014-2016. ] Environ Health. In press 2019.

MMWR / February 22,2019 / Vol.68 / No. 1 9


https://www.cdc.gov/vitalsigns/norovirus/index.html
https://doi.org/10.1017/S0950268817001406
https://www.cdc.gov/nceh/ehs/nears/docs/ea-encyclopedia-foodsafety.pdf
https://www.cdc.gov/nceh/ehs/nears/docs/ea-encyclopedia-foodsafety.pdf
https://doi.org/10.1017/S0950268816002314
https://doi.org/10.1017/S0950268816002314
https://doi.org/10.1016/j.amepre.2017.06.029
https://doi.org/10.4315/0362-028X.JFP-13-128
https://doi.org/10.4315/0362-028X.JFP-16-085
https://www.chd-expert.com/blog/press_release/chd-expert-evaluates-and-compares-the-independent-and-chain-restaurant-segments-breaking-each-down-with-an-overview-around-full-service-and-limited-service-restaurants/#sthash.mTexWa2z.dpuf
https://www.chd-expert.com/blog/press_release/chd-expert-evaluates-and-compares-the-independent-and-chain-restaurant-segments-breaking-each-down-with-an-overview-around-full-service-and-limited-service-restaurants/#sthash.mTexWa2z.dpuf
https://www.chd-expert.com/blog/press_release/chd-expert-evaluates-and-compares-the-independent-and-chain-restaurant-segments-breaking-each-down-with-an-overview-around-full-service-and-limited-service-restaurants/#sthash.mTexWa2z.dpuf
https://www.chd-expert.com/blog/press_release/chd-expert-evaluates-and-compares-the-independent-and-chain-restaurant-segments-breaking-each-down-with-an-overview-around-full-service-and-limited-service-restaurants/#sthash.mTexWa2z.dpuf
https://www.cdc.gov/nceh/ehs/elearn/eats
https://www.cdc.gov/foodsafety/centers/index.html

Surveillance Summaries

TABLE 1. Foodborne illness outbreaks with a suspected or confirmed identified agent — National Environmental Assessment Reporting System,
16 state and local health departments, 2014-2016

Suspected Confirmed Total
Agent No. (%)* No. (%)* No. (%)*
Virus
Norovirus 66 (21.2) 124 (39.9) 190 (61.1)
Hepatitis A 0(0.0) 2(0.6) 2(0.6)
Total viral outbreaks 66 (21.2) 126 (40.5) 192 (61.7)
Bacteria
Salmonella species 2(0.6) 48 (15.4) 50(16.1)
Clostridium perfringens 9(2.9) 8(2.6) 17 (5.5)
Campylobacter species 2(0.6) 9(2.9) 11 (3.5)
Bacillus cereus 5(1.6) 1(0.3) 6(1.9)
Escherichia coli O157:H7/STEC 0(0.0) 10(3.2) 10(3.2)
Staphylococcus aureus 5(1.6) 2(0.6) 7(2.3)
Shigella species 0(0.0) 2(0.6) 2(0.6)
Vibrio species 1(0.3) 2(0.6) 3(1.0)
Listeria monocytogenes 0(0.0) 1(0.3) 1(0.3)
Yersinia species 0(0.0) 0(0.0) 0(0.0)
Total bacterial outbreaks 24(7.7) 83 (26.7) 107 (34.4)
Toxin, chemical, and othert
Scombroid toxin 4(1.3) 1(0.3) 5(1.6)
Ciguatoxin 1(0.3) 0(0.0) 1(0.3)
Chemical 1(0.3) 0(0.0) 1(0.3)
Other 3(1.0) 2(0.6) 5(1.6)
Total toxin outbreaks 9(2.9) 3(1.0) 12(3.9)
Total outbreaks 99 (31.8) 212 (68.2) 311(100.0)

Abbreviation: STEC = Shiga toxin—producing Escherichia coli.

* All numbers are divided by the total number of outbreaks with a suspected or confirmed agent (denominator = 311) to obtain the percentage. Because of rounding,
some percentages might not total 100%.

 Toxins produced by bacteria are included in the bacteria category; natural toxins, such as marine and mushroom, are included in the toxin category.
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TABLE 2. Factors contributing to foodborne illness outbreaks, by type of factor — National Environmental Assessment Reporting System, 16
state and local health departments, 2014-2016

Contributing factor No. (%)*
Contamination of food with a foodborne illness agent
Bare-hand contact by a food handler, worker, or preparer who was suspected to have an infectious illness (C10) 70 (27.9)
Other mode of contamination (excluding cross-contamination) by a food handler, worker, or preparer who was suspected to have an 58 (23.1)
infectious illness (C12)
Glove-hand contact by a food handler, worker, or preparer who was suspected to have an infectious illness (C11) 39(15.5)
Cross-contamination of ingredients (does not include ill food workers) (C9) 28(11.2)
Contaminated raw product — food was intended to be consumed raw or undercooked or underprocessed (C7) 15 (6.0)
Other source of contamination (C15) 24 (9.6)
Contaminated raw product — food was intended to be consumed after a kill step (C6) 14 (5.6)
Toxic substance part of the tissue (e.g., ciguatera) (C1) 5(2.0)
Foods contaminated by nonfood handler, worker, or preparer who was suspected to have an infectious illness (C13) 9(3.6)
Poisonous substance accidentally or inadvertently added (C3) 1(0.4)
Foods originating from sources shown to be contaminated or polluted (C8) 4(1.6)
Poisonous substance intentionally or deliberately added (C2) 0(0.0)
Addition of excessive quantities of ingredients that are toxic in large amounts (e.g., niacin poisoning in bread) (C4) 0(0.0)
Toxic container (e.g., galvanized containers with acid foods) (C5) 0(0.0)
Storage in contaminated environment (C14) 13(5.2)
Total contamination factors 280 (100.0)
Proliferation or growth of microbial agents in food (increase in number of bacteria or the production of toxins)
Improper or slow cooling (P8) 25(10.0)
No attempt to control the temperature of implicated food or the length of time food was out of temperature control (during food service or 23(9.2)
display of food) (P2)
Improper cold holding due to malfunctioning refrigeration equipment (P4) 13(5.2)
Improper hot holding due to an improper procedure or protocol (P7) 14 (5.6)
Improper cold holding due to an improper procedure or protocol (P5) 18(7.2)
Food preparation practices that support proliferation of pathogens (during food preparation) (P1) 18(7.2)
Improper hot holding due to malfunctioning equipment (P6) 5(2.0)
Inadequate modified atmosphere packaging (e.g., vacuum-packed fish) (P10) 2(0.8)
Improper adherence to approved plan for using time as a public health control (P3) 1(0.4)
Prolonged cold storage (P9) 0(0.0)
Inadequate processing (e.g., acidification, water activity, or fermentation) (P11) 1(0.4)
Other situations that promoted or allowed microbial growth or toxin production (P12) 2(0.8)
Total proliferation factors 122 (100.0)
Survival of foodborne illness agents after a process, such as cooking, that should have eliminated or reduced them
Insufficient time, temperature, or both during cooking or heat processing (e.g., roasted poultry, canned foods, or pasteurization) (S1) 27 (10.8)
Insufficient time, temperature, or both during reheating (52) 12 (4.8)
Insufficient time, temperature control, or both during freezing (S3) 0(0.0)
Insufficient or improper use of chemical processes designed for pathogen destruction (S4) 10 (4.0)
Other process failures that permit agent survival (S5) 4(1.6)
Total survival factors 53(100.0)
Total contributing factors 455 (100.0)

Source: CDC [Internet]. NORS guidance for contributing factors (CF) in foodborne outbreak reports. Atlanta, GA: US Department of Health and Human Services, CDGC;

2018. https://www.cdc.gov/nors/downloads/appendix-d.pdf

Abbreviations: C = contamination; P = proliferation; S = survival.

* Denominator = 251; some outbreaks had more than one identified contributing factor, so percentages sum to more than 100%. These designations (e.g., C1, P6, or
S2) are used by outbreak investigators to refer to the type of contributing factor (e.g., contamination, proliferation, or survival) and its numerical position on the
contributing factor list.
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TABLE 3. Characteristics of retail establishments with foodborne
iliness outbreaks — National Environmental Assessment Reporting

MMWR / February 22,2019 / Vol.68 / No. 1

System, 16 state and local health departments, 2014-2016

Establishment characteristic No. (%)*
Ownership
Independent 237 (72.9)
Chain 88 (27.1)
Total 325(100.0)
Establishment type
Restaurant 333(80.2)
Other 82(19.8)
Total 415 (100.0)
Most complex food preparation process
Complex — food item requires a pathogen kill step (a 362 (87.2)
process, such as cooking or freezing, that reduces or
eliminates pathogens) and holding beyond same-day
service, or a kill step and some combination of holding,
cooling, reheating, and freezing
Cook-serve — food item is prepared for same-day service; 39(9.4)
at least one involves a kill step such as cooking
Prep-serve — food item is prepared and served without a 14 (3.4)
kill step
Total 415(100.0)
Number of meals served daily
<100 88(29.8)
101-200 73(24.7)
201-300 48 (16.3)
301-400 29(9.8)
401-500 14 (4.8)
501-7,500 43 (14.6)
Total 295 (100.0)
Menu
American 232 (55.9)
Other (e.g., Mediterranean, Indian, or Spanish) 72(17.3)
Mexican 38(9.2)
Italian 30(7.2)
Chinese 23(5.5)
Japanese 16 (3.9)
Thai 4(1.0)
Total 415 (100.0)
Critical violations on last inspection
None 142 (34.2)
>1 273 (65.8)
Total 415(100.0)

* Denominators vary because of missing data. Because of rounding, some

percentages might not total 100%.
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TABLE 4. Policies of retail establishments with foodborne illness
outbreaks — National Environmental Assessment Reporting System,
16 state and local health departments, 2014-2016

Establishment policy No. (%)*
Policy requiring food workers to tell their manager when they areill

Yes 115 (36.2)
Yes, and it's written 179 (56.3)
No 24 (7.5)
Total 318(100.0)
Policy restricting or excluding ill workers from working

Yes 119 (39.1)
Yes, and it's written 144 (47.4)
No 41(13.5)
Total 304 (100.0)
Paid sick leave available for at least one worker

Yes 118 (38.3)
No 190 (61.7)
Total 308 (100.0)
Disposable glove use policy

Yes 198 (62.3)
Yes, and it's written 88 (27.7)
No 32(10.1)
Total 318(100.0)

Glove use policy requiring food workers to wear gloves when handling
ready-to-eat food’

Yes 278(97.2)
No 8(2.8)
Total 286 (100.0)

Glove use policy requiring food workers to wear gloves when they have
cuts or other skin injuriest

Yes 278 (98.6)
No 4(1.4)
Total 282 (100.0)

Glove use policy requiring food workers to wear gloves at all times when
working in the kitchent

Yes 142 (49.7)
No 144 (50.3)
Total 286 (100.0)
Kitchen manager food safety certification requirement

Yes 243 (77.4)
No 71 (22.6)
Total 314 (100.0)

* Denominators vary because of missing data and interview skip patterns.
Because of rounding, some percentages might not total 100%.
* Only asked if the manager said they have a glove use policy.
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TABLE 5. Characteristics of foodborne illness outbreak
investigations — National Environmental Assessment Reporting
System, 16 state and local health departments, 2014-2016

Investigation characteristic No. (%)*
No. of visits needed to complete the environmental assessment

1 202 (49.9)
2 104 (25.1)
3 51(12.3)
4 26 (6.3)
>5 (up to 30 visits) 27 (6.5)
Total 410(100.0)

Time interval between establishment identification for an environmental
assessment and first contact with the establishment

Same dayt 285 (68.7)
1-2 days 97 (23.4)
3-7 days 24 (5.8)
8-14 days 6(1.4)
>14 days (up to 36 days) 3(0.7)
Total 415 (100.0)

Time interval between establishment identification for an environmental
assessment and establishment observation

Same day 175 (49.6)
1-2 days 9 (28.0)
3-7 days 43 (12.2)
8-14 days 18 (5.1)
>14 days (up to 103 days) 18 (5.1)
Total 353(100.0)

Time interval between establishment identification for an environmental
assessment and establishment manager interview

Same dayt 82 (25.8)
1-2 days 62 (19.5)
3-7 days 41(12.9)
8-14 days 27 (8.5)
15-21 days 23(7.2)
22-28 days 18 (5.7)
29-35 days 18 (5.7)
>35 days (up to 389 days) 47 (14.8)
Total 318(100.0)

* Denominators vary because of missing data. Because of rounding, some
percentages might not total 100%.

T Includes one situation in which preliminary information led investigators to
contact the establishment or conduct a manager interview before the
establishment officially was identified for an environmental assessment.
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Abstract

Problem/Condition: Known foodborne disease agents are estimated to cause approximately 9.4 million illnesses each year in the
United States. Although only a small subset of illnesses are associated with recognized outbreaks, data from outbreak investigations
provide insight into the foods and pathogens that cause illnesses and the settings and conditions in which they occur.

Reporting Period: 2009-2015

Description of System: The Foodborne Disease Outbreak Surveillance System (FDOSS) collects data on foodborne disease
outbreaks, which are defined as the occurrence of two or more cases of a similar illness resulting from the ingestion of a common
food. Since the early 1960s, foodborne outbreaks have been reported voluntarily to CDC by state, local, and territorial health
departments using a standard form. Beginning in 2009, FDOSS reporting was made through the National Outbreak Reporting
System, a web-based platform launched that year.

Results: During 2009-2015, FDOSS received reports of 5,760 outbreaks that resulted in 100,939 illnesses, 5,699 hospitalizations,
and 145 deaths. All 50 states, the District of Columbia, Puerto Rico, and CDC reported outbreaks. Among 2,953 outbreaks with
a single confirmed etiology, norovirus was the most common cause of outbreaks (1,130 outbreaks [38%]) and outbreak-associated
illnesses (27,623 illnesses [41%]), followed by Salmonella with 896 outbreaks (30%) and 23,662 illnesses (35%). Outbreaks caused
by Listeria, Salmonella, and Shiga toxin-producing Escherichia coli (STEC) were responsible for 82% of all hospitalizations and
82% of deaths reported. Among 1,281 outbreaks in which the food reported could be classified into a single food category, fish
were the most commonly implicated category (222 outbreaks [17%]), followed by dairy (136 [11%]) and chicken (123 [10%]).
The food categories responsible for the most outbreak-associated illnesses were chicken (3,114 illnesses [12%]), pork (2,670
[10%]), and seeded vegetables (2,572 [10%]). Multistate outbreaks comprised only 3% of all outbreaks reported but accounted
for 11% of illnesses, 34% of hospitalizations, and 54% of deaths.

Interpretation: Foodborne disease outbreaks provide information about the pathogens and foods responsible for illness. Norovirus
remains the leading cause of foodborne disease outbreaks, highlighting the continued need for food safety improvements targeting
worker health and hygiene in food service settings. Outbreaks caused by Listeria, Salmonella, and STEC are important targets for
public health intervention efforts, and improving the safety of chicken, pork, and seeded vegetables should be a priority.

Public Health Action: The causes of foodborne illness should continue to be tracked and analyzed to inform disease prevention
policies and initiatives. Strengthening the capacity of state and local health departments to investigate and report outbreaks will
assist with these efforts through identification of the foods, etiologies, and settings linked to these outbreaks.

Introduction only a small subset of the estimated 9.4 million foodborne
illnesses from known pathogens that occur annually in the
United States (2). However, the food sources and exposure
settings for illnesses that are not part of outbreaks can be
determined only rarely. Outbreak investigations, on the other
hand, often link etiologies with specific foods, allowing public
health officials, regulatory agencies, and the food industry
Corresponding author: Daniel Dewey-Mattia, National Center for to investigate how foods become contaminated. Foodborne

Emerging and Zoonotic Infectious Diseases, CDC. Telephone: outbreak data also can be used to identify emereing food
404-639-5164; E-mail: vwp6@cdc.gov. fy &g

Approximately 800 foodborne disease outbreaks are
reported in the United States each year, accounting for
approximately 15,000 illnesses, 800 hospitalizations, and
20 deaths (7). Outbreak-associated foodborne illnesses are
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safety issues and to assess whether programs to prevent
illnesses from particular foods are effective.

This report summarizes foodborne disease outbreaks
reported in the United States in which the first illness occurred
between January 1, 2009, and December 31, 2015. The
report highlights a few large outbreaks as well as novel foods
and food-pathogen pairs responsible for outbreaks during the
reporting period.

Methods

A foodborne disease outbreak is defined as two or more
cases of a similar illness resulting from ingestion of a common
food (3). When exposure to a contaminated food occurs
in a single state, the outbreak is classified as a single-state
outbreak; when exposure occurs in two or more states, the
outbreak is classified as a multistate outbreak. Local, state, and
territorial health departments voluntarily report foodborne
outbreaks to CDC through the Foodborne Disease Outbreak
Surveillance System (FDOSS) (https://www.cdc.gov/fdoss/).
CDC staff also report multistate foodborne disease outbreaks
to FDOSS; these outbreaks are identified by PulseNet, the
national molecular subtyping network (4). Initially a paper-
based surveillance system, FDOSS reporting became electronic
in 1998. In 2009, FDOSS was incorporated into the newly
created National Outbreak Reporting System, a web-based
platform that also includes reports of outbreaks attributable to
waterborne, person-to-person, animal contact, environmental,
and indeterminate or unknown modes of transmission.

Etiologies reported to FDOSS include bacterial, parasitic,
and viral pathogens as well as chemicals and toxins. Outbreak
etiologies are classified as unknown, suspected, or confirmed.
Specific criteria (i.e., laboratory testing and clinical syndrome)
are used to classify etiologies of outbreaks as suspected or
confirmed (5). An outbreak is categorized as a multiple etiology
outbreak if more than one agent is reported.

Foods and ingredients are identified as outbreak sources
(i.e., implicated) using one or more of the following types of
evidence: epidemiologic, laboratory, traceback, environmental
assessment, or other data. Some outbreak investigations
do not identify a source and in these instances the food is
reported as unknown. CDC categorizes foods implicated in
outbreak investigations on the basis of a hierarchical scheme
(6). One of 24 food categories (e.g., mollusks) is assigned if a
single contaminated ingredient (e.g., raw oysters) is reported
as the source or if all implicated ingredients belong to the
same category (e.g., raw oysters and raw clams). When a food
or contaminated ingredient cannot be assigned to a single

2 MMWR / July 27,2018 / Vol.67 / No.10

category, the outbreak is classified as not attributed to a single
food category (7). The place where the implicated food was
prepared is reported as one of 23 locations (e.g., a camp, farm,
grocery store, or private home).

Population-based reporting rates were calculated for each
state by use of U.S. Census Bureau estimates of the mid-year
state populations for 2009-2015 (8). This report includes all
foodborne outbreaks with a date of first illness onset from
January, 1, 2009, through December, 31, 2015, but reported
to FDOSS and finalized as of April 10, 2017.

Results

During 2009-2015, FDOSS received reports of 5,760
outbreaks, resulting in 100,939 illnesses, 5,699 hospitalizations,
and 145 deaths (Figure 1). Outbreaks were reported by all
50 states, the District of Columbia, Puerto Rico, and CDC
(Figure 2). The single-state outbreak reporting rate was 2.6
outbreaks per 1 million population. The overall national
reporting rate (which includes multistate outbreaks) during
2009-2015 was also 2.6 outbreaks per 1 million population.
Single-state outbreaks accounted for 5,583 (97%) of all outbreaks
with 89,907 cases (median: 8 cases per outbreak; range: 2-800
cases). Four percent of these ill persons (3,733) were reported
as being hospitalized. Multistate outbreaks accounted for 177
(3%) of all outbreaks with 11,032 cases (median: 20 cases per
outbreak; range: 21,939 cases). Eighteen percent of these ill
persons (1,966) were hospitalized.

Etiologic Agents

A single confirmed etiology was reported for 2,953 (51%)
outbreaks, resulting in 67,130 illnesses, 5,114 hospitalizations,
and 140 deaths (Table 1). Among 2,953 outbreaks with a single
confirmed etiology, norovirus was the most common cause of
outbreaks (1,130 outbreaks [38%]) and outbreak-associated
illnesses (27,623 illnesses [41%)]). Sal/monella was the second
most common single confirmed etiology reported, with 896
outbreaks (30%) and 23,662 illnesses (35%), followed by
Shiga toxin-producing Escherichia coli (STEC) (191 outbreaks
[6%]), Campylobacter (155 [5%]), Clostridium perfringens
(108 [4%]), scombroid toxin (95 [3%]), ciguatoxin (80 [3%]),
Staphylococcus aureus (35 [1%)), Vibrio parahaemolyticus
(35 [1%]), and Listeria monocytogenes (35 [1%)]). Listeria,
Salmonella, and STEC were the most common causes of
hospitalizations (82%) and deaths (82%) reported among
persons in outbreaks with a single confirmed etiology.

US Department of Health and Human Services/Centers for Disease Control and Prevention
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FIGURE 1. Number of foodborne disease outbreaks, by year —
Foodborne Disease Outbreak Surveillance System, United States
and Puerto Rico, 2009-2015
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Location of Food Preparation

A location of preparation was provided for 5,022 outbreak
reports (87%), with 4,696 (94%) indicating a single location
(Table 2). Among outbreaks reporting a single location of
preparation, restaurants were the most common location
(2,880 outbreaks [61%]), followed by catering or banquet
facilities (636 [14%]) and private homes (561 [12%]). Sit-
down dining style restaurants (2,239 [48%]) were the most
commonly reported type of restaurant. The locations of food
preparation with the most outbreak-associated illnesses were
restaurants (33,465 illnesses [43%]), catering or banquet
facilities (18,141 [24%]), and institutions, such as schools
(9,806 [13%]). The preparation location with the largest
average number of illnesses per outbreak was institutions
(46.5), whereas restaurants had the smallest (11.6).

Foods

Outbreak investigators identified a food in 2,442 outbreaks
(42%). These outbreaks resulted in 51,341 illnesses (51%)
(Table 3). The food reported belonged to a single food category
in 1,281 outbreaks (22%). The food category most commonly
implicated was fish (222 outbreaks [17%]), followed by dairy
(136 [11%]) and chicken (123 [10%]). The food categories
responsible for the most outbreak-associated illnesses were
chicken (3,114 illnesses [12%]), pork (2,670 [10%]), and
seeded vegetables (2,572 [10%]). Scombroid toxin in fish was

US Department of Health and Human Services/Centers for Disease Control and Prevention

the single confirmed etiology and food category pair responsible
for the most outbreaks (85), followed by ciguatoxin in fish (72)
and Campylobacter in dairy (60) (Table 4). The pathogen-
food category pairs that caused the most outbreak-associated
illnesses were Salmonella in eggs (2,422 illnesses), Salmonella in
seeded vegetables (2,203), and Salmonella in chicken (1,941).
In comparison, scombroid toxin and ciguatoxin outbreaks from
fish resulted in 519 outbreak-associated illnesses, an average of
three illnesses per outbreak. Outbreaks of Salmonella infections
from seeded vegetables resulted in an average of 88 illnesses
per outbreak, and outbreaks of Salmonella infections from eggs
resulted in an average of 78 illnesses per outbreak.

Several novel food vehicles caused outbreaks during the study
period. In 2011, an outbreak of Sa/monella serotype Enteritidis
infections linked to pine nuts imported from Turkey resulted
in 53 illnesses and two hospitalizations. In 2014, an outbreak
of Salmonella serotypes Gaminara, Hartford, and Oranienburg
in chia seed powder imported from Canada caused 45 illnesses
and seven hospitalizations. An outbreak of STEC serogroups
026 and O121 infections that began in 2015 was linked to
raw wheat flour produced in the United States; it resulted in
56 illnesses and 16 hospitalizations in 24 states. An outbreak of
Salmonella serotype Virchow infections attributable to moringa
leaf powder imported from South Africa began in 2015 and
caused 35 illnesses and six hospitalizations in 24 states. It was
an ingredient of an organic powdered shake mix branded to
be used as a meal replacement.

Multistate Outbreaks

Multistate outbreaks comprised only 3% of outbreaks but
were responsible for 11% of illnesses, 34% of hospitalizations,
and 54% of deaths. Multistate outbreaks involved a median of
seven states with a range of two to 45 states in which exposure
occurred. The largest of the 177 multistate outbreaks was caused
by Salmonella serotype Enteritidis and due to contaminated
shell eggs. An estimated 1,939 persons were infected in 10
states beginning in 2010. An outbreak of Sa/monella serotype
Poona infections attributed to cucumbers in 2015 had
the second highest number of illnesses (907 illnesses in 40
states). This outbreak also had the most outbreak-associated
hospitalizations (204 [22% of cases]). An outbreak of
Salmonella serotype Heidelberg infections attributed to chicken
during 2013-2014 had the second most hospitalizations
(200 [32% of cases]) and involved persons from 29 states and
Puerto Rico. An outbreak of Listeria monocytogenes infections
attributed to cantaloupes in 28 states in 2011 had the most
deaths (33 [22% of cases]), followed in 2014 by an outbreak
in 12 states of Listeria monocytogenes infections attributed to

MMWR / July 27,2018 / Vol.67 / No.10 3
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FIGURE 2. Number* and rate? of reported foodborne disease outbreaks — Foodborne Disease Outbreak Surveillance System, United States

and Puerto Rico, 2009-2015
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Abbreviations: DC = District of Columbia; PR = Puerto Rico.

* Total number of reported outbreaks in each area (N = 5,760), includes 177 multistate outbreaks (i.e., outbreaks in which exposure occurred in more than one state)
assigned as an outbreak to each state involved. Multistate outbreaks involved a median of seven states (range: 2-45).

 Per 1 million population using U.S. Census Bureau estimates of the mid-year populations for 2009-2015. Source: US Census Bureau. Population and housing unit
estimates. Washington, DC: US Department of Commerce, US Census Bureau; 2016. https://www.census.gov/programssurveys/popest.html. Cut points for outbreak

rate categories determined by using quartiles.

caramel apples, another novel food vehicle (9), in which seven
persons (20% of cases) died.

Discussion

Despite considerable advances in food safety in the United
States during recent decades, foodborne disease outbreaks
remain a serious public health problem. The majority of
the outbreaks reported had relatively small case counts, and
affected persons often were exposed in a single state. However,
outbreaks with the largest case counts and most severe
outcomes (e.g. highest proportion of ill persons hospitalized

4 MMWR / July 27,2018 / Vol.67 / No.10

and most deaths) typically involved exposures in multiple
states, reflecting factors such as the geographical distribution
of the implicated food and the characteristics of the pathogens
involved. Foods produced in other countries sometimes were
implicated, highlighting the interconnectedness of the U.S.
food supply with that of other nations, and the continued
need to ensure that all foods are safe to eat (10).

As reported in previous summaries (/7), norovirus
remains the leading cause of foodborne disease outbreaks
and outbreak-associated illnesses in the United States. Most
foodborne norovirus outbreaks are associated with ready-to-
eat foods contaminated during preparation by infected food
workers in restaurants and other food service settings (12). As

US Department of Health and Human Services/Centers for Disease Control and Prevention
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such, continued efforts are needed to strengthen and ensure
compliance with requirements in the FDA Model Food
Code (13), specifically those that exclude symptomatic and
post-symptomatic workers, prohibit bare-hand contact with
ready-to-eat foods, and ensure appropriate hand washing.
Contaminated raw food products, specifically leafy vegetables,
fruits, and mollusks, also have been implicated in norovirus
outbreaks (72); thus, upstream contamination during
production also should be considered in foodborne norovirus
outbreak investigations.

Fish was the most frequently implicated food, but the
number of illnesses associated with these outbreaks tended to
be small compared with other food vehicles, largely because
of the pathogens involved. Differences in outbreak size are in
part attributable to how pathogens contaminate foods: toxins
are produced in individual fish, whereas Salmonella and other
bacterial pathogens, such as STEC, can contaminate large
amounts of product across vast distribution chains (74). This
helps explain why bacterial pathogens are the most common
causes of multistate outbreaks and why many persons can
become ill during a single bacterial disease outbreak.

Identification of novel food sources provides insight into
evolving food preferences in the United States and the types of
foods that pathogens can contaminate. It also raises important
scientific questions regarding how these pathogens remain
viable in these foods long enough to cause infection. During
the study period, a few novel food vehicles were identified as
the sources of multistate outbreaks of Listeria, Salmonella, and
STEC infections. Some of these (chia seed powder, raw wheat
flour, and moringa leaf powder) are dried, shelf-stable foods not
usually considered as possible sources of illness. These outbreak
reports provide additional evidence that Sa/monella and STEC
can survive extensive processing steps as well as months in a
desiccated state. This ability of pathogens to remain viable
combined with the long shelflife of these products emphasizes
the need for clear, well-publicized product recall notices.

Salmonella and STEC were two of the most common
causes of large outbreaks. Regulatory-focused public health
interventions, such as the 2009 Egg Safety Rule, the 2011
Food Safety Modernization Act, and the 2013 Salmonella
Action Plan, were designed and implemented in part to help
ensure the safety of foods that can be contaminated by these
pathogens (715—17). Some members of the food industry also
are promoting a culture of food safety by requiring growers,
producers, and distributors to adhere to strict safety guidelines
designed to prevent contamination. Additional efforts will
likely be needed by both government and industry to help
control these pathogens.

US Department of Health and Human Services/Centers for Disease Control and Prevention

Limitations

The findings of this report are subject to at least four
limitations. First, because CDC’s foodborne outbreak
surveillance is dynamic and agencies can submit, update, or
delete reports at any time, the results of this analysis might
differ slightly from previous or future reports. Second, not all
outbreaks are identified and the majority of foodborne illnesses
occur outside the context of a recognized outbreak. The degree
to which the food vehicles, etiologies, and locations implicated
in outbreaks represent the vehicles, etiologies, and locations of
sporadic foodborne illness is unknown. Third, some outbreaks
have an unknown food vehicle, an unknown etiology, or both,
and analyses and conclusions drawn from outbreaks with an
identified food vehicle and confirmed etiology might not be
representative of all outbreaks. Finally, pathogens that are not
known to cause illness sometimes are reported as a confirmed
or suspected etiology.

Conclusion

Foodborne disease outbreaks remain an important public
health issue. Data collected during outbreak investigations
provide insight into the foods and pathogens that cause illnesses
and the settings and conditions in which they occur. Continued
efforts must be made to track and to analyze the causes of
foodborne illness to inform targeted prevention efforts. In
particular, strengthening the capacity of state and local health
departments to investigate and to report outbreaks will improve
foodborne disease outbreak surveillance and could help
decrease the burden of foodborne illness through identification
of foods, etiologies, outbreak settings, and specific points of
contamination, which can inform intervention efforts.
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Surveillance Summaries

TABLE 1. Number and percentage of foodborne disease outbreaks, outbreak-associated illnesses, and hospitalizations, by etiology (confirmed
or suspected) — Foodborne Disease Outbreak Surveillance System, United States and Puerto Rico, 2009-2015

Outbreaks llinesses Hospitalizations Deaths

Etiology CE* SE Total % CE SE Total % CE SE Total % CE SE Total %
Bacterial

Salmonellat 896 53 949 23 23,662 510 24,172 30 3,168 39 3,207 60 29 0 29 20
Escherichia coli, Shiga toxin- 191 12 203 5 2,378 87 2,465 3 672 21 693 13 12 1 13 9

producing (STEC)S

Campylobacter' 155 46 201 5 2,095 214 2,309 3 134 17 151 3 1 0 1 1
Clostridium perfringens 108 90 198 5 5132 2,702 7,834 10 16 2 18 0 4 0 4 3
Staphylococcus aureus 35 40 75 2 1,255 426 1,681 2 69 17 86 2 0 0 0 0
Bacillus cereus 23 42 65 2 551 288 839 1 2 4 6 0 0 0 0 0
Vibrio parahaemolyticus 35 14 49 1 227 53 280 0 18 2 20 0 0 0 0 0
Shigella** 32 7 39 1 1,193 33 1,226 1 108 2 110 2 1 0 1 1
Listeria monocytogenes 35 1 36 1 380 8 388 0 334 7 341 6 74 1 75 52
Clostridium botulinum 19 2 21 1 85 6 91 0 72 6 78 1 4 0 4 3
Escherichia coli, Enterotoxigenic 6 1 7 0 437 19 456 1 1 0 1 0 0 0 0 0
Staphylococcus spp. 2 4 6 0 38 15 53 0 0 0 0 0 0 0 0 0
Yersinia enterocolitica 3 1 4 0 20 4 24 0 7 0 7 0 1 0 1 1
Vibrio cholerae 1 2 3 0 3 14 17 0 3 1 4 0 1 0 1 1
Streptococcus, Group A 2 1 3 0 72 40 112 0 0 0 0 0 0 0 0 0
Escherichia coli, Enteroaggregative 3 0 3 0 50 0 50 0 0 0 0 0 0 0 0 0
Vibrio other 2 0 2 0 7 0 7 0 3 0 3 0 0 0 0 0
Vibrio vulnificus 0 1 1 0 0 2 2 0 0 1 1 0 0 1 1 1
Aeromonas hydrophila 0 1 1 0 0 4 4 0 0 0 0 0 0 0 0 0
Coxiella burnetti 0 1 1 0 0 5 5 0 0 1 1 0 0 0 0 0
Francisella novicida 1 0 1 0 3 0 3 0 3 0 3 0 1 0 1 1
Brucella spp. 1 0 1 0 4 0 4 0 1 0 1 0 0 0 0 0
Clostridium other 1 0 1 0 12 0 12 0 0 0 0 0 0 0 0 0
Escherichia coli, Enteropathogenic 1 0 1 0 30 0 30 0 0 0 0 0 0 0 0 0
Enterococcus faecalis 1 0 1 0 13 0 13 0 0 0 0 0 0 0 0 0
Other 0 34 34 1 0 469 469 1 0 0 0 0 0 0 0 0
Subtotal 1,553 353 1,906 47 37,647 4,899 42,546 52 4,611 120 4,731 88 128 3 131 92
Chemical and toxin

Scombroid toxin/histamine 95 6 101 2 280 19 299 0 1 1 2 0 0 0 0 0
Ciguatoxin 80 13 93 2 294 43 337 0 32 7 39 1 0 0 0 0
Mycotoxins 13 1 14 0 36 6 42 0 22 0 22 0 4 0 4 3
Puffer fish tetrodotoxin 3 0 3 0 9 0 9 0 4 0 4 0 0 0 0 0
Paralytic shellfish poison 3 0 3 0 12 0 12 0 6 0 6 0 0 0 0 0
Pesticides 2 0 2 0 42 0 42 0 2 0 2 0 0 0 0 0
Amnesic shellfish poison 1 0 1 0 2 0 2 0 2 0 2 0 0 0 0 0
Other 20 20 40 1 106 175 281 0 20 6 26 0 1 0 1 1
Subtotal 217 40 257 6 781 243 1,024 1 89 14 103 2 5 0 5 3

See table footnotes on the next page.
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TABLE 1. (Continued) Number and percentage of foodborne disease outbreaks, outbreak-associated ilinesses, and hospitalizations, by etiology
(confirmed or suspected) — Foodborne Disease Outbreak Surveillance System, United States and Puerto Rico, 2009-2015

Outbreaks llinesses Hospitalizations Deaths

Etiology CE* SE  Total % CE SE Total % CE SE  Total % CE SE  Total %
Parasitic

Cryptosporidium 10 2 12 0 160 22 182 0 6 2 8 0 0 0 0 0
Trichinella 8 1 9 0 30 3 33 0 7 1 8 0 0 0 0 0
Cyclospora 9 0 9 0 432 0 432 1 17 0 17 0 0 0 0 0
Giardia 3 0 3 0 12 0 12 0 1 0 1 0 0 0 0 0
Subtotal 30 3 33 1 634 25 659 1 31 3 34 1 0 0 0 0
Viral

Norovirus 1,130 740 1,870 46 27,623 9413 37,036 45 275 99 374 7 7 0 7 5
Hepatitis A 15 0 15 0 260 0 260 0 107 0 107 2 0 0 0 0
Sapovirus 7 1 8 0 127 3 130 0 1 0 1 0 0 0 0 0
Rotavirus 1 1 2 0 58 28 86 0 0 1 1 0 0 0 0 0
Astrovirus 0 1 1 0 0 22 2 0 0 0 0 0 0 0 0 0
Other 0 2 2 0 0 25 25 0 0 0 0 0 0 0 0 0
Subtotal 1,153 745 1,898 46 28,068 9,491 37,559 46 383 100 483 9 7 0 7 5
Single etiology*t 2,953 1,141 4,094 71 67,130 14,658 81,788 81 5114 237 5,351 94 140 3 143 99
Multiple etiologiesSS 33 50 83 1 925 1,070 1,995 2 56 21 77 1 0 0 0 0
Unknown etiology 1" 0 0 1,583 27 0 0 17,56 17 0 0 271 5 0 0 2 1
Total 2,986 1,191 5,760 100 68,055 15,728 100,939 100 5,170 258 5,699 100 140 3 145 100

Abbreviations: CE = confirmed etiology; SE = suspected etiology.

* Guidelines for reporting agencies are to consider an etiology confirmed if it meets confirmation criteria (https://www.cdc.gov/foodsafety/outbreaks/investigating-
outbreaks/confirming_diagnosis.html); otherwise, it is considered suspected. Agents that are not listed in confirmation criteria or that are not known to cause
iliness are sometimes reported as confirmed or suspected etiologies.

T Salmonella serotypes causing more than five outbreaks were Enteritidis (264 outbreaks), Typhimurium (102), Newport (73), Heidelberg (49), | 4,[5],12:i:- (41), Javiana
(37), Braenderup (29), Infantis (24), Montevideo (20), Muenchen (18), Thompson (17), Saintpaul (16), Oranienburg (15), Paratyphi B (10), Uganda (9), Agona (8),
Typhimurium var Cope (8), Hadar (7), Mbandaka (7), Miami (6), and Virchow (6).

§ STEC serogroups O157 (156 outbreaks), 026 (14), 0111 (7), 0121 (6), 0145 (5), multiple serogroups (4), 045 (4), 0103 (3), unknown serogroup (3), and 0186 (1).

1 Campylobacter jejuni (140 outbreaks), Campylobacter unknown species (49), Campylobacter multiple species (6), Campylobacter coli (5), and Campylobacter other (1).

** Shigella sonnei (33 outbreaks), Shigella flexneri (4), and Shigella unknown species (2).

* The denominator for the etiology percentages is the single etiology total. The denominator for the single etiology, multiple etiologies, and unknown etiology is
the total. Because of rounding, numbers might not add up to the single etiology total or the total.

S8 If at least two etiologies are confirmed in an outbreak, it is considered a confirmed multiple etiology outbreak; otherwise it is considered a suspected multiple
etiology outbreak.

19 An etiologic agent was not confirmed or suspected based on clinical, laboratory, or epidemiologic information.
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TABLE 2. Number and percentage of foodborne disease outbreaks and outbreak-associated illnesses, by location of food preparation —
Foodborne Disease Outbreak Surveillance System, United States and Puerto Rico, 2009-2015

Outbreaks llinesses .
Mean illnesses
Location No. % No. % per outbreak
Restaurant 2,880 61 33,465 43 12
Sit-down dining 2,239 48 25,150 33 11
Fast-food 369 8 4,414 6 12
Buffet 9 0 97 0 11
Other or unknown type 229 5 3,231 4 14
Multiple types 34 1 573 1 17
Catering or banquet facility 636 14 18,141 24 29
Private home 561 12 8,080 10 14
Institutional location 211 4 9,806 13 46
School 69 1 2,164 3 31
Prison or jail 67 1 5,077 7 76
Camp 29 1 904 1 31
Day care 7 0 193 0 28
Office or indoor workplace 26 1 937 1 36
Other 13 0 531 1 41
Other location 26 1 482 1 19
Other commercial location 258 5 4,284 6 17
Grocery store 104 2 1,611 2 15
Fair, festival, or temporary mobile service 37 1 620 1 17
Farm or dairy 79 2 1,178 2 15
Other 38 1 875 1 23
Hospital or nursing home 68 1 1,527 2 22
Nursing home 55 1 1,349 2 25
Hospital 13 0 178 0 14
Other private location 44 1 1,203 2 27
Place of worship 32 1 1,014 1 32
Picnic 5 0 37 0 7
Other 7 0 152 0 22
Hotel or motel 8 0 151 0 19
Ship or boat 4 0 31 0 8
Single location* 4,696 82 77,170 76 16
Multiple locations 326 6 10,920 11 33
Unknown location 738 13 12,849 13 17
Total 5,760 100 100,939 100 18

* The denominator for the location percentages is the single location total. The denominator for the single location, multiple locations, and unknown location is the
total. Numbers might not add up to the single location total or the total due to rounding.
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TABLE 3. Number and percentage of foodborne disease outbreaks
and outbreak-associated illnesses, by food category — Foodborne
Disease Outbreak Surveillance System, United States and Puerto
Rico, 2009-2015

Outbreaks llinesses

Food category* No. % No. %
Aquatic animal
Crustaceans 12 1 74 0
Mollusks® 105 8 846 3
Fish 222 17 1,353 5
Other aquatic animals 5 0 15 0
Subtotal 344 27 2,288 9
Land animal
Dairy$ 136 11 1,639 6
Eggs 36 3 2,470 9
Beef 106 8 1,934 7
Pork 89 7 2,670 10
Other meat (e.g., sheep or goat) 6 0 50 0
Chicken 123 10 3,114 12
Turkey 50 4 1,675 6
Other poultry 6 0 71 0
Game 13 1 86 0
Subtotal 565 44 13,709 52
Plant
Oils and sugars 4 0 18 0
Fungi 16 1 56 0
Sprouts 21 2 766 3
Root and other underground 20 2 383 1

vegetables?
Seeded vegetables** 44 3 2,572 10
Herbs 7 1 476 2
Vegetable row cropstt 81 6 1,972 7
FruitsSs 78 6 2,420 9
Grains and beans'! 52 4 838 3
Nuts and seeds*** 11 1 245 1
Subtotal 334 26 9,746 37
Other 38 3 807 3
Food reported, attributed to a 1,281 22 26,550 26

single food category®tt
Food reported, not attributed toa 1,161 20 24,791 25

single food category
No food reported 3,318 58 49,598 49
Totaltt 5760 100 100,939 100

*Source: Interagency Food Safety Analytics Collaboration (IFSAC) food
categorization scheme (https://www.cdc.gov/foodsafety/ifsac/projects/
food-categorization-scheme.html).

t Bivalve mollusks (102 outbreaks) and nonbivalve mollusks (3).

$ Unpasteurized dairy products (109 outbreaks), pasteurized dairy products
(20), and pasteurization unknown (7).

Y Tubers (12 outbreaks), roots (5), and bulbs (3).

**Solanaceous seeded vegetables (23 outbreaks), vine-grown seeded
vegetables (11), legumes (7), other seeded vegetables (2), and seeded
vegetables not further classified (1).

1 Leafy vegetables (77 outbreaks) and stem vegetables (4).

5§ Fruits not further classified (24 outbreaks), pome fruits (15), melons (14),
small fruits (11), sub-tropical fruits (7), tropical fruits (5), and stone fruits (2).

M Grains (32 outbreaks), beans (15), and grains and beans not further
classified (5).

