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Challenging 1-day-old White Leghorn chicks perorally with 2.6 X 10" to 2.6 X 10° Escherichia coli O157:H7
bacteria per chick resulted in cecal colonization at all levels. Two of six chicks inoculated with only 2.6 x 10"
E. coli O157:H7 bacteria carried 10° to 10* E. coli O157:H7 bacteria per g of cecal tissue when sacrificed 3
months postinoculation. E. coli O157:H7 colonization persisted at least 10 to 11 months when chicks were
administered 10® E. coli 0157:H7 bacteria. Eggs from five hens that were fecal shedders of E. coli 0157:H7 until
the termination of the study (10 to 11 months) were assayed for E. coli O157:H7. The organism was isolated
from the shells of 14 of 101 (13.9%) eggs but not from the yolks and whites. Considering that chicks can be
readily colonized by small populations of E. coli 0157:H7 and continue to be long-term shedders, it is possible
that chickens and hen eggs can serve as vehicles of this human pathogen.

Escherichia coli O157:H7 has been associated with many
outbreaks and cases of human hemorrhagic colitis and hemo-
lytic-uremic syndrome (6). In North America, many of these
outbreaks and cases have been epidemiologically linked to
consumption of undercooked beef or raw milk (2, 4-6, 8-10,
14, 15). A survey of retail fresh meat and poultry from
Madison, Wis., and Calgary, Alberta, Canada, revealed that E.
coli O157:H7 was in 3.7% of beef, 1.5% of pork, 1.5% of
poultry, and 2.0% of lamb samples (3). These data indicate
that E. coli O157:H7 can be present in a variety of foods of
animal origin.

Studies by Beery et al. (1) revealed that E. coli O157:H7 can
colonize the ceca of young chicks. Studies by Stavric et al. (12,
13) verified these observations and further determined that
colonization of E. coli O157:H7 in broilers and layers could be
reduced by feeding anaerobic fecal bacteria of adult birds free
from E. coli O157:H7 and Salmonella spp.

Although studies have revealed that chicks can be readily
colonized by E. coli O157:H7, several questions remain unan-
swered. The purpose of this study was to (i) determine if small
populations of E. coli O157:H7 would colonize chicks, (ii)
determine if E. coli O157:H7 persists in the ceca for 8 to 10
months, and (iii) determine if E. coli O157:H7-colonized hens
lay E. coli O157:H7-contaminated eggs.

MATERIALS AND METHODS

Colonization dose. E. coli O157:H7 strain 932NX (resistant
to 30 g of nalidixic acid per ml) (1) was grown in 50 ml of
tryptic soy broth (Difco Laboratories, Detroit, Mich.) at 37°C
for 16 to 18 h with agitation (100 gyrations per min). Cells were
sedimented by centrifugation (6000 X g, 12 min) and then
washed three times by alternate centrifugation and resuspen-
sion in 0.01 M phosphate-buffered saline (PBS; pH 7.2). Cells
were adjusted to an optical density at 640 nm of 3.0 (ca. 2 X 10°
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CFU/ml). Cells were enumerated on MacConkey agar (Difco)
plates after incubation at 37°C for 48 h.

The minimum colonization dose of strain 932NX was deter-
mined by administering by oral gavage with a 20-gauge ball-
tipped cannula 0.5 ml of appropriately diluted bacterial sus-
pension to six 1-day-old chicks per level of inoculum (ranging
from 10' to 10° E. coli O157:H7 bacteria) or PBS. Each chick
was housed individually in a stainless-steel wire cage (24.0 by
17.5 by 17.5 cm) to prevent cross-contamination. When the
chicks outgrew these cages (ca. 3 weeks of age), they were
transferred to larger stainless-steel cages (63.5 by 47 by 47 cm),
where they remained for the duration of the study. The
temperature, beginning at 37.8°C for 1-day-old chicks, was
reduced 0.6°C each day until room temperature was reached.
Lighting was cycled 12 h on and 12 h off. Relative humidity was
increased for young chicks by placing pans of water near the
heaters of the environmental chamber.

