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ABSTRACT

The aim of this study was the discrimination of Salmonella isolated from chicken and their
feed and drinking water for the epidemiological control of salmonellosis. Totally, 289
samples, including 217 chicken cloaca swabs, 46 water, and 26 feed samples were collected
from five different farms in Karbala governorate, Iraq. Conventional bacteriology tests, API
20E, Vitek 2, and serology were used for bacterial identification. Random amplified
polymorphic DNA (RAPD)-polymerase chain reaction (PCR) was applied to analyze the
genetic relationships among Salmonella isolates. The isolation rate of Salmonella spp. was
21.1% (61/289). While the water samples constituted the highest rate (30.4%), a rate of
21.7% was reported for the cloaca swabs, with no isolate at all from chicken feed. Vitek 2
was able to identify some isolates to the serotype level, such as S. Enteritidis, S. Paratyphi B,
and S. Paratyphi C. However, the isolates were diagnosed as S. enterica by API 20E, and as S.
enterica subsp. arizonae through serology. Analyzing the samples by the RAPD-PCR assay
showed the presence of genetically different Salmonella spp. Dendrograms created by the
GelJ software successfully delineated the genetic relationships. Therefore, RAPD-PCR can be
used as a surrogate tool for the fast, reliable, and accurate detection of Salmonella in
epidemiological surveys when compared with other biochemical-based identification
methods.

Keywords: Salmonella, chicken, API 20E, Vitek 2, serology, RAPD-PCR

INTRODUCTION

Salmonella species, the important foodborne
pathogens, have overwhelming distribution and
often infect poultry herds (1). These infections still instigate
important economic losses and cost huge budgets in many
nations (2, 3). Annually, 93.8 million cases and 155,000
deaths due to foodborne illnesses caused by these bacteria
have been estimated to occur throughout the world (4).
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Infected birds are considered reservoirs important for
Salmonella transmission to humans via the food chain (2).
Among the most important biological factors posing a
hazardous threat to public health are zoonotic serotypes of
S. enterica subsp. enterica (5).

Several routes of dissemination have been reported for
Salmonella spp. affecting poultry flocks (6). For instance,
vertical transmission can occur mostly through the ovary of
infected birds or due to contaminating eggshells following
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laying (7). In addition, horizontal transmission has been
shown to take place through contaminated water, feed,
feces, litter, dust, equipment, fluff insects, fomites, infected
chicks, and diseased rodents (8). Furthermore, broiler
chickens can be infected by other wild birds, domestic
animals as well as personnel during the rearing period (7).
Salmonella infections can result in many common clinical
signs in chicken including diarrhea, appetite loss,
dehydration, pale and shrunken combs, and ruffled
feathers. While in mature birds, the main clinical findings
involve ruffled feathers, decreased fertility, and egg
production, as well as eggs of soft shell; however, infections
without clear clinical signs have also been reported to occur
in chicken farms owing to infections by numerous
serotypes of these bacteria (9).

Importantly, the last status of under-reported infections
is an aggravated problem, especially in developing
countries. This makes it difficult to measure and control this
disease (10). Therefore, cheap, accurate, and reliable
diagnosis of Salmonella infections is necessary to be done
periodically for chicken farms in order to control or at least
reduce the economic losses of Salmonella epidemics.
Salmonella detection methods can be classified based on
their principles into several groups: conventional
microbiological methods, miniaturized biochemical assays,
immunology-based assays, nucleic acid-based assays, and
biosensors (3). Drawbacks have been reported for most
commercial diagnostic kits, particularly those based on
biochemical tests (11). Generally, six criteria have been
necessitated to be present in a typing method in order to be
considered as an ideal technique, such as reproducibility,
type-ability, discriminatory power, low cost, ease of use,
and ease of interpretation (12). Most if not all these features
can be present in RAPD-PCR. This method does not require
prior knowledge of DNA sequences to design primers (13).
It uses oligonucleotide primers that amplify arbitrary
regions within the organism’s genome by using PCR to
generate identifiable banding patterns useful in strain
differentiation (14). Therefore, this study aimed at
identifying and discriminating Salmonella spp. from broiler
and layer chicken and their feed and drinking water from
five flocks in Karbala, Iraq. Serology, API 20E, Vitek 2, and
RAPD-PCR were used for this purpose, with the last
procedure also applied to analyze the genetic relationships
among Salmonella isolates to locate the epidemiological
source of infection in the five farms.

