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Antibiotic resistant bacteria and resistance genes in the environment are major health problem globally.
The present study was undertaken to detect antibiotic resistant Escherichia coli and Salmonella spp. in
sewage, river, pond and swimming pool. Emphasis was given on tetracycline resistant phenotype and
genotype, since, tetracycline is a widely used antibiotics. Isolation and identification of antibiotic
resistant E. coli and Salmonella spp. were based on morphology, staining, cultural, and biochemical
properties, disk diffusion test and PCR. A total of 47 samples were collected from Mymensingh,
Bangladesh. Among the 47 samples, 36 (76.59%) were found positive for E. coli and 42 (89.36%) for
Salmonella spp. Phenotypically, all isolates were found resistant to tetracycline as revealed by disk
diffusion test. Isolated E. coli were resistant to chloramphenicol (5.5%), streptomycin (16.6%) and
ampicillin  (97.2%) while Salmonella spp. to chloramphenicol (07.1%), ciprofloxacin (07.1%),
streptomycin (19.1%) and ampicillin (100%). All bacterial isolates were sensitive to gentamycin. PCR
result showed that 77.77 and 80.95% phenotypically tetracycline resistant E. coli and Salmonella spp.
were positive for tetA gene. From this study it is concluded that tetracycline resistant E. coli and
Salmonella spp. widely present in sewage, river, pond and swimming pool water are of great public
health concern.

Key words: Environment, sewage, antibiotic resistance, tetA, E. coli, Salmonella spp., polymerase chain
reaction, public health.

INTRODUCTION

Concern over the threat posed by antibiotic resistant dissemination route for antibiotic resistance (Karkman et
bacteria and resistance genes to human health has turned al., 2019). Antibiotics are used as prescribed medications
greater attention also to the environmental dimensions of to control clinical infections. They are also included in
the problem. Only fairly recently, acknowledge has been feeds for livestock and poultry as growth promoters. From
made on the role of the environment as a source and human and animal, these pharmaceuticals are excreted
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from the body in our environment including water bodies
and sewage through urine or feces (Lood et al., 2017).

Antibiotics in the environment act as a selective
pressure to induce bacterial antimicrobial resistance
(AMR). E. coli and Salmonella spp. are Gram negative
enteric bacterium of the family Enterobacteriaceae and
ubiquitous in the environment (Scott et al., 2002).
Environment harboring antibiotic resistant bacteria (ARB)
act as a source or reservoir for the spread of antibiotic
resistance genes vertically into the other bacteria, thus
making the situation more aggravated. In addition, from
environment people can directly get exposed to this ARB
or indirectly through food chain (George, 2019).

Tetracycline is one of the widely used antibiotics in
veterinary and human medicine. They are also used as
growth promoters for livestock and aquaculture (Li et al.,
2010). Tetracycline is a broad-spectrum agents having
effect against a range of Gram positive and Gram
negative bacteria through inhibition of bacterial protein
synthesis due to the activity of tetracycline resistance
genes including tetA-E (Levy et al.,, 1999; Guillaume et
al., 2000). In many cases, tetA is found more commonly
in clinical E. coli than other tet gene family (Sengelgv et
al., 2003).

ARB and their resistance genes represent a serious
threat for human health since diseases caused by these
resistant bacteria cannot be treated by standard
therapies. Both the ARB and ARGs have been detected
extensively in waste water samples globally (Bouki et al.,
2013). In Bangladesh, sewage and water treatment
system is not well developed. Various types of clinics and
hospitals are often established near the water body in
Bangladesh could be the major source of antibiotics in
aquatic environments (Siddiqui et al., 2015). Even
biological waste material from diagnostic laboratory and
hospital are directly disposed in drain water without any
treatment that are loaded with pathogenic microbes. In
addition waste materials from municipal, agricultural,
livestock and poultry farms are also dumped in water
bodies could be contaminated with antibiotics resistant
bacteria.

Recently in Bangladesh antibiotic resistant Salmonella
spp. and E. coli were detected from pond water and
sewage samples respectively by Mahmud et al. (2019)
and Sobur et al. (2019). Previously Zahid et al. (2009)
reported the occurrence of multidrug resistance (MDR) E.
coli in surface water in Bangladesh. However, not
molecular based adequate surveillance data are available
in Bangladesh on the occurrence of tetracycline resistant
E, coli and Salmonella spp. in sewage, river, pond and
swimming pool water. These surveillance data on AMR
are crucial to support the National Action Plan of AMR of
Bangladesh Government to take necessary steps to
tackle the AMR related hazards. Therefore, the present
study aimed to explore the presence and rate of the
public health important tetracycline resistant E. coli and
Salmonella spp. in untreated sewage, river, pond and
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swimming pool water samples.