Populations of E. coli O157:H7 per gram of feces were
determined at 4, 8, and 12 weeks postinoculation. Fresh feces
collected with sterile spatulas or cotton swabs from clean
papers within 1 h of defecation were placed in preweighed
sterile tubes. Feces were weighed, and PBS (1:10, wt/vol) was
added. Each sample was mixed with a vortex mixer for 2 min
and then serially (1:10) diluted in PBS. E. coli O157:H7 counts
were done in duplicate by using pour plates of MacConkey
agar plus 30 pg of nalidixic acid per ml. Plates were incubated
at 37°C for 48 h, and red colonies typical of E. coli were
counted. At least five colonies typical of E. coli O157:H7 from
each plate of the highest dilution were selected and confirmed
as E. coli O157:H7 by biochemical tests (API 20E miniaturized
diagnostic kit; Analytab Products, Plainview, N.Y.), Vero cell
cytotoxicity, and serology with O157 and H7 antisera (E. coli
Reference Center, Pennsylvania State University, University
Park).

At 3 months postinoculation, the chicks were sacrificed. The
ventral trunk of each chick was soaked in 70% ethanol, the
feathers were plucked, and the exposed skin was washed with
70% ethanol. The lower body cavity was aseptically surgically
exposed, and the ceca were removed. Cecal tissue was homog-
enized in PBS (1:10, wt/vol) for 2 min with a Brinkmann
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TABLE 1. Colonization of chickens inoculated perorally with different populations of E. coli O157:H7

No. of E. coli Chicken No. of E. coli O157:H7 bacteria/g of feces No. of E. coli
.0157:H7 no O157:H7 bacteria/g of
inoculated . 4 wk 8 wk 12 wk cecal tissue at 12 wk
2.6 X 10! 1 2.0 X 107 <10 <10 <10

2 <10 1.1 x10° <10 <10

3 2.2 X 107 3.0 x 10! <10 <10

4 <10 33 x 10% <10 7.3 x 10°

5 <10 <10 <10 <10

6 1.4 x 10? <10 <10 3.4 % 10*
2.5 X 10? 1 3.0 x 10! 1.0 x 10° <10 10

2 1.8 x 10° <10 <10 <10

3 1.0 x 10! <10 <10 7.7 X 10?

4 2.0 X 10° 2.5 x 10! <10 1.8 x 10°

5 5.0 X 10? <10 <10 <10

6 3.5 % 10! 2.0 x 10° <10 <10
2.6 X 10° 1 <10 <10 <10 <10

2 <10 8.5x%x 10 <10 <10

3 2.0 x 10" <10 2.4 x 10° <10

4 5.5 % 10° <10 <10 4.2 x 10?

5 1.2 x 10° <10 <10 <10

6 2.0 X 10! <10 <10 <10
2.6 x 10* 1 <10 <10 <10 <10

2 <10 <10 2.8 X 10? <10

3 1.3 X 10? <10 1.5 X 10? <10

4 6.3 X 10° <10 2.9 x 10° 3.5 x 10!

5 3.1 X 10? <10 3.6 X 10? <10

6 1.0 x 102 <10 <10 <10
2.6 X 10° 1 2.1 x 10? <10 4.2 X 10? 2.8 X 10?

2 <10 <10 5.4 x 10? 1.5 x 10*

3 <10 <10 1.6 X 10° <10

4 3.0 X 10! 4.5 X 10? 1.0 x 10! <10

5 3.0 x 10! 3.5 % 10? 1.6 X 10? <10

6 2.0 x 10! 1.7 X 10? 2.0 x 10! 2.1 % 10°

Polytron homogenizer (model PT 10/35; Brinkmann Instru-
ments, Westbury, N.Y.) and serially (1:10) diluted in PBS. E.
coli O157:H7 counts were determined in duplicate by using the
procedure described above.