MATERIALS AND METHODS
Ethical Statement

The local Committee for Animal Care and Use at the
College of Veterinary Medicine, University of Baghdad,
Baghdad, Iraq reviewed and approved all procedures
involved in the current study.
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Sample Collection

A total of 289 samples were collected from two different
locations in the holy Karbala governorate, Iraq, including
Al-Husseinia and Al-Zubeilia throughout the period from
August to November 2020. Salmonella spp. were isolated
from three different types of samples, including cloaca
cotton swabs, water, and feed given to the birds under
study (Table 1). All samples were treated aseptically, in
which 1 gm of chicken feed sample was inoculated in a test
tube containing peptone water (10 mL) and incubated at 37
°C for approximately 18 to 24 h. While cotton swabs were
inoculated into peptone water (10 mL), water samples
were centrifuged, and 1 mL of the sediment was moved to
another test tube containing 9 mL of tetrathionate broth
and incubated as mentioned above.

Table 1. Information related to the samples from which Salmonella spp.
were isolated

Type and no. of samples

Farm  Region Type Age (day) Cloaca Water Feed
A Al-Husseinia Broiler 12-45 41 6 6
B Al-Husseinia Broiler 13-45 41 10 6
C Al-Husseinia Broiler 14-45 44 10 5
D Al-Zubeilia  Layers 12-47 44 10 5
E Al-Zubeilia  Layers 13-47 44 10 4

Bacterial Isolation

For bacterial isolation, a loopful of the cultured samples
either in peptone water or tetrathionate broth was streaked
onto selective and differential media, such as MacConkey’s
agar (Tm media, India), Salmonella-Shigella (SS) agar
(Himedia, India), xylose lysine deoxycholate (XLD) agar
(Oxoid, UK), Brilliant green agar (Tm media, India), and
HiCrome Salmonella agar (Himedia, India), and incubated at
37 °C for 24 h. On the basis of colony features seen on the
above media, staining properties by Gram’s stain, and
biochemical tests, including urease test (Himedia, India),
triple sugar iron agar (Tulip diagnostic, India) and
Simmon’s Citrate (Oxoid, UK), the organisms were isolated
and initially identified (15, 16).

Vitek 2 Diagnostic Method

Some isolates suspected to be Salmonella were
identified by the automated Vitek 2 system with its
identification card at Imam Al-Hijjah Hospital, Karbala, Iraq.

Identification with the API 20E System

Analytical profile index 20 for Enterobacteriaceae (API
20E) kit was used for the detection of some Salmonella spp.
The identification of the bacterial isolates by this system
was done according to the procedure stated by the
manufacture (BioMerieux).

Serological Tests

The serological diagnosis was done at The Central
Health Laboratories, Baghdad, Iraq, by the use of slip
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stacking assay with a standard polyvalent antigen of the O
and H antigen groups (phase I and II).

RAPD-PCR

A modification of PCR test, known as RAPD, was applied
in this study for the genetic analysis and relatedness of
Salmonella isolates. Using the protocol of G-spin™ Genomic
DNA Extraction Kit (Intron), the genomic DNA was isolated
from the bacterial culture. After optimizing the conditions,
the RAPD-PCR reaction mixture involved: 5 pL of Master
Mix (Pioneer, Korea), 3 uL of the DNA template (20-25
ng/uL), one of the primer formulas: P2, P3 or the mixture
(containing P1 to P5) (each 1 pL; 20 pmoL), and up to 25 pL
of double distilled water (ddHz0) were used. The primer
sequences are shown in Table 2.

