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The bacterium causing cholera, Vibrio cholerae, is a marine organism and coastal waters are important
reservoirs of the organism. There are more than 200 serogroups of V. cholerae, of which serogroups O1
and 0139 are known to be the causative agent of the cholera. The main virulent factor in V. cholerae is
cholera toxin gene (ctx) that is found from the epidemic O1 and O139 strains, but may also be found in
some strains other than O1 and 0139 (non-O1 and non-0139). In this study, 48 V. cholerae strains
isolated from three estuaries of Tanzania and 20 stool isolates were characterized in terms of their
serogroups and possession of ctx gene and then compared using two PCR based fingerprinting
methods: Enterobacterial repetitive intergenic consensus (ERIC) sequences and repetitive extragenic
palindromic (REP) sequences. All the stool isolates and twelve of the environmental isolates belonged
to serogroup O1 while the remaining 36 environmental isolates were defined as non-01/0139. The entire
stool isolates and 21 of the environmental isolates had the cholera toxin gene (ctxA). Both ERIC and
REP methods gave almost unique fingerprints for each strain and confirmed high genetic heterogeneity
among the different cholera strains. Higher similarity was observed in REP-PCR (70-100%) than in ERIC-
PCR (62-100%), indicating different discriminative power of these methods. Environmental isolates
clustered together with clinical isolates at =90% similarity level suggesting their great potential of
producing pathogenic strains that may be the causative agents for the frequent observed cholera
outbreaks particularly along the coast.

Key words: Vibrio cholerae, enterobacterial repetitive intergenic consensus (ERIC)-PCR, repetitive extragenic
palindromic (REP)-PCR, estuaries of Tanzania.
INTRODUCTION

Cholera epidemics and pandemics are a major health It is a waterborne infectious disease caused by the Gram-
problem causing death, particularly inlow-income countries. negative bacterium Vibrio cholerae, when it colonizes the
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small intestine in humans. The disease is characterized
by devastating watery diarrhea, caused by an enterotoxin
known as cholera toxin (CT), which is produced by the
bacteria. The reemergence of cholera is presenting
unprecedented challenges and scientists have for long
time questioned how V. cholerae could seemingly
disappear-undetected in water samples; with no new
cases reported, and then almost spontaneously arise
again. Exactly what awakens the bacterium from their
dormant state is unknown, but it is thought to involve a
combination of different factors, such as water temperature,
water salinity, nutrients and phytoplankton biomass that
provide the "right" conditions (Islam et al., 2007). Climatic
factors have also been shown to be significant in cholera
epidemics (Lobitz et al., 2000; Lipp et al., 2002; Fernandez
et al., 2009) due to the fact that the historical context of
the disease has a close link to specific seasons and
biogeographical zones.

There are more than 200 serogroups of V. cholerae, of
which serogroups O1 or 0139 are known to cause the
cholera disease in humans. The main virulent factor in V.
cholerae is cholera toxin gene (ctx) that is found from the
epidemic O1 and O139 strains, but it is also found from
other V. cholerae strains (non-O1 and non-O139) that
have been hypothesized to be the source of new
epidemics (Lipp etal.,2002; Peterson, 2002). Earlier studies
have shown that V. cholerae is capable for horizontal
gene transfer, where for example the 0139 strain has
arose from the V. cholerae O1 strain (Bik et al., 1995;
Waldor and Mekalanos 1994). In addition, V. cholerae
non-O1 and non-O139 strains can acquire genes for toxin
production by horizontal gene transfer (Faruque et al.,
1998). In Tanzania, a recent study has also shown the
existence of both serogroup O1 and O139 in estuary
ecosystems (Lugomela et al., 2011). Interestingly, the
authors also found a number of V. cholerae non-O1/non-
0139 to carry the cholera toxic gene ctxA, raising the
question whether these strains pose a health risk in the
region.

