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Experimental Campylobacter Diarrhea in Chickens
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An animal model for Campylobacter fetus subsp. jejuni enteritis was developed
in 3-day-old chickens. Diarrhea was induced in 88% (22 of 25) of chickens
inoculated with 9 x 107 bacteria given orally. The mean incubation time was 45
h (range, 24 to 72 h). Considerable weight loss was observed in the experimental
group compared with the control group. Ninety bacteria was the minimal infective
dose capable of inducing diarrhea in 90% of the chickens. Overall mortality was
32% (8 of 25). Light microscopy, immunofluorescence, and electron microscopy of
the gastrointestinal tract of serially sacrificed chickens were performed in control
and experimental groups. A moderate infiltration of mononuclear cells was
observed in ileum and cecum in the experimental group, with no disruption of
intestinal mucosa. By immunofluorescence and electron microscopy, campylobac-
ter was located within the epithelial cells and phagocytosed to a greater degree
by mononuclear cells of the lamina propria.

Campylobacter fetus subsp. jejuni has been
recognized as a common agent of human enter-
itis. Several studies reported a rate of 3 to 30%
(1, 5, 7, 10, 11, 13, 14, 16, 22, 23). At the Instituto
Nacional de la Nutrici6n in Mexico City, it was
isolated in 5% of gastroenteritis cases (N. Torres,
thesis, Instituto Polit6cnico Nacional, Mexico,
1980).
Neither the exact mechanism of diarrhea pro-

duction nor the immune mechanisms induced in
the host are known. Mucus and blood in the
stool (1, 10, 23), sigmoidoscopic observation of
congestion and edema of the mucosa (15), and
the presence of intestinal congestion and hem-
orrhage at necropsy of a patient who died from
campylobacter infection (14) suggest that C. fe-
tus subsp. jejuni is an invasive organism. Enter-
otoxins produced by campylobacter have been
looked for recently (11), but few strains have
been found that produce temperature-stable tox-
ins (8).
Attempts to induce diarrhea in animals have

not been fully successful (8, 21), and therefore a
suitable animal model is needed to study the
pathogenesis of campylobacter enteritis. Jones
et al. (12) were probably the first to transmit the
disease experimentally in cattle, implicating mi-
croaerophilic vibrios, which they called Vibrio
jejuni, as the cause of winter dysentery. By oral
inoculation of a pure culture in healthy animals,
they reproduced a disease which simulated hu-
man campylobacter enteritis. No further studies
to confirm or extend these results have been
made, but winter scourse in cattle is no longer
attributed to campylobacter infection (9).

Campylobacter has been isolated from the
liver, small intestine, bile, and cecum of turkeys
with bluecomb enteritis (24). The disease has
been reproduced experimentally in these birds,
but the attack rate and histological findings are
not described (27). King (14) reported associa-
tion of infectious hepatitis with the isolation of
microaerophilic related vibrios (probable C. fe-
tus subsp. jejuni) from liver and feces in chick-
ens. This, plus the fact that avian species (3, 24),
and chickens in particular (6, 22, 25), are com-
mon carriers of this organism, suggested new-
born chickens as a suitable animal model for the
study of campylobacter enteritis.
The purpose of this study was to develop an

experimental model for C. fetus subsp. jejuni
enteritis whereby diarrhea could be consistently
induced through oral inoculation of a human
strain.

MATERIALS AND METHODS
Characterization of strain. Strain INN-1-79 of C.

fetus subsp. jejuni was isolated from an adult patient
with severe dysenteric diarrhea at the Instituto Na-
cional de la Nutrici6n. Media used for isolation were
Campy-BAP and Campy-THIO (28), incubated in an
atmosphere of 10% CO2, 5% oxygen, and 85% nitrogen
for 48 h at different temperatures. Characteristic S-
shaped, curved, and spiral forms were seen in Gram
stain and phase-contrast microscopy. Complete char-
acterization of the strain was based on its ability to
grow at 37 and 42°C, in glycine and 1% bile, but not
with 3.5% NaCl nor at 25°C. Microorganisms were
motile and produced catalase and oxidase; they pro-
duced H2S in lead acetate strips but not in iron-con-
taining media.
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Animals. One-day-old Gallus gallus domesticus
obtained from a local poultry farm were caged in
groups of 10 at a constant temperature of 37°C. To
ensure the absence of diarrhea and rule out fecal
shedding of campylobacter, daily stool cultures were
made for 2 days before experimental infection. Only 1
of 86 chickens tested had a positive culture upon
arrival from the farm.

