
Cryptosporidium parvum outbreak associated with Raccoons at 
a Wildlife Facility—Virginia, May–June 2019

Meredith K. Davis1, Jennifer Riley2, Brandy Darby3, Julia Murphy3, Lauren Turner4, Marta D. 
Segarra5, Dawn M. Roellig6

1Lord Fairfax Health District, Virginia Department of Health, Winchester, Virginia, USA

2Blue Ridge Wildlife Center, Boyce, Virginia, USA

3Division of Surveillance and Investigation, Virginia Department of Health, Richmond, Virginia, 
USA

4Division of Consolidated Laboratory Services, Virginia Department of General Services, 
Richmond, Virginia, USA

5Virginia Department of Agriculture and Consumer Services, Warrenton, Virginia, USA

6Division of Foodborne, Waterborne and Environmental Diseases, Centers for Disease Control 
and Prevention, Atlanta, Georgia, USA

Abstract

Cryptosporidium parvum is a parasitic zoonotic pathogen responsible for diarrheal illness in 

humans and animals worldwide. We report an investigation of a cryptosporidiosis outbreak in 

raccoons and wildlife rehabilitation workers at a Virginia facility. Fifteen (31%) of 49 facility 

personnel experienced symptoms meeting the case definition, including four laboratory-confirmed 

cases. Seven juvenile raccoons were reported to have diarrhoea; six had laboratory-confirmed 

cryptosporidiosis. Cryptosporidium parvum of the same molecular subtype (IIaA16G3R2) was 

identified in two human cases and six raccoons. Raccoon illness preceded human illness by 

11 days, suggesting possible zoonotic transmission from raccoons to humans. This appears to 

be the first report of a human cryptosporidiosis outbreak associated with exposure to raccoons 

infected with C. parvum. Raccoons might be an under-recognized reservoir for human C. parvum 
infections. Further study is needed to explore the prevalence of cryptosporidial species in raccoons 

and their role as a wildlife reservoir.
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1 | INTRODUCTION

Cryptosporidium parvum is a protozoan parasite causing diarrheal illness in both humans 

and animals worldwide. Infection occurs through ingestion of infectious oocysts; human 

transmission can occur directly from person-to-person or animal-to-person, or through 

ingestion of contaminated food or water (Ryan et al., 2014). Illness is characterized by 

watery diarrhoea and abdominal cramping beginning 7–10 days after exposure and lasting 

7–14 days, but shedding of oocysts might continue after symptoms resolve (Chen et al., 

2002; Hunter et al., 2004).

On 19 June 2019, a wildlife rehabilitation facility notified the Lord Fairfax Health District 

(LFHD) in Virginia of an outbreak of gastrointestinal illness (vomiting and diarrhoea) 

affecting 10 (42%) of 24 full-time staff and interns. Twenty-five volunteers worked part-time 

at the facility; none were known to be ill at the time of the initial report. The wildlife facility 

cared for a variety of animal species native to the area. When the human outbreak was 

identified, the facility also reported juvenile raccoons with intermittent diarrhoea, but other 

animals were described as healthy. The raccoons arrived at the facility during May 13–June 

7, 2019 and the first documented diarrhoea amongst raccoons occurred on May 28. Illness 

onset in the first human case occurred on June 8. Based on the human symptoms reported 

(vomiting and diarrhoea) and negative raccoon faecal floatation testing for ova and parasites 

(O&P), the LFHD recommended norovirus testing and infection control measures. On June 

20, 2019, the facility notified the LFHD that one person tested positive for Cryptosporidium 
antigen at a private laboratory. LFHD conducted an investigation to confirm the etiologic 

agent, determine the outbreak source, identify risk factors for illness and prevent additional 

transmission.

2 | MATERIALS AND METHODS

2.1 | Epidemiologic study

A retrospective cohort study was designed to better understand clinical illness and possible 

exposures; a questionnaire was developed and distributed to all 49 facility personnel, 

including seven staff, 17 interns and 25 volunteers. The questionnaire captured data on 

demographic characteristics, illness, healthcare-seeking behaviours, contact with animals 

(by species) and food and water exposure. As the investigation progressed, a supplemental 

questionnaire was created to collect additional detail about the type of animal care each 

person provided, personal protective equipment used and adherence to recommended 

cleaning protocols. Information about opportunities for person-to-person exposure and 

animal care, housing and feeding was gathered during a site visit. The facility provided 

a list of dates each person worked from May 25 to June 26, 2019, as well as data on ill 

raccoons at the facility, including intake date, location where the animal was found and onset 

date of diarrhoea.

