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ABSTRACT: Escherichia coli O157:H7 (EC
O157) is an important zoonosis. White-tailed
deer (Odocoileus virginianus) have been impli-
cated in transmission of this bacterium to hu-
mans and have been suggested as reservoirs
that might affect carriage in cattle populations.
Our study objectives were to estimate preva-
lence of EC O157 in feces of hunter-harvested
deer and to describe fecal shedding patterns in
a captive herd sampled over 1 yr. Prevalence of
EC O157 in hunter-harvested deer was 0.3%
(n5338). In August 2001, EC O157 was de-
tected in one of 55 deer (1.8%) from the cap-
tive herd. Prevalence over the 1-yr period was
0.4% (n5226). Escherichia coli O157:H7 was
rarely isolated from hunter-harvested deer dur-
ing the winter. We could not describe a season-
al shedding pattern based on one positive sam-
ple in the captive herd. These data do not sup-
port a prominent role of deer as a reservoir for
EC O157 for cattle or humans.

Key words: Escherichia coli O157:H7, fecal
shedding, foodborne disease, Odocoileus virgi-
nianus, prevalence, seasonal, white-tailed deer.

Escherichia coli O157:H7 (EC O157) is
an important cause of human diarrheal
disease. Severe manifestations include
hemorrhagic colitis and hemolytic uremic
syndrome (HUS) (Griffin, 1998). An im-
portant reservoir of EC O157 is asymp-
tomatically colonized cattle. White-tailed
deer (Odocoileus virginianus) have been
implicated in foodborne outbreaks of EC
O157 and are also asymptomatically colo-
nized (Fischer et al., 2001). Whether deer
influence the epidemiology of EC O157 in
cattle populations is not known.

Deer have been implicated in food-
borne transmission of EC O157 in a spo-
radic case (Rabatsky-Ehr et al., 2002) and
an outbreak (Keene et al., 1997) associated

with consumption of contaminated veni-
son. A larger outbreak involved consump-
tion of unpasteurized apple juice, and deer
were implicated as a potential source of
EC O157 (Cody et al., 1999).

Escherichia coli O157:H7 occurs in cat-
tle (Hancock et al., 1998) and has been
isolated from deer and numerous other
species (Chapman and Ackroyd, 1997).
Cattle and deer in the same geographic
area were shown to have distinct genetic
subtypes of EC O157 (Fischer et al.,
2001), although in one study, indistin-
guishable genetic subtypes were found in
deer and cattle from the same farm, sug-
gesting deer might play a role in maintain-
ing the organism in bovine populations
(Rice et al., 1995). Emerging infectious
diseases have been described as zoonotic
opportunists (Woolhouse, 2002) and are
likely to be bidirectionally transmissible
between wildlife and livestock (Bengis et
al., 2002). The Center for Emerging Issues
(United States Department of Agriculture)
lists the significance of EC O157 in deer
as ‘‘human infection’’ and ‘‘transmission to
cattle’’ (USDA, 2001). Transmission of
some infectious diseases between wildlife
and livestock may be associated with shar-
ing habitat, although no evidence suggests
that deer play a prominent role in the ep-
idemiology of EC O157 in cattle (Sargeant
et al., 1999; Bengis et al., 2002).

White-tailed deer are colonized by EC
O157 at low prevalences (Fischer et al.,
2001). Rice et al. (1995) found 1.8% of
deer (n5108) shed the organism. During
winter surveys, prevalence of EC O157 in
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Kansas was 2.4% of 212 fecal specimens
collected from the ground (Sargeant et al.,
1999) and 0.25% of 1,608 fecal specimens
collected from hunter-harvested deer from
Nebraska (Renter et al., 2001).

Experiments investigating colonization
and fecal shedding of EC O157 demon-
strated horizontal transmission and sug-
gested fecal shedding in deer is transient
and similar to domestic ruminant species
(Fischer et al., 2001). Increased preva-
lence during the summer was shown in
cattle (Meyer-Broseta et al., 2001) but has
not been demonstrated in deer.