Preparation of inoculum. A pure culture of C.
fetus subsp. jejuni strain INN-1-79 was grown in 10%
sheep blood brucella agar for 48 h. A suspension con-
taining 9 x 108 colony-forming units (CFU) per ml was
standardized with phosphate-buffered saline, pH 7.2,
using a McFarland nephelometer.

Preparation of antiserum. New Zealand rabbits
were inoculated intravenously with 0.5 ml of formal-
dehyde-inactivated bacteria for 2 consecutive days,
followed by weekly schedules of a 1-ml suspension
given intravenously for 2 days during 1 month. In
addition, on the 2nd day of the 3rd and 4th weeks, a
2-ml mixture of incomplete Freund adjuvant and heat-
inactivated suspension was given intramuscularly in
several sites. One month after the last dose, 0.5 ml of
the inactivated bacterial suspension was applied sub-
cutaneously in multiple sites on the back in addition
to 2 ml of the mixture with Freund incomplete adju-
vant given intramuscularly. Rabbits were bled 8 days
later, and sera had titers of 1:1,600 by tube and slide
agglutination.

Infection of chickens. Chicken weights were re-
corded daily, and rectal swabs and stool samples were
collected for culture on 2 consecutive days. On the 3rd
day, 0.1 ml of a suspension containing 9 x 108 CFU of
campylobacter per ml in phosphate-buffered saline,
pH 7.2, was administered orally, using a 1-ml syringe
connected to an Intracat 21 gauge. To determine the
miniimal infective dose, the initial suspension was se-
rially diluted, and the number of colonies was verified
by plating the suspension in 10% sheep blood brucella
agar.

After inoculation, chickens were observed for ap-
pearance of diarrhea and weighed daily until death or
cessation of diarrhea. Chickens were considered to
have diarrhea if (i) their feces were liquid or semiliquid
or contained mucus and (ii) their perinea were wet
and soiled. Campylobacter shedding after inoculation
was follo,wed by daily culture of rectal swabs and stool
samples for 7 days, and survivors were cultured
monthly. Food was cultured to keep it free of campyl-
obacter. Heart blood samples were obtained from dead
chickens for culture.
Transmission studies. Five-day-old healthy

chickens, not shedding campylobacter in their stool,
were transferred to a cage with sick chickens on the
3rd day after oral inoculation. Weight, presence of
diarrhea, and cultures were observed as in the infected
group.

Bacterial isolation. Stool, rectal swabs, and blood
samples were inoculated in Campy-THIO, whereas
feces were also plated on Campy-BAP. All samples
were incubated in a 10% C02-5% 02-85% N atmos-
phere for 48 h at 37 and 42°C. Nonhemolytic, flat,
gray, mucoid colonies, measuring 1 to 2 mm, were
examined by Gram stain for typical curved and S-
shaped morphology. Suspicious colonies were con-

firmed by catalase reaction, slide agglutination, and
immunofluorescence, using antiserum against strain
INN-1-79.

Indirect immunofluorescence. Slides of acetone-
fixed campylobacter isolates or chicken intestine sec-
tions were incubated with a dilution of antiserum
against strain INN-1-79. Fluorescein-labeled goat anti-
rabbit immunoglobulin was used as a second antibody.
Preparations were observed with a Zeiss epifluorescent
ultraviolet microscope. Control slides containing
Escherichia coli, Klebsiella, and intestinal tissues
from uninfected chickens showed no specific immu-
nofluorescence.

Histological examination. Sections of intestine
were fixed with 10% Formalin in phosphate-buffered
saline, embedded in paraffin, sectioned, and stained
with hematoxylin and eosin.

Electron microscopy. Sections of intestine were
fixed with 2.5% glutaraldehyde, embedded in Epon,
and stained with uranyl acetate. Grids were observed
under a Hitachi electron microscope.

