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ABSTRACT: Salmonella is a diverse food-borne and zoonotic 

pathogen. The route of transmission is cardinal for surveillance and 

epidemiological investigations. The present study was conducted to 

characterize circulatory genotypes and pathogenicity of MDR 

Salmonella spp. from poultry slaughter house. Three swab samples 

from slaughterer's hand and poultry residual container were 

collected from a slaughter-house of Dhaka city. Of these, 7 isolates 

were confirmed as Salmonella spp. by phenotypic and molecular 

analysis. All seven isolates showed positive result for invA genes. 

Virulent genes (stn and sopB)specific PCRpresented13.3% and 

6.66% positive isolates, respectively. Genotyping using Random 

Amplified Polymorphic DNA (RAPD) analysis exhibited six 

genotypes. Phylogenetic analysis and sequencing from each 

genotype exhibited close similarity to Salmonella enterica, S. 

Anatum and S. bongori from the slaughter hand and container swab. 

Antibiogram profiling presented 100% resistance to ampicillin and 

83.33% to imipenem. This study recommends that dispersion of 

MDR and pathogenic Salmonella spp. from poultry slaughter house 

may pose threat to public health if goes unchecked. 
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INTRODUCTION 
Salmonellosis, caused by Salmonella spp., is a matter 

of public health concern as it is the leading cause of 

food-borne illness in humans and animals resulting in 

16 million annual cases of typhoid fever, 1.3 billion 

cases of gastroenteritis and 3 million deaths and great 

public health concerns of the modern world
1, 2

.Sources 

of Salmonella infections include foods of animal 

origin, dairy products, pet food, fresh produce, and 

foods contaminated during processing
3
. The genus 

Salmonella, which possesses various virulence genes 

like invA, sef and pef are considered for adhesion and 

invasion of the pathogen in the host system and spv 

gene for systemic disease state in the host cells 

whereas stn virulence gene codes for enterotoxin 

production and sop and pip genes are associated with 

actual expressions of host pathogenic processes
4, 5

 

which causes disease in most warm-blooded animals. 

Therefore, Salmonella spp. harboring those virulence 

genes are thus of concern for both the economic 

production of food from animals and the possible 

transmission to human consumers, resulting in 

enteritis. Hypothetically, there are numerous possible 

ways for the transmission of this organism to human, 

but slaughterhouse might be the prime one where 

animals are slaughtered, and the meat are sold, 

therefore can contaminate the environment, and act as 

a vehicle for transmission of Salmonella species to 

human
6,7

.  

Meat contact surfaces in the abattoir such as 

equipment’s (e.g. Meat holding drums, knives, and 

axes), walls and floors may serve as sources of 

transmitting infectious agents and are therefore 

considered important factors in the evaluation of the 
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level of contamination in such establishment
8
. 

Contamination occurs during slaughtering, handling, 

cutting, processing, and storage
9
. Without having 

practical knowledge, large amount of various 

antibiotics is used in the poultry sectors that’s 

contributes the antibiotic or multidrug resistance 

(MDR) in bacteria of animal origin and has gained 

particular attention
10

.Scarcity of information regarding 

MDR and pathogenic Salmonella spp. from the poultry 

meat processing unit or slaughterhouse in Bangladesh 

led this study to focus on the prevalence of MDR and 

pathogenic Salmonella spp. isolated from poultry 

slaughter house. 

 

MATERIALS AND METHODS 
Collection of Sample 

Three swab samples from poultry residual container 

side, bottom and slaughterer hand were collected by 

using cotton swab from the slaughterhouse situated at 

BUET Market (Location: 23.7270035, 90.3886437) in 

Dhaka, Bangladesh. The samples were immediately 

transferred into buffer peptone water and were 

transported to the laboratory. 

Total Heterotrophic Count 

Samples were diluted in normal saline by ten-fold 

dilutions, up-to 10
-4 

and from each dilution 100µl was 

inoculated on nutrient agar media by spread plate 

technique followed by overnight incubation at 37˚C. 