For the purposes of the outbreak investigation, a probable case of human illness was 

defined as gastrointestinal illness occurring after June 6, 2019 in a person who worked 

or volunteered at the wildlife facility, characterized by diarrhoea and one or more of the 

following: abdominal cramping, vomiting, anorexia or diarrhoea lasting 72 hr or more. A 
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confirmed case met probable case criteria and had laboratory evidence of Cryptosporidium 
infection.

Survey data were entered and stored in REDCap® and analysis was performed in Epi Info™ 

7. The study population was characterized by age, sex and role (i.e. staff, intern, volunteer). 

Attack rates, risk ratios and 95% confidence intervals were calculated for specific animal 

exposures associated with the wildlife facility, contact with animals outside the facility, 

handling of produce for feeding the animals, drinking facility well water, contact with 

recreational water and use of personal protective equipment. Fisher’s exact test was used to 

identify statistically significant exposures (p < .05). Multivariate analyses were performed to 

assess the association between relevant exposures and illness. This study did not involve the 

use of human or animal research subjects but was conducted as routine public health practice 

in accordance with Virginia Department of Health outbreak investigation policy. As such, 

ethical review from either an Institutional Review Board or Institutional Animal Care and 

Use Committee was not sought.

2.2 | Laboratory investigation

Stool specimens from four ill persons were collected for real-time polymerase chain 

testing at the Virginia Division of Consolidated Laboratory Services (DCLS) for norovirus 

and Cryptosporidium. Two additional human stool specimens were tested via clinical 

laboratories; one for Cryptosporidium and one for a general O&P. The Virginia Department 

of Agriculture and Consumer Services tested six raccoon stool specimens using a modified 

Kinyoun stain and Pathasure® enzyme-linked immunosorbent assay (ELISA).1 Human and 

raccoon specimens were forwarded to the CryptoNet Reference Laboratory at the Centers 

for Disease Control and Prevention (CDC) for genotyping (Roellig & Xiao, 2020). One 

raccoon was euthanized for reasons unrelated to this outbreak; a small intestinal tissue 

specimen from this animal was also forwarded to CDC CryptoNet for Cryptosporidium 
testing.

2.3 | Environmental investigation

The facility was served by a private well. The Virginia Department of Health Office of 

Drinking Water collected three water samples from pretreatment taps inside and outside the 

building; these were tested by DCLS for bacterial indicators of faecal contamination (total 

coliforms and Escherichia coli) with the IDEXX Colilert test detection and quantification 

by most probable number (MPN). Facility records were reviewed to assess the geographic 

locations where raccoons were found prior to facility intake.

3 | RESULTS

3.1 | Epidemiologic study

Of 49 facility workers, 43 (88%) completed the initial survey. Fifteen respondents (35%) 

experienced illness meeting the case definition, including four confirmed cases (Table 1). 

Four people, including the person with the earliest symptom onset date (June 6), experienced 

1Pathasure test is validated for bovine species and was used off-label in this investigation.
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one or more symptoms but did not meet the outbreak case definition and were excluded 

from further analysis. Amongst cases, illness was characterized by diarrhoea (15; 100%), 

abdominal cramps (13; 87%), headache (11; 73%) and vomiting (8; 53%). Fewer than half 

of ill persons reported fever (6; 40%) and no one reported blood in the stool. Illness duration 

ranged from 1 to 13 days (median = 4 days). Five persons sought healthcare; no one was 

hospitalized. Most respondents (36; 92%) reported performing adequate hand hygiene whilst 

at the facility. Contact with raccoons (risk ratio [RR] = 4.4; 95% confidence interval [CI] = 

1.7–11.3), contact with foxes (RR = 4.0; 95% CI = 1.5–10.2), contact with cottontails (RR 

= 2.8; 95% CI = 0.9–8.3) and drinking facility tap water (RR = 3.8; 95% CI = 1.5–10.0) 

were significantly associated with illness (Table 2). Of 15 persons with raccoon contact, 14 

(93%) also reported contact with foxes (p < .01). Because fox and raccoon contact were not 

independent (only those vaccinated against rabies could care for these species) and foxes 

were not demonstrating clinically significant illness, fox contact was not included in the 

multivariate logistic regression model. In the multivariate model, contact with raccoons (p < 

.01) and drinking tap water (p < .05) remained significantly associated with illness.