*** Nuts (8 outbreaks) and seeds (3).

1 The denominator for the food category percentages is the “food reported,
attributed to a single food category”total. The total comprises“food reported
attributed to a single food category,’ “food reported, not attributed to a
single food category,” and “no food reported.” Numbers might not add up
exactly due to rounding.
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TABLE 4. Most common confirmed pathogen-food category pairs resulting in outbreaks, outbreak-associated illnesses, hospitalizations, and
deaths — Foodborne Disease Outbreak Surveillance System, United States and Puerto Rico, 2009-2015

Characteristic Food category* No. outbreaks No. illnesses No. hospitalizations No. deaths
Top 5 pathogen-food category pairs resulting in outbreaks

Etiology

Scombroid toxin/histamine Fish 85 250 1 0
Ciguatoxin Fish 72 269 31 0
Campylobacter Dairy 60 917 51 1
Salmonella Chicken 49 1,941 372 0
Salmonella Pork 43 1,539 206 3
Top 5 pathogen-food category pairs resulting in outbreak-associated illnesses

Etiology

Salmonella Eggs 31 2,422 41 1
Salmonella Seeded vegetables 25 2,203 419 7
Salmonella Chicken 49 1,941 372 0
Salmonella Pork 43 1,539 206 3
Campylobacter Dairy 60 917 51 1
Top 5 pathogen-food category pairs resulting in outbreak-associated hospitalizations

Etiology

Salmonella Seeded vegetables 25 2,203 419 7
Salmonella Chicken 49 1,941 372 0
Salmonella Fruits 24 838 227 6
Salmonella Pork 43 1,539 206 3
Listeria monocytogenes Fruits 3 184 179 41
Top 5 pathogen-food category pairs resulting in outbreak-associated deaths

Etiology

Listeria monocytogenes Fruits 3 184 179 41
Listeria monocytogenes Dairy 14 106 70 14
Salmonella Seeded vegetables 25 2,203 419 7
Salmonella Fruits 24 838 227 6
Listeria monocytogenes Vegetable row crops 2 29 29 6

* Source: Interagency Food Safety Analytics Collaboration (IFSAC) food categorization scheme: https://www.cdc.gov/foodsafety/ifsac/projects/food-categorization-
scheme.html.
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Table 2. Estimated annual number of episodes of illnesses caused by 31 pathogens transmitted
commonly by food, United States*

Pathogen

Laboratory-
confirmed

Multipliers

Under-
reportingt

Under-
diagnosist

Total, mean (90% Crl)

Travel-
related,
percentage

Domestically acquired,
mean (90% Crl)

Foodborne,
percentage§|

Domestically acquired foodborne,
mean (90% Crl)

Bacillus cereus, foodbornefl 85* 255 29.3 63,623 (15,770-147,827) <1 63,411 (15,721-147,380) 100 63,400 (15,719-147,354)
Brucella spp. 120™ 1.1 15.2 2,003 (1,302-2,964) 16 1,679 (1,089-2,484) 50 839 (533-1,262)
Campylobacter spp. 43,696™ 1.0 303 1,322,137 (530,126-2,521,026) 20 1,058,387 (423,255-2,019,498) 80 845,024 (337,031-1,611,083)
Clostridium botulinum, foodbornefl 25" 1.1 2.0 56 (34-92) <1 55(34-91) 100 55 (34-91)
Clostridium perfringens, foodbornefl 1,295* 25.5 29.3 969,342 (192,977-2,492,003) <1 966,120 (192,331-2,483,682) 100 965,958 (192,316-2,483,309)
STEC 0157 3,704 1.0 26.1 96,534 (26,982-227,891) 4 93,094 (26,046-219,676) 68 63,153 (17,587-149,631)
STEC non-0157 1,579% 1.0 106.8 168,698 (17,163-428,522) 18 138,063 (14,080-350,891) 82 112,752 (11,467-287,321)
ETEC, foodbornef 53¢# 2585] 29.3 39,781 (53-102,250) 55 17,897 (24-46,215) 100 17,894 (24-46,212)
:";:"E':E‘::ge"i‘ Ecoiictheninan STEC 53 255 20.3 39,871 (53-102,378) <1 39,739 (52-102,028) 30 11,982 (16-30,913)
Listeria monocytogenes 808" 1.0 2.1 1,662 (582-3,302) 3 1,607 (563-3,193) 99 1,591 (557-3,161)
Mycobacterium bovis 195* 1.0 1.1 208 (177-241) 70 63 (49-78) 95 60 (46-74)
Salmonella spp., nontyphoidal$$ 41,930" 1.0 29.3 1,229,007 (772,129-2,008,076) 1 1,095,079 (687,126-1,790,225) 94 1,027,561 (644,786-1,679,667)
S. enterica serotype Typhi 433t 1.0 133 5,752 (299-17,357) 67 1,897 (91-5,756) 96 1,821 (87-5,522)
Shigella spp. 14,864 1.0 333 494,908 (93,877-1,420,877) 15 421,048 (79,844-1,208,445) 31 131,254 (24,511-374,789)
Staphylococcus aureus, foodbornefl 323 25.5 29.3 241,994 (72,584-531,398) <1 241,188 (72,352-529,509) 100 241,148 (72,341-529,417)
Streptococcus spp. group A, foodbornefl 15% 25.5 29.3 11,257 (15-78,104) <1 11,219 (15-77,875) 100 11,217 (15-77,875)
Vibrio cholerae, toxigenic 8" 1.1 33.1 277 (94-630) 70 84 (19-212) 100 84 (19-213)

V. vulnificus 11" 1.1 1.7 207 (138-287) 2 203 (136-281) 47 96 (60-139)

V. parahaemolyticus 287" 1.1 142.4 44,950 (23,706-74,984) 10 40,309 (21,277-67,282) 86 34,664 (18,260-58,027)
Vibrio spp., other 220" 1.1 142.7 34,585 (21,756-51,535) 1 30,727 (19,278-45,886) 57 17,564 (10,848-26,475)
Yersinia enterocolitica 950" 1.0 122.8 116,716 (36,363-204,898) 7 108,490 (33,797-190,605) 920 97,656 (30,388-172,734)

Subtotal

4,883,568 (3,160,412-7,148,360)

4,330,358 (2,771,307-6,438,919)

3,645,773 (2,321,468-5,581,290)

Cryptosporidium spp. 7,594t 1.0 98.6 748,123 (162,961-2,135,110) 9 678,828 (147,796-1,940,626) 8 57,616 (12,060 166,771)
Cyclospora cayetanensis 239t 1.0 83.1 19,808 (239-65,135) 42 11,522 (139-38,031) 99 11,407 (137-37,673)
Giardia intestinalis 20,305** 1.3 46.3 1,221,564 (892,393-1,633,965) 8 1,121,864 (818,627-1,501,290) 7 76,840 (51,148-109,739)
Toxoplasma gondii 1.0 ) 173,995 134,593-218,866) <1 173,415 (134,172-218,169) 50 86,686 (64,861-111,912)
Trichinella spp. qlEEEe 1lr3 9.8 162 (44-355) 4 156 (42-341) 100 156 (42-341)
Subtotal 2,163,652 (1,401,591-3,596,566) 1,985,785 (1,292,817-3,290,175) 232,705 (161,923-369,893)

Viruses

6,402,867 (27,698,948-46,716,68

Astrovirus NA NA NA 3,090,384 (2,350,589-3,833,232) 0 3,089,868 (2,350,263-3,832,706) <1 15,433 (5,569-26,643)
Hepatitis A virus 3,576** 1.1 9.1 35,769 (21,505-60,715) a1 21,041 (12,455-35,918) 7 1,566 (702-3,024)
Norovirus NA NA NA 20,865,958 (12,842,072-30,743,963) <1 20,796,079 (12,798,628-30,638,633) 26 5,461,731 (3,227,078-8,309,480)
Rotavirus NA NA NA 3,090,384 (2,350,589-3,833,232) 0 3,089,868 (2,350,263-3,832,706) <1 15,433 (5,569-26,643)
Sapovirus NA NA NA 3,090,384 (2,350,589-3,833,232) 0 3,089,868 (2,350,263-3,832,706) <1 15,433 (5,569-26,643)
Subtotal 30,172,879 (21,795,012-40,272,501) 30,086,723 (21,733,225-40,154,878) 5,509,597 (3,273,623-8,355,568)

,388,075 (6,641,440-12,745,

*All estimates were based on US population in 2006. Modal or mean value shown unless otherwise stated; see online Technical Appendix 3 (www.cdc.gov/EID/content/17/1/7-Techapp3.pdf) for the parameters of these
distributions. The credible interval (Crl) lower bound for total illnesses was replaced with the number of laboratory-confirmed illnesses when that lower bound was zero. The observed lower bound was then carried forward using

the travel-related and foodborne percentages. STEC, Shiga toxin—producing Escherichia coli; ETEC, enterotoxigenic E. coli; NA, not applicable.

tAdjustment for underreporting because of surveillance method; underreporting multiplier for passive surveillance systems (Cholera and Other Vibrio lliness Surveillance [COVIS] or the National Notifiable Disease Surveillance
System [NNDSS)) derived by comparing the incidence of laboratory-confirmed illnesses for Listeria, non-typhoidal Salmonella spp., Shigella, and STEC 0157 (for bacteria) and Cryptosporidium spp. and Cyclospora cayetanensis (for
parasites) ascertained in the Foodborne Diseases Active Surveillance Network (FoodNet) to the incidence of laboratory-confirmed illnesses for the same pathogens reportable to NNDSS; underreporting multiplier for outbreak—
associated illness reported through the Foodborne Disease Outbreak Surveillance System (FDOSS) derived by comparing the incidence of laboratory—confirmed illnesses caused by Campylobacter spp., Cryptosporidium spp.,
Cyclospora cayetanensis, STEC Listeria monocytogenes, Salmonella spp., Shigella spp., Vibrio spp., and Yersinia enterocolitica ascertained in FoodNet to the incidence of laboratory-confirmed illnesses of these bacterial infections
reported to FDOSS. The modal value is presented here; online Technical Appendix 3 has the low and high values of these PERT distributions. More detail on the data used to estimate underreporting multipliers is given in online

Technical Appendix 4 (www.cdc.gov/EID/content/17/1/7-Techapp4.pdf).

$Adjustment for underdiagnosis because of variations in medical care seeking, specimen submission, laboratory testing, and test sensitivity. The modal value is presented here; online Technical Appendix 3 describes the low and

high values of these PERT distributions.

§Percent foodborne among domestically acquired illnesses.

Estimates based on the number of foodborne illnesses ascertained in surveillance and therefore assumed to reflect only foodborne transmission.

#Passive surveillance data on outbreak-associated illnesses from FDOSS.

**Passive surveillance data from COVIS or NNDSS.
ttActive surveillance data from FoodNet, adjusted for geographical coverage; data from the NTSS for M. bovis.
$tFor all analyses in this article, S. enterica serotype Paratyphi is grouped with nontyphoidal Salmonella spp.
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Provision of safe water in the United States is vital to pro-
tecting public health (7). Public health agencies in the U.S.
states and territories* report information on waterborne disease
outbreaks to CDC through the National Outbreak Reporting
System (NORS) (https://www.cdc.gov/healthywater/surveil-
lance/index.html). During 2013-2014, 42 drinking water—
associated’ outbreaks were reported, accounting for at least
1,006 cases of illness, 124 hospitalizations, and 13 deaths.
Legionella was associated with 57% of these outbreaks and all of
the deaths. Sixty-nine percent of the reported illnesses occurred
in four outbreaks in which the etiology was determined to be
either a chemical or toxin or the parasite Cryptosporidium.
Drinking water contamination events can cause disruptions
in water service, large impacts on public health, and persistent
community concern about drinking water quality. Effective
water treatment and regulations can protect public drink-
ing water supplies in the United States, and rapid detection,
identification of the cause, and response to illness reports can
reduce the transmission of infectious pathogens and harmful
chemicals and toxins.

To provide information about drinking water—associated
waterborne disease outbreaks in the United States in which
the first illness occurred in 2013 or 2014 (https://www.cdc.
gov/healthywater/surveillance/drinking-surveillance-reports.
html), CDC analyzed outbreaks reported to the CDC
Waterborne Disease and Outbreak Surveillance System
through NORS (https://www.cdc.gov/nors/about.html) as of
December 31, 2015. For an event to be defined as a water-
borne disease outbreak, two or more cases must be linked
epidemiologically by time, location of water exposure, and
illness characteristics; and the epidemiologic evidence must
implicate water exposure as the probable source of illness.
Data requested for each outbreak include 1) the number
of cases, hospitalizations, and deaths; 2) the etiologic agent
(confirmed or suspected); 3) the implicated water system;

* Outbreak reports can be submitted by public health agencies in the U.S states,
District of Columbia, Guam, Puerto Rico, Marshall Islands, Federated States
of Micronesia, Northern Mariana Islands, Palau, and U.S. Virgin Islands.

T Drinking water, also called potable water, is water for human consumption
(e.g., drinking, bathing, showering, hand-washing, teeth brushing, food
preparation, dishwashing, and maintaining oral hygiene) and includes water
collected, treated, stored, or distributed in public and individual water systems,
as well as bottled water.
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4) the setting of exposure; and 5) relevant epidemiologic
and environmental data needed to understand the outbreak
occurrences and for determining the deficiency classifica-
tion.S One previously unreported outbreak with onset date
of first illness in 2012 is presented but is not included in
the analysis of outbreaks that occurred during 2013-2014.
Public health officials from 19 states reported 42 outbreaks
associated with drinking water during the surveillance period
(Table 1) (https://www.cdc.gov/healthywater/surveillance/
drinking-water-tables-figures.html). These outbreaks resulted
in at least 1,006 cases of illness, 124 hospitalizations (12% of
cases), and 13 deaths. At least one etiologic agent was identi-
fied in 41 (98%) outbreaks. Counts of etiologic agents in
this report include both confirmed and suspected etiologies,
which differs from previous surveillance reports. Legionella was
implicated in 24 (57%) outbreaks, 130 (13%) cases, 109 (88%)
hospitalizations, and all 13 deaths (Table 1). Eight outbreaks
caused by two parasites resulted in 289 (29%) cases, among
which 279 (97%) were caused by Cryptosporidium, and 10
(3%) were caused by Giardia duodenalis. Chemicals or toxins
were implicated in four outbreaks involving 499 cases, with
13 hospitalizations, including the first reported outbreaks
(two outbreaks) associated with algal toxins in drinking water.
The most commonly reported outbreak etiology was
Legionella (57%), making acute respiratory illness the most
common predominant illness type reported in outbreaks
(Table 2). Thirty-five (83%) outbreaks were associated with
public (i.e., regulated), community or noncommunity water
systems,? and three (7%) were associated with unregulated,

S Waterborne disease outbreaks are assigned one or more deficiency classifications
based on available data. The deficiencies provide information regarding how
the water became contaminated, characteristics of the water system, and factors
leading to waterborne disease outbreaks. Outbreaks are assigned one or more
deficiency classifications based on available data. https://www.cdc.gov/
healthywater/surveillance/deficiency-classification.html.

9 Community and noncommunity water systems are public water systems that
have 215 service connections or serve an average of 225 residents for 260 days
per year. A community water system serves year-round residents of a community,
subdivision, or mobile home park. A noncommunity water system serves an
institution, industry, camp, park, hotel, or business and can be nontransient
or transient. Nontransient systems serve >25 of the same persons for 26 months
of the year but not year-round (e.g., factories and schools) whereas transient
systems provide water to places in which persons do not remain for long periods
of time (e.g., restaurants, highway rest stations, and parks). Individual water
systems are small systems not owned or operated by a water utility that have
<15 connections or serve <25 persons.
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TABLE 1. Waterborne disease outbreaks associated with drinking water (N = 42), by state/jurisdiction and month of first case onset — Waterborne
Disease and Outbreak Surveillance System, United States, 2013-2014

State/ Predominant No. of No. of No.of  Type of water

Jurisdiction Month Year Etiology* ilinesst cases hospitalizations$ deaths" system** Water source Setting

Alaska Aug 2014 Giardia duodenalistt AGI 5 0 0 Community River/Stream Community/Municipality

Arizona Jan 2014 Norovirus (S) AGI 4 0 0 Transient, Unknown Camp/Cabin Setting

noncommunity

Florida Sep 2013 L. pneumophila ARI 4 4 0 Community Well Hospital/Health care
serogroup 1

Florida Nov 2013 L. pneumophila ARI 4 4 0  Community Other OtherSS
serogroup 1

Florida Apr 2014 L. pneumophila ARI 2 2 0 Community Well Hotel/Motel/Lodge/Inn
serogroup 1

Florida Jun 2014 L. pneumophila ARI 3 2 0 Community Unknown Long-term care facility
serogroup 1

Florida Aug 2014 L. pneumophila ARI 6 4 0 Community Unknown Hotel/Motel/Lodge/Inn
serogroup 1

Idaho Sep 2014 Giardia duodenalis AGI 2 0 0 Unknown Unknown Hotel/Motel/Lodge/Inn

Indiana Jul 2013 Cryptosporidium sp. AGI 7 0 0 Community Unknown Mobile home park

Indiana Nov 2014  Unknown AGI 3 0 0 Community Unknown Apartment/Condo

Kansas June 2014 L. pneumophila ARI 2 2 0 Community Unknown Hospital/Health care
serogroup 1

Maryland Nov 2012 L. pneumophila ARI 21 pall 0  Community Well Hotel/Motel/Lodge/Inn
serogroup 1

Maryland Feb 2013  Nitrite*** AGl, Neuro 14 0 Community Lake/Reservoir/ Indoor workplace/Office

Impoundment

Maryland Apr 2014 L. pneumophila ARI 2 2 0 Community Lake/Reservoir/ Apartment/Condo
serogroup 1 Impoundment

Maryland Jul 2014 L. pneumophila ARI 2 1 0 Community Well Hotel/Motel/Lodge/Inn
serogroup 1

Maryland Aug 2014 L. pneumophila ARI 2 2 0 Community River/Stream Prison/Jail (Juvenile/Adult)
serogroup 1

Michigan Jun 2014 L. pneumophila ARI 45 45 7 Community River/Stream Hospital/Health care,
serogroup 1 Community/

Municipality Tt
Montana Jul 2014 Norovirus AGI 62 0 0 Transient, Well Hotel/Motel/Lodge/Inn
Gll.Pe-Gll.4 Sydney noncommunity

New York Jul 2013 L. pneumophila ARI 2 2 0 Community Lake/Reservoir/ Hospital/Health care
serogroup 1 Impoundment

New York Jun 2014 L. pneumophila ARI 2 2 0 Community Well Hospital/Health care
serogroup 1

North Carolina  Dec 2013 L. pneumophila ARI 3 2 0 Community Unknown Long-term care facility
serogroup 1

North Carolina  Dec 2013 L. pneumophila ARI 7 3 0 Community Unknown Long-term care facility
serogroup 1

North Carolina  May 2014 L. pneumophila ARI 7 6 1 Community Other Long-term care facility
serogroup 1

North Carolina  Jun 2014 L. pneumophila ARI 3 3 0 Community Unknown Long-term care facility
serogroup 1

North Carolina  Jul 2014 L. pneumophila ARI 3 2 1 Community Unreported Long-term care facility
serogroup 1

Ohio Apr 2013 L. pneumophila ARI 2 2 1 Unknown Unknown Long-term care facility

Ohio$58 Sep 2013 Cyanobacterial AGI 6 0 0  Community Lake/Reservoir/  Community/Municipality
toxin 99 Impoundment

Ohio Jul 2014 L. pneumophila ARI 14 4 0 Community River/Stream Long-term care facility
serogroup 1

Ohio Aug 2014 Cyanobacterial AGI 110 Community Lake/Reservoir/ Community/Municipality
toxin199 Impoundment

Ohio Oct 2014 Cryptosporidium sp. AGI 100 0 0 Individual River/Stream Farm/Agricultural setting
(S)****

Ohio Dec 2014 Viral, unknown (S) AGI 2 0 0 Commercially Unknown Private residence

bottled

Oregon Jun 2013 Cryptosporidium AGI 119 2 0 Community Lake/Reservoir/ Community/Municipality
parvum [laA15G2R1 Impoundment

Oregon Sep 2014 L. pneumophila ARI 4 4 1 Community Well Apartment/Condo
serogroup 1

Pennsylvania Dec 2013 L. pneumophila ARI 2 2 0 Unknown Unknown Hospital/Health care
serogroup 1

Pennsylvania Feb 2014 L. pneumophila ARI 5 5 0 Community River/Stream Long-term care facility
serogroup 1

Pennsylvania Oct 2014 L. pneumophila ARI 2 2 1 Community Unknown Long-term care facility

Rhode Island Apr 2013 L. pneumophila ARI 2 2 1 Community Lake/Reservoir/ Hospital/Health care
serogroup 1 Impoundment

See table footnotes on the next page.
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TABLE 1. (Continued) Waterborne disease outbreaks associated with drinking water (N = 42), by state/jurisdiction and month of first case onset
— Waterborne Disease and Outbreak Surveillance System, United States, 2013-2014

State/ Predominant No. of No. of No.of  Type of water

Jurisdiction Month Year Etiology* ilinesst cases hospitalizations® deaths" system** Water source Setting

Tennessee Jul 2013 Cryptosporidium AGI 34 0 0 Transient, Spring Camp/Cabin setting
parvum noncommunity Tt

Tennessee Jun 2014  Clostridium difficile (S); AGI 12 0 0 Nontransient, Well Camp/Cabin setting;
Escherichia coli, noncommunity Community/Municipality
Enteropathogenic (S)

Virginia Jun 2013 Cryptosporidium sp. AGI 19 0 0 Individual Well Farm/Agricultural setting

West Virginia Jan 2014 4-Methylcyclo AGI 369 13 0 Community River/Stream Community/Municipality
hexanemethanol
(MCHM)S555

Wisconsin Aug 2014 Giardia duodenalis AGI 3 0 0 Nontransient, Other National forest

noncommunity
Wisconsin Sep 2014 Campylobacter jejuni AGI 5 0 0 Individual Well Private residence

Abbreviations: AGl = acute gastrointestinal iliness; ARl = acute respiratory iliness; L. pneumophila = Legionella pneumophila; Neuro = neurologic ilinesses, conditions,
or symptoms (e.g., meningitis); S = suspected.
* Etiologies listed are confirmed, unless indicated as suspected. For multiple-etiology outbreaks, etiologies are listed in alphabetical order.
T The category of illness reported by >50% of ill respondents. All legionellosis outbreaks were categorized as ARI.
$Value was set to “missing” in reports where zero hospitalizations were reported and the number of persons for whom information was available was also zero or
for instances where reports are missing hospitalization data.
fValue was set to “missing” in reports where zero deaths were reported and the number of persons for whom information was available was also zero or for
instances where reports are missing data on associated deaths.

** Community and noncommunity water systems are public water systems that have >15 service connections or serve an average of >25 residents for =60 days
per year. A community water system serves year-round residents of a community, subdivision, or mobile home park. A noncommunity water system serves an
institution, industry, camp, park, hotel, or business and can be nontransient or transient. Nontransient systems serve =25 of the same persons for 26 months of
the year but not year-round (e.g., factories and schools) whereas transient systems provide water to places in which persons do not remain for long periods of
time (e.g., restaurants, highway rest stations, and parks). Individual water systems are small systems not owned or operated by a water utility that have <15
connections or serve <25 persons.

1t Classification of all reported Giardia cases has changed from Giardia intestinalis to Giardia duodenalis to align with laboratory standards.

53 Setting is listed as “other” because implicated facility houses both independent living and assisted living facilities.

99 This count was not included in the analysis of the current report. This outbreak occurred in 2012 and was not reported in the previous drinking water outbreak report.

*** Patients’ methemoglobin levels ranged from 1.6% to 32.3%. Water was determined to be the source rather than food because all cases had direct exposure to
water. Of the 14 cases, five used the water to make oatmeal or cream of wheat.
11 This report includes both community and hospital-associated cases (27 of 45 patients reported health care/hospital exposure).
588 This is the first drinking water-associated outbreak of this etiology reported to the National Outbreak Reporting System.
199 Microcystin was detected in finished water sampled from a community water system; levels exceeded state thresholds and resulted in a“Do not drink” advisory.
**** Cryptosporidium was detected in water samples but not in any clinical specimens.
111 This system was registered as a community system as a result of the outbreak investigation.
5585 |linesses were associated with exposure to 4-methylcyclohexanemethanol following a documented industrial spill into water supplying a public water system.
However, individual levels of exposure could not be quantified in clinical specimens. Propylene glycol phenyl ether was also present in the spill at low concentrations.

individual systems. Fourteen outbreaks occurred in drinking outbreaks in which the predominant illness was acute gastro-
water systems with groundwater sources and an additional intestinal illness. Three (7%) outbreaks in which treatment
14 occurred in drinking water systems with surface water was not expected to remove the contaminant were associated
sources. The most commonly cited deficiency, which led to with a chemical or toxin and resulted in 48% of all outbreak-
24** (57%) of the 42 drinking water—associated outbreaks, associated cases.
was the presence of Legionella in drinking water systems. In . .
addition, 143 (14%) cases were associated with seven (17%) Discussion
outbreak reports that had a deficiency classification indicating Wiater treatment processes, regulations, and rapid response to
“unknown or insufficient information.” illness outbreaks continue to reduce the transmission of patho-
Among 1,006 cases attributed to drinking water—associated gens, reduce exposure to chemicals and toxins, and protect the
outbreaks, 50% of the reported cases were associated with public drinking water supplies in the United States. Outbreaks
chemical or toxin exposure, 29% were caused by parasitic reported during this surveillance period include the first reports
infection (either Cryptosporidium or Giardia), and 13% were of drinking water—associated outbreaks caused by harmful
caused by Legionella infection (Table 2). Seventy-five percent algal blooms as well as the continued challenges of preventing
of cases were linked to community water systems. Outbreaks and controlling illnesses and outbreaks caused by Legionella
in water systems supplied solely by surface water accounted for and Cryprosporidium. Outbreaks in community water systems

most cases (79%). Of the 1,006 cases, 86% originated from caused by chemical spills (West Virginia) (2), harmful algal
blooms (Ohio), Cryptosporidium (Oregon) (3), and Legionella

(Michigan) demonstrated that diverse contaminants can cause

** One of the 24 outbreaks included both deficiencies 5a and 7 under the
“multiple” classification.
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TABLE 2. Rank order (most common to least common) of etiology, water system, water source, predominant illness, and deficiencies associated
with 42 drinking water outbreaks and 1,006 outbreak-related cases of illness — United States, 2013-2014

Outbreaks (N =42) Cases (N =1,006)
Characteristic/Rank Category No. (%) Category No. (%)
Etiology
1 Bacteria, Legionella 24 (57.1) Chemical/Toxin 499 (49.6)
2 Parasites 8(19.1) Parasites 289 (28.7)
3 Chemical/Toxin 4(9.5) Bacteria, Legionella 130(12.9)
4 Viruses 3(7.1) Viruses 68 (6.8)
5 Bacteria, non-Legionella 1(2.4) Multiple bacteria 12(1.2)
6 Multiple bacteria 1(2.4) Bacteria, non-Legionella 5(0.5)
7 Unknown 1(2.4) Unknown 3(0.3)
Water system*
1 Community 30(71.4) Community 759 (75.4)
2 Noncommunity 5(11.9) Individual 124 (12.3)
3 Individual 3(7.1) Noncommunity 115(11.4)
4 Unknown 3(7.1) Unknown 6 (0.6)
5 Bottled 1(2.4) Bottled 2(0.2)
Water source
1 Ground water 14 (33.3) Surface water 795 (79.0)
2 Surface water 14 (33.3) Ground water 157 (15.6)
3 Unknown 12 (28.6) Unknown 39 (3.9)
4 Mixed" 1(2.4) Mixed 12(1.2)
5 Unreported 1(2.4) Unreported 3(0.3)
Predominant illness$
1 AR 24 (57.1) AGI 862 (85.7)
2 AGI 17 (40.5) ARI 130 (12.9)
3 AGI; Neuro 1(2.4) AGI; Neuro 14 (1.4)
Deficiencyf
1 Legionella spp. in drinking 23 (54.8) Treatment not expected 485 (48.2)
water system** to remove contaminant
2 Unknown/Insufficient 7(16.7) Unknown/Insufficient 143 (14.2)
informationtt information
3 MultipleS$ 3(7.1) Legionella spp. in 126 (12.5)
drinking water system
4 Treatment not expected to 3(7.1) Treatment deficiency 119 (11.8)
remove contaminantff
5 Untreated ground water*** 3(7.1) Untreated ground water 70 (7.0)
6 Distribution system*ttt 1(2.4) Multiple 42 (4.2)
7 Premises plumbing 1(2.4) Premise plumbing 14 (1.4)
systemSSS system
8 Treatment deficiency 11 1(2.4) Distribution system 7(0.7)

Abbreviations: AGI = acute gastrointestinal illness; ARl = acute respiratory illness; Neuro = neurologic illnesses, conditions, or symptoms (e.g., meningitis).

* Community and noncommunity water systems are public water systems that have =15 service connections or serve an average of =25 residents for =60 days per
year. A community water system serves year-round residents of a community, subdivision, or mobile home park. A noncommunity water system serves an
institution, industry, camp, park, hotel, or business and can be nontransient or transient. Nontransient systems serve >25 of the same persons for 26 months of
the year but not year-round (e.g., factories and schools) whereas transient systems provide water to places in which persons do not remain for long periods of
time (e.g., restaurants, highway rest stations, and parks). Individual water systems are small systems not owned or operated by a water utility that have <15 connections
or serve <25 persons.

T Includes outbreaks with mixed water sources (i.e., ground water and surface water).

$ The category of illness reported by 250% of ill respondents; all legionellosis outbreaks were categorized as ARL.

 Outbreaks are assigned one or more deficiency classifications. https://www.cdc.gov/healthywater/surveillance/deficiency-classification.html.

** Deficiency 5A. Drinking water, contamination of water at points not under the jurisdiction of a water utility or at the point of use: Legionella spp. in water system,
drinking water.
* Deficiency 99. Unknown/Insufficient information.
58 Multiple deficiency classifications were assigned to three outbreaks. One outbreak had deficiency 2, 3 one had 3, 4, and one had 5a, 7 (deficiency in building/
home-specific water treatment after the water meter or property line).
9 Deficiency 13a. Current treatment processes not expected to remove a chemical contaminant: ground water.
*** Deficiency 2. Drinking water, contamination of water at/in the water source, treatment facility, or distribution system: untreated ground water.
11 Deficiency 4. Drinking water, contamination of water at/in the water source, treatment facility, or distribution system: Distribution system deficiency, including
storage (e.g., cross-connection, backflow, and contamination of water mains during construction or repair).
$38 Deficiency 6. Drinking water, contamination of water at points not under the jurisdiction of a water utility or at the point of use; plumbing system deficiency after
the water meter or property line (e.g., cross-connection, backflow, or corrosion products).
199 Deficiency 3. Treatment deficiency (e.g., temporary interruption of disinfection, chronically inadequate disinfection, or inadequate or no filtration).
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interruptions in water service, illnesses, and persistent com-
munity concern about drinking water quality. Outbreaks in
community water systems can trigger large and complex public
health responses because of their potential for causing com-
munitywide illness and decreasing the availability of safe water
for community members, businesses, and critical services (e.g.,
hospitals). These outbreaks highlight the importance of public
health and water utility preparedness for emergencies related
to contamination from pathogens, chemicals, and toxins.

Legionella continues to be the most frequently reported
etiology among drinking water—associated outbreaks (4). All
of the outbreak-associated deaths reported during this surveil-
lance period as well as all of the outbreaks reported in hospital/
health care settings or long-term care facilities, were caused
by Legionella. A review of 27 Legionnaires” disease outbreak
investigations in which CDC participated during 2000-2014
identified at least one water system maintenance deficiency
in all 23 investigations for which this information was avail-
able, indicating that effective water management programs
in buildings at increased risk for Legionella growth and trans-
mission (e.g., those with more than 10 stories or that house
susceptible populations) can reduce the risk for Legionnaires’
disease (5,6). Although Legionella was detected in drinking
water, multiple routes of transmission beyond ingestion of
contaminated water more likely contributed to these outbreaks,
such as aerosolization from domestic or environmental sources.
Cryptosporidium was the second most common cause of both
outbreaks and illnesses, demonstrating the continued threat
from this chlorine-tolerant pathogen when drinking water
supplies are contaminated. Existing drinking water regulations
and filtration systems targeted to control Cryptosporidium
help protect public health in community water systems that
are primarily served by surface water sources or groundwater
sources under the influence of surface water (7). Through the
Epidemiology and Laboratory Capacity for Infectious Diseases
(ELC) Cooperative Agreement, CDC has recently begun a
laboratory-based cryptosporidiosis surveillance system in the
United States, CryptoNet, to better track Cryprosporidium
transmission and rapidly identify outbreak sources through
molecular typing (8). The cyanobacterial toxin microcystin
caused the largest reported toxin contamination of community
drinking water in August 2013 and September 2014 and was
responsible for extensive community and water disruptions.
In June 2015, the Environmental Protection Agency released
specific health advisory guidance for microcystin concentra-
tions in drinking water (9). The contamination of a community
drinking water supply with 4-metholcyclohexanementanol
(MCHM) also illustrates the importance of source water
protection from chemicals and toxins (2).
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The findings in this report are subject to at least three limita-
tions. First, 17% of drinking water—associated outbreak reports
could not be assigned a specific deficiency classification other
than “unknown or insufficient information,” because of a lack
of information. Furthermore, the deficiency classification most
frequently reported (“presence of Legionella in drinking water
systems”) does not provide insight into the specific factors
contributing to Legionella amplification and transmission.
Second, the detection and investigation of outbreaks might be
incomplete. Because of universal exposure to water, linking ill-
ness to drinking water is inherently difficult through traditional
outbreak investigation methods (e.g., case-control and cohort
studies) (Z0). Finally, reporting capabilities and requirements
vary among states and localities. Therefore, outbreak surveil-
lance data likely underestimate actual occurrence of outbreaks
and should not be used to estimate the actual number of
outbreaks or cases of waterborne disease.

Public health surveillance is necessary to detect waterborne
disease and outbreaks, and to continue to monitor health trends
associated with drinking water exposure. Despite resource
constraints, 19 states reported drinking water—associated
outbreaks for 2013-2014 compared with 14 for the previous
reporting period (4). In this reporting cycle, more reported
outbreaks and cases were caused by parasites and chemicals
than by non-Legionella bacteria, and more cases were reported
from community systems than from individual systems. Most
of the outbreaks and illnesses reported in this period were in
community systems, which serve larger numbers of persons;
outbreaks in these systems can sicken entire communities.
Although individual, private water systems likely serve fewer
persons than community systems, they can still result in rela-
tively large numbers of illnesses. One outbreak reported during
2013-2014 in an individual system led to 100 estimated ill-
nesses associated with a wedding. The public health challenges
highlighted here underscore the need for rapid detection,
identification of the cause, and response when drinking water
is contaminated by infectious pathogens, chemicals, or toxins
to prevent and control waterborne illness and outbreaks.
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Summary
What is already known about this topic?

Waterborne disease and outbreaks associated with drinking
water continue to occur in the United States. CDC collects data
on waterborne disease outbreaks submitted from all states and
territories through the National Outbreak Reporting System.

What is added by this report?

During 2013-2014, a total of 42 drinking water-associated
outbreaks were reported to CDC, resulting in at least 1,006 cases
of iliness, 124 hospitalizations, and 13 deaths. Legionella was
responsible for 57% of outbreaks and 13% of illnesses, and
chemicals/toxins and parasites together accounted for 29% of
outbreaks and 79% of illnesses. Eight outbreaks caused by
parasites resulted in 289 (29%) cases, among which 279 (97%)
were caused by Cryptosporidium and 10 (3%) were caused by
Giardia duodenalis. Chemicals or toxins were implicated in four
outbreaks involving 499 cases, with 13 hospitalizations,
including the first outbreaks associated with algal toxins.

What are the implications for public health practice?

Continued public health surveillance is necessary to detect
waterborne disease and monitor health trends associated with
drinking water exposure. When drinking water is contaminated
by infectious pathogens, chemicals, or toxins, public health
agencies need to provide rapid detection, identification of the
cause, and response to prevent and control waterborne illness
and outbreaks. Effective water management programs in
buildings at increased risk for Legionella growth and transmission
can reduce the risk for disease from drinking water pathogens.
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Outbreaks associated with fresh or marine (i.e., untreated)
recreational water can be caused by pathogens or chemicals,
including toxins. Voluntary reporting of these outbreaks to
CDC’s National Outbreak Reporting System (NORS) began
in 2009. NORS data for 2009—2017 are finalized, and data for
2018-2019 are provisional. During 2009-2019 (as of May 13,
2020), public health officials from 31 states voluntarily reported
119 untreated recreational water—associated outbreaks, result-
ing at least 5,240 cases; 103 of the outbreaks (87%) started
during June—August. Among the 119 outbreaks, 88 (74%)
had confirmed etiologies. The leading etiologies were enteric
pathogens: norovirus (19 [22%] outbreaks; 1,858 cases); Shiga
toxin—producing Escherichia coli (STEC) (19 [22%]; 240),
Cryprosporidium (17 [19%]; 237), and Shigella (14 [16%];
713). This report highlights three examples of outbreaks that
occurred during 2018-2019, were caused by leading etiolo-
gies (Shigella, norovirus, or STEC), and demonstrate the wide
geographic distribution of such outbreaks across the United
States. Detection and investigation of untreated recreational
water—associated outbreaks are challenging, and the sources of
these outbreaks often are not identified. Tools for controlling
and preventing transmission of enteric pathogens through
untreated recreational water include epidemiologic investiga-
tions, regular monitoring of water quality (i.e., testing for fecal
indicator bacteria), microbial source tracking, and health policy
and communications (e.g., observing beach closure signs and
not swimming while ill with diarrhea).

California

On July 22, 2019, the California Department of Public
Health was notified of three cases of shigellosis in persons
who reported playing in the Santa Ana River, a waterway
spanning 100 miles through southern California. The depart-
ment identified this exposure in other shigellosis cases and, in
total, identified 24 cases with closely related isolates (within
0-2 alleles by core-genome multilocus sequence typing) of
Shigella sonnei. Among 19 ill persons for whom epidemiologic
data were available, 16 reported that during July 6-August 5
they played in a swim area in a shallow portion of the river
where water quality was not regularly monitored. Two of the
16 ill persons also reported swallowing river water. No other
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common risk factors were identified. The median age of these
16 ill persons was 7 years (range = 1-20 years); seven were
female. Two of 15 ill persons for whom clinical data were
available were hospitalized; none died. Date of symptom onset
ranged from July 6 through August 7. In response to the out-
break, local public health officials closed public access to the
swim area during August 8—15. Surface water samples were
collected upstream, downstream, and at the swim area and
tested for E. coli, a bacterial indicator of fecal contamination.
The concentration of E. coli ranged from 350 through 1,600
most probable number/100 mL at these sites.* Investigation
into possible sources of fecal contamination upstream and at
the swim area did not definitively identify an outbreak source.
No additional cases were identified after public access to the
swim area was reopened on August 15.

Maine

On July 6, 2018, the Maine Center for Disease Control
and Prevention received a report that multiple persons were
ill with gastrointestinal symptoms after visiting Woods Pond
Beach in Bridgton, Maine. Town officials in Bridgton closed
the public beach during July 6-10. The agency used social
media to identify persons who visited the pond during July 1-6,
interviewed 34 heads of household, and completed surveys for
148 household members. A total of 139 persons reported visit-
ing the pond during this period, 97 (70%) of whom reported
illness. Among these 97 ill persons, 41 (42%) were male;
among the 95 ill persons for whom age data were available,
the median age was 12 years (range = 1-73 years). The median
incubation period was 38 hours (range = 8-139 hours); the
median symptom duration, reported for 91 cases, was 24 hours
(range = 3—-96 hours). Vomiting was reported by 78 (80%) of
97 ill persons. Visitors who reported swallowing pond water
or going under water (a potential marker for swallowing water)
were approximately three times more likely to be ill than were
those who did not (relative risk = 3.19; 95% confidence interval
[CI] = 1.69-6.05). Two of the stool specimens collected from

* Most probable number is a method used to estimate the concentration of viable
bacteria in water. All samples exceeded the Environmental Protection Agency
(EPA)-recommended Beach Action Values of 190-235 colony forming units
(CFU)/100mL for freshwater. Beach Action Values are EPA’s suggested “do not
exceed” value for beach advisory purposes.
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four ill persons tested positive for norovirus genogroup I. Based
on these test results and the reported symptomology, norovirus
was thought to be the outbreak etiology. The source of water
contamination was undetermined. No additional cases were
reported after the beach reopened to swimmers on July 11.

Minnesota

On August 13, 2019, Minnesota Department of Health
(MDH) epidemiologists identified three cases of STEC infec-
tion in persons who reported swimming at a public lake. Illness
onset occurred during August 2—4. MDH notified park and
recreation board officials of the cases on August 13 and advised
them to close the lake to swimmers. MDH used social media to
distribute a survey and identified 69 total cases, including four
laboratory-confirmed STEC O145:H28 infections with closely
related isolates (within 0-2 single nucleotide polymorphisms
by whole genome sequencing). Dates of symptom onset ranged
from July 18 through August 16. The median age of ill persons
was 29 years (range = 1-65 years); 55 (80%) were female.
Among the 24 (35%) ill persons who visited the beach only
once, exposure dates ranged from July 16 through August 11.
The two factors significantly associated with illness were swal-
lowing lake water (odds ratio = 3.80; 95% CI = 1.17-12.38)
and age <10 years (odds ratio = 2.90; 95% CI = 1.57-5.35). No
hospitalizations or cases of hemolytic uremic syndrome were
reported. The beach was monitored weekly for E. coli through-
out the summer, but no test results exceeded Minnesota’s rec-
reational water criteria during April-October.” No evidence of
a point source of fecal contamination was identified; however,
15 visitors and four lifeguards reported continuing to swim or
work in the lake while ill. No additional cases were reported
after the beach reopened to swimmers on September 5.

Discussion

Shigella, norovirus, STEC, and other enteric pathogens can
be transmitted when persons ingest untreated recreational
water contaminated with feces or vomit. Swimmers can con-
taminate water in untreated recreational water venues (e.g.,
lakes, oceans, and rivers) if they have a fecal or vomit incident
in the water. Enteric pathogens can also be introduced into
untreated recreational water venues by stormwater runoff
and sewage system overflows and discharges. Other potential
sources of fecal contamination and enteric pathogens include
leaks from septic or municipal wastewater systems, dumped
boating waste, and animal waste in or near swim areas.

T Minnesota recreational water criteria for freshwater call for a monthly geometric
mean concentration of <126 CFU E. ¢o/i/100 mL water. For culturable E. coli,
EPA criteria are a geometric mean concentration of 126 CFU/100mL and
statistical threshold value of 410 CFU/100mL in freshwater.
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Whereas the detection of Shigella and norovirus in untreated
recreational water is indicative of human contamination,
the detection of STEC does not necessarily indicate human
contamination. Because E. coli and enterococci are part of the
normal intestinal flora of humans and other animals, beach
managers monitor levels of these bacteria as indicators of
fecal contamination as recommended by the Environmental
Protection Agency’s 2012 recreational water quality crite-
ria (I). Monitoring is conducted to detect changes in fecal
contamination of water and not to indicate the presence of
pathogens (2—4). For this reason, fecal indicator data alone
cannot implicate the water as the route of outbreak exposure or
identify the source of water contamination. This is particularly
problematic for certain pathogenic strains of E. coli, such as
E. coli O157:H7, which can persist in the sediment and be
resuspended in the water but is not detected by most generic
E. coli water tests.

In the outbreaks described in this report, the sources of
contamination of the recreational waters were not definitively
identified. Molecularly based microbial source tracking meth-
ods can be used to identify the host genus contributing to
fecal contamination detected in water, which can inform more
targeted environmental investigations and control measures
(5). For example, identifying the host genus (e.g., horses) can
help inform and optimize efforts to mitigate exposure (e.g.,
redesigning horse trails near untreated recreational water ven-
ues) to prevent outbreaks. Investigations into environmental
influences include, but are not limited to, sanitary inspection
of septic systems, identification of agricultural animal waste
runoff or discharge, monitoring of wildlife activity in public
areas, and identification of improper disposal of solid waste.

Multiple factors could hinder detection and investigation of
outbreaks associated with untreated recreational water venues.
First, persons often travel >100 miles to swim in lakes, oceans,
and rivers (6). If swimmers become ill after returning to homes
in multiple public health jurisdictions, identifying an outbreak
can be difficult. Second, not all jurisdictions include questions
about exposure to recreational water in their investigations of
cases of illness caused by enteric pathogens. Third, issues with
response activities (e.g., collection of water samples and deci-
sion-making about closures) might arise among agencies within
the same jurisdiction (e.g., public health and natural resources
agencies) or among jurisdictions if the outbreak source (i.e.,
untreated recreational water venue) is in multiple jurisdictions.