Table 2. Primers used in the RAPD test

No. Primer symbol Primer name Sequence 5'-3'
1 P1 AP-7 GTGGATGCGA
2 P2 P5 AACGCGCAAC
3 P3 OPP-16 CCAAGCTGCC
4 P4 OPE-20 AACGGTGACC
5 P5 OPE-4 GTGACATGCC

Concerning the PCR cycling conditions, they involved
initial denaturation at 95 °C for 5 min and 35 cycles of:
denaturation at 94 °C for 1 min, annealing at 40 °C for 1 min,
and extension at 72 °C for 1 min. Then, final extension at 72
°C for 7 min and holding at 12 °C were also included.
Afterwards, the PCR products were resolved by
electrophoresis on 1% agarose gel dissolved in 1x Tris-
borate EDTA (TBE) buffer and contained Ethidium Bromide
(5 pg/mL) to stain the bands. Ultimately, the bands in the
gel were visualized under UV light using the Gel imaging
system, and the photographs were captured.

In silico Analysis

In silico analysis was done to analyze and compare the
results of RAPD-PCR by using Gel] version 2.0 software.
This program, a Java application, was designed for
analyzing DNA fingerprint images, making dendrograms,
and comparing the banding patterns from different
experiments (17).

RESULTS

Incidence of Salmonella

The results of the isolation of Salmonella spp. on
different culture and biochemical media are not shown
here. Out of 289 collected samples, the isolation rate of
Salmonella spp. was 21.1% (61 positive samples). A higher
isolation rate (30.4%) occurred in water samples than in
cloaca cotton swabs (21.7%). While no isolation was found
in feed samples (Table 3).
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Table 3. Isolation rates of Salmonella spp. from the collected samples

Source No.samples  No. positive samples  Isolation %
Cloaca swabs 217 47 21.7
Water 46 14 30.4
Feed 26 0.0 0.00
Total 289 61 21.1

Diagnosis Using Vitek 2

Ten isolates of suspected Salmonella collected randomly
from the five farms were confirmed by the Vitek 2 system
as Salmonella spp. The diagnosis probabilities ranged from
97% to 99%. Most of the isolates were identified to the
serotype level. The water and cloaca samples of farm A
were diagnosed to the serotype level as S. Paratyphi B.
However, samples of farm B were detected as S. enterica
subsp. enterica for the water sample, and as S. Enteritidis/
S. Paratyphi B/ or S. Paratyphi C for the cloaca isolate.
Different results were reported for farm C, while the water
isolate was diagnosed as S. Enteritidis or S. Paratyphi C, the
cloaca sample was S. Paratyphi B. Concerning farm D, both
water and cloaca isolates were similar and identified as S.
Paratyphi B. Finally, farm E showed isolation of S. Paratyphi
B or S. Enteritidis from water sample and S. enterica subsp
enterica from a cloaca swab.

Diagnosis by API 20E

The API 20E system identified 7 out of 10 suspected
isolates as S. enterica. Figure 1 represents an example of a
Salmonella isolate identified by the API 20E test strip.

Serotyping of Salmonella Isolates

Initially, serological tests were able to diagnose 7 out of
10 Salmonella spp. isolates to the serotype level as S.
enterica subsp arizonae. While 2 of the isolates were
incorrectly diagnosed as E. coli, another isolate was
misdiagnosed as Serratia liquefaciens (Table 4).

121772020

apiwed™ - Identification result

gapiweb”

¢ API20 E VEO

e S i e e ey o 45 o S s
L 8§ N} LR BCR-ROBON R RN OB
o ey ) R AT R 1

St
'T" '2"]’2"1 ) 2 4 2 T iy

ONPG ADH LDC ODC CIT H;S URE TDA IND VP GEL GLU MAN INO SOR RHA SAC MEL AMY ARA OX

6 1 7 2 7 7 5 2

T2 SNy R e

NO; N MOB McC OF-O OF-F

Figure 1. An example of a Salmonella isolate identified by the API 20E test
strip
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Table 4. Serotyping of Salmonella isolats

No. Sample code Breed Serotype

1 AW Broiler S. enterica subsp. arizonae
2 AC Broiler S. enterica subsp. arizonae
3 BW Broiler S. enterica subsp. arizonae
4 BC Broiler . liquefaciens™