We conducted studies in Louisiana
(USA) to estimate prevalence of EC O157
fecal shedding in hunter-harvested white-
tailed deer and to describe seasonality of
EC O157 fecal shedding in a herd of cap-
tive white-tailed deer. In collaboration
with the Louisiana Department of Wildlife
and Fisheries Deer Study Group, we col-
lected fecal samples at hunter check sta-
tions in six wildlife management areas
(WMA: 308319N, 918429W; 318209N,
938489W; 328349N, 938059W; 328409N,
918309W; 308659N, 928829W; 318449N,
918639W) during the 2001 rifle deer hunt-
ing season. Wildlife management areas
were selected based on the previous year’s
harvest in an attempt to maximize the
number of samples that we could obtain.
Fecal samples (approximately 20 g) were
collected per rectum with a clean glove,
maintained at ambient temperature, trans-
ported to the laboratory, and placed in cul-
ture media within 24 hr. Sampling was
based on convenience and hunter success.

Louisiana State University Agricultural
Center (LSU AgCenter, Baton Rouge,
Louisiana) maintains a herd of approxi-
mately 125 deer in high-fenced pastures
which is fed a grain-based concentrate. In-
dividual deer are identified with ear tags.
Beginning in December 2000, we collect-
ed fecal samples by entering the enclo-
sures, observing individually identified
deer, and picking up freshly defecated fe-
cal pellets from the ground (;20 g). Sam-
ples were taken every other month based

on convenience to avoid handling or con-
fining the deer.

Feces were cultured using bovine fecal
culture techniques that are more sensitive
(Keen and Elder, 2002) than conventional
enrichment and direct plating techniques
(Chapman et al., 1994; Gansheroff and
O’Brien, 2000; Meyer-Broseta et al.,
2001). Briefly, 10 g of fresh deer fecal pel-
lets were placed in 90 ml of Gram-nega-
tive broth (Difco, Sparks, Maryland, USA)
supplemented with cefsulodin (10 mg/l,
Sigma, St. Louis, Missouri, USA), vanco-
mycin (8 mg/ml, Sigma) and cefixime (0.05
mg/ml, Lederle, Pearl River, New York,
USA) and allowed to soften for 15 min.
The softened fecal pellets were then man-
ually emulsified and incubated for 6 hr at
37 C.

Immunomagnetic separation was per-
formed on a 1-ml aliquot using Dynabeads
anti-E. coli O157 beads (Dynal Biotech
Inc., Lake Success, New York, USA). An
aliquot of 50 ml of the bead/bacteria com-
plex was spread plated on sorbitol Mac-
Conkey agar (ctSMAC) containing cefixi-
me (0.05 mg/l) and potassium tellurite
(2.5mg/l) and incubated at 37 C for 18–24
hr. A maximum of three colonies with typ-
ical EC O157 phenotypic characteristics
(1–2 mm, sorbitol-negative colonies) were
selected as suspects and placed into 5 ml
of MacConkey broth and 2 ml of trypticase
soy broth (TSB) for 18–24 hr at 37 C.

Indirect enzyme-linked immunosorbent
assay (ELISA) was performed for identi-
fication of isolate serotype (Keen and El-
der, 2002). The ELISA was performed us-
ing murine monoclonal antibodies (MAb)
to H7 antigen, anti-H7 MAb 2B7, and
O157 antigen, anti-O157 MAb 13B3 (He
et al., 1996; Westerman et al., 1997). Iso-
lates reactive with MAb 13B3 (O157-pos-
itive ELISA) were inoculated in TSB and
evaluated for motility using phase-contrast
microscopy. Isolates that had the typical
EC O157 phenotype on ctSMAC, fer-
mented lactose in MacConkey broth (blue
to yellow color change), positively reacted
with anti-O157 MAb 13B3, and positively
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reacted with anti-H7 MAb 2B7 or were
nonmotile (NM) were considered to be
EC O157:H7 or EC O157:NM.

Isolates were characterized by polymer-
ase chain reaction (PCR) for rfbO157 and
fliCH7 and the putative virulence factors,
stx1, stx2, eaeA, and hlyA. Somatic (O157)
(Paton and Paton, 1998), flagellar (H7)
(Gannon et al., 1997), and virulence factor
genes (Paton and Paton, 1998) were am-
plified using previously published primer
pair sequences. Duplex reactions were run
for stx1 and stx2 as well as eaeA and
rfbO157. Polymerase chain reaction for
hlyA and fliCH7 were run as uniplex re-
actions. Polymerase chain reaction cycling
conditions were as previously described.
Clear, well-defined bands of the correct
size for rfbO157 (259 base pairs [bp]),
fliCH7 (625 bp), stx1 (180 bp), stx2 (255
bp), eaeA (384 bp), and hlyA (534 bp) that
were consistent with the positive control
were considered positive PCR reactions.