Enrichment and Isolation of Salmonella spp. 

For pre-enrichment, collected cotton-swab was 

inoculated in Rappaport-Vassiliadis (RV) broth and 

selenite broth and incubated at 37°C for 24 hours
11

. 

Subsequently, samples were inoculated on Xylose 

Lysine Deoxycholate (XLD) agar (Oxoid, UK), 

Salmonella- Shigella (SS) agar (Oxoid, UK), and 

MacConkey agar (Oxoid, UK) plates and incubated at 

37°C for 24 hours. Colonies resemble to Salmonella 

spp. were selected for further biochemical tests 

including indole, methyl red, Voges-Proskauer, citrate 

(IMViC), triple sugar iron (TSI), Oxidase, Catalase 

and urease tests as per the protocol
12,13

.Colonies 

showing Salmonella specific IMViC (-, +,-, +) pattern 

were further inoculated on TSI slants. Later, colonies 

producing alkaline slant (pink color) and acidic butt 

(yellow color) with or without H2S production were 

tested for urease production on urea broth. All 

biochemical results were summarized using online tool 

Microrao (http://www.microrao.com/index.html ) and 

Bio Cluster which is used to predict the presumptive 

organisms on the basis of biochemical results
14

. 

Preparation of template DNA 

 Bacterial colonies were freshly grown in nutrient agar 

plates, suspended in 150µl of sterile distilled water in a 

micro centrifuge tube, gently vortexed and boiled for 

10 min in a water bath followed by centrifugation 

(10,000 rpm for 5min at 4˚C).  Supernatant were 

carefully collected and used as a source of template 

DNA. The concentration of template DNA was 

obtained as ng/µL and the purity was expressed in 

terms of the ratio of absorbance at 260 nm and 280 

nm
15

. 

Screening of Virulence genes by Gene Specific PCR 

 Presumptively identified Salmonella sp. were 

screened for the virulence genes like invasion gene 

(invA), Salmonella enterotoxin gene (stn) and 

Salmonella host pathogenic processes expression 

associated gene sopB by PCR. Template DNA was 

prepared by boiling method
15

. The primers used were 

invA (284bp)  [Forward: 5′- 

GTGAAATTATCGCCACGTTCGGGCAA-

3′,Reverse: 5′-TCATCGCACCGTCAAAGGAACC-

3′]; stn (260bp) [Reverse: 5′-

TGCCCAAAGCAGAGAGATTC-3′, Forward: 5′-

CTTTGGTCGTAAAATAAGGCG-3′]; sopB 

(1378bp) [Forward: 5′-

CAACCGTTCTGGGTAAACAAGAC-3′, Reverse: 

5′-AGGATTGAGCTCCTCTGGCGAT-3′]
16,17,18

. The 

reaction was set as initial denaturation at 94°C for 5 

min, followed by 35 cycles of denaturation at 94°C for 

1 min, annealing at 64°C for 1 min, extension at 72°C 

for 1 min and final extension was done at 72°C for 7 

min
16

.Subsequently, the amplified PCR product was 

visualized by agarose gel-electrophoresis (1.5% 

agarose gel). 

Molecular Fingerprinting by Random Amplified 

Polymorphic DNA (RAPD) 

Acquired isolates were further grouped by using more 

confirmatory molecular techniques such as Random 

Amplified Polymorphic DNA (RAPD).For RAPD 

genotyping, primers sequence (5’- GCGATCCCCA-

3’) namely 1283 was tested for their ability to 

discriminate between species of Salmonella and for 

their reproducibility, reaction conditions included 

initial denaturation at 94°C for 5 minutes, followed by 

35 cycles of 1 minute at 94°C, 1 min at 39°C, and 2 

minutes at 72°C. Thirty-five cycles of these segments 

were repeated with a final extension of 7 minutes at 

72°C
19, 20

. After amplification, 10 µl of PCR product 

was subjected to agarose gel electrophoresis for 120 

minutes. Each gel contained both 100bp and 1Kb 

DNA marker (Bioneer, USA) as molecular weight 

standards. Subsequently, products were visualized by 

using Gel Documentation System (AlphaImager HP 

System Versatile Gel Imaging, USA). UPGMA 

clustering method using PyElph software 1.4. were 

used subsequently to delineate the groups. 