In addition to monitoring the level of fecal indicator bacteria
at beaches, beach managers can promote healthy swimming by
establishing policies that allow lifeguards to perform alternate
duties that do not require them to enter the water if they are
ill with diarrhea. This is equivalent to CDC recommendations
for operators of public treated recreational water venues (e.g.,
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Summary
What is already known about this topic?

Untreated recreational water-associated outbreaks can be
caused by pathogens or chemicals, including toxins, in
freshwater (e.g., lakes) or marine water (e.g., oceans).
What is added by this report?

This report highlights examples of untreated recreational
water-associated outbreaks that occurred during 2018 or 2019,
were caused by Shigella (California), norovirus (Maine), or Shiga
toxin—producing Escherichia coli (Minnesota), the leading causes
of such outbreaks, and demonstrate the wide geographic
distribution of such outbreaks.

What are the implications for public health practice?

Swimmers should observe beach closure signs and water
quality advisories, not swim in water made cloudier by heavy
rain, not swim while ill with diarrhea, not swallow recreational
water, and keep sand out of their mouths.

swimming pools)$ (7). Creating a workplace environment
where employees feel comfortable disclosing that they are ill
with diarrhea without fearing potential loss of wages or even
work is important to the success of such policies. Because of
the multiple potential sources of fecal contamination, beach
managers and public health officials should educate swimmers
and parents of young swimmers about steps they can take to
minimize risk of infection from enteric pathogens (https://
www.cdc.gov/healthywater/swimming/oceans-lakes-rivers/
visiting-oceans-lakes-rivers.html). These healthy swimming
steps include observing beach closure signs or water quality
advisories because of elevated levels of fecal indicator bacteria,
not swimming in water made cloudier by heavy rain, not swim-
ming while ill with diarrhea, not swallowing the water;,and
keeping sand out of mouths. In addition, for the 2020 sum-
mer swim season, CDC has released coronavirus disease 2019
(COVID-19) prevention considerations for beach managers
(https://www.cdc.gov/coronavirus/2019-ncov/community/

parks-rec/public-beaches.html).

SCDC’s 2018 Model Aquatic Health Code (https://www.cdc.gov/mahc/
pdf/2018-MAHC-Code-Clean-508.pdf) element 6.3.4.7.1 states “Supervisors
shall not permit employees who are ill with diarrhea to enter the water or
perform in a qualified lifeguard role.”

US Department of Health and Human Services/Centers for Disease Control and Prevention

Acknowledgments

State and local health department waterborne disease coordinators,
epidemiologists, microbiologists, and environmental health
practitioners; Sarah A. Collier, Marissa K. Vigar, Division of
Foodborne, Waterborne, and Environmental Diseases, National
Center for Emerging and Zoonotic Infectious Diseases, CDC.

Corresponding author: Michele C. Hlavsa, MHlavsa@cdc.gov, 404-718-4695.

1Division of Foodborne, Waterborne, and Environmental Diseases, National
Center for Emerging and Zoonotic Infectious Diseases, CDC; 20ak Ridge
Institute for Science and Education, Oak Ridge, Tennessee; 3Environmental
Protection Agency; Research Triangle Park, North Carolina; 4California
Department of Public Health; 5Orange County Health Care Agency, Santa
Ana, California; ®Maine Center for Disease Control and Prevention; 7University
of Southern Maine, Portland, Maine; 8Minnesota Department of Health;
9Division of Environmental Health Science and Practice, National Center for
Environmental Health, CDC; 1%Division of Viral Diseases, National Center
for Immunization and Respiratory Diseases, CDC; llEagle Medical Services,
LLC, Atlanta, Georgia.

All authors have completed and submitted the International
Committee of Medical Journal Editors form for disclosure of potential
conflicts of interest. No potential conflicts of interest were disclosed.

References

1. Environmental Protection Agency. Office of Water report 820-F-12-058:
2012 recreational water quality. Atlanta, GA: Environmental Protection
Agency, Office of Water; 2012. https://www.epa.gov/sites/production/
files/2015-10/documents/rwqc2012.pdf

2. Worley-Morse T, Mann M, Khunjar W, Olabode L, Gonzalez R.
Evaluating the fate of bacterial indicators, viral indicators, and viruses in
water resource recovery facilities. Water Environ Res 2019;91:830—42.
https://doi.org/10.1002/wer.1096

3. Rose JB, Darbin H, Gerba CP. Correlations of the protozoa,
Cryprosporidium and Giardia, with water quality variables in a watershed.
Water Sci Technol 1988;20:271-6. https://doi.org/10.2166/
wst.1988.0295

4. Korajkic A, McMinn BR, Harwood V]. Relationships between microbial
indicators and pathogens in recreational water wettings. Int ] Environ
Res Public Health 2018;15:2842. https://doi.org/10.3390/ijerph15122842

5. Harwood V], Staley C, Badgley BD, Borges K, Korajkic A. Microbial
source tracking markers for detection of fecal contamination in
environmental waters: relationships between pathogens and human health
outcomes. FEMS Microbiol Rev 2014;38:1-40. https://doi.
org/10.111 1/1574-6976.12031

6. Collier SA, Wade TJ, Sams EA, Hlavsa MC, Dufour AP, Beach M].
Swimming in the USA: beachgoer characteristics and health outcomes at
US marine and freshwater beaches. ] Water Health 2015;13:531-43.
https://doi.org/10.2166/wh.2014.095

7. Cope JR, Prosser A, Nowicki S, et al. Preventing community-wide
transmission of Cryptosporidium: a proactive public health response to a
swimming pool-associated outbreak—Auglaize County, Ohio, USA.
Epidemiol Infect 2015;143:3459—-67. https://doi.org/10.1017/
S0950268815000813

MMWR / June 26,2020 / Vol.69 / No.25 783


https://www.cdc.gov/healthywater/swimming/oceans-lakes-rivers/visiting-oceans-lakes-rivers.html
https://www.cdc.gov/healthywater/swimming/oceans-lakes-rivers/visiting-oceans-lakes-rivers.html
https://www.cdc.gov/healthywater/swimming/oceans-lakes-rivers/visiting-oceans-lakes-rivers.html
https://www.cdc.gov/coronavirus/2019-ncov/community/parks-rec/public-beaches.html
https://www.cdc.gov/coronavirus/2019-ncov/community/parks-rec/public-beaches.html
https://www.cdc.gov/mahc/pdf/2018-MAHC-Code-Clean-508.pdf
https://www.cdc.gov/mahc/pdf/2018-MAHC-Code-Clean-508.pdf
mailto:MHlavsa@cdc.gov
https://www.epa.gov/sites/production/files/2015-10/documents/rwqc2012.pdf
https://www.epa.gov/sites/production/files/2015-10/documents/rwqc2012.pdf
https://doi.org/10.1002/wer.1096
https://doi.org/10.2166/wst.1988.0295
https://doi.org/10.2166/wst.1988.0295
https://doi.org/10.3390/ijerph15122842
https://doi.org/10.1111/1574-6976.12031
https://doi.org/10.1111/1574-6976.12031
https://doi.org/10.2166/wh.2014.095
https://doi.org/10.1017/S0950268815000813
https://doi.org/10.1017/S0950268815000813

Public Veterinary Medicine:
Public Health

Compendium of Measures to Prevent Disease
Associated with Animals in Public Settings, 2017

PLEEACE. ... oot e e e e e e e e e e e e e e e e e e e e e e aaaaaaaaaaeteeeeeeaaraaaaaaaa
| B 6315 (0 T¢ A1 1] 5 10} s BSOSO PP PP PP PPPP P ROOPPPPPP
TL. METROMS ..ottt e ettt ettt e ettt e ettt e e et e e et e e
III. Background ....
A. Infectious diseases associated with animals in public S€ttings ................ccoccooiiiiiiiiiiiicee, 1270
1. Diseases transmitted by direct or indirect animal CONtACT................coooiiiiiiiiiii i, 1270
a. Enteric (ANteStinal) diSCaASES .........ovuuiiiiiiiiiiee e et 1270
(1) Animals shedding enteric PAtROZENS.........cooiiiiiiiiiiiiiii i 1271
(2) Transmission of enteric pathogens tO PEOPIE.........cciiiiiiiiiiiiiiiiiiiieiiie e 1271
(3) Environmental exposures to enteric PathOZEeNS. .......ccoovviiiiiiiiiiiiiiiiiiieee e 1272
D. INEEINAL PATASTEES ....ceeiiiiieiiiiiii e e e e e e e e e e e e e e e eaeeaeeeeeeeeeeeaeeeeaaaes 1272
C. ANimal Bit€s and SCIALCHES ......ccceeeiiiiiiiiii e e e e e e e e aaaeaans 1272
(L) RADIES ..ottt et e e et e e et 1272
(2) Other bite-related and scratch-related infeCtionsS .............ooveiiiiiiiiiiiiiiiiie e, 1272
A SKIN ANFECTIONS ....eeeiiiiii ittt et e e 1272
€. EXTEINAL PATASIEES ... e e e e e e e e e 1273
2. Diseases transmitted through droplets Or AETOSOLS .......ccoiiiiiiiiiiiiiiiiiiiiiieeee e 1273
A INFTUCIIZA (oot et e e e e 1273
DL TUDEICULOSIS ... et e e eeeee e 1273
(SO B 2l v TP UPPTUPPPRRRN 1273
d. Chlamydophila Psittaci INFECTIONS. ..........cociiiiiiiiiiiiii it e 1274
3. Factors influencing the risk of zoonotic disease tranSMiSSION .............uuuuueeiiiiiiiiiiiaieeeaeeeeeeeeeeeeaeennn. 1274
A HANAWASHIIIEG ...ttt e e e e e ettt e e e e e ettt e e e e e e e e et aeeeaeeeas 1274
D FACIIEY ESIZI....eeiiiiiiiiiiiiiii ettt 1274
C. FOOd CONTAMINMATION . ......iiiiiiiiiii ettt e e e e ettt e e e e e e e ettt e e eeeeeeans 1275
d. Other factors influencing diS€ase tranSMISSION .........euiiiiiiiiiiiiiiiiiiiiiiiiiiiie e e e e e e e aaaaaaanns 1275
B. Physical injuries caused by animals in publiC SEtHNES. .......ccccuiiiiiiiiiiiiiiiieiiiieeeic e 1275
IV. Recommendations fOr DiSEASE PrEVEIMTION . ...........uuuuueueeeieeiiitiiiiiiiieesesaeaeaaeeaaaeaeaaaaaaaaaaaaaaaaeeeeeeeeeeereeeeeeeeees 1275
O @ A1 4 [ PSSP 1275
B. APPICADIC VEIUES ......ooviiiiiiiiiieiiieiieeiie ettt ettt et et ettt et e st e sseeesbeenbe e st eseeeaeeesseenseenseeseeeneennseenns 1276
C. Recommendations for local, state, and federal agENCIES...............coeeeiiiiiiiiiiieeiiiiiieee e 1276
1. Dissemination of reCOMMENAATIONS ............uuuiueuriiiiiiiiiiiiiiieeeeeee e e e e e e eeeeeeeeaaaaaaaaaaaaaaaaeeaereeeereeeeereeee 1276
2. Investigating and reporting OUDIEAKS .........ccoiiiiiiiiiiiiiii e 1276
D. Recommendations for animal exhibitors and VENUE OPEratorsS..........c..uvveiiiieeiiiniiiiiiiiieieeee e 1276
T EQUCATION .ttt ettt ettt at et ea et e bt et e e e et a e ettt he e nt e enb e nn et eneennees 1276
A, 0Perators AN STALE .. ... e e e e e e e e e 1277
oI V4 R0 10 OO PP PP PP PPPPPPUPPPPPIRt 1278
2. FaCility deSiZN ANd USE .....eeuiiiiiiiiiiiiiiiiii ettt e e et e e e e e e 1278
A. Layout and traffiC PATLEIIIS....cooiiiei i a e as 1278
(1) ANIimal area CONSIACTATIONS ........oouuniiiiei ettt e e e et e e e e e eeas 1278
(2) Transition area CONSIACTATIONS ............uuiiiiiei et e e e e eeas 1280
(3) Nonanimal area CONSIACTAIONS. .........ccceeeeeieiiiiiie i 1280
b. Cleaning and diSINFECTION . ............uuuiiiiiiiiiiiee et e e e e e e e e e e e e esa e e eeeeeaaanaaeaees 1281
c. Unpasteurized food and ProduCLES ............ccuiiiiiiiiiiiiiiii e 1281
Q. DIINKINE WALET ...ttt e e e e e e e e e e e e ettt ettt ettt e e e e e e e e e e e e e aaaaaaans
3. Animal care and management
a. Selection of animals for use in PUDIIC SELNES .......coiiiiiiiiiiiiiiiiiiiiiiiiiiiii e e e e e 1281
D. ROULINE ANTMIAL CATE......cooiiiiiiiiiiiiiiiiiiiieiie et e e e e e e e e e e e e e e e e aaaaaaaaeaeaaaaeaeeeeeeeeeeeeeaees 1281
c. Veterinary care and animal health ... 1281
(1) Vaccination a@ainSt TADIES VITUS ....uuuieeeeeeeeeeeeee e e e et 1282
(2) Vaccination against enteriC PAtNOZEINS .......cviiiiiiiiiiiieee ettt e e e et e e e e e e eaeeeeeeeee e 1282
(3) Other considerations fOr VACCINATION. .. ........oouuiiiiiiie i 1282
(4) Testing fOr ZOONOLIC PATNOGEIS .......uiiiiiiiiiii ettt et e ettt et e et e et eeeeeee s 1282
4. BIrthing @XIIDIES ......coiiiiiiiiiiiii ettt e e et e e e e b e e e et eeeetraaeeas 1282
5. Considerations regarding variant inflU€NZa ................cciiiiiiiiiiiiiiii e 1282

1268 JAVMA < Vol 251 * No. | | » December 1,2017



Vo SUIMMMIATY L. e e e e e e e e e e e e e e e e ettt 1283

A7 B Ve 1< 2 Lo g (T e Foq s [ L RPN 1283
VIL. FOOTNOTES ...ccoiiiiiiiiiiiiiiiiiiiiiieieeee e e e e e e e e e e e e eeeeeeeeee ettt ettt et e e et e e e e e e e eee et 1283
VIIL  REEETEIICES. ..ottt ettt e e e e e ettt e e e e e e ettt eeeeeeanaianes 1283
APPEIAICES. ... e oo e oo e e e e e e e e e e e e et ettt ettt ettt ettt ittt a bbb 1289
1—Selected Zoonotic Diseases of Importance in Public Settings in the United States, 2017......... ... 1289
2—Animals in Public Settings: Recommendations for Venue Operators, Staff, and Volunteers................. 1290
3—Handwashing Recommendations to Reduce Disease Transmission From Animals in Public Settings..... 1291
4—Guidelines for Exhibition of Animals in School and Childcare Settings..............cccceeviieiiiieriieenieene, 1292

The National Association of State Public
Health Veterinarians Animal Contact
Compendium Committee

From South Dakota State University, Brookings, SD 57007 (Daly); the Colorado
Department of Public Health and Environment, 4300 Cherry Creek Dr S, Denver,
CO 80246 (House); the Florida Department of Health, 4052 Bald Cypress Way,
Tallahassee, FL 32399 (Stanek); and the Michigan Department of Health and Human
Services, 333 S Grand St, Third Floor, Lansing, M| 48913 (Stobierski).

Consultants to the Committee: Misha Robyn, DVM, MPH, CDC, 1600 Clifton Rd,
Atlanta, GA 33033; Casey Barton Behravesh, MS, DVM, DrPH, CDC, 1600 Clifton
Rd, Atlanta, GA 33033; Karen Beck, DVM, PhD, North Carolina Department of
Agriculture and Consumer Services, 2 W Edenton St, Raleigh, NC 27601; Marla J.
Calico, International Association of Fairs and Expositions, 3043 E Cairo, Springfield,
MO 65802; Thomas P. Meehan, DVM, Association of Zoos and Aquariums, 8403
Colesville Rd, Ste 710, Silver Spring, MD 20910; and Stephan Schaefbauer, DVM,
MPH, USDA, 100 Bridgeport Dr, Ste 180, South Saint Paul, MN 55075.

Russell F. Daly pvm, Ms (Chair)
Jennifer House pvm, mpa
Danielle Stanek pvm

Mary Grace Stobierski pvm, mpu

This document has not undergone peer review; opinions expressed are not neces-
sarily those of the AVMA.

Preface

The Compendium of Measures to Prevent Disease
Associated with Animals in Public Settings has been
published by the NASPHV and the CDC since 2005.!-3
This compendium provides standardized recommen-
dations for public health officials, veterinarians, ani-
mal venue operators, animal exhibitors, visitors to an-
imal venues and exhibits, teachers, camp operators,
and others concerned with control of disease and
with minimizing health risks associated with animal
contact in public settings. The report has undergone
several revisions, and this document updates infor-
mation provided in the 2013 compendium.?

I. Introduction

Contact with animals in public settings (eg, fairs,
educational farms, petting zoos, and schools) pro-
vides opportunities for entertainment and education.
The NASPHV understands the positive benefits of
human-animal contact. However, an inadequate un-

ABBREVIATIONS
NASPHV National Association of State Public Health

Veterinarians

STEC Shiga toxin—producing Escherichia coli

Address correspondence to Dr. Daly (russell.daly@sdstate.edu).

derstanding among animal exhibitors and visitors in
regard to disease transmission and animal behavior
can increase the likelihood of infectious disease ex-
posures, injuries, and other health problems among
visitors in these settings. Zoonotic diseases (ie, zoo-
noses) are diseases shared between animals and hu-
mans; many of these diseases are potentially transmit-
ted from animals to people in public animal contact
venues (Appendix 1). Of particular concern are in-
stances in which zoonotic disease outbreaks result in
numerous people becoming ill. During 1991 through
2005, the number of enteric disease outbreaks associ-
ated with animals in public settings increased.* Dur-
ing 2010 through 2015, approximately 100 human in-
fectious disease outbreaks involving animals in public
settings were reported to the CDC (unpublished data,
2017). Such outbreaks have substantial medical, public
health, legal, and economic effects.

Although completely eliminating risks from ani-
mal contact is not possible, this report provides rec-
ommendations for minimizing associated disease and
injury. The NASPHV recommends that local and state
public health, agricultural, animal health, wildlife,
and environmental agencies use these recommenda-
tions to establish their own guidelines or regulations
for reducing the risk for disease from human-animal
contact in public settings. Public contact with ani-
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mals is permitted in numerous types of venues (eg,
animal displays, petting zoos, animal swap meets,
pet stores, feed stores, zoological institutions, nature
parks, circuses, carnivals, educational farms, live-
stock birthing exhibits, agricultural fairs, childcare
facilities or schools, camps, agritourism venues, live
animal markets, and wildlife photo opportunity set-
tings). Managers of these venues should use the infor-
mation in this report in consultation with veterinari-
ans, public health officials, state and local agriculture
officials, or other professionals to reduce risks for dis-
ease transmission.

Guidelines to reduce risks for disease from ani-
mals in health-care facilities, veterinary facilities, and
various other occupational settings as well as from
service animals (eg, guide dogs) have been devel-
oped’3-12 Although not specifically addressed here,
the general principles and recommendations in this
report are applicable to these settings.

1. Methods

The NASPHV periodically updates the recom-
mendations to prevent disease associated with ani-
mals in public settings. To revise the 2013 compen-
dium,? the NASPHV Animal Contact Compendium
Committee members and external consultants met
in Atlanta from October 4 through 6, 2016. The revi-
sion process included reviewing literature pertaining
to outbreaks and diseases associated with animals in
public settings since the previous compendium was
published; examining reports of animal contact-asso-
ciated enteric and nonenteric disease outbreaks from
the CDC National Outbreak Reporting System as well
as from CDC subject matter experts and state public
health veterinarians; reviewing specific input solic-
ited from NASPHV members and committee consul-
tants; and evaluating publications and presentations
from experts on specific topics of relevance to the
compendium revision process. A committee consen-
sus was required to add or modify existing language
or recommendations. The 2017 recommendations
reported here have been updated with new informa-
tion and data on zoonotic disease outbreaks and pre-
vention measures.

I11. Background

A. Infectious diseases associated

with animals in public settings
1. Diseases transmitted by direct or indirect animal
contact

One of the most common routes of disease

transmission from animals to people is direct
physical contact with the animal, which includes
touching, holding, kissing, being bitten, and be-
ing scratched. Disease transmission also occurs
through indirect contact with an animal through
contact with a surface contaminated by the ani-
mal’s saliva, blood, urine, nasal secretions, feces,
or other bodily fluids.

a. Enteric (intestinal) diseases

In 2012, a group of investigators estimat-
ed the burden of enteric illness attributable
to animal contact in the United States.!> The
pathogens included in that study were Cam-
Dpylobacter spp, Cryptosporidium spp, nonty-
phoidal Salmonella enterica, STEC O157:H7,
non-0157 STEC strains, Listeria monocyto-
genes, and Yersinia enterocolitica. The inves-
tigators estimated that 445,213 illnesses, 4,933
hospitalizations, and 76 deaths caused by
these pathogens occurred annually as a result
of animal contact in all (ie, private and public)
settings. Pathogens with the highest propor-
tion of cases attributable to animal contact
were Campylobacter spp (17%), Cryptospo-
ridium spp (16%), nontyphoidal S enterica
(11%), non-0157 STEC strains (8%), and STEC
O157:H7 (6%).

Enteric bacteria and parasites pose the
highest risk for human disease from animals
in public settings."* Enteric disease outbreaks
among visitors to fairs, farms, petting zoos, and
other public settings are well documented.!>-40
Cattle, Sheep, or goatsli,17,20,21,26—28,30,31,34,36,38,40
have typically been identified as sources for
infection; however, live poultry104-48 ro-
dents,®-53 reptiles, 5490 amphibians,® and
other domestict©2%3 and wild® animals also
are established sources. Animals that appear
healthy can carry pathogens that cause illness
in people. A small number of pathogens is often
enough to cause illness.*4-8

Outbreaks as well as sporadic infections
with nontyphoidal § enterica have been as-
sociated with animal contact. Animals that
present a high risk for human Salmonella
spp infections and have been implicated
as sources of outbreaks of human illness in-
clude poultry (eg, chicks, chickens, and duck-
lings)'16:41-48.09-72. reptiles (eg, turtles, snakes,
or lizards)33>4-60.73-80; and amphibians, espe-
cially frogs.®81-85 From 1990 through 2014,
53 disease outbreaks linked to live poultry
in the United States have been document-
ed.1643.0984 Some of the ill persons in those
outbreaks reported contact with live poultry
at feed stores,'*#3% schools or daycare facili-
ties,'04199 fairs % petting z00s,° and nursing
homes (CDC, unpublished data, 2010). Since
2014, an additional 14 outbreaks and approxi-
mately 1,200 cases of illness associated with
exposure to live poultry have been document-
ed (CDC, unpublished data, 2017). Preventive
measures at the hatchery level and in agricul-
tural feed stores, along with proper handling
of live poultry by poultry owners, can help
prevent salmonellosis.#2

Reptiles and amphibians can carry Sal-
monella spp and have been linked to numer-
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ous outbreaks of human illness. Despite laws
banning their sale or distribution in the Unit-
ed States, small turtles (those with shells that
measure < 4 inches long) continue to be dis-
tributed. From 2006 through 2014, 15 multi-
state outbreaks of salmonellosis, comprising
921 reported illnesses (including a fatal case
in an infant), have been linked to contact with
small turtles and their habitats.>® Salmonella
Typhimurium infections have been linked to
contact with African dwarf frogs (an aquat-
ic amphibian), their habitats, or water from
their habitats. Ill people included those who
reported acquiring frogs at carnivals, pet
stores, and other retail stores.®!:82 Activities
associated with increased risk of zoonotic
disease transmission from turtles, frogs, and
other aquatic animals include direct and in-
direct contact with the animal, tank, water,
filtration equipment, or other tank contents.
These findings have implications for risk of
infection from aquatic exhibits (eg, aquari-
ums and aquatic touch tanks).

Other animals associated with outbreaks
of Salmonella spp infections in people include
hedgehogs®>#> and rodents such as hamsters,
mice, and guinea pigs.®->3 In all animal species
that might harbor Salmonella organisms, it is
possible for animals that appear healthy and
clean to carry and shed the bacteria in their
excreta, which can contaminate their fur, hair,
feathers, scales, or skin. Salmonella spp can
also be present in environments where animals
or animal excreta, fur, hair, feathers, scales, or
skin are present (eg, barns, petting zoos, school
classrooms, and pet stores). Pet food and treats,
which may be present in public settings such
as pet stores, fairs, and school classrooms, have
been confirmed as sources of human salmonel-
losis in several instances.30-92

Case-control studies”3-% also have as-
sociated sporadic enteric infections (ie, those
not linked to an outbreak) with animals in-
cluding reptiles, amphibians, farm animals,
and cats. For example, a study®> of sporadic
Escherichia coli O157:H7 infections in the
United States determined that people who
became ill were more likely to have visited a
farm with cows than were people who did not
become ill. Other investigations identified as-
sociations between E coli O157:H7 infection
and visiting a farm®” or living in a rural area?8
Results of studies®®!° of cryptosporidiosis in
people found that contact with cattle is a risk
factor for infection. Another study'”! identified
consumption of raw milk and contact with
farm animals among the factors associated
with Campylobacter infection.

(1) Animals shedding enteric pathogens.
Animals carrying human enteric patho-

gens frequently have no signs of illness
but can still shed the organisms in fe-
ces.!2 Removing ill animals, especially
those with diarrhea, from public contact
is necessary, but this step alone is not suf-
ficient to protect the health of people and
other animals. The fact that some patho-
gens can be shed intermittently and sur-
vive for months or years in the environ-
ment,'03-197 a5 well as the limitations of
laboratory testing, makes attempts to
identify and remove infected animals
unreliable as means of eliminating the
risk for transmission. Antimicrobial
treatment cannot reliably eliminate in-
fection or prevent shedding, and it does
not protect against reinfection. Antimi-
crobial use in animals can also prolong
shedding and contribute to antimicrobial
resistance.!08-110

Disease transmission at animal exhibits
can be influenced by multiple factors. Stress
induced by transportation, confinement,
physical crowding, and increased handling
increases the likelihood of animals shedding
pathogens.!''"17  Commingling increases
the probability that the shed pathogens
will infect other animals."® Young ani-
mals, which are frequently included in set-
tings such as petting zoos, farm visits, and
educational programs for children, have
a higher prevalence of shedding enteric
pathogens such as E coli O157:H7 than do
mature animals.'-121 Animal shedding of
E coli O157:H7 and Salmonella organisms
is highest in the summer and fall,1¢121
when traveling animal exhibits, agricultur-
al fairs, and farm or petting zoo visits are
commonly scheduled.

(2) Transmission of enteric pathogens
to people. Enteric pathogens are primarily
transmitted by the fecal-oral route. Because
animal fur, hair, feathers, scales, skin, and
saliva harbor fecal organisms,'??> transmis-
sion can occur when people pet, touch,
feed, or are licked by animals. Exposure to
contaminated materials such as animal bed-
ding, environmental surfaces, clothing, and
shoes has also been associated with trans-
mission of pathogens.?333582123,124 1n addi-
tion, illness has resulted from fecal contami-
nation of food,?*1?> unpasteurized juice,'?
unpasteurized milk,'>127-130 and drinking
water.131-134

Young children (ie, < 5 years of age) are
considered to be at greater risk for acquir-
ing enteric pathogens from animals than
most adults are. One study'®® found that
certain risk behaviors for disease transmis-
sion such as physical contact with animals
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and hand-to-face contact were more com-
mon in children than in adults during pet-
ting zoo visits. In addition, young children,
elderly adults, and people with weakened
immune systems have an increased risk for
developing severe illness, compared with
healthy individuals outside these groups,
when they do become infected.'3® Finally,
attendees or visitors to animal venues are
not the only persons potentially exposed to
pathogens; livestock exhibitors have also
become infected with E coli O157:H7 in
outbreaks at fairs.?

(3) Environmental exposures to enteric
pathogens. Disease transmission can occur
in the absence of direct animal contact if
a pathogen is present in the environment.
Outbreaks of enteric illness have been as-
sociated with exposure to environments
after animals were removed,'3” dust in
the environment,'*® touching or step-
ping in manure? and falling down or sit-
ting on the ground in a petting z00.3? Ill
people have also reported having contact
with manure on a fence without having
touched an animal.?> In an outbreak of
E coli O157:H7 in 2004, the outbreak strain
was isolated from shavings collected from a
baby stroller and from the shoes of petting
700 Vvisitors.3?

Enteric pathogens can persist in con-
taminated environments for long periods.
For example, E coli O157:H7 can survive in
soil for mOIlthS.22’55’102’105’105’107’124’a In a 2009
E coli O157:H7 outbreak associated with ro-
deo attendance, the outbreak strain was iso-
lated from the rodeo grounds 90 days after
the end of the event.?? Other outbreaks have
also demonstrated long environmental persis-
tence of pathogens, including E coli O157:H7
recovered from sawdust on the floor of an
animal barn up to 42 weeks after a fair.!?4

b. Internal parasites

Animal parasites can infect people who
ingest materials contaminated with animal fe-
ces or who ingest or otherwise come into con-
tact with contaminated soil. Exposure to par-
asites in public settings has led to outbreaks
including toxoplasmosis at a riding stable!38.139
and cutaneous larva migrans at a children’s
camp.'® The presence of Toxocara eggs in
public parks indicates a potential risk of toxo-
cariasis to people in public settings.'¥1-143 Ex-
posure to Baylisascaris procyonis, raccoon
roundworms, in public settings is also possi-
ble; a kinkajou purchased from a pet store was
found to be infected with B procyonis,' 4 and
antibodies to B procyonis were detected in 7%
of a sample of wildlife rehabilitators from the
United States and Canada.'¥

c. Animal bites and scratches

(1) Rabies. People who have contact
with rabid mammals can be exposed to ra-
bies virus through a bite or when mucous
membranes or open wounds become con-
taminated with infected saliva or nervous
tissue. Although no human deaths due to ra-
bies incurred through animal contact in pub-
lic settings have been reported in the United
States, multiple rabies exposures have oc-
curred, requiring extensive public health
investigations and medical follow-up. Thou-
sands of people have received rabies postex-
posure prophylaxis after being exposed to
rabid or potentially rabid animals or animal
carcasses. Animals involved in reported ex-
posures have included bats, raccoons, cats,
goats, bears, sheep, horses, foxes, and dogs,
at various venues: an urban public park,'4°
a pet store,'7 a county fair,®>'8 petting
700s,199150 schools,®? rodeo events,®? a horse
show,>! and summer camps.'’? Important
public health and medical care challenges
associated with potential mass rabies expo-
sures include difficulty in identifying and
contacting individuals who are potentially at
risk, correctly assessing exposure risks, and
providing timely medical prophylaxis when
indicated. Human infection with rabies virus
is almost always fatal once clinical signs of
rabies appear, and prompt assessment and
appropriate treatment are critical.’

(2) Other bite-related and scratch-related
infections. Infections from animal bites and
scratches are common; some may require
extensive treatment or hospitalization. Bac-
terial pathogens associated with animal
bites include Pasteurella spp, Francisella
tularensis,'>155 Staphylococcus spp, Strep-
tococcus spp, Capnocytopbaga canimor-
sus, Bartonella henselae (the etiologic
agent of cat scratch disease), and Strepto-
bacillus moniliformis (the etiologic agent
of rat bite fever).’® Some monkey species
(especially macaques) can be infected with
B virus (formerly known as cercopithecine
herpesvirus 1). Infected monkeys may have
no clinical signs or have mild oral lesions;
however, fatal meningoencephalitis has
been reported in human patients infected
through monkey bites or by exposure to
bodily fluids.!>7158

d. Skin infections

Skin contact with animals in public set-
tings can also result in human infection. Cases
of ringworm have been reported among ani-
mal exhibitors.’ Infection with parapox virus
(the causative agent of contagious ecthyma,
also described as orf or sore mouth in sheep
and goats) has developed in children after con-
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tact with sheep in a public setting.'®® Trans-
mission of pox viruses to people in public set-
tings also has been described, including cow-
pox virus in a circus animal keeper,'°! cowpox
virus in people who handled pet rats at a pet
store,'? and monkeypox among people who
contacted infected prairie dogs at a childcare
center.'31%4 Contact with aquatic animals and
their environment has also been implicated
in cutaneous infections,'®> such as Mycobac-
terium marinum infections in people who
owned or had cleaned fish tanks.100.167
e. External parasites
Ectoparasites and endoparasites can be
spread to people who interact with exhibit
animals. Sarcoptes scabiei is a skin mite with
different host-specific variants that infest
people and animals, including swine, dogs,
cats, foxes, cattle, and coyotes.981% Although
human infestation by animal variants is self-
limiting, skin irritation and itching might oc-
cur for multiple days and can be difficult to
diagnose.l*170 Bites from avian mites have
also been reported in association with gerbils
in schoolrooms.!”! Ectoparasite control should
be considered in animals in public settings to
reduce the risk of human exposure to flea and
tick-borne diseases.
2. Diseases transmitted through droplets or aerosols
Generation of infectious droplets or aerosols
and subsequent contamination of the environ-
ment is an important risk for indirect transmis-
sion of disease in public settings. These droplets
or aerosols can include infectious agents from
animals’ respiratory tracts, reproductive fluids,
or other sources. Cleaning procedures (eg, pres-
sure washing!'®17?) or dust raised in animal envi-
ronments, including dust generated from activi-
ties such as sweeping and leaf blowing, can lead
to infectious aerosols in the immediate environ-
ment and surrounding areas.
a. Influenza
Transmission of influenza A viruses be-
tween people and animals has increasingly
important implications for human-animal in-
teractions in public settings. Influenza viruses
that normally circulate in pigs are called vari-
ant viruses when they are found in people.!”?
Although pigs with influenza can become ill,
it has also been shown that apparently healthy
pigs can carry influenza viruses.'” Sporadic
cases and small clusters of human infections
with variant influenza viruses have been re-
ported since the 1970s7>'76; most of these
cases were associated with direct or indirect
exposure to swine at agricultural fairs.177-179
From July 2011 through October 2012,
> 300 confirmed infections with influenza A
(H3N2) variant viruses were reported across
10 states.!74180-184 Most infections occurred

in children who reported direct contact with
swine at agricultural fairs. Although viruses
that normally circulate in birds (avian influ-
enza A viruses) usually do not infect humans,
rare cases of human infection with these vi-
ruses have been reported.'’® Transmission
of human influenza viruses from people to
swine'8®187 and other species also has been
reported. For example, in 1998, a new strain
of influenza A (H3N2) virus derived from hu-
man, avian, and classical swine influenza A
viruses emerged and became established in
swine.!88

b. Tuberculosis

Tuberculosis can be a concern in certain
animal settings; however, the risk is primar-
ily for close contacts, including handlers, of
certain animal species,'8-1°1 particularly ele-
phants.1219 Guidelines have been developed
regarding removal of tuberculosis-infected
animals from public settings.'?

c. Q fever

Live-birthing exhibits, usually involv-
ing cattle, pigs, goats, or sheep, are popular
at agricultural fairs and farm visits. Although
members of the public do not typically have
direct contact with animals during birthing,
contact with newborn animals and their dams
may occur afterward. Numerous cases of ill-
ness related to Q fever have been linked to
viewing of animal births.”>P Leptospirosis,
listeriosis, brucellosis, and chlamydiosis are
other serious zoonotic diseases that can be ac-
quired through contact with aborted fetuses,
newborn animals, reproductive tissues, or as-
sociated fluids.”

The causative agent of Q fever is the
Coxiella burnetii bacterium; goats, sheep,
and cattle are the most frequently implicated
animal sources of human infections in the
United States.®® Although C burnetii infec-
tion can cause abortion in animals, it is often
subclinical. High numbers of organisms shed
in reproductive tissues, and fluids can become
aerosolized during birthing, and inhalation of
aerosolized organisms can lead to infection in
people. Most individuals exposed to C bur-
netii develop an asymptomatic infection, but
clinically apparent illness can range from an
acute influenza-like illness to life-threatening
endocarditis, as well as premature birth, still-
birth, and miscarriage in pregnant women.!*’
In 1999, an outbreak of Q fever involving 95
confirmed cases of the disease and 41 hospi-
talizations was linked to goats and sheep giv-
ing birth at petting zoos in indoor shopping
malls in Canada.” Another Q fever outbreak, in
which > 30 human cases were reported in the
Netherlands, was associated with public lamb-
viewing days at a sheep farm in 2009.19°
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d. Chlamydophila psittaci infections
Chlamydopbhila psittaci infections are
usually acquired from psittacine birds and
cause respiratory disease in people.'® Cases
of human psittacosis have occurred among
staff members at a zoological garden,'® among
people exposed to an aviary in a church,?%0
and among pet store staff and visitors.?® On
rare occasions, chlamydial infections acquired
from sheep and birds have resulted in human
maternal and fetal illness and death.201-204

3. Factors influencing the risk of zoonotic disease

transmission

1274

a. Handwashing

Handwashing following contact with ani-
mals has been associated with decreased rates
of illness during disease outbreaks associated
with animals in public settings. The CDC was
prompted to establish recommendations for
enteric disease prevention associated with
farm animal contact after 2 outbreaks of E coli
O157:H7 infections in 2000 in Pennsylvania
and Washington.?%> Risk factors identified in
the Pennsylvania outbreak were contact with
cattle and inadequate handwashing. It was
found that handwashing facilities were lim-
ited and not configured for children.3¢

In 1996, an outbreak of salmonellosis at a
Colorado zoo resulted in 65 cases of the dis-
ease (primarily among children) associated
with touching a wooden barrier around a tem-
porary Komodo dragon exhibit. Children who
were not ill were significantly more likely to
have washed their hands after visiting the ex-
hibit than children who were ill.3

In a 2005 Florida outbreak of E coli
0157:H7 infections,?> both direct animal con-
tact and contact with sawdust or shavings
were associated with illness. The likelihood
of illness was higher for people who reported
feeding animals and lower for those who re-
ported washing their hands before eating or
drinking, compared with those who did not.
Creating a lather decreased the likelihood of
illness for individuals who used soap and wa-
ter for handwashing; however, drying hands
on clothing increased the likelihood of illness.¢

In 2 outbreaks of infection with multiple
enteric pathogens that took place in 2000
through 2001 at a Minnesota children’s farm
day camp, washing hands with soap after
touching a calf and washing hands before
going home were associated with decreased
likelihood for illness.?’” Risk factors for chil-
dren who became ill included caring for an ill
calf and getting a visible amount of manure on
their hands.

Interventions that have been shown to
improve hand hygiene compliance include
having venue staff provide verbal reminders

about hand hygiene to guests before they leave
the animal area, use of larger signs with more
prominent messages combined with staff ac-
tively offering hand sanitizer to visitors,2% and
having a staff member present within or at the
exit to the animal contact area.?’” Although
the use of hand sanitizers (with an alcohol
concentration of 60% to 95%) can be effective
at killing pathogens, it should be noted that
washing hands with soap and water is still
preferred because hand sanitizers do not work
equally well for all classes of pathogens and
might not work well when hands are heavily
soiled or greasy.28

b. Facility design

The layout and maintenance of facili-
ties and animal exhibits can increase or de-
crease the risk for infections.??” Factors that
increase this risk include inadequate hand-
washing facilities,? inappropriate flow
of visitors, and incomplete separation be-
tween animal exhibits and food preparation
and consumption areas.?3%210 Other fac-
tors include structural deficiencies associ-
ated with temporary food service facilities,
contaminated or inadequately maintained
drinking water systems, and poorly man-
aged sewage or manure containment and
disposal processes.33124132-134211 [n one of
the largest waterborne disease outbreaks in
the United States (1999),'32133 approximate-
ly 800 suspected cases of infection with
E coli O157:H7, Campylobacter spp, or
both were identified among attendees at
a New York county fair. In that outbreak,
unchlorinated water supplied by a shallow
well was used by food vendors to make bev-
erages and ice.!3?

Temporary and seasonal animal exhib-
its and activities are particularly vulnerable
to design flaws.?>33 Animal displays or pet-
ting zoos added to attract visitors to zoos,
festivals, roadside attractions, farm stands,
farms where people can pick their own
produce, feed stores, and Christmas tree
lots are examples of these types of exhib-
its. In 2004 and 2005, separate outbreaks of
E coli O157 occurred at seasonal state fairs in
North Carolina and Florida. Both of these out-
breaks involved exposure to vendor-run tem-
porary petting z0os.?> Inadequate handwash-
ing facilities were reported for a temporary
exhibit in British Columbia, Canada, where
childcare facility and school field trips to a
pumpkin patch with a petting zoo resulted
in E coli O157:H7 infections.>® Running water
and signs recommending handwashing were
not available, and alcohol-containing hand
sanitizers were placed at a height that was un-
reachable for some children.
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Venues not designed for or accustomed
to public events, such as working farms, wild-
life rehabilitation facilities, animal adoption
events, and animal shelters, might be less
likely to have facilities adequately designed to
accommodate visitors and to reduce the risk
of exposure to zoonotic disease agents. Limi-
tations that might lead to increased infection
risk include lack of or inadequate handwash-
ing stations and dedicated food service areas
and inappropriate traffic flow patterns. Public
access to animal waste areas in these venues
might also be problematic.!3”

c. Food contamination

Contamination of food products or food
preparation areas secondary to animal con-
tact has previously resulted in outbreaks.
Food products contaminated with zoonotic
pathogens have included unpasteurized apple
cider,'?® produce,® and raw milk."%? Con-
tamination from inadequate sanitation (eg, of
hands, utensils, or equipment) can occur dur-
ing food preparation or consumption. Venues
in which food contamination contributed to
human illness include summer camps?* and
an apple orchard.! Large, multistate foodborne
outbreaks of salmonellosis have been attrib-
uted to food preparers having had contact
with live poultry prior to handling food prod-
ucts and subsequently contaminating those
products.'®212 Additionally, consumption of
food in an animal environment has been as-
sociated with illnesses. In a 2015 outbreak of
E coli O157:H7 infections at a dairy event in
Washington, crude attack rates were higher
for individuals who were involved in activities
where food was served in an animal barn.'3’
Purchase of food at a farm visit?°> and the con-
sumption of sticky foods!? (eg, ice cream and
cotton candy) have also been associated with
E coli O157:H7-related illnesses.

d. Other factors influencing disease transmission

Events at which people have prolonged
close contact with animals, such as day camps
and livestock exhibitions, pose a unique
challenge with regard to disease prevention.
Examples of events where prolonged con-
tact has led to illness include an outbreak of
E coli O157:H7 infections that occurred at a
day camp where prolonged contact with live-
stock was encouraged.?!3

Failure to properly implement disease-pre-
vention recommendations has also contributed
to recurrent outbreaks. Following an outbreak
of cryptosporidiosis with 31 ill students at an
educational farm program in Minnesota, spe-
cific recommendations (including use of cover-
alls and rubber boots when handling calves, su-
pervised handwashing, and provision of hand
sanitizer) were provided to teachers but were

inadequately implemented.?® A subsequent
outbreak occurred several months later, with
37 additional illnesses.’! Handwashing facili-
ties and procedures were still inadequate, and
coveralls and boots that were used were found
to be dirty, cleaned infrequently, and handled
without subsequent handwashing.

Other disease outbreaks have resulted
from contaminated animal products used dur-
ing school activities. Salmonellosis outbreaks
associated with dissection of owl pellets in
classes have occurred?!; in 1 such outbreak,
risk factors for infection included inadequate
handwashing, use of food service areas for
the activity, and improper cleaning of contact
surfaces. Students in a middle school science
class were among those infected in a multi-
state salmonellosis outbreak associated with
frozen rodents sold as snake food.!