5 Ccw Broiler S. enterica subsp. arizonae
6 cc Broiler S. enterica subsp. arizonae
7 DW Layer E. coli*2

8 DC Layer E. coli"

9 EW Layer . enterica subsp. arizonae
10 EC Layer . enterica subsp. arizonae

A, B, C, D, E: represent the five farms where the isolates were detected; W: water
sample; C: cloaca swab; *: misdiagnosis, 1.2 3 were diagnosed again by Vitek 2 as S.
Paratyphi B or C, S. enterica subsp. diarizonae, and S. enterica subsp. diarizonae,
respectively

RAPD-PCR and Vitek 2 Analysis of Samples

The RAPD-PCR test revealed amplification of similar
Salmonella DNA bands for both water and cloaca isolates of
farm A. Importantly, there were identical bands when
either P3, P4 or the mixed primers were used to amplify the
water sample and the cloaca swab obtained from farm A.
This might indicate that the same genotype of Salmonella
was found in these two samples, which were detected as S.
Paratyphi B by the Vitek 2 system (Figure 2A). Similarly,
water and cloaca isolates of farm B and amplified by
primers P3, P4 or the mixture might be genetically identical,
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as shown in Figure 2B. These isolates were diagnosed by
the Vitek 2 system as S. Enteritidis S. Paratyphi B or C for
the cloaca isolate, and as S. enterica subsp. enterica for the
water sample.

With respect to farm C, the water and cloaca isolates
amplified with any of the primers were genetically different
from each other (Figure 2C). This result could be consistent
with that of the Vitek 2 system, in which the water isolate
was diagnosed as S. Paratyphi C or S. Enteritidis, while the
cloaca isolate was S. Paratyphi B. However, the cloaca and
water samples collected from farm D showed similar band
patterns resulted from each of the used primers (Figure
2D). This might also agree with the findings of the Vitek 2
system, where both isolates were diagnosed to be similar
(i.e., S. Paratyphi B). Overall, the findings obtained from
farm D were similar to those of farms A and B, according to
RAPD findings.

Figure 2E demonstrates the presence of a high degree of
genetic similarity between the water and cloaca samples
collected from farm E. These isolates were already
diagnosed as S. Paratyphi B or S. Enteritidis for the water
sample, and as S. enterica subsp enterica for the cloaca
sample, by the Vitek 2 system. Thus, the RAPD result might
denote that both isolates belong to the same serotype, and
the cloaca isolate could be S. Paratyphi B or S. Enteritidis as
the water sample.

500#bp
300#bp

100#bp

Figure 2. RAPD-PCR analysis for the Salmonella samples detected by the Vitek 2 system. The
Salmonella genomic DNA was extracted from five farms A-E. M: 100 bp DNA size marker, lanes 1, 3,
and 5 water samples, lanes 2, 4, and 6 cloaca samples. The P2 primer is in the lanes 1 and 2, the primer
P3 isin the lanes 3 and 4, and the mixed primers are in the lanes 5 and 6
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RAPD-PCR and API 20E Analysis of Samples

Random amplified polymorphic DNA was also
performed for Salmonella isolates of water and cloaca
samples diagnosed by the API 20E and confirmed by the
serology. The findings of farms A and B revealed the
existence of genetic resemblance between these isolates.
The three primers were successful in amplifying the same
polymorphic bands in these samples and in both farms.
Although serology identified the presence of S. enterica
subsp. arizonae in water and cloaca samples of farm A and
a water sample only from farm B, the cloaca isolate of farm
B was identified as S. Paratyphi B or C by the Vitek 2 system.
Despite that technical error did occur that distorted the
bands’ shapes while running the samples of farm B (Figure
3A, B).

Concerning farm C, where both the cloaca and water
samples were detected by serotyping as S. enterica subsp.
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arizonae, both primers P2 and P3 showed the presence of
similarity between the samples; conversely, the mixed
primers revealed differences in banding patterns (Figure
3C). Thus, the mixed primers could be more powerful in
showing discrepancy than individual ones. In farm D, on the
other hand, the three primers revealed occurrence of
compatibility between the cloaca and water samples
(Figure 3D), and their banding patterns were different from
those revealed in the other farms. This may agree with the
result of Vitek 2, in which the repeated water and cloaca
samples of farm D were only identified as S. enterica subsp.
diarizonae.