Prevalence estimates with 95% confi-
dence intervals (CI) were calculated as the
number of positive samples divided by the
total number of samples (PEPI 4.01; J. H.
Abramson). Fisher’s exact statistics were
utilized to estimate CIs for null values.

Escherichia coli O157:H7 was isolated
from one of 39 deer fecal samples (3%, CI
0.1–14.9) taken at a single WMA on 23
November 2001. Overall prevalence from
all six WMAs was 0.3% (CI 0.0–1.6,
n5338). The isolate had the correct phe-
notype but was slightly pink (partial sor-
bitol fermentation) on the initial ctSMAC
plate. Streaking for isolation, the isolate
readily fermented sorbitol. Sensititre
Gram-negative (AP80) autoidentification
plates (Accumed International, Westlake,
Ohio, USA) confirmed that the isolate was
sorbitol positive as well as beta-glucuroni-
dase (GUD) positive, and identified it as
Escherichia coli (100% probability). Poly-
merase chain reaction demonstrated clear,
well-defined bands of the correct size for
rfbO157, fliCH7, eaeA, and hlyA. The isolate
was not characteristic of the common EC
O157 clone in that it was sorbitol and

GUD positive and no stx genes were de-
tected.

We isolated EC O157 from one of 55
deer at the LSU AgCenter sampled in Au-
gust 2001. Escherichia coli O157:H7 fecal
shedding prevalence was 1.8% (CI 0.0–
9.7) in August and 0.4% (CI 0.0–2.4,
n5226) for the year. The EC O157:H7 iso-
late was initially confirmed by broth
ELISA. However, a viable isolate was not
recovered from MacConkey broth to be
archived for future characterization. We
performed PCR on the isolate DNA di-
rectly from the MacConkey broth and
characterized the isolate as the O157:H7
serotype possessing stx1 and stx2 genes.
The isolate also possessed eaeA and hlyA.

The prevalence of EC O157 in hunter-
harvested deer is low. We sampled 338
hunter-harvested deer and found low
prevalence of EC O157 during winter. The
EC O157 isolates’ sorbitol fermentation
and positive GUD reaction were unusual
and unexpected. Sorbitol-positive EC
O157:NM that are also GUD positive are
commonly isolated from HUS patients in
Germany and have been associated with
outbreaks of disease (Karch and Bielas-
zewska, 2001). Sorbitol-fermenting strains
of EC O157:H7 are thought to be rare in
the US and Canada (Strockbine et al.,
1998; Bettelheim et al., 2002). Cattle, but
not deer, have been reported to be a res-
ervoir of these strains and a source of hu-
man disease in Europe (Bielaszewska et
al., 2000).

Several authors in Germany have re-
ported stx-deficient, sorbitol-fermenting
strains of EC O157:H7/NM associated
with diarrhea in humans and HUS
(Schmidt et al., 1999). Furthermore, the
authors hypothesize that stx production is
not obligatory for pathogenicity in hu-
mans. The public health significance of the
sorbitol-positive, stx-deficient isolate in our
study is unclear.

Results of the longitudinal study con-
ducted in the LSU AgCenter’s white-tailed
deer research herd did not show a seasonal
trend in EC O157 fecal shedding. We ex-

Downloaded From: https://complete.bioone.org/journals/Journal-of-Wildlife-Diseases on 08 Jul 2025
Terms of Use: https://complete.bioone.org/terms-of-use



364 JOURNAL OF WILDLIFE DISEASES, VOL. 40, NO. 2, APRIL 2004

pected that, if EC O157 were present and
isolated in the deer herd, we would be
able to describe seasonal changes in fecal
shedding similar to cattle. Only one EC
O157 isolate was obtained during August.

Given the sensitivity of the methods
used, low prevalence demonstrated, and
atypical strain isolated from the hunter-
harvested deer, it appears unlikely that
deer have a significant role in the epide-
miology of EC O157 in cattle populations.
From a public health perspective, people
that consume venison that might be con-
taminated by EC O157 should be aware
of potential health risks.