B. Physical injuries caused by animals
in public settings

Although infectious diseases are the most com-
monly reported health problems associated with ani-
mals in public settings, injuries caused by animals are
also commonly reported, and these can result in in-
fection as well as trauma. For example, dog bites are
an important community problem for which specific
guidelines have been written.?"> Injuries associated
with animals in public settings include bites, kicks,
falls, scratches, stings, crushing of extremities, and
being pinned between an animal and a fixed object.
Serious and fatal injuries have been associated with
various venues and species including commercial sta-
bles (interaction with horses),?!® animal sanctuaries
(tigers),?!” petting zoos (llamas),?'® photo opportuni-
ties (tigers and bison),?!721? schools (snakes),??° ani-
mal safaris (camels),??! and dog parks (dogs).???

IV. Recommendations
for Disease Prevention

A. Overview

Information, publications, and reports from
multiple organizations were used to create the rec-
ommendations in this document.??3-2%> Although no
US federal laws address the risk for transmission of
pathogens at venues where animals and the public
come into contact, some states regulate actions such
as the provision of handwashing stations in some or
all such settings.?26-227

Certain federal agencies and associations in the
United States have developed standards, recommen-
dations, and guidelines for reducing health risks as-
sociated with animal contact by the public. The As-
sociation of Zoos and Aquariums has accreditation
standards requiring training of staff on the risks of
zoonotic diseases, including those associated with
public contact.??® The USDA licenses and inspects
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certain animal exhibits in accordance with the Ani-
mal Welfare Act®??; although these inspections pri-
marily address humane treatment of animals, they
also impact animal health and public safety. In 2001,
the CDC issued recommendations to reduce the risk
of infection with enteric pathogens associated with
farm visits.?> The CDC has also issued recommen-
dations for preventing transmission of Salmonella
spp from reptiles, amphibians, and live poultry to
people®® 71747682230 and provides educational post-
ers in English and other languages online.?3! The As-
sociation for Professionals in Infection Control and
Epidemiology and the Animal-Assisted Interventions
Working Group have developed guidelines to address
risks associated with the use of animals in health-care
settings.®!! The NASPHYV has developed guidance and
compendia of measures to reduce risks for human ex-
posure to C psittaci, rabies virus, C burnetii, novel
influenza A viruses, and zoonotic pathogens that vet-
erinary personnel might be exposed to in an occupa-
tional setting.10-198.232-234

Studies!35206:207.235 in multiple localities have sug-
gested that the recommendations provided in the pres-
ent compendium are not completely implemented by
members of the public and managers or employees of
animal contact venues. Stakeholders should strive to
achieve comprehensive implementation of the recom-
mendations in this compendium, to help ensure that
visitors can stay healthy and reduce the risk of zoonot-
ic disease transmission while enjoying animals.

B. Applicable venues

The recommendations in this report were devel-
oped for settings in which direct animal contact is
possible. These settings include farm visits, agritour-
ism venues, petting zoos, school field trips, camps,
agricultural fairs, feed stores, wildlife sanctuaries,
animal swap meets, childcare centers and schools,
and other settings. Contact with animals in public
settings should only occur where measures are in
place to reduce the potential for disease transmission
or injuries. Incidents or problems should be investi-
gated, documented, and reported.

C. Recommendations for local, state,
and federal agencies

Agencies should encourage or require oversight
to ensure compliance with recommendations at ani-
mal contact venues. The recommendations should
be tailored to specific settings and incorporated into
best practices, protocols, and regulations developed
at the state or local level. Additional research should
be conducted regarding the risk factors and effective
prevention and control methods for health issues as-
sociated with animal contact. Additionally, commu-
nication and cooperation to ensure public health
and safety extends beyond human, animal, and envi-
ronmental health agencies and should include addi-
tional stakeholders such as professional associations,
schools, private companies, and industry groups.

1. Dissemination of recommendations

This compendium should be disseminated to
cooperative extension personnel, venue opera-
tors, farms that host public events, veterinarians,
schools and daycares, associations and industry
groups, and others associated with managing ani-
mals in public settings. Development of a com-
plete list of public animal contact venues within a
jurisdiction is encouraged to facilitate dissemina-
tion of these recommendations. Agencies should
disseminate educational and training materials to
venue operators and other stakeholders. Sample
materials are available in a variety of media in
the NASPHV Animals in Public Settings Toolkit,
which is available electronically (www.nasphv.
org/documentsCompendiumAnimals.html and
www.cdc.gov/healthypets/specific-groups/
contact-animals-public-settings.html).23¢
2. Investigating and reporting outbreaks

To evaluate and improve these recommen-
dations, surveillance activities for human infec-
tions associated with animal contact should be
enhanced. Agencies should take the following
steps:

e Conduct thorough epidemiological investi-
gations of outbreaks using a one-health ap-
proach across human, animal, and environ-
mental health sectors.

e Follow appropriate protocols for collec-
tion and laboratory testing of samples from
people, animals, and the environment, in-
cluding molecular subtyping of pathogen
isolates.

¢ Include questions on disease report forms
and outbreak investigation questionnaires
about exposure to animals and their envi-
ronments, products, and feed.

* Report outbreaks to state public health
departments.

e Local and state public health departments
should also report all outbreaks of enteric
infections resulting from animal contact to
the CDC through the National Outbreak Re-
porting System (www.cdc.gov/nors/).

D. Recommendations for animal
exhibitors and venue operators

Staff and visitor education, attention to hygiene,
and appropriate facility design as well as proper care
and monitoring of animals and their enclosures are
essential components for reduction of risks associat-
ed with animal contact in public settings. It is impor-
tant to be aware of and follow local, state, and federal
regulations regarding animals in public settings.

1. Education

Awareness of zoonotic disease risk is protec-

tive against illness in outbreaks.3? Therefore, edu-

cating visitors to public animal contact venues

about the risk for transmission of diseases from

animals to humans is a potential disease-preven-
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tion measure. Education is important not only at
traditional animal venues like petting zoos, but
also at farms and other venues where live animals
are sold or distributed to the public. Even in well-
designed venues with operators who are aware
of the risks for disease, outbreaks and injuries
can occur when visitors do not understand the
risks and therefore are less likely to apply disease-
prevention measures. Mail-order hatcheries, agri-
cultural feed stores, and other venues that sell or
display live poultry should provide health-related
information to owners and potential owners.
This should include information about the risk
of acquiring Salmonella infection from contact
with live poultry and measures to prevent such
infections. Other venues that sell live animals,
such as pet stores, should also provide educa-
tional materials to customers about the risk of ill-
ness and prevention of zoonotic infections. This
is especially important for animals considered
to have a high risk of transmitting disease to hu-
mans (eg, reptiles, amphibians, and live poultry).
Evidence-based prevention messages and free
educational materials are available in multiple
formats and in multiple languages on the CDC
Healthy Pets, Healthy People website (www.cdc.
gov/healthypets/).
a. Operators and staff

Operators and staff should be aware that
certain populations are more likely than oth-
ers to develop serious illness from pathogens
transmitted in animal contact settings. The
risk of infection leading to serious illness is
particularly high in children < 5 years of age.
Other groups that have an increased degree
of risk include people with waning immunity
(eg, individuals > 65 years of age), pregnant
women, or people who are immunocompro-
mised (eg, those with HIV-AIDS, without a
functioning spleen, or receiving immunosup-
pressive treatments). Individuals considered
to be at high risk for serious illness should
take heightened precautions or avoid animal
exhibits. In addition to thorough and frequent
handwashing, heightened precautions could
include avoiding contact with animals and
their environments.

Venue operators and staff (all individuals
involved with animal contact activity in any
public setting) should take the following steps
for public health and safety:

¢ Become familiar with and implement the
recommendations in this compendium.

e Consult with veterinarians, state and local
agencies, and cooperative extension personnel
on implementation of the recommendations.

¢ Become knowledgeable about the risks for
disease and injury associated with animals
and be able to explain risk-reduction mea-
sures to staff members and visitors.

Be aware of populations at high risk for disease

and injury interacting with animals and of the

presence of animals that pose a high risk for
causing disease and injury within the venue.

Each of the following aspects should be
taken into consideration in facility design
and operation, educational messaging, and
animal care and management:

e Direct public contact with ill animals is
inappropriate for any audience.

e Children < 5 years of age should not
have direct contact with animals that
are considered likely to carry zoonotic
pathogens (eg, preweaned calves, rep-
tiles, amphibians, or live poultry).

e Children < 5 years of age are also at high
risk for disease and injury from contact
with other animals and should be su-
pervised at all times to discourage hand-
to-mouth activities (eg, nail biting and
thumb sucking), contact with manure,
and contact with soiled bedding.

e Individuals > 65 years of age and those
with weakened immune systems (eg, peo-
ple with HIV-AIDS, without a functioning
spleen, or receiving immunosuppressive
treatment) also have a high risk of devel-
oping serious illness from contact with
animals carrying zoonotic diseases.

e Pregnant women are at risk of still-
birth, miscarriage, and preterm deliv-
ery from certain pathogens that might
be present in animal contact settings.

e Direct contact with venomous or other-
wise dangerous animals (eg, venomous
reptiles, nonhuman primates, or certain
carnivores and other rabies reservoir spe-
cies) should be completely prohibited (See
the Animal Care and Management section
for more information on these species)

* Live animals, especially reptiles, amphib-
ians, and poultry, should not be given as
prizes at fairs, carnivals, or other events.

Ensure that visitors receive educational mes-

sages before entering an exhibit, including

information that animals can cause injuries

or carry germs that can cause serious ill-

ness, along with recommended prevention

measures (Figure |; Appendix 2'3).

Provide information in a simple and easy-to-

understand format that is age appropriate

and language appropriate.

Provide information in multiple formats

(eg, signs, stickers, handouts, and verbal in-

formation) and languages.

Provide information to people arranging school

field trips or classroom exhibits so they can ed-

ucate participants and parents before the visit.

Encourage compliance by the public with risk-

reduction recommendations, especially compli-
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e Be aware that the risks associated
with animal contact are higher
among people of certain age groups
and health conditions, especially
children <5 years of age, pregnant
women, anyone > 65 years of age,
and individuals with weakened im-
mune systems, than for others.

ALL ANIMALS can
'CARRY GERMS [ IR e

of animals and areas with animal
" % ) waste; prevent inappropriate
contact with animals and sitting

or playing on the ground.

e Practice proper hand hygiene,
including washing hands imme-
diately upon exit of the animal
area and before any hand-to-
mouth activity or eating is done.

e Practice proper hand hygiene af-
ter any contact with shoes, stroll-
ers, or clothing that might have
come in contact with animals,
their waste, or their bedding.

e Report any animal bites or inju-
ries promptly to the venue opera-
tor and to authorities per local or
state law.

e Understand that certain diseases
shared between animals and
people can also pass from people
to animals.

2. Facility design and use

Venues should be divided into 3
types of areas: nonanimal areas (where
animals are not permitted, with the ex-
ception of service animals), transition
areas (located at entrances and exits to
animal areas), and animal areas (where
animal contact is possible or encour-
aged; Figure 3).

a. Layout and traffic patterns

(1) Animal area considerations.
The design of facilities and animal pens
should minimize the risk associated
with animal contact (Figure 3), including
limiting direct contact with manure and en-

Some people are more likely to get sick: babies,
toddlers, pregnant women, older adults, and
those with weakened immune systems.

Stay Healthy:

® No food, drinks, baby bottles, pacifiers,
toys, or strollers in animal areas.

m Watch kids & those with intellectual
disabilities around animals.

® Make sure kids don't put their fingers or
other things in their mouths.

® Wash hands with soap & water right after
visiting the animals.

STOP GERMS!

e
Washington State Department of Health - DOH 333-201 October 2014 IIIH th

Figure 1—Suggested sign or handout for use in safety education of visitors en-
tering animal areas of petting zoos or other exhibits (available at www.nasphv.
org/documentsCompendiumAnimals.html [accessed Sep 14, 2017]).

ance with handwashing procedures as visitors

exit animal areas (Figure 2; Appendix 3).1->257

e Ensure compliance with licensing and reg-

istration requirements under the Animal
Welfare Act per USDA guidelines for dealers,
exhibitors, transporters, and researchers.??®

e Comply with local and state requirements

for reporting animal bites or other injuries.

couraging handwashing (Appendix 3). The
design of facilities or contact settings might
include double barriers to prevent contact
with animals or contaminated surfaces ex-
cept in specified animal interaction areas.
Contact with fecal material or soiled bed-
ding in animal pens increases risk of expo-

b. Visitors

Visitors to animal exhibits and those partici-
pating in interaction activities of any kind should
be presented with effective educational messag-
es aimed at ensuring compliance with the follow-
ing recommendations:

sure to pathogens, and facility designs and
policies should limit or prevent this type
of exposure, especially to individuals who
might be at high risk for infection.
Investigations of previous outbreaks
have revealed that temporary exhibits are
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¢ Children should not be allowed to sit

. e o ) or play on the ground in animal ar-

Anlmal EXhlbltS eas or on manure piles. If hands be-

WHO come soiled, supervise handwashing
immediately.

e For areas where animal contact is
encouraged, a 1-way flow of visitors
is recommended, with separate en-
trance and exit points (Figure 3).

e Control visitor traffic to prevent
overcrowding.

¢ Ensure that animal feed bowls or
bins and water are not accessible to
the public.

e Allow the public to feed animals
only in circumstances where con-
tact with animals is controlled (eg,
with barriers).

e Do not provide animal feed in contain-
ers that can be eaten by people (eg,
ice cream cones) to decrease the pos-
sibility of children eating food that has
come into contact with animals.

e Promptly remove manure and soiled
animal bedding from exhibit areas.

e Assign trained staff members to en-
courage appropriate human-animal
interactions, to identify and reduce
potential risks for patrons, and to pro-

cess reports of injuries and exposures.

‘;ﬁ Rinse hands ¢ Ensure that visitors do not have ac-

cess to animals that are not part of

the defined interaction area, espe-
cially in on-farm visit situations.

N\ Formoreinfomaion it COCs HeolhyPts, Helhy Pecpl webste vede s cocs ing websie wnicd ¢ Store animal waste and specific tools

Figure 2—Suggested sign to encourage compliance with handwashing proce- for waste removal (eg, shovels and

dures as a means of reducing the possible spread of infectious disease (available in pitchforks) in designated areas that

several languages at www.cdc.gov/healthypets/publications/index.html#animal- are restricted from public access.
exhibits-and-handwashing [accessed Jun 30, 2017]). + Avoid transporting manure and soiled
bedding through nonanimal areas or
transition areas. If this is unavoidable,
often not designed appropriately. Common take precautions to prevent spillage.

problems include inadequate barriers, floors e Where feasible, clean and disinfect the
and other surfaces that are difficult to keep animal area (eg, flooring and railings) as

clean and disinfect, insufficient plumbing, necessary.

lack of signs regarding potential health  Provide adequate ventilation for ani-

risks and risk prevention measures, and in- mals?3® and people, but avoid creating air

adequate handwashing facilities.?>3%3%12> movement that distributes dust, which

Specific recommendations might be neces- may contain contaminants.

sary for certain settings, such as schools and  Minimize the use of animal areas for pub-

childcare facilities (Appendix 4'3). lic activities (eg, weddings and dances).
Recommendations for animal areas are If areas previously used for animals must

as follows: be used for public events, they should be

cleaned and disinfected, particularly if

Wash Hands When Leaving

©_Everyone, especially young children, older individuals, and people with
weakened immune systems

WHEN

Always Wash Hands:

After touching animals or their living
area

After leaving the animal area
After taking off dirty clothes or shoes
After going to the bathroom
Before preparing foods, eating, or drinking

HOW

#81 Wet your hands with clean,
running water

‘-'ﬁ Apply soap

&8 Rub hands together to make a lather and scrub well, including backs of
' hands, between fingers, and under fingernails

o1 Rub hands at least 20 seconds. Need a timer? Hum the “Happy Birthday”
song from beginning to end twice

o1 Dry hands using a clean paper towel or air dry them. Do not dry hands
on clothing

-

e Do not allow consumption of food or bev-

erages in animal areas.

Do not allow toys, pacifiers, spill-proof
cups, baby bottles, strollers or similar
items to enter animal areas.

Prohibit smoking and other tobacco prod-
uct use in animal areas.

food or beverages are served.

For bird encounter exhibits, refer to the
NASPHV’s psittacosis compendium!®® for
recommendations regarding disease pre-
vention and control.

Visitors to aquatic touch tank exhibits should
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Design 1
Nonanimal area
Signs | | Signs %
ﬁ ﬁ
Ent Animal 21 Exit
ntry | | area | %1 Xi
ﬁ ﬁ
Signs | | Signs %
&8
Design 2
Nonanimal
area

Signs /*% Signs

P Animal
4_' 4—' area
Signs = Signs
a_r I
'
@8
l:l Transition into or out of animal el Flow of
area (single entry and exit shown visitors
in Design 2)
P Storage for strollers and other AL Hand-washing
@@ Personal items @ station

Figure 3—Examples of 2 designs for facilities with animal ex-
hibit areas, including clearly designated animal areas, nonanimal
areas, and transition areas with handwashing stations and signs.'
(Adapted from NASPHV Animal Contact Compendium Com-
mittee 2013. Compendium of measures to prevent disease asso-
ciated with animals in public settings, 2013. | Am Vet Med Assoc
2013;243:1270—1288. Reprinted with permission.)

be advised not to participate if they have
open wounds. Handwashing stations and
signs should be provided as for other venues.

* When using animals or animal products
(eg, pelts, fecal material, or owl pellets)
for educational purposes, use them only
in designated animal areas. Animals and
animal products should not be brought
into school cafeterias or other areas
where food and beverages are stored,
prepared, served, or consumed.

¢ When animals are in school classrooms,
specific areas must be designated for ani-
mal contact (Appendix 4). These areas
must be thoroughly cleaned after use.
Parents should be informed of the pres-

ence of animals as well as the benefits
and potential risks associated with ani-
mals in school classrooms.

e Immersion exhibits (where members of
the public enter into the animal space)
present additional opportunities for
transmission of infectious agents. Entry
into these spaces can lead to increased
contamination of clothes, shoes, and
other items, therefore increasing risk for
disease. Lack of barriers between animals
and people also increases the risk for in-
jury. These exhibits heighten the need
for supervision and awareness by venue
operators and attendees.

(2) Transition area considerations. The
following steps are recommended for man-
agement of transition areas between non-
animal and animal areas. Establishing transi-
tion areas through which visitors pass when
entering and exiting animal areas is critical.
The transition areas should be designated as
clearly as possible, even if they are concep-
tual rather than physical (Figure 3).

Entrance transition areas should be de-
signed to facilitate education:

e Post signs or otherwise notify visitors
that they are entering an animal area and
that there are risks associated with ani-
mal contact (Figure 1).

¢ Instruct visitors not to eat, drink, smoke,
place their hands in their mouth, or use
bottles or pacifiers while in the animal area.

e Establish storage or holding areas for
strollers and related items (eg, wagons
and diaper bags).

Exit transition areas should be designed

to facilitate handwashing (Appendix 3):

* Post signs or otherwise instruct visitors
to wash their hands when leaving the ani-
mal area (Figure 2).

* Provide accessible handwashing stations
for all visitors, including children and
people with disabilities (Figure 3).

e Position venue staff members near exits
to encourage compliance with proper
handwashing.

e Post signs or otherwise instruct visitors
to exercise proper handwashing when
handling shoes, clothing, and strollers
that might have come in contact with ani-
mal bedding or waste.

(3) Nonanimal area considerations. Recom-
mendations for nonanimal areas are as follows:

e Do not permit animals, except for service
animals, in nonanimal areas.

e Restrict storage, preparation, serving,
and consumption of food and beverages
to nonanimal areas.

1280 JAVMA < Vol 251 * No. | | » December 1,2017



* Provide handwashing facilities and display
handwashing signs where food or bever-
ages are served (Figure 2; Appendix 3).
e Separation of food from animal contact
areas is of particular importance to farm
visit venues; this includes food tasting,
distribution of food samples, and con-
sumption of beverages, snacks, or meals.
b. Cleaning and disinfection

Cleaning and disinfection practices should
be tailored to the specific situation. For exam-
ple, most parasitic pathogens, such as Cryp-
tosporidium parvum, are resistant to most
disinfectants. When a particular organism has
been identified, additional guidance regarding
specific disinfectants can be found in other
resources.? General recommendations are
that all surfaces should be cleaned thoroughly
to remove organic matter before disinfection.
Prompt, safe removal of fecal matter reduces
the risk of infection. Disinfectants, such as
bleach and quaternary ammonium, should
be used in accordance with the manufacturer
label. Most compounds require > 10 minutes
of contact time with a contaminated surface
to achieve the desired result. Animals should
be removed during the cleaning process and
should not reenter the area until after disin-
fected surfaces have been thoroughly rinsed.

Venue operators should strive to develop
an integrated pest management program to
eliminate or reduce the risk of exposure to
pathogens carried by pests. Carriers of con-
cern include flies, mosquitos, ticks, and fleas
as well as rodents.
c. Unpasteurized food and products

Unpasteurized or raw dairy products (eg,
milk, cheese, and yogurt) and unpasteurized
cider or juices are potential sources of food-
borne pathogens. Consumption of such prod-
ucts should be prohibited.
d. Drinking water

Local public health authorities should in-
spect drinking water systems before use. Only
potable water should be used for consumption
by animals and people. Backflow prevention
devices should be installed between outlets
in livestock areas and water lines supplying
other areas on the grounds. If the water sup-
ply is from a well, adequate distance should be
maintained from possible sources of contami-
nation (eg, animal holding areas and manure
piles). Maps of the water distribution system
should be available for use in identifying po-
tential or actual problems. The use of outdoor
hoses should be minimized, and hoses should
not be left on the ground. Hoses that are ac-
cessible to the public should be labeled to in-
dicate the water is not for human consump-
tion. Operators and managers of facilities in

settings where treated municipal water is not
available should ensure that a safe water sup-
ply (eg, bottled water) is available.

. Animal care and management

a. Selection of animals for use in public settings

The risk for disease or injury from animal
contact can be reduced by carefully managing
animal use. The following recommendations
should be considered for management of ani-
mals in contact with the public:

e Direct contact with some animals is inap-
propriate in public settings, depending
on expected audiences. Use of preweaned
calves, reptiles, amphibians, and live poul-
try (including chicks) is not appropriate in
nursing homes, schools, daycares, or other
venues where groups at high risk for seri-
ous infection are expected to be present;
contact with other young ruminants such
as lambs or goat kids is also of increased
concern in such settings. Animals showing
signs of illness are not appropriate for use
in public settings. In addition, direct con-
tact with species known to serve as reser-
voirs for rabies virus (eg, bats, raccoons,
skunks, foxes, and coyotes) should not be
permitted. Certain nonhuman primates are
of particular concern because of the types
of pathogens they can transmit to people,
such as B virus.?4

e Because of their strength, unpredictability,
or ability to produce venom, certain do-
mestic, exotic, or wild animals should be
prohibited from exhibition settings where
a reasonable possibility of animal contact
exists. Species of primary concern include
certain nonhuman primates, certain carni-
vores (eg, lions, tigers, ocelots, wolves and
wolf hybrids, and bears), and venomous spe-
cies (eg, some reptiles and invertebrates).

b. Routine animal care

Venue operators and staff should monitor
animals daily for signs of illness and ensure
that animals receive appropriate veterinary
care. Ill animals, animals known to be in-
fected with a zoonotic pathogen, and animals
from herds with a recent history of abortion,
diarrhea, or respiratory disease should not be
exhibited. To decrease shedding of pathogens,
animals should be housed in a manner to mini-
mize stress and overcrowding.

c. Veterinary care and animal health

Venue operators should retain and use
the services of a licensed veterinarian. Regu-
lar herd or flock inspection while animals are
present in the venue is a critical component
of monitoring health. When necessary, Certifi-
cates of Veterinary Inspection from an accred-
ited veterinarian should be up-to-date accord-
ing to local or state requirements for animals in

JAVMA < Vol 251 * No. || » December 1,2017 1281



1282

public settings. Preventive care, including vac-
cination and parasite control appropriate for
the species, should be provided with appropri-
ate input from the herd or flock veterinarian.

(1) Vaccination against rabies virus. All
animals should be housed in a manner that
reduces potential exposure to wild animals
that may serve as rabies virus reservoirs.
Mammals should also be up-to-date for
rabies vaccinations according to current
recommendations.?>?> These steps are par-
ticularly critical in areas where rabies is en-
demic and in venues where human-animal
contact is encouraged or possible. Because
of the extended incubation period for ra-
bies, unvaccinated mammals should be vac-
cinated = 1 month before they have contact
with the public. If no licensed rabies vac-
cine exists for a particular species (eg, goat,
swine, llama, or camel) that is used in a set-
ting where public contact occurs, consul-
tation with a veterinarian regarding extral-
abel use of rabies vaccine is recommended.
A vaccine administered in an extralabel
manner does not provide the same degree
of assurance as a vaccine labeled for use in
a given species; however, extralabel use of
rabies vaccine might provide protection for
some animals and thus decrease the prob-
ability of rabies transmission.?3? Mammals
that are too young to be vaccinated should
be used in exhibit settings only if additional
restrictive measures are available to reduce
risks (eg, using only animals that were born
to vaccinated mothers and housed in a man-
ner to avoid rabies exposure). In animal
contact settings, rabies testing should be
considered for animals that die suddenly.

(2) Vaccination against enteric patho-
gens. While vaccines against certain enteric
pathogens (eg, Salmonella spp and E coli
O157:H7) are available for specific animal
species, insufficient evidence currently ex-
ists to support the use of these products to
reduce transmission of disease to people
in public settings.?¥! More research is nec-
essary and encouraged before firm recom-
mendations can be made.

(3) Other considerations for vaccination.
Vaccination of slaughter-class animals be-
fore displaying them at fairs might not be
feasible because of the slaughter withdraw-
al period that is needed when certain vac-
cines are used.

(4) Testing for zoonotic pathogens. Rou-
tine screening for zoonotic diseases is not
recommended, except for C psittaci infec-
tion in bird encounter exhibits'® and tu-
berculosis in elephants'®® and primates.?#?
Screening tests are available for some en-

teric pathogens (eg, STEC and Salmonella
spp); however, the interpretation of test
results can be problematic. Shedding can
be intermittent, and negative results do
not indicate an animal was not shedding
an organism at an earlier time or will not
start shedding in the near future. There is
no established guidance for management of
animals with positive test results, and inap-
propriate interpretation might lead to unnec-
essary treatments, quarantine, or euthanasia.

4. Birthing exhibits

Animal birthing exhibits are increasingly
popular. However, it is important for organizers
and attendees to understand that animals such
as goats, sheep, and cattle giving birth might be
shedding pathogens, such as C burnetii, Brucella
spp, Leptospira spp, and L monocytogenes. Or-
ganizers should be aware of the following steps
to reduce the risk of disease transmission:

e Ensure that the public has no contact with
newly born animals or birthing byproducts
(eg, the placenta).

¢ Ensure that attendees and staff who are par-
ticularly vulnerable to zoonotic diseases
(eg, pregnant women, people with cardiac
valvular disease and other heart conditions,
and people with weakened immune sys-
tems) and the parents of small children un-
derstand the risks of attending or working at
these exhibits.

e Thoroughly clean and disinfect the birthing
area after each birth, and use appropriate
safety precautions and disposal methods for
discarding waste products.

e If abortions or stillbirths occur, the exhibit
should be closed; operators should work with
their veterinarians to determine the cause of
abortions or stillbirths.

¢ Birthing events should be held outdoors or in
well-ventilated areas to reduce the risk for hu-
man exposure to aerosolized pathogens.

Additional information is available electroni-
cally in the CDC fact sheet on Q fever safety at
livestock birthing exhibits.243

5. Considerations regarding variant influenza

In response to the influenza A (H3N2) vari-
ant virus outbreaks associated with swine at agri-
cultural fairs in 2011 through 2012, the following
prevention strategies have been recommended?#4:

e All people should take routine preventive ac-
tions (eg, practice appropriate hand hygiene)
at fairs to reduce potential influenza virus
transmission between pigs and people.

¢ People at high risk of serious influenza-related
complications should avoid exposure to pigs
at fairs.

e Measures should be taken to reduce the pres-
ence of pigs with clinical signs of disease at
these events.
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Potential strategies to mitigate the risk for in-
traspecies and interspecies transmission of influ-
enza viruses at agricultural fairs include shorten-
ing the swine exhibition period, consulting with
a veterinarian to determine whether vaccination
of swine against influenza is appropriate, and al-
lowing = 7 days’ time between exhibitions before
showing a pig or its penmates to reduce the risk
of spreading influenza.?¥4 More detailed and cur-
rent recommendations for fairs can be found at the
NASPHV website.?34

V. Summary

Contact and interaction with animals in public
settings can be a valuable means of education and
entertainment. People who provide these opportu-
nities to the public as well as those attending such
venues should be aware of the potential health
risks associated with such venues and understand
that even apparently healthy animals can transmit
pathogens. The recommendations included in this
compendium will help venue operators, staff, and
attendees reduce the risk for injury and zoonotic
disease transmission in these settings.

Vl. Acknowledgments

The authors thank Kelly Gambino-Shirley, Lauren Steven-
son, Valerie Goeman, Natalie Toulme, Rachel Silver, Jennifer
Mitchell, and Megin Nichols for their work in revising and updat-
ing references and materials in this compendium and Chitrita
DebRoy and Megan Jacob for presenting their work on E coli
screening tests and vaccination to the committee.

VIl. Footnotes

a. Durso LM, Keen JE, Bauer N, et al. Assessment of three re-
mediation strategies for reduction of Shiga-toxigenic Esch-
erichia coli (STEC) O157 in naturally contaminated soil
(abstr), in Proceedings. Annu Meet Inst Food Technol 2007.
Available at:  www.ars.usda.gov/research/publications/
publication/?seqNo115=207142. Accessed Feb 17, 2017.

b.  Milford F, Vibien A, Lambert L, et al. Large Q-fever outbreak
related to exposure to petting zoos in two shopping malls
(oral presentation). 51st Annu Conf Dis Nat Transmissible
Man, Austin, Tex, May-June 2001.

c.  Chertow D, Gupta S, Ginzl D, et al. Outbreak of Escherichia
coli O157:H7 related to direct and indirect animal contact
in petting zoos—Florida, 2005 (abstr), in Proceedings. 55th
Annu Epidemic Intell Serv Conf 2006;36.

d. Saupe A, Fowler H, Anderston F, et al. E. coli O111 and Cryp-
tosporidium infections associated with raw apple cider at
an apple orchard (poster presentation). OutbreakNet Meet,
Atlanta, Ga, August 2012.

VIIl. References

1. NASPHV. Compendium of measures to prevent disease as-
sociated with animals in public settings, 2005. MMWR Re-
comm Rep 2005;54:1-12.

2. NASPHYV, CDC. Compendium of measures to prevent disease
associated with animals in public settings, 2011: National As-
sociation of State Public Health Veterinarians, Inc. MMWR
Recomm Rep 2011;60:1-24.

3.  NASPHV Animal Contact Compendium Committee 2013.
Compendium of measures to prevent disease associated
with animals in public settings, 2013. ] Am Vet Med Assoc
2013;243:1270-1288.

JAVMA < Vol 251 * No. || » December 1,2017

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23,

24.

Steinmuller N, Demma L, Bender J, et al. Outbreaks of en-
teric disease associated with animal contact: not just a food-
borne problem anymore. Clin Infect Dis 2006;43:1596-
1602.

Hardin P, Brown J, Wright ME. Prevention of transmitted in-
fections in a pet therapy program: an exemplar. Am J Infect
Control 2016;44:846-850.

Duncan SL. APIC state-of-the-art report: the implications of
service animals in health care settings. Am J Infect Control
2000;28:170-180.

Guay DRP. Pet-assisted therapy in the nursing home setting:
potential for zoonosis. Am J Infect Control 2001;29:178-186.
Lefebvre SL, Golab GC, Christensen EL, et al. Guidelines for
animal-assisted interventions in health care facilities. Am J
Infect Control 2008;36:78-85.

Murthy R, Bearman G, Brown S, et al. Animals in healthcare
facilities: recommendations to minimize potential risks. In-
fect Control Hosp Epidemiol 2015;36:495-516.

Williams CJ, Scheftel JM, Elchos BL, et al. Compendium of
veterinary standard precautions for zoonotic disease pre-
vention in veterinary personnel: National Association of
State Public Health Veterinarians: Veterinary Infection Con-
trol Committee 2015 (Erratum published in J Am Vet Med
Assoc 2016;248:171). ] Am Vet Med Assoc 2015;247:1252-
1277.

Sehulster L, Chinn RYW. Guidelines for environmental
infection control in health-care facilities: recommenda-
tions of CDC and the Healthcare Infection Control Prac-
tices Advisory Committee (HIPAC) (Erratum published in
MMWR Recomm Rep 2003;52:1025). MMWR Recomm Rep
2003;52:1-42.

National Institute for Occupational Safety and Health. Vet-
erinary Safety and Health. Available at: www.cdc.gov/niosh/
topics/veterinary/default.html. Accessed Feb 9, 2017.

Hale CR, Scallan E, Cronquist AB, et al. Estimates of enteric
illness attributable to contact with animals and their envi-
ronments in the United States. Clin Infect Dis 2012;54(suppl
5):8472-479.

LeJeune JT, Davis MA. Outbreaks of zoonotic enteric dis-
ease associated with animal exhibits. J Am Vet Med Assoc
2004;224:1440-1445.

Mgller-Stray J, Eriksen HM, Bruheim T, et al. Two outbreaks
of diarrhoea in nurseries in Norway after farm visits, April to
May 2009. Euro Surveill 2012;17:20321.

Loharikar A, Briere E, Schwensohn C, et al. Four multistate
outbreaks of human Salmonella infections associated with
live poultry contact, United States, 2009. Zoonoses Public
Health 2012;59:347-354.

Utsi L, Smith SJ, Chalmers RM, et al. Cryptosporidiosis out-
break in visitors of a UK industry-compliant petting farm
caused by a rare Cryptosporidium parvum subtype: a case-
control study. Epidemiol Infect 2016;144:1000-1009.
Adams NL, Byrne L, Smith GA, et al. Shiga toxin-produc-
ing Escherichia coli O157, England and Wales, 1983-2012.
Emerg Infect Dis 2016;22:590-597.

Brooks JT, Matyas BT, Fontana J, et al. An outbreak of Salmo-
nella serotype Typhimurium infections with an unusually
long incubation period. Foodborne Pathog Dis 2012;9:245-
248.

Thekweazu C, Carroll K, Adak B, et al. Large outbreak of vero-
cytotoxin-producing Escherichia coli O157 infection in visi-
tors to a petting farm in South East England, 2009. Epidemiol
Infect 2012;140:1400-1413.

McGuigan CC, Steven K, Pollock KGJ. Cryptosporidiosis as-
sociated with wildlife center, Scotland. Emerg Infect Dis
2010;16:895-896.

Lanier WA, Hall JM, Herlihy RK, et al. Outbreak of Shiga-toxi-
genic Escherichia coli O157: H7 infections associated with
rodeo attendance, Utah and Idaho, 2009. Foodborne Pathog
Dis 2011;8:1131-1133.

CDC. Notes from the Field: Escherichia coli O157:H7 gastro-
enteritis associated with a state fair—North Carolina, 2011.
MMWR Morb Mortal Wkly Rep 2012;60:1745-1746.

CDC. Cryptosporidiosis outbreak at a summer camp—North

1283



25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

1284

Carolina, 2009. MMWR Morb Mortal Wkly Rep 2011;60:918-
922.

CDC. Outbreaks of Escherichia coli O157:H7 associated with
petting zoos—North Carolina, Florida, and Arizona, 2004
and 2005. MMWR Morb Mortal Wkly Rep 2005;54:1277-
1280.

Warshawsky B, Gutmanis I, Henry B, et al. Outbreak of Esch-
erichia coli 0157:H7 related to animal contact at a petting
z0o0. Can J Infect Dis 2002;13:175-181.

Smith KE, Stenzel SA, Bender JB, et al. Outbreaks of enteric in-
fections caused by multiple pathogens associated with calves
at a farm day camp. Pediatr Infect Dis | 2004;23:1098-1104.
Shukla R, Slack R, George A, et al. Escherichia coli O157 in-
fection associated with a farm visitor centre. Commun Dis
Rep CDR Rev 1995;5:R86-R90.

Sayers GM, Dillon MC, Connolly E, et al. Cryptosporidiosis in
children who visited an open farm. Commun Dis Rep CDR
Rev 1996;6:R140-R144.

Pritchard GC, Willshaw GA, Bailey JR, et al. Verocytotoxin-
producing Escherichia coli 0157 on a farm open to the pub-
lic: outbreak investigation and longitudinal bacteriological
study. Vet Rec 2000;147:259-264.

Kiang KM, Scheftel JM, Leano FT, et al. Recurrent outbreaks
of cryptosporidiosis associated with calves among students
at an educational farm programme, Minnesota, 2003. Epide-
miol Infect 2006;134:878-886.

Goode B, O'Reilly C, Dunn J, et al. Outbreak of Escherichia
coli O157:H7 infections after petting zoo visits, North Caroli-
na state fair, October-November 2004. Arch Pediatr Adolesc
Med 2009;163:42-48.

Friedman CR, Torigian C, Shillam PJ, et al. An outbreak of
salmonellosis among children attending a reptile exhibit at a
z00. J Pediatr 1998;132:802-807.

Evans MR, Gardner D. Cryptosporidiosis outbreak associ-
ated with an educational farm holiday (Erratum published in
Commun Dis Rep CDR Rev 1996;6:R67). Commun Dis Rep
CDR Rev 1996;6:R50-R51.

Durso LM, Reynolds K, Bauer N Jr, et al. Shiga-toxigenic Esch-
erichia coli O157:H7 infections among livestock exhibitors
and visitors at a Texas county fair. Vector Borne Zoonotic
Dis 2005;5:193-201.

Crump JA, Sulka AC, Langer AJ, et al. An outbreak of Esche-
richia coli O157:H7 infections among visitors to a dairy farm.
N Engl ] Med 2002;347:555-560.

Chapman PA, Cornell J, Green C. Infection with verocytotox-
in-producing Escherichia coli O157 during a visit to an inner
city open farm. Epidemiol Infect 2000;125:531-5306.

David ST, MacDougall L, Louie K, et al. Petting zoo-associ-
ated Escherichia coli O157:H7—secondary transmission, as-
ymptomatic infection, and prolonged shedding in the class-
room. Can Commun Dis Rep 2004;30:173-180.

Halsby KD, Walsh AL, Campbell C, et al. Healthy animals,
healthy people: zoonosis risk from animal contact in pet
shops, a systematic review of the literature. PLoS One
2014;9:€89309.

Lange H, Johansen OH, Vold L, et al. Second outbreak of infec-
tion with a rare Cryptosporidium parvum genotype in school-
children associated with contact with lambs/goat kids at a holi-
day farm in Norway. Epidemiol Infect 2014;142:2105-2113.
CDC. Three outbreaks of salmonellosis associated with baby
poultry from three hatcheries—United States, 2006. MMWR
Morb Mortal Wkly Rep 2007;56:273-276.

Gaffga NH, Behravesh CB, Ettestad PJ, et al. Outbreak of sal-
monellosis linked to live poultry from a mail-order hatchery.
N Engl ] Med 2012;366:2065-2073.

Loharikar A, Vawter S, Warren K, et al. Outbreak of human
Salmonella Typhimurium infections linked to contact with
baby poultry from a single agricultural feed store chain and
mail-order hatchery, 2009. Pediatr Infect Dis ] 2013;32:8-12.
Basler C, Forshey TM, Machesky K, et al. Notes from the
field: multistate outbreak of human Salmonella infections
linked to live poultry from a mail-order hatchery in Ohio—
February-October 2014. MMWR Morb Mortal Wkly Rep
2015;64:258.

Nakao JH, Pringle J, Jones RW, et al. ‘One Health’ investiga-

406.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

6l.

62.

63.

64.

65.

60.

tion: outbreak of human Sal/monella Braenderup infections
traced to a mail-order hatchery—United States, 2012-2013.
Epidemiol Infect 2015;143:2178-2180.

Basler C, Forshey TM, Machesky K, et al. Notes from the
field: multistate outbreak of human Salmonella infections
linked to live poultry from a mail-order hatchery in Ohio—
March-September 2013. MMWR Morb Mortal Wkly Rep
2014;63:222.

CDC. Notes from the field: multistate outbreak of Salmonella
Infantis, Newport, and Lille infections linked to live poultry
from a single mail-order hatchery in Ohio—March-Septem-
ber, 2012. MMWR Morb Mortal Wkly Rep 2013;62:213.
CDC. Notes from the field: multistate outbreak of Salmo-
nella Altona and Johannesburg infections linked to chicks
and ducklings from a mail-order hatchery—United States,
February-October 2011. MMWR Morb Mortal Wkly Rep
2012;61:195.

CDC. Notes from the field: infections with Salmonella I
4,[5],12:i:- linked to exposure to feeder rodents—United
States, August 2011-February 2012. MMWR Morb Mortal
Wkly Rep 2012;61:277.

Bartholomew ML, Heffernan RT, Wright JG, et al. Multistate
outbreak of Salmonella enterica serotype Enteritidis infec-
tion associated with pet guinea pigs. Vector Borne Zoonot
Dis 2014;14:414-421.

Fuller CC, Jawahir SL, Leano FT, et al. A multi-state Salmonel-
la Typhimurium outbreak associated with frozen vacuum-
packed rodents used to feed snakes. Zoonoses Public Health
2008;55:481-487.

Harker KS, Lane C, De Pinna E, et al. An outbreak of Salmo-
nella Typhimurium DT191a associated with reptile feeder
mice. Epidemiol Infect 2011;139:1254-1261.

Swanson §J, Snider C, Braden CR, et al. Multidrug-resistant
Salmonella enterica serotype Typhimurium associated with
pet rodents. N Engl ] Med 2007;356:21-28.

Harris JR, Bergmire-Sweat D, Schlegel JH, et al. Multistate
outbreak of salmonella infections associated with small tur-
tle exposure, 2007-2008. Pediatrics 2009;124:1388-1394.
CDC. Notes from the field: outbreak of salmonellosis associ-
ated with pet turtle exposures—United States, 2011. MMWR
Morb Mortal Wkly Rep 2012;61:79.

Bosch S, Tauxe RV, Behravesh CB. Turtle-associated sal-
monellosis, United States, 2006-2014. Emerg Infect Dis
2016;22:1149-1155.

Gambino-Shirley K, Stevenson L, Wargo K, et al. Notes from
the field: four multistate outbreaks of human salmonella
infections linked to small turtle exposure—United States,
2015. MMWR Morb Mortal Wkly Rep 2016;65:655-656.
Walters MS, Simmons L, Anderson TC, et al. Outbreaks of sal-
monellosis from small turtles. Pediatrics 2016;137;¢20151735.
Basler C, Bottichio L, Higa J, et al. Notes from the field: multi-
state outbreak of human Sa/monella Poona infections associ-
ated with pet turtle exposure—United States, 2014. MMWR
Morb Mortal Wkly Rep 2015;64:804.

Whitten T, Bender JB, Smith K, et al. Reptile-associated
salmonellosis in Minnesota, 1996-2011. Zoonoses Public
Health 2015;62:199-208.

Mettee Zarecki SL, Bennett SD, Hall J, et al. US outbreak of
human Salmonella infections associated with aquatic frogs,
2008-2011. Pediatrics 2013;131:724-731.

Bender JB, Shulman SA, Animals in Public Contact Subcom-
mittee. Reports of zoonotic disease outbreaks associated with
animal exhibits and availability of recommendations for pre-
venting zoonotic disease transmission from animals to people
in such settings. J Am Vet Med Assoc 2004;224:1105-1109.
CDC. Notes from the field: multistate outbreak of human Sal-
monella Typhimurium infections linked to contact with pet
hedgehogs—United States, 2011-2013. MMWR Morb Mortal
Wkly Rep 2013;62:73.

