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Objectives: To identify cases, describe the outbreak,
implement control measures, and identify factors associ-
ated with infection or protection from infection, includ-
ing contact with animals and hand hygiene practices.

Deslgn: Case finding, a case-control study of 45 cases
and 188 controls, environmental investigation, and no-
lecular subtyping of clinical and environmental Escher-
ichia coli O157:H7 isolates.

Setting: The 2004 North Carolina State Fair.

Participants: Case patients were {air visitors who had
laboratory-confirmed E coli O157 infections, hemolytic
uremic syndrome (HUS)} diagnoses, or bloody diarrheal
illnesses. Control subjects were recruited from a ran-
domized list of persons who had purchased fair tickeis
online, Environmenial samples from the fairgrounds were
ohtained from locations that had held animals during the
fair.

Main Exposure: Visiling a petting zoo.

Main Ovicome Measures: Case finding: Summary de-
scriptive statistics of suspected, probable, or confirmed
E coli O157:H7 infections, signs, symptoms, and HUS,
Environmental investigation: E coli O157:H7 isolates,
pulsed-field gel elecirophoresis patterns, and spatial dis-
tribution of source locations. Case-control study: Odds ra-
tios {ORs) comparing reported fair-related activities, hy-
giene practices, and zoonotic disease knowledge with
outcoine.

Results; A total of 108 case patients were ascertained,
including 41 with laboratory-confinned illness and 15
who experienced HUS. Forty-five case patients and 188
controls were entolled in the case-control study. Visits
to a petting zoo having substantial environmental E coli
0157:H7 contamination were associated with illness (age-
adjusted OR, 8.2; 95% confidence interval [CI], 3.3-
20.3). Among children 5 years or younger who had vis-
ited the implicated petting zco, contact with animal
manure (OR, 6.9; 95% CI, 2.2-21.9) and hand-to-
mouth behaviors (OR, 10.6; 5% CI, 2.0-55.0) were as-
sociated with illness. Reported hand hygiene practices
did not differ significantly {(OR, 1.8; 95% CI, 0.3-9.5}.
Reported awareness of the risk for zoonotic disease was
protective (OR, 0.1; 95% CI, 0.03-0.5). Environmental
samples from the petting zoo implicated in the case-
control study yielded E coli O157:H7, with indistinguish-
able pulsed-field gel elecurophoresis patrerns from the pre-
dominant strain.

Concluslons: We describe one of the largesi petting zoo
outbrdaks of E coli 0157:H7 to date. Persons became in-
fected after contact with manure and engaging in hand-
to-mouth behaviors in a petting zoo having substantial
E coli O157:H7 contamination. Use of alcghol-based hand-
sanitizing gels was not protective, although knowledge
of the risk for zoonotic infection was protective. Future
investigations in similar outbreaks should assess risks for
infection and protective measures (eg, physical barriers
separating visitors from animal manure, education, and
appropriate hand hygiene practices),
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NFECTION WITH SHIGA TOXiN-
producing Escherichia coli (eg, E

ognized during 1982-2002” outbreaks re-
lated to animal contact have grown more
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coli G157:H7} can cause hemor-

rhagic colitis and hemolytic ure-

mic syndrome (HUS}.! Since the
late 1990s, the rate of E ¢oli O157:H7 in-
fections has declined in the United Staies.!
Before these declines, an estimated 73 000
Shiga toxin-producing E coli (STEC} in-
fections and 61 deaths occurred annually
in the United States.” Although foodborne
cases accounted for the largest proportion
(61%) of outbreak-related infections rec-

common.*" Colonized livestock {eg, cattle,
sheep, and goats) provide potential sources

See also page 96

Tor human exposures to STEC at [arms, ag-
riculiural exhibits, and petting zoas.''""
Standardized management practices, in-
cluding isolation and quarantine, stable en-
vironmental conditions, and less mixing be-
tween animals, may lower risks."

