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Abstract

Contaminated poultry and poultry products are a major source of motile Salmonellae for human salmonellosis worldwide.
Local circulation of any motile Salmonella serovar in poultry has a wider public health impact beyond its source of origin for
being dispersed elsewhere through poultry trades or human travels. To investigate the status of motile Salmonella serovars
in breeder farms in Bangladesh, multiple flocks of two breeder farms were observed for a period of six months. In addition, a
cross-sectional survey was carried out to determine the prevalence and serovar distribution of motile Salmonella by
randomly selecting 100 commercial broiler poultry farms. Five pooled faecal samples representing an entire housed flock of
breeders or broilers were screened for presence of motile Salmonella following conventional bacteriological procedures. The
Salmonella isolates obtained were subsequently serotyped, and characterized by plasmid profiling and pulsed-field gel
electrophoresis (PFGE). The results revealed that both the breeder farms were positive with three Salmonella serovars: S.
Virchow, S. Paratyphi B var Java (S. Java) and S. Enteritidis. Eleven of the 100 broiler farms investigated were positive for
motile Salmonella, giving a farm-level prevalence of 11% (95% confidence interval 5–17%). S. Virchow and S. Kentucky were
the two predominant serovars isolated from the broiler farms. The PFGE genotyping demonstrated that the isolates
belonging to the same serovars were closely related due to variation in only 1–4 bands. All the S. Virchow and S. Java
isolates, irrespective of breeder or broiler farm origin, were plasmid-free, except for one S. Virchow isolate from a broiler
farm that harboured a 9.7 kb-sized plasmid. The S. Kentucky isolates belonged to three plasmid profiles having plasmids of
four different sizes, ranging from 2.7 to 109 kb. This is the first report of any motile Salmonella serovars from breeder and
commercial broiler poultry farms in Bangladesh.
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Introduction

Salmonella is a major food-borne pathogen, frequently associated

with human gastroenteritis throughout the world. The global

burden of human gastroenteritis due to Salmonella has been

estimated 93.8 million cases, resulting in 155,000 deaths each year

[1]. Poultry is considered a major reservoir for many non-host

specific motile serovars of Salmonella, and often human infection is

attributed to consumption of contaminated poultry products, such

as eggs and meats [2]. There are .2500 serovars of Salmonella

enterica [3] and all motile serovars of them are zoonotic with

variable infection intensities. Although Salmonella enterica subsp.

enterica serovar Enteritidis (S. Enteritidis) and S. Typhimurium are

commonly isolated from poultry and often cause human infections

[4–6], other poultry-originating emerging serovars are also

reported [7,8]. Cross border or intercontinental transmission

may occur as observed with the circulating S. Kentucky ST198

clone [9]. Any emergence of a new zoonotic serovar of Salmonella

in poultry in any locality therefore not only has local consequences

but may also be a global public health concern because it can be

transmitted to any parts of the world through poultry trades or

human travels [9–12].

The four FAO-defined [13] poultry production systems, namely

– industrial and integrated (sector 1), large-scale commercial

(sector 2), small-scale commercial (sector 3) and backyard (sector 4)

are all seen in Bangladesh. Within the commercial sector, the

small-scale commercial production system predominates, to which

day-old chicks are supplied from approximately 40–50 breeder

farms. In parallel, there are a few public owned breeder farms

which produce a cross-bred (F1 generation) chick, locally called

‘‘Sonali’’ (Fayoumi (hen) 6 Rhode Island Red (cock)) which are

supplied to the smallholders at a subsidized rate as part of the

poverty alleviation programme. Salmonella infected breeder farms

can be sustained sources for vertically transmitting the organism to

commercial or smallholders’ farms, and consequently to humans

through a contaminated food chain [14]. However, in the absence

of any structured surveillance for Salmonella in Bangladesh,

Salmonella status in the different poultry production systems is
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largely unknown. Recently a survey of commercial layer poultry

farms was conducted, the results of which demonstrated the

presence of only one serovar - S. Kentucky, indicating a wide

dissemination of this serovar in layer poultry population in

Bangladesh [15]. Whether breeder farms play any role in its

perpetuation, or are harbouring other zoonotic serovars, to

transmit to commercial farms remain unexplored. To prevent

local and international spread of zoonotic Salmonella attributable to

poultry products, the epidemiology of these infections has to be

investigated nationally in order to suggest future control

programmes. Here, the motile Salmonella serovars circulating in

breeders and broilers in Bangladesh and their molecular

characteristics are described.

