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ABSTRACT

Campylobacter jejuni (C. jejuni) 1s frequently found in laying hen flocks. Little is
known about the genetic diversity of these strains. In 11 commercial laying hen flocks kept in
aviary systems on 11 different farms, cloacal swab samples were taken from 30 randomly
selected birds per flock (330 in total) between February and September of one year, 6
samplings took place during the cooler season (February to April) and 5 under summer
conditions (July to September). Grown colonies of all samples were analysed by microscopy,
biochemical tests and PCR. The identified isolates were typed by flad typing using Ddel
restriction enzymes. C. jejuni was found in all examined flocks. It was found that 172 out of
the 330 sampled hens were positive from cloacal swabs. In the summer period 90 % of the
samples were positive whereas in the winter period 27 % were positive only. The number of
positive samples and the number of flad types increased with the age of the hens. In the 20
weeks old flock one flaA type was found out of 8 isolates while 9 flaAd types out of 27 isolates
were detected in the 52 weeks old flock. 61 different patterns were found in the 172 isolates.
The flaA types seem to be flock specific because no identical types were found in different
flocks. The reason for the observed diversity and distribution of fla4 types remains unclear
but may be caused either by mutation or by horizontal transmission from sources outside the
barn. This also demonstrates that an aging laying hen flock represents an important reservoir
of various C. jejuni genotypes. This diversity offlad types could also be used in

epidemiological studies for identifying sources from which C. jejuni isolates were emitted.
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INTRODUCTION

Campylobacter jejuni (C. jejuni) is a microaerophilic, thermotolerant Gram negative
bacterium which can colonize the digestive tract of humans and most warm blooded animals
(13), preferentially of poultry (18), known to be one of the main causes of food-borne human
infections mainly -transmitted by broiler meat (8, 17). It is well known that Campylobacter is
wide spread in broiler flocks and most birds presented for slaughter are carriers (31)
displaying a wide range of different flad types which is probably caused by a considerable
genetic instability (20, 27). F/oA-typing by restriction fragment length polymorphism (RFLP)
is reported to be a rapid, reliable, sensitive and cost-effective method for typing
Campylobacter isolates, which requires only minute amounts (<50 ng) of DNA (5, 23) and
Ddel appears to provide the best discrimination for veterinary isolates (2). Unlike broilers,
occurrence of C. jejuni types in commercial laying hens has not been extensively studied
probably due to the rather low risk of vertical transmission of Campylobacter from breeder
flocks to the progeny (6, 19) and because of the low rate of Campylobacter outbreaks
associated with eggs (10). However, it is well known that hens and roosters can carry
Campylobacter i feces, internal organs and in their reproductive tract (4, 12, 29). A recent
study from South Africa reports about a prevalence of 94 % of Canpylobacter spp. in laying
hen farms (3) This means that laying hens represent quite well a possible reservoir for C.
jejuni which can be horizontally transmitted to humans or other animals as assumed by
Jacobs-Reitsma (16). However, little is known about the genetic diversity of C jejuni in laying
hen flocks and which influence the age of the birds which live much longer than broilers has
on the diversity and distribution of C. jejuni types in this environment. This paper reports
about the occurrence of C. jejuni in 11 commercial laying hen flocks in the Northern part of
Germany and different types of C. jejuni at farm level using fla typing with Ddel restriction
which provides the best discrimination for veterinary isolates (Ayling et al., 1996). The results
may give an insight in the genetic diversity of C. jejuni and may help to raise our

understanding of the epidemiology of Campylobacter in the laying hen industry.

MATERIAL AND METHODS
Farms

Samples were taken from 11 laying hen flocks (A to K) on 11 farms located in different
geographical regions in Germany. The flocks A to F were sampled in February and April
(winter season) while, flocks G to K were sampled in July and September 2010 (summer
season). The flock size ranged from 1300 to 20,000 birds. The hens were about 20 to 52

weeks old and were kept in aviary systems.
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Sample collection

In each flock, 30 randomly selected birds were captured from different parts of the hen
house and investigated by cloacal swabs (EUROTUBO®, DELTALAB, Spain). A swab
obtained from one bird was streaked directly onto modified Charcoal Cefoperazone
Desoxycholate Agar (mCCDA, Oxoid, Germany) and Brilliance CampyCount agar (Oxoid,
Germany). Thereafter, the swab was placed in a tube with 9 ml Bolton Broth (Oxoid,
Germany). Samples were transported to the laboratory under cooled conditions together with
air samples. Isolation and identification of C. jejuni from swab samples was carried out
following the method described by Ahmed et al. (1). A sample size of 30 swabs allows
detection of a 10 % prevalence at a level of confidence 95 % (Win Episcope 2.0) within a
flock.

Genomic DNA from the C. jejuni isolates as well as from the reference strains were
extracted from an overnight cell cultures using peq GOLD bacterial DNA Kit (PeQlab
Biotechnologie, Germany) following the manufacturer's instructions. The DNA concentration
was determined by measuring the optical density at 260 nm. The isolated DNA was used for
the C. jejuni specific MapA PCR and FlagellineA typing PCR-RFLP as described by Ahmed
et al. (1).