RESULTS
Clinical findings. In three separate trials, 25

chickens inoculated with 9 x 107 CFU of cam-
pylobacter and 20 control chickens were fol-
lowed up simultaneously (Fig. 1). Diarrhea de-
veloped in 22 (88%) infected chickens, with a
mean onset of 45 h and a range of 24 to 72 h.
The mean duration of diarrhea was 8 days,

with a range of 7 to 10 days. Diarrhea was not
present in the control group. Chickens inocu-
lated with the strain INN-1-79 had considerable
weight loss compared with the control group.
Thirty-two percent of the infected chickens died
between days 4 and 7 after infection. Campylo-
bacter was isolated from heart blood cultures of
all dead infected chickens. The cause of one

DAY AFTER INFECTION

FIG. 1. Experimental campylobacter infection in
3-day-old chickens induced orally with 9 x 107 CFU
of C. fetus subsp. jejuni. The weight of the chickens
on day zero was considered 100%. Empty bars rep-
resent percentage of chickens with diarrhea on a

specific day; solid bars represent cumulative mortal-
ity.
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death in the control group could not be deter-
mined, but campylobacter was not isolated from
stool or blood. Shedding of campylobacter in the
experimental group started at 24 h and persisted
for up to 3 months after challenge. A short
episode of diarrhea recurred 5 days after the
first episode in 80% of the survivors, and no
further deaths were observed.
Minimal infective dose. Three groups of 10

chickens each were inoculated with 9,000, 90,
and 9 CFU, respectively. Diarrhea developed in
90% (9 of 10) of the chickens inoculated with
either 9,000 or 90 CFU, but only in 20% (2 of 10)
of the chickens infected with 9 CFU. Campylo-
bacter shedding started 24 h after challenge in
all chickens from the first two groups and only
in two of those receiving 9 CFU. There were no
deaths in any of the three groups until day 6,
when chickens were sacrificed.
Transmission studies. Ten healthy chick-

ens were transferred to a cage containing eight
chickens previously infected with 9 x 107 CFU
of campylobacter that were shedding the orga-
nism and that had had diarrhea for 2 days. The
transferred group displayed a disease pattern
similar to that found in the previously infected
animals, although the incubation period was
longer in the fonner (72 + 12 h) and the mortal-
ity rate was lower (20% compared with 32% in
the inoculated group) (Fig. 2).
Microscopic findings. Histological sections

of bowel were made from chickens sacrificed 6,
9, 12, 24, and 48 h after infection. Segments of
duodenum, jejunum, ileum, cecum, and colon
were separated and processed for light micros-
copy, immunofluorescence, and electron micros-
copy.

(i) Light microscopy. Moderate edema and

infiltration of mononuclear cells were observed
in the lamina propria of the last portion of the
small bowel and the first portion of the colon
including cecum, with no disruption of the mu-
cosa.

(ii) Immunofluorescence. Campylobacter
was observed penetrating epithelial cells as early
as 12 h after inoculation. By 24 h, specific fluo-
rescence was seen inside phagocytic cells in the
lamina propria of the last portion of jejunum,
the ileum, and the first portion of the colon.
Control animals showed no specific fluorescence
in any portion of the intestine (Fig. 3).

(iii) Electron microscopy. The characteris-
tic S shape of campylobacter without flagella
and other cells in various stages of replication
were seen in the lumen of the jejunum, ileum,
and cecum (Fig. 4a). They were also seen pene-
trating epithelial cells with disruption of the cell
membrane (Fig. 4b).

DISCUSSION
Three-day-old chickens seem to provide a use-

ful animal model to study C. fetus subsp. jejuni
enteritis, since diarrhea was easily induced, even
with a small oral inoculum. The diarrhea attack
rate was very high, with watery diarrhea preva-
lent. Our transmission studies, designed to sim-
ulate the natural spread of infection, confirm the
high susceptibility of this species to the disease.

