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Genetic Diversity of Salmonella enterica Strains Isolated from Sewage
Samples of Different Hospitals in Bangladesh
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The degree of salmonellosis is associated with the genetic diversity of the Salmonella enterica. Here, the genetic
diversity of Salmonella enterica isolated from hospital sewage samples of Bangladesh were analyzed to elucidate the
prevalence of S. enterica by random amplification of polymorphic DNA (RAPD) and amplified ribosomal DNA
restriction analysis (ARDRA). Twenty six isolates were identified as S. enterica by cultural and biochemical methods
as well as 16srDNA sequencing. These isolates showed two types of ARDRA and eight distinct RAPD patterns. All of
these isolates possessed invA gene. However, agfA and fliC genes were found in 21 isolates and 16 isolates respectively.
All of the isolates were resistant to rifamycin but most of them were sensitive to ceftriaxone and streptomycin. The
study indicated that the genetic diversity is very high among the S. enterica isolates of Bangladesh. Therefore, such
diversity may contribute to the future outbreak of salmonellosis in Bangladesh.
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Introduction

Symptomatic infection caused by Salmonella spp. is called
salmonellosis and thousands of people die each year due to
salmonellosis worldwide!-2. In Bangladesh, salmonellosis is
caused by Salmonella enterica in most cases, and can be typhoidal
and nontyphoidal®. S. enterica is an important food borne
pathogen prevalent worldwide and the genetic diversities of S.
enterica have been studied in many countries*>. These studies
suggested the genetic variations in S. enferica and treatment
options for salmonellosis varies according to the genetic diversity
of S. enterica isolates®. Hence, it is easier to understand the
pathogenesis and to develop treatment for newly emerged
genetically diverged S. enterica pathogens whenever information
on the genetic diversity of the existing strains is available. The
genetic diversity of S. enterica isolated from Bangladesh has not
been studied yet. To determine the genetic diversity, several genes
were considered as candidates. Among them, 16s DNA is widely
acceptable to determine the genotype of bacteria’. Also presence
of different genes like invA, fIiC, and agfA were considered®.
The gene invA encodes invasion protein A, which is a marker
gene for S. enterica. This protein is required to assist bacterial
invasion to the cells of intestinal epithelium. On the contrary,
SIiC gene encodes flagellin protein which functions to filament
polymerization of bacterial flagella. And, agfA encodes fimbrin
protein which is required for cell-cell adhesion” !0, In addition
to these genes, random amplification of polymorphic DNA

(RAPD) technique has been utilized a short oligonucleotide
primer to amplify random segment of DNA without prior
knowledge of the whole genome to illustrate the genetic diversity
among individuals of same species!!. In present study we have
studied the genetic diversity of S. enterica isolated from the
hospital sewage samples of Bangladesh. As emerging multidrug
resistant bacteria are highly prevalent in sewage samples,
antimicrobial sensitivity of these strains was also studied.

Materials and Methods
Sample Collection and Processing

Sewage samples from four different hospitals of Bangladesh were
collected in sterile McCartney bottle. The samples were filtered
through sterile Grade 1 Whatman filter paper and centrifuged at
10,000 rpm for 10 minutes to concentrate the bacterial population.
These concentrates were serially diluted in normal saline and
inoculated into the alkaline peptone water at 1:10 (v/v) for pre-
enrichment at 37°C for 6 hours. Then, the samples were
transferred to selenite-cystine broth and incubated for 24 hours
at 37°C for selective enrichment. After that, the samples were
serially diluted again in normal saline and spread into xylose-
lysine-deoxycholate (XLD) agar media. The petridishes were
incubated overnight at 37°C to isolate the black-centered red
colonies as Salmonella spp. Individual colonies were further
purified by colony purification method and then were stored as
glycerol stock.
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Morphological and Biochemical Characterization of the Isolates

