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ABSTRACT. The purpose of this study was to investigate the biological and genetic characterization of persistent Salmonella isolates in an
integrated broiler chicken operation, in an attempt to elucidate the source of contamination.  From the breeder farm, the hatchery, the
broiler farm and the chicken slaughter house of an integrated broiler chicken operation, a total of 6 serotypes were observed.  Although
S. Heidelberg was not detected in the broiler farm, it was consistently found in the breeder farm, the hatchery and the chicken slaughter
house.  Also, S. Enteritidis and S. Senftenberg were found in the hatchery and the chicken slaughter house, and the hatchery and the
broiler farm, respectively.  S. Gallinarum and S. Blockley were found only in the broiler farm, and S. Virchow was only recovered in
the chicken slaughter house.  Isolated S. Heidelberg, S. Enteritidis and S. Senftenberg strains were divided into 3, 5 and 7 types, respec-
tively, on the basis of all properties.  Especially, S. Senftenberg isolates, divided into four types by their antimicrobial resistance patterns,
were all obviously the XbaI PFGE pattern.  Also, four S. Enteritidis isolates resistant to nalidixic acid showed a difference in phage type
and PFGE pattern.  Such a different pattern was shown despite Salmonella isolates originating from an integrated broiler operation, sug-
gesting that further epidemiological studies on many integrated chicken companies in Korea are needed.
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Most serovars of Salmonella are widely distributed in
nature, and are found in the intestines of domestic and wild
mammals, reptiles, birds and insects [38].  Foods containing
products from farm animals are considered to be an impor-
tant source of human Salmonella infection.  The surveil-
lance of Salmonella serovars from human and animal
sources thus provides important information for public
health.

Ovarian or vertical transfer of pathogens from breeding
hens to progeny has been an important aspect of the epide-
miology of Salmonella species infection within the poultry
industry [5, 18, 19, 24, 39].  Salmonella control in an inte-
grated broiler operation is complicated because there are
many opportunities for Salmonella to enter these extensive
integrated operations and be amplified by the mass produc-
tion of feed, the hatching, and the handling and processing
facilities [23, 32, 37].

Identification and genotypic characterization of the bac-
terial isolates are essential for epidemiological surveillance
and outbreak investigations.  The primary method used for
characterizing members of the genus Salmonella is serotyp-
ing that is defined by the combination of surface antigens O,
H and Vi according to the Kaufmann-White scheme [35].
Over 2,500 different serotypes have been identified, with
the majority of these belonging to Salmonella enterica sub-
species [34].  To further discriminate within S. Typhimu-
rium and S. Enteritidis, phage typing is the primary sub-

typing technique.  S. Enteritidis can be divided into at least
27 subtypes by the phage-typing method described by Ward
et al. [40].  Unfortunately, phage typing frequently fails to
discriminate between outbreak-related and unrelated iso-
lates [28].  Several DNA-based typing methods have been
developed in an attempt to improve the reproducibility and
discriminatory ability in Salmonella typing.

The purpose of this study was to investigate the biologi-
cal and genetic characterization of persistent Salmonella
isolates in an integrated broiler chicken operation, in an
attempt to elucidate the source of contamination.

MATERIALS AND METHODS

Sample collection from the breeder farm: Cloacal swabs,
cecal droppings, nest box swabs, egg sorting area swabs and
dust on the wall were taken for investigation.  The nest box
and egg sorting area swabs were collected by premoistening
four 10 by 10 cm gauze pads with sterile buffered pepton
water (BPW; Difco, MD, U.S.A.) and then swabbing
approximately 10 to 20 nest boxes and 25 m2 egg of the sort-
ing area, respectively.  Cloacal swabs and cecal droppings
were collected by swabbing or dipping 50 sterile cotton-
tipped sticks into the cloaca or cecal dropping.  Dust on the
wall was collected by placing approximately 50 g into ster-
ile whirl-pac bags.  The samples were taken directly into
two 225 ml BPW.

Sample collection from the hatchery: Hatchery samples
were collected on the day of hatching and obtained from the
hatcher interior, chick sorting area, chick box, ventilation
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outlets and waste area.  Fifty grams of eggshell fragment
and fluff samples were collected from the hatching trays
(from the top, middle, and bottom of the stack) of the hatch-
ery interior and unhatched embryo macerator of the waste
area and placed in sterile wire-pac bags.  The samples from
the chick sorting area, chick box and ventilation outlets were
collected by swabbing using four premoistened gauze pads
with sterile BPW as described above.  All samples were
placed directly into two 225 ml BPW.

