phenotypically confirmed ET strains amplified the primers for the r&xC gene which is unique to
ET biotype, confirming their ET traits. In addition, all ET strains amplified the primers for

tepA”™" and rstR"T genes, but not 1cpA“" and rsiR genes further confirming those strains to be

that of ET biotype.
Antibiotic Susceptibility Testing

Response of V. cholerae Ol strains towards six different antibiotics revealed that multidrug
resistant strains having 3-4 resistance markers were circulating between 2006 and 2011 (Table
1). . The drugs to which all of the 54 tested V. cholerae O1 strains showed resistance throughout
the study period included sulphamithoxazole - trimethoprim (SXT) and furazolidone (FR);
whereas resistance towards tetracycline (TE) and erythromycin (E) were highly unstable,
varying between the years. All of the tested strains were uniformly susceptible towards
gentamicin (CN) and ciprofloxacin (CIP). Three of nine V. cholerae O1 strains (33.3%) showing
resistance to four drugs namely SXT, FR, TE, and E were found only during the year 2006.
Year-wise data revealed that E resistance marker did not exist after it was last detected during
2006 until 2011 when one of nine (11%) V. choleare strains was resistant towards E. Our year-
wise data also revealed that TE resistance in V. choleare causing cholera between 2006 and 2010
occurred among 33.3%, 77.8%, 0%, 100%, and 27.3% of the strains during 2006, 2007, 2008,
2009, and 2010 respectively; whereas all strains tested were sensitive to TE during the year 2011.
Overall data suggest that continuous monitoring of drug response of V. choleare is of paramount
therapeutic implication as far as the drug resistance markers are highly unstable and can change

temporally making an effective drug ineffective.

PCR assay for detecting SXT and class1 integron

All drug resistant V. choleare strains (n=54) supported the amplification of the primers for gene

SXT, a mobile genetic element carrying multi-drug resistance gene cassettes in bacteria. None of
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the strains amplified the primers targeted for the genetic element int/1 in the present study,

confirming the absence of class 1 integron among the tested V. cholerae O1 strains.
CtxB typing by MAMA-PCR

All V. cholerae O1 strains, including the CL (0395) and ET (N16961) reference strains were
analyzed by a specifically desinged PCR technique, MAMA-PCR to determine the CTX-B
genotype. As shown in Table 1, V. cholerae O1 strains that were identified as ET, amplified the
CL specific cxB" gene but not the cxBET gene, confirming the CTX genotype to be of the CL
biotype. ET biotype strains possessing CL biotype-specific CTX genotype (genotype 1)
confirmed all V. cholerae O1 strains to be hybrid ET that replaced the prototype 7™ pandemic
ET (genotype 3) in Dhaka, Béngladesh since 2001.

Sequencing of ctxB gene

PCR-amplified ctxB genes (460bp) of representative strains from each year during 2006 — 2011
were sequenced and the deduced amino acid sequences were determined by employing
bioinformatic tools comparing with the sequences of the classical and El Tor reference strains
available in the GenBank (0395 and N16961). As shown in Figure 1, V. choleare isolated before
2008 showed the absolute amino acid sequence similarity with the classical biotype CT (ctxB
genotype 1), having histidine and threonine at positions 39 and 68 respectively. However, an
additional sequence variation was observed in position 20, where histidine usually occurring in
CL and ET type CT was replaced by asparagine (H—N), in majority of strains isolated during
2008, and strains tested thereafter (Figure 1). The DNA sequence and the deduced amino acids
matched with the new c&xB genotype (designated ctxB genotype 7) reported recently from
cholera outbreak in Orissa, eastern India (Kumar er al., 2009). Although, the c&xB genotype 7
was not found among three V. choleare altered ET strains representative of the year 2009 tested
in the present study, all V. choleare strains tested thereafter (2010 — 2011) harbored the ctxB
genotype 7 instead of czxB genotype 1 in Dhaka, Bangladesh.