’
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In late October 2004, routine surveillance detected 2 clus-
ter of 3 HUS cases and a surge in laboratory-confimmed STEC
0157:H7 infections. Initial interviews of patients with HUS
revealed they had common exposures at the North Caro-
lina Siate Fair, which took place from October 15 to 24,
2004. This prompied a public health investigation. We
conducted case finding and environmental investigations,
followed by a case-contrel study that implicated 1 of 2 pet-
ting zoos at the fair. We also explored associations
between illness and specific protective behaviors (eg, hy-
giene practices and knowledge about zoonotic disease)
among visitors to the implicated petting zoo.

— BN

CASE FINDING AND
DESCRIPTIVE EPIDEMIOLOGY

After the oulbreak was detecied, county health depariment com-
municable disease nurses and hospital infection-control practi-
tioners throughout North Carolina were asked Lo conduct active
surveillance for outbreak-related STEC diarrheal illness and HUS
among persons examined in emergency departmenis or oulpa-
lient settings or admitied to hospitals. We collecied data by using
slandard STEC surveillance reporiing forms, We maodified these
forms to include questions about agricultural fair and petiing zoo
visits. Cases were classified as [ollows: suspect: an illness in a per-
son who was in North Carolina on October 8, 2004, or lacer, with
onset of diarrhea {23 loose stools during a 24-hour petiod) since
October 15, 2004, that lasted 2 or more days without krown cause
(eg. Salmoneila isolated from stool); prebable: suspect case with
epiderniologic link to a conlirmed casc; confirmed: suspect plus
either (1) laboratory-cenfirmed STEC or {2) clinically diag-
nosed HUS or thrombotic thrombocytopenic purpura after Oc-
tober 13, 2004, even if culture negative: and noncases: illnesses
that did not meet ather case definitions.

ENVIRONMENTAL INVESTIGATION

Investigators visited the state fairgrounds multiple times to col-
lect information and to examine the area. Fairgrounds nian-
agerts provided maps of the area and lists of activides that had
occurred each day during the fair. Livestock managers pro-
vided information about all animals exhibited at the fair. This
information included the number of each species a1 each of the
areas where persons could have direct contact with znimals,
health certificates, dates of rotation of animals in and out of
specific exhibits, and the layout of animals and pens in each
area. Fairgrounds staff also provided a list ol all registered food
and beverage vendors who had secved items at the fair, as well
as information about hand sanitizer, which was pravided at mul-
tiple sites at the fair.

We interviewed the Wake County Environmenial Services
sanitarian supervisor with oversight responsibility for ven-
dors at the fair. We reviewed inspection records and com-
plaint investigations, We also reviewed municipal water sup-
ply records (ie, presence or absence of coliforins and residual
chlorine levels).

Investigators collected 96 initial environmental samples 10
days after the fair ended. Sample types collected included ap-
proximately 50 g of animal bedding and manure from areas
where animals had been present when available and swabs from
[loors and of dust from exhaust fzns in areas when no bedding
or manure was available. Investigators also swabbed an apple
cider press, collected water from a decorative fountain, and cap-

tured flies present in or near areas where animals were exhih-
ited. Flies were transferred alive to specimen cups for ship-
ment. Invesrigators received 2 convenience samples from fair
visitors: bedding materials (wood shavings) from a petting zoo
that a parentof a confinmed case collected from the child's strotler
and shoes from an uninfected toddler who had visited the same
exhibit. These shoes had visible animal manure adhering to them.
Sixteen days afier the initial sampling, investigators systeinati-
cally resampled one areaafter 10 of 11 initial samples from this
area yielded STEC O157:H7.