Sample collection from the broiler farm: Cloacal swabs,
cecal droppings and dust on the wall were taken for investi-
gation.  Samples were collected by the method as described
at breeder farms.

Sample collection from the chicken slaughter house: Five
carcasses were taken for investigation.  Each carcass was
aseptically placed into a Cryovac bag (Nasco BO139wA),
and 400 ml of sterile BPW was added to the bag.  The bag
was shaken 50 times, and approximately 50 ml of rinsing
water was poured into a sterile specimen cup.  Rinsed sam-
ples were poured into two 225 ml BPW, as described above.

Salmonella culture method: Samples in 225 ml BPW
were returned to the laboratory under ambient conditions on
the day of collection and incubated at 37°C for 18 hr.  After
preenrichement, 0.1 ml of the broth was transferred into 10
ml Rapparport-Vassiliadis broth (RV broth; Difco) prepared
according to the instructions on the package.  The RV broth
was incubated overnight at 41.5°C.  The RV broth samples
were streaked on Ramback agar (Difco) and incubated over-
night at 37°C.  Two suspicious colonies per plate were
picked and used with MacConkey agar (Difco) for pure cul-
ture and they were incubated overnight at 37°C.  Samples on
MacConkey agar were reacted with Salmonella O antiserum
(Difco).  Colonies showing typical agglutination by O anti-
serum were serotyped with Salmonella H antiserum (Difco)
according to the latest version of the Kauffmann and White
scheme [34].  If several colonies originating from the same
source showed the same serotypes and antimicrobial sus-
ceptible pattern, only one isolate was randomly chosen and
included in this study.

Antimicrobial susceptibility testing: All Salmonella iso-
lates were investigated for their antimicrobial resistance by
the agar disk diffusion test using the following disks
(Difco): amikancin (An, 30 µg), ampicillin (Am, 10 µg),
amoxicillin/clavulanic acid (Amc, 20/10 µg), cephalothin
(Cf, 30 µg), cefoxitin (Fox, 30 µg), cefotaxime (Ctx, 30 µg),
chloramphenicol (C, 30 µg), kanamycin (K, 30 µg), strepto-
mycin (S, 10 µg), gentamicin (Gm, 10 µg), nalidixic acid
(Na, 30 µg), ciprofloxacin (Cip, 5 µg), sulfamethoxazole/tri-
methoprim (Sxt, 1.25/23.75 µg), trimethoprim (Tmp, 5 µg)
and tetracycline (Te, 30 µg).  The results were evaluated
according to the document M31-A2 of the Clinical and Lab-
oratory Standards Institute [31].

Phage typing: A total of seven S. Enteritidis specimens
isolated from the integrated broiler chicken operation were
phage-typed with 16 bacteriophages at the National Veteri-
nary Research and Quarantine Service (NVRQS, Anyang,
Korea).  A standard phage was obtained from the Labora-

tory of Enteric Pathogens, Public Health Laboratory Service
(PHLS), in England.  Briefly, cultures incubated for 24 hr on
agar plates were inoculated into 3 ml of a phage broth.  After
incubation for 2 hr with vigorous shaking, the broth was
poured onto a phage agar plate.  After the excess broth was
removed from the plate, 16 typing phages were spotted onto
on an agar plate with micropipette.  The dried plate was
incubated overnight, and the phage lysis pattern of each cul-
ture was compared with published patterns.  Strains show-
ing a pattern that did not conform to any recognized phage
type were designated as “reacted but did not conform”
(RDNC).