PFGE analysis
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Representative V. cholerae O1 strains isolated between 2006 and 2011 were analyzed by
pulsed-field gel electrophoresis (PFGE) to reveal the genetic relatedness of the multidrug
resistant strains that were circulating in Dhaka city. The Nod restriction enzyme digested the
genomic DNA into variable fragments and the fragment sizes ranged from 20 to 350 kb (Figure
2). V. cholerae strains having resistance markers for FR and SXT had identical banding pattern
except that minor divergence was observed for a few strains. Other multi-drug resistant strains
showing resistance toward FR, SXT and TE had closely related PFGE pattern, but not identical,
suggesting genetic divergence (Figure 2). Cluster analysis by dendrogram (constructed by Dice
similarity coefficient and UPGMA clustering method) of the PFGE images revealed that
majority of the FR and SXT resistant strains share a closely related major cluster (cluster A),
suggesting that they belonged to a single clonal lineage. Strains showing resistance towards FR,

SXT, and TE varied in their PFGE pattems and did not belong to any specific cluster, suggesting

clonal divergence.

DISCUSSION

Clinically suspected cases of cholera are routinely treated with a 1-3 day course of
effective antibiotics (Sack ef al., 2004; Saha 2006) with appropriate oral or intravenous fluid(s).
However, clinical management of cholera and preventive measure against the disease is
jeopardized because of rapid genetic divergence (Nair ez al., 2006, Kumar er al., 2009) and
emergence of multiple antibiotic resistant Vibrio cholerae, the cause of cholera (Glass er al.,
1980). Here we present data on phenotypic and genetic characteristics of V. cholerae Ol
associated with epidemic cholera in Dhaka between 2006 and 2011 showing genetic transition
and switching of czxB allele from genotype 1 (CL) to genotype 7, including temporal variation in
drug resistance, leading to the reversal of tetracycline (TE) sensitive V. cholerae that was

resistant to this drug for many years in Bangladesh.

The results of microbiological culture, biochemical and serological tests primarily

confirmed that all the tested V. cholerae strains belonged to serogroup Ol. These primary
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micrc;biological test results were complemented by simplex- and multiplex-PCR assays for V.
cholerae species-specific gene ompW, virulence associated gene cixA4 encoding the subunit ‘A’
of the CT, and the whe gene encoding serogroup Ol-spesific marker (Hoshino er al., 1998),
further confirming that the V. cholerae strains were toxigenic and belonged to serogroup 01
(Alam et al., 2010). The presence of biotype specific marker genes such as rxC, tepAET, rstRET,
and coxB confirmed that the V. cholerae Ol strains causing endemic cholera in Dhaka, during
2006-2011 were ET but had c&xB of CL biotype, as reported previously (Nair e al., 2006; Alam
et al.,2010).

Ever since effective antimicrobial agent was included as a successful therapeutic agent
for the treatment of cholera (Greenough et al., 1964; Lindenbaum et al., 1967), TE had long
been the drug of choice world-wide, except for young children and pregnant women (Greenough
et al., 1964, Sack et al., 2004). Other effective drugs includé FR, E, SXT, and chloramphenicol
(C) (Greenough e7 al., 1964). After a few years of successful use of these antimicrobial agents
for treatment of cholera (Lindenbaum et al., 1967), rapid emergence of V. cholerae resistant to
antimicrobial agents was reported from Africa (Mhalu, e al. 1979). Likewise, in December
1979, V. cholerae O1 resistant to TE, AMP, Kn, Sm, and SXT emerged as the cause of cholera at
the Matlab Hospital, Bangladesh (Glass et al, 1980). Subsequent studies have reported V.
cholerae resistant to nalidixic acid (NA), and most recently to E and CIP. Higher MIC and
clinical failures forced the clinicians to stop CIP, and choose azithromycin (AZM) as the only
drug effective against cholera at the Dhaka Hospital of icddr,b. Recent studies on V. cholerae Ol
associated with severely dehydrating cholera in South Western India over the past few years
showed that V. cholerae are resistant to several antibiotics, including TE, FR, norfloxacin (NOR),
and CIP (Jian er al., 2011). In the present study, V. cholerae tested at the Dhaka Hospital of
icddr,b were susceptible to CIP during 2006 - 2011, which suggests that CIP can now be an
effective drug of choice for treatment of cholera. Although all V. cholerae tested were resistant
to SXT and FR, and resistance to TE and E varied between 2006 and 2010, all tested V. cholerae
were sensitive to TE during 2011, rendering it to be an effective drug of choice for treatment