Long-term colonization. Fourteen 1-day-old chicks received
perorally 1.3 X 108 E. coli O157:H7 strain 932NX bacteria per
chick. The inoculum was prepared from a 16-h culture and
administered by the procedures described above, with the
exception that the cell suspension was adjusted to an optical
density at 640 nm of 0.3 (ca. 2 X 108 CFU/ml). Ten 1-day-old
chicks received 0.5 ml of 0.01 M PBS each as the negative
control. Fecal samples were assayed at 7 and 14 days and at 1,
2,3,4,5,6,7,8,9, and 10 months postinoculation to determine
E. coli O157:H7 colonization. Sampling and E. coli O157:H7
counts were performed by using the procedures described
above.

At 8 months postinoculation, the roosters (three control and
seven inoculated) were sacrificed, and E. coli O157:H7 counts
of cecal tissue with cecal contents were determined. The
remaining hens (seven control and seven inoculated) were
sacrificed at 10 months postinoculation, and the ceca with cecal
contents, colons plus cloacae, small intestines (proximal, mid-
dle, and distal), gizzards, spleens, kidneys, livers, and hearts
were assayed for E. coli O157:H7 counts. These tissues were
prepared for analysis by homogenizing samples with appropri-
ate minimal amounts of PBS to accommodate dilution and
plating. Not all tissues were diluted 1:10 (wt/vol). The appro-
priate dilution factor was used in calculating E. coli O157:H7
counts per gram of tissue.

Egg screening. When hens from the long-term colonization
study began laying eggs (ca. 5 months of age), the eggs were

aseptically collected by persons wearing sterile latex gloves
which were inverted around the eggs within 4 h of their being
laid to determine contamination by E. coli O157:H7. Shells
were assayed for the organism by placing each egg in an 18-o0z
(ca. 510-g) Whirl-Pak bag (11.5 by 23 c¢m; Nasco, Fort Atkin-
son, Wis.) containing 50 ml of lauryl tryptose broth (Difco).
After the egg was soaked for 10 min at room temperature, the
shell was manually rubbed with the broth for 1 min. The egg
was removed from the bag, and the lauryl tryptose broth was
incubated for 24 h at 37°C.

The bottom third of each eggshell was then treated by
submersion in 70% ethanol for 2 min. The shell was opened
(ca. 1.0 cm) with a sterile forceps, and the contents were added
aseptically to 200 ml of lauryl tryptose broth in a sterile
Stomacher Bag (17.75 by 33.5 cm; Seward Medical, London,
England). The egg contents were mixed for 2 min by using a
Stomacher 400 lab blender (Cooke Laboratory Products, Al-
exandria, Va.) and incubated for 24 h at 37°C. The presence of
E. coli O157:H7 was determined with enrichment cultures of
both eggshells and contents by streak plating culture medium
onto MacConkey agar plus 30 pg of nalidixic acid per ml.
Presumptive E. coli O157:H7 isolates were confirmed by the
procedures described above.

Statistical analyses. The detection limit for E. coli O157:H7
in this study was 10 CFU/g. Statistical values were calculated by
using PS-Plot for personal computers (Polysoft, Salt Lake City,
Utah). Geometric means were calculated for the long-term
colonization study by using log-transformed data which were
back transformed for numerical consistency. The value 10 was
log transformed to 1.00 for fecal counts of <10 CFU/g of feces
to calculate means. If all counts within a sampling time were
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TABLE 3. Eggs laid by hens inoculated perorally with 1.3 X 10® E. coli 0157:H7

No. of shells contaminated with E. coli O157:H7/no. of eggs laid at postinoculation times:

Chicken no.*

Total no. of shells
contaminated with E. coli

5 mo® 6 mo 7 mo 8 mo 9 mo 10 mo 0157:H7/no. of eggs
6 13 0/4 1/4 0/3 12 0/3 3/19 (15.8)°
7 0/2 0/2 0/2 0/2 0/2 0/2 0/12 (0)
9 0/4 1/4 1/5 1/5¢ 0/4 0/4 3/26 (11.5)
11 172 1/5 1/4 1/4 0/3 0/4 4/22 (18.2)
13 1/3 1/4 0/3 0/4 1/4 1/4 4/22 (18.2)
Total per month 3/14 (21.4) 3/19 (15.8) 3/18 (16.7) 2/18 (11.1) 2/15 (13.3) 1/17 (5.9) 14/101 (13.9)

“ Numbers correspond to those shown in Table 2.
b Hens began laying eggs at ca. 5 months of age.
° Percentages are indicated in parentheses.

4 E. coli O157:H7 isolated from a shell free of fecal soil; other E. coli-positive shells were soiled.

<10 CFU/g of feces, the mean was denoted as <10 (11).
Significant differences between samplings and seasons were
determined by conducting paired ¢ tests at the P < 0.05 level.

RESULTS

Colonization dose. Eighty-three to 100% of chicks adminis-
tered 2.6 X 10! to 2.6 X 10° E. coli O157:H7 bacteria were
colonized by E. coli O157:H7 at some time during the 12 weeks
of examination. E. coli O157:H7 was not detected (<10
CFU/g) at 3 months postinoculation in fecal samples of
chickens receiving 2.6 X 10" or 2.6 X 10? E. coli O157:H7
bacteria but was recovered from cecal tissue of two of six
chickens (average, 2.1 X 10* or 1.3 X 10 CFU/g, respectively)
(Table 1). E. coli O157:H7 was isolated at 3 months postin-
oculation from the cecal tissue of only one of six chickens
receiving either 2.6 X 10° or 2.6 X 10* E. coli O157:H7
bacteria. Interestingly, four of six chickens receiving 2.6 X 10*
CFU of E. coli O157:H7 bacteria per g shed in their feces an
average of 9.2 X 107 E. coli 0157:H7 bacteria per g at 3 months
postinoculation, but E. coli 0157:H7 (35 CFU/g) was detected
in the cecal tissue of only one chicken. At the highest inoculum
level, 2.6 X 10° E. coli O157:H7 bacteria, all birds excreted E.
coli O157:H7 in their feces at 3 months (average, 4.6 X 10?
CFU/g), but only three of six birds carried a detectable level in
their ceca (average, 5.8 X 10° CFU/g).

Long-term colonization. Fecal shedding of E. coli O157:H7
in 3 of 14 chickens perorally challenged with 1.3 X 108 E. coli
O157:H7 bacteria per chick continued throughout the 10-
month test period. A significant increase (P < 0.05) in fecal
shedding was observed during the summer months (Table 2).
Maximum shedding (median, 4.7 X 10° CFU/g; geometric
mean, 3.2 X 10° CFU/g) occurred at 4 months of age.
Populations of E. coli O157:H7 increased significantly (P <
0.05) in hen feces at 2 months and remained high through 4
months. In roosters, E. coli O157:H7 populations increased
slowly from the 14-day sampling time and peaked at 4 months
with a significant increase from the 3-month sampling. E. coli
O157:H7 counts in feces of male birds decreased to <10
CFU/g at 6 months, but counts of 95 CFU/g were detected in
one rooster at the 8-month sampling time. The population of
E. coli O157:H7 bacteria per g of feces in hens decreased
significantly (P < 0.05) after 4 months but were not as low as
the populations shed by roosters. Mean E. coli O157:H7 counts
in hens at 6, 8, and 10 months were 5.4 X 10?, 4.9 X 10%, and
2.5 X 10® CFU/g, respectively. At 10 months, three of the
remaining five hens were shedding E. coli O157:H7, and the
pathogen was recovered from the samples of colon plus cloaca
(5.0 X 10%, 3.0 X 107, and 3.0 X 10> CFU/g; data not shown)

and the cecal tissue of the positive birds when they were
necropsied (Table 2). E. coli O157:H7 was not recovered from
the samples of gizzard, spleen, kidneys, liver, heart, or small
intestine of any of the chickens at the time of necropsy.

