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Oreochromis mossambicus (Peters 1852) (Tilapia) is one of the most consumed fish globally. Tilapia thrives well in
environments polluted by urban waste, which invariably contain antibiotic-resistant bacteria and antibiotic resistance genes
(ARGs). Thus, Tilapia surviving in such polluted environments may serve as a potential source for dissemination of ARGs.
To investigate this, we isolated bacterial strains from gut of Tilapia found in polluted rivers and lakes near Pune, India, and
studied the prevalence of resistance genes bymolecular methods. A total of 91 bacterial strains were obtained, which include
fish pathogens and human pathogens such as Aeromonas hydrophila, Klebsiella pneumoniae, E. coli, Serratia marcescens,
Enterobacter spp. and Shigella spp. Overall the prevalence of class 1 integrons, class 2 integrons, extended-spectrum beta-
lactamases (ESBLs) blaCTX-M, blaSHV and aac(6')-Ib-cr gene was 38%, 24%, 38%, 31% and 31% respectively. Forty-two
percent of the Enterobacteriaceae strains carried blaCTX-M gene, which is a common ESBL gene in clinics. The study
demonstrates that tilapia found in the polluted waters can serve as reservoirs and an alternative route for human exposure to
clinically important ARG-carrying bacteria. The consumption and handling of these fish may pose a potential health risk.
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1. Introduction

Tilapia is the most commonly found Cichlid fish worldwide
(Singh and Lakra 2011). Tilapia is known to tolerate differ-
ent temperature ranges, poor quality water, and low dis-
solved oxygen. Tilapia is also known to survive in the
polluted environments where most of the other fish fail to
survive (Huang et al. 2003; Wu and Hwang 2003; Perez

et al. 2006; Jayaseelan et al. 2014). Tilapia from polluted
waters is still consumed in India, due to its abundant avail-
ability and lower cost compared with other fish (Canonico
et al. 2005).

Anthropogenic activities like urban waste, antibiotic pro-
duction waste and animal farming increase the abundance of
antibiotic-resistant bacteria and antibiotic resistance genes
(ARGs) in the receiving waters and sediments (Kümmerer
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2009; Marathe et al. 2013). The presence of Tilapia in such
polluted environments exposes it to many potential bacterial
pathogens carrying ARGs. Studies have shown that clinical-
ly important genes, such as extended-spectrum beta-lacta-
mases (ESBLs) and integrons, increase in abundance in the
receiving rivers, downstream of the waste water treatment
plants (Lu et al. 2010; Kristiansson et al. 2011). ESBLs
confer resistance to a wide variety of beta-lactam antibiotics.
Hence, ESBL-carrying pathogens pose a serious threat for
treating infections (Pagani et al. 2003; Naseer and
Sundsfjord 2011). Integrons are mobile genetic elements
responsible for integration and expression of gene cassettes.
They are often associated with ARGs and considered as
markers of horizontal gene transfer potential of a bacterial
strain (Mazel 2006; Gillings 2014). ESBLs (Abgottspon
et al. 2014) and integron (Schmidt et al. 2001) are reported
in bacterial strains isolated from cultured fish. The consump-
tion of fish carrying such ARGs by humans and other pred-
ators such as birds would serve as a route for the spread of
ARGs through contact and/or food webs. Although there are
reports on ARGs in bacteria associated with farmed Tilapia
in Malyasia and Trinidad (Newaj‐Fyzul et al. 2008; Budiati
et al. 2013), there is no comprehensive study on the preva-
lence of ARGs associated with the gut bacteria of Tilapia
thriving in waters polluted by urban waste, especially from
India.

The aim of the current study was to isolate bacterial
strains from the gut of Tilapia collected from polluted water
bodies near Pune, India, and characterize these strains for the
presence of resistance factors such as class 1, class 2 inte-
grons, ESBLs – blaCTX-M, blaSHV, blaOXA and aac(6')-Ib-cr
genes – using molecular methods. This would provide
insights into potential of Tilapia as a dissemination route
for ARGs and pathogens in the environment.

