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Abstract:

The present study aimed to investigate the molecular epidemiology and resistance patterns of
S. Ohio isolates. All the Ohio isolates were resistant to more than three of the antibiotics, upto 10
antimicrobial agents. Overall, the highest proportions were found for resistance to the following
agents: Tetracycline (100%), Nalidixic acid (94.7%), Doxycycline (94.7%), low level resistance
to Ciprofloxacin (89.4%),Kanamycin (84.2%), Sulphafurazole (78.9%), and Co-
Trimoxazole(52.6%).A total of 11 (DI = 0.958) antimicrobial resistance patterns were observed
among 19 isolates of S. Ohio, with a MAR index value ranged between 0.2 to 0.43. The
frequency of resistance to Te/Cip/Na/Dox was found in 17 (90%) of the 19 MDR S. Ohio
isolates. Genotyping of S. Ohio isolates using 10-mer arbitrary primer, p1254 revealed five
RAPD types, denoted by English letters from A to E vyielding DI of 0.53, whereas RAPD
analysis with primer OPA-4 discriminated only four patterns which assigned F to | (figure),
yielding DI of 0.44. When the results of RAPD (with two primers) and antibiotic susceptibility
tests are combined, 19 isolates of S. Ohio could be divided into 12 different profiles (D1=0.97).
The finding of this study indicated that the broiler chicken can serve as a zoonotic reservoir of
MDR bacteria which can be transmitted to human. This is an important implication for human
health, because infections with MDR bacteria are difficult to treat and often requires expensive
and long term therapy. The RAPD technique can be a useful tool for the analysis of S. Ohio
strains. The method might be used as easy, faster, and cost-effective tool for molecular
epidemiology research in each laboratory.
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Introduction:

Salmonellosis is an important public gram-negative bacteria used in human and
health problem in many countries and a veterinary medicine (7). A point mutation in
frequent cause of gastroenteritis and gyrA between amino acids 67 and 106
zoonotic infections (1). Domestic animals (known as the quinolone resistance-
have a role in the spread of infection determining region or QRDR) can confer
between flocks and herds and as causes of nalidixic acid (a first-generation quinolone)
human food poisoning (2). Salmonella spp. resistance among isolates of Salmonella
have frequently been found in broiler and which usually accompanied by low-level
their products (3) . resistance to ciprofloxacin. While high-level

Infections caused by Salmonella spp. are of Ciprofloxacin resistance is often a result
increasing in many countries. During the last of the sequential acquisition of mutations in
decades, the emergence of antimicrobial a number of genes, namely gyrA, parC and
drug-resistant strains has been reported parE and less frequently in gyrB (8).
within different serotypes of Salmonella Identification and genotype
enterica (4). This emerging problem is due characterization of the bacterial isolates are
to the widespread use of antimicrobial essential for epidemiological surveillance
agents in veterinary medicine and animal and outbreak investigations. The primary
husbandry, and as growth promoters in method used for characterizing members of
livestock (5). For instance, multi-drug the genus Salmonella is serotyping (9). For
resistant (MDR) Salmonella enterica (S. further discrimination of isolates within the
enterica) serovar Typhimurium phage type same serotype, phage typing is the primary
DT104, resistant to ampicillin, sub-typing method. Unfortunately, phage
chloramphenicol/florfenicol, streptomycin, typing frequently fails to discriminate
sulfanomides, and tetracycline, has a global between outbreak-related and unrelated
dissemination (6). isolates and usually applied by the reference

Quinolone and fluoroquinolone laboratories (10).

(norfloxacin, ciprofloxacin, and Using DNA-related techniques,
enrofloxacin) antimicrobials are classes researchers now are able to Dbetter
of synthetic antimicrobial agents with an differentiate Salmonella isolates below the
excellent activity against E. coli and other level of serotypes. These techniques include
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plasmid profile, ribotyping, pulsed-field gel
electrophoresis (PFGE), 1S200
fingerprinting, PCR ribotyping, amplified
fragment length polymorphism, MultiLocus
Sequence Typing (MLST), and random
amplified polymorphic DNA (RAPD)
analysis (11). RAPD analysis is the most
general procedure for the comparison of
several isolated genomes over the course of
a few days. This method is faster, relatively
simple and more economical than other
genomic typing methods (12).

The aim of the present study was asses the
antibiotic susceptibility test and the genetic
relatedness by RAPD analysis for
discrimination of 19 strains of S. Ohio
recovered from broiler farms in An Najaf
Al-Ashraf and Al-Muthana governorates.

Material And Methods :

Bacterial isolates and growth condition:
this study was carried out with 19
Salmonella Ohio strains, 18 isolates were
collected from broiler farms distributed in
AL Najaf el-Ashraf governorate, and one
isolate from Al-Muthana. The serotype Ohio
strains and other serotypes (data not shown)
were obtained from a total of 147 chicks
submitted to the Avian Disease laboratory,
Veterinary Hospital of An Najaf el-Ashraf
Governorate during the period from
September 2011 to April 2012. Cloacal
swabs were collected wusing sterile
disposable cotton swabs and immediately
inoculated onto 10ml Selenite-F broth and
incubated at 41.5°Cx 0.5°C overnight (18-
24 hours). Then, followed by subcultivation
onto CHROMagar Salmonella agar
(CHROMagar Company, Paris, France), and
Hektoen Enteric (HE) agar. The plates will
be incubated at 37°C for 18 to 24 hr. (13,
14).