Materials and Methods

Ethics Statement
No specific permits were required for the described field studies.

Verbal consent from the authority of each breeder- and

commercial broiler poultry farm was taken during collecting the

faecal samples.

Study Population
Dhaka, the capital city and Chittagong, the second largest city

in Bangladesh are the two major poultry hubs [16] due to the

better marketing facilities. Recently, from these two districts

Chittagong was chosen by lottery to carry out a survey to estimate

the prevalence of motile Salmonella in commercial layer poultry

farms [15]. To investigate the distribution of motile Salmonella

serovars in breeder- and commercial broiler poultry farms in

Bangladesh, we therefore selected the same district, Chittagong.

Two breeder farms – one representing the commercial and the

other the public poultry sector, hereafter referred to as ‘‘Farm A’’

and ‘‘Farm B’’, respectively, were enrolled for the present

investigation. Each farm had eight flocks. A flock size in ‘‘Farm

A’’ ranged from 5000 to 15000, and 250 to 5500 in ‘‘Farm B’’.

The age of the birds belonging to the sampled flocks on the day of

first sampling ranged from 5 to 57 weeks in ‘‘Farm A’’ and 4 to 44

weeks in ‘‘Farm B’’. Flocks were sampled monthly for a period of

six months.

Additionally, from the list of all the commercial broiler poultry

farms in the district of Chittagong, kept at the District Livestock

Office, we randomly selected 100 farms by generating random

numbers in computer to undertake a cross-sectional survey for the

prevalence of motile Salmonella. All the selected commercial broiler

poultry farms were of the FAO-defined production system 3, the

small-scale commercial type.

Sample Collection
We observed the selected flocks of two breeder farms for a

period of six months – from May to October 2010 while the cross-

sectional survey in commercial broiler poultry farms was

conducted from May to July 2010. Each flock of the two breeder

farms was visited monthly to collect pooled faecal samples. All the

broiler farms were single-housed and faecal samples were therefore

collected from a single flock. Faecal samples were collected from

floor covered with litter. The use of litter materials varied

according to farms – in breeder farms, rice husk was used while

in the broiler farms either saw dust or rice husk was employed. For

a flock belonging to any of the breeder or commercial broiler

poultry farms, five naturally pooled faecal samples from five

different locations of the house were collected; each sample

consisted of ,30 cross-sectional pinches of faeces mixed with litter

for obtaining a total weight of approximately 250 g. Each pooled

sample was collected by gloved hands, placed separately into a

sterile plastic bag, properly labelled and transported to the

microbiology laboratory, Chittagong Veterinary and Animal

Sciences University (ML-CVASU), Bangladesh at environmental

temperature. On arrival at ML-CVASU, the samples were stored

at 5uC until analyzed.

Isolation and Identification of Salmonella
Conventional bacteriological procedures were followed for

isolation and identification of Salmonella from the faecal samples.

Briefly, 200 g of faecal samples were mixed homogenously with

200 ml of buffered peptone water (BPW) (Oxoid Ltd., England) to

make slurry. Fifty gram from this slurry was transferred to 200 ml

BPW and incubated at 37uC for 1861 hours, followed by selective

enrichment in Rappaport-Vassiliadis (RV) broth (Scharlau

Chemie S. A., EU) for 24 to 48 hours at 42uC. From this cultured

broth, 10 ml was streaked onto brilliant green (BG) agar (Oxoid

Ltd., England) surface and incubated overnight at 37uC. Any

suspected Salmonella colony on BG agar was verified and identified

with standard biochemical tests applied for identification of

Salmonella. A breeder flock or a broiler farm was considered

presumptively Salmonella-positive when Salmonella was isolated from

$1 of the five collected samples. All Salmonella isolates from the

breeder farms and one isolate per positive broiler farm were stored

at 280uC and shipped later to the Department of Veterinary

Disease Biology, University of Copenhagen (KU-DVDB) using

Stuart’s transport medium (Oxoid Ltd., England) at environmental

temperature by a professional courier service.

At KU-DVDB, the isolates were screened further for confir-

mation of motile Salmonella by growing the bacteria on Luria

Bertani (LB) broth (Difco, USA) at 37uC and subsequently

transferring 100 ml of the overnight culture (divided into 3

separate drops) on to novobiocin (Oxoid Ltd., England) supple-

mented Modified Semisolid Rappaport Vassiliadis (MSRV) agar

(Oxoid Ltd., England) and incubated for 24 hours at 41.5uC. In

some cases the incubation period was extended until 36 hours.