2. Material and methods

2.1 Collection and identification of fish

The samples were collected from Mula river, which is one of
the rivers that flows through Pune city and is highly polluted
due to industrial and sewage pollution (www.cpcb.nic.in).
Samples were also collected from a lake near Pune
(Talegaon Dabhade), which is known to be polluted by
urban waste. Lakes and rivers represent different habitat,
the latter being dynamic. Studies have shown that the fish
gut microbiota is significantly influenced by the habitat type
(Smith et al. 2015). Hence, in order to understand the differ-
ences in ARGs abundances in fish gut flora from these
polluted ecosystems, we collected fish from both river and
lake ecosystems. Fish were collected from three different
sites of the river spanning a stretch of 0.2 km at each site,
and 0.1 km from lake with the help from local fishermen.

Water samples were collected at each site and physiochem-
ical parameters of water were studied (table 1). Fish (3-4
individuals from each site) were transported to the laboratory
and processed further on the same day.

Species identification of fish was done using DNA bar-
coding. Briefly, DNA was isolated from the gills of the fish
using DNeasy Blood and Tissue Kit (Qiagen, USA) accord-
ing to the manufacturer’s protocol. Cytochrome oxidase I
(COI) gene was amplified and sequenced using the method
described earlier (Gaikwad et al. 2012). For bacterial isola-
tion, fish were surface sterilized with 70% ethanol. Fish were
dissected aseptically and gut content of the fish (three indi-
viduals) was homogenized in 10 mL of sterile phosphate-
buffered saline (PBS), pH 7.2 (Nawaz et al. 2010).

2.2 Isolation of bacterial strains

Bacterial strains were isolated by the spread plate method.
Briefly, 1.0 mL of gut homogenate was suspended in 9.0 mL
of sterile PBS (pH 7.2). The serial dilutions were plated onto
Tryptic soy agar (TSA) and R2A agar media and incubated at
30°C, for 24 to 48 h. Isolated colonies of different morpholo-
gies were selected and re-streaked to obtain pure cultures. The
strains were further stored as glycerol stocks at −70°C.

2.3 DNA extraction, PCR and DNA sequencing

Genomic DNA was extracted from freshly grown pure cul-
tures using DNeasy Blood and Tissue Kit (Qiagen, USA)
according to the manufacturer’s protocol.The isolated strains
were identified by 16S rRNA gene sequencing as described
earlier (Marathe et al. 2013) using universal primer set 27F
and 1488R (table 2). The PCR reaction constituted 1X
standard Taq Buffer, 200 nM dNTPs, 0.4 μM of each primer,
0.625 U Taq polymerase (Invitrogen, USA). All PCR reac-
tions were performed for 35 cycles in 25μl volume. The PCR
products were analyzed on 1% agarose gel and stained using
SYBR Safe DNA gel stain (Invitrogen, USA). The purified
PCR products were sequenced using BigDye Terminator
Cycle Sequencing Ready Reaction Kit v 3.1 in an automated
3730xl DNA analyzer (Applied Biosystems Inc, USA). The
detection of antibiotic resistance genes was done by PCR
using primers listed in table 2. The isolates positive for
ESBLs were grown on TSA plates containing 100 μg/mL
ampicillin to confirm the expression of beta-lactamase gene.

3. Results and discussion

3.1 Identification of fish and bacterial strains

DNA barcoding analysis showed that all the fish collected in
this study belonged to Oreochromis mossambicus. The
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sequences for COI gene are submitted to GenBank under
accession number KU170710 to KU170713.

A total of 91 bacterial strains were obtained from the four
samples. All the strains were identified based on 16S rRNA
gene sequence. These sequences are submitted to GenBank
under accession number KT998807 to KT998893 and
KU163141 to KU163144. The strains were dominated by fam-
ily Aeromonadaceae (35%) followed by Enterobacteriaceae
(34%). At genus level, Aeromonas was the most prevalent
genera followed by Bacillus and Enterobacter (supplementary
table 1).