A wide variety of techniques are used to study the
pathogenicity and identification of V. cholerae (Nandi et
al., 2000; Binsztein et al., 2004; Rao and Surendran,
2010; Teh et al., 2011a; Kumar et al. 2014). Repetitive
element sequence-based PCR fingerprinting studies
have repeatedly revealed a high degree of diversity
among nontoxigenic and toxigenic V. cholerae isolates
from various sources (Teh et al., 2011a). Such methods
include enterobacterial repetitive intergenic consensus
(ERIC-PCR) sequences and repetitive extragenic
palindromic (REP-PCR) sequences (Rao and Surendran,
2010). The ERIC sequences are 126 bp and highly
conserved at nucleotide sequence level but their
chromosomal locations differ between species (Hulton et

al.,, 1991). The ERIC sequence in V. cholerae is located
near the haemolysin gene (Wong and Lin, 2001). The
REP-PCR method is based on the presence of 38-bp
REPs in Enterobacteriaceae and other bacteria and has
been applied to many species (Wong and Lin, 2001).

Tanzania, like many other countries in sub-Saharan
Africa, has consistently been affected by cholera cases.
Outbreaks of various magnitudes continue to re-occur
across the country and especially along the coastal
regions. Studies on the association between cholera
outbreaks and environment in Tanzania are limited. The
seasonal cholera outbreaks have been linked to rainfall,
dry season and/or floods (Acosta et al., 2001). The major
risk factors have been linked to rivers and bathing water
contaminated by sanitary effluents or eating dried fish
from contaminated water. However, there is no study that
has assessed the genetic relationships of the V. cholerae
isolated from patients and those occurring in the natural
environment in Tanzania. This may have led to limitation
on proper implementation of preventive interventions to
contain the outbreak of epidemic cholera. In this study,
we used multiple PCR targeting V. cholerae specific
regions (species-specific outer membrane protein ompW,
cholera toxin gene (ctx), serogrouping of O1-rfb and
0139-rfb) to assess occurrence of pathogenic strains of
V. cholerae on three estuaries of Tanzania. The genetic
heterogeneity between environmental isolates and
clinical isolates were also determined using two PCR
fingerprinting approaches: the ERIC-PCR and REP-PCR
sequencing methods.

MATERIALS AND METHODS
Isolation of V. cholerae and DNA extraction

Samples for isolation of environmental V. cholerae strains were
collected from Pangani Estuary (Tanga Region), Ruvu Estuary
(Pwani Region) and Mzinga Creek (Dar es Salaam Region) on
monthly bases from July 2009 to June 2010. At each site, three
sampling stations were set, that is., in fresh water (Station 1),
brackish water (Station 2) and marine water (Station 3). In each
sampling station, water and plankton (collected by concentrating
100 L through 20 ym plankton net) samples were taken and stored
in pre-sterilized bottles. A total of 48 environmental (14 from water
samples and 34 plankton samples) that were confirmed as ompW
positive were used in this study.

Isolation V. cholerae was done at Muhimbili Hospital laboratory
by following standard techniques. First, the samples were enriched
using alkaline peptone water (APW) followed by sub culturing on
thiosulfate citrate bile-salt sucrose (TCBS) agar media (both are
selective media for V. cholerae). After incubations, colonies
showing the characteristic V. cholerae were picked and purified.
Clinical V. cholera strains, isolated from cholera patient stools were
obtained from Muhimbili national culture collection. The clinical
strains, referred as stool in the text, were re-cultured in TCBS
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medium. A total of 20 viable cultures for this study were derived
from cholera patient’'s stool from Dar es Salaam and Tanga
between 2009 and 2012. All strains were then preserved in 70%.
ethanol before DNA extraction. The DNA extractions were done as
described by Jia et al. (2004). The extracted DNA was suspended
in 50 pl of TE buffer and stored at 4°C