cholera, as reported earlier (Greenough et al., 1964).
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After multi-drug resistant V. cholerae first emerged (Mhalu et al., 1979; Glass ef al,
1980, Glass er al., 1983), the antibiotic susceptibility patterns of epidemic strains have changed
frequently. Likewise, the emergence of V. cholerae Ol or 0139 having resistance towards
different drugs has been reported from Bangladesh (Faruque er a/., 1998). The genetic basis for
such fluctuation in drug resistance was shown to be attributed to lateral acquisition of self
transmissible genetic element designated SXT carrying multiple antibiotic resistance markers -
(Waldor, er al., 1996). In the present study, a significant proportion of the tested V. cholerae
strains, associated with cholera epidemic between 2006 and 2011 in Dhaka, Bangladesh were
multi-drug resistant. Although, four different antibiotic resistance profiles were found, all tested
V. cholerae strains had the SXT element, presumably in their genome; a result that appears in
line with their consistent resistance towards SXT and FR. Temporal variation in the TE
resistance was observed, as none of the tested strains isolated during the year 2008 and 2011
showed resistance to TE. TE resistance in V. cholerae is known to be plasmid mediated and
vibrios do not stably maintain plasmids (Taneja ez a/., 2010), which could be a reason for the
temporal fluctuation in TE resistance and the temporal disappearance of this marker rendering it
to be an effective drug of choice, as we have observed in this study during 2008 and 2011. Given
that antibiotic susceptibility pattern of epidemic strains changes frequently, continuous
monitoring of drug resistance in V. cholerae appears crucial for choosing an effective drug for

the treatment of cholera.

Cholera toxin (CT), encoded by the cx4 B genes, is the major virulence factor responsible
for severe diseases cholera, caused by V. cholerae. Divergence within the cxxB gene and the
corresponding amino acid sequence was first reported in early 1990s, and based on amino acid
substitutions at positions 39, 46, and 68, three different c&xB genotypes of V. cholerae O1 strains
have been identified (Olsvik er al., 1993). Genotype 1 is associated with strains of classical
biotype worldwide and the US Gulf Coast, genotype 2 is found in pre-seventh pandemic El Tor
biotype strains from Australia, and genotype 3 is found in El Tor biotype strains from the
seventh pandemic and the Latin American epidemic (Olsvik et a/., 1993). However, subsequent
investigation of the ctxB gene sequence revealed the presence of eleven distinct genotypes in
different serogroups of V. cholerae (Marin et al., 2011). Genotypes 1, 2, 3, 7, 10, 11 were found

in serogroup Ol strains, genotypes 3, 4, 5, 6 were found in serogroup 0139 strains, genotypes 7
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and 8 were found only in serogroups O27 and O37 respectively (Marin et al., 2011). A
significant recent event in the history of cholera is the emergence of variant V. cholerae ET
having ctxB gene of V. cholerae CL biotype (Nair ef al., 2006, Morita et al., 2010), which has
been recognized as a new pandemic pathogen, having the capacity to spread globally (Chin et al.,
2011, Nair er al., 2002, Nair et al., 2006) causing more severe disease (Siddique ef al., 2009).
According to a recent study, a new ct&xB variant of V. cholerae having an amino acid substitution
at position 20 [Histidine (H)— Asparagine (N)], designated genotype 7, was found associated
with a large cholera outbreak in Orissa, Eastern India (Kumar e7 «/., 2009). In the present study,
we have confirmed the emergence of genotype 7 in Dhaka during 2008 and determined 2010 was
the year of transition from c&xB genotype 1 to genotype 7 among the V. cholerae hybrid ET
associated with endemic cholera in Dhaka between 2006 and 2011. Variant El Tor of V. cholerae
O1 possessing ctxB genotype 7, as reported from India (Kumar er a/., 2009), showing reduced
susceptibility to ciprofloxacin has been reported recently from Western Africa (Quilici ef al..
2010). V. cholerae strains with ctxB genotype 7 in Dhaka were uniformly sensitive towards
ciprofloxacin, however, switching from c&xB genotype 1 to genotype 7 may be an yet another
major turning point, assuming that the hybrid ET with the same ctxB genotype 7 was responsible
for severe and devastating cholera epidemic that killed thousands of people in Haiti in 2010

(Chmeral., 2011).