Along with fish pathogens (Aeromonas hydrophila, Plesio-
monas shigelloides), we identified many potential human
pathogens (Klebsiella pneumoniae, E. coli, Serratia marces-
cens, Enterobacter sp. and Shigella sp.) from Tilapia gut.
Emerging opportunistic human pathogens such as Leclercia
adecarboxylata and Staphylococcus sciuri were also detected
(Brenden et al. 1988; Stepanović et al. 2001; Stock et al.
2004). Fish pathogen, Plesiomonas shigelloides is known to
cause gastroenteritis and sometimes other infections in humans
(Brenden et al. 1988). The presence of these pathogenic bacteria
in the Tilapia gut is thus a cause of concern, as it can serve as a
reservoir of potential human pathogens in the environment.

3.2 The prevalence of resistance factors

Screening of these bacterial isolates for the presence of inte-
grons showed that overall 38% (35/91) of the isolates carried
class 1 integrons, while 24% carried class 2 integrons (fig-
ure 1). Furthermore, ten percent of the isolates carried both
class 1 integron and class 2 integrons. Previous studies on
Aeromonas sp. isolated from Cyprinus carpio from Mexico
and Australia showed 43% and 31% of prevalence of class 1
integron, respectively (Ndi and Barton 2011; Sarria-Guzman
et al. 2014). Our findings are comparable with these reports;
we detected class 1 integrons in 38% of the Aeromonas sp.
isolates. However, considerably higher prevalence of class 1
integrons (48%) and other resistance like blaCTX-M (42%)
genes were observed in Enterobacteriaceae isolates. Class 2
integrons were detected in the present study with highest
prevalence in Aeromonas sp. (31%), followed by Bacillus sp.
(19%). Both class 1 and class 2 are known to be associated
with different antibiotic resistance genes and considered as
markers of horizontal gene transfer potential of a bacterial
strain (Mazel 2006; Gillings 2014). Presence of integrons in
the bacterial strains isolated from Tilapia gut suggests that
these strains have high potential for horizontal gene transfer.

Expression of ESBL enzymes by pathogenic bacteria is a
serious clinical problem. In the present study, highest prev-
alence was observed for blaCTX-M (38%) followed by blaSHV
(31%) and blaOXA (7%) in bacterial isolates from Tilapia
gut. Enterobacteriaceae had slightly higher prevalence of
blaCTX-M (42%). All the ESBL-carrying strains showedT
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growth on TSA plates containing 100 μg/mL ampicillin, thus
confirming the production of a beta-lactamase by these
strains. This illustrates that Tilapia serves as important res-
ervoir for blaCTX-M-carrying bacteria in the environment.
ESBL-carrying Enterobacteriaceae pose a major threat for
treatment in clinics, especially particularly those carrying
CTX-M-type ESBL (Naseer and Sundsfjord 2011). Studies
have shown that the blaCTX-M gene in pathogens is often
associated with different mobile genetic elements, one of
them being integrons (Naseer and Sundsfjord 2011). In the
present study, we detected integrons in 74% of blaCTX-
M-carrying isolates. Thus, implicating possible high tenden-
cies for participation in horizontal gene transfer events of
these blaCTX-M-gene-carrying strains. Along with ESBLs,
aac(6')-Ib-cr gene, which confers resistance to aminoglyco-
sides and a low level resistance to ciprofloxacin, was

detected in 31% of the isolates. The aac(6')-Ib-cr gene is
usually associated with mobile genetic elements like conju-
gative plasmids, transposons or integrons (Park et al. 2006;
Yang et al. 2008). Thus, the presence of potential human
pathogens carrying ESBLs and other resistance factors
known to be associated with mobile genetic elements sug-
gest that Tilapia may acts as important reservoir of clinically
relevant resistance factors and pathogens in the environment.

3.3 Prevalence of resistance factors in fish from lake and
river ecosystems

The gut bacteria of Tilapia caught from lake had considerably
higher abundance of resistance genes compared with those
from rivers (figure 2). Previous studies have shown that gut
flora of fish varies according to habitat type (Smith et al.