Any opaque growth observed on the MSRV agar plates was

suspected for Salmonella and streaked on to Brilliant-green phenol-

red lactose sucrose (BPLS) agar (Merck, Germany) by using an

inoculating loop which was dipped into the periphery of the

opaque zone. Following incubation at 37uC for 24 hours,

suspected Salmonella colonies were transferred on to 5% blood

agar (Blood agar base; Oxoid Ltd., England) plate with incubation

for 16 to 18 hours at 37uC. The cultures were identified

biochemically and confirmed serologically using anti-Salmonella

polyvalent serum (SSI, Copenhagen, Denmark). Then all the

Salmonella-positive cultures were stored at 280uC using 15%

glycerol until characterized further.

Serotyping
All Salmonella-positive isolates from the broiler farms, and

conveniently selected 21 and 17 isolates from breeder ‘‘Farm A’’

and ‘‘Farm B’’, respectively with representations from different age

groups of the investigated flocks were serotyped using CE

(Conformité Européenne, placed on products to signify conformance

with European Union regulations) marked (ISO) Salmonella

antisera (SSI Diagnostica, Hillerød, Denmark) and assigned to

different serovars according to White-Kauffmann-Le Minor

Scheme [3]. To check for autoagglutination, PBS (pH 7.38) was

used as a control. Serotyping of the isolates was carried out at

Statens Serum Instititut, the National reference laboratory for

enteropathogenic bacteria at Copenhagen in Denmark.

Salmonella in Breeder and Broiler Farms, Bangladesh
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Plasmid Isolation
Plasmid isolation was carried out from all isolates originating

from the breeder and the broiler poultry farms following the

alkaline denaturation method of Kado and Liu [17], as described

by Olsen [18]. One ml overnight shaking culture grown in LB

broth at 37uC was used for plasmid isolation. The plasmid DNA

was then separated by gel electrophoresis in Tris-acetate EDTA

(TAE) buffer on 0.8% agarose (SeaKemH LE agarose, Lonza,

Rockland, ME USA) gel at a constant voltage of 120 V for 3

hours. Following electrophoresis, the gel was stained with aqueous

solution of ethidium bromide (10 mg/ml; Sigma-Aldrich, USA)

and visualized under UV-illumination. The plasmid size was

estimated according to references in the literature for Escherichia coli

V517 [19] and E. coli 39R861 [20] and method for size estimation,

described by Rochelle et al. [21].

Macrorestriction Analysis by Pulsed-field Gel
Electrophoresis (PFGE)

The standardized CDC PulseNet protocol [22] for PFGE was

followed to determine the genetic diversity of the isolates

representing the breeder- and broiler poultry farms. Restriction

enzyme XbaI (New England BioLabs Inc.) was used to digest the

chromosomal DNA. The chromosomal DNA fragments were

isolated using 1% agarose (SeaKemH gold agarose, Lonza,

Rockland, ME USA) gel in 0.56Tris-Borate-EDTA (TBE) buffer

with CHEF DR III (Bio-Rad Laboratories, Hercules, California,

USA) electrophoresis system at 6 V/cm for 19 hours at 14uC with

pulse time switched from 2.2 sec to 63.8 sec under an included

angle 120. Salmonella Braenderup H9812 was used as a reference

size marker [23] in each gel. The gel image was captured by

GelDoc EQ system with Quantity OneH software (Bio-Rad

Laboratories, Hercules, California, USA) and subsequently

analysed the macrorestriction DNA fingerprints pattern by

GelComparHII software (Applied Maths, Belgium) version 4.6.

The similarity between fingerprints was determined by dice

coefficient with a band position tolerance of 1.5% and the

unweighted pair group method with arithmetic averages (UP-

GMA) was applied to generate dendrograms. We followed

Tenover’s criteria [24] to interpret the fingerprint patterns of the

isolates’ DNA.

Results

Farm Status and Distribution of Salmonella Serovars
An overview on the flocks observed in the two breeder farms is

shown in Table 1. All the flocks in ‘‘Farm A’’ and ‘‘Farm B’’

investigated were Salmonella-positive at least for one sampling time.

Along with the age progression, not all but four flocks in ‘‘Farm A’’

and three in ‘‘Farm B’’ were intermittently Salmonella-positive. A

total of 98 isolates - 42 and 56 from ‘‘Farm A’’ and ‘‘Farm B’’,

respectively were obtained over the period of six months. Of them,

conveniently selected 38 isolates (21 from ‘‘Farm A’’ and 17 from

‘‘Farm B’’) of different age groups were serotyped, results of which

disclosed the presence of three serovars – S. Virchow, S. Paratyphi

B var Java (S. Java) and S. Enteritidis (Table 2). S. Virchow and S.