Egg screening. The shells and contents of 101 eggs were
tested for E. coli O157:H7. Fourteen shells (13.9%) were
positive, and all but one shell were soiled with feces (Table 3).
All eggs with positive shells were laid by hens with detectable
levels of E. coli O157:H7 in their feces. All contaminated eggs
were laid by four hens (no. 6,9, 11, and 13; Table 2), with three
or four contaminated eggs laid by each. No more than one
contaminated egg was laid by each hen per month, and the
lowest fecal count of E. coli O157:H7 of a hen laying a
shell-contaminated egg was 4.2 X 10?> CFU/g. One hen (no. 7)
laid two eggs per month, but none was contaminated with E.
coli O157:H7. Hens 5 and 10 died before laying any eggs. E.
coli O157:H7 was not recovered from egg contents.

DISCUSSION

Beery et al. (1) demonstrated by bacterial enumeration and
histologic examination that E. coli O157:H7 colonizes the ceca
of chickens. The bacteria attach to and erode the cecal
epithelium, thereby allowing the bacteria to penetrate to
connective tissue (1). In our study, fecal shedding was observed
in three hens throughout the 10-month period of evaluation. E.
coli O157:H7 was detected in the feces of roosters only through
5 months of sampling but was detected at 8 months in the cecal
tissue of one of seven previously colonized roosters. E. coli
0157:H7 was detected in both the samples of colon plus cloaca
and the cecal tissues of three of five hens at the termination of
the study, i.e., at 10 months postinoculation. E. coli O157:H7
also was detected in the feces and cecal tissue of an 11-month-
old hen retained from a previous experiment and necropsied
with this group. The ability of E. coli O157:H7 to adhere to and
penetrate the epithelia of ceca appears to be the mechanism
for prolonged fecal shedding of the bacteria. The rate of cecal
colonization and the population of E. coli O157:H7 shed in
feces were higher in hens than in roosters.

E. coli O157:H7 is transient in the chicken intestinal tract
(1). Hence, the surface of eggs could be contaminated by E.
coli O157:H7 when eggs pass through the cloaca. Unlike
Salmonella enteritidis, which can contaminate the content of
eggs by the transovarian route, our limited study of 101 eggs
indicates that E. coli O157:H7 does not contaminate the yolks
or whites of eggs by this mechanism. Stavric et al. (12)
challenged chicks with 10 to 10° E. coli O157:H7 strain 932NX
bacteria as controls in studies on competitive exclusion with
fecal cultures. The ceca of 50% of chicks receiving 10° E. coli
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O157:H7 bacteria were colonized by the pathogen at 6 days
postinoculation, whereas 89% of chicks administered 10° E.
coli O157:H7 bacteria were colonized. Hence, these investiga-
tors also determined that E. coli O157:H7 could readily
colonize chicks.

Interestingly, the long-term colonization study revealed that
maximum fecal shedding of E. coli O157:H7 occurred at 4
months of age, which also was during the summer month of
July when peak rates of E. coli O157:H7 infection of humans
occur (7). After July, there was a decline in the E. coli O157:H7
population shed in feces through the fall and winter months. E.
coli O157:H7 populations also were higher in the spring than in
the fall months.

The fact that low populations of E. coli O157:H7 can
colonize ceca, grow in the intestinal tract, and be excreted in
feces for several months suggests that chickens could be a
source of this human pathogen. Surveys of feces and ceca of
chickens, using sensitive procedures to detect and isolate E.
coli O157:H7, are needed to determine whether chickens
naturally carry E. coli O157:H7 and serve as a reservoir of the
pathogen.
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