Phylogenetic analysisbased on 16S rRNA gene 

Sequence 

The nucleotide sequences of 16S rRNA along with 

reference sequences were aligned and a neighbor-

joining analysis was used to reconstruct a phylogenetic 

tree by using the software named MEGA7
21,22,23

.The 

percentage of replicate trees in which the associated 

taxa clustered together in the bootstrap test (1000 

replicates) is shown next to the branches
24

.The 

evolutionary distances were computed using the 

http://www.microrao.com/index.html
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Kimura 2-parameter method and is in the units of the 

number of base substitutions per site
25

. To boost the 

phylogenetic analysis result, hierarchy analysis of the 

isolated strains were observed along with by using an 

online tool called RDP (http://rdp.cme.msu.edu/) 

which predicts the strain phylum, class, order, family 

and genus using 16S rRNA gene sequence
26

. 

Antimicrobial Susceptibility Test  

After confirmation of isolates as Salmonella spp., 

antimicrobial susceptibility of all isolates was 

determined by the micro disc diffusion method using 

Mueller Hinton agar (Oxoid, UK), according to 

guidelines established by Clinical and Laboratory 

Standards Institute
27

. Antibiotics were selected for 

susceptibility testing corresponding to a panel of 

antimicrobial agents of interest to the both poultry 

industry and public health in Bangladesh. A panel of 

nine antibiotics discs were used for this study: 

(Ampicillin (10µg); Doxycycline (30µg); 

Nitrofurantoin (300µg); Imipenem (10µg); 

Tetracycline (30µg); Meropenem(10µg);Nalidixic 

Acid (30µg); Colistin-Sulphate(10µg); Gentamycin 

(10µg).  

 

 

 

 

 

RESULTS  
The present study focused on isolation of multidrug 

resistant and pathogenic Salmonella spp. from poultry 

waste container and slaughterer hand swab from a 

representative market at Dhaka city, Bangladesh. 
Quantification of Total Heterotrophic Bacteria 

To obtain an account of total bacterial population in 

samples, total heterotrophic plate count was done. The 

total heterotrophic plate count from Container Bottom, 

Container Side and Handler samples was 1.575×10
6
 

(CFU)/ml, 2.84×10
7
 CFU/ml and8.1×10

5
CFU/ml, 

respectively.  

Isolation and Presumptive Identification of 

Salmonella spp. 

From three swab samples, initially 30 isolates with 

characteristic Salmonella like colonies were detected 

positive based on the colony characteristic on XLD, SS 

and MacConkey agar. For presumptive identification 

of Salmonella spp., a panel of biochemical test 

(IMViC, TSI, and Urease) was performed. Out of 30 

isolates, after completing all biochemical tests, 7 

isolates (23.33%) were presumptively identified as 

Salmonella spp. All biochemical results were 

summarized using online tool Microrao 

(http://www.microrao.com/index.html) and 

BioClusterto corroborate the presumptive 

identification (Table1). 

    Table 1: Summarization of biochemical results along with Microrao tool for presumptive identification of isolates 

 
          *http://www.microrao.com/index.html and BioCluster 

http://rdp.cme.msu.edu/
http://www.microrao.com/index.html
http://www.microrao.com/index.html
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It has been observed that 50 % of isolated Salmonella spp. were present in the slaughterer’s hand (H) and 25% of 

contamination was found in waste container bottom (CB).Besides,waste container side (CS) samples were free of 

Salmonella species (Table 2). 

 

Table 2: Incidence of Salmonella contamination of the examined poultry slaughterhouse sample 

(slaughterer hand, poultry residual container bottom and side swab samples) 

 

Sl No. 