LABORATORY INVESTIGATION
Clinical

The North Carolina State Laboratory for Public Health cul-
tured stool specimens from case patients on sorbitol-
McConkey agar and further characterized STEC Q137 isolates
by using specific antisera, Shiga toxin assays, and pulsed-field
gel elecirophoresis (PFGE). Laboratory staff uploaded STEC
0137 PFGE patterns to PulseNet, the Centers for Disease Con-
trol and Prevention (CDC) national molecular subtyping net-
work for foodbome disease surveillance.

Environmental

US Departiment of Agriculture laboratory scientists cultured en-
vironmenlal samples by using sensitive selective broth enrich-
ment, immunomagnetic separation, and plating on selective me-
dia. The STEC-positive isolates from environmental samples
were seni to the CDC for PFGE and uploaded 10 PulseNet.

CASE-CONTROL STUDY

We designed and conducted an age-group frequency-matched case-
contral study to identify exposures related to illness and poten-
tial behavioral risk and protective factors among fair visitors. Ques-
tions included multiple aspects of animal contact, such as manure
exposure, hand-to-mouth activities (eg, thumb sucking), and hand
hygiene after exiting animal contact areas, in addition to foods
and beverages conswimed at the fair. To assess effects of general
protective behaviors and knowledge, we included items about gen-
eral hand hygiene practices and knowledge about risk for zoo-
notic diseasc transmission [ron: animal contact.

We recruited cases from persons identilied during case find-
ing who had attended the fair and subsequently developed con-
firmed or probable STEC infection. A case was defined as ili-
ness in a 2004 North Carolina State Fair visitor who had at least
one of the following; (1) laboratory-confirmed STEC infection,
(2) HUS clinically diagnosed after October 15, 2004, or (3) bloody
diartheal iliness without other known cause. Persons suspected
to have acquiired illness through exposure to case patients in
household or child care settings were excluded,

We enrolled control subjcets by using a randomized list of
approximately 24 000 persons who had purchased fair tickets
online or at kiosks. Controls were persons who attended the
fair and remained well through November 7, 2004. Conduct-
ing interviews by telephone between November 14and 21, 2004,
we obtained consent from adult subjects directly or from pat-
ents al minor children prior to interviewing.

We spught 10 frequency match controls to cases ina 3:1 ra-
tio in each of 3 age groups: 0to 5, 6 10 17, and 18 years and
older. For case patients or control subjects aged 0 10 5 years,
parents were interviewed as a proxy. For case patients or can-
trof subjects aged 6 to 17 years. with parent or guardian con-
sent, we asked both the adult and the child to participate in
the interview.
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Figure 1. lliness onsel dates Shiga loxin-productng Escherichia cob
outbreak, North Carolina Slate Fair, 2004 (N = 108)

STATISTICAL ANALYSIS

invesugators reviewed case-hnding lorms lor completeness and
entered data into an Epi Info database (version 3.2.2, April 2004,
CDC, Atlanta, Georgia), Case-finding daw inanagemeni and
analysis were performed using Epi Inlo and Microsolt Access
and Excel (Microsolt Corporation, Redmond, Washington) In-
vestigalors enlered case-control study daia o Microsoll Ac-
cess databases, They performed stausiical analyses by using SAS
version 9.1 (SAS Insunute, Cary, North Carolina) and Stata ver-
sion 8.2 (StataCorp, College Stauon, Texas). Using logisuic re-
gression, analysts computed odds ratios (ORs) and age group—
adjusted odds ratios (AORs) with exact 95% conlidence imervals
(Cls). Analysis used mulrivariate logistic regression analysis to
assess associations between variables idennlied as indepen-
dently significant. Skewed titne and age distributions were ana-
lyzed using the Mann-Whitney rank suin method.

— T

CASE FINDING, DESCRIPTIVE EPIDEMIOLOGY,
AND LABORATORY INVESTIGATION

The mvestigation identified 108 outbreak-related cases
(Figure 1). These included 41 laboratory-confirmed E coli
QI157:H7 infections and 15 1US illnesses (Table 1) No
fatalities occurred. The PFGE charactenzauon of clinical
isolates identified a predominant ouibreak patiern, 38 of
41 laboratory-confinmed isolates (93%) shared this pal-
tern. Median case patent age was 3.4 years (range, 1-61
years); 59% were female Fighty-two case patients (799%)
reported having visited a petting zoo at the state fair.