Although Salmonella isolates of farm E were detected by
serotyping as S. enterica subsp. arizonae, RAPD test showed
completely different bands for water and cloacal samples
(Figure 3E). This result might denote the higher accuracy of
RAPD test than serotyping in differentiating
epidemiological isolates.

2000tbp

1000#bp

500thp
300#bp
100#p

2000ibp
1000#bp

500#bp
300#bp

100tbp

Figure 3. RAPD-PCR analysis for the Salmonella samples detected by the API 20E system and confirmed by
serotyping. The Salmonella genomic DNA was extracted from five farms A-E. M: 100 bp DNA size marker,
lanes 1, 3, and 5 water samples, lanes 2, 4, and 6 cloaca samples. The P2 primer is in the lanes 1 and 2, the
primer P3 is in the lanes 3 and 4, and the mixed primers are in the lanes 5 and 6.
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In silico Analysis for the Samples Detected by the
Vitek 2 System

The visual analysis of electrophoresis banding patterns
of the RAPD products was compatible with the in silico data
of the same samples. Visually, farms A and B looked 100%
similar to each other using the three different primers. The
in silico analysis showed also similar result (Figure 4
above). Regarding farm B, 100% identity was reported
between the water and cloaca isolates using the three
primers (Figure 4 below).

In the comparison of the in silico data of farm C with that
of the electrophoresis for RAPD products, obvious
dissimilarity appeared between the isolates (Figure 2C;

IraqiJ. Vet. Med. 2023, Vol. 47(1): 11-20

Figure 5 above). However, a similarity of 75% existed
between samples number 2 and 3 amplified by the primer
P2 (Figure 5 above). This result agreed with that of Vitek 2
where the water isolate was diagnosed as S. Enteritidis or S.
Paratyphi C, while it was identified as S. Paratyphi B for the
cloaca swab. Concerning farm D, complete matching
appeared between cloacal and water samples using the
various primers (Figure 5). Likewise, both isolates were
identified as S. Paratyphi B by the Vitek 2 test. Upon
examining the polymorphic bands of the cloaca swab
(diagnosed as S. Paratyphi B) that were collected from farm
C with the samples of farm D (also diagnosed as S. Paratyphi
B), there was no matching, or at least partial similarity
indicating an incorrect diagnosis of the Vitek 2 system.

Strain Number

¢ S. Paratyphi B, cloaca, P3

UL L
. . S. Paratyphi C or S. Enteritidis, water, M
'l . ¢ S. Paratyphi C or S. Enteritidis, water, P3

] . " S. Paratyphi B, cloaca, M
_{: ‘ ' S. Paratyphi B, cloaca, P2
L | ! : S. Paratyphi C or S. Enteritidis, water, P2

Strain Number
S. Paratyphi B, cloaca, M
¢ = =, water, M
s = =, cloaca, P3
=, water, P3

= =, cloaca, P2
= =, water, P2

Figure 4. Dendrograms show analysis of the electrophoresed PAPD-PCR products of Salmonella spp. already detected by Vitek2. Above:

farm A and below: farm B.

Strain Nmber
S. Paratyphi B, cloaca, M
¢ ==, water, M
|‘ ==, cloaca, P3
¢ ==, water, P3
' ==, cloaca, P2

‘-’ = =, water, P2

S. enterica subsp. enterica, cloaca, M
\s S. Enteritidis, S. Paratyphi B, C, water, M
¢ S. enterica subsp. enterica, cloaca, P3
+ S. Enteritidis, S. Paratyphi B, C, water, P3
: S. enterica subsp. enterica, cloaca, P2
¢ S. Enteritidis, S. Paratyphi B, C, water, P2

Figure 5. Dendrograms show analysis of the electrophoresed PAPD-PCR products of Salmonella spp. already detected by Vitek 2. Above:

farm C and below: farm D.
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Figure 6 shows the in silico analysis of farm E isolates
where the water sample was identified as S. Paratyphi B or
S. Enteritidis, and the cloaca sample as S. enterica subsp.
enterica. Apparently, the samples look genetically identical
as they showed similar banding profiles. Consistently, the
in silico analysis revealed existence of 100% identity
between the cloaca and water isolates amplified by primers
P3, P2, and the mixture.