 

Isolated 

strain 

Sample source RAPD 

group 

Presence of 

virulence gene 

Antibiotics resistant 

profile 

1. S. enterica Slaughterer Hand I invA
+, 

stn
+, 

sopB
+
 Amp,Im,DO, NA, F, 

T, CN 

2. S.Anatum Waste Container 

Bottom 

II invA
+
 stn

+
sopB

-
 Amp, NA, CN 

3. S. bongori Waste Container 

Bottom 

III invA
+
 stn

-
sopB

-
 Amp, Im, DO, NA, T 

4. S. bongori Slaughterer Hand  IV invA
+
 stn

-
sopB

-
 Amp, Im, CN 

5. S. enterica Waste Container 

Bottom  

V invA+ stn
+
sopB

-
 Amp, Im, DO, NA, F 

6 S. enterica Slaughterer Hand  VI invA
+
 stn

+
 sopB

+
 Amp, Im, DO, F, T 

+ve (Presence of Genes); -ve (Absence of Genes) 

Amp= Ampicillin; DO= Doxycycline; F =Nitrofurantoin; Im = Imipenem; CN= Gentamycin;  

T=Tetracycline; and NA= Nalidixic Acid 

 

Detection of Virulence Genes 

All seven isolates presented positive result for invA (284 bp)gene (Supplementary Figure 1). 

 
 A. invA gene fragment of 284bp                                  B. Amplified product of stn (260 bp) 

                                                                           and sopB (1348 bp) gene fragment 

 

Supplementary Figure 1: Agarose gel electrophoresis of PCR amplified product of A) invA gene (284 bp) for 

identification and characterization of Salmonella species; and B) stn(260bp)and sopB gene (1348bp) for detection 

of pathogenicity pattern. 
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Out of seven isolates, 4 isolates were found positive 

for the stn gene (260bp) and 2isolates exhibited 

positive result for sopB (1348bp) gene (Table2). 

Additionally, it has been observed that isolates from 

slaughterer hand contains all three genes (invA, stn 

and sopB). 

 

Analysis of genetic diversity of Salmonella spp.  by 

RAPD  

To investigate the discriminatory power of the 

fingerprint techniques used in the present study, invA 

gene positive seven Salmonella isolates were 

subsequently analyzed by RAPD method. Findings of 

RAPD method presented six distinct genotypes 

(Figure 1 and Table 2). 

 

 
 

Figure 1: RAPD typing accordance with band differences based on UPGMA clustering method using PyElph 

software 1.4. Lane 1 contains 1Kb ladder as molecular size DNA marker. Lane 2 contains negative   control, 

Lanes 3, Lane 4, Lane 5, Lane 6, Lane 7, Lane 8and 9 are Positive Salmonella spp. 

 

Phylogenetic Determination of Salmonella spp.  

Representative isolates from each RAPD were selected 

for 16S rRNA nucleotide sequencing and aligned for 

phylogenetic analysis. Alignment of the 16S rRNA 

nucleotide sequence along with reference sequences 

was performed by the MEGA7 software for 

constructing phylogenetic tree (Figure 2). 

 
Figure 2: Phylogenetic tree predicted by the neighbor-joining method using 16S rRNA nucleotide sequences 
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Findings of phylogenetic analysis with RAPD analysis 

indicated that, RAPD group I harbored Salmonella 

enterica, group II presented resemblance with S. 

Anatum and group III showed S. bongori from handler 

swab; andgroup IV was S. bongori andgroup V and VI 

owns S. enterica sampled from container bottom(Table 

2).We also found that S. enterica contains from 

slaughterer hand (RAPD I) belongs all three virulence 

genes (invA, stn and sopB) while S. Anatum contains 

invA and stn genes. S. bongori was found solely with 

invA gene.  

Antibiotic Resistance Profile of Isolated Salmonella 

spp. 
Among  nine  antibiotics  tested  against  isolated 

Salmonella spp ., 100 % resistance  were  observed 

against ampicillin followed by Imipenem (83.33%), 

Doxycycline  (66.66%), Nalidixic  Acid  (66.66%), 

Nitrofurantoin  (50 % ),  Tetracycline  (50 % ) and 

Gentamicin  (16.66%). No  resistance  was  noticed 

against Colistin-Sulphate and Meropenem (Figure 3). 