Java were the two predominant serovars identified from both

breeder farms (Table 2). One flock in each breeder farm was

positive with only one serovar, S. Virchow, but the remaining

flocks each harboured more than one serovar. One and three

flocks in ‘‘Farm A’’ and ‘‘Farm B’’, respectively, were positive with

S. Enteritidis plus other serovars.

The cross-sectional survey revealed that 11 out of the 100

broiler poultry farms were Salmonella-positive in one or more of the

five samples collected, giving a prevalence of 11% (95%

confidence interval 5–17%) at farm level. S. Virchow was the

predominant serovar followed by S. Kentucky (Table 2). Two

other serovars – S. Java (n = 1) and S. Weltevreden (n = 1) were

also isolated from two broiler farms.

Plasmid Profiles
All the S. Virchow and S. Java isolates from ‘‘Farm A’’ and

‘‘Farm B’’ were plasmid-free, whereas the S. Enteritidis isolates

carried an approximately 60 kb plasmid. Twenty out of the 21,

and 35 out of the 39 non-serotyped isolates from ‘‘Farm A’’ and

‘‘Farm B’’, respectively, were plasmid-free, but each of the

remaining ones had a 60 kb-sized plasmid, similar to that seen

in the S. Enteritidis isolates.

The plasmid profiles of the broiler farms’ isolates are shown in

Figure 1. Four different sized plasmids displaying three distinctive

profiles were observed in the S. Kentucky isolates. Two small

plasmids of approximately 2.7 and 3.5 kb were common to all of

them, except for one that although contained two pieces, their

sizes were of approximately 2.7 and 4.8 kb. One isolate had an

approximately 109 kb-sized plasmid together with two smaller

ones of 2.7 and 3.5 kb. Like breeder farms, S. Java and S. Virchow

isolates (n = 4) from broiler farms were also plasmid-free, with a

single exception of one S. Virchow isolate, that contained an

approximately 9.7 kb plasmid. The S. Weltevreden isolate

harboured two plasmids of approximately 3.5 and 109 kb sizes.

Genotyping by PFGE
The dendrograms illustrating the cluster analyses of the isolates

from ‘‘Farm A’’, ‘‘Farm B’’, and the broiler poultry farms are

shown in Figures 2, 3 and 4, respectively. Based on variations in

one to four bands, two closely related pulsotypes were seen among

the S. Virchow isolates, originating from both breeder farms. By

single band difference, two closely relating fingerprint patterns

were also identified in the S. Java isolates from ‘‘Farm A’’ (n = 9)

and ‘‘Farm B’’ (n = 7). Owing to cent per cent band-homogeneity,

all the S. Enteritidis isolates were clonal. Of the 21 non-serotyped

isolates from ‘‘Farm A’’, 17 and 3 isolates showed similar band

patterns to that of the S. Virchow and S. Java isolates, respectively.

Out of the 39 non-serotyped isolates from ‘‘Farm B’’, S. Virchow

like band-pattern was observed in 25 isolates and S. Java like in 10.

The non-serotyped isolates (1 in ‘‘Farm A’’ and 4 in ‘‘Farm B’’)

that showed identical plasmid profile to those of the S. Enteritidis

isolates also had a S. Enteritidis isolate like band pattern. By

differences in $2 bands, S. Kentucky isolates formed three closely

relating genotypes.

Discussion

In both breeder farms, some flocks were persistently and some

were intermittently Salmonella-positive, suggesting the continuing

presence of Salmonella in the farms and/or environment [25].

Serotyping further revealed that, probably, three zoonotic

Salmonella serovars: S. Virchow, S. Java and S. Enteritidis are

circulating in the breeder farm environments in Bangladesh. It is

remarkable that the same serovars are prevalent in the commercial

and public sector farms and it clearly indicates a common source

for the colonisation. The distribution of Salmonella serovars in the

broiler poultry farms, however, was more diverse as two other

serovars: S. Kentucky and S. Weltevreden in addition to S.

Virchow and S. Java were demonstrated from the broilers. To the

authors’ knowledge, this is also the first report on specific motile

Salmonella enterica serovars in breeder and broiler poultry farms in

Bangladesh.