ENVIRONMENTAL INVESTIGATION

Records from municipal water-sampling tests, food
and beverage vendor records, and invesngations of
complaints from patrons about food items did not sup-
pori lood or waterborne transimission hypotheses. Ani-
mal inspection certilicates did not indicate that ill ani-
mals had remained present during the fair. Fair
managers reported that they had supplied more than
280 L of hand sanitizer with 62% ethyl alcohol coment

Tahle 1. Demographic, Clinical, Laboratory,
and Epidemiological Characteristics ol Case Palients,
North Carolina State Fair, 2004
No./Total No. (%)
I Case Case-cumroil
Characteristic Finding Study
Demographic
Female 64 (59) 26 (58)
Aged =5y 56 (52) 31 (69)
Clinical
Diarrhea 108 (100) 45 (100)
Bloody diarrhea 63 (58) 39 (87)
Abdominal cramps 60 (56) 36 (80)
Fever 49 (45) 28 (62)
Hemaolytic uremic syndrome 15 (14) 15 (33)
Laboratory
Positive Escharichia coli 0157 41 (38) 31 (69)
culture
Pulsed-field gel electrophoresis 368/41 (93) 29 (94)
“paltern A"
Epidemiologic
Fair visils 108 (100) 45 (100)
Petting zoo visits B2/104 (79)* 40 (89)

dFgu) respondents were nol asked about petling 700 visils dunng case
finding

during the fair to visitors of petting zoos and other ani-
mal exhibis

Eavironmental samples from 4 locations, including 1
of the 2 petting zoo Jocations, designated Petling Zoo B,
vielded STEC O157 isolates (Table 2), The PFGE pat-
terns [rom Petting Zoo B isolates were mdistinguishable
from the predowinant clinical pattern. A second PFGE
pattern emerged from isolates from another animal ex-
hibit sample, including 2 oblained from swabbing and 1
fly pool.

Resampling of the Petting Zoo Barvea idenified wide-
spread and persistent STEC 0157 contamination; 25 of
30 subsequent samples (83%) yielded STEC Q157 iso-
lates with PFGE patterns that were indistinguishable [rom
the predominant clinical pattern. The majority of these
samples were oblained in the area within Petting Zoo B
where visitors could nteract directly with approxi-
mately 100 sheep and goats (Figure 2), The conve-
nience samples (shoes and shavings from seroller) were
obtained after visits 1o Petting Zoo B. Both vielded STEC
0157 with PFGE paterns indistingwishable from the pre-
dommant climeal pattern as well,

CASE-CONTROL STUDY

We enrolled 43 case patients and 188 control subjects,
an overall control-case rauo of more than 4:1. Filty-
eight percent of case patients and control subjects were
female. Median ages differed significantly, 3.0 and 4.8
years, respectively (Maun-Whitney rank sum, P=.02)
Sixty-nine percent ol case patients were 5 years or younger.
Median ages of the 31 case patients and 115 controls
within the yonngest age group of fair visitors (=5 years)
diflcred staustically (2.2 and 3.4 years, respectively, Mann-
Whitney rank sum, P=.02).
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Table 2. Results of Environmental Testing From the North Carolina State Fairgrounds, November 3 and 9, 2004

No. of Samples, Positive for E coli 0157:H7, No. of Samples, Positive for £ ¢oli 0157:HT,
Source Location Nov 3, 2004 No. (%) Nov 9, 2004 No. (%)
Pelting Zoo A 18 0 4 0
Pelting Zoo B 15 10 (67) 30 18 (63)
Livestock exhibits 58 5(9) 18 0
Fresh cider exhibil 2 0 0
Animal tie-up area ; 5 0 0
Drinking fountain ] 2 0
Haorse arena 0 2 0
Total 96 16 {16) 56 19 (34)

