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ABSTRACT. The present study reports colibacillosis of layer chickens in a commercial egg-producing farm in western Japan.  Three flocks
of chicken at 18–21 weeks of age were affected during the initiation of egg lay.  Postmortem examination revealed pericarditis, perihep-
atitis, airsacculitis, subcutaneous inguinal lesion, and injured cloaca.  Escherichia coli was isolated from the lesions of the affected birds.
Twenty-two of 26 E. coli isolates (84.6%) obtained from 18 birds in the 3 flocks showed pulsed-field gel electrophoresis (PFGE) patterns
that were considered to be closely associated to each other and arbitrarily designated as pattern A.  All the 22 isolates with the PFGE
pattern A harbored the putative virulence genes, astA, iss, iucD, tsh, and cva/cvi.  Additional 2 PFGE patterns (B and C) were also found
in E. coli isolates obtained from the affected flocks and had the putative virulence genes in combinations different from those in the pat-
tern A strains.  The results suggested that certain E. coli virulence genes and host factors, such as initiation of egg lay may be associated
with occurrence of colibacillosis.
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Escherichia coli (E. coli) is considered as a member of
the normal microflora of the poultry intestine, but certain
strains, such as those designated as avian pathogenic E. coli
(APEC), spread into various internal organs and cause coli-
bacillosis characterized by systemic fatal disease [1, 8].  The
main route of entry is considered to be the respiratory tract
due to inhalation of dust contaminated with feces [6, 13].
The organisms which colonize the air sac or lung subse-
quently reach the blood stream, translocate into the internal
organs, and cause pericarditis, perihepatitis, peritonitis, sal-
pingitis, and other extra-intestinal problems.  Several poten-
tial virulence factors, including adhesins, iron acquisition
systems, hemolysins, anitibactericidal factors, and toxins,
have been implicated in promoting the severe disease situa-
tions in avian species [1, 8].  Their roles in pathogenesis
have not yet completely been elucidated [8].

APEC is regarded to be one of the principal causes of
economic losses in the poultry industry worldwide [1, 8].
Losses due to colibacillosis in broilers have traditionally
described [16].  The importance in layer flocks has also been
recognized and some case reports have been demonstrated
that colibacillosis can cause severe losses in layer hens [3–
5, 7, 12, 17].

We have recently encountered colibacillosis that
occurred in three flocks at 18–21 weeks of age as they began
egg lay.  The objective of the present study is to characterize
the disease situation affecting the flocks as well as to differ-
entiate the E. coli isolates obtained from these cases using
pulsed-field gel electrophoresis (PFGE) and identify the dis-

tribution of virulence-associated genes in those strains.

MATERIALS AND METHODS

Case Report: In this egg-producing farm, approximately
100-day-old pullets were brought from chick-rearing farms
every 2 months.  Three strains of commercial hen strains
(Hy-Line W36, Hy-Line W98, and Laumann LSL Classic)
were reared in turn.  All birds were kept in environmentally
controlled windowless houses.  Each house consisted of 2
rooms that were separated by a wall.  A flock comprising
approximately 27,000 birds was reared in each of the rooms.
Flocks 1 (Hy-Line W36) and 2 (Hy-Line W98) were reared
in the same house and flock 3 (Laumann LSL Classic) was
kept in an adjacent house 10 m away.  Belts connected
between the houses and transported the eggs from the
houses to a building, in which grading and packaging of the
eggs were carried out.

In November 2005, a total of 27 birds (0.1%) in flock 1 at
20 weeks of age suddenly died compared to the normal mor-
tality of less than 5 birds observed at 17–19 weeks of age
(Fig. 1).  The mortality rate increased to 0.25% at 22 weeks
of age and gradually decreased there after.  In flock 2, a sud-
den increase in mortality (0.61%) was observed in January
2006 when the birds were 19 weeks of age.  This high mor-
tality continued into week 20 and then declined.  Similarly,
mortality in flock 3 increased to 0.04% at 18 weeks of age in
March 2006, reached to 0.31% at 21 weeks of age, and
decreased after that.  E. coli was isolated from liver, heart,
air sac, thigh joint, and subctaneous inguinal lesion of the
affected birds (see below).  All flocks started laying at 18–
21 weeks of age and the egg production reached a plateau at
approximately 23 weeks of age (Fig.1).  Living birds in
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flock 1, flock 2, and flock 3 were treated with amoxicillin at
22, 20, and 20 weeks of age, respectively.  Amoxicillin was
orally administered (12.5 mg/kg of body weight) twice a day
for 4 days to each chicken.  The birds in flock 2 were also
treated with sulfamonomethoxine (20 mg/kg of body
weight, i.m.) for three days at 19 weeks of age because they
were partly infected with coccidia.