MATERIAL AND METHODS
Collection of samples

Aseptically, sampling was carried out over the period of June to
July, 2018 on random basis. A total of 47 water samples were
collected from different areas of Mymensingh, Bangladesh including
20, 4, 20 and 3 from sewage, river, pond and swimming pool water,
respectively. From each case 250 ml water samples were collected
aseptically in sterile glass bottle labeled properly and transported to
the laboratory maintaining cool chain for immediate processing.

Isolation and identification of E. coli and Salmonella spp.

Isolation and identification of E. coli and Salmonella spp. were
carried out based on initial culture in nutrient broth (6 h at 37°C
aerobically) followed platting on Eosine Methylene Blue (EMB) agar
and Xylose Lysine Dextrose (XLD) agar plates (Hi Media, India)
respectively. Culture plates were aerobically incubated at 37°C for
24 h followed by observing the cultural characteristics, morphology,
staining, and biochemical test as described by Bergey et al. (1974).
Isolation of E. coli and Salmonella spp. were confirmed by PCR
targeting 16S rRNA gene and imvA genes, respectively as
described subsequently.

Extraction of genomic DNA

Genomic DNA for the PCR was extracted by boiling method as
described previously by Mahmud et al. (2018). In brief, initially 100
pl of deionized water was taken into an Eppendorf tube. A pure
bacterial colony of E. coli or Salmonella spp. from overnight culture
on EMB or XLD agar plate at 37°C was gently mixed with deionized
water. The tube was then transferred into boiling water and boiled
for 10 min, then immediately transferred into ice for cold shock for
about 10 min, and finally centrifuged at 10,000 rpm for 10 min.
Supernatant from each tube was collected and used as template
DNA for PCR. The extracted DNA was stored at -20°C until use.

E. coli and Salmonella spp. specific PCR

Primers and protocol used for the detection of E. coli and
Salmonella spp. is listed in Table 1. All the PCR were done in a
final 25 pl reaction with 12.5 pl master mixture 2X (Promega, USA),
2 pl genomic DNA (30 ng), 1 pl each primer (10 picomol) and 8.5 pl
nuclease free water.

Thermal profile for PCR

Thermal condition was consisted of initial denaturation at 95°C for 5
min followed by 30 cycles each of denaturation at 94°C for 30 s,
optimal annealing temperature for each primer set (Table 1),
extension at 72°C for 1 min and final extension at 72°C for 10 min.

Visualization of amplified products
Amplified PCR products were analyzed by electrophoresis in 1.5%

agarose gel. Ethidium bromide was used to stain product which
were visualized under ultraviolet trans-illuminator (Biometra,
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Table 1. Primers used for the detection of E. coli, Salmonella spp. and tetA gene.

Target gene Primer sequence (5'-3') zrz(;d(lé;t) temA[;ZTZSJLr;g(°C) References
invA F: ATCAGTACCAGTCGTCTTATCTTGAT 211 Shanmugasundaram
R:TCTGTTTACCGGGCATACCAT et al. (2009)
F: GACCTCGGTTTAGTTCACAGA .
EC 16S rRNA R-CACACGCTGACGCTGACCA 585 Candrian et al. (1991)
{otA F: GGTTCACTCGAACGACGTCA 577 Woodford and
R: CTGTCCGACAAGTTGCATGA Livermore (2009)
Table 2. Isolation of E. coli in sewage, river, pond and swimming pool.
Source of Number of : .E. coli Salr.n.onella spp.
sample sample Number of positive Occurrence Number of positive Occurrence
samples (percentage) samples (percentage)
Sewage 20 17 85 19 95
River 04 03 75 04 100
Pond 20 15 75 18 90
Swimming pool 03 01 33.33 01 33.33
Total 47 36 76.59 42 89.36

Germany). 100 bp DNA ladder (Promega, USA) was used as
molecular weight marker.

In vitro antibiotic sensitivity test

Six commonly prescribed antibiotics (HiMedia, India) namely
chloramphenicol (10 pg), ciprofloxacin (5 pg), gentamicin (10 pg),
tetracycline (30 pg), streptomycin (10 pg) and ampicillin (2 pg) were
selected for the sensitivity test. Antibiogram were done by disk
diffusion method using Mueller Hinton (HiMedia, India) agar media
as described by Mamun et al. (2017). A McFarland 0.5 standard
was maintained for each culture suspension of bacterial isolates.
The results of the test were recorded as sensitive, intermediately
sensitive, or resistant by the recommendations of CLSI (2016).