Pulsed-field gel electrophoresis (PFGE) has been a reliable molecular tool for typing
enteric pathogens, including V. cholerae. Results of contemporary literatures on comparative
genomic studies appear in concurrence with the PFGE-based conclusions of circulation of very
closely related clone(s) of V. cholerae in the global wave of 7™ pandemic cholera world-wide
(Chun et al.,, 2009; Chin et al., 2011; Mutreza ef al., 2011). The overall PFGE results presented
in this study, including the clustering of strains observed in dendrograms demonstrated high
genetic relatedness of V. cholerae Ol strains that are associated with cholera in Dhaka city
during 2006 - 2011. In the present study, clustering of V. cholerae Ol strains were highly
correlated with the antibiotic resistance markers compared to the genetic change in the ctxB
genotype, which is just a base substitution and unlikely to be reflected in the PFGE level.
Nonetheless, the data presented in this study showed the transmission of varying antibiotic

resistant but genetically very closely related V. cholerae O1 ET in Dhaka, Bangladesh. Moreover,
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irrespective of the deduced genetic switching from ctxB 1 to ctxB 7, minor divergence in the
banding pattern was observed in majority of strains, which showed varying resistance towards
SXT, FR and TE, suggesting such minor divergence to be due to acquisition of mobile genetic
elements (Chun es al, 2009; Chin er al., 2011; Mutreza et al., 2011) carrying antibiotic

resistance (Jesudason er al.. 1986).

Diarrhea continues to be one of the major causes of morbidity and mortality in many
developing countries where population density is very high, safe drinking water is scarce and
people do'not have access to immediate healthcare facilities. Cholera, a climate-driven disease
caused by toxigenic V. cholerae (Alam et al., 2006), is the most severe of all diarrheas, which
without treatment can kill the affected individuals within a few hours. In the changing climate,
which will result major cities like Dhaka more densely populated due to influx of climate
refugees, the hybrid variant of V. cholerae (Nair et al., 2006: Chin et al., 2011) is of increasing
health concern for the growing population of Bangladesh because the deterioration of sanitation
and hygiene and resulting fecal-oral infections can be more severe and difficult to manage
clinically. Moreover, such severe infection caused by multi-drug resistant V. cholerae can result
in higher case fatality rates, prolonged hospitalizations, more secondary infections, and increased
health care costs. Our study revealed that ET biotype of V. cholerae, the most successful
pandemic strain that had switched its cholera toxin since 2001 from ET type to CL type (hybrid
ET) (Nair er al., 2006), has undergone yet another subtle but remarkable change in its ctxB gene
since 2008 in Dhaka, Bangladesh, as reported from India recently (Kumar et al., 2009). The
epidemiological significance of these genetic changes whether the increased severity caused by
ET V. cholerae in recent years is due to switching of the c&xB gene from ET type to CL type, or
from genotype 1 to genotype 7 is not fully understood. We speculate that these changes in the
toxin type may be a factor related to the increasing severity of disease caused by hybrid ET
during recent outbreaks (Siddique er al., 2009; Goel ez al., 2010: Chin et al.. 201 1). Finally, the
data presented in this study on continued phenotypic and genetic changes underscore the need for
continued monitoring of V. cholerae causing endemic cholera in Bangladesh, considering the
increasing global burden of cholera, the origin and spread of new variants, especially because

such changes can significantly influence the clinical management of cholera and its prevention.
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Tablel. Phenotypic and molecular characteristics of Vibrio cholerae O1 El Tor causing endemic
cholera in Dhaka, 2006 -2011

xB
:‘;zla::t 2: :t?al(:s Serotype  wheOl 550(:;}% ic P};;l/ge P:\aig ced  RIX R 1epA c{“‘ Resii;l;titc)iolii:ofile st il
2006 6 Ogawa + R + R S + ET ET ET CL SXT, FR + -
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Figl: Amino acid sequence alignment of the CTXB subunit of V. cholerae O1 El Tor strains
isolated from Bangladesh (2006-2011) with El Tor reference (N16961), classical reference
(0395) and Orissa variant (genotype 7). Identical amino acid residues are indicated by dots. The
amino acid sequences of CTXB of reference and Orissa variant used in the alignment were taken
from GenBank.
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Fig 2: Molecular fingerprinting of drug resistant V. cholerae O1 El Tor strains isolated in

Bangladesh between 2006 and 2011 determined by pulsed-field gel electrophoresis (PFGE) of

Notl-restriction digested genomic DNA. Dendrogram was constructed from the PFGE patterns.

Cluster analysis by dendrogram (UPGMA clustering method) showed majority of V. cholerae

O1 ET biotype strains having resistance markers for SXT,FR shared a major cluster (cluster A)

suggesting those to be clonal except minor divergence was observed for multi-drug resistant

strains having TE® marker.
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