Robinson DA. Infective dose of Campylobacter jejuni in
milk. Br Med J (Clin Res Ed) 1981;282:1584.

Chappell CL, Okhuysen PC, Sterling CR, et al. Cryptosporidi-
um parvum: intensity of infection and oocyst excretion pat-
terns in healthy volunteers. J Infect Dis 1996;173:232-236.
Tilden J Jr, Young W, McNamara AM, et al. A new route of

JAVMA < Vol 251 * No. | | » December 1,2017



67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

transmission for Escherichia coli: infection from dry fer-
mented salami. Am J Public Health 1996;86:1142-1145.
Mody RK, O'Reilly C, Griffin PM. E. coli diarrheal diseases.
In: Heymann DL, ed. Control of communicable diseases
manual. 20th ed. Washington, DC: American Public Health
Association, 2014;158-172.

Tuttle J, Gomez T, Doyle MP, et al. Lessons from a large out-
break of Escherichia coli O157:H7 infections: insights into
the infectious dose and method of widespread contamination
of hamburger patties. Epidemiol Infect 1999;122:185-192.
CDC. Multistate outbreaks of Salmonella infections associ-
ated with live poultry—United States, 2007. MMWR Morb
Mortal Wkly Rep 2009;58:25-29.

CDC. Salmonella Hadar associated with pet ducklings—
Connecticut, Maryland, and Pennsylvania, 1991. MMWR
Morb Mortal Wkly Rep 1992;41:185-187.

CDC. Salmonellosis associated with chicks and ducklings—
Michigan and Missouri, Spring 1999. MMWR Morb Mortal
Wkly Rep 2000;49:297-299.

CDC. Salmonella serotype Montevideo infections associated
with chicks—Idaho, Washington, and Oregon, Spring 1995
and 1996. MMWR Morb Mortal Wkly Rep 1997;46:237-239.
CDC. Multistate outbreak of human Salmonella infections
associated with exposure to turtles—United States, 2007-
2008. MMWR Morb Mortal Wkly Rep 2008;57:69-72.

CDC. Reptile-associated salmonellosis—selected states,
1998-2002. MMWR Morb Mortal Wkly Rep 2003;52:1206-
12009.

CDC. Turtle-associated salmonellosis in humans—Unit-
ed States, 2006-2007. MMWR Morb Mortal Wkly Rep
2007;56:649-652.

CDC. Multistate outbreak of human Salmonella Typhimuri-
um infections associated with pet turtle exposure—United
States, 2008. MMWR Morb Mortal Wkly Rep 2010;59:191-
196.

Harris JR, Neil KP, Behravesh CB, et al. Recent multistate
outbreaks of human Salmonella infections acquired from
turtles: a continuing public health challenge. Clin Infect Dis
2010;50:554-559.

Lamm SH, Taylor A, Gangarosa EJ, et al. Turtle-associated
salmonellosis. I. An estimation of the magnitude of the
problem in the Unites States, 1970-1971. Am J Epidemiol
1972;95:511-517.

Mermin J, Hutwagner L, Vugia D, et al. Reptiles, amphibians,
and human Salmonella infection: a population-based, case-
control study. Clin Infect Dis 2004;38:5253-S261.

Altman R, Gorman JC, Bernhardt LL, et al. Turtle-associated
salmonellosis. II. The relationship of pet turtles to salmonel-
losis in children in New Jersey. Am J Epidemiol 1972;95:518-
520.

Bartlett KH, Trust T, Lior H. Small pet aquarium frogs as a
source of Salmonella. Appl Environ Microbiol 1977;33:1026-
1029.

CDC. Multistate outbreak of human Salmonella Typhimuri-
um infections associated with aquatic frogs—United States,
2009. MMWR Morb Mortal Wkly Rep 2010;58:1433-1436.
CDC. Notes from the field: update on human Salmonella
Typhimurium infections associated with aquatic frogs—
United States, 2009-2011. MMWR Morb Mortal Wkly Rep
2011;60:628.

Basler C, Nguyen TA, Anderson TC, et al. Outbreaks of hu-
man Salmonella infections associated with live poultry,
United States, 1990-2014. Emerg Infect Dis 2016;22:1705-
1711.

Anderson TC, Marsden-Haug N, Morris JF, et al. Multistate
outbreak of human Salmonella Typhimurium infections
linked to pet hedgehogs—United States, 2011-2013. Zoono-
ses Public Health 2017;64:290-298.

Cavallo §J, Daly ER, Seiferth J, et al. Human outbreak of Sal-
monella Typhimurium associated with exposure to locally
made chicken jerky pet treats, New Hampshire, 2013. Food-
borne Pathog Dis 2015;12:441-446.

Behravesh CB, Ferraro A, Deasy M, et al. Human Salmonel-
la infections linked to contaminated dry dog and cat food,
2006-2008. Pediatrics 2010;126:477-483.

CDC. Notes from the field: human Salmonella Infantis in-

JAVMA < Vol 251 * No. || » December 1,2017

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

fections linked to dry dog food—United States and Canada,
2012. MMWR Morb Mortal Wkly Rep 2012;61:436.

Public Health Agency of Canada. Human health risk from
exposure to natural dog treats. Can Commun Dis Rep
2000;26:41-42.

Clark C, Cunningham J, Ahmed R, et al. Characterization
of Salmonella associated with pig ear dog treats in Canada.
J Clin Microbiol 2001;39:3962-3968.

Pitout JDD, Reisbig MD, Mulvey M, et al. Association between
handling of pet treats and infection with Salmonella en-
terica serotype Newport expressing the AmpC B-lactamase,
CMY-2. J Clin Microbiol 2003;41:4578-4582.

CDC. Human salmonellosis associated with animal-derived
pet treats—United States and Canada, 2005. MMWR Morb
Mortal Wkly Rep 2006;55;702-705.

Voetsch AC, Kennedy MH, Keene WE, et al. Risk factors
for sporadic Shiga toxin-producing Escherichia coli O157
infections in FoodNet sites, 1999-2000. Epidemiol Infect
2007;135:993-1000.

Younus M, Wilkins M, Davies H, et al. The role of exposures
to animals and other risk factors in sporadic, non-Typhoidal
Salmonella infections in Michigan children. Zoonoses Pub-
lic Health 2010;57:€170-¢176.

Kassenborg HD, Hedberg CW, Hoekstra M, et al. Farm vis-
its and undercooked hamburgers as major risk factors for
sporadic Escherichia coli O157:H7 infection: data from
a case-control study in 5 FoodNet sites. Clin Infect Dis
2004;38:5271-S278.

Cummings KJ, Warnick LD, Davis MA, et al. Farm animal
contact as risk factor for transmission of bovine-associated
Salmonella subtypes. Emerg Infect Dis 2012;18:1929-19306.
O’Brien §J, Adak GK, Gilham C. Contact with farming en-
vironment as a major risk factor for Shiga toxin (Vero
cytotoxin)-producing Escherichia coli O157 infection in hu-
mans. Emerg Infect Dis 2001;7:1049-1051.

Haack JP, Jelacic S, Besser TE, et al. Escherichia coli O157 ex-
posure in Wyoming and Seattle: serologic evidence of rural
risk. Emerg Infect Dis 2003;9:1226-1231.

Hunter PR, Hughes S, Woodhouse S, et al. Sporadic crypto-
sporidiosis case-control study with genotyping. Emerg Infect
Dis 2004;10:1241-1249.

Roy SL, DeLong SM, Stenzel SA, et al. Risk factors for spo-
radic cryptosporidiosis among immunocompetent persons
in the United States from 1999 to 2001. J Clin Microbiol
2004;42:2944-2951.

Friedman CR, Hoekstra RM, Samuel M, et al. Risk fac-
tors for sporadic Campylobacter infection in the United
States: a case-control study in FoodNet sites. Clin Infect Dis
2004;38:5285-5296.

Keen JE, Wittum TE, Dunn JR, et al. Shiga-toxigenic Esch-
erichia coli O157 in agricultural fair livestock, United States.
Emerg Infect Dis 2006;12:780-786.

Kudva IT, Blanch K, Hovde CJ. Analysis of Escherichia coli
0157:H7 survival in ovine or bovine manure and manure
slurry. Appl Environ Microbiol 1998;64:3166-3174.

LeJeune JT, Besser TE, Hancock DD. Cattle water troughs as
reservoirs of Escherichia coli O157. Appl Environ Microbiol
2001;67:3053-3057.

Maule A. Survival of verocytotoxigenic Escherichia coli
0157 in soil, water and on surfaces. Symp Ser Soc Appl Mi-
crobiol 2000;29:71S-78S.

Rahn K, Renwick S, Johnson R, et al. Persistence of Esch-
erichia coli O157:H7 in dairy cattle and the dairy farm envi-
ronment. Epidemiol Infect 1997;119:251-259.

Randall LP, Wray C, Davies RH. Survival of verocytotoxin-
producing Escherichia coli O157 under simulated farm con-
ditions. Vet Rec 1999;145:500-501.

Berge AC, Moore DA, Sischo WM. Field trial evaluating the in-
fluence of prophylactic and therapeutic antimicrobial admin-
istration on antimicrobial resistance of fecal Escherichia coli
in dairy calves. Appl Environ Microbiol 2006;72:3872-3878.
Béraud R, Huneault L, Bernier D, et al. Comparison of the
selection of antimicrobial resistance in fecal Escherichia
coli during enrofloxacin administration with a local drug
delivery system or with intramuscular injections in a swine
model. Can J Vet Res 2008;72:311-319.

1285



110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

1286

Johns I, Verheyen K, Good L, et al. Antimicrobial resistance
in faecal Escherichia coli isolates from horses treated with
antimicrobials: a longitudinal study in hospitalised and non-
hospitalised horses. Vet Microbiol 2012;159:381-389.
Corrier DE, Purdy CW, DeLoach JR. Effects of marketing
stress on fecal excretion of Salmonella spp in feeder calves.
Am J Vet Res 1990;51:866-8069.

Hurd HS, McKean JD, Griffith RW, et al. Salmonella enterica
infections in market swine with and without transport and
holding. Appl Environ Microbiol 2002;68:2376-2381.

Hurd HS, McKean JD, Wesley IV, et al. The effect of lairage
on Salmonella isolation from market swine. J Food Prot
2001;64:939-944.

Isaacson RE, Firkins LD, Weigel RM, et al. Effect of transpor-
tation and feed withdrawal on shedding of Salmonella ty-
phimurium among experimentally infected pigs. Am J Vet
Res 1999;60:1155-1158.

Marg H, Scholz H, Arnold T, et al. Influence of long-time trans-
portation stress on re-activation of Salmonella Typhimurium
DT104 in experimentally infected pigs. Berl Munch Tierar-
ztl Wochenschr 2001;114:385-388.

USDA APHIS. Escherichia coli O157 in United States feed-
lots. Available at: www.aphis.usda.gov/animal_health/
nahms/feedlot/downloads/feedlot99/Feedlot99_is_Ecoli.pdf.
Accessed Feb 16, 2017.

Williams LP Jr, Newell KW. Salmonella excretion in joy-rid-
ing pigs. Am J Public Health Nations Health 1970;60:926-
929.

Webb CR. Investigating the potential spread of infectious dis-
eases of sheep via agricultural shows in Great Britain. Epide-
miol Infect 2006;134:31-40.

Garber LP, Wells SJ, Hancock DD, et al. Risk factors for fecal
shedding of Escherichia coli O157:H7 in dairy calves. | Am
Vet Med Assoc 1995;207:46-49.

Hancock DD, Besser TE, Kinsel ML, et al. The prevalence of
Escherichia coli O157:H7 in dairy and beef cattle in Wash-
ington state. Epidemiol Infect 1994;113:199-207.

Hancock DD, Besser TE, Rice DH, et al. A longitudinal study
of Escherichia coli O157 in fourteen cattle herds. Epidemiol
Infect 1997;118:193-195.

Keen JE, Elder RO. Isolation of Shiga-toxigenic Escherichia
coli O157 from hide surfaces and the oral cavity of finished
beef feedlot cattle. ] Am Vet Med Assoc 2002;220:756-763.
Doorduyn Y, Van Den Brandhof W, Van Duynhoven Y, et al.
Risk factors for Salmonella Enteritidis and Typhimurium
(DT104 and non-DT104) infections in The Netherlands: pre-
dominant roles for raw eggs in Enteritidis and sandboxes in
Typhimurium infections. Epidemiol Infect 2006;134:617-626.
Varma JK, Greene KD, Reller ME, et al. An outbreak of Esch-
erichia coli O157 infection following exposure to a contami-
nated building. JAMA 2003;290:2709-2712.

Payne CJI, Petrovic M, Roberts R]J, et al. Vero cytotoxin-pro-
ducing Escherichia coli O157 gastroenteritis in farm visitors,
North Wales. Emerg Infect Dis 2003;9:526-530.

CDC. Outbreaks of Escherichia coli O157:H7 infection and
cryptosporidiosis associated with drinking unpasteurized
apple cider—Connecticut and New York, October 1996.
MMWR Morb Mortal Wkly Rep 1997;46:4-8.

De Schrijver K, Buvens G, Possé B, et al. Outbreak of vero-
cytotoxin-producing E. coli 0145 and 026 infections associ-
ated with the consumption of ice cream produced at a farm,
Belgium, 2007. Euro Surveill 2008;13:61-64.

Djuretic T, Wall PG, Nichols G. General outbreaks of infec-
tious intestinal disease associated with milk and dairy prod-
ucts in England and Wales: 1992 to 1996. Commun Dis Rep
CDR Rev 1997;7:R41-R45.

Korlath JA, Osterholm MT, Judy LA, et al. A point-source out-
break of campylobacteriosis associated with consumption of
raw milk. J Infect Dis 1985;152:592-596.

Sharp JC. Infections associated with milk and dairy products
in Europe and North America, 1980-85. Bull World Health
Organ 1987;65:397-406.

DeSilva MB, Schafer S, Kendall Scott M, et al. Community-
wide cryptosporidiosis outbreak associated with a surface
water-supplied municipal water system—Baker City, Or-
egon, 2013. Epidemiol Infect 2016;144:274-284.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

Bopp DJ, Sauders BD, Waring AL, et al. Detection, isolation,
and molecular subtyping of Escherichia coli O157:H7 and
Campylobacter jejuni associated with a large waterborne
outbreak. J Clin Microbiol 2003;41:174-180.

CDC. Outbreak of Escherichia coli O157:H7 and Campylo-
bacter among attendees of the Washington county fair—New
York, 1999. MMWR Morb Mortal Wkly Rep 1999;48:803-
805.

Waterborne outbreak of gastroenteritis associated with a
contaminated municipal water supply, Walkerton, Ontario,
May-June 2000. Can Commun Dis Rep 2000;26:170-173.
McMillian M, Dunn JR, Keen JE, et al. Risk behaviors for dis-
ease transmission among petting zoo attendees. J Am Vet
Med Assoc 2007;231:1036-1038.

Committee on Infectious Diseases, American Academy of
Pediatrics. Salmonella infections. In: Red book 2015. 30th
ed. Elk Grove Village, Ill: American Academy of Pediatrics,
2015;695-702.

Curran K, Heiman KE, Singh T, et al. Notes from the field:
outbreak of Escherichia coli O157:H7 infections associ-
ated with dairy education event attendance—Whatcom
county, Washington, 2015. MMWR Morb Mortal Wkly Rep
2015;64:1202-1203.

Teutsch SM, Juranek DD, Sulzer A, et al. Epidemic toxo-
plasmosis associated with infected cats. N Engl J Med
1979;300:695-699.

Jones JL, Akstein RB, Hlavsa MC, et al. Follow-up of the 1977
Georgia outbreak of toxoplasmosis. Am J Trop Med Hyg
2016;94:1299-1300.

CDC. Outbreak of cutaneous larva migrans at a children’s
camp—Miami, Florida, 2006. MMWR Morb Mortal Wkly
Rep 2007;56:1285-1287.

Glickman LT, Schantz PM. Epidemiology and pathogenesis of
zoonotic toxocariasis. Epidemiol Rev 1981;3:230-250.
Surgan MH, Colgan KB, Kennett SI, et al. A survey of canine
toxocariasis and toxocaral soil contamination in Essex Coun-
ty, New Jersey. Am J Public Health 1980;70:1207-1208.
Dada BJ, Lindquist WD. Prevalence of Toxocara spp. €ggs
in some public grounds and highway rest areas in Kansas.
J Helminthol 1979;53:145-146.

CDC. Raccoon roundworms in pet kinkajous—three states,
1999 and 2010. MMWR Morb Mortal Wkly Rep 2011;60:302-
305.

Sapp SG, Rascoe LN, Wilkins PP, et al. Baylisascaris procyo-
nis roundworm seroprevalence among wildlife rehabilita-
tors, United States and Canada, 2012-2015. Emerg Infect Dis
2016;22:2128-2131.

City of Austin. City continues investigation into rabies expo-
sure at Zilker Park. Available at: www.austintexas.gov/news/
city-continues-investigation-rabies-exposure-zilker-park. Ac-
cessed Feb 17, 2017.

CDC. Mass treatment of humans exposed to rabies—
New Hampshire, 1994. MMWR Morb Mortal Wkly Rep
1995;44:484-486.

Chang HGH, Eidson M, Noonan-Toly C, et al. Public health
impact of reemergence of rabies, New York. Emerg Infect
Dis 2002;8:909-913.

CDC. Public health response to a potentially rabid bear cub—
lowa, 1999. MMWR Morb Mortal Wkly Rep 1999;48:971-
973.

CDC. Public Health Dispatch: multiple human exposures to
a rabid bear cub at a petting zoo and barnwarming—Iowa,
August 1999. MMWR Morb Mortal Wkly Rep 1999;48:761.
CDC. Horse stabled at Tennessee Walking Horse 2006 Na-
tional Celebration tested positive for rabies. Posted Septem-
ber 9, 2006. Available at: www.cdc.gov/rabies/resources/
news/2006-09-09.html. Accessed Apr 4, 2017.

Robbins A, Eidson M, Keegan M, et al. Bat incidents at chil-
dren’s camps, New York State, 1998-2002. Emerg Infect Dis
2005;11:302-305.

Willoughby RE Jr, Tieves KS, Hoffman GM, et al. Survival af-
ter treatment of rabies with induction of coma. N Engl ] Med
2005;352:2508-2514.

CDC. Brief report: tularemia associated with a hamster
bite—Colorado, 2004. MMWR Morb Mortal Wkly Rep
2005;53:1202-1203.

JAVMA < Vol 251 * No. | | » December 1,2017



155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.
166.

167.

168.
169.
170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

Scheftel JM, Griffith JM, Leppke BA, et al. Tularaemia in Min-
nesota: case report and brief epidemiology. Zoonoses Public
Health 2010;57:€165-¢169.

Talan DA, Citron DM, Abrahamian FM, et al. Bacteriologic
analysis of infected dog and cat bites. Emergency Medi-
cine Animal Bite Infection Study Group. N Engl ] Med
1999;340:85-92.

Cohen JI, Davenport DS, Stewart JA, et al. Recommendations
for prevention of and therapy for exposure to B virus (Cerco-
pithecine herpesvirus 1). Clin Infect Dis 2002;35:1191-1203.
CDC. Fatal cercopithecine herpesvirus 1 (B virus) infection
following a mucocutaneous exposure and interim recom-
mendations for worker protection. MMWR Morb Mortal
WEkly Rep 1998;47:1073-1076.

Hullinger G, Cole J Jr, Elvinger F, et al. Dermatophytosis in
show lambs in the United States. Vet Dermatol 1999;10:73-76.
Lederman ER, Austin C, Trevino I, et al. Orf virus infection
in children: clinical characteristics, transmission, diagnos-
tic methods, and future therapeutics. Pediatr Infect Dis |
2007;26:740-744.

Kurth A, Wibbelt G, Gerber HP, et al. Rat-to-elephant-to-
human transmission of cowpox virus. Emerg Infect Dis
2008;14:670-671.

Ninove L, Domart Y, Vervel C, et al. Cowpox virus trans-
mission from pet rats to humans, France. Emerg Infect Dis
2009;15:781.

Kile JC, Fleishchauer AT, Beard B, et al. Transmission of mon-
keypox among persons exposed to infected prairie dogs in In-
diana in 2003. Arch Pediatr Adolesc Med 2005;159:1022-1025.
CDC. Update: multistate outbreak of monkeypox—Illinois,
Indiana, Kansas, Missouri, Ohio, and Wisconsin, 2003.
MMWR Morb Mortal Wkly Rep 2003;52:642-646.

Nemetz T, Shotts E Jr. Zoonotic diseases. In: Stoskopf MK, ed.
Fish medicine. Philadelphia: WB Saunders Co, 1993;214-220.
Gray SF, Smith RS, Reynolds NJ, et al. Fish tank granuloma.
BMJ 1990;300:1069-1070.

Lewis FMT, Marsh BJ, von Reyn CF. Fish tank exposure and
cutaneous infections due to Mycobacterium marinum: tu-
berculin skin testing, treatment, and prevention. Clin Infect
Dis 2003;37:390-397.

Angarano DW, Parish LC. Comparative dermatology: para-
sitic disorders. Clin Dermatol 1994;12:543-550.

Arlian LG. Biology, host relations, and epidemiology of Sar-
coptes scabiei. Annu Rev Entomol 1989;34:139-161.

Scott DW, Horn RT Jr. Zoonotic dermatoses of dogs and cats.
Vet Clin North Am Small Anim Pract 1987;17:117-144.
Lucky AW, Sayers CP, Argus JD, et al. Avian mite bites ac-
quired from a new source—pet gerbils: report of 2 cases and
review of the literature. Arch Dermatol 2001;137:167.
Barrington GM, Gay JM, Evermann JF. Biosecurity for neona-
tal gastrointestinal diseases. Vet Clin North Am Food Anim
Pract 2002;18:7-34.

CDC. Influenza A (H3N2) variant virus. Available at: www.
cdc.gov/flu/swineflu/h3n2v-cases.htm. Accessed Feb 5, 2017.
Bowman AS, Nolting JM, Nelson SW, et al. Subclinical influ-
enza virus A infections in pigs exhibited at agricultural fairs,
Ohio, USA, 2009-2011. Emerg Infect Dis 2012;18:1945-1950.
Shinde V, Bridges CB, Uyeki TM, et al. Triple-reassortant
swine influenza A (H1) in humans in the United States, 2005-
2009. N Engl ] Med 2009;360:2616-2625.

Yassine HM, Khatri M, Zhang Y]J, et al. Characterization of
triple reassortant HIN1 influenza A viruses from swine in
Ohio. Vet Microbiol 2009;139:132-139.

Vincent AL, Swenson SL, Lager KM, et al. Characterization of
an influenza A virus isolated from pigs during an outbreak of
respiratory disease in swine and people during a county fair
in the United States. Vet Microbiol 2009;137:51-59.

Wells DL, Hopfensperger DJ, Arden NH, et al. Swine influen-
za virus infections. Transmission from ill pigs to humans at a
Wisconsin agricultural fair and subsequent probable person-
to-person transmission. JAMA 1991;265:478-481.

Cox CM, Neises D, Garten R]J, et al. Swine influenza virus A
(H3N2) infection in human, Kansas, USA, 2009. Emerg Infect
Dis 2011;17:1143-1144.

CDC. Swine-origin influenza A (H3N2) virus infection in

JAVMA < Vol 251 * No. || » December 1,2017

181.

182.

183.

184.

185.

186.

187.

188.

189.

190.

191.

192.

193.

194.

195.

196.

197.

198.

199.

200.

201.

202.

203.

204.

two children—Indiana and Pennsylvania, July-August 2011.
MMWR Morb Mortal Wkly Rep 2011;60:1213-1215.

CDC. Limited human-to-human transmission of novel influ-
enza A (H3N2) virus—Iowa, November 2011. MMWR Morb
Mortal Wkly Rep 2011;60:1615-1617.

CDC. Influenza A (H3N2) variant virus-related hospital-
izations: Ohio, 2012. MMWR Morb Mortal Wkly Rep
2012;61:764-767.

CDC. Update: influenza A (H3N2) transmission and guide-
lines—five states, 2011. MMWR Morb Mortal Wkly Rep
2012;60:1741-1744.

Wong KK, Greenbaum A, Moll ME, et al. Outbreak of influ-
enza A (H3N2) variant virus infection among attendees of an
agricultural fair, Pennsylvania, USA, 2011. Emerg Infect Dis
2012;18:1937-1944.

CDC. Avian influenza A (H7N2) in cats in animal shelters in
NY; one human infection. Available at: www.cdc.gov/flu/
spotlights/avian-influenza-cats.htm. Accessed Feb 14, 2017.
Karasin AI, Carman S, Olsen CW. Identification of human
HIN2 and human-swine reassortant HIN2 and H1N1 influen-
za A viruses among pigs in Ontario, Canada (2003 to 2005).
J Clin Microbiol 2006;44:1123-1126.

Vincent AL, Ma W, Lager KM, et al. Swine influenza viruses: a
North American perspective. Adv Virus Res 2008;72:127-154.
Zhou NN, Senne DA, LandgrafJS, et al. Genetic reassortment
of avian, swine, and human influenza A viruses in American
pigs. J Virol 1999;73:8851-8856.

Murphree R, Warkentin JV, Dunn JR, et al. Elephant-to-
human transmission of tuberculosis, 2009. Emerg Infect Dis
2011;17:366-371.

Kiers A, Klarenbeek A, Mendelts B, et al. Transmission of
Mycobacterium pinnipedii to humans in a zoo with marine
mammals. Int J Tuberc Lung Dis 2008;12:1469-1473.

Oh P, Granich R, Scott J, et al. Human exposure following My-
cobacterium tuberculosis infection of multiple animal species
in a metropolitan zoo. Emerg Infect Dis 2002;8:1290-1293.
Michalak K, Austin C, Diesel S, et al. Mycobacterium tuber-
culosis infection as a zoonotic disease: transmission between
humans and elephants. Emerg Infect Dis 1998;4:283-287.
Zlot A, Vines J, Nystrom L, et al. Diagnosis of tuberculosis
in three zoo elephants and a human contact—Oregon, 2013.
MMWR Morb Mortal Wkly Rep 2016;64:1398-1402.

US Animal Health Association Elephant Tuberculosis Sub-
committee. Guidelines for the control of tuberculosis in el-
ephants 2010. Available at: www.regulations.gov/document?
D=APHIS-2011-0079-0002. Accessed May 11, 2017.
Whelan J, Schimmer B, de Bruin A, et al. Visits on ‘lamb-view-
ing days’ at a sheep farm open to the public was a risk factor
for Q fever in 2009. Epidemiol Infect 2012;140:858-864.
McQuiston JH, Childs JE. Q fever in humans and animals in
the United States. Vector Borne Zoonotic Dis 2002;2:179-
191

Anderson A, Bijlmer H, Fournier PE, et al. Diagnosis and man-
agement of Q fever—United States, 2013: recommendations
from CDC and the Q Fever Working Group. MMWR Recomm
Rep 2013;62:1-30.

Smith KA, Campbell CT, Murphy J, et al. Compendium
of measures to control Chlamydophila psittaci infection
among humans (psittacosis) and pet birds (avian chlamydio-
sis), 2010 National Association of State Public Health Veteri-
narians (NASPHV). J Exot Pet Med 2011;20:32-45.
Christensen AL, Jarlgv JO, Ingeberg S. The risk of ornithosis
among the staff of Copenhagen zoo [in Danish]. Ugeskr Lae-
ger 1990;152:818-820.

Schlossberg D, Delgado J, Moore MM, et al. An epi-
demic of avian and human psittacosis. Arch Intern Med
1993;153:2594-2590.

Eidson M. Psittacosis/avian chlamydiosis. ] Am Vet Med As-
soc 2002;221:1710-1712.

Hyde SR, Benirschke K. Gestational psittacosis: case report
and literature review. Mod Pathol 1997;10:602-607.
Gherman RB, Leventis LL, Miller RC. Chlamydial psitta-
cosis during pregnancy: a case report. Obstet Gynecol
1995;86:648-650.

Khatib R, Thirumoorthi MC, Kelly B, et al. Severe psittaco-

1287



205.

2006.

207.

208.

209.

210.

211.

212.

213.

214.

215.

216.

217.

218.

219.

220.

221.

222.

223.
224.

225.

1288

sis during pregnancy and suppression of antibody response
with early therapy. Scand J Infect Dis 1995;27:519-521.
CDC. Outbreaks of Escherichia coli O157:H7 infections
among children associated with farm visits—Pennsylvania
and Washington, 2000. MMWR Morb Mortal Wkly Rep
2001;50:293-297.

Anderson ME, Weese JS. Video observation of hand hygiene
practices at a petting zoo and the impact of hand hygiene
interventions. Epidemiol Infect 2012;140:182-190.

Erdozain G, KuKanich K, Chapman B, et al. Observation of
public health risk behaviours, risk communication and hand
hygiene at Kansas and Missouri petting zoos—2010-2011.
Zoonoses Public Health 2013;60:304-310.

CDC. Handwashing: clean hands save lives. Show me the sci-
ence—when & how to use hand sanitizer. Available at: www.
cdc.gov/handwashing/show-me-the-science-hand-sanitizer.
html. Accessed Feb 23, 2017.

Keen JE, Durso LM, Meehan TP. Isolation of Salmonella en-
terica and Shiga-toxigenic Escherichia coli O157 from feces
of animals in public contact areas of United States zoological
parks. Appl Environ Microbiol 2007;73:362-365.

Crump JA, Braden CR, Dey ME, et al. Outbreaks of Escherich-
ia coli 0157 infections at multiple county agricultural fairs:
a hazard of mixing cattle, concessions stands and children.
Epidemiol Infect 2003;131:1055-10062.

Hoek MR, Oliver I, Barlow M, et al. Outbreak of Cryptospo-
ridium parvum among children after a school excursion
to an adventure farm, south west England. J Water Health
2008;6:333-338.

Hedican E, Miller B, Ziemer B, et al. Salmonellosis outbreak
due to chicken contact leading to a foodborne outbreak as-
sociated with infected delicatessen workers. Foodborne Pat-
hog Dis 2010;7:995-997.

CDC. Outbreak of Shiga toxin-producing Escherichia coli
0157 infection associated with a day camp petting zoo—
Pinellas County, Florida, May-June 2007. MMWR Morb Mor-
tal Wkly Rep 2009;58:426-428.

Smith KE, Anderson F, Medus C, et al. Outbreaks of salmonel-
losis at elementary schools associated with dissection of owl
pellets. Vector Borne Zoonotic Dis 2005;5:133-1306.

AVMA Task Force on Canine Aggression and Human-Canine
Interactions. A community approach to dog bite prevention.
J Am Vet Med Assoc 2001;218:1732-1749.

Public Health Agency of Canada. Injuries associated with...
equestrian activities. CHIRPP database, summary data for
1996, all ages. Available at: www.phac-aspc.gc.ca/injury-bles/
chirpp/injrep-rapbles/irequ-eng.php. Accessed Feb 18, 2017.
Associated Press. Teen killed by tiger at Kansas sanctuary.
Fox News. Aug 19, 2005. Available at: www.foxnews.com/
story/2005/08/19/teen-killed-by-tiger-at-kansas-sanctuary/.
Accessed Feb 13, 2017.

Fedio C. Llama attacks woman at B.C. petting zoo. Toronto
Star 2011;Aug 5:A8. Available at: search.proquest.com/docvi
ew/881328548?accountid=26724. Accessed on Feb 18, 2017.
Cherry C, Leong K, Wallen R, et al. Notes from the field: inju-
ries associated with bison encounters—Yellowstone National
Park, 2015. MMWR Morb Mortal Wkly Rep 2016;65:293-294.
Hallmark B. Two boys lucky to be okay after being bitten by wa-
ter moccasin in class. KLTV. Oct 21, 2008. Available at: www.
kltv.com/story/9216055/two-boys-lucky-to-be-okay-after-be-
ing-bitten-by-water-moccasin-in-class. Accessed Mar 9, 2017.
Associated Press. Ten-year-old bitten by camel at Virginia sa-
fari park gets $155,000 settlement. The Guardian 2016;Aug
20. Available at: www.theguardian.com/us-news/2016/
aug/20/virginia-safari-park-camel-bite-lawsuit-settlement.
Accessed Feb 18, 2017.

Kahn A, Bauche P, Lamoureux J, et al. Child victims of dog
bites treated in emergency departments: a prospective sur-
vey. Eur J Pediatr 2003;162:254-258.

Casemore D. Educational farm visits and associated infection
hazards. Commun Dis Repp CDR Rev 1989;19:3.

Dawson A, Griffin R, Fleetwood A, et al. Farm visits and zoo-
noses. Commun Dis Rep CDR Rev 1995;5:R81-R86.
Warshawsky B, Henry B, Gutmanis I, et al. An E. coli O157:H7

226.

227.

228.

229.

230.

231.

232.

233.

234.

235.

2306.

237.

238.

239.

240.

241.

242.

243.

244.

outbreak associated with an animal exhibit: Middlesex-London
Health Unit Investigation and recommendations—executive
summary. 1999. Available at: www.healthunit.com/uploads/
mlhu-e-coli-0157h7-outbreak.pdf. Accessed Feb 23, 2017.
Hoss A, Basler C, Stevenson L, et al. State laws requiring
hand sanitation stations at animal contact exhibits—United
States, March-April 2016. MMWR Morb Mortal Wkly Rep
2017;66:16-18.

North Carolina Department of Agriculture and Consumer
Services. Emergency programs: animal contact exhibit infor-
mation. Available at: www.ncagr.gov/oep/AnimalContactEx-
hibit.htm. Accessed Feb 23, 2017.

Association of Zoos & Aquariums. The accreditation stan-
dards and related policies: 2017 edition. Available at: www.
aza.org/assets/2332/aza-accreditation-standards.pdf. Ac-
cessed Feb 23, 2017.

USDA APHIS. Licensing and registration under the Animal
Welfare Act. Available at: www.aphis.usda.gov/publications/
animal_welfare/content/printable_version/awlicreg.pdf. Ac-
cessed Oct 3, 2017.

CDC. Animals and animal products. Gastrointestinal (enteric)
diseases from animals. Available at: www.cdc.gov/zoonotic/
gi/animals.html. Accessed Feb 23, 2017.

CDC. Educational materials and other resources. Gastrointes-
tinal (enteric) diseases from animals. Available at: www.cdc.
gov/zoonotic/gi/education.html. Accessed Feb 23, 2017.
Brown CM, Slavinski S, Ettestad P, et al. Compendium of ani-
mal rabies prevention and control, 2016. ] Am Vet Med Assoc
2016;248:505-517.

NASPHV and National Assembly of State Animal Health Of-
ficials. Prevention and control of Coxiella burnetii infec-
tion among humans and animals: guidance for a coordinated
public health and animal health response, 2013. Available at:
www.nasphv.org/Documents/Q_Fever_2013.pdf. Accessed
Apr 12, 2017.

NASPHV. Zoonotic influenza. Available at: www.nasphv.org/
documentsCompendiaZoonoticInfluenza.html. Accessed
Apr 12, 2017.

Bondeson L. Assessment of measures to prevent disease as-
sociated with animals in agricultural fairs—Maine, 2008. Am
J Infect Control 2009;37:665-667.

NASPHV. Animals in public settings toolkit. Available at:
www.nasphv.org/documentsCompendiumAnimals.html.
Accessed Feb 20, 2017.

Michaels B, Gangar V, Schultz A, et al. Water temperature
as a factor in handwashing efficacy. Food Serv Technol
2002;2:139-149.238.

Midwest Plan Service. Heating, cooling, and tempering air
Jor livestock bousing. Ames, Iowa: Iowa State University
Press, 1990.

Center for Food Security and Public Health. Disinfection.
Available at: www.cfsph.iastate.edu/Disinfection/index.php.
Accessed May 2, 2017.

Virginia Department of Health. Non-human primates. Avail-
able at: www.vdh.virginia.gov/environmental-epidemiology/
zoonoses/non-human-primates/. Accessed Jun 2, 2017.

Swift JM, Foster DM, Rogers AT, et al. Efficacy of an Esch-
erichia coli O157:H7 SRP vaccine in orally challenged goats
and strain persistence over time. Foodborne Pathog Dis
2017;14:160-166.

American Association of Zoo Veterinarians Infectious Dis-
ease Committee. American Association of Zoo Veterinarians
Infectious Disease Committee manual 2013: tuberculosis in
non-human primates. Available at: cymcdn.com/sites/www.
aazv.org/resource/resmgr/idm/idm_tuberculosis_in_non-
huma.pdf. Accessed Oct 3, 2017.

CDC. Q fever safety at livestock birthing exhibits: informa-
tion for operators and managers. Available at: www.cdc.gov/
qfever/pdfs/qfever-factsheet.pdf. Accessed Feb 14, 2017.
National Assembly of State Animal Health Officials and
NASPHV. Measures to minimize influenza transmission at
swine exhibitions, 2016. Available at: www.nasphv.org/
Documents/Influenza_Transmission_at_Swine_Exhibitions_2016.
pdf. Accessed Feb 14, 2017.

JAVMA < Vol 251 * No. | | » December 1,2017



(uoissiwaad yum paautidey 777 1-TSTILE TS 10T 20SSY P 194 W [ |07 9933WWOD) [04IUOD) UORIDU| AJBULIDIDA SUBLIBULIDIDA
YIeaH 21|gnd 9IS JO UONEBIDOSSY [BUONEN :[duuos.ad AJeulIa19A Ul uonuaAa.ad asessip 210U00zZ 10j suonneda.d paepuels AJeulialaA Jo wnipuadwo?) ‘e 19 “1g soyd(3 ‘[ [91aYdS ‘(D swel|jIAA wod) paadepy)

(y8noo A3ueyaa|
“19A9) ‘39) sudis oy1dadsuou pue snoliep
aseas|p Alojedidsey
swoldwAs
yij-ezuanpui pjiw Ayredouspeydwiy
SUONDB)UI BNSSII YOS PUE UDYS PaZIBI0T]
SWO.JpUAs
S1WaJIN-21IA|0WY ‘SIIISIUS0IISEL)
SUOIIJ3JUI BNSSI) 3OS pUE UD|S PIZI[ed0T]

S1I9IUS0.ISED)

ured Juiof pue 3|asNW 9I9A3S U9AS4

aseasIp 2180jounau aAIssago.d ‘@anoy
SIPJE20OpUD ‘(a.e.)

rluownaud ‘swoidwiAs a3j1j-ezusnju|

y3noo ‘swordwAs ji-ezusnju|

SUOND3UI PUNOAA

SUOIS9| UD|S
SUOIS3| UD|s

Aq pamoij|o} swordwiAs oyji-ezuanjju)
o3elaJeISIW ‘SWol

-dwis aji-ezusnjjul ‘sn1ISIUS0.IISED)

suSis oiy1dadsuou JaYlo UaAs4

ured qujof pue 9jasnw ‘asiejew UaAd
snijpAwojeydasua ‘swordwiAs

|I[-eZUBN|Jul ‘SUOISI| UDS PSZI|EI0T]

S1I9IUD0.ISBD)

SUOIS3| UD|S
SUOIS3| UB|S
SI1I9IUS0.ISED)

ssau||l jI|-ezuanjjul
‘Ayredouspeydwi| ‘ssnded up|g
'lWad1das ‘a8ellIedsI|
SUOID3)Ul PIZI|EO| LUDAY

Suniwi-j|as Ajjensn {19A3) ‘S1ISIUS0IISED)

ssou||! 9]1ga} dyidadsuou ‘o|qeliep
91IS UONE|NJOUI JB SUOIS3|
upys ‘Aypedouspeyduwi| ‘osiefew Yoy

SUOIS3| UD|s Ay

128JU0D [BJO-[B234
|osouay

128IU0D [BJO-[B23
say2IeIdS ‘selIg

128IU0D [BJO-[B294
SaY2IRBIS ‘Sl

30B3U0D [eJO-|edd4
saydJe.ds ‘salig
soug
|osouay
|osouay
saueJquIBW
SNOdNW Y3IM 3DBIUOD ‘S3YD3RIIS ‘sdlg
|0SO.9. U91eM pajeulweluod
40 Ysly pa323jul Y3IM 308IUOD 1231
|OSO.® ‘$331q 39B3UOD 323JIpUl 10 32341
1DBIUOD 1D3.IP ‘1DBIUOD [BIO-[eDD4

39|doup “32BIU0D 3D84IpUl 10 128410
Josouae Jo 19|doug

Say2IRIS ‘Sa1Ig
1283U0D |BJO-[B29

12BIU0D 123JIpUl J0 12341
|IOS PRJBUILIBIUOD YIIM 3DBIUOD 323U1Q
12BIUOD [BJO-|BJ3
19BIU0D 123JIpUl 40 12341
12BIUOD [BJO-[BID) ‘|0SOIDY
$911q ‘saydIeIdg
12BIUOD [BJO-|Bd3
SaUBIQWISW SNOdNW YIIM
1281U0D ‘|0so.aE 40 39|do.p ‘uonsadu|
$91Iq ‘saydie.udg

3283U0D 333dIpul 40 13adI]

SUo0oddE. ‘s3Bd ‘s80(
sarewlad uewnyuou ‘apaed ‘syueyds|g

s1eD
s1eD ‘s30p ‘BUIMS
J129p ‘deays ‘s1e0s ‘omed)
38D ‘s30p ‘DUIMG
sjuapou ‘sasJoy ‘s1eod
‘ap3ed ‘auims Aanod ‘sueiqiydwe ‘sojnday
s|1qJ93 ‘91w ‘syey
S[eWIWEW P|IAM pUE d3saWoq

9|ned ‘deays ‘syeon)
Anjnod ‘spaiq 3194

siqqe. ‘s3ed ‘sdoQq

ysy wnienby

suspo. ‘sarewtid uewnyuoN|

saed ‘s3op ‘s81d ‘s1e08 ‘desys ‘oD

SIUSPO. ‘S0P ‘B[1IED ‘DUIMG
Annod ‘sumg
sksjuow anbeoey
>203s3Al| ‘5382 ‘s3o(
s3oyadpay ‘syuspod
‘s31qqed ‘sasdoy ‘desys ‘s1eo3 ‘opaed ‘sop ‘s1ed)

s1ed ‘sSoq
sye08 ‘doays ‘(seAjed A|ea1dA) spaed
s1eod ‘deayg
913ed ‘s3ed ‘sewr|| ‘s1e0s ‘deayg
s1ed ‘sSoQq
S93.N3 ‘s38D
‘s3op ‘auims ‘s1eo3 ‘desys ‘o|11ed AJ3jnod
S[BUILLIBW SULIBW ‘UOSI] ‘DUIMS [eJ9) ‘SPIAID ‘s80Q
s1e)

sp.iq ‘auims ‘doays ‘s1e08 ‘sasJoy ‘s1ed ‘sdoq

s1u0A>01d spdsosijApg
‘D> DIDIOXO] ‘SIUDD DIDIOXO]
x3|dwod s1S0jn24aqn1 Wnii1PDGOAN
1puos pwispjdoxo
dds sno>0201da.11§
D31S
dds m:uuouoxcm_&m
dds pjjauowjps
snuiw wnyuids ‘siwojijiuow snjjpbqoldans
snuiAessAT

nauIng pjjaIX0>)
1oonisd pjiydophwiniyd

sa1dads Jay3o pue bpoYNW DJj24N31Sby
wnULIDW WnR1DGOAN
snuiaxodoyluo

sauasopfoouow pLdISI]

dds puidsorda
SNJIA \/ BZUSN|U|

| snuiAsad.asy auidedel
SIjpuaponp DIp.DID

dds uoyhydownapidy
‘dds uorsydoypori ‘dds wniodsoniyy

wnuuDd DLI0ISOdUY ‘9sudljizpiq bLoISoAdouy

wnAipd wnipLiodsoldAi)

snJiaxodeaey

si13) ojiydopAwnjy> ‘sniioqp ojiydopAwipyyd
1wsapoud> p3pydorf>oudor

‘snssowupd p3pydoifooudnr)

dds sappqojidwipy sawpo ‘Gunfaf sappqojhduwny

dds pjjeonig

dds pjjauo1ipg 1910 ‘apjasuay pjjauoripg
sa11W Jo saads JaYIo D1 S3IpI0IoN

‘(sauelieA oy1dads-sadads) 181gpos $31d02.IDS

SUBUSIW BAUE| [BIDISIA
siso|naJaqn.

sisowssejdoxo]
s1s0220203da.3g

uonddjul 531 S
sisodd0d0jAyderg

siso||jauouwifes
J9A9) 911q JBYy
saiqey

J9A3) O
sisodensd

sIsO|[24n31sky
Am:o_:u‘_mn:uco&
SISOLI9128qOA

xodAayuoly
SISOLIISIT

sisoJidsorden
BZUSN|U|

uondajul snuiA g sadasH
siselp.Jel
(waom3ul)
sisolhydoreuwrisqg
(waomdjooy
5130U00Z) sue.giw
BAJE| SNOBUEBIND
sisolpliodsoydAud
(340) snnewasp
Jejnisnd snoideuon)
(uerjewwew)
sisolpAwely>
uonsayul
dds pSpydoifooudpr)

sisolis1oeqojAdwe)

siso||oonug
(Sseasip yoeuds 1ed)
siso||auol.ieg
(uoneasayul a1w)
SISelIRDY

a)doad ui suonejsajiuew
[e21UI]2> UOWIWIOD JSOLy

a)doad 03 uoissiwsue.) jo
SUB3W UOWIWIOD SOy

a|doad 03 uoissiwsue.; ym
pajeidosse saads uowwod 3sopy

sjuasy

aseasiqg

012107 ‘s9383S paaiun ay3 ul s3unaag Jljqnd ul sdueliodwi Jo sISEISI] DIOUCOZ PIII|SS

| xipuaddy

1289

JAVMA < Vol 251 * No. || » December 1,2017



Appendix 2

Animals in Public Settings: Recommendations for Venue Operators, Staff, and Volunteers'-3

All individuals involved with animal contact activity in any public setting should be aware of the following risks for disease and
injury associated with animals in public settings:

e Disease and injuries have occurred following contact with animals and their environment.

e Animals that appear healthy can carry harmful germs that can make visitors sick.

e Visitors can pick up harmful germs when they touch animals or animal droppings or enter animal environments (even without directly
contacting the animals).

e Visitors can rid themselves of most harmful germs acquired if they wash their hands immediately after leaving an animal area. Visitors
should wash their hands even if they did not directly contact the animals.

e The risk for developing serious or life-threatening zoonotic disease from contact with animals is higher for some visitors, especially children
< 5 years of age, persons = 65 years of age, pregnant women, and people with weakened immune systems, than for others.

e Direct contact with some animals is inappropriate for some, or all, audiences in public settings.

e No visitors should have contact with ill animals.

e Direct contact with preweaned calves, reptiles, amphibians, and live poultry is not appropriate for people at high risk for zoonotic
disease transmission, and direct contact with young ruminants of other species (eg, goats and sheep) is of increased concern for these
individuals.

e Dangerous animals (eg, nonhuman primates, certain carnivores, other rabies reservoir species, and venomous reptiles) should be
prohibited from having direct contact with the public.

e Live animals, especially reptiles, amphibians, and live poultry, should not be given as prizes at fairs, carnivals, or other events.