Salmonella in Breeder and Broiler Farms, Bangladesh
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The two breeder farms investigated were located about 50 km

apart from one another, and the circulation of the same serovars

with closely related genotypes suggests common sources to the

infections, but this was not investigated further in this study. Some

of the raw feed ingredients might be a commonality for both

breeder farms. Moreover, porous biosecurity and same ecological

factors might also pose a risk for infection. The results of serovar

distribution and subsequently genotyping of both serotyped and

non-serotyped isolates by PFGE also demonstrated that multiple

flocks in the same breeder farm which harboured a single serovar

at an early age were positive with 1–2 other serovars over the

course of time. The presence of the same serovar, particularly S.

Virchow in multiple flocks could be due to the horizontal

transmission from the hatchery or vertical transmission and

subsequently infection with other serovars could originate from

e.g. contaminated farm environment or feed stuff [26]. Occur-

rence of S. Enteritidis in some flocks at an early age suggests the

vertical transmission of this serovar [27].

One of the major findings of the cross-sectional survey of the

broiler farms is the presence of S. Kentucky (Table 2), the only

Table 1. Status of motile Salmonella in two chicken breeder farms (representing both private and public sectors) in Bangladesh
observed for a period of six months, May – October, 2010.

Farm/Shed No. Age (wk)*

1–8 .8–16 .16–24 .24–32 .32–40 .40–48 .48–56 .56–64 .64–72

NA/1 – – – – – – – 0 S

A/2 – – – – – – S S S

A/7 – – – – S S S S –

A/8 – S 0 S S – – – –

A/3 0 S S 0 – – – – –

A/4 0 S S – – – – – –

A/6 – – – – S S S – –

A/3(i) S – – – – – – – –

B/3B – – – – – S S S –

B/5 – – – S S S 0 – –

B/6 – – – – – S S S –

B/7 S S – – – – – – –

B/8 S 0 – – – – – – –

B/12 – – S S S – – – –

B/3A – – – – – S S S –

B/11 – – – S S 0 0 – –

*Frequency of sampling under each age-group = 1–2;
NA = A breeder farm under private sector to supply day old broiler chicks to commercial farms;
B = A government subsidized breeder farm to produce a cross-bred, ‘‘Sonali’’ (Fayoumi (hen) 6 RIR (cock)) to supply to the smallholders for being reared in semi-

scavenging system; S = Salmonella-positive; 0 = Salmonella-negative; –, indicates non-sampling age groups.
doi:10.1371/journal.pone.0057811.t001

Table 2. Distribution of Salmonella serovars from breeder- and commercial broiler poultry farms in Bangladesh, 2010.

Farm category No. isolates serotyped Distribution of Salmonella serovars (n)

Breeder Farm A* 21 Virchow (11)

Paratyphi B var Java (9)

Enteritidis (1)

Breeder Farm B** 17 Paratyphi B var Java (7)

Virchow (6)

Enteritidis (4)

Broiler Farm 11 Virchow (5)

Kentucky (4)

Paratyphi B var Java (1)

Weltevreden (1)

*A broiler breeder farm in commercial poultry sector in Bangladesh.
**A breeder farm in public poultry sector in Bangladesh to produce F1 generation (locally named ‘Sonali’) (Fayoumi (Hen) and Rhode Island Red (Cock)).
doi:10.1371/journal.pone.0057811.t002

Salmonella in Breeder and Broiler Farms, Bangladesh
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serovar found in layer poultry farms in Bangladesh in a previous

comprehensive survey [15]. Thus its circulation in both the

commercial broiler and the layer production systems in Bangla-

desh might pose a potential threat to the public health [9], for

consequently being transmitted to humans from both poultry meat

and eggs. Poultry is considered a major reservoir for S. Kentucky

[10]. Its circulation in broiler flocks [28,29], and zoonotic role has

previously been reported [9]. Because the serovar was not isolated

from any of the breeder farms they are not considered to be the

main source in Bangladesh. However, there are some reports

indicating protein concentrates in animal feed as sources for S.

Kentucky [30]. Whether raw dry-fish ingredients used as protein

sources to formulate poultry feed in the study area, as hypothe-

sized in our previous study [15], are a source for S. Kentucky or

not, should be investigated in future epidemiological studies.

All the sampled flocks in both breeder farms were Salmonella-

positive at least in one sampling (Table 1). A lower carriage

proportion in the population and/or intermitting shedding

phenomenon from the infected chickens [31] might explain why

some flocks were Salmonella-negative in a particular month, having

diagnosed positive in the preceding month (Table 1).