Seven raccoons had documented diarrhoea. The median number of days between intake 

and diarrhoea onset was 3 days (range: 2–42 days). Onset of diarrhoea in the first raccoon 

occurred on May 28, followed 5 days later (June 2) by onset in its cage-mate and 8 days 

later (June 5) by a third raccoon in another cage. The first human illness meeting the 

outbreak case definition was on June 8 in an intern who cared for raccoons. Additional 

raccoon and human cases of illness followed (Figure 1).

3.2 | Laboratory testing

Four human stool specimens tested negative for norovirus; three specimens tested positive 

for Cryptosporidium at DCLS. Of the two human stool specimens tested at clinical 

laboratories, one was positive for Cryptosporidium via antigen testing; the other was 

negative on O&P, but cryptosporidia testing was not performed on this specimen.

All six raccoon faecal specimens were acid-fast positive and positive for Cryptosporidium 
via ELISA. Molecular typing revealed C. parvum subtype (IIaA16G3R2) in six raccoon 

faecal specimens, one raccoon tissue specimen and two human stool specimens.

3.3 | Environmental investigation

All three water samples had detectable levels of total coliforms (3.0, 10.9 and 13.5 MPN/100 

ml). One of three samples was positive for E. coli (1 MPN/100 ml). Raccoons were found 

in a variety of locations between 8–46 miles from the facility. At the facility, raccoons were 

housed with their littermates in a dedicated room with no other animal species.

4 | DISCUSSION

During 2009–2017, there were 444 outbreaks of cryptosporidiosis reported in the U.S., 

of which 86 (19%) were associated with animal contact, most frequently cattle (n = 65) 

(Gharpure et al., 2019; Xiao & Feng, 2008). Wild animals were not identified as a source 

of exposure in these outbreaks. Whilst raccoon infections with Cryptosporidium species and 

genotypes are known to occur in the U.S. and elsewhere, these infections have not been 
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reported in association with human illness (Gonzalez-Astudillo et al., 2021; Hattori et al., 

2018; Perz & Le Blancq, 2001; Snyder, 1988). To the authors’ knowledge, this is the first 

report of human illness after exposure to raccoons infected with C. parvum.

In this outbreak, raccoon illness preceded human illness by 11 days. The first ill 

raccoon came to the wildlife facility only 2 days prior to its onset of diarrhoea. Though 

the incubation period for C. parvum in raccoons is unknown, incubation periods of 

approximately 7 days have been documented in other species including cattle (Uga et al., 

2000), sheep (Bukhar & Smith, 1997), pigs (Pereira et al., 2002) and mice (Tarazona et 

al., 1998). The timing of illness amongst raccoons and humans suggests that one or more 

raccoons could have been infected prior to intake, with subsequent transmission occurring 

between raccoons and from raccoons to humans (Figure 1).

Four exposures (contact with foxes, raccoons and cottontails and drinking facility well 

water) were shared by a majority of ill persons and were significantly associated with human 

illness. Of these, contact with raccoons had the highest attack rate (73%) and risk ratio 

(4.4; CI = 1.7–11.3) and was significantly associated with illness (p < .01) in multivariate 

modelling. Because vaccination against rabies is required to care for both raccoons and 

foxes, most individuals with raccoon contact also had fox contact (14 of 15); two persons 

had fox contact but no raccoon contact. The lack of clinically significant symptoms in 

foxes or cottontails compared to the profuse diarrhoea observed in raccoons made these 

animal exposures appear less plausible as sources of human infection. However, a limitation 

to this investigation is that foxes and cottontails were not tested for Cryptosporidium and 

could have had asymptomatic or mild infections. Drinking facility well water remained 

significantly associated with illness in multivariate analysis (p < .05). The water was tested 

for total coliforms and E. coli, but not for Cryptosporidium, which is a second limitation 

to this investigation. However, the water was used for all animals and no other species 

exhibited notable diarrheal illness. Bearing in mind the timing of illness onset for the first 

ill raccoon relative to facility intake, the well water at the facility was considered less likely 

to be a source of Cryptosporidia in this outbreak. Based on the clinical, epidemiologic and 

laboratory findings of this investigation, raccoons were considered to be the probable source 

of exposure for human illness.