Operators and all individuals involved with the animal contact activity should educate visitors (with simple instructions in
multiple age-appropriate and language-appropriate formats) about the following before they enter animal areas:

e Risks for disease and injury, including the information that children < 5 years of age, people > 65 years of age, pregnant women, and those
with weakened immune systems are at greater risk than others of developing serious zoonotic diseases.

e Handwashing and assisting children with handwashing immediately after visiting an animal area.

e Avoiding eating, drinking, or placing things in their mouths after animal contact or after visiting an animal area, until they have washed
their hands.

e Closely supervising children.

e Awareness that objects such as clothing, shoes, and stroller wheels can become soiled and serve as a source of germs after leaving an animal
area.

Operators and all individuals involved with the animal contact activity should take the following steps to maintain a safe
environment when animals are present in public settings:

e Design the venue with safety in mind by having designated animal areas, nonanimal areas, and transition areas; temporary exhibits and

animal interaction areas used in farm visits, agritourism venues, etc may need additional measures to minimize risks of injury or disease

transmission.

Do not permit animals other than service animals in nonanimal areas.

Assign trained staff members to monitor animal contact areas to ensure visitor safety.

Exclude food and beverages, toys, pacifiers, spill-proof cups, baby bottles, and smoking and related activities from animal contact areas.

Keep the animal areas as clean and disinfected as possible, and limit visitor contact with manure and animal bedding.

Allow feeding of animals only if contact with animals can be controlled (eg, over a barrier), and do not provide feed in containers that

might be consumed by persons (eg, ice cream cones).

e Design transition areas for entering and exiting animal areas with appropriate signs or notifications regarding risks associated with animal
contact and location of handwashing facilities.

e Maintain handwashing stations that are accessible to children and people with disabilities, and direct visitors to wash their hands

immediately upon exiting animal areas.

Position handwashing stations in places that encourage handwashing when exiting animal areas.

Maintain handwashing facilities and stations to include routine cleaning and restocking to ensure an adequate supply of paper towels and

soap.

Ensure that animals receive appropriate preventive care, including vaccinations and parasite control appropriate for the species.

Provide potable water for animals.

Provide handwashing facilities where food and beverages are stored, prepared, served, or consumed.

Prohibit consumption of unpasteurized dairy products (eg, raw milk), ciders, and juices.

Minimize use of animal areas at other times for public activities (eg, weddings, dances, and barbecues).

Handwashing is the most important prevention step for reducing disease transmission associated with animals in public
settings.

(Adapted from NASPHV Animal Contact Compendium Committee 2013. Compendium of measures to prevent disease associated with
animals in public settings, 2013. | Am Vet Med Assoc 2013;243:1270—1288. Reprinted with permission.)

1290 JAVMA < Vol 251 * No. | | » December 1,2017



Appendix 3

Handwashing Recommendations to Reduce Disease Transmission From Animals in Public Settings'-3

General Recommendations

Handwashing is the most important prevention step for reducing disease transmission associated with animals in public settings. Hands should
always be washed immediately when exiting animal areas, even if direct animal contact was not made; handwashing is also important after
removing soiled clothing or shoes and before eating, drinking, or handling food. Venue staff members should encourage visitors to wash hands
immediately upon exiting animal areas.

Correct Handwashing Procedure

e Wet hands with clean, running water (warm or cold) and apply soap; rub hands together to make a lather and scrub them well (be sure to
scrub the backs of hands, between fingers, and under nails); continue rubbing hands for at least 20 seconds; rinse hands well under running
water.

e Dry hands with a clean disposable paper towel or air-dry them. Do not dry hands on clothing.

e Assist young children with washing and drying their hands.

Establishment and Maintenance of Handwashing Facilities or Stations

e The number of handwashing facilities or stations should be sufficient for the maximum anticipated attendance, and facilities should be
accessible for children (ie, low enough for children to reach or equipped with a stool) and people with disabilities as well as the general
population.

e Handwashing facilities and stations should be conveniently located in transition areas between animal and nonanimal areas and in
nonanimal food concession areas.

e Maintenance of handwashing facilities and stations should include routine cleaning and restocking to ensure an adequate supply of paper
towels and soap.

e Running water should be of sufficient volume and pressure to remove soil from hands. Volume and pressure might be substantially
reduced if the water supply is furnished from a holding tank; therefore, a permanent, pressurized water supply is preferable.

e Handwashing stations should be designed so that both hands are free for handwashing by having operation with a foot pedal or water that
stays on after hand faucets are turned on.

e Liquid soap dispensed by a hand pump or foot pump is recommended.

e To increase compliance, water temperature should be set at what is considered comfortable.?”

e Communal basins, in which water is used by more than | person at a time, are not adequate handwashing facilities.

Recommendations Regarding Hand-Sanitizing Agents

e Washing hands with soap and water is the best way to reduce the number of germs on them. If soap and water are not available, use an
alcohol-based hand sanitizer that contains at least 60% alcohol in the interim until hands can be properly washed.

e Visible contamination and dirt should be removed before using hand sanitizers. Hand sanitizers may not be as effective when hands are
visibly dirty or greasy.

e Even when hand sanitizer is used, visitors should always wash hands with soap and water as soon as possible after exiting animal areas;
alcohol-based hand sanitizers can quickly reduce the number of germs on hands in some situations, but these products are not effective
against all germs.

Correct Use of Hand Sanitizers

e Apply the product to the palm of | hand.
e Rub your hands together.
e Rub the product over all surfaces of your hands and fingers until your hands are dry.

Handwashing Sign Recommendations

e At venues where human-animal contact occurs, signs regarding proper handwashing practices are critical to reduce disease transmission.

e Signs that remind visitors to wash hands should be posted at exits from animal areas (ie, exit transition areas) and in nonanimal areas
where food is served and consumed.

e Signs should be posted that direct all visitors to handwashing stations when exiting animal areas.

e Signs with proper handwashing instructions should be posted at handwashing stations and in restrooms to encourage proper practices.

e Handwashing signs should be available in multiple age-appropriate and language-appropriate formats.

(Adapted from NASPHV Animal Contact Compendium Committee 2013. Compendium of measures to prevent disease associated with
animals in public settings, 2013. | Am Vet Med Assoc 2013;243:1270—1288. Reprinted with permission.)
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Appendix 4

Guidelines for Exhibition of Animals in School and Childcare Settings'-3

General Recommendations

Animals are effective and valuable teaching aids, but safeguards are required to reduce the risk for infection and injury. Other groups have
developed recommendations similar to those provided here. 75204205

Ensure that teachers and staff know which animal species are inappropriate as residents or visitors to the facility and which animals should
not be in direct contact with children (See animal-specific recommendations in this Appendix).

Ensure that personnel providing animals for educational purposes are knowledgeable regarding animal handling and zoonotic disease
issues. People or facilities that display animals to the public should be licensed by the USDA.

Inform parents of the presence of animals as well as the benefits and potential risks associated with animals in school classrooms. Consult
with parents to determine special considerations needed for children who are immunocompromised, have allergies, or have asthma.
Educate children about harmful germs that can spread between animals and people and about proper handwashing technique.

Wash hands right after contact with animals, animal products, or feed or after being around animal environments.

Supervise human-animal contact, particularly involving children < 5 years of age.

Display animals in enclosed cages or under appropriate restraints.

Do not allow animals used in schools or daycares to roam, fly free, or have contact with wild animals.

Designate specific areas for animal contact. Do not allow food or drink in animal contact areas; do not allow animals in areas where food
and drink are stored, prepared, served, or consumed.

Clean and disinfect all areas where animals and animal products have been present. Children should perform this task only under adult
supervision.

Do not clean animal cages or enclosures in sinks or other areas used to store, prepare, serve, or consume food and drinks.

Obtain a certificate of veterinary inspection, proof of rabies vaccination, or both according to local or state requirements for the species
being exhibited. Also, ensure veterinary care, including preventive health programs for endoparasites and ectoparasites as appropriate for
the species.

Animal-Specific Recommendations
Refer to the general guidelines regarding species for which specific recommendations are not provided in this section (eg, nonpsittacine birds
and domestic dogs, cats, rabbits, and rodents [including mice, rats, hamsters, gerbils, guinea pigs, and chinchillas]).

Reptiles (eg, turtles, snakes, and lizards): Do not keep reptiles in facilities with children < 5 years of age, and do not allow children of this
age group to have direct contact with these animals.

Amphibians (eg, frogs, toads, salamanders, and newts): Do not keep amphibians in facilities with children < 5 years of age, and do not allow
children of this age group to have direct contact with these animals.

Live poultry (eg, chicks, ducklings, and goslings): Do not keep live poultry in facilities with children < 5 years of age, and do not allow
children of this age group to have direct contact with these animals.

Ferrets: Do not keep ferrets in facilities with children < 5 years of age, and do not allow children of this age group to have direct contact
with these animals to avoid bites. Ferrets should be up-to-date for rabies vaccination.

Farm animals: Certain animals (eg, calves, goats, and sheep) intermittently excrete substantial numbers of germs; therefore, these farm
animals are not appropriate in facilities with children < 5 years of age and should not be displayed to older children in school settings
unless meticulous attention to personal hygiene can be ensured.

Guide, hearing assistance, or other service animals and trained animals used in law enforcement: These may be used in accordance with
recommendations from the sponsoring organizations when they are under the control of a person familiar with the specific animal.
Psittacine birds (eg, parrots, parakeets, and cockatiels): Consult the psittacosis compendium'®® and seek veterinary advice.

Fish: Children < 5 years of age and people with weakened immune systems should not clean aquariums. Wash hands before and after
cleaning aquariums, and wear gloves if hands have cuts or wounds or when working with rough rocks or spiny fish. Do not dispose of
aquarium water in sinks used for food preparation or for obtaining drinking water.

Animal products: Assume that products such as owl pellets and frozen rodents used to feed reptiles are contaminated with Salmonella
organisms. Dissection of owl pellets should not be performed in areas where food is stored, prepared, served, or consumed. Children <5
years of age should not be allowed to have direct contact with animal products unless the product has been treated to eliminate harmful
germs.

Animals Not Recommended in School or Childcare Settings

Inherently dangerous animals (eg, lions, tigers, cougars, and bears).

Nonhuman primates (eg, monkeys and apes).

Mammals that pose a high risk for transmitting rabies (eg, bats, raccoons, skunks, foxes, and coyotes).

Aggressive or unpredictable wild or domestic animals.

Stray animals with unknown health and vaccination history.

Venomous or toxin-producing spiders, insects, reptiles, and amphibians.

Animals that pose a high risk for zoonotic disease transmission (eg, preweaned calves, reptiles, amphibians, and live poultry) or bites (eg,
ferrets).

Adapted from NASPHV Animal Contact Compendium Committee 2013. Compendium of measures to prevent disease associated with
animals in public settings, 2013. | Am Vet Med Assoc 2013;243:1270—1288. Reprinted with permission.)
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MEASLES AND ACUTE FLACCID MYELITIS: TAMING TWO OLD ADVERSARIES

easles has been much in the
M news, and understandably

so. The number of cases’
just across the river in Clark County
has soared past 30 and continues
to rise,and Oregon has one linked,
confirmed case."? Though overall
rates of measles, mumps, and rubella
(MMR) vaccination among school-
aged youngsters in Oregon aren’t
bad (96%), some communities are
substantially underimmunized, and
their populations are at risk.

Acute flaccid myelitis (AFM) has
also been getting a lot of press
lately: no longer due to polio, but
nonetheless causing suffering and
disability among children.

In this CD Summary, we’ll revisit
these ancient scourges, review the
epidemiology of recent outbreaks, and
discuss strategies to stem the tide.

MEASLES

Measles is caused by a single-
stranded RNA virus of the family
Paramyxoviridae. Symptoms include
fever and a characteristic morbilliform
rash that starts on the face or at the
hairline and spreads to the rest of the
body, along with some combination
of the “3 C’s” of cough, coryza, and
conjunctivitis. While most cases are
self-limited, measles can be severe,
causing pneumonia and encephalitis
requiring hospitalization. Even in the
U.S., CDC reports a measles mortality
rate of 1-2 cases per 1000 cases.® It
spreads readily through the airborne
route and is remarkably infectious: in
a susceptible population, one measles
case is likely to result in 12-18
additional infections.* The measles
outbreak in Clark County appears to
have stemmed from a single imported
case. Oregon has also had a few
spikes like this over the years (Figure
1). This is typical of outbreaks in

* As of 9:50 AM January 30, 2019

Figure 1. Measles in Oregon, 1 Jan 1993 — 30 Jan 2019
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the U.S. since 2000, when endemic
measles was eliminated in this country
through vaccination.

Common wisdom suggests that
a community attaining a measles
vaccination rate of about 95% will
achieve herd immunity, that is, measles
imported in a single case will not have
enough susceptible folks around to be
able to propagate, and it will die out.
Alas, there is a clear risk of spread
to underimmunized communities in
Oregon. If measles got into these
communities, it would go through them,
to paraphrase an old “Down East”
story from Maine, like green corn goes
through the new maid. Of the 30 cases
of measles reported in Oregon since
2004, 21 (70%) were unvaccinated,
including two too young to receive
vaccine. Six were vaccinated,
and vaccination status couldn’t be
documented for the other three. That
at least 70% of cases have occurred
among the ~4% of our population that
is unvaccinated is testimony to the
effectiveness of the vaccine.

Several strategies can be used
to prevent outbreaks in under-
vaccinated communities. An easy one
is making MMR vaccine available to
unvaccinated patients in your practice.
The number of measles cases in
Oregon might be small at this point,
but that could change quickly, and
it's truly a kidney stone of a disease.
CDC recommends an initial dose of

S ®
QQQQQQQ

=
S T s s s s
MMR vaccine at 12—15 months, and a
second on at 4—6 years of age. If families
are anxious to protect their kids, the
second dose may be given at any time
at least 28 days after the first dose.® Kids
from kindergarten through college are
considered fully immunized if they've

had two doses. This also goes for adults
who work in health care or who will be
traveling to measles-endemic areas.t

Other adults are considered immune
if they’ve had one documented MMR or
were born before 1957. It there’s any
question, the vaccine is safe and about
97% effective with two doses. Err on the
side of vaccinating.

Local public health officials in
Washington and Oregon are investigating
contacts of all known measles cases,
identifying any who are unvaccinated, and
checking in with them regularly to identify
quickly any who become symptomatic.

If this happens, they are asked to stay
away from other possibly susceptible
people at home, to call their clinician
immediately and arrange for evaluation
and testing in a way that doesn’t expose
other patients or clinic staff, and to isolate
themselves at home until four days have
passed since rash onset.

It's an effective strategy. To work well,
it depends upon healthcare providers
in several respects. First, public health
can only find out about suspect measles
cases early, and help arrange timely,

Year

1 A designation we’d very much like to avoid
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appropriate testing of high-risk cases,
if clinicians call the case’s local health
department of residence to report the
case. It's especially important to call
about any unvaccinated patients with
compatible illness and known, direct
exposure to a measles case or a
history of visiting one of the potential
exposure venues at the time an
infectious measles case was present.
(For a list of venues and times of
exposure, see Clark County’s and
the Public Health Division’s measles
websites, references 1 and 2, below.)
Early diagnosis has several
benefits. In addition to being able to
provide prompt supportive care to
the patient, rapid identification of the
measles patient’s contacts might allow
preventive therapy. If given within 72
hours of exposure, MMR may prevent
or ameliorate disease. Immune
globulin may have benefit in exposed
infants, pregnant women, and
immunocompromised folks up to six
days after exposure. One study found
that timely receipt of MMR or IG was
83% effective in preventing measles
in exposed, susceptible people.®
Additionally, having a plan in your
facility to meet a suspect measles
case outside, give them a mask, and
bring them in for evaluation or testing
through a non-populated area of the
clinic will keep immunocompromised
or as-yet-unvaccinated patients in
your practice safe, and help prevent
further spread.

FOR MORE INFORMATION

* Oregon Health Authority: www.ore-
gon.gov/oha/ph/diseasesconditions/
diseaseaz/Pages/measles.aspx

Acute Flaccid Myelitis

Acute flaccid myelitis (AFM) is a
rare condition that affects the gray
matter of the spinal cord, resulting
in limb weakness or paralysis.” It's
a syndrome rather than a diagnosis
and can be caused by infection and
possibly environmental exposures or
genetic conditions. It's been around
a long time. In the pre-vaccine era,
millions of people worldwide were
afflicted by the scourge of polio.
Thanks to the work of Salk, Sabin and
millions of dedicated health workers,
endemic transmission of wild poliovirus
persists today in only three countries:
Afghanistan, Nigeria, and Pakistan.

In the U.S., AFM reared its ugly
head again in 2014, with many of
the cases tied to clusters of illness
in Colorado and California.®® Another
spike of cases was seen in 2016, many

Figure 2. Confirmed AFM cases in U.S. reported to CDC, 2014—2018
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of them in Arizona. As you’ve no doubt
seen in the news, 2018 has also seen
more than its quota of AFM cases, with
201 confirmed cases from 40 states
reported to CDC.

The current definition for a confirmed
case of AFM includes onset of acute
flaccid limb weakness in the setting of
spinal cord lesions largely restricted to
gray matter and spanning one or more
vertebral segments. A probable case
is defined by the above symptoms,
plus cerebrospinal fluid pleocytosis
(white blood cell count >5 cells/mm3).
We ask that you contact your local
health department to report any illness
involving acute-onset limb weakness or
paralysis in anyone <21 years of age.

Here in Oregon from 2014 through
2017, six children with AFM were
reported to the Public Health Division
and subsequently confirmed to meet
the above CDC case definition. We
had no confirmed cases in 2018.

Nationally, the median age among
confirmed cases is about four years.
Almost 60% required ICU care. Testing
at CDC has revealed evidence of a
variety of enteroviruses in the CSF of
four cases since 2014. The remaining
523 confirmed cases had none.
Nonetheless, the fact that more than
90% of confirmed AFM patients had
antecedent fever or mild respiratory
illness prior to weakness onset
suggests an infectious etiology for
many of these illnesses.

MRI findings are consistent with
lesions in lower motor neurons. This
could be direct damage from infection
or other insults, or it could reflect a
maladaptive immune response.

To learn more about what is going
on, we need to hear about cases of
AFM, document the course of iliness,
and ensure systematic testing to
determine their etiologies.

This is where you come in. For any
patient <21 years of age who presents
with acute-onset limb weakness, please
contact your local health department
and share with them:

* A completed AFM patient summary
form available at: www.cdc.gov/
acute-flaccid-myelitis/hcp/data.html,

+ Admission and discharge notes,

» Neurology and infectious disease
consult notes,

* MRI reports and images, and

« Laboratory test results.

We also ask that you collect the
following specimens from patients
under investigation for AFM as early
as possible in the course of iliness.

+ CSF,

+ Serum,

* Anasopharyngeal or oropharyngeal
swab, and

» Two stool samples, collected at least
24 hours apart early in the course
of iliness. This will help rule out
poliovirus infection.

Public health can help coordinate
shipment to CDC.

FOR MORE INFORMATION

« CDC AFM Surveillance
www.cdc.gov/acute-flaccid-myelitis/
afm-surveillance.html
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STOMACH FLU, WINTER VOMITING DISEASE OR NOROVIRUS: WHICH IS IT?

inter and its frigid
temperatures means more
than the season for colds

and influenza: it also means the
season for norovirus iliness, otherwise
known as Winter Vomiting Disease.
This issue of the CD Summary
reviews noroviral illness, transmission,
control measures and outbreaks.

Norovirus causes an estimated
19-21 million cases of acute
gastroenteritis (AGE) in the United
States each year, leading to 56,000—
71,000 hospitalizations and 570-800
deaths, mostly among young children
and older adults." Norovirus is the
leading cause of severe AGE among
medical care-seeking U.S. children <5
years of age, and a principal cause of
AGE outbreaks on cruise ships and in
preschools, hospitals, and long-term
care facilities.?

NOROVIRUS BACKGROUND
Norovirus was first identified
after an outbreak at an elementary
school in Norwalk, Ohio in 1968.
The investigators dubbed it “Norwalk
virus,” but the name was formally
changed to “norovirus” in 2002.
Norovirus belongs in the Caliciviridae
family of small, non-enveloped
viruses. There are six genogroups
(G) of norovirus, of which Gl, GlI, and
GIV afflict humans. Norovirus is highly
contagious due to its low infectious
dose, prolonged shedding following
infection, lack of durable immunity in
humans, and environmental stability.

NOROVIRUS SIGNS AND
SYMPTOMS

Norovirus symptoms begin a
median of 33 (range, 24—-48) hours
after exposure. Symptoms may
include:
» vomiting, .
 diarrhea, not bloody,
* Unfortunate cases find themselves
spewing out of both ends.

nausea,
abdominal cramps,

malaise,

chills and

low-grade fever.

In some cases, dehydration may
occur. The illness is self-limiting, and
most people start to feel better within
a day or two.

NOROVIRUS TRANSMISSION

Human beings are the only known
reservoir for norovirus. An infected
person begins to shed norovirus a few
hours before symptoms begin and can
continue to shed for more than two
weeks. Peak viral shedding occurs at 2
to 3 days after symptom onset, with a
median of 95 billion noroviral genomic
copies per gram of feces.?

Norovirus is commonly spread
from person to person by the fecal-
oral route. This type of transmission
is common in norovirus outbreaks in
nursing homes, schools and day care
centers. Point-source transmission
may be seen when a person vomits in
a crowded area.’

One common question is “how
close do you have to be to the vomiter
to get norovirus?” It so happens that
there are researchers who are trying
to figure out the answer to that very
question, and they have done so by
constructing vomiting machines (yes,
more than one). “Vomiting Larry”
demonstrated that the splash zone
in an act of “projectile vomiting” was
>3 m by >2.2 m.* Another simulated
vomiting machine built in 2015 showed
that norovirus can be aerosolized
during a vomiting event.® Given the
large splash zone and aerosolization
of norovirus, it's not surprising that a
vomiting incident in a public area can
cause an outbreak.

T The common story is that someone
vomited in a cafeteria and then there

were 10 people sick the next day. When
questioned, the 10 people that got sick later
were sitting close to the vomiter.

Norovirus can also be spread via
food or water (including ice) that is
contaminated by a food handler who
is shedding norovirus. Filter-feeding
oysters can collect and concentrate
norovirus from human feces, should
it manage to reach the oyster bed.
Regardless of how it gets into the
food, foodborne norovirus outbreaks
can rapidly sicken many partygoers or
restaurant patrons. Onsets usually are
clustered in time and typically associated
with foods that had been handled by a
food handler who worked while sick, and
that were not cooked afterwards. Salads,
sandwiches, fruits, and frostings are
commonly implicated vehicles.

NOROVIRUS TESTING

Individual cases of noroviral AGE
are clinically indistinguishable from
those caused by other viral or bacterial
agents. On the other hand, presumptive
diagnosis of noroviral etiology may be
made with a high degree of certainty
given a cluster of cases in which more
than half have vomiting, and more than
half have diarrhea. Norovirus can be
confirmed by testing a stool sample
using real-time reverse-transcriptase
polymerase chain reaction (RT-PCR).
Some commercial lab scan test for
norovirus; and increasingly, locally
available multiplex gastroenteritis PCR
panels can also detect it.

NOROVIRUS TREATMENT

There is no specific treatment for
norovirus. Antibiotics will not help.
Hydration is the key to managing it.

Nor is a commercial norovirus vaccine
currently available. A promising bivalent
vaccine, developed by Takeda, has
reached the randomized trial stage, but
no data are available on the duration
of antibody persistence or clinical
efficacy. One oral vaccine in tablet form,
under development by Vaxart, recently
completed phase 1 studies.
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Figure 1. Laboratory-confirmed norovirus and noro-like outbreaks by month, Oregon: 2011-2018
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NOROVIRUS OUTBREAKS IN
OREGON

While individual cases of noro-like
illness are not reportable, clusters of
iliness are reportable to public health
authorities so we can implement
control measures to hopefully stop
transmission.

The Oregon Health Authority
(OHA) receives hundreds of noroviral
and noro-like outbreak reports each
year. An outbreak is defined as cases
with compatible symptoms occurring
in at least two different households
clustered in space and time or
following a common exposure. We
further define a “confirmed” norovirus
outbreak as having norovirus detected
in specimens from at least two
patients. Noro-like outbreaks are
those with a similar symptom profile
but without the requisite noro-positive
specimens.

From 2011 through 2018, 949
confirmed noroviral and noro-like
outbreaks were reported in Oregon.
Of these, 657 (69%) were confirmed
as noroviral. The winter seasonality of
the outbreaks can be appreciated in
Figure 1.

Norovirus outbreaks were reported
in a variety of settings including
nursing facilities, fairs, restaurants,
schools, private parties, hospitals,
and camps. Six hundred forty-three
(68%) of the confirmed and noro-like
outbreaks were in nursing homes.
The next most common setting was
schools (n=71, 7%) and restaurants
(n=65, 7%).

Of the 949 outbreaks, 500 (53%)
had at least one specimen with
norovirus genotyping. Most of these
proved to be in norovirus genogroup
2 (n=424, 85%). Among these
Gll norovirus outbreaks, the most
common genotype was Gll.4 Sydney

Month Year

(n=238, 56%), followed by GIl.4 New
Orleans (n=42, 10%) and GII.2 (n=34,
8%). Only 76 (18%) of the outbreaks
with genotyping data were genogroup
1, of which the most common
genotype was G1.3B (n=24, 32%),
followed by GI.6A (n=15, 20%).

NOROVIRUS OUTBREAK
CONTROL MEASURES

In congregate settings such as
nursing homes, ill residents should be
put on enteric contact precautions as
soon as an outbreak begins. These
precautions include gowns, gloves,
masks, and washing hands with soap
and water. Other control measures
(e.g., stopping communal activities)
should also be instituted promptly.
Il staff members should stay at
home while ill and for 48 hours after
symptoms resolve — and not work
at any other facility during this time.
Similar control measures and work
restrictions should be employed in
schools and day care facilities.

HAND HYGIENE

Alcohol-based hand sanitizers are
ineffective against the non-enveloped
norovirus. We will have to wash our
hands the old-fashioned way.

NOROVIRUS CLEANING AND
DISINFECTING

Proper cleaning and disinfection
is important in stopping transmission
of norovirus. First, wear the proper
personal protective equipment
(gowns, masks and gloves) before
cleaning and disinfecting. “Cleaning”
means removing foreign materials
from surfaces or objects; it is done
with water, a detergent and elbow
grease. “Disinfection” is the killing of
pathogens on surfaces or objects.
The Environmental Protection Agency
(EPA) maintains a list of registered
disinfectants effective at killing
norovirus. If you don’'t have an EPA-

registered disinfectant on hand, plain
old bleach is also highly effective. We
recommend using a 3500-ppm bleach
solution — which can be prepared by
mixing 1 cup of household bleach in
a gallon of water. If you use bleach
solution, prepare a fresh batch each
day.

As far as potentially contaminated
food goes: when in doubt, throw it out,
and then wash your hands.

FOR MORE INFORMATION

+ List G: EPA’s Registered Antimicrobial
Products Effective Against Norovirus.
April 2018. Available at www.epa.
gov/sites/production/files/2018-04/
documents/list_g_disinfectant
list 3_15_18.pdf. Accessed 14 Feb
2019.

* OHA. Norovirus Outbreak Detection
and Management: Instruction for long-
term care facilities. January 2018.
Available at http:/bit.ly.noro-ltcf-toolkit
(pdf) Accessed 14 Feb 2019.

* OHA. Norovirus Outbreak Detection
and Management: Instruction for
schools and day care centers.
September 2016. Available at
http://bit.ly/norovirus-school-toolkit
(pdf) Accessed 14 Feb 2019.
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EBBS AND FLOWS OF COMMUNICABLE DISEASES: OREGON 2019

aboratories and health care
Lprofessionals are required by

Oregon law to report diseases
of public health importance to public
health authorities. Public health offi-
cials investigate these reports of com-
municable disease to characterize the
illness, collect demographic informa-
tion, and identify possible sources of
infection. This allows public health to
take steps to prevent further disease
transmission and to monitor trends
in communicable disease across the
state. This CD Summary presents
notable trends in the diseases reported
during 2019.

SHIGA TOXIN STORM

Shiga toxin-producing Escherichia
coli (STEC) infection causes gastro-
enteritis — it is often characterized by
bloody diarrhea and in severe cases,
illness can lead to post-diarrheal he-
molytic uremic syndrome (HUS). E.
coli O157:H7 is the most common
strain of STEC, though there are many
non-0157 strains as well. In Oregon
in 2019, 354 cases were reported, a
notable increase from the 315 and
217 cases in 2018 and 2017, respec-
tively. Sixty-six (31%) of the STEC
cases in 2019 were 0O157. The rate
of 0157 STEC infections in Oregon
has been gradually declining over the
past decade, while the rate of non-
0157 STEC infections has continued
to climb (Figure 1). In 2019, the rate

Figure 1. Incidence rate of shiga toxin-pro-

ducing E. coli (STEC) by serotype, Oregon,
2010-2019
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of non-0157 STEC cases reached a
new high of 3.4 per 100,000 people,
compared to 1.6 for 0157 STEC cas-
es. Incidence of infection is higher in
children <5 years of age. Historically,
the rate of STEC infections in Oregon
has been higher than the rate in the
rest of the U.S. and this remained
true in 2019 — Oregon experienced
nearly double the rate of STEC cases
compared to other states.! There were
four outbreaks of STEC investigated
in Oregon in 2019: one outbreak as-
sociated with beef products sold at

a grocery chain that resulted in 65
cases, two additional foodborne out-
breaks, and one outbreak associated
with animal contact. All four were
outbreaks of the O157:H7 strain.

RESPIRATORY UNREST
Leqionellosis is an acute respira-
tory tract infection following exposure
to Legionella spp. It varies in severity
from a mild febrile iliness to a serious

and sometimes fatal form of pneu-
monia. Legionella bacteria are found
naturally in the environment and are
transmitted by inhalation of aerosol-
ized water or soil infected with the
bacteria. Person-to-person transmis-
sion does not occur. There was a
dramatic spike in legionellosis cases
in Oregon in 2019, with 73 cases,
compared to only 40 cases in 2018.
At the same time, national cases of
legionellosis declined in 2019 after
years of a steady rise in cases. The
cause of the rise in Oregon in 2019
remains unknown; investigations did
not identify any clusters. However,
increases in older persons and those
with underlying disease, aging plumb-
ing infrastructure, and increased test-
ing, detection and reporting may have
played a role. Among the 73 cases

in 2019, 97% were hospitalized and
there were eight deaths.

Measles is an acute, highly commu-
nicable viral illness. The hallmark of the
disease is a red, blotchy rash that starts
on the face and then spreads widely
over the body. The rash is preceded by
a febrile prodrome that includes cough,
coryza, and conjunctivitis. Efforts to
increase vaccination among preschool
children since 1989 has resulted in dra-
matic reduction in measles in the United
States. In 2019, about 96% of K-12 kids
in Oregon received two doses. Although
the risk of exposure to measles in Or-
egon remains low, 2019 saw a large
increase in measles cases; the high-
est count in 28 years. In fact, Oregon’s
incidence surpassed the rate in the rest
of the U.S. for the first time since 2013
(0.7 cases per 100,000 in Oregon com-
pared to 0.4 cases per 100,000 people
in the rest of the U.S.).' The median age
of cases has been 12.5 years (range,

6 months—49 years) since 2004. Four
outbreaks of measles accounted for 27
of the 28 cases in 2019: two community-
wide outbreaks, one at a missionary
training school, and one associated with
a flight. All cases in 2019 were import-
linked cases (linked to an internationally
imported case), and all were unvacci-
nated.

HEPATITIS A COUNTS CLIMB
Hepatitis A is a liver disease caused
by the hepatitis A virus, which is trans-
mitted via the fecal-oral route. Histori-
cally, Oregon had one of the higher state
incidence rates of hepatitis A in the
U.S.; however, the number of hepatitis
A cases declined both nationally and
in Oregon following the licensure of
the hepatitis A vaccine in 1995-1996.
Oregon’s case count declined from 165
cases in 2000 to only 9 cases in 2012,
but it has been gradually rising since
that time, up to 28 cases in 2019. De-
spite this trend in recent years, the rate
of hepatitis A cases in Oregon remains
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well below that of the rest of the U.S.
(Figure 2).!
Figure 2. Incidence rate of hepatitis A in

Oregon and the rest of the United States,
2000-2019
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Since 2017, the U.S. has been
experiencing widespread person-to-
person outbreaks of hepatitis A across
the county, resulting in a steep surge
in national case rates.? The 28 cases
Oregon saw in 2019 included a cluster
of 5 five hepatitis A cases in a high-
risk population reporting injection drug
use and unstable housing in Central
Oregon. Ten of the 28 cases in 2019
were acquired outside of Oregon or
from household members who recent-
ly traveled outside of Oregon.

WHAT IS UP WITH WEST NILE?

Over the past 10 years, the inci-
dence rate of WNV in Oregon has
been highest in SE Oregon, espe-
cially Malheur County (9.8 cases per
100,000 people) and Harney Count
(8.1 cases per 100,000 people). Ani-
mal surveillance for WNV found more
animal cases of WNV compared to
previous years, with 9 horses and 87
mosquito pools testing positive for
WNV in 2019 (Figure 3). 2019 also
saw an increase in human cases of
WNYV relative to the previous year,
with a total of nine cases. Eight of
them were locally acquired and one
was imported. Only one in five hu-
mans infected with WNV will develop
symptoms — typically flu-like symp-
toms such as fever, headache and
muscle aches.

Figure 3. West Nile virus by species,
Oregon, 2010-2019
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EBBS IN ENTERIC DISEASES
Cryptosporidiosis results from

infection with protozoal parasite of
the genus Cryptosporidium and is
characterized by watery diarrhea and
abdominal cramps. The rate of crypto-
sporidiosis in Oregon has been gen-
erally inclining since 2000; however,
there has been a gradual decline in
cases since reaching a peak of 329 in
2016 — Oregon recorded 253 cases
of cryptosporidiosis in 2019. The case
rate in Oregon continues to remain
above the rate in the rest of the U.S.
(Figure 4)." Rapid cartridge tests and
culture independent diagnostic testing
for Cryptosporidium might be playing
a role in the apparent increase in inci-
dence for the past decade.

Figure 4. Incidence rate of cryptosporidi-

osis in Oregon and the rest of the United
States, 2000-2019
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Giardiasis is caused by infection
with the flagellated protozoan Giardia
intestinalis. While most infections occur
without symptoms, Giardia cysts can
be excreted in the stool intermittently
for weeks or months, resulting in a
prolonged period of communicability.
Children in daycare and their close
contacts, backpackers and campers,
persons drinking from shallow wells,
travelers to disease-endemic areas
and men who have sex with men are at
greatest risk. While giardiasis in Or-
egon (6.9 per 100,000 people in 2019)
remains elevated above the rest of the
U.S. (4.0 per 100,000 people in 2019)",
cases have been gradually declin-
ing since 2010 and were down to 291
cases in 2019.

Salmonellosis is a bacterial illness
characterized by acute abdominal pain,
diarrhea and often fever. Symptoms
typically begin one to five days after
exposure, but excretion of Salmonella
may persist for several days or even
months beyond the acute iliness. Since
2000, salmonellosis cases have been
generally inclining in Oregon, reaching

a peak of 582 cases in 2018. In 2019,
however, this number decreased to
460 cases (10.9 cases per 100,000
people), mirroring a drop in case rates
in the rest of the U.S." and keeping
Oregon below the national average.
Despite this, there were nine out-
breaks of salmonellosis investigated
in 2019, which accounted for 64 of
the 460 cases in Oregon. Of the 460
cases, 406 had lab-confirmed isolates,
from which 64 different Salmonella
serotypes were identified (Figure 5).

Figure 5. Salmonella cases by selected*
serotypes, 2019*
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*Selected because at least one case was reported in
2019 and it is a more common serotype.

Shigellosis is an acute bacterial
infection, and in Oregon, it is typically
caused by S. sonnei or S. flexneri
(Figure 6). The iliness is character-
ized by diarrhea (sometimes bloody),
vomiting, abdominal cramps and fe-
ver. After a large spike in cases led to
a record case count of 289 in 2018,
cases decreased again in 2019 with
160 cases of shigellosis recorded in
Oregon. The high case count in 2018
was due, in part, to a large foodborne
outbreak. outbreak. With the excep-
tion of 2018, the case rate of shigel-
losis cases in Oregon remains below
that of the rest of the U.S."

Figure 6. Shigellosis cases by species,
Oregon, 2019
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Vibriosis is caused by infection with
bacteria from the Vibrionaceae fam-
ily, which includes the species that



causes cholera. Vibriosis is often
acquired by eating raw or under-
cooked molluscan shellfish, although
non-foodborne infection with Vibrio
species can also occur through con-
tact with sea or brackish water. In
Oregon, V. parahaemolyticus is the
most frequently reported species
(Figure 7) and it is found naturally in
the coastal waters and shellfish of
the Pacific Northwest.

Figure 7. Vibriosis cases by species,
Oregon, 2019
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Oregon recorded a record high
number of vibriosis cases in 2018
(67), but cases declined again in
2019 with 37 cases reported (0.9
cases per 100,000 people). The
case rate in Oregon remains slightly
elevated above the case rate in the
rest of the U.S." Almost half of 2019
cases were initially detected from
a polymerase chain reaction (PCR)
test. In 2018, Oregon changed the
case definition for Vibrio infections to
exclude some of these PCR tests, in
an attempt to mitigate the problem.
Not all the increase in cases can be
attributed to changes in culture inde-
pendent diagnostic testing, however,
30 out of 37 reports in 2019 were
culture confirmed.

DECLINES IN ZOONOTIC
DISEASES

Lyme disease is a tick-borne
zoonotic disease caused by the spi-
rochete Borrelia burgdorferi. In most
cases, the tick must be attached for
36-48 hours or more before the bac-
terium can be transmitted and the
incubation period ranges from 3 to
30 days after exposure. Cases have
been reported in 49 states and in On-
tario and British Columbia, Canada.
Following a record number of cases
in 2017 (89), cases declined to 65
reported in 2019; however, there is
an overall increasing trend relative
to earlier in the decade. The median

age of cases in 2019 was 40 years
of age. Fifty-two (63%) cases were
female. The rate of Lyme disease
cases in Oregon (1.5 per 100,000
people in 2019) continues to remain
well below the rate in the rest of the
U.S. (10.4.per 100,000 people)."

Rabies is an acute infection of the
central nervous system caused by a
neurotropic rhabdovirus of the genus
Lyssavirus. All mammals are sus-
ceptible to rabies and in humans, it
causes rapidly progressive and fatal
encephalomyelitis. Bites from in-
fected animals constitute the primary
route of transmission. Oregon (and
the rest of the Pacific Northwest) is
considered to be free of terrestrial
rabies — the main reservoir of rabies
in Oregon is bats. Rabies in humans
is rare and is 100% preventable
through prompt appropriate medical
care, but public health monitors ra-
bies in animal populations as well. In
2019, despite testing similar numbers
of animals that potentially exposed
humans to rabies, the number of
positive animal cases decreased to
nine, all of which were in bats (Figure
8). The rate of animal rabies cases
in Oregon continues to remain well
below the national rate in the rest of
the U.S."

Figure 8. Animal rabies cases by species,
Oregon, 2000-2019
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MORE HIGHLIGHTS FROM 2019
In 2019, Oregon recorded the low-
est number of cases of meningococ-
cal disease in this millennium — only
11 cases were reported. The case
rate in Oregon has been steadily
decreasing since 2000 and in 2019,
neared the case rate in the rest of
the U.S. While cases of invasive
Haemophilus influenzae disease
(IHID) remained relatively stable in
Oregon in 2019, there were no cases
of Haemophilus influenzae serotype
b (Hib) infection. Until the advent of
an effective vaccine against Hib, H.

influenzae was the leading cause
of bacterial meningitis in children
under 5 years of age in Oregon and
elsewhere. Continued use of con-
jugate vaccine will help ensure Hib
infection remains minimal well into
the future. Cases of yersiniosis in
Oregon have been elevated since
2013 and climbed further in 2019,
reaching 53 cases. The increase in
cases spanned all age, race, and sex
categories.

CONCLUSION

Thank you for reporting to public
health. Check out the complete 2019
report below.

FOR MORE INFORMATION:
* 2019 Communicable Disease An-

nual Report (Tableau)
» Case counts by county of residence

(2019) (Tableau)

» Select diseases by year (2000-2019)
(Tableau)

RESOURCES

1. Centers for Disease Control and Preven-
tion. National Notifiable Diseases Surveil-
lance System, Weekly Tables of Infectious
Disease Data. Atlanta, GA. CDC Division
of Health Informatics and Surveillance.
Available at: www.cdc.gov/nndss/infec-
tious-tables.html.