In silico Analysis for Samples Detected by the
Serotyping

The isolates of the water and cloaca samples of farms A
and detected by serotyping look apparently similar, on the
first glace, on the electrophoresed RAPD products (Figure
3). In comparison, the in silico analysis revealed presence of
100% matching when each of P2, P3 or M primer was used
in amplification (Figure 7 above). With respect to farm B,
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there was complete matching between water and cloaca
isolates when amplified by P2 or P3 primers. However, the
primer M was able to show little discrepancy between the
cloaca and water isolates (Figure 7 below).

Analyzing the results of farm C isolates confirmed by
serotyping as S. enterica subsp. arizonae showed clear
differences between these samples, particularly when the
mixed primers were used (Figure 8 above). Concerning
farm D, although the isolates were incorrectly diagnosed as
E. coli, and identified by Vitek 2 as S. enterica subsp.
diarizonae, their in silico analysis revealed presence of
100% matching upon using each of the primers (Figure 8
below). Finally, the in silico analysis for farm E isolates was
inconsistent with the results of serology (S. enterica subsp.
arizonae); the samples appeared different from each other
(Figure 9).

Strain Number

1 S. enterica subsp. enterica, cloaca, M
i S. Paratyphi B or S. Enteritidis, water, M

s S. enterica subsp. enterica, cloaca, P3
« S. Paratyphi B or S. Enteritidis, water, P3

i S. enterica subsp. enterica, cloaca, P2
© S. Paratyphi B or S. Enteritidis, water, P2

Figure 6. Dendrogram shows analysis of the electrophoresed PAPD-PCR products of Salmonella spp. of farm E already detected by Vitek2

Strain Number

' S. subsp. arizonae, cloaca, M
s ==, water, M

=, cloaca, P3

« ==, water, P3

' = =, cloaca, P2

‘1 = =, water, P2

Strain Number

—
L

’S. subsp. arizonae, cloaca, M
* S. Paratyphi B, C, water, M

s S. subsp. arizonae, cloaca, P3

+S. Paratyphi B, C, water, P3

| y

|

| ' S. subsp. arizonae, cloaca, P2
| : S. Paratyphi B, C, water, P2

Figure 7. Dendrograms show analysis of the electrophoresed PAPD-PCR products of Salmonella spp. already detected by serology. Farm

A above, Farm B below.

HASAN ET AL



18

IraqiJ. Vet. Med. 2023, Vol. 47(1): 11-20

Strain Number

sy oveten M

, cloaca, M

, cloaca, P2

.

| > s S. arizonae, cloaca, P3
| + ==, water, P3

|2 , water, P2

Strain Number

'S. diarizonae, cloaca, M

R
| 6 ==, water, M
| 5 = =, cloaca, P3
| « ==, water, P3
| i 4 ‘ 3 = =, cloaca, P2
| ! ==, water, P2

Figure 8. Dendrograms show analysis of the electrophoresed PAPD-PCR products of Salmonella spp. already detected by serology. Above:

farm C and below: farm D

Strain Number

s S. arizonae, cloaca, P3

T == cloaca, M

=, water, M

| o=
, water, P3

e
_{

’
i 0’ = =, cloaca, P2
}’ + | ’2 = =, water, P2

Figure 9. Dendrogram shows analysis of the electrophoresed PAPD-PCR products of Salmonella spp. of farm E already detected by serology

DISCUSSION

In this study, 289 samples of chicken cloaca swabs,
chicken feed, and drinking water were collected from five
farms in Karbala province suspected to have salmonellosis.
The preliminary diagnosis based on Gram’s staining,
different bacteriological culture media, and the biochemical
diagnostic test revealed the presence of 61 samples positive
to Salmonella spp. with an incidence rate of 21.1%. While
water samples had the highestrate (30.4%), arate of 21.7%
was reported for the cloaca swabs, with no isolate from
chicken feed. This result might indicate water as the main
source of infection in these flocks. The presence of these
bacteria in cloaca samples of infected chicks could be
another source to transmit the infection to other birds
through contaminating drinking water, especially the fecal-
oral route is well-known for foodborne diseases including
salmonellosis. Concerning the absence of Salmonella
contamination in food samples of the current study, a
similar finding was also observed by Djeffal and co-workers
(2018) (18) who found that all of the 160 food samples

HASAN ET AL

tested against Salmonella were negative. However, this
bacterium was isolated from 3% only of the feed samples
examined in New Zealand by Kingsbury et al. (2019) (19).