Postmortem and bacteriological examination: Eight birds
in flock 1 at 22 weeks of age, 4 birds in flock 2 at 21 weeks
of age, and 6 birds in flock 3 at 20 weeks of age were sub-
mitted for postmortem examination.  Histopathological
examinations were not performed because these birds found
dead after postmortem rigidity and were not considered to
be appropriate for the examination.  Swabs collected from
liver, heart, air sac, thigh joint, and subcutaneous inguinal
lesion were individually subjected to bacteriological exami-
nation by streaking onto Tripto-Soya agar (Nissui Pharma-

ceutical Co., Tokyo, Japan) plates supplemented with 5
percent horse erythrocytes and desoxycholate hydrogen sul-
fide (DHL) agar (Nissui Pharmaceutical Co., Tokyo, Japan).
In birds 7 and 8, liver and heart were simultaneously
swabbed (see Table 1) and subjected to bacteriological
examination.  Because the blood and DHL plates yielded
weakly yellowish mucoid colonies and redish colonies,
respectively, in pure culture, one colony was picked from
each of the plates and the biochemical characteristics were
examined using ID test EB-20 (Nissui Pharmaceutical Co.,
Tokyo, Japan), and identified as E. coli.  An isolate from
each of the blood agar plates was subjected for further
examination.  Serotyping of E. coli strains were performed
by slide agglutination using commercially available O-anti-
sera (Denka Seiken Co., Ltd).  Pulsed-field gel electro-
phoresis (PFGE) patterns of all the isolates obtained were
analyzed as described elsewhere [11].  Briefly, the bacterial

Fig. 1. Changes in the number of the birds found dead (bars) and percentage of the
egg production (line graph).
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DNAs prepared in an agar block were digested with 20 units
of XbaI, and the DNA fragments were separated by PFGE
by using the CHEF-DR II apparatus (Bio-Rad Laboratories,
Richmond, CA) in 0.5 × Tris-borate-EDTA buffer with 50
µM thiourea at 14°C at 6V/cm.  The switching times were
increased from 0.5 to 50 sec during a total running time of
20.5 hr.

Identification of eight putative virulence determinants, P-
fimbriae (papC), aerobactin (iucD), iron-repressible protein
(irp2), temperature-sensitive hemagglutinin (tsh), vacuolat-
ing autotransporter toxin (vat), enteroaggregative toxin
(astA), increased serum survival protein (iss), and colicinV
plasmid operon genes (cva/cvi) was performed by PCR
using primer pairs and PCR conditions that have been previ-
ously reported [5].

RESULTS

Postmortem examination revealed perihepatitis, peri-
carditis, and airsacculitis.  The affected birds occasionally
showed darken inguinal discoloration, and edema and hem-
orrhage in cloaca (Fig. 2).

All the isolates obtained from the lesions were serologi-
cally untypeable.  XbaI-digested PFGE patterns obtained
were classified by more than 7-band differences between
each of two isolates and were arbitrarily designed as pattern
A, B, and C.  Isolates belonging to the pattern A were further
distinguished by one- to three-band differences and desig-

nated as A1 through A4 (Fig. 3).  Of 11 isolates obtained
from flock 1, 10 isolates showed an identical pattern (A1).
One isolate showing pattern A2 was obtained from a liver
and heart swab from a bird (bird 7).  Pattern A2 were distin-
guished from pattern A1 by one-band difference.  Eight iso-
lates from four birds in flock 2 belonged to PFGE patterns
A1 (n=3), B (n=3), and A3 (n=2).  In flock 3, two isolates
from 2 birds and four isolates from 3 birds showed identical
patterns A2 and A4, respectively.  The other isolate from a
flock 3-bird had pattern C (Table 1).

Eighteen of the 26 isolates harbored putative virulence
genes, astA, iss, papC, iucD, tsh and cva/cvi.  These genes
were detected in all the isolates belonging to PFGE patterns
A1, A2, and A3.  All the above genes except for the papC
gene were also detected in all the 4 isolates with PFGE pat-
tern A4.  Three isolates with PFGE pattern B carried the iss,
irp2, and iucD genes, and the astA, papC, tsh, vat, and cva/
cvi genes were not detected.  In the PFGE pattern C isolate,
all virulence-associated genes examined except for the
papC gene were found (Table 1).

DISCUSSION

E. coli was considered as the causative agent of the septi-
cemia and mortality of birds in a commercial layer farm
investigated.  This is the first outbreak of colibacillosis in
the present farm in which commercial layer chickens have
been reared for more than 10 years [10].  The characteristic

Table 1. Characteristics of E. coli strains obtained from the affected birds

Flock Bird Origin PFGE Presence of virulence-associated genesa)

no. no. pattern astA iss irp2 papC iucD tsh vat cva/cvi

1 1 Inguen A1 + + – + + + – +
Thigh joint A1 + + – + + + – +

2 Inguen A1 + + – + + + – +
3 Inguen A1 + + – + + + – +
4 Surface of liver A1 + + – + + + – +

Parenchyma of liver A1 + + – + + + – +
Heart A1 + + – + + + – +

5 Air sac A1 + + – + + + – +
6 Inguen A1 + + – + + + – +
7 Liver and Heart A2 + + – + + + – +
8 Liver and Heart A1 + + – + + + – +