Identification of suspected colonies:
Suspected  Salmonella  colonies  were
identified by using and KBMO002
HiMotility™  Biochemical kit  for
Salmonella. All isolates were examined for
positive agglutination with polyvalent O
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antisera by using HiSalmonella™ Latex
Test kit (15, 16).

Serotyping: All  Salmonella enterica
isolates were sent to Central Public Health
Laboratory (CPHL) in Baghdad capital for
serotying with O and H antisera.
Antimicrobial  susceptibility  testing:
Antibiotic susceptibility test was performed
by the standard disk diffusion method in
Mueller-Hinton agar (Hi-Media) according
to (17), and the results were interpreted in
accordance to the criteria of the CLSI (18).
The isolates were screened for resistance to
23 antibiotics listed in Table 3. All antibiotic
discs were produced from Hi-Media
Laboratories Privet. Ltd., Mumbai. Nalidixic
acid-resistant and sensitive isolates will be
subjected to minimum inhibitory
concentration (MIC) for Ciprofloxcin by
using HiComb MIC test strips procured Hi-
media Laboratories Privet. Ltd., Mumbai.
Reduced susceptibility (low-level resistance)
to ciprofloxacin was defined as a MIC of =
0.125 pg/ml and high-level resistance as a
MIC of =4 pg/ml (16). MDR was defined as
resistance to more than three antibiotics.
Multiple antibiotic resistance (MAR) index
was calculated according to method of (19).
MAR index is defined as a/b where ‘a’
represents the number of antibiotics to
which the particular isolate is resistant and
‘b’ the number of antibiotics to which the
isolate is exposed. MAR index values higher
than 0.2 are considered to have originated
from high-risk sources where antibiotics are
often used. MAR index values of less than
or equal to 0.2 indicates a strain originated
from sources where antibiotics are seldom or

never used.
RAPD-PCR: The extraction of Salmonella
Ohio genome was carried out as

recommended by the manufacturer of
Genomic DNA Mini Kit (Blood/Cultured
Cell) (Geneaid, USA). All Salmonella Ohio
strains were genotyped by the RAPD PCR
method, two primers were purchased from
BioCorp, Canada, previously reported by
(20) that provide good discriminatory
power among Salmonella isolates were used,
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namely, Q) primer P1254
(CCGCAGCCAA), and primer OPA-4
(AATCGGGCTG). PCR was conducted in a
25 pl volume containing 5ul of S. Ohio
DNA, 100uM of primer, 12.5pl of
2xKAPA2G Robust HotStart ReadyMix
(KAPABIOSYSTEMS, Cape Town, South
Africa), and the volume was completed upto
25pl with PCR grade water.

Amplification conditions were performed
as previously described by (21). All
experiments were carried out at least twice
to ensure the reproducibility of the results
and only the reproducible and well-defined
fragments were used to define amplicon
profiles. PCR products were electrophoresed
in 1.5% agarose. Gels were interpreted by
visual comparison of banding patterns.
Isolates differing by more than two bands
were considered to represent distinct RAPD

types (22).
The discrimination index (DI) (i.e., the
probability that two unrelated strains

obtained from the population would be
placed in different typing groups) was
calculated for 16 isolates, because isolates
showing identical features and
epidemiologically relatedness (collected
from members of a single flock) were
assigned to a single strain. The index was
calculated by using Simpson’s index of
diversity. The formula used to define the
diversity index or, better, Simpson’s index
of diversity D is:

S

1
man(nj —1),

=1

D=1-

where N is the total number of strains in the
sample population, S is the total number of
types described, and nj is the number of
strains belonging to the jth type (23).

Results:

All the Ohio isolates were resistant to
more than three of the antibiotics, including
7 isolates were resistant to 4 - 9
antimicrobial agents, 10 isolates were
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resistant to 7-9 agents and 2 isolates were
resistant to 10 antimicrobials (table-1).
Overall, the highest proportions of resistance
were found for the following agents:
tetracycline (100%), nalidixic acid (94.7%),
doxycycline (94.7%), low level resistance to
ciprofloxacin (89.4%), kanamycin (84.2%),

sulphafurazole (78.9%), co-
trimoxazole(52.6%), chlor-amphenicol
(42.1%), colistin (15.78%),

amoxicillin/clavulanic (15.78%), ampicillin
(15.78%), streptomycin (15.78%),
gatifloxacin (5.2%), and gentamicin (5.2%).
None of the isolates was resistant to

pipracillin-tazobactam, cephalothin,
cefotaxime, ceftriaxone, ceftazidime,
aztreonam, imipenem, tobramycin and
amikacin.