RESULTS

In total, 61 C. jejuni types were isolated from 172 positive cloacal swabs of 11 laying
hen flocks (Table 1). All types could be detected after streaking directly on mCCDA and
Brilliance CampyCount Agar without enrichment. All presumptive C. jejuni types were
identified by phenotyping, biochemical reactions and PCR. Prevalence of C. jejuni are given
in Table (1) ranging from 27 % (flock A, youngest hens) to 90 % (flock K, oldest hens). It
seems to be due to influences of both seasonal and age of the flock. The prevalence of C.
jejuni was in each single flock clearly higher during summer season than in winter The fla4
types seem to be flock specific because no identical types were found in different flocks and
the number of genotypes seems progressively to increase with the age of the birds (Table 2).
In some flocks there are dominating genotypes such as Gz, He, 12, Ji and K3 which were
found 6, 5, 6, 8, and 7 times, representing 37.5, 26.3, 30, 30.8 and 25.9% of all isolates,
respectively (Table 2). In other flocks (B to F) no dominating genotypes could be found. In
the youngest flock only one genotype (Al) was detected out of 8 isolates.
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Table 1: Sampling time, hen's age in weeks, C. jejuni positive samples of 30 cloacal swabs of

11 laying hen flocks and prevalence percent

Time of Flock Hens' ape Positive samples Prevalence
sampling (week) (n) (%)

February A 20 8 26,67
February B 36 9 30,00
March C 36 10 33,33
March D 37 11 36,67
April E 38 12 40,0

April F 44 14 46,67
Juli G 43 16 53,33
Juli H 47 19 63,33
August I 47 20 66,67
August J 49 26 86,67
September K 52 27 90,0

Table 2: Results offlad typing of positive samples per laying hen flock

Hock Positive samples No.yZoA types

flaA type detected (no. of isolates)

A 8

B 9

C 10
D 11
E 12
F 14
G 16
H 19
I 20
J 26
K 27

1

Al(8)

B1(3),B2(2),B3(1),B4(3)

CI(3), C2 (3), C3 (2), C4 (2)

D1(4),D2(2),D3(3),D4(2)

E1(3),E2(1),E3(4),E4(1),E5(3)

FI(3), F2 (3), F3 (1), F4 (1), F5 (2), F6 (1), F7 (3)

Gl(2), G2 (6), G3 (4), G4 (1), G5 (3)

HI(3), H2 (1), H3 (1), H4 (3), H5 (3), H6 (5), H7 (2)

11(3), 12 (6), 13 (2), 14 (1), 15 (3), 16 (2), 17 (1). 18 (2)

J(8), 12 (2), I3 (4), J4 (3),J5 (2), J6 (4), J7 (3)

KI(5), K2 (4), K3 (7), K4 (3), K5 (2), K6 (4), K7 (3), K8 (2), K9 (1)
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DISCUSSION

The presented data show that all investigated laying hen flocks were contaminated with
C. jejuni displaying a large variety of different flad -typing (61 genotypes in 172 positive
samples) using cloacal swabs directly plated on mCCDA and Brilliance CampyCount Agar .
The prevalence within flock ranges from about 27 to 90 % which is lower than in broilers at
slaughter age (24, 27) but clearly higher than reported by Stojanov et al (28) who isolated C.
jejuni from cloacal swabs and cecum of laying hens with prevalences of 38 % and 71 %,
respectively. However, Sulonen et al., (2007) found a prevalence within flock ranging from
98 to 100 % in organic laying hens. The remarkable wide diversity of genotypes found in
laying hen flocks in our study is not reported elsewhere to our knowledge.. This result may
have been influenced by the high number of C. jejuni isolates which were typed (172 positive
samples out of 330 cloacal swabs) and the use of the sensitive flad typing technique (23).
Another reason could be the known genetic instability of Campylobacter spp. (11, 26) caused
e.g. by hypervariable regions within the/70A-gene of C. jejuni strains (21) which may have
generated subtypes during the laying period increasing the variety of types with increasing

flock age.

The increasing diversity of isolates with birds' age may also reflect the persistence of
Campylobacter i poultry flocks (26, 30) or the influx of C. jejuni types from neighbouring
farms or similar sources in the environment. Transmission can occur airborne or by living

vectors such as beetles, flies and wild birds.

The observation that no identical types could be found on different farms supports the
hypothesis of an in-house production of the various strains (15, 24). A direct exchange of C.
Jjejuni types between the investigated flocks is also unlikely because the flocks are located in
different geographical regions without the possibility of contact or exchange. The high
prevalence of C. jejuni observed in summer season in our study is consistent with other
reports, which also indicate a higher prevalence of C. jejuni in poultry flocks in summer and
autumn than in winter (9, 22, 25). Elevated temperatures and high humidity seem to increase
Campylobacter transmission and persistence within the farm environment and increase
Campylobacter carriage in laying hens (7) supported by migratory birds, beetles, or rodents,
whose activities are highly temperature dependent (14). Overall our findings confirm the role
of laying hens as an important reservoir of Campylobacter spp. The findings in this study
demonstrate that Campylobacter is indeed present in the laying hens with high prevalence and
a high genetic diversity. The considerable variation in flad typing may be caused by the
geographical spread of the farms and more probably by the age of the birds.
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