Shortly after we began our trials in newborn
chickens, Butzler and Skirrow (8) reported fail-
ure to induce diarrhea in older chickens, al-
though they observed campylobacter in epithe-
hal cells and recovered the organism from stools
of all inoculated animals and from the blood of
half of the chickens. In earlier experiments, we

TRANSMISSION OF CAM PYLOBACTER INFECTION

DAYS AFTER EXPOSURE

FIG. 2. Transmission studies. Campylobdcter infection was transmitted to healthy chickens by caging them
with sick chickens that had been shedding the bacteria for the preceding 3 days. *, Ten healthy chickens were

transferred on day zero.
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FIG. 3. Indirect immunofluorescence of tissue sections of ileum reacted with hyperimmune antiserum made
of heat-stable antigens of C. fetus subsp. jejuni strain INN-I-79. (a) Villi of a noninfected control chicken; (b)
specific immunofluorescence observed intracellulary in the lamina propria of the villi of an infected animal.

observed that 2-week-old chickens were more

resistant to diarrhea. In a group of 10, it was
induced in only 3 (30%). Butzler and Skirrow's
failure could have been due to the use of older
chickens, which seem more resistant. On the
other hand, other strains isolated from carriers,
patients with diarrhea, and animals need to be
studied with this model to establish differences
in virulence.
The jejunum and ileum were the bowel seg-

ments most affected in this animal model. Even
though human data are scarce, one case was

reported by King (14), who described the ana-

tomical findings in a poultry farmer who died
with campylobacter diarrhea and whose je-
junum and ileum showed evidence of congestion
and hemorrhage.

Colitis in chickens caused by strain INN-1-79
was not as severe as in humans, where bloody
diarrhea appears in 20% of the cases (1, 10, 23).
Bacteremia was common, even though blood
cultures were obtained only from dead animals.
The frequency of bacteremias associated with
intestinal infection due to C. fetus subsp. jejuni
in humans has not been established, but Blaser
et al. (4) reported its isolation in two of seven

patients with diarrhea.

Invasiveness was confirmned by electron mi-
croscopy and immunofluorescence. The initial
process of penetration into the mucosa is by
disruption of the cell membrane into the epithe-
lial cells. The mechanism by which C. fetus
subsp. jejuni destroyed the cell membrane is
unknown, but it could possible be due to cyto-
toxic enzymes.

After campylobacter is given orally, it repli-
cates in the small intestine; 12 h later it pene-
trates the mucosa; and in 24 h, as shown by
immunofluorescence, it has been phagocytosed.
The infiltration of mononuclear cells observed
by light microscopy may implicate macrophages
as the major phagocytic cells. Phagocytosis stud-
ies in vitro may help to elucidate the interaction
between this organism and phagocytic cells.
Attempts to reproduce the disease in rhesus

monkeys have been made by several authors,
with inconsistent results (8). R. L. Kaplan, using
marnosets, has been able to induce diarrhea
with better success (personal communication),
but high costs and difficulties in obtaining these
animals are important limitations in their use.
Although campylobacter enteritis has been as-
sociated with canine infection (2), and there are
reports of fatal infections in dogs (20), induction
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FIG. 4. Electron micrographs of intestine of infected chickens. (a) Characteristic S shape of campylobacter
found in the lumen ofjejunum; (b) penetrating epithelial cells with disruption of the membrane.
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of diarrhea with C. fetus subsp. jejuni in puppies
has been unsuccessful (21).
The animal model we propose fills most of the

requirements for an ideal experimental model:
(i) disease reproduction similar to its occurrence
in humans; (ii) route of inoculation equivalent to
natural infection; (iii) low inoculum needed; (iv)
reproducibility of experiments; and (v) low costs
of animals and maintainance.

ACKNOWLEDGMENTS
This work was supported by Consejo Nacional de Ciencia

y Tecnologia, Mexico (grant 020416011) and by a training
research scholarship from the Secretaria de Salubridad y
Asistencia, Mexico.
We wish to thank Guadalupe Perez Renteria for typing the

manuscript.

LITERATURE CITED

1. Blaser, M. J., I. D. Berkowitz, and M. La Force. 1979.
Campylobacter enteritis: clinical and epidemiologic fea-
tures. Ann. Intern. Med. 91:179-185.

2. Blaser, M. J., J. Cravens, and B. W. Povers. 1978.
Campylobacter enteritis associated with canine infec-
tion. Lancet ii:979-981.

3. Blaser, M. J., H. L. Hardesty, and B. Powers. 1980.
Survival of Campylobacter fetus subsp.jejuni in biolog-
ical milieus. J. Clin. Microbiol 11:309-313.

4. Blaser, M. J., W. L. Wang, and R. B. Parsons. 1979.
Clinical features of campylobacter enteritis, p. 937-938.
In J. D. Nelson and C. Grassi (ed.), Current chemo-
therapy and infectious disease. Proceedings of the 11th
International Congress of Chemotherapy, vol. 2. Amer-
ican Society for Microbiology, Washington, D.C.