 

 
 

Figure 3: Diagrammatic representation of antibiotic resistance pattern of the isolates: AMP= Ampicillin (10µg); 

DO= Doxycycline (30µg); F =Nitrofurantoin (300 µg); IMP = Imipenem (10 µg); CS= Colistin Sulphat(10 µg); 

CN= Gentamicin (10 µg); MRP= Meropenem(10 µg); Tetracycline (30µg);  and NA(30µg) = Nalidixic Acid. 

 

Out of the all tested isolates, S. enterica from RAPD 

group-I, V and VI presented 50% Ampicillin resistant, 

50% to Doxycycline, 50% to Imipenem, 50% to 

Nitrofurantoin, 33.33% to Nalidixic Acid, 33.33% to 

Tetracycline, 16.67% to Gentamycin. Similarly, S. 

bongorifrom RAPD group III and IV exhibited highest 

resistance against ampicillin (50%) and imipenem 

(33.33%). S.Anatum from RAPD group-II exhibited 

resistance against ampicillin (33.33%) and Nalidixic 

Acid (16.67%)(Table 2). 

 

DISCUSSION 
Poultry slaughter house systems are frequently 

contaminated with microorganisms leading to frequent 

infections leading to spread out of these infections. We 

have employed bacteriological and molecular methods 

for this study. This study focuses on to determine the 

occurrence of Salmonella spp. in slaughterhouse 

samples along with estimating the virulence and 

prevalence of antimicrobial resistance against 

Salmonella spp.  

In this study, overall prevalence of Salmonella spp. 

was observed 23.33% which is similar to that of 

previous studies reported by Gunasegaran et 

al.,2011and Naik et al., 2015 but lower than that in 

previous reports: 36.0% and 42.3% in Korea, 72% in 

Thailand
28,29,30,31

. We speculated that the difference of 

Salmonella prevalence between reports might be 

associated with difference in hygiene and sanitation 

levels of each country and the different detection 

methods used in each study. Moreover, significantly 

higher prevalence (50%) of Salmonella was occurred 

in slaughterer's hand. But no Salmonella was found in 

waste container side (CS).This is due to the various 

reasons behind it. Firstly, when slaughterer slaughter 

the chicken, they readily throw it to the container 

bottom. This chicken may or may not touch the side. 

But there have some possibilities of serving as a 

source of Salmonella of these samples because it 

contains some material like blood or stools of chicken 

during processing. Due to the smooth surface of the 

container side (mostly plastic container) and 

gravitational force, it is tough to trap sample 
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containing Salmonella in the container side. Besides, 

during sampling we observed that slaughterer 

frequently spray water to the container which may 

cause to wash out Salmonella from the container side 

and mostly deposit on the container bottom.   Further, 

all Salmonella isolates had taken into consideration to 

detect the presence of three virulence genes invA, stn 

and sopB.Of these, invA gene has been widely 

recommended for the detection of Salmonella spp.
32

. 

All 7 isolates presenting positive results for invA 

gene(100%) substantiated the presumptive 

identification of Salmonella spp. by biochemical test.  

Our finding was corroborated by Moussa et al. (2010) 

who suggested that all Salmonella serovars were 

positive for invA genes of 284bp fragment
33

. In this 

investigation, four of the seven invA positive isolates 

exhibited positive outcome for stn gene (13.3%) and 

two of them showed positive result for sopB gene 

(6.66%).Previously, Ammar et al., 2016, remarked 

Salmonella isolates as virulent which showed positive 

result for invA, stn and sopB
34

. Similar results related 

high prevalence of some virulence genes in strains 

isolated from North America and Africa was reported 

by Dione et al., 2011
35

; Shah et al., 2011
36

; Zou et al., 

2012
37

.All those preceding report clearly depict that 

isolates under this investigation harbors virulence gene 

and are potential pathogen. 