Pulsed-field gel electrophoresis: PFGE of a total of 22
Salmonella isolates was performed according to the “One-
Day (24–28 hr) Standardized Laboratory Protocol for
Molecular Subtyping of Non-typhoidal Salmonella by
PFGE” (Pulse-Net, CDC, Atlanta, U.S.A.) [9].  A single col-
ony of each isolate was streaked on tryptic soy agar (TSA)
and incubated overnight at 37°C.  Using a cotton swab, a
portion of the growth on agar plate was transferred to 2 ml
of Cell Suspension Buffer (100 mM Tris:100 mM EDTA,
pH 8.0) and the concentration of cell suspensions adjusted to
14–15% in a bioMerieux Vitek colorimeter.  Immediately,
400 µl of adjusted cell suspension was transferred to 1.5 ml
micro-centrifuge tubes with 20 µl of proteinase K (20 mg/ml
stock), subsequently mixed with 400 µl of melted 1%
SeaKem Gold (Cambrex, East Rutherford, NJ):1% SDS
agarose was prepared with TE Buffer (10 mM Tris:1 mM
EDTA, pH 8.0), and pipetted into disposable plug moulds.
Three plugs were transferred to 50 ml polypropylene screw-
tubes with 5 ml of Cell Lysis Buffer (50 mM Tris:50 mM
EDTA, pH 8.0 with 1% sarcosyl) and 25 µl of proteinase K
(20 mg/ml stock) and incubated at 54°C in a shaker water
bath for 2 hr with agitation.  Thereafter, the plugs were
washed twice with 15 ml of sterile water and three more
times with TE Buffer at 50°C for 15 min.  Chromosomal
DNA was digested with 50 U of XbaI (Promega, Southamp-
ton, United Kingdom).  PFGE was performed on a CHEF
Mapper XA system (Bio-Rad, Hercules, CA) in 0.5X Tris-
Borate-EDTA buffer (Bio-Rad) with recirculation at 14°C.
Pulse times were ramped from 2.2 to 63.8 s during an 18 hr
run at 6.0 V/cm.  After electrophoresis, the gels were stained
with 2 µg of aqueous ethidium bromide (Sigma-Aldrich, St.
Louis, MO, U.S.A.) per milliliter for 15 min and photo-
graphed by using 300 nm UV light.

RESULTS

Table 1 shows the results of Salmonella isolates from the
breeder farm, the hatchery, the broiler farm and the chicken
slaughter house of an integrated broiler chicken operation.
A total of six serotypes were observed.  Although S. Heidel-
berg was not detected in the broiler farm, it was consistently
found in the breeder farm, the hatchery and the chicken
slaughter house.  Also, S. Enteritidis and S. Senftenberg
were found in the hatchery and the chicken slaughter house,
and the hatchery and the broiler farm, respectively.  S. Gall-
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inarum and S. Blockley were only found in the broiler farm,
and S. Virchow was only recovered in the chicken slaughter
house.

In order to assess the genetic clonality, chromosomal
DNAs of 3 Salmonella serovars isolated from an integrated
broiler chicken operation were digested with XbaI and ana-
lyzed by PFGE (Fig 1).  All eight S. Heidelberg isolates ana-
lyzed belong to a pattern termed H-X1.  The predominant
patterns of S. Enteritidis originating in the hatchery were E-
X1 (2 isolates) and E-X2 (one isolate), whereas isolates
from the chicken slaughter house were E-X2 (one isolate)
and E-X3 (three isolates).  Also, S. Senftenberg isolated
from the hatchery belonged to pattern types S-X1 (2 iso-
lates), S-X2 (two isolates) and S-X3 (one isolate), but iso-
lates from the broiler farm were S-X2 (one isolate) and S-X4
(one isolate).

All phenotypic and genotypic properties of the eight S.
Heidelberg, seven S. Enteritidis and seven S. Senftenberg
isolates are summarized in Table 2.  Three, 5 and 7 types
were identified on the basis of all properties for S. Heidel-
berg, S. Enteritidis and S. Senftenberg, respectively.  S. Sen-
ftenberg isolates were divided into four types by
antimicrobial resistance pattern and all were obviously the
XbaI PFGE pattern.

DISCUSSION

Recently, a small number of cases of Salmonella infec-
tion have occurred in parent stocks [3] and previous studies
have demonstrated the potential for spread of infection both
nationally and internationally [2, 6, 25, 27, 30, 32].  The
structure of the chick supply and distribution chain is such
that a single infected breeding flock may have a significant
effect on the level of infection in commercial flocks [20].

In this study, Salmonella were recovered from a breeder
farm, from a hatchery, from a commercial broiler farm and
from the chicken slaughter house of an integrated broiler
chicken operation.  A total of 6 serotypes were identified.
Although S.  Heidelberg was not detected in the broiler
farm, it was consistently found in the breeder farm, the
hatchery and the chicken slaughter house.  Also, S. Enteriti-
dis and S. Senftenberg were found in the hatchery and the
chicken slaughter house, and the hatchery and the broiler
farm, respectively.

Davies et al. [16] investigated a company that suffered
repeated S. Enteritidis infection at broiler breeder sites and
found a variety of routes by which infection may have been
recirculating within the company.  Even one infected breed-
ing flock is capable of causing widespread distribution of
contamination before it is detected [20], so the presence of
several infected flocks may increase this risk.