LITERATURE CITED

BENGIS, R. G., R. A. KOCK, AND J. FISCHER. 2002.
Infectious animal diseases: The wildlife/livestock
interface. OIE Science and Technical Review 21:
53–65.

BETTELHEIM, K. A., M. WHIPP, S. P. DJORDJEVIC,
AND V. RAMACHANDRAN. 2002. First isolation
outside Europe of sorbitol-fermenting verocyto-
toxigenic Escherichia coli (VTEC) belonging to
O group O157. Journal of Medical Microbiology
51: 713–714.

BIELASZEWSKA, M., H. SCHMIDT, A. LIESEGANG, R.
PRAGER, W. RABSCH, H. TSCHAPE, A. CIZEK, J.
JANDA, K. BLAHOVA, AND H. KARCH. 2000. Cat-
tle can be a reservoir of sorbitol-fermenting shiga
toxin-producing Escherichia coli O157:H(2)
strains and a source of human diseases. Journal
of Clinical Microbiology 38: 3470–3473.

CHAPMAN, P. A., AND H. J. ACKROYD. 1997. Farmed
deer as a potential source of verocytotoxin-pro-
ducing Escherichia coli O157. The Veterinary
Record 141: 314–315.

, D. J. WRIGHT, AND C. A. SIDDONS. 1994. A
comparison of immunomagnetic separation and
direct culture for the isolation of verocytotoxin-
producing Escherichia coli O157 from bovine
faeces. Journal of Medical Microbiology 40: 424–
427.

CODY, S. H., M. K. GLYNN, J. A. FARRAR, K. L.
CAIRNS, P. M. GRIFFIN, J. KOBAYASHI, M. FYFE,
R. HOFFMAN, A. S. KING, J. H. LEWIS, B. SWA-
MINATHAN, R. G. BRYANT, AND D. J. VUGIA.
1999. An outbreak of Escherichia coli O157:H7
infection from unpasteurized commercial apple
juice. Annals of Internal Medicine 130: 202–209.

FISHER, J. R., T. ZHAO, M. P. DOYLE, M. R. GOLD-
BERG, C. A. BROWN, C. T. SEWELL, D. M. KA-
VANAUGH, AND C. D. BAUMAN. 2001. Experi-
mental and field studies of Escherichia coli

O157:H7 in white-tailed deer. Applied and En-
vironmental Microbiology 67: 1218–1224.

GANNON, V. P., S. D’SOUZA, T. GRAHAM, R. K. KING,
K. RAHND, AND S. READ. 1997. Use of the fla-
gellar H7 gene as a target in multiplex PCR as-
says and improved specificity in identification of
enterohemorrhagic Escherichia coli strains. Jour-
nal of Clinical Microbiology 35: 656–662.

GANSHEROFF, L. J., AND A. D. O’BRIEN. 2000. Esch-
erichia coli O157:H7 in beef cattle presented for
slaughter in the U.S.: Higher prevalence rates
than previously estimated. Proceedings of the
National Academy of Sciences USA 97: 2959–
2961.

GRIFFIN, P. M. 1998. Epidemiology of shiga toxin-
producing E. coli infections in humans in the
United States. In Escherichia coli O157:H7 and
other Shiga toxin-producing E. coli strains, A. D.
O’Brien and J. B. Kaper (eds.). American Society
for Microbiology, Washington, D.C., pp. 15–21.

HANCOCK, D. D., T. E. BESSER, AND D. H. RICE.
1998. Ecology of E. coli O157 in cattle. In Esch-
erichia coli O157:H7 and other Shiga toxin-pro-
ducing E. coli strains, A. D. O’Brien and J. B.
Kaper (eds.). American Society for Microbiology,
Washington, D.C., pp. 85–91.

HE, Y., J. E. KEEN, R. B. WESTERMAN, E. T. LIT-
TLEDIKE, AND J. KWANG. 1996. Monoclonal an-
tibodies for detection of the H7 antigen of Esch-
erichia coli. Applied and Environmental Micro-
biology 62: 3325–3332.

KARCH, H., AND M. BIELASZEWSKI. 2001. Sorbitol-
fermenting Shiga toxin-producing Escherichia
coli O157:H(2) strains: Epidemiology, phenotyp-
ic and molecular characteristics, and microbio-
logical diagnosis. Journal of Clinical Microbiolo-
gy 39: 2043–2049.