PCR typing of V. cholerae for REP and ERIC PCR

PCR for the detection of V. cholerae was performed using species-
specific ompW primers ompWF (‘5-
CACCAAGAAGGTGACTTTATTGTG-3) and ompWR  ('5-
GGTTTGTCGAATTAGCTTCACC-3) followed by detection of
enterotoxigenic V. cholerae by using ctx primers ctxAF (‘5-
CTCAGACGGGATTTGTTAGGCACG-3’) and ctxAR ('5-
TCTATCTCTGTAGCCCCTATTACG-3’) as described in Alam et al.
(2006). To confirm the presence of V. cholerae O1 and 0139, PCR
was performed by using O1-rfb [01rfbF (‘5-
GTTTCACTGAACAGATGGG-3) and 01rfbR ('5-
GGTCATCTGTAAGTACAAC-3’)] and 0O139-rfb [0139rfbF (5-
AGCCTCTTTATTACGGGTGG-3') and 0139rfbR (‘5-
GTCAAACCCGATCGTAAAGG-3’) specific primers, respectively.
Enterobacterial ERIC-PCR was performed using ERIC1R (5-
ATGTAAGCT CCTGGGGATTCA C-3) and ERIC2 (5-
AAGTAAGTGACTGGGGTGAGC G-3') while REP-PCR was
performed using REP1D (5-NNN RCGYCGNCA TCMGGC-3’) and
REP2D (5-RCGYCTTATCMGGCCTAC-3) as described in Rao
and Surendran (2010).

PCR amplification was performed as previously described by
Rao and Surendran (2010), with minor modifications. Thus, PCR
mix composed of 10x buffer [100 mM KCI, 20 mM MgClz, 20 mM
Tris-HCI (pH 8.0), 0.1 mM EDTA], 2 uM of dATP, dCTP, dGTP and
dTTP, 3 U of Taq polymerase, 5 uM of primers and 5 ng of template
DNA in a final volume of 50 pl. The amplifications were carried out
in a S1000TM Thermal cycler programmed as follows: PCR cycle
conditions for REP-PCR and ERIC-PCR was done by an initial
denaturation at 95°C for 7 min, then 30 amplification cycles of
denaturation at 90°C for 30 s, annealing at 45°C for 1 min,
extension at 65°C for 3 min, final extension at 70°C for 10 min. After
each PCR reaction, the correct PCR product was confirmed by
running 10 pl of PCR product on 1% agarose gel electrophoresis in
1x TAE buffer (0.04 M Tris-acetate, 0.001 M EDTA [pH 8.0])
containing 1 ug/ml SYBR safe (Invitrogen, Carlsbad, CA, USA).

The electrophoretic patterns of ERIC-PCR and REP-PCR were
analyzed using a computer software package on Quantity One ver.
4.1.0 (Bio-Rad). Dendograms were analyzed using PC-ORD
program and produced with MEGAG6 using the unweighted average
pair Group method (UPGMA) (Sneath and Sokal, 1973).

RESULTS

A total of 68 V. cholerae strains (48 environmental and 20
stool isolates) that were confirmed as ompW positive
were used in this study (Figures 1 and 2). Twelve (12) of
the environmental isolates, both from water and plankton
samples, as well as the entire stool isolates belonged to
serogroup O1. Thus, the remaining 36 isolates were
defined as non-01/0139 (Figures 1 and 2). There was no
strain that belonged to serogroup 0O139. Furthermore, the
results revealed that 21 of the environmental isolates and
all the stool isolates had the cholera toxin gene (ctxA)
(Figures 1 and 2).
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ERIC-PCR fingerprinting

The fingerprints of V. cholerae isolates consisted of one
to 12 amplification bands, ranging in size from 263 to
3633 bp (Figure 3). Each strain gave almost a different
ERIC fingerprint although common bands were observed
on most of the isolates at 565 and 425 bp (48 and 40
isolates, respectively). Comparison of different strains
showed extensive diversity among the V. cholerae isolates
and the similarity ranged between 62-100%. Analyzing
the similarity among the different strains with the diversity
database software MEGA6 employing the UPGMA
allowed the identification of four different clusters (ERIC
groups) at 80% similarity level (Figure 1). The stool isolates
as well as environmental isolates were found from all
ERIC groups and the samples were divided without any
clear division based on the source, cholera toxin gene or
serogroup. Observing the results at 90% similarity level
(Figure 1), 16 different clusters were obtained, where
most of the clusters contained only stool isolates or
environmental isolates. The different sampling stations or
environmental samples (water and plankton) were not
separately clustered. However, six clusters contained a
mixture of clinical and environmental isolates (B83, T198,
D588, D228, T181, B19, B144, B134, B118, B160, T124,
B33, Bl46 and B32) with at least 90% similarity level
(Figure 1).