Molecular detection of the tetA gene

Isolated E. coli and Salmonella spp. that were found phenotypically
resistant to tetracycline were further screened to detect tetracycline
resistance gene, tetA by PCR using the primers and protocol as
presented in Table 1. All the PCR were done as stated previously.
Thermal condition consisted initial denaturation at 95°C for 5 min
followed by 30 cycles each of 95°C for 60 s, 57°C for 60 s, 72°C for
1 min and final extension at 72°C for 10 min. Agarose gel 1.5% was
used to analyzed and amplified the PCR product by
electrophoresis.

RESULTS
Isolation of E. coli and Salmonella spp.

Among the 47 samples collected, 36 (76.59%) were found
positive for E. coli. On sample basis, the highest
occurrence was in sewage (85%) and lowest in swimming

pool (33.33%; Table 2). On the other hand among the 47
samples, 42 (89.36%) were found positive for Salmonella
spp. Occurrence of Salmonella spp. was highest in river
and lowest in swimming pool (Table 2).

Antibiogram profile

All the isolates were subjected to antibiogram study.
Phenotypically among 36 E. coli isolates, two were found
resistant to chloramphenicol, six to streptomycin, 35 to
ampicillin and all to tetracycline (Table 3). On the other
hand phenotypically among the 42 Salmonella spp.
isolates, three were found resistant to chloramphenicol,
three to ciprofloxacin, eight to streptomycin, and all to
tetracycline and ampicillin. Notable finding is that all the
isolated E. coli and Salmonella spp. were found resistant
to tetracycline, while all were sensitive to gentamicin.

Detection of tetA gene

Tetracycline resistant phenotypes were screened for the
detection of tetA gene by PCR (Figure 1). Among the 36
E. coli 28 (77.80%) isolates were found positive for tetA
gene (Table 4). In case of Salmonella spp. among the 42
isolates, 34 (80.90%) were found positive for tetA gene.

DISCUSSION

Because of the rapid emergence and spread of antibiotic
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Table 3. In vitro antibiotic sensitivity test of the isolated E. coli and Salmonella spp.

Name of antibiotic Isolated bacteria Sensitive Intermediate Resistant
. E (36) 33 (91.6%) 03 (08.3%) 0 (0.00%)
Gentamicin S (42) 34 (80.9%) 08 (19.1%) 0 (0.00%)
. E (36) 26 (72.2%) 08 (22.2%) 02 (05.5%)
Chioramphenicol S (42) 30 (71.4%) 09 (21.45%) 03 (07.1%)
. . E (36) 24 (66.6%) 12 (33.3%) 0 (0.00%)
Ciprofloxacin S (42) 31 (73.8%) 08 (19.1%) 03 (07.1%)
. E (36) 23 (63.8%) 07 (19.4%) 06 (16.6%)
Streptomycin S (42) 16 (38.1%) 18 (42.8%) 08 (19.1%)
Al E (36) 0 (0.00%) 01 (02.7%) 35 (97.2%)
P S (42) 0 (0.00%) 0 (0.00%) 42 (100%)

. E (36) 0 (0.00%) 0 (0.00%) 36 (100%)
Tetracycline S (42) 06 (14.2%) 0 (0.00%) 42 (100%)

E = E. coli, S= Salmonella spp.

M1 23 456 7 8 9 101112 13

Figure 1. PCR amplification of 577 bp amplicon of tetA gene. Lanes 1-6: E. coli, lanes 7-11:
Salmonella spp. M 100 bp. Lane 12: positive control, lane 13: negative control.

Table 4. Distribution of tetA gene among the isolated E. coli and Salmonella spp.

Tetracycline resistant E. coli Tetracycline resistant Salmonella spp.
Source of sample — —
No. of phenotype tested tetA positive No. of phenotype tested tetA positive
Sewage 17 14/17 (82.3%) 19 17/19 (89.4%)
River 03 2/3 (66.6%) 04 1/4 (25%)
Pond 15 11/15 (73.3%) 18 15/18 (83.33%)
Swimming pool 01 1/1 (100%) 01 1/1 (100%)
Total 36 28 (77.77%) 42 34 (80.95%)

resistant bacteria and their resistance genes among resistant bacteria that are of great public health concern.
humans, animals and the environment at global scale, Most of the researches on AMR focused on human and
antibiotic resistance is now considered as a one health animal, and there is a lack in AMR situation in the
challenge. Environment is a major source for antibiotic environment in LMICs such as in Bangladesh. In this
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study, the occurrence of antibiotic resistant E. coli and
Salmonella spp. in sewage, river, pond and swimming
pool in Mymensingh, Bangladesh with molecular level
was investigated.