A total of 11 (DI = 0.958) antimicrobial
resistance patterns were observed among 19
isolates of Salmonella Ohio, two isolates of
them  exhibited resistance to ten
antimicrobials as shown in Table-2 with a
MAR index value of 0.43. Ten isolates were
resistant to seven to nine antibiotics with a
MAR frequency of 0.3 - 0.39, and seven
isolates were resistant to five to six
antibiotics with a MAR frequency of 0.2 —
0.29. Furthermore, the frequency of
resistance to TeCipNaDox were found in 17
(90%) of the 19 MDR Salmonella Ohio
isolates.

Genotyping of S. Ohio isolates using 10-
mer arbitrary primer, pl254 revealed five
RAPD types, denoted by English letters
from A to E (figure-1) yielding DI of 0.53.
The RAPD patterns differed in the number
of fragments (8-12) which ranged from 300-
2000 bp in molecular weight. Thirteen
(68%) isolates had pattern A, and the other
9(32%) isolates were distributed in 4
patterns (pattern B, P39A &P39C; pattern C,
P40 &P50B; pattern D, P42; and pattern E,
P16), whereas RAPD analysis with primer
OPA-4 discriminated only four patterns
which assigned F to | (figure-2), yielding DI
of 0.44.

These profiles had 6 to 9 fragments
ranging from 300-2000 bp in molecular
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weight. Fifteen (79%) isolates had pattern F,
and the other 4 (21%) isolates were
distributed in 3 patterns (Table-2). Pattern
G, was found among 2 (11%) isolates, while
H, and | patterns had been seen among one
(5%) isolate for each. Combination of
RAPD patterns obtained using two different
primers discriminated the isolates into 5

profiles (DI1=0.53), profile AF was found in
13(68%) isolates (table-2).

When the results of RAPD (with two
primers) and antibiotic susceptibility tests
are combined, 19 isolates of S. Ohio could
be divided into 12 different profiles
(D1=0.97).

Table-1: Antimicrobial resistance of 31 S. enterica isolates from broiler flocks to 23 drug,
during period from September 2011 to March 2012 in An Najaf el-Ashraf, Al-Qadyssia and Al-
Muthana provinces.

Antimicrobials S. Ohio (n =19)
Ampicillin (AMP) 30ug 3 (15.78%)
Pipracillin-tazobactam (PI1T) 100/10 ug 0
Amoxicillin/clavulanic (AMC) 20/10 g 3 (15.78%))
Cephalothin (CEP) 30 ug 0
Cefotaxime (CTX) 30 ug 0
Ceftriaxone (CTR) 30 ug 0
Ceftazidime (CAZ) 30 ug 0
Aztreonam (AZ) 30 ug 0
Imipenem (IPM) 10 pg 0
Chloramphenicol (C) 30 ug 8 (42.1%)
Tetracycline (TE) 30 ug 19 (100)
Doxycycline (DOX) 30 ug 18 (94.7%)
Amikacin (AK) 10 ug 0
Gentamicin (GEN) 10 ug 1 (5.2%)
Tobramycin (TOB) 10 ug 0
Kanamycin (K) 30 ug 16 (84.2%)
Streptomycin (S) 10 pg 3 (15.78%))
Co-Trimoxazole (CoT) 1.25/23.75 10 (52.6%)
Sulphafurazole (SF) 300 pg 15 (78.9%)
Ciprofloxacin (CIN) 5 pg/LLR 17 (89.4%)
HLR 1(5)
Gatifloxacin(GAT) 5 ug 1(5)
Nalidixic acid (NA) 30 pg 18 (95)
Colistin (CL) 10 pg 3
Recapitulatory 4-6 7 (37)
7-9 10 (53)
10 2 (11)
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Table-2: Distribution of S. Ohio isolates according to their Geographic area, Resistance Pattern,
MAR indices and RAPD profile.

Designation Geographic area Resistance Pattern  MAR index RAPD profile
| of isolates value with primer
P1254 | OPA-
P40 An Najaf, Al- TE, K, NA, DOX, 0.22 C G
P50B hayderyia CIP C G
An Najaf , Al-
Barrakyia
P14B An Najaf , Al- TE, GEN, S, K, SF, 0.26 A F
Barrakyia DOX,
P15 An Najaf, Al- TE,CL, NA, SF, 0.26 A F
P19 Manathera DOX, CIP A F
An Najaf, Ghan el-
Rubaa
P38A An Najaf , Al- C, TE, K, NA, DOX, 0.26 A F
P49 Barrakyia CIP A F
An Najaf , Al-
Barrakyia
P39A An Najaf, Al-Hurria  TE, K, CoT, NA, SF, 0.30 B F
P39C An Najaf, Al-Hurria DOX, CIP B F
P48B An Najaf, Al- A F
P48C Radhawyia A F
An Najaf, Al-
Radhawyia
P36 An Najaf, Al- C, TE, K, CoT, NA, 0.35 A F
P53A Mushekab SF, DOX, CIP A F
P53B An Najaf , Al- A F
Barrakyia
An Najaf , Al-
Barrakyia
P16 An Najaf , Al- TE, S, K, CL, NA, 0.35 E I
Barrakyia SF, DOX, CIP
P42 Al-Muthana, Al- AMP, TE, K, AMC, 0.35 D H
Sumawa GAT, NA, SF, CIP
P20 An Najaf, Al- C, TE, K, CoT, CL, 0.39 A F
Radhawyia NA, SF, DOX, CIP
P38B An Najaf , Al- C, AMP, TE, S, COT, 0.43 A F
Barrakyia AMC, NA,SF, DOX,
CIP
P48A An Najaf, Al- C, AMP, TE, K, 0.43 A F
Radhawyia COT, AMC, NA,SF,
DOX, CIP
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Figure2 — RAPD pattems of Salmonella Ohio isolates with primer OPA—4:Lanes 1 & 17: KAPA Universal
DNALadder:Lane2: P20 (pattern I): Lane 3:P36 (patternI); Lane 4: P38 A (patternI); Lane 5: P38B (pattem
I);Lane 6: P39A (pattem I); Lane 7:P39C (patternI); Lane 8: P40 (patternIl); Lane 9: P42 (patternIV);Lane