REP-PCR fingerprinting

Analysis using REP-PCR showed 3 to 14 bands for the
68 isolates. The size of these bands ranged from 220 to
3168 bp and the fingerprint patterns were showing high
disparity between the samples (Figure 4). However, most
isolates demonstrated a common band at 1020 bp (55
isolates) and the similarity between the isolates varied
between 70-100%. A total of seven genomic REP groups
were clustered among the 68 isolates of V. cholerae
using the MEGAG6 program and UPGMA method at 80%
similarity level (Figure 2). As was the case with ERIC-
PCR analysis, all REP groups contained isolates both
from stool and environmental samples (Figure 2). Likewise,
no environment, serogroup or cholera toxin gene based
division was seen. Clustering at 90% similarity level
revealed 15 clusters (Figure 2). However, only two
clusters contained both stool and environmental (B211
and T181) isolates at 90% similarity level. Isolate T181
also clustered with stool isolate in ERIC-PCR analysis.

DISCUSSION

This study confirmed earlier observations on the
presence of the toxigenic V. cholerae O1 and non-
01/0139 in the estuaries of Tanzania (Lugomela et al.,
2011). In particular, V. cholerae serogroup O1 that was
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Figure 1. Dendrogram established by the diversity database software package (MEGA6) and UPGMA on the basis of the ERIC-
PCR profiles of V. cholerae stains. Clustering at 80% similarity level is presented with ERIC groups and similarity at 90% level
with black vertical line. The sample description and genetic characterization are presented for each sample (PE = Pangani
Estuary, RE = Ruvu Estuary, MC = Mzinga Creek, DSM = Dar es Salaam, STI = Station 1, ST2 = Station 2, ST3 = Station 3, Zoo
= zooplankton and Phyto = phytoplankton).
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B31 RE - ST2 Water 01 - 2

75 80 85 _ 90 95
Similarity (%)

Figure 2. Dendrogram established by the diversity database software package (MEGA6) and UPGMA on the basis of the REP-PCR
profiles of V. cholerae stains. Clustering at 80% similarity level is presented with REP groups and similarity at 90% level with black
vertical line. The sample description and genetic characterization are presented for each sample (PE = Pangani Estuary, RE = Ruvu

Estuary, MC = Mzinga Creek, DSM = Dar es Salaam, STI = Station 1, ST2 = Station 2, ST3 = Station 3, Zoo = zooplankton and
Phyto = phytoplankton).
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4 15 16

Figure 3. An Example of DNA fingerprint pattern of V. cholerae isolates using the ERIC-PCR. Lane 1-20 is TI58,
TI35, TI52, TI23, TI53, BI36, DI20, TI57, BI6O, Bl42, BI18, BI46, DC47, DC48, DI43, TC63, DC49, Bl44, BI34 and
TI24, respectively. Lane M: 1 kb DNA Molecular weight maker.