The API 20E system used in the present study was able
to diagnose the suspected isolates to the species level only
as S. enterica. It has been demonstrated that API 20E was an
accurate technique for identifying S. enterica (20-22). In
another study performed to assess the accuracy of
identifying different bacteria by using API 20E, it was found
that 87.6% of isolates had the exact identity, 12% nearest
identity, and 0.4% no identity (11). Although it is a robust
bacterial identification tool, the API 20E performance
differed among different species (11). Nevertheless, this
method is not useful for the definite diagnosis of this
organism that has approximately 2600 serotypes, and it
should not be used for this purpose, especially since three
isolates of this study were incorrectly diagnosed as other
enteric bacteria.

Concerning serotyping, it has been useful for Salmonella
typing over the world throughout decades. Nevertheless,
serotyping analysis has frequently been demoted to
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reference laboratories causing difficulty to private
laboratories in making fast analyses (12). In the current
study, while serology identified all of the suspected isolates
as S. enterica subsp. arizonae, the Vitek 2 system was
capable of identifying different serotypes of Salmonella. The
serotypes identified by this tool included: S. Enteritidis, S.
Paratyphi B, S. Paratyphi C, S. enterica subsp. diarizonae,
and others diagnosed as S. enterica subsp. enterica.
However, in a previous study, out of 845 isolates including
members of the Enterobacteriaceae family and other non-
enteric bacteria, only 84.7% were correctly diagnosed to
the species level, 0.8% strains were misidentified, and 1.2%
were not identified by using the Vitek 2 system.
Identification mistakes did occur randomly throughout
various bacterial taxa (23).

Darbandi (2010) (24) compared the accuracy of API 20E
and that of Vitek 2 in identifying microorganisms, the data
showed that the acceptable findings increased from 80% in
case of API 20E to 90% in Vitek 2 system. Thus, the Vitek 2
system can replace API 20E because of the economic and
trustable values of the first, despite that some limitations
still exist when using Vitek 2 exemplified mainly by the long
time required for bacterial sample preparation (24).
However, using Vitek 2 alone for Salmonella serotypes
identification might have some inconsistencies. Therefore,
surveillance and monitoring of Salmonella infections must
depend on effective and reliable detection methods (25). In
the current study, a molecular test known as RAPD- PCR
was applied for analyzing the samples of different farms.
This technique showed the occurrence of genetically
different Salmonella spp., and it had a powerful
discriminatory value of showing relatedness or discrepancy
among the isolates of the same or different farms.
Importantly, the uniplex primers P3 or P4 or the multiplex
primers were useful in showing the genetic relatedness
among the isolates. Dendrograms constructed by the Gel]
software successfully described the phylogenetic
relationships. This is consistent with the findings of Hasan
and Lafta (2021b) (26) who used RAPD-PCR for studying
the molecular diversity among Salmonella spp. obtained
from broiler and chicken flocks on various farms.

The compiled-in silico analysis performed for the RAPD-
PCR profiles of water and cloaca Salmonella isolates
collected from the five farms shows that heterogeneous
Salmonella spp. contaminated water samples and also
different genotypes existed in birds’ cloaca. This finding
rule out the possibility of the occurrence of an outbreak
among the studied farms, especially these farms are located
in different areas within the same province. To conclude,
drinking water but not feed can be considered as a main
source of Salmonella infections in the studied farms. RAPD-
PCR can be used as a surrogate tool for the fast, reliable, and
accurate typing of Salmonella spp. in epidemiological
surveys, and it can replace other biochemical-based
identification methods.
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