10:

P48A(patternI);Lane 11: P48B(pattermI).Lane 12: P48C (patternI). Lane 13: P49 (patternI); Lane 14:

P50B (patternII); Lane 15: P33A (patternI). Lane 26: P53B (pattemmI);Lane 18: P14B (patternI); Lane 19:
P15 (patternI):Lane20: P16 (patternIIl); Lane 21:P19 (patternI).
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Figure 1- RAPD patterns of Sa/monella Ohio isolates with primer P1254: Lanes 1 & 14: KAPA Universal
DNA Ladder:; Lane 2:P20(pattern I): Lane 3:P36(pattern I): Lane 4: P38 A(pattern I): Lane5: P38B(patterm
I): Lane6: P39 A(pattern II); Lane 7:P39C(pattern II); Lane 8: P40 (pattern IIT): Lane 9: P42 (pattern V):
Lane 10: P48 A(pattern I): Lane 11: P48B(pattern I); Lane 12: P48C(pattern I). Lane 13: P49 (pattern I):
Lane 15 P50B (pattern IIT); Lane 16: P53 A (pattern I): Lane 17: P53B (pattern I); Lane 18: P14B (pattem
I): Lane 19: P15(pattern I): Lane 20: P16(pattern IV): Lane 21:P19(pattern I); Lane 22:KAPA Express
DNA Ladder (8000, 4000, 1600, 800, 400, 200 bp).
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Discussion:
Several serotypes of S. enterica infect recorded resistance levels potentially

poultry which may being a source of
infection to human, conversely, a poultry
producer suffers losses due to Salmonella
infection of the flock including loss of birds
and production time (24). Even though
S.0Ohio is not included within the twenty
most common  Salmonella  serotypes
describped by WHO Global Salm-Surv
among human salmonellosis (25), it is well
characterized as a causative agent of clinical
salmonellosis in the principality of Asurias,
Spain (26).

The overuse of antimicrobials in different
fields including therapeutics, prophylactics,
or as growth promoters, created a selective
pressure for occurrence of antimicrobial
resistance among bacterial pathogens and
endogenous microflora (27). The application
of a single drug may results not only in
direct selection of the corresponding
resistance but also in development of cross-
resistance  (the resistance to several
structurally-related antimicrobials) and co-
resistance  (the resistance to several
structurally-unrelated antimicrobials), via
specific resistances mechanisms (5).

Consequently, this study found that all
Ohio  isolates  displayed  multi-drug
resistance to more than three antimicrobial
agents up to ten. Maripandi and Al-Salamah
have reported similar observations (28).
While, other studies have been indicated
lower (46.5% and 65.4%) levels of multi-
drug resistance in Salmonella isolates
recovered from broilers (29, 30).

Overall, high resistance levels were
observed against tetracycline (100%),
doxycycline (94.78%), kanamycin (84.2%),
sulphafurazole  (78.9%), co-trimoxazole
(52.6%) and chloramphenicol (42.1%).
Currently sulphonamides and tetracyclines
are widely used in broiler-chicken flocks in
numerous  countries  worldwide  (31),
including Iraq, which might be related to the
emergence  of  resistance to  such
antimicrobials &/or cross and co-resistance
phenomenon. Several researchers have been
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compatible with present results. In Senegal,
they were found that the most often
resistance  observed to  ampicillin,
trimethoprim, co-trimoxazole, tetracycline,
and sulphonamides in Salmonella strains
isolated from broiler carcasses (Bada-
Alambedji et al., 2006). In Japan, Ishihara et
al. were reported high resistance rates
observed against oxytetracycline (83.8%),
dihydrostreptomycin (79.3%), kanamycin
(41.0%), and Trimethoprim Sulfa (37.8%)
among Salmonella recovered from broilers
(32).