Subsequently, molecular typing methods were 

employed to identify infections aiming to prevent 

disease and for the epidemiological study of 

salmonellosis. RAPD was done to differentiate 

genotypes of Salmonella isolates which is easy to use 

and has discriminatory power to fingerprint bacteria 

involved in disease outbreaks and to determine the 

sources, vectors and vehicles of transmission
38,39, and 40

. 

RAPD typing with 1283 primer showed 

sixdistinguishing genotypes clearly indicating that 

primer for RAPD method was able to generate 

polymorphism. 

In our investigation, representative isolate from each 

RAPD group belonging invA 284bp fragment were 

later phylogenetically identified as Salmonella 

enterica (RAPD group I and VI), S. Anatum (group II) 

and S. bongori (group III and V) and supported PCR 

result. A study of Lamas et al. (2016)presented that 

there is a high incidence of Salmonella enterica in 

broiler flocks (64.18%)and is responsible for 

foodborne outbreaks and salmonellosis in humans
38, 41

. 

We also detected the occurrence of Salmonella enteric 

from both poultry slaughterer hand and container 

bottom which clearly possesses a high risk of 

zoonosis. According to Fookes et al., 2011, S. 

bongori is predominantly associated with cold-blooded 

animals, but it can infect humans
42

. Our work found S. 

bongori from handler swab which can in turn infect 

human. Moreover, a study carried out by Rodríguez et 

al., (2006) found a high prevalence (28.36%) of S. 

Anatum in poultry farms belonging to the subspecies 

arizonae, which is typically associated with cold-

blooded animals
41, 43

. Although some S. arizonae 

infections were reported in immunocompromised 

patients, therefore, the prevalence of this subspecies 

cannot be underestimated
44

. 

Clinical and Laboratory Standards Institute (CLSI) 

recommends some classes of drugs to treat Salmonella 

infections which has been taken into consideration into 

this study
45. 

Nalidixic acid, a quinolone that targets 

DNA gyrase, has been prominently used in human and 

veterinary treatments
46

. In thisinvestigation, the 

antibiogram profile exhibited that 100% resistance to 

ampicillin, and 66.66% resistance to nalidixic acid 

followed by 83.33%, 66.66%, 50%, 50% and 16.67% 

against   imipenem, doxycycline, nitrofurantoin, 

tetracycline andGentamicin in consistent with previous 

reports
30, 47

. No resistance was noticed against 

Colistin-Sulphate and Meropenem. Similar resistance 

profiles (100% resistant against amoxicillin and 

tetracycline, 87% to Ciprofloxacin, and 50% to 

Doxycycline) were found in strains isolated in 

Bangladesh
48

.  In accordance with the previous study, 

antibiogram profiling imparts that isolated Salmonella 

spp. possess resistant four or multiple antimicrobial 

agents. In addition, resistance to the nalidixic acid 

indicates an increase in the use of quinolones to 

treat Salmonella infections in poultry sectors in 

Bangladesh.  

Our data demonstrate that the prevalence of 

MDR Salmonella isolated from slaughter-House in 

Bangladesh is high.Prevalence of Salmonella spp. and 

multi drug resistance (MDR) patterns of  isolates differ 

depending on the place of processing, even that 

process in the same region. Therefore, to effectively 

reduce Salmonella contamination of poultry, the 

surveillance and intervention strategy must be 

implemented. Findings of this study suggest that a 

national surveillance program should be implicated for 

monitoring the dissemination of multidrug resistant 

(MDR) pattern of food-borne bacterial pathogens.

 

CONCLUSIONS 
In conclusion, the prevalence of Salmonella, reported 

in this study, was not so high, but the presence of 

multidrug resistant and potentially 

pathogenic Salmonella cannot be ruled out which can 

be a matter of concern from public health point of 

view.   Further, there is a need of conducting such 

study in this region on a regular basis to assess and 

compare the past and present status of this zoonotic 

pathogen to secure animal and public health. 
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