2 9 Inguen A1 + + – + + + – +
Liver A1 + + – + + + – +
Heart A1 + + – + + + – +

10 Liver B – + + – + – – –
Heart B – + + – + – – –

11 Liver A3 + + – + + + – +
Heart A3 + + – + + + – +

12 Liver B – + + – + – – –
3 13 Liver A2 + + – + + + – +

14 Liver A4 + + – – + + – +
Liver A4 + + – – + + – +

15 Inguen A4 + + – – + + – +
16 Liver C + + + – + + + +
17 Liver A2 + + – + + + – +
18 Liver A4 + + – – + + – +

a) + and –, gene detected and undetected, respectively, by PCR.
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lesions in this case were polyserosistis, including pericardi-
tis, perihepatitis, and airsacculitis, inguinal discoloration,
and injured cloaca.  Our results demonstrated that geneti-
cally related strains caused the incidence of colibacillosis in
three flocks.  E. coli isolated from the lesions of the affected

birds in all 3 flocks exhibited any of PFGE patterns A1 to
A4, which are considered to be closely related according to
the established criteria for subtyping of bacteria by PFGE
[14].  Furthermore, the combination of virulence associated
genes, astA, iss, papC, iucD, tsh, and cva/cvi gene was also
identical among 18 isolates that showed PFGE pattern A1,
A2, and A3.  Three-band differences between pattern A4
and pattern A1 may be responsible for the presence or
absence of the papC gene.

Additional strains with different PFGE patterns (B and C)
exhibiting more than 7-band differences from the pattern A
isolates were also obtained from the affected birds.  The
combinations of the virulence-associated genes shown in
the pattern B and C isolates were also different from pattern

Fig. 2. Lesions in chickens with colibacillosis. (A) Pericarditis
covered with a light-yellow exudates (arrow) and perihepatitis
with fibrinous exudates (arrowhead). (B) Extensive reddish-
black inguinal lesions (arrow). (C) Cloaca showing edema and
hemorrhage (arrow).

Fig. 3. Representative PFGE patterns of XbaI-digested chromo-
somal DNA of E. coli isolates obtained from the affected chick-
ens. Lanes: 1, pattern A1; 2, pattern A2; 3, pattern A3; 4,
pattern A4; 5, pattern B; 6, pattern C; M, lambda DNA ladder.
Triangles indicate fragments present in pattern A1 and unfound
in patterns A3 and A4; asterisks indicate fragments present in
patterns A2, A3, and A4 and unfound in pattern A1.
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A isolates.
Two putative virulence genes, iss and iucD, were

detected in all the isolates obtained from the affected birds.
The iss gene that is associated with serum resistance can
confer the ability to reach to the extra intestinal region
through the blood stream.  Aerobactin encoded by the iucD
gene is a bacterial-derived siderophore which sequestors
iron from the host environment for use in replication within
the host.  Although these genes may play an important role
in pathogenicity, differences in the prevalence of these
genes in affected chickens with colibacillosis have been
reported.  The iss gene has been detected in 38.5% to 90%
of isolates from affected chickens [2, 4, 9, 12, 16].  Simi-
larly, the frequencies of aerobactin genes were ranged from
77.7% to 97.4% [4, 7, 9, 12, 16].  The remaining genes
investigated in the present study were also detected at vari-
ous frequencies [2, 4, 7, 9, 12, 16].  Different combinations
of the putative virulence genes were also observed in the
isolates investigated.  The association between these poten-
tial virulence genes and the pathogenicity of the organism
remain unsolved.  The emergence of colibacillosis may be
associated with other factors that have not yet been investi-
gated.  Host factors such as compromised skin or mucosal
barrier, stress, immunosuppression, and environmental fac-
tors may also be involved [1, 3].  Coccidial infection
observed in flock 2 may be associated with higher mortality
observed in this flock than those in the other flocks without
coccidiosis.

The age of the chickens is likely to be one of the factors
associated with the occurrence of present cases.  Increases in
the mortality were observed during 18 and 21 weeks of age,
when the birds started to produce eggs.  Cloacal lesions
observed in our study are likely due to the results of laying.
These wounds may allow the organism to invade the blood
stream.  Zanella et al. [17] reported colibacillosis in the lay-
ers at the beginning of laying.  They also suggested that hens
exposed the stress of lay may have been more susceptible to
colibacillosis.

No remarkable decrease in egg production was observed
in the present cases.  Zanella et al. [17] and Vandekerchove
et al. [15] also reported the APEC infection without signifi-
cant impact on the egg production and quality.  The mortal-
ity in this case progressed on the low level of approximately
0.02 to 0.08% per day although the highest mortality was
recorded as 0.16%  in flock 2.  However, severe colibacillo-
sis infection with more than 6% total mortality in laying
hens has been reported [3, 17].

In conclusion, the 3 cases of colibacillosis were caused by
not only strains with the PFGE pattern A but also those with
the PFGE patterns B and C that were considered to be genet-
ically unrelated to the pattern A strains.  Thus, host factors,
such as initiation of egg may also be associated with the
incidence of colibacillosis.
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