The data from present study showed that
95% of S. Ohio isolates were resistant to
nalidixic acid. Moreover, we found 89.4%
of isolates was resistant to ciprofloxacin and
5% were highly resistant. Relatively, lower
level (50%) of resistance to nalidixic acid
resistance was reported in Salmonella
isolated from poultry in Spain (33), also,
Cheong et al. (34) recorded similar
frequency of nalidixic acid resistance among
broiler-chicken NTS in Korea. Rad et al.
reported that 40% of Salmonella and 90% of
E. coli strains isolated from animal origin
(involving poultry) were found to be
resistant to nalidixic acid (35), while fifty-
six percent of E.coli strains were resistant to
ciprofloxacin. In a study by Li et al., they
found high resistance to enrofloxacin (83%),
and ciprofloxacin, (81%) among E.coli
isolates recovered from chickens with
colibacillosis in Henan province, China (36).
However, Murray et al. have been found of
the 1,254 Salmonella isolates received in
2003 which isolated from  human,
veterinary, and environmental origin, against
a panel of 14 antibiotics, including nalidixic
acid and ciprofloxacin, 267 (21.3%) isolates
were nalidixic acid resistant, and 260
(97.4%) of which had reduced susceptibility
to ciprofloxacin (8). Resistance to nalidixic
acid (a first-generation quinolone) in isolates
of Salmonella is regarded as an indicator of
decreased susceptibility to ciprofloxacin (37,
38).
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On the other hand, the high rates of
nalidixic acid and ciprofloxacin resistance
among broiler isolates would be related to
the widespread use of enrofloxacin in
commercial farms, and contributing to the
risk of creating highly resistant zoonotic
agents (35). Therefore, such resistance is an
alarming sign because fluoroquinolones are
the most commonly used antimicrobial
agents for the treatment of invasive
salmonellosis in human and failure of
therapy has been reported in patients with
nalidixic acid-resistant Salmonella
infections (39).

The drug resistance pattern of Salmonella
reflects the spectrum of antimicrobial agents
usage in the veterinary practice (40). This

can interpret that all isolates were
susceptible  to  pipracillin-tazobactam,
cephalothin, cefotaxime, ceftriaxone,
ceftazidime, aztreonam, imipenem,

tobramycin and amikacin, which may be due
to rarest usage of such drugs in poultry
farms.

A great diversity of resistant patterns (11
patterns in 19 isolated strains) with DI of
0.95 were achieved by application of
antibiotic susceptibility test as a phenotypic
method, 17 (90%) of isolates exhibited
multiple resistance to TeCipNaDox and 13
(68%) of isolates were further resistant to SF
(table-3). Besides, all the Salmonella Ohio
exhibited multiple antibiotic resistance
(MAR) with frequencies ranged between
0.22 to 0.43. MAR index values higher than
0.2 were considered to have originated from
high-risk sources where antibiotics are often
used. Similar results have been reported
among poultry litter isolates of Salmonella,
Shigella and E.coli (41).

Increased MDR strains have been reported
in Salmonella in the Saudi Arabia (42), the
UK (43), the USA (44) and elsewhere in the
world. MDR isolates may be colonized in
the human intestinal tract (due to
consumption of poultry meat or through
direct contact) and the genes coding for
antibiotic resistance can be transferred to the
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bacteria of natural microflora or pathogenic
bacteria (41).

By the RAPD genotyping, performed with
primer pl254, the S. Ohio strains were
subdivided into 5 (A-E) profiles, yielding
good discriminatory index of 0.53. In
contrary, 26) when combined data from 3
arbitrary primers (S, OPB-6, and OPB-17)
used for genotyping of 50 strains of S. Ohio,
5 profiles were observed with D.I. of 0.22.
The present study showed higher
discriminatory power of RAPD analysis of
S. Ohio strains which may be due to; first,
oligonucleotide primer used is capable of
recognizing DNA polymorphisms among
isolates; second, the using of commercially
available optimized PCR readymix kit
which contains a novel hotStart DNA
polymerase, engineered for robust PCR in a
proprietary reaction buffer, dNTPs (0.2 mM
of each dNTP at 1X), MgCl, (2 mM at 1X)
formulated for the amplification of diverse

amplicons.
Considerably, it has been postulated that
RAPD analysis may have good

discriminatory power for the differentiation
of Salmonella strains (45, 46), and some
investigators have reported that RAPD
analysis has greater discriminatory power
than PFGE for the differentiation of
Salmonella serovar Enteritidis strains (47).
The present results showed that RAPD-PCR
analysis performed with p1254 and OPA-4
primers under well-defined conditions
proposed herein, can yield reproducible
results that discriminate true polymorphisms
beyond serotype.

With regard to reproducibility, a
weakness frequently reported for RAPD
analysis (48), it should be pointed out the
following: although the band patterns for a
particular strain may include one or more
bands that differ in intensity between assays,
each strain was always classified within the
same RAPD group; and it has been shown to
be a very useful tool for epidemiological

purposes (26). In respect to the
discriminatory power and ease of
application, the combination of RAPD
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analysis  (genotypic) and  antibiotic
susceptibility pattern (phenotypic) were
resulted in increased discriminatory index
up to 0.97.

Conclusively, the  present  study
emphasizes that the broiler chicken can
serve as a zoonotic reservoir of MDR
bacteria which can be transmitted to human.
This is an important implication for human
health, infections with MDR bacteria are
difficult to treat and often requires expensive
and long term therapy. The RAPD technique
can be a useful tool for the analysis of S.
Ohio. Although the establishment of an
international library based on RAPD
analysis of the strains is not possible due to
low reproducibility between different
laboratories, the method might be used as
cost-effective tool for molecular
epidemiology research in each laboratory.