Abbrevialion® £ coli Escherichia colt

3

Figure 2. Child in Petling Zoo B, North Carolina State Fair 2004,

Thirty-six ol 45 case pauents (80%) reporied having
visited Petting Zoo B (AOR, 8.2.95% (I, 3.3-20.3), a find-
ing supportive of the hypothesis generated during early
case interviews that exposures during visits to Peiting Zoo
B resulted in infecnions (Table 3). Reported visils 1o 3
other exhibits that held animals were signilicantly asso-
ciaied with illness, but magnitudes of these associations
were }ess than that [or visiting Petiing Zoo B. No asso-
ciations between illness and (oods, beverages, or other
activitics at the (air were noted 1n analysis ol case-
control study data.

[n contrast with median ages among case patients and
control subjects overall, median ages among case pa-
tients and control subjects who had visited Petting Zoo
B were not statistically dilferent within the 3 age groups.
Within the 0- to 5-year age group, median ages were 2.2
and 3.0 years, respectively (Mann-Whitney rank suni,
P=.18). Median ages among case patients and control sub-
jectsin the 6- to 17-year and 18-year and older age groups
were 12,5 and 8.9 years {P=.39) and 51 .8 and 358 years
(P=.41), respectively, The 27 case patients in the 0- to
5-year age group who had visited Pettimg Zoo B ac-
counted for 75% ol all cases visiting this exhibit. Among
the 0- to 5-year age group, case patients had odds ap-
proximately 9 timnes that ol conuel subjects for having
vistted Petting Zoo B (OR, 9.0; 95% CI, 2.9-27.3).

Amoung case patients and control subjccts 5 years or
younger who had visited Petting Zoo B, case patients re-
porredly spent more time in the exhibit than control sub-

Table 3. Associations With lliness by Visils o Different
Animal Exhibils, North Carolina Slale Fair, 2004,
Adjusted by Age

No./Tolal No. (%)

Case Control AOR
Exposure Patients Subjecls {95% Cl)
Food and Beverage Exposures
12 Different food and ~No statistically significant exposures
beverage exposures identified
Visited the cider press 2/45(4)  24/188(13) 03(0.1-1.4)
DOrank fresh apple cider 1/45(2)  13/188(7) 03(0.04-2.4)
Animal Exhibils Visited
Petting Zoo A 5/45 (11)  23/188 {12) 1.1(0.4-3.3)
Petling Zoo B 36/45 (B0)  B4/187 (34)7 8.2(3.3-203)
Exhibil 21/44 (48)  50/186 (27) 2.4 (1.2-5.1)
Exhibit D 12/45 (27)  65/188 (35) 07 (0.3-14)
Exhibit E 8/42 (19) 32/186 (17) 1.2(05-2.9)
Exhibit F 8/44 (18)  52/186 (28) 0.6 (0.5-15)
Exhibit G 31/44 (70)  94/187 (50) 26 (1555)
Exhibit H, drank cider 1/8 (13) 13/40 (33) 0.4 (0.04-4.6)
" ExhibitJ 11/44 (25)  49/187 (26) 0.9 (0.4-2.0)
Exhibit K 11/36 (31)  56/178(31) 1.0(0.5-24)
Exhibit L 3/45 (6.7) 14/188(7.5) 0.8(0.2-2.8)
Exhibit M 19/44 (43)  49/187 (26) 24 (1.2-47)
Pony ride 9/45 (20)  27/187 (14) 14 (0.6-32)

Abbreviahions: AOR, age-adiusted odds ratio, G, confidence inlervai
ADenominalor Includes only yes or no responses.