KEEN, J. E., AND R. O. ELDER. 2002. Isolation of
shiga-toxigenic Escherichia coli O157 from hide
surfaces and the oral cavity of finished beef feed-
lot cattle. Journal of the American Veterinary
Medical Association 220: 756–763.

KEENE, W. E., E. SAZIE, J. KOK, D. H. RICE, D. D.
HANCOCK, V. K. BALAN, T. ZHAO, AND M. P.
DOYLE. 1997. An outbreak of Escherichia coli
O157:H7 infections traced to jerky made from
deer meat. Journal of the American Medical As-
sociation 277: 1229–1231.

MEYER-BROSETA, S., S. N. BASTIAN, P. D. AARNE, O.
CERF, AND M. SANAA. 2001. Review of epide-
miological surveys on the prevalence of contam-
ination of healthy cattle with Escherichia coli se-
rogroup O157:H7. International Journal of Hy-
giene and Environmental Health 203: 347–361.

PATON, A. W., AND J. C. PATON. 1998. Detection and
characterization of Shiga toxigenic Escherichia
coli by using multiplex PCR assays for stx1, stx2,
eaeA, enterohemorrhagic E. coli hlyA, rfbO111,
and rfbO157. Journal of Clinical Microbiology
36: 598–602.

Downloaded From: https://complete.bioone.org/journals/Journal-of-Wildlife-Diseases on 08 Jul 2025
Terms of Use: https://complete.bioone.org/terms-of-use



SHORT COMMUNICATIONS 365

RABATSKY-EHR, T., D. DINGMAN, R. MARCUS, R.
HOWARD, A. KINNEY, AND P. MSHAR. 2002.
Deer meat as the source for a sporadic case of
Escherichia coli O157:H7 infection, Connecticut.
Emerging Infectious Diseases 8: 525–527.

RENTER, D. G., J. M. SARGEANT, S. E. HYGNSTROM,
J. D. HOFFMAN, AND J. R. GILLESPIE. 2001.
Escherichia coli O157:H7 in free-ranging deer in
Nebraska. Journal of Wildlife Diseases 37: 755–
760.

RICE, D. H., D. D. HANCOCK, AND T. E. BESSER.
1995. Verotoxigenic E coli O157 colonisation of
wild deer and range cattle. The Veterinary Re-
cord 137: 524.

SARGEANT, J. M., D. J. HAFER, J. R. GILLISPIE, R.
D. OBERST, AND S. J. FLOOD. 1999. Prevalence
of Escherichia coli O157:H7 in white-tailed deer
sharing rangeland with cattle. Journal of the
American Veterinary Medical Association 215:
792–794.

SCHMIDT, H., J. SCHEEF, H. I. HUPPERTZ, M.
FROSCH, AND H. KARCH. 1999. Escherichia coli
O157:H7 and O157:H(2) strains that do not pro-
duce Shiga toxin: Phenotypic and genetic char-
acterization of isolates associated with diarrhea

and hemolytic-uremic syndrome. Journal of Clin-
ical Microbiology 37: 3491–3496.

STROCKBINE, N. A., J. G. WELLS, C. A. BOPP, AND

T. J. BARRETT. 1998. Overview of detection and
subtyping methods. In Escherichia coli O157:H7
and other Shiga toxin-producing E. coli strains,
A. D. O’Brien and J. B. Kaper (eds.). American
Society for Microbiology, Washington, D.C., pp.
329–331.

UNITED STATES DEPARTMENT OF AGRICULTURE

(USDA). 2001. The wildlife industry: Trends
and disease issues. http://www.aphis.usda.gov/vs/
ceah/cei/wildlifepindustry.htm. Accessed 29 May
2003.

WESTERMAN, R. B., Y. HE, J. E. KEEN, E. T. LIT-
TLEDIKE, AND J. KWANG. 1997. Production and
characterization of monoclonal antibodies specif-
ic for the lipopolysaccharide of Escherichia coli
O157. Journal of Clinical Microbiology 35: 679–
684.

WOOLHOUSE, M. E. 2002. Population biology of
emerging and re-emerging pathogens. Trends
Microbiology 10: S3–S7.

Received for publication 21 May 2003.

Downloaded From: https://complete.bioone.org/journals/Journal-of-Wildlife-Diseases on 08 Jul 2025
Terms of Use: https://complete.bioone.org/terms-of-use