The critical role of the hatchery in disseminating Salmo-
nella to commercial birds and possibly exposing parent
stocks to contamination on egg trays, trolleys and vehicles
has been also described previously [7, 8, 14, 16, 17].  These
studies have focused on the potential for cross-contamina-
tion and infection by a low number of organisms and chicks
during incubation [10, 14, 21].  Problems with washing and
disinfecting crates in hatcheries, although not such a severe
problem as in poultry abattoirs [13], have also been noted
previously as has long-term persistance of Salmonella in
hatcher incubator ventilation ducting [12].  In the current
study, the hatchery tested was contaminated with Salmo-
nella, although formaldehyde evaporation is normally used
during hatching.

The persistence of a low level of Salmonella in commer-
cial broiler flocks, despite antibiotic and competitive exclu-
sion treatments, demonstrates the importance of preventing

Table 1. Distribution and serotypes of Salmonella spp. in an integrated broiler chicken operation

Source Sample Serotype

Breeder farm, wk 24 Cloacal swabs NIa)

Cecal dropping NI
Nest boxes S. Heidelberg
Wall dust NI
Egg sorting area S. Heidelberg

Hatchery Hatcher interiors S. Senftenberg
Chick sorting area S. Heidelberg & S. Enteritidis
Chick boxes S. Senftenberg
Ventilation outlets S. Heidelberg, S. Enteritidis & S. Senftenberg
Waste area S. Heidelberg & S. Enteritidis

Broiler farm, wk 4 Cloacal swabs S. Gallinarum & S. Senftenberg
Cecal dropping S. Senftenberg & S. Blockley
Wall dust S. Blockley

Chicken slaughter house Carcass-1 S. Virchow & S. Enteritidis
Carcass-2 S. Heidelberg & S. Virchow
Carcass-3 S. Enteritidis
Carcass-4 S. Enteritidis
Carcass-5 S. Enteritidis

a) NI, Not isolated.
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infection rather than treatment of infected birds, and affects
to chicken slaughter house.  This involves developing a
rational risk-based approach to monitoring and preventing
infection through the whole breeding and production chain
[1, 11, 23, 29, 32, 41].

In a limited number of isolates, a total of seven S. Enter-
itidis strains isolated from a hatchery and a chicken slaugh-
ter house showed three phage types and one RDNC (reacts
but does not conform) type.  Two and one strain isolated
form the hatchery belonged to phage type PT1 and PT 17,
respectively.  However, three and one isolates from the
chicken slaughter house were PT21c and RDNC, respec-
tively.  There was a difference between phage types by
source of S. Enteritidis isolates.  Since such a different pat-
tern was shown despite Salmonella isolates originating from
an integrated broiler operation, further epidemiological
studies on a lot more integrated chicken companies in Korea
are needed to identify the sources of infection and imple-
ment prevention and control measures.

PFGE has been used as a standard technique for subtyp-
ing foodborne pathogens in the United States [9].  PFGE has
been shown to have limited ability to distinguish some Sal-
monella serovars such as Enteritidis [26].  PFGE is an
approach that measures the genetic diversity of the entire
genome, which may have arisen as a result of mutation.
Such mutation may remove or create recognition sites
through insertion, deletion, translocation and inversion, or
by mobile genetic elements.  The assumption is that as time
passes and organisms spread, divergence may occur [4].
This study also showed that both PFGE and phage typing
were capable of differentiating S. Enteritidis strains.  Sev-
eral studies indicate that PFGE may offer an improved level
of discrimination over other genotypic typing methods such
as plasmid analysis and ribotyping for the epidemiological
typing of S. Enteritidis [22, 33, 36].  In this study, four
S.Enteritidis isolates resistant to Na only were different by
phage type and PFGE pattern.  Also, S. Senftenberg isolates
divided into four types by antimicrobial resistance pattern
were all clearly the XbaI PFGE pattern.  In conclusion, it
was suggested that molecular typing methods such as XbaI
PFGE analysis, in addition to phage typing and antibio-
grams, may be useful for the epidemiological study of Sal-
monella serovars.

Salmonella control in integrated broiler operations is
complicated because there are numerous potential sources
of Salmonella contamination including chicks, feed,
rodents, wild poultry, and the processing plant environment.
However, Davies et al. [15] demonstrated that infection
within a breeding company can be effectively controlled by
application of good hygienic procedures following culling
of infected flocks.  Clearly, the data in our study support the
critical need to control Salmonella in breeder farms and
hatcheries and demonstrate important points about the con-
trol of infection in a large-scale poultry operation in Korea.
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