Table 2. The list of primers used in the study

Primer Sequence Description

27F CCAGAGTTTGATCMTGGCTCAG 16S rRNA gene forward (Marathe et al. 2013)

1488R CGGTTACCTTGTTACGACTTCACC 16S rRNA gene reverse

Int1F GGGTCAAGGATCTGGATTTCG Class 1 integrase forward (Mazel et al. 2000)

Int1R ACATGGGTGTAAATCATCGTC Class 1 integrase reverse

Int2F CACGGATATGCGACAAAAAGGT Class 2 integrase forward (Mazel et al. 2000)

Int2R GTAGCAAACGAGTGACGAAATG Class 2 integrase reverse

OXAF ATGAAAAACACAATACATATC ESBL OXA forward (Mendonca et al. 2007)

OXAR AATTTAGTGTGTTTAGAATGG ESBL OXA reverse

CTX-MF ATGTGCAGYACCAGTAARGT ESBL CTX-M forward (Pagani et al. 2003)

CTX-MR TGGGTRAARTARGTSACCAGA ESBL CTX-M reverse

SHVF AGGATTGACTGCCTTTTTG ESBL SHV forward (Colom et al. 2003)

SHVR ATTTGCTGATTTCGCTCG ESBL SHV reverse

AAC6F TTGCGATGCTCTATGAGTGGCTA aac(6')-Ib-cr forward (Park et al. 2006)

AAC6R TGCTCTATGAGTGGCTA aac(6')-Ib-cr reverse

Figure 1. Prevalence of resistance genes among the bacterial
strains isolated from Mossambicus tilapia gut. IntI1, class 1 inte-
grase; IntI2, class 2 integrase; blaSHV, ESBL SHV type; blaOXA,
ESBL OXA type; blaCTX-M, ESBL CTXM type; aac(6')-Ib-cr,
aminoglycoside acetyltransferase.

Figure 2. Differences in resistance genes prevalence among the
bacterial strains isolated from Mossambicus tilapia from Lake and
River. IntI1, class 1 integrase; IntI2, class 2 integrase; blaSHV,
ESBL SHV type; blaOXA, ESBL OXA type; blaCTX-M, ESBL
CTXM type; aac(6')-Ib-cr, aminoglycoside acetyltransferase.
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2015). The differences in ARG carriage by gut flora of fish
from these two different ecosystems may be attributed to the
load of ARGs in the environment. A lake is a static water body;
thus, pollution with sewage would have a long-term effect on
the fauna of lake as compared with a river. A river is dynamic
ecosystem with flowing water and changing conditions. Al-
though this is true, we have not studied the abundance of
ARGs and bacterial flora of water from where fish were
caught. This would have given important insights about the
role of environment in shaping the ARGs’ abundance in fish
gut flora. To understand this, we plan a broader follow-up
study with larger number of samples and sampling sites in-
cluding the uncontaminated sites, targeting ARGs abundance
in water samples and bacterial flora of water, along with
Tilapia gut bacteria. Nevertheless, the current study for the
first time shows that Tilapia thriving in polluted water bodies
carry bacterial pathogens bearing clinically important ARGs.

Environmental bacteria bearing resistance genes can pose a
potential public health risk. The bacteria from polluted waters
can be acquired by humans in many ways such as contact with
the water or consumption of plants irrigated with contaminated
water (Wellington et al. 2013). Our study demonstrates that
Mossambicus tilapia, which is popularly used as a food source,
carries gut bacteria bearing clinically important genes. Thus, it
might serve as a vector for transmission of resistance genes to
human commensal and pathogens. Although in India, fish are
properly cleaned before cooking, handling of fish and poor
disposal of non-edible parts potentially allow ARGs to dissem-
inate in the foodweb. These fish (dead or alive) and their remains
are often consumed by the stray dogs and birds, which also serve
as another route for the dissemination of ARGs in the
environment.

4. Conclusion

To the best of our knowledge this is the first study address-
ing the prevalence of resistance factors in gut bacteria of
Tilapia dwelling in water bodies impacted with urban waste
from India. This study demonstrates that fish found in pol-
luted waters serve as a reservoir of clinically important
antibiotic resistance genes and may serve as an alternative
route for their dissemination to humans. Furthermore, Tila-
pia is known for local migration. Thus, it might disseminate
resistance-gene-carrying bacteria to larger parts of the river
during migration. Proper management of urban waste and
awareness on the consumption of fish from polluted environ-
ments should be promoted in order to reduce the spread of
antibiotic resistance through fish thriving in polluted waters.
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