The outbreak investigation revealed that standard cleaning and disinfection protocols at 

the facility were ineffective against Cryptosporidium oocysts. Once the outbreak aetiology 

was confirmed, protocols were changed to include disinfection with hydrogen peroxide to 

disrupt further transmission. This investigation also prompted further training of personnel, 

especially interns and volunteers, about effective infection control practices and proper use 

of personal protective equipment.

Molecular typing identified C. parvum IIaA16G3R2 in tested outbreak specimens rather 

than the dominant C. parvum IIaA15G2R1 found in dairy calves from the United States 

(Santín et al., 2008); the IIa subtype family causes zoonotic infections in most industrialized 

countries (Feng et al., 2018). The outbreak subtype, C. parvum IIaA16G3R2, was previously 

reported in four humans from Wisconsin (Feltus et al., 2006) and detected in 16 sporadic 
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human cases as part of CryptoNet surveillance from Wisconsin, Nebraska and Tennessee 

from 2012 to 2019. The outbreak subtype has not been previously reported in raccoons.

Routine testing for Cryptosporidium might not be conducted at facilities caring for wild 

animals due to limited resources, a low index of suspicion for this pathogen and a low 

perceived benefit from testing. Still, raccoons and other wildlife species capable of infection 

with C. parvum (including opossums, foxes, lagomorphs and squirrels) might be an under-

recognized reservoir for human infection. Expanded animal testing for Cryptosporidium 
could provide human health benefits by informing diagnostic and treatment choices for 

patients with exposure to infected animals. Human healthcare providers should consider 

cryptosporidiosis as a differential diagnosis in persons who have contact with raccoons (and 

potentially, other wildlife species susceptible to C. parvum) and present with gastrointestinal 

illness. Diagnostic testing for Cryptosporidium no longer requires microscopy; molecular 

detection is increasingly available through multiplex PCR panels. CryptoNet aims to 

systematically collect exposure and molecular characterization data to fill knowledge gaps 

about wildlife-associated zoonotic cryptosporidiosis, including identifying under-recognized 

reservoirs and risk factors.
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Impacts

• Cryptosporidium parvum of the same molecular subtype (IIaA16G3R2) was 

identified in stool specimens from humans and raccoons associated with the 

same wildlife rehabilitation facility.

• Raccoon illness preceded human illness by 11 days, indicating possible 

zoonotic transmission from raccoons to humans.

• Raccoons might be an under-recognized reservoir for human C. parvum 
infections.
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FIGURE 1. 
Wildlife facility cryptosporidiosis outbreak epidemiologic curve, Virginia, June 2019
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TABLE 1

Characteristics of individuals working or volunteering at wildlife facility associated with cryptosporidiosis 

outbreak, Virginia, June 2019

Ill n (%) Not Ill n (%) Total n (%)

Total 15 (38) 24 (62) 39 (100)

Case status

 Confirmed 4 (27) 0 4 (10)

 Probable 11 (73) 0 11 (28)

 Not a case 0 24 (100) 24 (62)

Role

 Full-time employee 3 (20) 0 3 (8)

 Intern 9 (60) 6 (25) 15 (38)

 Volunteer 3 (20) 18 (75) 21 (54)

Sex

 Female 14 (93) 19 (79) 33 (85)

 Male 1 (7) 5 (21) 6 (15)

Age in years: median (range) 21 (18–55) 26 (19–74) 25 (18–74)

Days worked between 5/25–6/26: median (range) 9 (3–20) 4 (1–13) 5 (1–20)

Zoonoses Public Health. Author manuscript; available in PMC 2022 June 09.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Davis et al. Page 11

TA
B

L
E

 2

C
ry

pt
os

po
ri

di
os

is
 a

tta
ck

 r
at

es
 a

nd
 r

is
k 

ra
tio

s,
 b

y 
ex

po
su

re
, V

ir
gi

ni
a,

 J
un

e 
20

19

B
iv

ar
ia

te
 e

xp
os

ur
e 

an
al

ys
is

E
xp

os
ed

U
ne

xp
os

ed

Il
l/t

ot
al

A
tt

ac
k 

ra
te

Il
l/t

ot
al

A
tt

ac
k 

ra
te

R
is

k 
ra

ti
o

95
%

 C
I

p-
va

lu
e

W
ild

lif
e 

fa
ci

lit
y

 
C

ot
to

nt
ai

ls
12

/2
3

52
.2

3/
16

18
.8

2.
8

0.
9–

8.
3

<
.0

5

 
Fo

xe
s

11
/1

6
68

.8
4/

23
17

.4
4.