In this study E. coli and Salmonella spp. were found to
be widely distributed in the environmental samples
analyzed. The overall occurrence of E. coli and
Salmonella spp. were 76.59 and 89.36%, respectively.
One of the most striking finding of this study is that all the
isolates of E. coli and Salmonella spp. were found
resistant to tetracycline phenotypically. This observation
is further supported by the detection of tetA gene.
Resistance against tetracycline is usually associated with
tet gene family. Tetracycline is a widely used antibiotic
(Hassan et al., 2015). Long time wide spread use of
tetracycline in veterinary and human medicine could be
lined with these observed resistant against tetracycline.
Peak et al. (2007) and Huang et al. (2019) also found
tetracycline resistance genes in various types of waste
water and sewage. It is also important to note that few
isolated E. coli and Salmonella spp. in this study were
found to be MDR in nature for example, resistant against
tetracycline, ampicillin and streptomycin. Rashid et al.
(2015) earlier reported the presence of MDR E. coli in
various aquatic sources in Bangladesh.

It is not uncommon to detect these ARB in
environmental samples as evident from the recent work
of Divya and Hatha (2019), Proia et al. (2019) and Liu et
al. (2018), who also detected antibiotic resistant E. coli
and Salmonella spp. in various environmental samples
including tropical estuarine water, waste water, sewage
etc. In this study, tetracycline resistant E. coli and
Salmonella spp. in water collected from sewage, river,
pond and swimming pool were detected. Wei et al. (2018)
detected several member of Enterobacteriaceae in
swimming pool water in Guangzhou, China and in Imo
river water in Nigeria (lhejirika et al, 2011).
Contamination of surface water with biological waste
including fecal materials could be associated with the
occurrence of these resistance bacteria in these
environmental samples.

In Bangladesh, Zahid et al. (2009) carried out an
investigation on the prevalence of multiple ARB and their
chromosomal determinants in surface water. From 147
samples, they isolated 103 bacterial species of which
65% were E. coli including isolates resistant to
tetracycline. While Siddiqui et al. (2015) showed
presence of antibiotic resistant Salmonella spp. in
hospital waste and many of which eventually ended up in
the sewage in Bangladesh, the present study findings
support both of these earlier observations.

E. coli and Salmonella spp. are enteric bacteria.
Although not all the strains of E. coli and Salmonella spp.
are pathogenic in nature, some strains are capable of
causing serious illness in animal and human including
enteritis. Both of them are also zoonotic in nature (Vasco
et al., 2016). Detection of antibiotic resistant E. coli and

Salmonella spp. in sewage, river, pond and swimming
pool as evident in this study are very alarming from the
public health point of view. Antibiotic resistance is a
global health problem. Disease caused by ARB are very
difficult to treat, needs special attention and expensive to
treat. Human can easily get exposed to these resistant
strains from sewage, river, pond and swimming pool.
Moreover, occurrence of antibiotic resistant bacteria in
the environmental samples observed in this study is an
indication of serious environmental pollution and hazard.
Many of the resistant genes are mobile in nature.
Environment contaminated with resistant bacteria and
resistance genes act as source or reservoir for AMR that
can easily transmit to other bacterial species.

There are a number of limitations associated with this
study. Although tetracycline resistant E. coli and
Salmonella spp. in various environmental samples have
been detected here, not much samples were analyzed. In
addition, the virulence properties of these isolates were
also not investigated. Molecular basis of other resistant
phenotypes were not focused. More detail study focusing
on these limitations will provide a better understanding of
AMR in environmental samples.

Conclusion

Environmental contamination is a global health challenge
of the 21% century. In this study a wide spread
occurrence of antibiotic resistant E. coli and Salmonella
spp. in sewage, river, pond and swimming pool including
tetA gene responsible for resistance against tetracycline
were detected. The presence of these resistant bacteria
in this environment is of great public health concern.
Many strains of E. coli and Salmonella spp. are
pathogenic in nature and there is potentiality for
transmission of these pathogens to human from the
contaminated environment. Disease caused by resistant
isolates is difficult to treat. Food chain and animal are
also at the risk of contamination. It is suggested that
establishing active surveillance system across the nation
for detection of ARB and ARGs in various environmental
samples will assist in reducing hazards associated with
AMR on animals and humans.
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