Gram staining of the isolates was done using standard method'?.
solates were characterized by their response to different
biochemical tests that includes Kligler Iron agar (KIA), Motility
Indole Urease (MIU), Methyl-Red (MR), Voges- Proskauer (VP),
Triple Sugar Iron (TSI), citrate utilization, catalase and oxidase
tests.. All these biochemical tests were done according to the
standard procedure and the results were observed after incubation
at 37°C for 24-48 hours'3. Antibiogram of the isolates were done
by standard Kirby-Bauer disc diffusion method!* using 15
antibiotics including amoxicillin (30 Y4g) , ampicillin (30 Yg),
azithromycin (15 Y4g), cefixime (5 Y4g), cefotaxime (30 Y4g),
ceftriaxone (30 Y4g), chloramphenicol (30 Y4g), ciprofloxacin (5
Yag), co-trimoxazole (30 Y4g), erythromycin (15 Y4g), kanamycin
(30 Yag), nalidixic acid (30 Y4g), rifamycin (5 Y4g), streptomycin
(10 Yag), and tetracycline (30 Y4g). Antibiotic susceptibility was
deduced according to the standard guidelines'>.

Molecular Characterization of the Isolates

DNA was extracted and purified from individual isolates using
standard phenol-chloroform-isoamyl alcohol method!'®. The
quality and quantity of the purified DNA was measured using
NanoDrop™ spectrophotometer and the working concentration
was adjusted to 50 ng/?1. For molecular characterization, PCR
was performed using the primers as given in Table 1. For random
amplification of polymorphic DNA (RAPD), the purified DNA
was amplified using the RAPD primer (52 -GCGATCCCCA-32
). For all PCR except RAPD, each reaction was set up consisting
12.5 71 of 2X Taq PCR Master Mix (Qiagen, USA), 1 ?1 of 10
pmol/?l of each forward and reverse primers, 4 ?1 of template
DNA and 6.5 ?1 of nuclease free water. The thermocycling
conditions were 95°C for 1 minute and subsequently 35 cycles at
95°C for 30 seconds followed by 30 seconds at annealing
temperature (Table 1), and 72°C for 30 seconds, with a final
extension at 72°C for 4 minutes. For RAPD, primer concentration
was 20 pmol/?1 and the thermocycling conditions were 94°C for
5 minutes, followed by 35 cycles at 94°C for 1 minute, 39°C for
1 minute and 72°C for 2 minutes, with a final extension at 72°C
for 10 minutes. A template-free negative control was also used
during PCR. The PCR product was visualized by electrophoresis
in 1.5 % agarose gel stained with ethidium bromide under UV-

Table 1. List of the primers used in this study.

transilluminator and photomicrograph was taken in gel
documentation system. For 16sTDNA sequencing, PCR products
were sent to First Base Malaysia and the sequences were
processed using Sequencer v5.4. Sequences were further analyzed
using MEGA v6.0 and NCBI tools. For Amplified rDNA
restriction analysis (ARDRA) of the 16sr DNA, the PCR products
were digested overnight with 4/ul (Thermo Fisher Scientific,
USA) and resolved in a 1.5% agarose gel followed by
visualization under UV-transilluminator after staining with
ethidium bromide.

Results and Discussion

We have successfully isolated 26 strains of Salmonella enterica
confirmed by morphological, biochemical and molecular
characterization. In XLD agar, all of these strains produced black-
centered red colonies. All these strains were Gram negative small,
rod shaped bacteria arranged in single or paired which
correspondent with the morphological characteristics of S.
enterica as described before. All of these strains were catalase
positive and fermentative but non-lactose fermenting bacteria.
These strains were able to utilize citrate as energy source, produce
hydrogen sulfide and were negative for oxidase, urease,
tryptophanase activities and acetoin production. All these
biochemical features suggested that these strains are in fact S.

enterical3.

For further confirmation, molecular characterization was done
to evaluate the presence of three genes, invA (invasion protein
A), fliC (flagellin protein), and agfA (fimbrin protein) genes. All
of these strains were positive for invA, which is unique to S.
enterica'’. However, 16 strains were positive for f7iC gene and
21 strains were positive for agfA gene (Figure 1). We have also
amplified partial 16sr DNA gene of these isolates and did ARDRA
analysis by digesting the 16s IDNA PCR product with A/ul (Figure
2). The ARDRA patterns of the digest indicated the presence of
two groups of S. enterica. 18 isolates belonged to ARDRA group
1 and the rest 8 strains belonged to ARDRA group 2. To further
confirm these groups, we sequenced the 16s TDNA of these
isolates and analyzed the sequence at NCBI basic local alignment
search tool. We have found that the ARDRA group 1 belongs to
S. enterica serovar Typhimurium and the ARDRA group 2 belongs
to the S. enterica serovar Typhi.