References:
1- Nandre, R. M.; Matsuda, K
Chaudhari, A.A.; Kim, B.; and Lee,J.H.

(2012) A genetically engineered derivative
of Salmonella Enteritidis as a novel live
vaccine candidate for salmonellosis in
chickens. Research in Veterinary Science,
93(2): 596-603.

2- Songer, J.G. and Post, K.W. (2005)
Veterinary Microbiology, Bacterial and
Fungal Agents of Animal Disease. Elsevier.
Inc. China. Pages: 131-138.

3- Payne, J.B.; Li, X.; Santos F.B.O.;
and Sheldon, B.W. (2005) Characterization
of Salmonella prevalence, populations,
serotypes and antibiotic resistance in
commercial broiler production. Proceedings
of the Animal Waste Management
Symposium, October 5-7, 2005, Poultry
Science Department, Raleigh, pp: 350-361.

4- Adeleke, E.O.; and Omafuvbe, B.O.
(2011) Antibiotic Resistance of Aerobic
Mesophilic Bacteria Isolated from Poultry
Faeces. Research Journal of Microbiology,
6: 356-365.

27

5- Harada, K.; and Asai,T. (2010) Role
of Antimicrobial Selective Pressure and
Secondary  Factors on  Antimicrobial
Resistance Prevalence in Escherichia coli
from Food-Producing Animals in Japan.
Journal of Biomedicine and Biotechnology,

Article ID 180682, 12 pages
d0i:10.1155/2010/180682.
6- WHO. (2005b) Drug resistant

Salmonella fact sheet. Available at URL:
http://www.who.int/mediacentre/factsheets/f
s139/en/.

7- Seputiene, V.;  Povilonis, J;
Ruzauskas, M.; Virgailis, M.; Zlabys, P.;
and Suziedeliene, E. (2006) Quinolone
resistance among Salmonella enterica and
Escherichia coli in Lithuania. Biologija
3:74-78.

8- Murray, A.; Coia, J.E.; Mather, H.;

and Brown, D.J. (2005) Ciprofloxacin
resistance in non-typhoidal Salmonella
serotypes in Scotland, 1993-2003. J

Antimicrob Chemother 56:110-114.

9- Popoff, M.M.; Bockemuhl, J.; and
Gheesling, L.L. 2004 Supplement 2002 (no.
46) to the Kauffman-White scheme. Res.
Microbiol. 155 (7), 568-570.

10- Torpdahl, M.; Skovm, N.; Sandvang,
D.; and Baggesen, D.L. (2005) Genotypic
characterization of Salmonella bymultilocus
sequence typing, pulsed field gel
electrophoresis and amplification fragment

length  polymorphism. J.  Microbiol.
Methods. 63: 173-184.

11-  wvan Belkum, A.;Tassios,
P.T.;Dijkshoorn, L.; Haeggman, S,

Cookson, B. Fry, N.K., Fussing, V., Green,
J., Feil, E., Gerner-Smidt, P., Brisse, S., and
Struelens, M. (2007) Guidelines for the
validation and application of typing methods
for use in bacterial epidemiology. Clin
Microbiol Infect 13: 1-46. Waste. North
Carolina State Univ., Raleigh.


http://www.who.int/mediacentre/factsheets/fs139/en/
http://www.who.int/mediacentre/factsheets/fs139/en/

12-

Kufa Journal For Veterinary Medical Sciences Vol. (4) No. (2) 2013
El-Sebay , N. A. ; Gebreel , H.M.; El- Antimicrobial Susceptibility Testing;
Zeedy, S.A.; Samy, A.A. (2012) Genotyping Twentieth  Informational ~ Supplement;

of Some Local Isolates of Genus Salmonella
Using RAPD-PCR. World Applied Sciences
Journal 17 (11): 1377-1385, 2012 ISSN
1818-4952.

13- World Organisation for Animal
Health (OIE). (2010) Salmonellosis in:
Manual of Diagnostic Test and Vaccines for
Terrestrial animals.

14- WHO. (2010) Global Foodborne
Infections Network "A WHO network
building capacity to detect, control and
prevent foodborne and other enteric
infections from farm to table” Laboratory
Protocol: “Isolation of Salmonella and
Shigella from Faecal Specimens”.

15-  Mikoleit, M.L. (2010) WHO Global
Foodborne Infections Network "A WHO
network building capacity to detect, control
and prevent foodborne and other enteric
infections from farm to table” Laboratory
Protocol:  “Biochemical Identification of
Salmonella _and  Shigella Using an
Abbreviated Panel of Tests”.

16-  Xia, S.; Hendriksen, R. S.; Xie, Z.;
Huang, L.; Zhang, J.; Guo, W.; Xu, B.; Ran,
L.; and Aarestrup, F. M. (2009) Molecular
characterization and antimicrobial
susceptibility of Salmonella isolates from
infections in humans in Henan Province,
China. J. Clin. Microbiol. 47:401-4009.