jects (median time, 20 minultes vs 15 minutes, respec-
tively, rank sum, P=.04). Touching or stepping in manure
(OR. 6.9; 95% Cl, 2.2-21.9), lalling or sitting on the
ground (OR, 3.2;95% CI, 1.1-9.1), and engaging 1n hand-
to-mouth behaviors (eg, thumb sucking, pacilier use, or
drinkmg frem an mnlanl cup) (OR, 10 6; 95% CI, 2.0-
55.0) were signilicant risk factors among this group
(Table 4) Multivariate analysis of these 3 vanables led
to significant associations with hand-to-mouth behav-
iors (multivanate OR, 16.4; 95% C1, 1 9-138) and ma-
nure contact (multivariate OR, 11.5,95% Cl, 2.0-65.9).

While hand-washing lacilites were himited to re-
strooins, [airgrounds stall and exhibitors provided alcehol-
based hand gel disinlectant dispensers at inultiple loca-
tions throughout the lairgrounds, ncluding Petting Zoo
B. High proportions of both case patients (89%) and con-
trol subjects (83%) reported haud hygiene practice, pri-
marily by nsing these hand-sanitizing gels (Table 5)
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Tahle 4. Exposures Among Petling Zoo B Visitors 5 Years and Younger
No./Total No. (%)
| 1 Odds Ratio
Exposure Case Patienls Conlrol Subjects (95% Confidence Interval)
Touched or stepped in manure 19/24 (79)# 17/48 (35) 6.9 (2.2-21.9)
Fell down or sat on the ground 11/23 (48) 11/49 (22) 32 (1.1-9.1)
Sucked thumb or pacifier or drank from infant cup 8/25 (32) 2/47 (4) 10.6 (2.0-85.0)
Drank beverage or ate foods while in petting zoo 027 0/48
Chewed gum, ate candy, or used a loothpick 0127 1/48 (2) 1.0 (0-39.0)
Fed the sheep or goals 15/26 (68) 32/49 (65) 0.7 (0.3-1.9)
Fed animals in pens al the back of the tent 5124 (21) 11/35(31) 0.8(0.3-2.8)
Picked up or held any sheep or goats 5727 (19) 10/49 (20) 09(0.3-2.9)
Kissed any animals 3124 (13) 6/49 (12) 1.0 (0.2-4.5)
Sheep or goats nuzzled, nibbled, or licked 23/25 (92) 38/47 (81) 2.7 (0.5-13.7)
Picked up any object from the ground 1/26 (4) 3149 (5) 0.6 (0.1-6.2)
Sheep or goats having reared up 10/25 (40) 14/49 (29) 1.7 (0.6-4.6)
Picked up any shavings or bedding from the ground 5/22 (23) 16/49 (33) 0.6 (0.2-1.9)
Petted or louched animals in the pens 11/25 (44) 20/46 (43) 1.0 (0.4-2.7)
Petted or touched the sheep or goals 26/27 (96) A4/49 (90) 3.0 (0.3-26.7)
Reported hand hyglene on exiting 25/27 (93) 42/48 (88) 1.8 (0.3-9.5)
30enominator includes only yes of No responses.
Table 5. Hygiene Praclices and Awareness of Zoonotic Disease Risks Among Case Patienls and Conlrol Subjects
Who Had Visited Petting Zoo B, North Carolina Stale Fair, 2004
No./Total No. (%)
Factor II:asa Patients Control simllacisi ADR (95% CI)
Hand hygiene aftar Petting Zoo B visit 32/36 (89) 52/63 (83)% 1.7 (0.5-5:8)
Algohol-based hand gel® 29/32 (91) 43/52 (83) 0.9 (0.6-1.5)
Soap and water? 1/32 (3) 2/52 (4) 30(01-95.2)
Cleaned hands before eating at fair 25/36 (B1) 46/64 (72) 1.6 (0.6-4.8)
Alcohol-based hand gel 20027 (61) 19/37 (51) 2.9(09-91)
Soap and water 10017 (59) 21/39 (54) 1.2 (0.4-4.2)
Importance of contact with animals (*very important” or “important” 2B/36 (72) 52/64 (81) 0.6 (0.2-1.6)
compared with "nol very important” or "not important”)
Awareness of zoonotic disease risks 23/36 (64) 57/64 (89) 0.2 (01-0.7)
Washed before eafing in general (“always” and “almost always” 27/36 (75) 47/64 (73) 1.2 (05-3.1)
compared with "sometimes” or “never”)
Carry personal hand sanitizer 24/36 (67) 43/63 (68) 1.1(0.4-2.9)
Bite nails 14/36 (29) 21/64 (33) 1.2 (0.5-2.8)