2. Centers for Disease Control and Pre-
vention. Widespread outbreaks of
Hepatitis A across the United States.
Available at: www.cdc.gov/hepatitis/
outbreaks/2017March-HepatitisA.htm
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LOVE AT FIRST BITE: VECTOR-BORNE DISEASE IN OREGON

As Gregor Samsa awoke one
morning from uneasy dreams, he
found himself transformed in his bed
into a gigantic insect.

- Franz Kafka,
The Metamorphosis

amsa’s experience would put a
S crimp in just about anyone’s day,

but there are other interactions
with arthropods that can be just as
unpleasant. In any case, the winter
is past, the rain is over and gone; the
flowers appear on the earth, the time of
the singing of birds is come, the voice
of the turtle is heard in our land... and
before too long, there will be so many
mosquitoes, ticks, and other disease
vectors out there it will make you
long for winter again. Moreover, the
geographic ranges of these arthropods
are changing with the climate, bringing
some diseases to parts of Oregon
that haven'’t seen them before. In this
CD Summary, we’ll talk about where
vectors are, what diseases they carry,
and how to assess and protect your
patients.

While we generally worry about

only three species of ticks in Oregon,
many species of mosquitoes from three
genera thrive here. Several Culex
species are found in eastern Oregon,
and they regularly test positive for West
Nile virus. Happily, none of the three
Aedes species mosquitoes known to
transmit dengue virus (A. albopictus,
A. aegypti, A. japonicus) is native to
Oregon, but they have been reported
in neighboring California. Anopheles
mosquitoes that could transmit malaria
are found in Oregon, but imported
cases are sufficiently uncommon and
parasitemia is short-lived (thanks to
treatment) that we don't fret too much
about the possibility of autochthonous
transmission.

Table. Diagnostic techniques for vector-borne disease

Diagnosis by
Disease Vector Clinical and | Pathogen Antibody
exposure detection* | detection

Dengue Mosquito v
Malaria Mosquito v
West Nile Mosquito v
Zika Mosquito v v
Anaplasmosis or Tick v
Ehrlichiosis
Babesiosis Tick v
Colorado tick fever Tick v
Lyme Tick v
Plague Flea v
RMSF Tick v
Tick-borne relapsing Tick v v
fever
Tularemia Tick v

*culture or detection of pathogen-specific antigen or nucleic acid

WHERE ARE THE ARTHROPOD
VECTORS?

Vector control folks from around the
state tell us that ticks and mosquitoes
were out earlier in the spring of
2018 than in years past. There are
three main tick species in Oregon
(see maps in references). Each has
different ranges. The brown dog tick
(Rhipicephalus sanguineus) is present
throughout Oregon and can carry
Rickettsia rickettsii, the pathogen
that causes Rocky Mountain spotted
fever (RMSF). The Rocky Mountain
wood tick (Dermacentor andersoni) is
found east of the Cascades, usually
above 4,000 feet, though there are
recent reports of exposures below that
elevation. Its bite can result in RMSF,
Colorado tick fever, and tularemia.
West of the Cascades, you'll find the
Western blacklegged tick (/xodes

pacificus), which carries the agents
of Lyme disease, anaplasmosis, and
relapsing fever.

WHERE ARE THE DISEASES?
From 2014-2018, 1,348 cases of
vector-borne disease were reported
to the Oregon Health Authority: 255
confirmed, 355 presumptive, 738
suspect. Lyme disease accounted for
more than half of these reports with
44 confirmed cases, 258 presumptive
cases, and 530 suspect cases. Among
confirmed cases of vector-borne
disease were also 87 cases of malaria,
53 cases of Zika, 14 cases of tularemia,
and 11 West Nile disease cases.
Following their vectors, three
diseases have strong regional
concentration in Oregon. Of the 288
confirmed and presumptive Lyme
disease cases with location information,
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248 resided west of the Cascades. Al
seven cases of Colorado tick fever —
all of which were confirmed — lived

in central Oregon. Corresponding

with mosquito testing, eight of the

11 confirmed and nine of the 10
presumptive cases of West Nile virus
disease resided east of the Cascades.

Tularemia cases were split, with
seven cases on each side of the
Cascades. Remember that tick bites
aren’t the only way to get tularemia;
10 of 14 reported cases denied having
seen a tick prior to their illness.

You might be surprised to see any
cases of malaria and Zika in Oregon.
Neither disease is endemic to Oregon,
or the United States. Remember that
we report not what was contracted
here, but what was diagnosed among
Oregon residents; all Oregonians
with confirmed malaria, chikungunya,
and dengue fever who could be
interviewed had traveled to a country
where the diseases are endemic.

The same is true for all cases of Zika,
except for one confirmed case that
was transmitted by sexual contact and
three presumptive cases of vertical
transmission.

EMERGING TICK-BORNE
DISEASES

Rickettsia sp. 364D causes Pacific
Coast tick fever, which often presents
with an eschar, fever, and headache;
rash is relatively uncommon.
The vector (Pacific Coast tick,
Dermacentor occidentalis) is present
in California and may have pushed
into southwestern Oregon. Efforts
to look for this potential emerging
pathogen in Oregon are underway.
Since it’s relatively new, diagnostic
capabilities for R. 364D infection are
still expanding.

Borrelia miyamotoi is a species
of spiral-shaped bacteria that also
causes tick-borne relapsing fever
(TBRF). As you can guess from the
name, it is related to B. burgdorferi,
which causes Lyme disease. First
identified in 1995 in ticks from
Japan, B. miyamotoi has since been
detected in one species of tick found
in Oregon — viz., the western black-
legged tick (/xodes pacificus). B.
miyamotoi infection presents with
nonspecific symptoms, including
fever, headache, chills, myalgia, and
arthralgia. Laboratory confirmation
of B. miyamotoi is possible by PCR
on blood from acutely symptomatic

patients; they may be seronegative at
presentation.

Oregon Health Authority and
Jackson County Vector Control officials
collected 2,166 ticks in 459 vials
between November 2017 and May
2018 at different locations county-
wide. B. burgdorferi was identified in
12/459 (2.6%, similar to that found in
a study in 2000), and B. miyamotoi
was identified in 37/459 vials (8.1%,
no previous studies done in Oregon).
We continue to collect Ixodes pacificus
ticks, which live west of the Cascades,
to learn more about the distribution of
these pathogens.

HOW SHOULD | ASSESS MY
PATIENT?

People do not always feel ticks
and insect bites. For example, 22 of
the 31 people with confirmed Lyme
disease who were interviewed denied
having seen a tick prior to their illness.
Many early symptoms of vector-borne
diseases are non-specific, including
fatigue, chills, fever, and headaches.
It is therefore important to ask all
patients with such symptoms about
travel history, time spent outdoors, and
exposures to animals, including pets.

Some diseases can be identified
by typical signs, such as erythema
migrans (“bulls-eye” rash) with Lyme
disease, and painful lymphadenitis
with the bubonic form of plague. Many
vector-borne diseases will cause
typical hematologic changes; consult
your favorite resource for details.
The Centers for Disease Control
and Prevention (CDC) has provider-
specific pages for many diseases, and
Heymann’s Control of Communicable
Diseases Manual is a handy resource.

As with all diseases, clinical
presentation will guide you toward
a diagnosis. Methods for definitively
identifying one of these diseases fall
into one of three categories: clinical
presentation and exposure history,
detecting the agent, or detecting
the immune response. Consult the
Table (verso) for details. Your clinical
laboratory and the Oregon State
Public Health Laboratory are excellent
resources for determining which
samples to collect.

PREVENTING VECTOR-BORNE
DISEASE

The best way to prevent arthropod-
borne disease is to prevent being
bitten. Insect repellent is very helpful

against both mosquitoes and
ticks. Check the link below for

the Environmental Protection
Agency’s (EPA’s) insect repellent
chooser to find those that will meet
your patients’ needs. Wearing
long sleeves and pants can help
prevent bites. It's also important
to research areas before travel;
check sites like CDC'’s Travelers’
Health to see which diseases are
present and which prevention
methods are recommended at
your destination. We also ask that
you counsel patients who develop
illnesses like dengue, Zika etc., to
avoid mosquito bites for two weeks
after symptom onset. (There is no
evidence that mosquitoes native
to Oregon can transmit dengue or
Zika, but we don’t want to find out
the hard way.)

While mosquitoes generally stay
outside, fleas are not above taking
a free ride in with pets, and ticks
may still be attached to patients
and pets when they return indoors.
Patients should check their body,
clothing, gear, and pets for ticks.
Potential problem hiding areas
include the hair, ears, armpits, belly
button and backs of the knees.

The proper way to remove a tick
is to grasp the tick with forceps
as close to your skin as possible
and pull straight out (Figure). Do
not twist. Repeat as necessary.
Remedies from old wives’ tales,
such as burning a tick out or
“painting” it with acetone are likely
to increase the risk of disease
transmission.

Your patients can help
prevent disease in their pets
and themselves by keeping their
pets up to date on flea and tick
repellent. Patients should work with
their veterinarian to choose the
appropriate product.

Figure. The proper way to remove a tick.

=

Image source: (accessed 3/17/2019)
www.cdc.gov/lyme/removal/index.html
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MORE INFORMATION

« CDC’s Division of Vector-Borne
Diseases:
www.cdc.gov/ncezid/dvbd/index.html

* ArboNET Disease Maps: https://
wwwn.cdc.gov/arbonet/maps/ADB
Diseases_Map/index.html

+ CDC maps: Geographic distribution
of ticks that bite humans:
www.cdc.gov/ticks/geographic
distribution.html

« EPAinsect repellent search tool:
www.epa.gov/insect-repellents/find-
repellent-right-you

« CDC Travelers’ Health:
https://wwwnc.cdc.gov/travel

» 2004 CD Summary on tick-borne
disease:
www.oregon.gov/OHA/PH/
DISEASESCONDITIONS/
COMMUNICABLEDISEASE/
CDSUMMARYNEWSLETTER/
Documents/2004/0hd5309.pdf
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DISEASE OUTBREAKS IN OREGON, 2019

Q n “outbreak” is the occurrence

of a specific disease in time and

space that is greater than what

we would normally expect. In Oregon,
any outbreak of iliness is reportable to
public health so that public health can
investigate to determine its cause and
to intervene to prevent further spread
of illness. Interventions might include
recalling contaminated food items,
warning the public, providing targeted
education, or immunizing susceptible
contacts.

OUTBREAK OVERVIEW
Outbreaks are often first reported to
public health when someone notices
an increase in persons with a clini-
cal syndrome such as gastroenteritis,
respiratory or neurological illness, or
rash. This initial clinical information
guides the public health investigation.
One of the basic tenets of outbreak in-
vestigation is to confirm the diagnosis,
so a priority for outbreaks of infectious
diseases is specimen collection and
laboratory testing to identify a specific
organism. The Oregon State Public
Health Laboratory (OSPHL) routinely
performs whole genome sequencing
on enteric pathogens to identify cases
with closely related genetic ancestry—
the presumption being that genetically
related isolates stemmed from a com-
mon source. We also find it helpful
to classify outbreaks based on the
primary mode of transmission, such as
foodborne (spread through a contami-
nated food vehicle), person-to-person
(including physical contact and droplet
spread), water-borne, vector-borne
or via contact with infected animals.
The specific pathogen and its mode of
transmission guide the health investi-
gation and interventions.

2019 BY THE NUMBERS

Oregon state and local public health
authorities logged 429 outbreaks of
disease in 2019, an increase of 24%
from the 346 investigated in 2018.
The outbreaks investigated in 2019
affected at least 7,374 people. Viruses
caused 303 (71%) of the 429 out-
breaks (Figure 1). Next were bacteria,
including bacterial toxins, which
caused 47 (11%) of the outbreaks;
and parasites, which caused 3 (0.7%).
Two outbreaks in 2019 were caused
by other agents: an outbreak of
scabies (actually an infestation by the
mite Sarcoptes sca-biei var. hominis
rather than an “infec-tion”); and an
outbreak of lung injury associated with
vitamin E acetate in e-cigarette or
vaping products."

Figure 2 shows the number of out-
breaks investigated in Oregon in 2019
by month and reported syndrome.
While the number of gastrointestinal
(Gl) outbreaks remained somewhat
stable throughout the year, most
respiratory outbreaks in 2019 were
investigated from January to March
and in December, consistent with the

Figure 1. Outbreaks by pathogen or agent,
Oregon, 2019

Other
0%

Bacteria
1%

Parasites

Viruses
1%

influenza season. Of the 187 respirato-
ry outbreaks investigated during those
months in 2019, 162 (87%) of them
were influenza.

By clinical syndrome, the most
commonly reported outbreak was of
respiratory illnesses: 231 (54%). Of
these, the predominant etiology was
influenza, causing 179 (77%) of these
outbreaks and affecting at least 2,606
people. Influenza A accounted for 133

Figure 2. Number of outbreaks by month and clinical syndrome, Oregon, 2019
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(74%) of these outbreaks and influ-
enza B for 16 (9%). Consistent with
most seasons, the 2018-19 influenza
season in Oregon began with a wave
of influenza A cases, which contin-
ued to predominate throughout the
season. The 2019-2020 influenza
season, however, reversed this trend
and began with a large wave of influ-
enza B followed by a smaller wave of
influenza A.2 Two outbreaks involved
both influenza A and influenza B, and
the type was unknown in 26 (15%)
influenza outbreaks. The great
majority of influenza outbreaks in-
vestigated in 2019 were in long-term
care facilities (118, 66%) and schools
(41, 23%).

Other respiratory outbreaks in
2019 were caused by measles (4),
mumps (1), pertussis (22) and respi-
ratory syncytial virus (RSV) (12).

Forty-three percent (185) of the
reported outbreaks presented as
gastroenteritis. Consistent with out-
breaks in previous years, norovirus
was the etiologic agent in the major-
ity of these, causing 96 (52%) of 185.
Salmonella and Shiga-toxin produc-
ing Escherichia coli (STEC) caused
14 (8%) and 5 (3%), respectively.
Among the strains typed in 19 noro-
virus outbreaks, genogroup Il were
the most common (74%), consistent
with what was observed nationally.®
Among the fifteen foodborne Gl out-
breaks, Salmonella was confirmed as
the etiologic agent in six and STEC
in four (Figure 3).

Figure 3. Etiology of foodborne outbreaks,
Oregon, 2019

NOTABLE OUTBREAKS
STEC in ground beef

In November 2019, isolates from

three cases of STEC O157:H7 in

neighboring counties had similar

molecular typing based on whole
genome sequencing (they were
identical). Over the following three
weeks, four additional cases were
identified among household contacts
and through reports from astute clini-
cians. Each had purchased ground
beef from the same grocery market
chain, so a multi-agency outbreak
investigation was initiated.* Ground
beef samples from multiple market
locations were genetically similar
to the clinical cases. Within three
days of identifying the initial cluster,
the grocery chain issued a recall of
in-house ground beef from all 26
store locations; the recall was later
expanded to all beef products. The
Oregon Health Authority issued two
press releases and used loyalty
cards to identify other customers who
had purchased beef. From an online
customer survey, 56 more people
with symptoms consistent with STEC
infection were identified, for a total
of 63 Oregon cases. None of these
56 cases had been tested for STEC.
The cases ranged from 2 to 77 years
of age (median, 44); 59% were fe-
male. Two cases were hospitalized
for their illness, and one developed
hemolytic uremic syndrome. None
died. The investigation revealed that
the market was unknowingly grinding
beef that the processing facility in-
tended only for intact use (to be sold
e.g., as steaks or roasts) and was
therefore not required to be tested for
STEC. This misunderstanding high-
lights an opportunity for education
and the need for improved commu-
nication between beef suppliers and
their buyers.

A tale of two restaurants
In August 2019, an Oregon lo-
cal public health authority (LPHA)
received reports of five cases of
Salmonella typhimurium in a single
day, prompting investigation. Another
five cases had been reported in a
neighboring county during the previ-
ous week. Over the following three
weeks, ten more cases were report-
ed to these LPHAs. Initial interviews
identified no shared exposures, but
genetic sequencing of case isolates
found them to be closely related. In
follow-up interviews, cases reported
eating at one of two restaurants (one
in each county). The two Mexican
restaurants had a common food sup-
plier from whom they ordered similar
food items. Public health outreach to

other customers identified three more
who experienced symptoms con-
sistent with salmonellosis, bringing
the count to 23 Salmonella serotype
Typhimurium cases in this outbreak.
The cases ranged from 5 to 86
(median, 41) years of age, and 11
(48%) were female. Two cases were
hospitalized for their iliness; none
died. Due to substantial overlap in the
two restaurants’ orders from the
supplier and in cases’ food
purchases, no single food item could
be identified as the cause of this
outbreak.

Bears—oh my!
In August 2019, a clinician contacted
the LPHA after diagnosing trichinel-
losis based on a patient’s clinical
presentation and recent exposure
to bear meat. Trichinellosis is con-
tracted by eating raw or undercooked
meat of animals infected with larvae
of roundworms of the genus Trichi-
nella. While the clinical manifestation
varies, cases often experience fever
and myalgia and have periorbital
edema and eosinophilia. In the U.S.
today, trichinellosis remains relatively
uncommon. Review of the medical
record revealed that the patient had
become sick along with three others
who attended a gathering where they
consumed burgers of ground bear
meat. The four all became ill within
three days of consuming the bear
meat, and three were hospitalized
for their illnesses. Four samples of
leftover bear meat were tested, and
Trichinella murrelli larvae were iden-
tified in all four, ranging from 2—19
larvae per gram. Thanks to prompt
reporting by an astute clinician, the
leftover bear meat was discarded,
and others were spared the illness.

Expounding the EVALI enigma
Beginning in August 2019, multiple
states across the U.S. began no-
ticing cases of severe lung injury
among young persons, often previ-
ously healthy, who reported using
e-cigarettes or vaping devices; soon
the condition was dubbed “e-ciga-
rette or vaping product-associated
lung injury” (“EVALI”). In total the
outbreak affected 2,807 people in all
50 states, the District of Columbia
and two U.S. territories. All cases
were hospitalized, and there were
68 confirmed deaths. Oregon made
EVALI reportable on October 9, and
ultimately logged 23 cases and two



deaths.” The median case age was 34
in Oregon and 24 in the U.S. CDC led
a national investigation that included
case interviews, medical record re-
views, extensive clinical evaluations
and testing of leftover vaping prod-
ucts.® Laboratory data found vitamin E
acetate in the products to be strongly
associated with illness; however, a
role for other chemicals in these prod-
ucts has not been ruled out. Vitamin E
acetate was found in product samples
tested by FDA and in 48 of 51 bron-
choalveolar lavage fluid samples from
EVALI patients but in 0 of 99 healthy
controls.® Thanks to increased aware-
ness of the risk associated with e-
cigarette or vaping product use and
the removal of vitamin E acetate from
some products, cases of EVALI have
since declined in the U.S. Due to this
decline, mandatory reporting of EVALI
to public health authorities in Oregon
expired in February 2020.

Problems with pertussis
Twenty-two outbreaks of pertussis
were reported in Oregon in 2019—
nearly double the 12 reported in
2018. Outbreaks of pertussis in 2019
comprised 155 cases, ranging from 0
to 70 (median, 15) years of age. Fe-
males accounted for 54% of outbreak
cases. The outbreaks did not result
in any hospitalizations or deaths. The
largest pertussis outbreak in 2019
was a community-wide outbreak of 42
cases. Investigations began in May
2019 when two cases of pertussis
were reported in a single high school.
Four additional cases were reported
throughout May at different schools in
the county, leading public health of-
ficials to classify this as a community-
wide outbreak; and over the course of
the summer, 34 additional cases were
identified in multiple schools, camps
and community sports clubs, among
other locations. The cases ranged
from 3 to 25 (median, 15) years of
age, and 52% were female. Of the
40 cases less than 19 years old, 85%
were up to date on pertussis vaccina-
tion. The outbreak was determined to
be over in August 2019 when cases in
the community had returned to base-
line levels. Unfortunately, community-
wide outbreaks of pertussis are not
uncommon in Oregon: an even larger
one was ignited in 2018 by cases in
several high-school populations, re-
sulting in a total of 227 cases. Pertus-
sis outbreaks in previous years have

also consisted primarily of young adult
cases.

Measles mayhem
After historically low case counts dur-
ing the earlier years of the millennium,
measles cases spiked in 2019 with 28
cases reported in Oregon—the most
since 1991. This was consistent with
outbreaks observed in the rest of the
United States in 2019. Four Oregon
measles outbreaks accounted for 27
of the 28 cases. In February 2019,
public health officials investigated an
outbreak of measles at a missionary
training school after members were
exposed to a case from out of state;
ultimately, the outbreak comprised nine
Oregon cases. In August 2019, a 10-
case outbreak began with a case ac-
quired during international travel; nine
secondary cases resulted from sub-
sequent public exposures and close
contact among household members,
relatives, and others. A four-case out-
break was associated with exposure to
an infectious case on an international
flight. Finally, four Oregon cases of
measles were associated with a large
outbreak in Clark County, Washington
in early 2019.” The median age of all
28 measles cases in Oregon in 2019
was 10.5 years, and 79% were female.
All cases were unvaccinated.

MORE HIGHLIGHTS FROM 2019

This CD Summary covers only a
small portion of the disease outbreaks
investigated in 2019; space precludes
a discussion of the many other no-
table investigations. Oregonians were
involved in six separate multi-state
outbreaks of Salmonella infections
associated with live poultry,® each
associated with a different Salmonella
serotype, including 17 Oregon cases in
all. CDC also investigated a multi-state
outbreak of Vibrio parahaemolyticus
infections that included 13 cases from
Oregon, associated with consumption
of raw oysters from various harvest

locations. A five-case outbreak of hepa-

titis A occurred among persons report-
ing injection drug use and unstable
housing. The index case in the out-
break had been exposed to hepatitis A

in California. In response, multiple local

vaccination clinics were organized to
immunize this high-risk population.

CONCLUSION

These data would not exist without
astute clinicians reporting, local and
tribal public health jurisdictions inves-
tigating and reporting of outbreaks to

the Oregon Health Authority’s Public
Health Division. If you suspect an
outbreak of any illness, please alert
your local public health authority
(LPHA) promptly. Contact informa-
tion for Oregon LPHAs can be found
at www.healthoregon.org/Ihddirec-

tory.

FOR MORE INFORMATION
» List of 2019 Disease Outbreaks

(Tableau)

« 2019 Communicable Disease An-
nual Report (Tableau)

» ACDP’s outbreak investigation
webpage
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A TALE OF TWO RESPIRATORY PATHOGENS: INFLUENZA AND SARS-COV-2

It was the best of times, it was the
worst of times, it was the age of wis-
dom, it was the age of foolishness,
it was the epoch of belief, it was the
epoch of incredulity, it was the season
of Light, it was the season of Dark-
ness. — Charles Dickens

INFLUENZA DURING THE
COVID-19 PANDEMIC

We entered the 2020-2021 respi-
ratory viral pathogen season with a
fear of the unknown: What would an
influenza season superimposed on the
COVID-19 pandemic look like? What
would be the consequences of influen-
za and SARS-CoV-2 coinfection? Giv-
en that United States hospitals admit
between 140,000 and 810,000
influenza hospitalizations annually’
what would happen to hospital
capacity? As we braced for a
tumultuous season, CO-VID-19
mitigation strategies remained in
place, with mask wearing and social
distancing becoming a part of daily life.
The results of these mitigation efforts
were astounding—the southern hemi-
sphere experienced record low influ-
enza circulation,? and we
subsequently experienced an absence
of influenza throughout the season.

INFLUENZA CIRCULATION IN
OREGON: PAST VS. PRESENT

The 2020-2021 influenza season
saw historically low influenza circula-
tion across Oregon. The Figure shows
the percentage of hospital emergency
department visits due to influenza-like
illness (ILI) as captured by the Oregon
Electronic Surveillance System for the
Early Notification of Community-based
Epidemics (ESSENCE). Throughout
the 2020-2021 influenza season, the
percentage of such visits attributable
to ILI never exceeded 1.2%. Tradition-
ally, a baseline of 2.6% is used to
determine the beginning of influenza
circulation.®

Figure. Percentage of ED Visits for ILI, Oregon ESSENCE Syndromic Surveillance,
2016-2017, 2017-2018, 2018-2019, 2019-2020, 20202021
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Week Ending Date of 2020-2021 Season

Laboratory testing data from the
National Respiratory and Enteric Vi-
rus Surveillance System (NREVSS)
confirmed limited influenza circulation
throughout 2020-2021 season. Only
0.1% of all influenza specimens tested
at 22 Oregon laboratories reporting to
NREVSS tested positive for influenza
throughout the season. In comparison,
the 2019-2020 season saw a 16.5%
influenza test positivity. Influenza
activity was low across the United
States and globally despite adequate
testing. Nationally, there was only one
influenza-associated pediatric death,
compared to 199 in the preceding
season.*

Why did influenza disappear during
the COVID-19 pandemic? While we
can’t say for sure, the answer most
likely lies in the mitigation measures
put in place to reduce the spread of
COVID-19. Community-wide restric-
tions, basic public health interventions
such as masking and hand wash-
ing, and behavioral changes such as
avoiding social gatherings and staying
home while sick all probably helped

reduce influenza circulation. Record
high influenza vaccine distribution,

with 193.8 million doses distributed,*
also probably played an important role.
These measures taken to lessen the
spread of COVID-19 and protect the
capacity of our healthcare systems
proved effective across respiratory viral
pathogens.

INFLUENZA AND COVID-19
HOSPITALIZATIONS

Oregon is one of 14 states that par-
ticipates in the Centers for Disease
Control and Prevention (CDC) Emerging
Infections Program (EIP) hospitalization
surveillance for influenza (FluSurv-NET)
and SARS-CoV-2 (COVID-NET). The
FluSurv-NET and COVID-NET surveil-
lance networks identify residents of
Clackamas, Multhomah, and Washing-
ton counties who are hospitalized within
14 days of a positive laboratory test for
influenza or SARS-CoV-2, respectively.
Detailed chart reviews are conducted to
collect patient risk factor and outcome
information.



Given what we’ve already shared
above, this might not surprise you, but
only three influenza hospitalizations
were captured by FluSurv-NET during
the 2020-2021 season. This com-
pares with over 5,000 COVID-NET
hospitalizations since the inception of
COVID-NET in March 2020. COVID-
19-related hospitalizations peaked at
209 during the week of November 11,
2020. Although COVID-19 hospital-
izations initially waned as COVID-19
vaccines became broadly available,
hospitalizations have increased dra-
matically in the wake of emerging
variants such as B.1.617.2 (Delta)
and modest vaccine uptake. The stark
dichotomy between these influenza
and COVID-19 hospitalization num-
bers suggests a couple of important
take-home messages: 1) the protec-
tive measures put in place to mitigate
the spread of COVID-19 are highly
effective at reducing the transmission
of many respiratory viral pathogens,
2) comparing seasonal influenza with
pandemic SARS CoV-2, the virus that
causes COVID-19, it is clear that a
little residual immunity in a population
goes a long way. What is less clear
as we enter the 2021-2022 season
is how influenza transmission will
change with fewer COVID-19 mitiga-
tion measures in place.

THE 2021-2022 INFLUENZA
SEASON

COVID-19 vaccines have been at
the forefront of immunization planning,
as nearly 170 million individuals have
been fully vaccinated in the United
States.® Vaccination remains our
strongest defense against COVID-19,
but routine vaccination against other
pathogens remains crucial. Vaccina-
tions for both COVID-19 and influenza
help protect both individuals and our
health care system by preventing
severe illness, hospitalization, and
death. Influenza vaccinations for the
upcoming season have been updated
to match the viruses in circulation.
This season’s influenza vaccine va-
rieties feature updated Flu A (H1N1)
and A (H3N2) components (Table).®
Vaccination against influenza contin-
ues to be recommended for all indi-
viduals 6 months of age and older.

As in recent flu seasons, all regular-
dose vaccines will be quadrivalent.
Live-attenuated influenza vaccine
(LAIV) will also be available. LAIV is
not recommended for immunocompro-
mised individuals, close contacts of

Table. 2020-2022 influenza vaccine components

Influenza vaccine strains northern hemisphere, 2020-2021 Season

Strain Egg-based vaccines Cell or recombinant-
based vaccines
A/H1N1 AlVictoria/2570/2019 A/Wisconsin/588/2019
(H1N1)pdmO09-like (H1N1)pdmO09-like
A/H3N2 A/Cambodia/ A/Cambodia/
€0826360/2020 (H3N2)-like | e0826360/2020 (H3N2)-like
B/Victoria B/Washington/02/2019- like | B/Washington/02/2019-like
(B/Victoria lineage) (B/Victoria lineage)
B/Yamagata B/Phuket/3073/2013-like (B/ | B/Phuket/3073/2013-like
Yamagata lineage) (B/Yamagata lineage)

severely immunosuppressed persons,
pregnant women, children 2—4 years
of age with asthma, children receiv-
ing salicylates (aspirin), or persons
who have recently received influenza
antiviral medication. Those who have
received influenza antiviral medica-
tion should wait 48 hours after taking
oseltamivir and zanamivir, 5 days after
peramivir, and 17 days after baloxavir’
before taking LAIV. Licensure of the
Flucelvax Quadrivalent vaccine has
been updated this year and is now
approved for people 2 years and older.
Influenza vaccine manufacturers do
not expect any delays in production or
distribution of this year’s vaccine sup-
ply.® Individuals can receive COVID-19
vaccines and influenza vaccines at the
same visit, and no longer need to wait
14 days between vaccines.?

FOR ADDITIONAL INFORMATION

» Oregon FluBites: http:/bit.ly/flubites
» CDC FAQ for the 2021-2022 Influenza

Season: www.cdc.gov/flu/season/fag-
flu-season-2021-2022.htm
» CDC FluView: https://qis.cdc.gov/

grasp/fluview/fluportaldashboard.htm/
+ CDC COVID Data Tracker Weekly Re-

view: www.cdc.gov/coronavirus/2019-
ncov/covid-data/covidview/index.html
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/" OREGON WANTS YOU! )

The Oregon Health Authority is
asking Oregon licensed health-
care professionals to register with
the State Emergency Registry of
Volunteers in Oregon (SERV-OR).
Volunteers receive notifications
about deployment opportunities
supporting urgent medical surge
issues across the state. Visit
SERV-OR to sign up for a local
Medical Reserve Corps unit and
the State Managed Volunteer Pool,
today.

SERV-OR is a statewide registry
for licensed health care profes-
sionals willing to volunteer for Fed-
eral, State, or local public health
and medical emergencies

Hospitals and health facilities in
Oregon need your expertise. You
may be asked to:

« Staff facilities including clinical sit-
ting, ICU, inpatient care, alternate
care sites, med surge, outpatient
care, etc.

+ Fill administrative or clinical roles

» Provide COVID vaccination and
testing
Register today! And thank you

for doing your part to keep every-

one in Oregon safe.

Visit the COVID FAQ and Pro-

gram FAQ pages to learn more.

- J
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WATER WOES: OPPORTUNITIES FOR WATERBORNE PATHOGENS TO CAUSE ILLNESS

Those “very little animalcules” he
was able to isolate from different
sources, such as rainwater, pond and
well water, and the human mouth and
intestine.

Antonie van Leeuwenhoek
— inventor of the microscope

SANITATION CHALLENGES
Although pandemics of cholera
and typhoid fever are in the rearview
mirror due to public health measures
for sanitation and hygiene, these
conditions still plague citizens of
lower-income countries. Outbreaks
associated with public water systems
have sharply declined, however
waterborne ilinesses are still
contracted through consumption of
water from private wells or unregulated
water systems. Water systems also
must be appropriately maintained to
ensure disinfection from waterborne
pathogens. Stagnant water in pipes,
long water-retention times reducing
disinfectant contact time, and
inadequate hot water temperatures are
conducive to the formation of biofilms,
a multi-pathogen matrix that forms on
any surface available to bacteria or
amoebae, protecting the inhabitants
from many disinfectants routinely
used in plumbing pipes, tubes, hot
tubs, cooling towers, or medical
equipment. Some of these pathogens
are a challenge to eradicate from the
miles of pipes in hospitals, hotels,
and apartment buildings, resulting in
outbreaks of infection by Legionella,
Pseudomonas, Naegeleria fowleri,
and nontuberculous mycobacteria
(NTM). Water is an ideal growing
environment for pathogens that can
spawn numerous types of infections
— mild or severe respiratory illness,
gastrointestinal distress, skin and soft
tissue infections, and even meningitis.

Over time, humans’ use of water has
become more complex, resulting in
opportunities for these pathogens to
proliferate and cause iliness. Water

is used in many medical procedures
and devices, industrial processes, and
daily hygiene practices.

CHLORINATED PUBLIC
POOLING

With more time for recreation and
travel come additional risks for water-
borne iliness, despite the use of chlo-
rine. Swimming pools, waterparks,
splash pads, hot tubs, and other
recreational water activities such as
water skiing, indoor kayak training,
and “survivor’-type competitions raise
the risk of waterborne infections. Most
treated-water venues such as hot tubs
and swimming pools use chlorine to
prevent pathogen survival, but the
chlorine levels need to be checked
and maintained on a regular basis.
Organic matter can absorb the chlo-
rine, and sunlight can denature it, so
routine testing of free-chlorine levels
is of value. When systems are not
maintained, opportunistic waterborne
pathogens can bloom. llinesses can
be gastrointestinal, respiratory, neuro-
logic, skin (i.e., wound infection), ear,
and eye iliness.

NAEGLERIA: NOW NORTHER
Naegleria fowleri, a warm-water,
brain-eating amoeba that causes
primary amoebic meningoencephalitis
(PAM), has in recent years infected
people as far north as Minnesota.
Cases have been associated with
use of sinus-cleansing neti pots, slip
and slides, a hot-spring-fed swimming
pool, and an indoor kayak training
center. Most Naegleria infections are
fatal and diagnosed only at autopsy.
Recent cases in Texas occurred
during the summer months in visitors
to splash pads where improper water-

feature maintenance was identified
during the epi investigation.

Persons presenting with PAM
often test negative for more common
bacterial or viral causes of meningitis.
However, these amoebae can be seen
on a wet mount microscopic exam of
fresh cerebrospinal fluid. Confirmatory
testing is available at the Centers for
Disease Control and Prevention (CDC).
Assessing a patient for recent water
exposures, especially activities that
might aerosolize water, is important for
identifying PAM.

...AND ANOTHER AMOEBA

Since amoebic infections of the
central nervous system became
reportable in Oregon in 2015, two
fatal Acanthamoeba infections have
been reported here; both were in
homeless persons. Found worldwide
in the environment in water and soill,
Acanthamoeba can be spread to the
eyes through contact lens use. It can
also gain a foothold through cuts or
other skin wounds, or by being inhaled
into the lungs. Most people are exposed
to Acanthamoeba during their lifetime,
but iliness is rare. Symptoms vary
based on route of entry. The most
serious manifestation—granulomatous
encephalitis—is associated with
headache, nausea and vomiting,
seizures, and hallucinations. These
progress over several weeks and
often result in death. Testing at CDC is
available for diagnosis and speciation.

MYSTERIES OF MYCOBACTERIUM
In 2014 extrapulmonary

nontuberculous Mycobacterium (NTM)

infections became reportable in

Oregon. More than 100 species of NTM

live in water and soil, and infections

can present in numerous ways, with

cutaneous, joint, bone, soft-tissue and

central nervous system manifestations.

Soft-tissue infections result in purple


mailto:cd.summary%40state.or.us?subject=
www.healthoregon.org/cdsummary
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https://www.britannica.com/science/intestine

Figure 1. Incidence of extrapulmonary nontuberculosis mycobacterial (NTM) disease
Oregon, 2014-2020. NTM became reportable in 2014
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Figure 2. Incidence of extrapulmonary nontuberculous mycobacterial
disease (NTM) by age and sex: Oregon, 2020
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nodules that drain and can ulcerate

or form scars. Disease-causing
mycobacterial species frequently
identified in the United States include
M. avium complex (MAC), M. marinum,
M. abscessus, M. chelonae, M.
fortuitum, M. kansasii and M. xenopi
(in certain regions). Cutaneous

lesions result from trauma, medical
procedures, whirlpool exposure,

nail salons, and tattoo parlors.
Disseminated disease mostly develops
in immunocompromised patients

and can be a challenge to treat.

Three hundred thirty-one cases were
reported during 2014-2021 (Figure

1). The highest rates of infection

in Oregon occur among mostly
immunocompetent children <5 years
of age, presenting as lymphadenitis
(Figure 2). Children in this age group
typically bring contaminated items

into their mouths, and infection of the
oropharyngeal mucosa ensues. Less
common are skin lesions. Cervicofacial
lymph nodes become infected and
appear as painless lumps that will
drain over weeks or months. Treatment
options include surgical excision or
treatment with combination antibiotics.

The risk of iatrogenic NTM infection
is reduced by following infection-
prevention best practices for surgical
procedures, such as sterilization
guidelines and not using tap water
or ice in an operating room. Previous
outbreaks of M. chimaera associated
with heater-cooler units among heart
surgery patients are documented.?
These infections often present

years after the procedure with the
epidemiological investigation unveiling
the source. Other risk-reduction
activities include use of adequate
cleaning of baths in nail salons and
using sterile water for tattoo ink.3#

LEGIONELLA LURKS

Legionella case counts and
outbreaks have increased in recent
years, in Oregon and nationally.
Outbreaks have occurred in
communities associated with large
cooling towers, and in hospitals
or healthcare settings, where it is
believed the bacteria are protected
in biofilms. Fortunately, Legionella is
not transmitted person to person and
infection, if identified early, is treatable
with azithromycin. Acquisition is by

water. Although the causative
bacterium is challenging to grow in
culture, infections with Legionella
pneumophila serogroup 1 (thought
to account for ~80% of cases) can
be diagnosed with a urine antigen
test; however, if there is suspicion
of a cluster of cases, sputum
cultures with subsequent genomic
sequencing can help to tie any
clinical cases to an environmental
source. One of the interventions
developed in response to these
outbreaks is the requirement to have
a building water-safety management
plan for hospitals and other facilities
that receive Medicaid for healthcare
services. Long-term care homes,
colleges, and other congregate living
facilities such as prisons have also
adopted these practices to minimize
risk to residents. Legionella is
responsible for much of the increase
in water-associated outbreaks in

the U.S. Oregon reported 65 cases
of legionellosis in 2020, down from
a record-setting 73 cases in 2019
(Figure 3 and 4, supra).

WATERBORNE DISEASE
BURDEN, COST AND CONTROL
MEASURES

CDC recently estimated the
burden of illnesses caused by 17
waterborne pathogens in the United
States. Approximately 7.15 million
Americans get sick every year from
diseases spread through water, with
an estimated cost of $3.33 billion
dollars.®

One of the most significant
public-health achievements of the
20" century is provision of reliable,
disinfected drinking water. As we use
water in new ways, our public health
prevention strategies need to evolve.
Through risk assessment, education,
and environmental controls we can
minimize the risk for human illness
from these ubiquitous waterborne
pathogens. Protocols and regulations
are developed and enforced by a
wide body of agencies, including
the Environmental Protection
Agency (EPA), the Food and Drug
administration (FDA), the CDC, state
and local public health agencies,
and the Centers for Medicare and
Medicaid Services (CMS) to name
a few. Each agency plays a role
in protecting people from illnesses
transmitted via water. State and local

inhalation of contaminated, aerosolized pyplic health officials investigate



Figure 3 Legionellosis incidence by age and sex; Oregon, 2011-2020
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The EPA, through state and

local health departments, regulates
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CMS requires that hospitals and

healthcare systems have building

water-management safety plans
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in place to protect vulnerable
persons from Legionella and other
opportunistic waterborne pathogens.
The FDA provides recommendations
and requirements for proper use,
storage, and maintenance of medical
equipment.

Water is ubiquitous and vital.
Keeping it safe is a team sport.

Figure 4 Legionellosis US v Oregon, 2001-2020. Legionellosis became reportable in

Oregon in 2001.
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FOR MORE INFORMATION

Oregon Health Authority: water-
related illness
www.oregon.gov/oha/PH/
DISEASESCONDITIONS/
COMMUNICABLEDISEASE/Pages/
fs-water-related-illness.aspx

Centers for Disease Control and
Prevention: Healthy Swimming
www.cdc.gov/healthywater/swimming/
index.html
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OREGON HEALTH AUTHORITY COMPENDIUM OF ACUTE RESPIRATORY DISEASES

03/03/2021

Usual Criteria for Confirmation in an Outbreak Setting
) kkkkkkkkkkkkkhhkhkhkkkkkhhkkkkkhhkhhkkkkkkkhkx
Incubation OSPHL Speci Submission R . i
Period Symptom Communicable Mode of . peC|'men 'u m|s§|on equwemfan S .
Agent (Range) Profile Period Transmission | Reservoirs | Use these instructions with caution. Current guidance is
available at www.healthoregon.org/labtests.
l. Agents typified by fever 2100°F with cough and systemic symptoms (chills, headache, myalgia, malaise, anorexia)
Positive rapid test (sensitivity 50-70%), RT-PCR or
isolation of virus on culture (rarely performed at
clinical labs).
kkkkkkkkkkkkkkkkkkkhkkkkkhkkkkkkkhkkkkkkkkkkk
F h H b Influenza C not tested at the OSPHL.
ever, cougnh, umans, but | o 16,enza A and B:
coryza, Mostly transmission . .
. . Preferred: nasopharyngeal swab using Dacron polyester
myalgia, droplet; of novel :
X . . or flocked swabs on a plastic shaft, collected 3-7 days
Influenza 2 days prostration d maybe via viruses from fter ill . in viral .
(A, B, C) (14 days) 3—7 days aerosol or birds & after illness onset. Subm!t swabs in viral transport media.
T Vomitin contaminated | various Store and transport specimens at refrigerated
diarrhea?’in surfaces mammals is temperatures for receipt at the OSPHL within 3 days of
. X specimen collection
children possible
Acceptable: nasal swabs, throat swabs, combination
nasopharyngeal swabs (2 swabs in one vial), nasal
aspirates, nasal washes, bronchoalveolar lavages,
bronchial washes, tracheal aspirates, sputum, lung
tissue, or cell culture isolates.
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Oregon State Public Health Lab (OSPHL): 7202 NE Evergreen Parkway, Suite 100, Hillsboro, OR 97214/ 503.693.4100

Acute and Communicable Disease Prevention (ACDP): 800 NE Oregon St, Suite 772, Portland, OR 97232/ 971.673.1111



http://www.healthoregon.org/labtests

OREGON HEALTH AUTHORITY COMPENDIUM OF ACUTE RESPIRATORY DISEASES

03/03/2021

Usual Criteria for Confirmation in an Outbreak Setting
I Sbu a kkkhkkkkhkhkkkkhkkkkhkkhkkhkkhkkhkhkkhkhkhkhkhhkikx
ncubation . . .
Period Symptom Communicable Mode of OSPHL Specimen Submission Requirements
Agent (Range) Profile Period Transmission | Reservoirs | Use these instructions with caution. Current guidance is
available at www.healthoregon.org/labtests.
l. Agents typified by fever 2100°F with cough and systemic symptoms (chills, headache, myalgia, malaise, anorexia) (continued)
. ) PCR testing for adenovirus and specifically for
Adenovirus Depending on adenovirus serotype 14 are available.
SerOtypel Can R Ty e R R R e e R T e R e T e T e
gsei\(;i:;le s E{)‘ijetﬂfr : :ﬁ[ Preferred: using Dacron polyester or flocked swabs
Adeno 7 aﬁd 14 “croup” witr’1 on a plastic shaft, collected 3-7 days after iliness
circulate in runny nose in | "Shortly" before Respirat onset. Submit swalgs in viral tra_nsport media. Store
Oregon and o144 kids; serotype | onset & for 0 eSFIJI atory H and trar_msport specimens at_ re_frlgerated tempe_ratures
have caused 7 04YS 1 14 commonly | duration of bg’}%ﬁ:;;?? umans for receipt at the OSPHL within 3 days of specimen
several causes fever, | symptoms collection
Z‘étbre"’;k?' ﬁough, o Acceptable: nasal swabs, throat swabs, combination
assegt(:)iatelz with meL?s;c?eC aec,heS' nasopharyngeal swabs (2 swabs in one vial), nasal
severe occurs any ' aspirates, nasal washes, bronchoalveolar lavages,
infections.) time of year bronchial washes, tracheal aspirates, sputum, lung
' ' tissue, or cell culture isolates
As long as S
organism is Culture of H. flu from a normally sterile site.
Abrupt onset present |n kkkkkkkkkkkkkkkkkkkkkhkkkkkkhkkkkkhkkkkkhkkkkk
fever, discharges from Original testing laboratory wiI.I send spgcimen to the
anorexia, nose or throat. OSPHL. OSPHL accepts actively growing isolated
Haemoohilus Unknown vomiting, Exposure >7 organism in pure culture, on an agar slant, or plate
in quenEae (probably cough, days before Droplet Humans media. Primary specimens from sterile sites are
2-4 days) lethargy. symptom onset in accepted if previously tested using culture-
Headache, case imparts low independent diagnostic tests and approved for
stupor suggest | risk. Hib cases forwarding to the OSPHL. Store and transport at
meningitis. most infectious ambient or refrigerated temperatures for receipt at
du_rln? the 3 da);s the OSPHL within 24 hours of culture.
prior to sx onset.
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OREGON HEALTH AUTHORITY COMPENDIUM OF ACUTE RESPIRATORY DISEASES 03/03/2021

Usual Criteria for Confirmation in an Outbreak Setting
I Sbu a kkkkkkkkkkkkkhhkhkhkkkkkhhkkkkkhhkhhkkkkkkkhkx
ncubation . . .
Period Symptom Communicable Mode of OSPHL Specimen Submission Requirements
Agent (Range) Profile Period Transmission | Reservoirs | Yse these instructions with caution. Current guidance is
available at www.healthoregon.org/labtests.
l. Agents typified by fever 2100°F with cough and systemic symptoms (chills, headache, myalgia, malaise, anorexia) (continued)
Viral culture or either RT-PCR or IFA of cell
supernatant.
*kkkkkkkkkkkkkkkkhkkhkhkkkkkkhhkhhhkhkhhhkiix
Runs the Preferred: using Dacron polyester or flocked swabs
gamut from on a plastic shatft, collected 3-7 days after illness
mild URI to onset. Submit swabs in viral transport media. Store
Human meta- severe . Droplet, and transport specimens at refrigerated temperatures
pneumovirus 2-8 days pneumonia, Not well defined Contact Humans for receipt at the OSPHL within 3 days of specimen
the latter more collection.
common in the I
elderly Acceptable: nasal swabs, throat swabs, combination
nasopharyngeal swabs (2 swabs in one vial), nasal
aspirates, nasal washes, bronchoalveolar lavages,
bronchial washes, tracheal aspirates, sputum, lung
tissue, or cell culture isolates
Productive Humans Isolation on culture from sputum, though this can be
cough, (carriageis | gifficult. Characteristic gram-positive diplococci on gram
Streptococcus | Unknown shortness of organism COMIMON N | R O ek
pneumoniae (probably breath, chest appears in Droplet children i ) ] ]
look sick! secretions. adults) the OSPHL, they will be forwarded for public health
Often follows surveillance. Specimen will be obtained in hospital and
viral infection. tested in a private laboratory.
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OREGON HEALTH AUTHORITY COMPENDIUM OF ACUTE RESPIRATORY DISEASES 03/03/2021

Criteria for Confirmation in an Outbreak Setting

I LJ?;JE“ kkkhkkkkhkhkkkkhkkkkhkkhkkhkkhkkhkhkkhkhkhkhkhhkikx
ncubation . .. .