5. Bokkenheuser, V. D., N. J. Richardson, and J. H.
Bryner. 1979. Detection of enteric campylobacteriosis
in children. J. Clin. Microbiol 9:227-232.

6. Bruce, D., W. Zochowski, and I. R. Ferguson. 1977.
Campylobacter enteritis. Br. Med. J. 2:1219.

7. Butzler, J. P., P. Dekeyser, M. Detrain, and F. De-
haen. 1973. Related vibrio in stools. J. Pediatr. 82:
493.

8. Butzler, J. P., and M. B. Skirrow. 1979. Campylobacter
enteritis. Clin. Gastroenterol. 8:737-765.

9. Campbell, S. G., and C. A. Cookingham. 1978. The
enigma of winter dysentery. Cornell Vet. 68:423-425.

10. Editorial staff. 1978. Campylobacter infection in Britain.
Br. Med. J. 1:1357.

11. Guerrant, R. L., R. G. Lahita, and W. C. Winn. 1978.
Campylobacteriosis in man: pathogenic mechanisms
and review of 91 bloodstream infections. Am. J. Med.
65:584-592.

12. Jones, F. S., M. Orcutt, and R. B. little. 1931. Vibrios
(Vibrio jejuni, n. sp.) associated with intestinal disor-
ders of cows and calves. J. Exp. Med. 53:853-863.

13. Karmali, M. A., and P. C. Fleming. 1979. Campylobac-
ter enteritis in children. J. Pediatr. 94:527-534.

14. King, E. 0. 1962. The laboratory recognition of vibrio
fetus and a closely related vibrio isolated from cases of
human vibriosis. Ann. N.Y. Acad. Sci. 98:700-711.

15. Lambert, M. E., P. L. Schofield, and A. G. Ironside.
1979. Campylobacter colitis. Br. J. Med. 1:857-859.

16. Lauwers, S., M. De Boeck, and J. P. Butzler. 1978.
Campylobacter enteritis in Brussels. Lancet i:604.

17. Levy, A. J. 1946. A gastroenteritis outbreak probably due
to a bovine strain of vibrio. Yale J. Biol. Med. 18:243-
258.

18. Lindquist, B., J. Khellander and T. Kosunen. 1978.
Campylobacter enteritis in Sweden. Br. Med. J. 1:
303.

19. Mandel, A. D., and R. C. Ellison. 1963. Acute dysentery
syndrome caused by Vibrio fetus. Report of a case. J.
Am. Med. Assoc. 185:536-538.

20. Peel, N., and A. E. McIntosh. 1978. The dog it was that
died (letter). Lancet, ii:1212.

21. Prescott, J. F., and M. A. Karmall. 1978. Attempts to
transmit Campylobacter enteritis to dogs and cats. Can.
Med. Assoc. J. 119:1001-1002.

22. Severin, Q. P. 1978. Campylobacter enteritis. Ned.
Tijdschr. Geneeskd. 122:499-504.

23. Skirrow, M. B. 1977. Campylobacter enteritis: a "new"
disease. Br. Med. J. 2:9-11.

24. Smibert, R. M. 1978. The genus Campylobacter. Annu.
Rev. Microbiol. 32:673-709.

25. Smith, M. V., and P. H. Muldoon. 1974. Campylobacter
fetus subspeciesjejuni ( Vibrio fetus) from commercially
processed poultry. Appl. Microbiol. 27:995-996.

26. Steele, T. W., and S. McDermott. 1978. Campylobacter
enteritis in South Australia. Med. J. Aust. 2:404-404.

27. Truscott, R. B., and E. W. Morin. 1964. A bacterial
agent causing bluecomb disease in turkeys. II. Trans-
mission and studies of etiological agent. Avian Dis. 8:
27-35.

28. Wang, W. L., N. Wilson, B. Reller, and M. J. Blaser.
1979. Selective methods for isolation of Campylobacter
fetus subsp. jejuni, p. 940-942. In J. D. Nelson and C.
Grassi (ed.), Current chemotherapy. Proceedings of the
11th International Congress of Chemotherapy, vol. II.
American Society for Microbiology, Washington, D.C.

VOL. 34, 1981