Abbrevialions. See Table 3
#Denominator includes only yes or no responses.
5 Compared with no reporled hand hygiene.

Reported hand hygiene practice among Petting Zoo B visi-
tors was not protective (AOR, 1.7;95% CI, 0.5-5.8), nor
was use ol hand-sanitizing gels conpared with no hand
hygiene practice (AOR, 0.9; 95% CI, 0.6-1.5). Ouly 1 case
patient and 2 control subjects who had visited Petting
Zoo B reported using soap and water 1o clean hands al-
ter exiting the exhibit.

More control subjects reported awareness that cer-
tain discases can spread [rom contact with livestock (AOR,
0.2;95% C1,0.1-0.7). No difference was detected in how
case patients and control subjects valued the impor-
tance of visiting animal exhibits. Case patients and con-
trol subjects who had visited Petring Zoo B reported no
significant differences between general hand-washing
practices belore meals, use of personally carried hand sani-
lizers, or {ingernail-biung behaviors.

B COMMENT

Our investigation identified Petting Zoo B as the source
ol this large E coli O157:H7 outbreak and identilied risk
factors [orinfection. Environmental, epidemiologic, and
analytic studies produced complementary results. Young
case patients had visited this petting zoo more [re-
quently than other animal exhibits. They reported longer
visiis in this contammnated environment, reported more
contact with manure. sat or [ell on the ground more of-
tenr, and engaged in more hand-to-mouth behaviors in
this area than control subjects. The majority of case pa-
vents and control subjects 1eported use of alcohol-
based hand-sanitizing gels after visiting Petting Zoo B;
however, we were unable to demoustrate whether use of
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hand-sanitizing gels or washing hands before eating was
protective. In contrast, reported awareness of risks for
zoonotic disease was associated with a protective effect
among visitors to this exhibit.

Other studies have demonstrated that hand-to-
mouth activities place young children at risk [or differ-
ent infections.'**® Duration of exposure among persons
who visited a farm in Pennsylvania was positively asso-
ciated with E ¢oli O157:H7 infections.'” Qur findings that
extended exposure duration and hand-te-mouth activi-
ties were associated with disease in this gutbreak are con-
sistent with earlier findings.

A key finding in this study is an apparent lack of pro-
tection associated with reported hand-hygiene prac-
tices. In other outbreaks, hand-hygiene practices that in-
cluded hand washing with running water and scap
demonstrated protective effects.”” Hand washing was not
a common practice among either case patients or con-
trol subjects during our investigation. However, more than
90% of case patients reported use of alcohoel-based hand
gels with no evident benefit. Multiple factors might have
led to this finding. Exposures sufficient to lead to infec-
tion might have occurred before hand hygiene practice
within the contaminated petting zoo enviromment, or
clothing might have become sufficiently contaminated
while in the petting zoo and led to exposures after leav-
ing the exhibit. Samples obtained weeks after the fair
ended from the Petting Zoo B site and from clothing worn
by patrons grew the outbreak pattern of STEC 0157, dem-
onstrating the extended viability of the pathogen. In ad-
dition, differences between hand hygiene practices and
their effectiveness have been found in other studies. For
example, washing hands with soap and running water
before use of alcohol-based hand gels is preferred when
hands are visibly soiled and has been shown to be effec-
tive in reducing hand contamination in health care set-
tings. ™19

Most case patients {64%) reported awareness of dis-
ease risk from contact with livestock. Althongh more con-
trols (89%) reported awareness of this risk, the benefits
of effective education may not sufficiently reduce risks
during animal contact activities.