Gene Primer Sequence (52 to 32) Annealing Temperature (°C) Amplicon Size (bp)

invA Forward GTGAAATTATCGCCACGTTCGGGCAA 64 284
Reverse TCATCGCACCGTCAAAGGAACC

flic Forward CGGTGTTGCCCAGGTTGGTAAT 56 620
Reverse ACTCTTGCTGGCGGTGCGACTT

agfA Forward TCCACAATGGGGCGGCGGCG 58 350
Reverse CCTGACGCACCATTACGCTG

16s -(DNA  Forward  AGAGTTTGATCMTGGCTCAG 55 1466
Reverse CGGTTACCTTGTTACGACTT
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Figure 1. Presence of invA, fliC, and agfA genes in the isolates.
All the isolates were invA positive indicative of Salmonella

enterica.
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Figure 2. Amplification of 16s rDNA and ARDRA of the isolated
strains. Two different ARDRA patterns were observed among
the strains.

To elucidate the genetic diversity of the isolates, RAPD was done
(Figure 3). The RAPD pattern of the isolates revealed that there
exist at least eight genetically diverse groups of S. enterica
bacteria. Among them, group A, B, and E consists of five isolates
each; 4 isolates in group F; 3 isolates in group D; and 2 isolates
in group H. Group C and G consists of only one isolate each.
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Figure 3. RAPD analysis of the isolated strains. Eight different
RAPD patterns were observed among the strains.
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These data indicated that the genetic diversity of the isolates were
very high. When dendrogram of these RAPD patterns was
constructed using Jaccard similarity co-efficient!®, it was
observed that Group A, B, C, and D clustered together while
Group E, F, and G were closely related. However, S. enterica
isolates of Group H were distinctly diverse from all the other S.
enterica isolates (Figure 4).
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Figure 4. A dendrogram constructed with the RAPD patterns of
the isolates using Jaccard similarity coefficient.

Antimicrobial susceptibility analysis revealed that all of the S.
enterica isolates were resistant to rifamycin, as well as none of
the isolates were susceptible to amoxicillin (30 Yg), co-
trimoxazole (30 Y4g), erythromycin (15 %g), and nalidixic acid
(30 Yag) (Table 2). However, more than 50% of the isolates were
susceptible to ampicillin (30 Y4g), azithromycin (15 Y4g), cefixime
(5 Yag), cefotaxime (30 Y4g), ceftriaxone (30 Y4g), kanamycin
(30 Yag), streptomycin (10 Y4g), and tetracycline (30 Yag).

Table 2. Antibiotic resistance of the isolates.

Antimicrobial Agents % of total no of isolates
(disc content) Resistant  Intermediate  Sensitive
Amoxicillin (30pg) 76 24 0
Ampicillin (30pg) 44 0 56
Azithromycin (15pg) 20 0 80
Cefixime (5ug) 28 12 60
Cefotaxime (30pg) 32 0 68
Ceftriaxone (30ug) 16 2 76
Chloramphenicol (30pg) 32 20 48
Ciprofloxacin (5pg) 52 8 40
Co-trimoxazole (30ug) 96 0
Erythromycin (15pg) 72 28 0
Kanamycin (30pg) 24 0 76
Nalidixic acid (30pg) 72 28 0
Rifamycin (5ug) 100 0 0
Streptomycin (10pg) 16 12 72
Tetracycline (30png) 40 0 60
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Conclusion

Bangladesh is a developing country with inadequate medical
facilities. Thereby, outbreak of infectious diseases from emerging
pathogens pose critical threats to the healthcare system as well
as to public health. Since genetic diversity of current pathogens
forecast the pathogenesis of future strains’, S. enterica isolates
of Bangladesh were studied here to elucidate their divergence.
We have concluded that RAPD is better in explaining the
diversity than ARDRA. We have also found that invA, agfA, and
SliC genes are present in most isolates and these isolates were
resistant to rifamycin and co-trimoxazole. In conclusion, we have
successfully deduced the genetic diversity of 26 rifamycin-
resistant S. enterica sewage isolates.
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