We acknowledge our limitation that we did not serotype all the

isolates obtained from the breeder farms. A subset of isolates

isolated from different age groups were conveniently selected and

subsequently serotyped. However, we characterized all the isolates

by plasmid profiling and PFGE, results of which demonstrated

that the non-serotyped isolates displayed similar plasmid and

PFGE profiles to the serotyped ones (Figures 2 and 3), strongly

suggesting that these isolates could also be classified any of the

three serovars identified.

The prevalence of motile Salmonella in commercial broiler

poultry farms was 11%, lower than the 18%, reported from layer

poultry farms in the same study area [15]. Although the sample

size of broiler farms investigated in the cross-sectional survey part

was small, the results are highly useful as it is the first time that the

prevalence of motile Salmonella at small-scale commercial broiler

farm level is demonstrated from Bangladesh; however, variations

in prevalence have been reported from many other geo-locations

[32–34].

Unlike S. Kentucky, S. Virchow was found in both breeder and

broiler poultry farms and its isolation frequency was the highest in

Farm A and in the broiler farms (Table 2). This poultry associated

serovar has been reported from the broilers and breeder flocks

from the member states of the European Union (EU) [35]. S.

Virchow has also been isolated from chickens in Thailand [36]

and broiler farms in Algeria [34]. S. Virchow constitutes one of the

Figure 1. Plasmid profiles of 11 Salmonella isolates belonging to four different serovars, from commercial broiler poultry farms in
Bangladesh, May – July 2010. (Lanes 3–6 for S. Kentucky; Lane 7 for S. Weltevreden; Lane 8 for S. Paratyphi B var Java, Lanes 9 - 13 for S. Virchow,
Lanes 1 and 15, and Lanes 2 and 14 are plasmid size markers in Escherichia coli strains V517 and 39R861, respectively).
doi:10.1371/journal.pone.0057811.g001

Salmonella in Breeder and Broiler Farms, Bangladesh
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Figure 2. Dendrogram showing the cluster analysis on the basis of XbaI-PFGE of the Salmonella isolates belonging to different
serovars and non-serotyped isolates, obtained from a broiler breeder farm (in the text referred to as ‘‘Farm A’’) in the commercial
poultry sector in Bangladesh, May – October, 2010. Dice coefficient was used to perform similarity analysis, and clustering was performed by
using unweighted pair-group method with arithmetic means (UPGMA) with 1.5% band position tolerance.
doi:10.1371/journal.pone.0057811.g002

Salmonella in Breeder and Broiler Farms, Bangladesh
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five EU-top prioritised serovars to be investigated owing to its

public health significance [32]. S. Java was frequently isolated from

the breeder farms, although a single isolate was obtained from a

broiler farm. This is a recently emerging serovar reported

particularly from the Netherlands [7,37], Germany [38] and

imported poultry meat has been identified its major source to

infect humans in Scotland [39]. Single or multiple flocks in each

breeder farm were also positive with S. Enteritidis, which is

alarming, because this is the only serovar that truly infects the

oviduct of poultry, thereby being transmitted to their progeny

vertically [40] or pseudo-vertically. S. Weltevreden was isolated

from one broiler farm, a rarely reported serovar from chickens

[36], but commonly has been isolated from humans in Thailand

[8].

Plasmid profiling is one of the applied molecular tools for

subtyping Salmonella [41]. Plasmid free isolates of S. Virchow and S.

Java were identified in breeder and broiler farms, except for one S.

Virchow isolate that harboured a single plasmid. Plasmid free and

single to multiple plasmid containing S. Java has been described

before [39]. The S. Enteritidis isolates contained only one plasmid

of 60 kb, in agreement with the findings of Kalender et al. [42]

who also reported multiple plasmid containing isolates in Turkey.

The S. Kentucky isolates displayed three distinct plasmid profiles

among which one profile (2.7 kb, 4.8 kb) is similar to the isolates

previously described from layer poultry farms in Bangladesh [15].

One isolate harboured a large plasmid (109 kb), which differs with

the findings of Majtán et al. [43] who documented two large

plasmids (40 kb, 90 kb) from human isolates in Slovak Republic.

The PFGE results demonstrated that the two serovars – S.

Virchow and S. Java, isolated from the breeder poultry farms

comprise of two closely relating pulsotypes, however, all S.

Virchow isolates from the broiler poultry farms were clonal. The

broiler clone was also present in ‘‘Farm A’’. Three closely related

genotypes of S. Kentucky are circulating in the broiler farms, one

of them was identical to a S. Kentucky genotype previously

identified from layer farms in the same study area [15]. All the S.