0
1.

5–
10

.2
<

.0
1

 
Fr

og
s

4/
13

30
.8

11
/2

6
42

.3
0.

7
0.

3–
1.

8
.7

 
O

po
ss

um
s

14
/3

5
40

.0
1/

4
25

.0
1.

6
0.

3–
9.

2
1

 
R

ac
co

on
s

11
/1

5
73

.3
4/

24
16

.7
4.

4
1.

7–
11

.3
<

.0
1

 
R

ap
to

rs
8/

24
33

.3
7/

15
46

.7
0.

7
0.

3–
1.

6
.3

 
Sn

ak
es

5/
15

33
.3

10
/2

4
41

.7
0.

8
0.

3–
1.

9
.7

 
So

ng
bi

rd
s

12
/3

0
40

.0
3/

9
33

.3
1.

2
0.

4–
3.

3
1

 
Sq

ui
rr

el
s

6/
17

35
.3

9/
22

40
.9

0.
9

0.
4–

1.
5

.8

 
T

ur
tle

s
12

/3
3

36
.4

3/
6

50
.0

0.
7

0.
3–

1.
8

.7

 
H

an
dl

e 
an

im
al

 p
ro

du
ce

13
/3

1
41

.9
1/

7
14

.3
2.

9
0.

5–
18

.8
.2

 
D

ri
nk

 w
el

l w
at

er
10

/1
5

66
.7

4/
23

17
.4

3.
8

1.
5–

10
.0

<
.0

1

 
W

ea
r 

PP
E

14
/3

1
45

.2
0/

7
0.

0
U

nd
ef

in
ed

 
U

se
 h

os
e 

to
 c

le
an

10
/2

0
50

.0
1/

6
16

.7
3.

0
0.

5–
18

.9
0.

2

 
C

le
an

 c
ag

es
11

/2
3

47
.8

0/
3

0.
0

U
nd

ef
in

ed

 
Fe

ed
 a

ni
m

al
s

11
/2

3
47

.8
0/

3
0.

0
U

nd
ef

in
ed

 
R

es
tr

ai
n 

an
im

al
s

8/
18

44
.4

3/
8

37
.5

1.
2

0.
4–

3.
3

1

N
on

fa
ci

lit
y 

ex
po

su
re

s

 
A

ni
m

al
s 

ou
ts

id
e 

fa
ci

lit
y

12
/3

2
37

.5
3/

6
50

.0
0.

8
0.

3–
1.

9
.7

 
R

ec
re

at
io

na
l w

at
er

4/
7

57
.1

9/
30

30
.0

1.
9

0.
8–

4.
4

.2

 
U

np
as

te
ur

iz
ed

 d
ai

ry
3/

5
60

.0
7/

20
35

.0
1.

7
0.

7–
4.

3
.4

M
ul

ti
va

ri
at

e 
an

al
ys

is
A

dj
us

te
d 

od
ds

 r
at

io
95

%
 C

I
p-

va
lu

e

C
ot

to
nt

ai
ls

2.
5

0.
3–

18
.2

.4

R
ac

co
on

s
12

.0
1.

9–
76

.4
<

.0
1

D
ri

nk
 w

el
l w

at
er

7.
6

1.
2–

48
.8

<
.0

5

Zoonoses Public Health. Author manuscript; available in PMC 2022 June 09.


	Abstract
	INTRODUCTION
	MATERIALS AND METHODS
	Epidemiologic study
	Laboratory investigation
	Environmental investigation

	RESULTS
	Epidemiologic study
	Laboratory testing
	Environmental investigation

	DISCUSSION
	References
	FIGURE 1
	TABLE 1
	TABLE 2