Period Symptom Communicable Mode of OSPHL Specimen Submission Requirements
Agent (Range) Profile Period Transmission | Reservoirs Use these instructions with caution. Current guidance is

available at www.healthoregon.org/labtests.

I. Agents typified by fever 2100°F with cough and systemic symptoms (chills, headache, myalgia, malaise, anorexia) (continued)

Both present
with anorexia,
malaise,
myalgia,
headache, Positive urine antigen or isolation on culture of respiratory
and fever. ' secretions (culture for legionella must be specifically
Legionnaires requested). In some cases, direct fluorescent antibody
disease is Water staining or paired serologies may confirm diagnosis.

characterized Airborne, systems Note: these tests aren’t available at OSPHL.

- Person-to-person A .
by pneumonia e aspiration of | (potable, air
transmission has ; T
and a non- contaminated | conditioning,

Legionnaires' productive not been water spas, The OSPHL has a validated multiplex molecular assay to
disease, cough. documented droplets decorative | test for Legionella spp. Please contact the OSPHL for

Pontiac fever fever: 24 - | 5 ntiac fever fountains) | Submission guidance.
48 hours .
usually is

accompanied Some private laboratories also offer testing.

by cough but
does not
progress to
pneumonia or
death.

Legionn-
aires'
disease:
5-6 days

Legionella
pneumophila

. . kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkhkkkkkkkkkk
Legionellosis,

Pontiac
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OREGON HEALTH AUTHORITY COMPENDIUM OF ACUTE RESPIRATORY DISEASES

03/03/2021

Agent

Usual
Incubation
Period
(Range)

Symptom
Profile

Communicable
Period

Mode of
Transmission

Reservoirs

Criteria for Confirmation in an Outbreak Setting

kkkkkkkkkkkkkhhkhkhkkkkkhhkkkkkhhkhhkkkkkkkhkx
OSPHL Specimen Submission Requirements
Use these instructions with caution. Current guidance is
available at www.healthoregon.org/labtests.

ents typified by fever 2100°F with cough and systemic symptoms (chills, headache, myalgia, malaise, anorexia) (continued)

Coronavirus
Middle Eastern
Respiratory
Syndrome
(MERS)

(Call ACDP,
pronto, if
suspected)

4-5 days
(2-14 days)

Can range
from
asymptomatic
to fever,
cough, and
chills, to
severe
respiratory
distress. See:
www.cdc.gov/
coronavirus/m
ers/interim-
guidance.html
for testing
criteria

Unknown

Unknown.
CDC
recommends
standard,
contact, and
airborne
precautions

Camels;
appears
trans-
missible,
with low
infectivity,
from person
to person

Positive PCR on lower respiratory specimen, serum, or
nasopharyngeal or oropharyngeal swab.

kkkkkkkkkkkkkkkkkhkkhkkkkkkkkkkkkkkkkhkkkkk

The OSPHL provides PCR testing for MERS; Information
about specimen collection and handling is available at:
www.cdc.gov/coronavirus/mers/guidelines-clinical-
specimens.html

Coronavirus
Severe Acute
Respiratory
Syndrome
(SARS)

2-10 days

Fever, cough,
rapidly
progressing
shortness of
breath. CXR
consistent with
pneumonia or
acute
respiratory
distress
syndrome.
Can also
present with
milder
disease.

Poorly defined,;

may be up to 21

days.

Droplet,
contact

Humans,
Civets (not
many
around!)

Viral culture or PCR. Visualization of characteristic virus
on electron microscopy. Detection of viral antigens on
immunohistochemistry.

*kkkkhkkkkkkkhhhkhhkhkhhhkkkkkhhhhhhrhhhiix

Not tested by the OSPHL.
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OREGON HEALTH AUTHORITY COMPENDIUM OF ACUTE RESPIRATORY DISEASES 03/03/2021

Usual Criteria for Confirmation in an Outbreak Setting
) kkkhkkkkhkhkkkkhkkkkhkkhkkhkkhkkhkhkkhkhkhkhkhhkikx
Incubation OSPHL Speci Submission R . i
Period Symptom Communicable Mode of . peC|'men 'u m|s§|on equwem.en S .
Agent (Range) Profile Period Transmission | Reservoirs | Use these instructions with caution. Current guidance is
available at www.healthoregon.org/labtests.
Fever, cough,
anosmia,
ageusia,
rapidly
progressing
shortness of Droplet,
breath. CXR contact,
Coronavirus consistent with | 2 days before to aerosol in Humans,
Disease-19 4-7 days neumonia or | 10 d)z; s after certain indoor | probably Positive nucleic amplification test (NAAT) or antigen test
(2-14d) P . Y settings, originally from any respiratory tract specimen.
(COVID-19) acute illness onset. X
respiratory particularly from bats
distress with _Fo_or
syndrome. ventilation
Can also
present with
milder
disease.
Il. Agents associated with severe disease in infants & children
See Pertussis Investigative Guidelines (pdf).
kkkkkkkkkkkkkkkkkkkkkhkkkkkkhkkkkkhkkkkkhkkkkk
Collect as soon as possible after iliness onset, and
Bordetella Highly contagious Respirato not later than 3 weeks or after antibiotics have been
: Paroxysmal during 1st week b Y started.
pertussis hi / f : i droplets or ) )

7-10 days cougning w. Of symptoms; direct contact | Humans For PCR_, collect nasopha_rynge_al specimen using
whooping cough whoop & negligible after5 | respiratory Dacron tip swab on a flexible wire shaft and submit in
pertussis vomiting days of secretions a dry plastic specimen tube. Store and transport at

treatment. refrigerated temperatures for receipt at the OSPHL
within 24 hours of specimen collection.
For Culture, collect nasopharyngeal specimen using
a Dacron tip swab on a flexible wire shaft and submit
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OREGON HEALTH AUTHORITY COMPENDIUM OF ACUTE RESPIRATORY DISEASES

03/03/2021

Criteria for Confirmation in an Outbreak Setting

U Sbu al kkkkkkkkkkkkkkkkhkkkkkkkkkkkkkkkkkkkhkkkkkkx
Inclzauerie;t:jon Symptom Communicable Mode of OSPHL Specimen Submission Requirements
Agent (Range) Profile Period Transmission | Reservoirs | Yse these instructions with caution. Current guidance is
available at www.healthoregon.org/labtests.
in Regan-Lowe transport media. Store and transport
at refrigerated temperatures for receipt at the OSPHL
within 3 days of specimen collection.
) RT-PCR, rapid antigen test, viral isolation

In infants,

Croup W/ R R R R R R e TR R R R e T R R e T R R R e e e

barking cough, Preferred: using Dacron polyester or flocked swabs on a

wheezing, plastic shaft, collected 3-7 days after illness onset.

_ inspiratory 1-5 days after Humans, Submit swabs in viral transport media. Store and
Respiratory Often 2 stridor: onset; longer Droplet rarely transport specimens at refrigerated temperatures for
syncytial virus | days (1-8 | 5\ " (weeks) ininfants | ~ 5 chimp- receipt at the OSPHL within 3 days of specimen
(RSV) ) kids/adults & the immune- anzees collection.

have URI, compromised Acceptable: nasal swabs, throat swabs, combination
cough; nasopharyngeal swabs (2 swabs in one vial), nasal
“season” is aspirates, nasal washes, bronchoalveolar lavages,
Oct.-May bronchial washes, tracheal aspirates, sputum, lung

tissue, or cell culture isolates

1. Agents associated with exposure to animals or animal settings (kennels, aviaries, abattoirs, laboratories, etc.)
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OREGON HEALTH AUTHORITY COMPENDIUM OF ACUTE RESPIRATORY DISEASES

03/03/2021

Criteria for Confirmation in an Outbreak Setting

I U Sbu al kkkkkkkkkkkkkhhkhkhkkkkkhhkkkkkhhkhhkkkkkkkhkx
ncubation . . .
Period Symptom Communicable Mode of OSPHL Specimen Submission Requirements
Agent (Range) Profile Period Transmission | Reservoirs | Yse these instructions with caution. Current guidance is
available at www.healthoregon.org/labtests.
* Culture and identification from clinical specimens by
Laboratory Response Network (LRN)5,6;
» Demonstration of B. anthracis antigens in tissues by
immunohistochemical staining using both B.
Fever, anthracis cell wall and capsule monoclonal
malaise, mild antibodies;
cough, . . -
shortness of _ + Evidence of a four-fold rise in antibodies to
Bacillus breath Herbivores protective antigen between acute and convalescent
anthracis headaé:he (cattle, sera or a fourfold change in antibodies to protective
chills: then Inhaling gﬁats, antigen in paired convalescent sera using Centers for
inhalational 1-7 days abrupt onset Not aerosols from Eis?np,etc ) Disease Control and Prevention (CDC) guantitative
anthrax (1-60 of sweats, communicable tissues, hair, S anti-PA immunoglobulin G (IgG) ELISA testing in an
days) spiking fever, wool, hides of Potential unvaccinated person;
(Ca‘” ACfDP’ Arl]:zDﬁ & I” herblvores b|0' *kkkkkkkkkkkkkkkkhkkhkhkkkkkkhkhhhkhkhkhhiix
El:zr;?étltad) rsneocfaétinal terrorism Specimen will be submitted by the original testing
widening agent laboratory. Submit actively growing isolated
pleural ' organism, in pure culture, on an agar slant or plate
effusions on media. Store and transport at ambient temperatures
CXR for receipt at the OSPHL as soon as possible. Do not

freeze. Notify the OSPHL before shipment.

If PCR testing is indicated, please contact the
OSPHL to discuss specimen submission
requirements.

Agents associated with exposure to animals or animal settings (kennels, aviaries, abattoirs, laboratories, etc.) (continued)
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OREGON HEALTH AUTHORITY COMPENDIUM OF ACUTE RESPIRATORY DISEASES

03/03/2021

Criteria for Confirmation in an Outbreak Setting

I U Sbu at'l kkkkkkkkkkkkkhhkhkhkkkkkhhkkkkkhhkhhkkkkkkkhkx
ncubation . o .
Period Symptom Communicable Mode of OSPH_L Spem'men S'ubmlss'lon Requwem.ents .
Agent (Range) Profile Period Transmission | Reservoirs | Use these instructions with caution. Current guidance is
available at www.healthoregon.org/labtests.
* Primarily
foodborne
* Respiratory
transmission
is possible,
(e.g. N
aerg_sol;zmg Culture confirmation, 1:160 BMAT result following
?r?)c:;ures, symptom onset, PCR, any paired, 4-fold increase in
ﬁlaughter- Cattle, goats, Brucella antibodies by nonagglutination-based tests
. Ouses) . plgS kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkhkkkkx
Fever, chils, | - Contact (including For isolation and identification, specimen will be
sweats, Not well known: with mucous wild pias bmitted by the original testing laborat Submit
: headache, sexual and membranes pigs), submitted by The ofginartesting faboratory. submi
Brucella species . : dogs, sheep, | actively growing isolated organism, in pure culture,
2-4 weeks | MYaloia neonatal (handling bison, marine | on an agar slant or plate media. Store and transport
brucellosis arthralgla, transmission mfgcted animellls _9 p " P
anorexia, have both been animal at ambient tempgratures_for receipt at the OSPHL
fatigue, weight | documented. tissues, Potential as soon as possible. Notify the OSPHL before
loss blood, urine, . . shipment.
vaginal bioterrorism
discharges, agent For antibody testing, submit 5-7 mL blood or 1-2 mL
aborted serum in a red top or serum separator tube. Store
fetuses & and transport at refrigerated temperatures for
p'scegﬁa&?)-b receipt at the OSPHL within 5 days.
* Needle jabs
with Brucella
vaccine
(RB51)
* Organ
transplants

Agents associated with exposure to animals or animal settings (kennels, aviaries, abattoirs, laboratories, etc.) (continued)
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OREGON HEALTH AUTHORITY COMPENDIUM OF ACUTE RESPIRATORY DISEASES 03/03/2021

Criteria for Confirmation in an Outbreak Setting

I U Sbu ?:'I kkkkkkkkkkkkkhhkhkhkkkkkhhkkkkkhhkhhkkkkkkkhkx
ncubation . o .
Period Symptom Communicable Mode of OSPH_L Spem'men $ubm|s§|on Requwemfants .
Agent (Range) Profile Period Transmission | Reservoirs | Use these instructions with caution. Current guidance is
available at www.healthoregon.org/labtests.
Acute onset Psittacine
fever, chills, birds
headache, (parrots, o ] ) o ]
kerato- parakeets, 4-fold rise in psittacosis complement-fixing antibody
Chlamydia conjunctivitis, Minimal_risk. Inhalation of que birds), | titer (to 2 1:32) in specim_ens obtained > 2 weeks
psittaci 10 days myalgia, rash, | Theoretically desiccated pigeons and apart. P.CR can be used in th? acute stage of the
pneumonia possible during . some disease in sputum, pleural fluid and blood.
(5-14 d) bird feces,
i 1 W/O Cough paroxysmal pOUItry *kkkkkkkkkkkkkkkkhkkhkhkkkkkkhhhhhkhkhkhhiix
psittacosis CXR with coughing feathers, dust (primarily e
lobar turkeys & Birds in the household should be tested by PCR (see
consolidation, ducks; not | Your ve)
patchy much in
infiltrates chickens)

Agents associated with exposure to animals or animal settings (kennels, aviaries, abattoirs, laboratories, etc.) (continued)
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or insect bite.

I U Sbu at'l kkkkkkkkkkkkkhhkhkhkkkkkhhkkkkkhhkhhkkkkkkkhkx
ncubation . . .
Period Symptom Communicable Mode of OSPH_L SpeC|'men S'ubmlss'lon Requwem.ents .
Agent (Range) Profile Period Transmission | Reservoirs | Use these instructions with caution. Current guidance is
available at www.healthoregon.org/labtests.
Confirmed: Isolation by culture of F. tularensis in a
clinical specimen, or a fourfold or greater rise in
serum antibody titer to F. tularensis antigen between
acute and convalescent titers.
Rapid onset :Smpeagtlir;%s L agomorphs Presumptive: elevated titers to F. tularensis without
_ high feve_r, aerosols and | (rabbits docume_nted fqurfqld change, in the absence of prior
Francisella chills, fatigue, contaminated | hares étc) tularemia vaccination, or detection of F. tularensis in
tularensis ple_uretic chest dust ro den:[s, | a clinical specimen by fluorescent assay.
tularemia 3-5 days E{?};T)’hda{fg:oe;é Not ger_lerated hg_rd tic'ks, *****.******.*********f****ff***f**********_ |
(1—21d) | thy, myalgia, | communicable while biting flies For isolation and identification, specimen will be
(Call ACDP, headache, handling _ submitted by the original testing laboratory. Submit
pronto, if malaise, mild hides, Potential actively growing isolated organism, in pure culture,
suspected) cough: then carcasses, bio- on an agar slant or plate media. Store and transport
pneumonia, Con_ta%mm'ated terrorism at ambient temperatures for receipt at the OSPHL as
ARDS grain; animal | agent soon as possible. Notify OSPHL prior to shipment.

For antibody testing, submit to the OSPHL according
to CDC instructions, available at:
https://www.cdc.gov/laboratory/specimen-
submission/detail.htm|?CDCTestCode=CDC-10314

Agents associated with exposure to animals or animal settings (kennels, aviaries, abattoirs, laboratories, etc.) (continued)
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US u al kkkkkkkkkkkkkhhkhkhkkkkkhhkkkkkhhkhhkkkkkkkhkx
Inclzauet:i%t(ljon Symptom Communicable Mode of OSPHL Specimen Submission Requirements
Agent (Range) Profile Period Transmission | Reservoirs | Yse these instructions with caution. Current guidance is
available at www.healthoregon.org/labtests.
Fever,
myalgia, Gl
pain; then . . .
abrupt onset Four-fold rise in hantavirus EIA (reactive or not) test
ARDS, sepsis IgM and I9G; drgw one sample acutely and, if
Hantavirus thr_ombocytop _ negative, a specimen no sooner than 15 days from
enia Rare person-to- Inhalmg symptom onset & convalescent 2 weeks after acute
hantavirus 2—-4 weeks leukocytes, person aerosolized Rodents specimen
hemO' 1 1 rOdent kkkkkkkkkkkkkkkkkkkhkkkkkhkkkkkkkkkkkkkkkkk
pulmonary concentration; transmission excreta . .
syndrome interstitial ' Submit 5-7 mL blood or 1-2 mL serum or plasma in a
lymphocyte red top or serum separator tube. Store and transport
infiltrates, at refrigerated temperatures for receipt at the OSPHL
alveolar within 5 days.
pulmonary
edema
Rodents,
racoons,
Sudden onset livestock,
fever, dogs,_ . Indirect hemo agglutination (titer)
Leptospira spp. 71012 hea dache, . - amp-hlblans’ Fekkkk ok dkkkkkkok dok ok ke ko dkkkkkok ok ke kkkokok
days, with phllls, myalgia Rare person-to- Contact with reptllles, )
Leptospirosis a range of ::nolf.gf] ftLiv 4 | person m:‘r::g‘rz e 2‘;?:'\3?3 For antibody testing, submit to the OSPHL according
Weil's disease 21029 suffjusion' then transmission or ingestion products of to CDC instructions, available at: .
(icteric) days . eumon1ia_ conception https:{/wva.cdc.gov/laboratorv/speumen—
hemoptysisi, or urine: submission/detail.htmI?CDCTestCode=CDC-10201
ARDS contaminate
d water, soil,
mud

Agents associated with exposure to animals or animal settings (kennels, aviaries, abattoirs, laboratories, etc.) (continued)
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I U Sbu al kkkkkkkkkkkkkhhkhkhkkkkkhhkkkkkhhkhhkkkkkkkhkx
ncubation . o :
Period Symptom Communicable Mode of OSPH_L Spem'men S'ubm|ss'|on Requwem.ents .
Agent (Range) Profile Period Transmission | Reservoirs | Use these instructions with caution. Current guidance is
available at www.healthoregon.org/labtests.
ilable at health /labtest
Isolation by culture from a sputum specimen; four-fold
rise in serum antibody titer to Y. pestis F1 antigen in
Acute-onset of acute & convalescent serum specimens; antibody titer of
fever, chills, _ 21:128 to Y. pestis F1 antigen not explained by past
headach -to- Fleas, wild infection or vaccination; detection of F1 antigen in a
eadache, f Person-to d e /
N . malaise & From onset o person rodents (rats, | clinical specimen by fluorescent assay
Yersinia pestis . symptoms, _ squirrels,
. myalglas, then . transmission . FhkKFIIRIIKFFIEFTIIIIIKF I FTIIIITF I I*IKFIF
pneumonic couahw/ usually w/in 24— via prairie dogs), ) ) ) o ) )
plague 2-4 days bl gd 48hrs of _ pets with For isolation and identification, specimen will be
(Call ACDP, (1-7 d) oody exposure, until respllratory fleas submitted by the original testing laboratory. Submit
pronto, if sputum, done w/ 72hrs of | droplets actively growing isolated organism, in pure culture, on
suspected) erw?egmonla, appropriate I Potential an agar slant or plate media. Store and transport at
\RDS, antibiotics aerosol bioterrorism | ambient temperatures for receipt at the OSPHL as soon
circulatory (bioterrorism) | jent as possible. Notify the OSPHL before shipment.
collapse & For antibody testing, submit to the OSPHL according to
death CDC instructions, available at:
https://www.cdc.gov/laboratory/specimen-
submission/detail.ntmI?CDCTestCode=CDC-10419
V. Other pathogens
See TB Guidelines: healthoregon.org/iguides
SeeTB | cpassically See TB Humans, OR and CDC websites for MDRO/CRO response:

' Guidelines: cough, blood | Guidelines: other e OR CRO website (currently says CRE but we will be
Mycobacterium in spu t'um ' Aerosol mammals updating with the new rule changes!): https:/
tuberculosis health fever. ni Ht healthoreqon.ora/ (elephants, www.oregon.gov/oha/PH/DISEASESCONDITIONS/

oregon.org/ t 9 iquid gon.org cattle, some DISEASESAZ/Pages/cre.aspx
iguides sweats. Iguiaes primates) e CDC MDRO Containment: https://www.cdc.gov/hail

containment/guidelines.html

IV. Other pathogens (continued)
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I U Sbu at'l kkkhkkkkhkhkkkkhkkkkhkkhkkhkkhkkhkhkkhkhkhkhkhhkikx
ncubation . . .
Period Symptom Communicable Mode of OSPH_L Spem'men $ubm|s§|on Requwem.ents .
Agent (Range) Profile Period Transmission | Reservoirs | Use these instructions with caution. Current guidance is
available at www.healthoregon.org/labtests.
URI possible i .
with Isolation on culture is not that easy. PCR may be
cough/congest helpful, as is a fourfold rise in complement fixation
i - antibody titers on samples collected 4 weeks apart.
Mvcoplasma "‘(\)Ar;éiiunb acute Unclear. Perhaps y P P
rzleur?‘lonlae 1_4 WeekS neumognla” In ten OI‘ more dayS Droplet HumanS R Ty e R R R e R e R e R e T e T e
P 8100/ W after onset. PCR and culture can be done on sputum,
o oropharyngeal swabs, or nasopharyngeal swabs.
usually non- . . )
productive Testing for Mycoplasma is available through
cough/fever. commercial labs, but not through OSPHL.
Isolation on culture
kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkhkkkkkkkkkkk
Types 1 anld 2 The OSPHL cannot test for parainfluenza virus type
C;?Jr:emgg?; 4. For parainfluenza types 1-3:
or crou in, Preferred: using Dacron polyester or flocked swabs
kids (b F:( on a plastic shaft, collected 3-7 days after iliness
. Often ~2 ids (barking 1 day before to 5 onset. Submit swabs in viral transport media. Store
Parainfluenza d cough or d ft Droplet, H : - p : -
virus types 1-4 © ;);Sd) hoarseness); aygna;e?r SX Contact umans | and transport at refrigerated temperatures for receipt
: Type 3 can : at the OSPHL within 3 days.
lead to
bronch(ljolltls Acceptable: nasal swabs, throat swabs, combination
and nasopharyngeal swabs (2 swabs in one vial), nasal
pneumonia.

aspirates, nasal washes, bronchoalveolar lavages,
bronchial washes, tracheal aspirates, sputum, lung
tissue, or cell culture isolates
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Appendix: Oregon Public Health Division Links

Public Health Home:

healthoregon.org

CDC Morbidity and Mortality Weekly
Report:

cdc.gov/mmwr

Communicable Disease Home:

healthoregon.org/acd

CD Reporting Posters:

healthoregon.org/diseasereporting

CD Summary Newsletter:

healthoregon.org/cdsummary

Investigative Guidelines, Case Report Forms:

healthoregon.org/iguides

Immunization Standing Orders:

https://public.health.oregon.gov/Prevention
Wellness/Vaccinesimmunization/Immunizatio
nProviderResources/Pages/stdgordr.aspx

Local Health Department Technical
Assistance:

healthoregon.org/lhd

Local Health Department Directory:

healthoregon.org/Ihddirectory

OSPHL Home:

healthoregon.org/phl

OSPHL - Lab Test Menu:

healthoregon.org/labtests

OSPHL - Order Forms & Kits:

http://public.health.oregon.gov/LaboratorySe
rvices/CommunicableDiseaseTesting/forms/P
ages/index.aspx

OSPHL - Submitting Enteric Outbreak
Specimens

https://public.health.oregon.gov/LaboratoryS
ervices/Pages/SubmittingEntericOutbreakSpe

cimens.aspx

OSPHL - Packaging and Shipping of
Specimens

http://public.health.oregon.gov/LaboratorySe
rvices/SubmittingSamples/Pages/ShippingTra
nsport.aspx

Rabies and Animal Bites:

https://public.health.oregon.gov/DiseasesCon
ditions/DiseasesAZ/rabies

Animal to human algorithm:

http://public.health.oregon.gov/DiseasesCond
itions/DiseasesAZ/rabies/Documents/alg-
animal-people.pdf

Animal to animal algorithm:

http://public.health.oregon.gov/DiseasesCond
itions/DiseasesAZ/rabies/Documents/alg-
animal-animal.pdf
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Glossary

A

AGENT: A factor, such as a microorganism, chemical substance, or form of radiation, whose
presence, excessive presence, or (in deficiency diseases) relative absence is essential for the
occurrence of a disease.

ANAEROBIC: An organism that grows best in the absence of oxygen. An obligate anaerobe
can only grow in the absence of oxygen.

ANALYTIC EPIDEMIOLOGY: The aspect of epidemiology concerned with the search for
health-related causes and effects. Uses comparison groups, which provide baseline data, to
guantify the association between exposures and outcomes, and test hypotheses about causal
relationships.

ANALYTIC STUDY: A comparative study intended to identify and quantify associations, test
hypotheses, and identify causes. Two common types are cohort study and case-control study.

ANTITOXIN: A medication that contains antibodies against a specific toxin and neutralizes the
effects of the toxin. Administration of an antitoxin does not always lead to full recovery of the
patient because antitoxin (such as botulinum antitoxin) may only bind to circulating toxin and not
toxin already bound to the tissue.

ASSOCIATION: Statistical relationship between two or more events, characteristics, or other
variables.

ATTACK RATE: A variant of an incident rate, applied to a narrowly defined population observed
for a limited period of time, such as during an epidemic.

B

BAR CHART: A visual display of the size of the different categories of a variable. Each
category or value of the variable is represented by a bar.

BIAS: Deviation of results or inferences from the truth, or processes leading to such systematic
deviation. Any trend in the collection, analysis, interpretation, publication, or review of data that
can lead to conclusions that are systematically different from the truth.

BIOLOGICAL TRANSMISSION: The indirect vector-borne transmission of an infectious agent
in which the agent undergoes biologic changes within the vector before being transmitted to a
new host.

BOILING: Boiling occurs at 100 C (or 212 F).

C

CARRIER: A person or animal without apparent disease who harbors a specific infectious
agent and is capable of transmitting the agent to others. The carrier state may occur in an
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individual with an infection that is inapparent throughout its course (known as asymptomatic
carrier), or during the incubation period, convalescence, and postconvalescence of an individual
with a clinically recognizable disease. The carrier state may be of short or long duration
(transient carrier or chronic carrier).

CASE: In epidemiology, a countable instance in the population or study group of a particular
disease, health disorder, or condition under investigation. Sometimes, an individual with a
particular disease.

CASE-CONTROL STUDY: A type of observational analytic study. Enrollment into the study is
based on presence (“case”) or absence (“control”’) of disease. Characteristics such as previous
exposure are then compared between cases and controls.

CASE DEFINITION: A set of standard criteria for deciding whether a person has a particular
disease or health-related condition, by specifying clinical criteria and limitations on time, place,
and person.

CASE-FATALITY RATIO: The proportion of persons with a particular condition (cases) who die
from that condition. The denominator is the number of incident cases; the numerator is the
number of cause-specific deaths among those cases.

CAUSE OF DISEASE: A factor (characteristic, behavior, event, etc.) that directly influences the
occurrence of disease. A reduction of the factor in the population should lead to a reduction in
the occurrence of disease.

CHI-SQUARE TEST: A test of statistical significance that is used to determine how likely it is
that an observed association between an exposure and a disease could have occurred due to
chance alone, if the exposure was not actually related to the disease. The Chi-Square test is
the test of choice when the expected values for each cell in a two-by-two table are at least 5.

CLINICAL CHARACTERISTICS: Information about the illness including signs and symptoms,
time of onset, and results of tests and examinations.

CLUSTER: An aggregation of cases of a disease or other health-related condition, particularly
cancer and birth defects, which are closely grouped in time and place. The number of cases
may or may not exceed the expected number; frequently the expected number is not known.
Cohort: A well-defined group of people who have had a common experience or exposure, who
are then followed up for the incidence of new diseases or events, as in a cohort or prospective
study. A group of people born during a particular period or year is called a birth cohort.

COHORT STUDY: A type of observational analytic study. Enrollment into the study is based
on exposure characteristics or membership in a group. Disease, death or other health-related
outcomes are then ascertained and compared.

COMMON SOURCE OUTBREAK: An outbreak that results from a group of persons being
exposed to a common noxious influence, such as an infectious agent or toxin. If the group is
exposed over a relatively brief period of time, so that all cases occur within one incubation
period, then the common source outbreak is further classified as a point source outbreak. In
some common source outbreaks, persons may be exposed over a period of days, weeks, or
longer, with the exposure being either intermittent or continuous.
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CONTACT: Exposure to a source of an infection, or a person so exposed.
Continuous common source outbreak: An outbreak in which persons are exposed to the same
source but exposure is prolonged over a period of days, weeks, or longer.

CONTROL: In a case-control study, comparison group of person without disease.

CRANIAL NERVE DYSFUNCTION: Abnormal function of one or more of the 12 nerve pairs

that originate from the base of the brain and brain stem (as opposed to the spinal cord). The
cranial nerves innervate primarily the head and neck region (including the eyes, ears, mouth,
tongue, pharynx, and larynx).

CRITICAL CONTROL POINT: Steps in the preparation of a food item where action can be
taken to prevent or eliminate a food safety problem or reduce it to an acceptable level. Control
of the problem at the critical control point is necessary because it will not be addressed in
subsequent steps in the preparation of the food.

D

DEMOGRAPHIC INFORMATION: The “person” characteristics — age, sex, race, and
occupation — of descriptive epidemiology used to characterize the population at risk.

DENOMINATOR: The lower portion of a fraction used to calculate a rate or ratio. In a rate, the
denominator is usually the population (or population experience, as in person-years, etc.) at
risk.

DESCRIPTIVE EPIDEMIOLOGY: The aspect of epidemiology concerned with the organizing
and summarizing health-related data according to time, place, and person.

DIPLOPIA: Double vision. A common symptom of botulism.

DIRECT TRANSMISSION: The immediate transfer of an agent from a reservoir to a susceptible
host by direct contact or droplet spread.

DISTRIBUTION: In epidemiology, the frequency and pattern of health-related characteristics
and events in a population. In statistics, the observed or theoretical frequency of values of a
variable.

DROPLET NUCLELI: The residue of dried droplets that may remain suspended in the air for
long periods, may be blown over great distances, and are easily inhaled into the lungs and
exhaled.

DROPLET SPREAD: The direct transmission of an infectious agent from a reservoir to a
susceptible host by spray with relatively large, short-ranged aerosols produced by sneezing,
coughing, or talking.

DYSARTHRIA: Difficulties in speech. A common symptom of botulism.
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DYSPHAGIA: Difficulties swallowing. A common symptom of botulism.

E

ENDEMIC DISEASE: The constant presence of a disease or infectious agent within a given
geographic area or population group; may also refer to the usual prevalence of a given disease
within such area or group.

ENVIRONMENTAL FACTOR: An extrinsic factor, (geology, climate, insects, sanitation, health
services, etc.), which affects the agent and the opportunity for exposure.

ENVIRONMENTAL HEALTH ASSESSMENT: A focused investigation of a food or meal
implicated in a foodborne disease outbreak. The assessment follows the implicated item from
its raw ingredients to consumption by the consumer and considers how the causative agent, the
host, and environmental conditions interacted to result in a foodborne disease.

EPI INFO: Epi Info is a series of program for use by public health professionals in conduction
outbreak investigations, managing databases for public health surveillance, and general
database and statistics applications. Epi Info can be used to develop a questionnaire,
customize the data entry process, and enter and analyze data.

EPIDEMIC: The occurrence of more cases of disease than expected in a given area or among
a specific group of people over a particular period of time.

EPIDEMIC CURVE: A histogram that shows the course of a disease outbreak or epidemic by
plotting the number of cases by time of onset.

EPIDEMIOLOGY: The study of the distribution and determinants of health-related states or
events in specified populations, and the application of this study to the control of health
problems.

EPIDEMIOLOGIC TRIAD: The traditional model of infectious disease causation. Includes three
components: an external agent, a susceptible host, an environment that brings the host and
agent together, so that disease occurs.

EVALUATION: A process that attempts to determine as systematically and objectively as
possible the relevance, effectiveness, and impact of activities in the light of their objectives.

EXPOSED (GROUP): A group whose members have been exposed to a supposed cause of

disease or health state of interest, or posses a characteristic that is a determinant of the health
outcome of interest.

F

FISHER EXACT TEST: A test of statistical significance that is used to determine how likely it is
that an observed association between an exposure and a disease could have occurred due to
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chance alone, if the exposure was not actually related to the disease. The Fisher Exact Test is
the test of choice when the expected values in a two-by-two table are less than 5.

FLOW DIAGRAM: A diagram of the steps used in the preparation of a food item. Each
operation is represented by a rectangle and arrows indicate the flow of the process.

G

GRAM-POSITIVE: One of two large groups of bacteria based on their reaction to the Gram
stain. Gram-positive bacteria appear purple as the result of staining; gram-negative bacteria
appear pink. Gram staining is important in taxonomy and reflects differences in cell wall
structure.

GRAPH: A way to sow quantitative data visually, using a system of coordinates.

H

HEAT-LIABLE: Can be destroyed by heating.

HEAT-STABLE: Is not destroyed by heating.

HIGH-RISK GROUP: A group in the community with an elevated risk of disease.
HISTOGRAM: A graphic representation of the frequency distribution of a continuous variable.
Rectangles are drawn in such a way that their bases lie on a linear scale representing different
intervals, and their heights are proportional to the frequencies of the values within each of the

intervals.

HOST: A person or other living organism that can be infected by an infectious agent under
natural conditions.

HOST FACTOR: An intrinsic factor (age, race, sex, behaviors, etc.) which influences an
individual’s exposure, susceptibility, or response to a causative agent.

HYPOTHESIS: A supposition, arrived at from observation or reflection, that leads to refutable
predictions. Any conjecture cast in a form that will allow it to be tested and refuted.

IMMUNITY, ACTIVE: Resistance developed in response to stimulus by an antigen (infecting
agent or vaccine) and usually characterized by the presence of antibody produced by the host.

IMMUNITY, HERD: The resistance of a group to invasion and spread of an infectious agent,
based on the resistance to infection of a high proportion of individual members of the group.
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The resistance is a product of the number of susceptible and the probabilility that those who are
susceptible will come into contact with an infected person.

IMMUNITY, PASSIVE: Immunity conferred by an antibody produced in another host and
acquired naturally by an infant from its mother or artificially by administration of an antibody-
containing preparation (antiserum or immune globulin).

IMPACT MEASURES: One of the types of measures used to monitor the effectiveness of a
program or intervention. Impact measures help describe the immediate results of a program
such as changes in patient or physician knowledge or behavior (as opposed to changes in
health status of the target population).

INCIDENCE RATE: A measure of the frequency with which an event, such as a new case of
illness, occurs in a population over a period of time. The denominator is the population at risk;
the numerator is the number of new cases occurring during a given period of time.

INCUBATION PERIOD: Time period between exposure to an infectious agent or toxin and the
first appearance of symptoms of the infection or intoxication.

INDIRECT TRANSMISSION: The transmission of an agent carried from a reservoir to a

susceptible host by suspended air particles or by animate (vector) or inanimate (vehicle)
intermediaries.

L

LATENCY PERIOD: A period of subclinical or inapparent pathologic changes following
exposure, ending with the onset of symptoms of chronic disease.

LINE LIST: A list of selected information about each case in an outbreak. Each column

represents an important variable (e.g., patient identifier, age, sex) while each row represents a
different case.

M

MATAMBRE: A traditional Argentinian dish prepared from meat, vegetables, spices and eggs.
MATE: Green tea.

MEAN, ARITHMETIC: The measure of central location commonly called the average. It is
calculated by adding together all the individual values in a group of measurements and dividing

by the number of values in the group.

MEASURE OF ASSOCIATION: A quantified relationship between exposure and disease;
includes relative risk, rate ratio, odds ratio.

MEDIAN: The measure of central location which divides a set of data into two equal parts.
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MULTIPLE COMPARISONS: When a large number of associations are evaluated for a
particular disease or outcome. Multiple comparisons are of concern because as the number of
comparisons increases, the probability of finding a “statistically significant association” grows
due to chance alone.

N

NUMERATOR: The upper portion of a fraction.

O

OBLIGATE ANAEROBE: An organism that can only grow in the absence of oxygen.

ODDS RATIO: A measure of association which quantifies the relationship between an
exposure and health outcome from a comparative study; also known as the cross-product ratio.
OUTBREAK: Synonymous with epidemic. Sometimes the preferred word, as it may escape
sensationalism associated with the word epidemic. Alternatively, a localized as opposed to
generalized epidemic.

OUTCOME MEASURES: One of the types of measures used to monitor the effectiveness of a
program or intervention. Outcome measures examine changes in the health status of the target
population as the program is implemented such as mortality, morbidity, disability, or the quality
of life.

P

PANDEMIC: An epidemic occurring over a very wide area (several countries or continents) and
usually affecting a large proportion of the population.

PERCENTAGE The number of patients which a characteristic divided by the total number of
patients with the characteristic.

pH: A measure of the acidity or alkalinity of a substance. A pH of 7 is considered neutral, a pH
of less than 7 is acidic, and a pH of grater than 7 is alkaline.

POINT SOURCE OUTBREAK: An outbreak in which persons are exposed to the same source
over a relatively brief period.

PREVALENCE: The number or proportion of cases or events or conditions in a given
population.

PRION — A small proteinaceous particle that is believed to be responsible for the class of central
nervous system diseases known as spongiform encephalopathies in animals and humans.

PROCESS MEASURES: One of the types of measures used to monitor the effectiveness of a
program or intervention. Process measures help determine if a program has been implemented
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as planned. Process measures tend to count services and activities that result from the
program.

PROPAGATED OUTBREAK: An outbreak that does not have a common source, but instead
spread from person to person.

PROPORTION: A type of ratio in which the numerator is included in the denominator. The ratio
of a part to the whole, expressed as a “decimal fraction” (e.g., 0.2), as a fraction (1/5), or,
loosely, as a percentage (20%).

PROTECTIVE FACTOR: An aspect of personal behavior or lifestyle, an environmental
exposure, or an inborn or inherited characteristic that is associated with a decreased occurrence
of disease or other health-related event or condition.

PTOSIS: Drooping eyelids. A common symptom of botulism.

PULSED FIELD GEL ELECTROPHORESIS: A method of subtyping microorganisms based on
their DNA composition. In pulsed field gel electrophoresis, the bacterial DNA is cut into pieces.
The pieces are separated by placing them in a jelly-like substance (i.e., the gel) to which a
pulsing electric field is applied. The electric field separates the DNA pieces across the gel
based on size. The resulting DNA bands are made to fluoresce and are read under ultraviolet
illumination.

p-VALUE: The probability that an observed association between an exposure and a disease
could have occurred due to chance alone, if the exposure was not actually related to the
disease.

R

RATE: an expression of the frequency with which an event occurs in a defined population.
RATIO: The value obtained by dividing one quantity by another.

RELATIVE RISK: A comparison of the risk of some health-related event such as disease or
death in two groups.

RETROSPECTIVE COHORT STUDY: A cohort study in which data collection occurs after
exposure has occurred. Unlike other cohort studies, retrospective cohort studies rely on
historical exposure information.

RISK: The probability that an event will occur, e.g. that an individual will become ill or die within
a stated period of time or age.

RISK FACTOR: An aspect of personal behavior or lifestyle, an environmental exposure, or an
inborn or inherited characteristic that is associated with an increased occurrence of disease or
other health-related event or condition.

RISK RATIO: A comparison of the risk of some health-related event such as disease or death
in tow groups.
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S

SEQUELA: (plural is sequelae) A disability or complication following as a consequence of a
disease.

SPORADIC: A disease that occurs infrequently and irregularly.

SPORE: Reproductive cells produced by some bacteria. Spores are highly resistant to heat
and other conditions and, therefore, allow the organism to survive during poor growth
conditions.

T

TABLE: A set of data arranged in rows and columns.

TABLE SHELL: A table that is complete except for the data.

TREND: A long-term movement or change in frequency, usually upwards or downwards.

\Y

VARIABLE: Any characteristic or attribute that can be measures.

VITAL STATISTICS: Systematically tabulated information about births, marriages, divorces,
and deaths, based on registration of these vital events.

wW

WATER CONTENT: The amount of moisture in a substance that is readily available for a
microorganism to grow. Water content can be limited by dehydration but is usually controlled by
the addition of NaCl (i.e. table salt).

X

X-AXIS: The horizontal axis in a rectangular coordinate graph.

Y

Y-AXIS: The vertical axis in a rectangular coordinate graph.
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