Enteritidis isolates were clonal. One and four non-serotyped

isolates from ‘‘Farm A’’ and ‘‘Farm B’’, respectively, displayed the

similar plasmid (60 kb) and PFGE profiles (Figures 2 and 3) to

those of S. Enteritidis, and therefore, it was speculated that, they

probably belonged to the same S. Enteritidis clone.

In conclusion, the investigated breeder poultry farms in

Bangladesh were persistently harbouring at least three zoonotic

serovars, namely S. Virchow, S. Java and S. Enteritidis; the first

two were also common in broiler poultry farms in addition to two

others – S. Kentucky and S. Weltevreden. The prevalence of

motile Salmonella at broiler farm level was 11% and at least one of

the three genotypes of S. Kentucky, unveiled previously from

commercial layer poultry farms in the same study area, is also

circulating in broiler farms. S. Virchow and S. Java each has two

closely relating pulsotypes, whereas one clone of S. Enteritidis has

established itself in breeder farms. Further molecular epidemio-

logical studies are needed to identify the sources of infection, and

to explore the impact of this zoonosis on public health in

Bangladesh and beyond.

Figure 3. Dendrogram showing the cluster analysis on the basis of XbaI-PFGE of the Salmonella isolates belonging to different
serovars and non-serotyped isolates, obtained from a breeder farm in the public poultry sector (in the text referred to as ‘‘Farm B’’)
in Bangladesh to produce F1 generation (locally named ‘Sonali’) (Fayoumi (Hen)6Rhode Island Red (Cock)), May – October, 2010.
Dice coefficient was used to perform similarity analysis, and clustering was performed by using unweighted pair-group method with arithmetic
means (UPGMA) with 1.5% band position tolerance.
doi:10.1371/journal.pone.0057811.g003

Figure 4. Dendrogram showing the cluster analysis on the basis of XbaI-PFGE of the 11 Salmonella isolates belonging to four
serovars (S. Kentucky = 4, S. Virchow = 5, S. Paratyphi B var Java = 1 and S. Weltevreden = 1) obtained from a cross-sectional survey
in commercial broiler poultry farms in Bangladesh, May – July, 2010. Dice coefficient was used to perform similarity analysis, and clustering
was performed by using unweighted pair-group method with arithmetic means (UPGMA) with 1.5% band position tolerance.
doi:10.1371/journal.pone.0057811.g004
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Prevalence and characterization of Salmonella infantis isolates originating from
different points of the broiler chicken-human food chain in Hungary. Int J Food

Microbiol 127: 162–167.
15. Barua H, Biswas PK, Olsen KEP, Christensen JP (2012) Prevalence and

characterization of motile Salmonella in commercial layer poultry farms in

Bangladesh. PLoS ONE 7(4): e35914. doi:10.1371/journal.pone.0035914.
16. Dolberg F (2008) Poultry sector country review: Bangladesh. Food and

Agriculture Organization of the United Nations, Rome. Available: ftp://ftp.
fao.org/docrep/fao/011/ai319e/ai319e00.pdf. Accessed 2010 Jul 11.

17. Kado CI, Liu ST (1981) Rapid procedure for detection and isolation of large
and small plasmids. J Bacteriol 145: 1365–1373.

18. Olsen JE (2000) Molecular typing of Salmonella. In: Wray C, Wray A, eds.

Salmonella in Domestic Animals. CAB International, 429–446.
19. Macrina FL, Kopecko DJ, Jones KR, Ayers DJ, McCowen SM (1978) A

multiple plasmid-containing Escherichia coli strain: convenient source of size
reference plasmid molecules. Plasmid 1: 417–420.

20. Threlfall EJ, Rowe B, Ferguson JL, Ward LR (1986) Characterization of

plasmids conferring resistance to gentamicin and apramycin in strains of
Salmonella typhimurium phage type 204c isolated in Britain. J Hyg (Lond) 97: 419–

426.
21. Rochelle PA, Fry JC, Day MJ, Bale MJ (1985) An accurate method for

estimating sizes of small and large plasmids and DNA fragments by gel

electrophoresis. J Gen Microbiol 132: 53–59.
22. Centers for Disease Control and Prevention (CDC) (2009) One-Day (24–28 h)

standardized laboratory protocol for molecular subtyping of Escherichia coli

O157:H7, Salmonella serotypes, and Shigella sonnei by pulsed-field gel electropho-

resis (PFGE). Avai lable: http://www.pulsenetinternational .org/

SiteCollectionDocuments/pfge/5%201_5%202_5%204_PNetStand_Ecoli_

with_Sflexneri.pdf. Accessed 2011 Apr 15.
23. Hunter SB, Vauterin P, Lambert-Fair MA, Van Duyne MS, Kubota K, et al.