17-  Clinical and Laboratory Standards
Institute. (2006) Performance Standards for
Antimicrobial Disk  Susceptibility Tests;
Approved Standard—Ninth Edition. Clinical
and  Laboratory  Standards Institute
document M2-A9 [ISBN 1-56238-586-0].
Clinical and Laboratory Standards Institute,
940 West Valley Road, Suite 1400, Wayne,
Pennsylvania 19087-1898 USA.

18-  Clinical and Laboratory Standards
Institute. (2010) Performance Standards for

28

Approved Standard—Ninth Edition. Clinical
and  Laboratory  Standards Institute
document M100-S20. Wayne, Pennsylvania.

19-  Krumperman, P.H. (1983) Multiple
antibiotic resistance indexing of Escherichia
coli to indentify high-risk sources of fecal
contamination of foods. Applied Environ.
Microbiol., 46: 165-170.

20-  Lin, A. W.; Usera, M. A.; Barrett, T.
J.; and Godsby, R. A. (1996) Application of
random amplified polymorphic DNA
analysis to  differentiate  strains  of
Salmonella enteritidis. J. Clin. Microbiol.
34:870-876.

21- - Cormican, M.; DeLappe, N.;
O’Hare, C.; Doran, G.; Morris,D.; Corbett-
Feeney, G.; Fanning, S.; Daly, M,
Fitzgerald, M.; and Moore, J. (2002)
Salmonella enterica Serotype Bredeney:
Antimicrobial Susceptibility and Molecular
Diversity of Isolates from Ireland and
Northern Ireland. Applied And
Environmental Microbiology, 68:181-186
DOI: 10.1128/AEM.68.1.181-186.

22- Betancor, L.; M. Pereira, A.;
Martinez, G.; Giossa, M.; Fookes, K.
Flores, P.; Barrios, V.; Repiso, R.; Vignoli,
N.; Cordeiro, G.; Algorta, N.; Thomson, D.;
Maskell, F.; Schelotto, and Chabalgoity,J.
A. (2010) Prevalence of Salmonella enterica
in poultry and eggs in Uruguay during an
epidemic due to Salmonella enterica serovar

Enteritidis. J. Clin. Microbiol. 48:2413-
2423.
23- Hunter, P. R.; and Gaston, M. A.

(1988)  Numerical  index of the
discriminatory ability of typing systems: an
application of Simpson’s index of diversity.
J. Clin. Microbiol. 26:2465-2466.

24-  Jarquin, R.; Hanning, I.; Ahn,S.; and
Ricke,S. (2009) Development of Rapid



Kufa Journal For Veterinary Medical Sciences Vol. (4) No. (2) 2013
detection and Genetic Characterization of carcasses in slaughterhouses in Spain.
Salmonella in  Poultry breeder feeds. Journal of Applied Microbiology, 103:
Sensors,9: 5308-5323. 1366-1375.

Galanis, E.; Lo Fo Wong, D. M,; 32- Ishihara, K.; Takahashi, T.; Morioka,

25-
Patrick, M. E.; Binsztein, N.; Cieslik, A.;
Chalermchikit, T.; Aidara-Kane, A.; Ellis,
A.; Angulo, F. J.; and Wegener, H. C.
(2006) World Health Organization Global
Salm-Surv. Web-based surveillance and
global Salmonella distribution, 2000-2002.
Emerg. Infect. Dis. 12:381- 388.

26- Soto, S. M.; Martinez, M. N.;
Guerra, B.; Gonzalez-Hevia, M. A
Mendoza, M. C. (2000) Usefulness of
Genetic Typing Methods to Trace
Epidemiologically  Salmonella  Serotype
Ohio.  Epidemiology and Infection,
125(3):481-489.

27-  Mahmoud, B.S.M. (2012)

Salmonella — A Dangerous Foodborne
Pathogen. Published by In.Tech, Janeza.
Trdine 9, 51000 Rijeka, Croatia.

28-  Maribandi, A. and Al-Salamah, A.A.
(2010) Multiple-Antibiotic resistance and
plasmid profiles of Salmonella Enteritidis
isolated from retail chicken meats. American
Journal of Food Technology. 5(4):260-268.

29-  Carramifiana, J.J.; Rota, C.; Agustin,
I.; and Herrera, A. (2004) High prevalence
of multiple resistances to antibiotics in
Salmonella serovars isolated from a poultry
slaughterhouse in Spain. Vet Microbiol 104,
133-139.

30-  Bada-Alambed;ji,R., A.Fofana,
M.Seydi, and A.J.Akakpo. 2006.
Antimicrobial resistance Salmonella isolated
from poultry carcasses in Dakar (Senegal).
Brazilian Journal of Microbiology.37:510-
515.

31-  Capita, R.; Alonso-Calleja, C.; and
Prieto, M. (2007) Prevalence of Salmonella
enterica serovars and genovars from chicken

29

A.; Kojima, A.; Kijima, M.; Asai, T
Tamura, Y. (2009) National surveillance of
Salmonella enterica in food-producing
animals in Japan. Acta Vet Scand.51(1): 35.
Published online 2009 August 25.
doi:10.1186/1751-0147-51-35.