Recall bias among case-control study respondents
might have affected study results. Recall might have var-
ied between parents of case patients, some of whom faced
crises associated with seriously ill children, and control
subjects’ parents, who did not face such threats, Further
limitations include potential selection bias because con-
trol subjects were patrons who had purchased tickets on-
line or at kiosks by using credit cards, whereas case pa-
tients were identified through case finding.

Seventy-five percent of all case patients enrolled in the
case-contre] study were aged § to 5 years, Narrower strati-
fication of this age group might have reduced the like-
lihcod of dissimilar median ages identified among case
patients and control subjects in this stratum—a threat
to comparability. Although median ages were not sig-
nificantly different among visitors to the implicated pet-
ting zoo, further stratification might have also permit-
ted fuller analysis af behaviors among young children with
important relationships to infection risk {eg, hand-to-
mouth behaviors or picking up objects [rom the ground).

Nine case patients {20%) from the case-control study
had not visited Petting Zoo B. Clinical isolates from 2 case
patients were indistinguishable by PFGE and differed from
the predeminant cutbreak strain, These case patients’
PFGE patterns were indistinguishable from PEGE pat-
terns ebtained from animal Exhibit C environmenual iso-
lates. The remaining 7 case patients’ isolates produced
PFGE patterns that did not match any environmental iso-
tate. Sources of these infections remain unclear, but other
exposures leading to isolated or limited clusters of in-
fections likely occurred during the fair,

In response to the outbreak, we advised the North
Carclina Department of Agriculture and Consumer Ser-
vices to adopt guidelines to prevent future outbreaks in
settings where substantial numbers of persons can in-
teract with animals that might be shedding pathogens.
In response to other zoonotic disease outbreaks associ-
ated with petiing zoos and farms, the National Associa-
tion of Public Health Veterinarians developed disease-
prevention guidelines for settings where visitors have
direct contact with animals that might shed patho-
gens." In addition to adopting these guidelines, we also
recominended state fair managers require use of fencing
or similar barriers in petting zoos to prevent or restrict
contact with manure. We also recoimnmended petting zoo
managers forbid eating or use of infant cups and pacifi-
ers while in exhibits and consider age-related restric-
tions or requirements for supervision of young chil-
dren.

Education about avoidance of potential zoenetic dis-
ease Tisks is warranted when contact with animals is ex-
pected, particularly for persons with substantial risk for
severe disease (eg, young children, older adults, preg-
nant women, and immunocompromised persons).'” En-
hancing education through additional supervision is war-
ranted. Multiple fonmnais for education should be used,
such as signs, stickers, handouts, and verbal informa-
tion. Use of recorded audio messages encouraging visi-
tors to clean hands after visiting animal exhibits and warn-
ing persons with higher risks for severe disease might help
reinforce hygiene and protection messages.

Despite recognition of the preventive potential of hand
hygiene, this investigation did not provide evidence to
support specific hand hygiene practices. Guidelines for
such exhibits as petting zoos recommend and empha-
size use of running water and soap for hand hygiene."
Further study of hand hygiene practices in such settings
might clarity methods that can sufficiently reduce hand
contamination, Careful evaluation of hand hygiene prac-
tices should occur 10 identify features associated with ad-
equate protection. Hospital infection-control guidelines
for hand-sanitizing gel use indicate that visibly soiled
hands should be cleaned by using soap and running wa-
ter before gel use,'” but guidelines designed for health
care workers might not translate intc adequate practice
in other settings. Petting zoos should work to prevent
exposure to pathogens by using engineered barriers.
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