(2005) Establishment of a universal size standard strain for use with the PulseNet

standardized pulsed-field gel electrophoresis protocols: converting the national
databases to the new size standard. J Clin Microbiol 43: 1045–1050.

24. Tenover FC, Arbeit RD, Goering RV, Mickelsen PA, Murray BE, et al. (1995)
Interpreting chromosomal DNA restriction patterns produced by pulsed-field gel

electrophoresis: criteria for bacterial strain typing. J Clin Microbiol 33: 2233–
2239.

25. Wray C, Davies RH, Evans SJ (1999) Salmonella infection in poultry: the

production environment. In: Richardson RI, Mead GC, eds. Poultry Meat
Science, Poultry Science Symposium Series Volume Twenty-Five. CABI

Publishing, 257–275.
26. Cox JM, Pavic A (2010) Advances in enteropathogen control in poultry

production. J Appl Microbiol 108: 745–755.

27. Cox NA, Berrang ME, Cason JA (2000) Salmonella penetration of egg shells and
proliferation in broiler hatching eggs – a review. Poult Sci 79: 1571–1574.

28. Byrd JA, DeLoach JR, Corrier DE, Nisbet DJ, Stanker LH (1999) Evaluation of
Salmonella serotype distributions from commercial broiler hatcheries and

grower houses. Avian Dis 43: 39–47.

29. Gutierrez M, Fanning J, Murphy A, Murray G, Griffin M, et al. (2009) Salmonella

in broiler flocks in the Republic of Ireland. Foodborne Pathog Dis 6: 111–120.

30. Papadopoulou C, Carrique-Mas JJ, Davies RH, Sayers AR (2009) Retrospective
analysis of Salmonella isolates recovered from animal feed in Great Britain. Vet

Rec 165: 681–688.
31. Van Immerseel F, De Buck J, Pasmans F, Bohez L, Boyen F, et al. (2004)

Intermittent long-term shedding and induction of carrier birds after infection of

chickens early posthatch with a low or high dose of Salmonella Enteritidis. Poult
Sci 83: 1911–1916.

32. Snow LC, Davies RH, Christiansen KH, Carrique-Mas JJ, Cook AJ, et al. (2008)
Survey of the prevalence of Salmonella on commercial broiler farms in the United

Kingdom, 2005/06. Vet Rec 163: 649–654.

33. Dione MM, Ieven M, Garin B, Marcotty T, Geerts S (2009) Prevalence and
antimicrobial resistance of Salmonella isolated from broiler farms, chicken

carcasses, and street-vended restaurants in Casamance, Senegal. J Food Prot 72:
2423–2427.

34. Elgroud R, Zerdoumi F, Benazzouz M, Bouzitouna-Bentchouala C, Granier
SA, et al. (2009) Characteristics of Salmonella contamination of broilers and

slaughterhouses in the region of Constantine (Algeria). Zoonoses Public Health

56: 84–93.
35. European Food Safety Authority (EFSA) (2012) The European Union Summary

Report on Trends and Sources of Zoonoses, Zoonotic Agents and Food-borne
Outbreaks in 2010. EFSA Journal 10(3): 2597, 442.

36. Padungtod P, Kaneene JB (2006) Salmonella in food animals and humans in

northern Thailand. Int J Food Microbiol 108: 346–354.
37. van Asselt ED, Thissen JTNM, van der Fels-Klerx HJ (2009) Salmonella serotype

distribution in the Dutch broiler supply chain. Poult Sci 88: 2695–2701.
38. Dorn C, Schroeter A, Miko A, Protz D, Helmuth R (2001) Increasing number of

Salmonella Paratyphi B isolates from slaughtered poultry sent in to the national
Salmonella reference laboratory. Berl Munch Tierarztl Wochenschr 114: 179–

183.

39. Brown DJ, Mather H, Browning LM, Coia JE (2003) Investigation of human
infections with Salmonella enterica serovar Java in Scotland and possible association

with imported poultry. Euro Surveill 8: 35–40.
40. Poppe C (2000) Salmonella infections in the domestic fowl. In: Wray C, Wray A,

eds. Salmonella in Domestic Animals. CAB International, 107–132.

41. Olsen JE, Brown DJ, Skov MN, Christensen JP (1993) Bacterial typing methods
suitable for epidemiological analysis. Applications in investigations of Salmo-

nellosis among livestock. Vet Q 15: 125–135.
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