commonly encountered is known to be responsible for
the 7" (1961 to present) cholera pandemic (Feng et al.,
2008). Indeed, all isolate from cholera patient’s stool
samples were V. cholerae Serogroup O1, which gives the
implication that they are responsible for the observed
frequent cholera outbreaks in Tanzania. Nevertheless,
majority of V. cholerae strain that were isolated from the
environment belonged to non-01/0139 serotypes which
is in agreement with what has been reported elsewhere
(Teh et al., 2011a; Waturangi et al., 2012). Interestingly,
over one-third of the non-O1/0139 V. cholerae strains
were also found to possess the cholera toxic gene (ctxA).
This is however not peculiar as other reports have also
shown the existence of ctxA in certain strains of non-
01/0139 V. cholerae of both clinical and environmental
origin (Chakraborty et al., 2000; Nandi et al., 2000).
Indeed, strains belonging to serogroups non-O1/0139
have from time to time been implicated as the causative
agents of cholera-like diseases in various parts of the
world. These include serogroups such as 010, O11, 012,
035, 037 and 075 (Tobin-D’Angelo et al., 2008;
Chatterjee et al., 2009; Dutta et al., 2013). This implies
that the occurrence of non-O1/0139 strains in the aquatic
environment of Tanzania can also be a source of cholera-
like diarrhea as have been reported elsewhere. Since
typically, the V. cholerae O1 and O139 are known as the
causative agent of cholera (Nandi et al., 2000) a better
understanding of the potential pathogenicity of V.

cholerae non-O1/0139 strains is important and calls for
further studies.

The results of ERIC-PCR fingerprinting showed that the
68 V. cholerae isolates clustered into 4 and 17 different
genotypes at 80 and 90% similarity level, respectively.
This is in agreement with other studies, which showed
extensive genetic diversity of V. cholerae (Rao and
Surendran, 2010; Teh et al.,, 2011a; Waturangi et al.,
2012) as well as in Vibrio parahaemolyticus (Wong and
Lin, 2001). Interestingly, 14 environmental isolates
clustered with eight clinical isolates in six clusters at 90%
similarity level. This suggests that the coastal waters of
Tanzania harbor great potential for pathogenic V.
cholerae strains that may also initiate cholera outbreaks.
This could be accelerated through e.g. gene transfer
process, which has been reported in various studies
(Faruque et al., 1998; Blokesch, 2014).

Similarly, when applying REP- PCR on the 68 isolates,
a total of 7 and 15 clusters were revealed at 80 and 90%
similarity level, respectively. However, at a similarity level
of 90% and above, ERIC-PCR showed more genetic
variation among the V. cholerae isolates as compared to
REP-PCR suggesting that ERIC approach is more
powerful as it is less complex but more discriminative.
This observation is similarly to that of Maluping et al.
(2005) and Waturangi et al. (2012) who showed that REP
PCR is less reproducible and yields relatively small
number of products. On the contrary, in a study by Wong
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Figure 4. An example of DNA fingerprint pattern of V. cholerae isolates using the REP-PCR. Lane 1-20
is isolates TI58, TI35, TI57, TI23, TI53, BI36, BI34, DI20, TI52, BI18, DC47, DC48, TC63, DC49, DI43,
BI60, Bl44, Bl42, Bl46 and TI124. Lane M: 1kb DNA Molecular maker.

and Lin (2001) on V. parahaemolyticus, the authors
suggested that REP-PCR was preferable to ERIC-PCR
because of the greater reproducibility of its fingerprints.
Nevertheless, the two methods did not give clear division
among the groups based on neither source nor ctxA gene
nor serogroup. This is similar to previous reports that
show no clear distinction between the sources, ctxA gene
as well as serogroups (Teh et al.,, 2011a; Waturangi et
al., 2012). Thus, other finger typing methods such us
Random Amplified Polymorphic DNA (RAPD), MultiLocus
Sequence Typing (MLST) and Multi-virulence Locus
Sequencing Typing (MVLST) methods (e.g. Teh et al,,
2011b; Kumar et al., 2014) are recommended for further
analysis of the genetic variations and relatedness of the
isolated strains.

Conclusion

In conclusion, both ERIC and REP methods gave almost
unique fingerprints for each strain. Comparison of
similarities among the different profiles confirmed the
genetic heterogeneity among V. cholerae strains. The
two methods show no common cluster that contained
similar strains composition possibly due to their different
discriminatory powers. The high similarity between some
of the environmental and stool isolates suggests that
environmental strains are the causative agents of the
frequent observed cholera outbreaks in coastal regions of
Tanzania. The role of V. cholerae non-O1/0139 that
contains the cholera toxin gene as agents for diarrheal

diseases in coastal areas of Tanzania calls for further
investigation.
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