33-  Antunes, C.; Reu, C., Sousa, J.C,;
Peixe, L.; and Pestana, N. (2003) Incidence
of Salmonella from poultry products and
their susceptibility to antimicrobial agents.
Int J Food Microbiol 82, 97-103.

34- Cheong, H.J.; Lee, Y.J.; Hwang,
I.S.; Kee, S.Y.; Cheong, HW.; Song, J.Y.;
Kim, J.M.; Park, Y.H.; Jung, J.H.; and Kim,
W.J. (2007) Characteristics of non-typhoidal
Salmonella isolates from human and broiler-
chickens in southwestern Seoul, Korea. J

Korean Med Sci. 22:773-778. doi:
10.3346/jkms.2007.22.5.773.
35- Rad, M.; Koshan, M.; and

Mesgarani, H. (2012) Quinolone resistance
among Salmonella enterica and Escherichia
coli of animal origin. Comp Clin
Pathol.21:161-165.

36-  Li, X.S.; Wang, G.Q.; Du, X.D.; Cui,
B.A.; Zhang, S.M.; and Shen, J.Z. (2007)
Antimicrobial susceptibility and molecular
detection of chloramphenicol and florfenicol
resistance among Escherichia coli isolates
from diseased chickens. J Vet Sci 8:243-
247.

37-  Daly, M.; Buckley, J. Power, E.;
O’Hare, C.; Cormican, M.; Cryan, B.; Wall,
P.G.; and Fanning, S. (2000) Molecular
characterization of Irish Salmonella enterica
serotype Typhimurium: detection of class |
integrons and assessment of genetic
relationships by DNA  amplification



Kufa Journal For Veterinary Medical Sciences

fingerprinting. Appl. Environ. Microbiol.
66:614-619.

38-  Hakanen, A.; Kaotilainen,
P.;Jalava,J.; Siitonen,A.; and Huovinen, P.
(1999) Detection of decreased
fluoroquinolone susceptibility in
salmonellas and validation of nalidixic acid
screening test. J Clin Microbiol. 37: 3572—7.

39- Ranjbar, R.; Giammanco, G.M. ;
Farshad, S.; Owlia, P.; Aleo, A. ; and
Mammina, C. (2011) Foodborne Pathogens
and Disease. April 2011, 8(4): 547-553.

40-  Mayrhofer, S.;  Paulsen, P,
Smulders, F.J.M.; and Hilbert, F. (2004)
Antimicrobial resistance profile of five
major food-borne pathogens isolated from
beef, pork and poultry. Int J Food Microbiol
97, 23-29.

41- Hemen , J.T.; Johnson, J.T.; Ambo,
E.E.; Ekam, V.S.; Odey, M.O.; and Fila,
W.A. (2012) Multi-Antibiotic Resistance of
Some Gram Negative Bacterial Isolates
from Poultry Litters of Selected Farms in
Benue State. International Journal of
Science and Technology, 2(8): 543-547.

42-  Al-Tawfig, JA. (2007)
Antimicrobial susceptibility of Salmonella
typhi and non-typhi in a hospital in eastern
Saudi Arabia. J Chemother 19, 62—65.

43-  Snow, L.C.; Davies, R.H,;
Christiansen, K.H.; Carrique-Mas, J.J.;
Cook, A.J.; Teale, CJ.; and Evans, S.J.
(2008) Survey of the prevalence of
Salmonella on commercial broiler farms in
the United Kingdom, 2005/06. Vet
Rec.163:649-654.

30

Vol. (4) No. (2) 2013
44-  Frye, J.G.; and Fedorka-Cray, P.J.
(2007)  Prevalence,  distribution  and

characterization of ceftiofur resistance in
Salmonella enterica isolated from animals in
the USA from 1999 to 2003. Int J
Antimicrob Agents 30, 134-142.

45- De Cesare, A.; Manfreda, G,
Dambaugh, T. R.; Guerzoni, M. E.; and
Franchini, A. (2001) Automated ribotyping
and random amplified polymorphic DNA
analysis for molecular typing of Salmonella
Enteritidis and Salmonella Typhimurium
strains isolated in Italy. J. Appl. Microbiol.
91:780-785.

46-  Soto, S. M.; Gonzalez-Hevia, M.A,;
and Mendoza, M.C. (2003) Antimicrobial
resistance in clinical isolates of Salmonella
enterica serotype Enteritidis: relationships
between mutations conferring quinolone
resistance, integrons, plasmids and genetic
types. J. Antimicrob. Chemother. 51:1287—
1291.

47-  Hudson, C. R.; Garcia, M.; Gast, R.
K.; and Maurer, J. J. (2001) Determination
of close genetic relatedness of the major
Salmonella Enteritidis phage types by pulse
field gel electrophoresis and DNA sequence
analysis of several Salmonella virulence
genes. Avian Dis. 45:875-886.

48-  Madadgar, O., Zahraei Salehi ,T.,
Tadjbaksh, H., Mahzounieh, M., and
Feizabadi ,M. (2008) Genomic and
Phenotypic  evaluation of Salmonella
Typhimurium and Salmonella Enteritidis in
Iran. Com. Clin. Pathol. 17: 2298-235.



