Immunization Protocol

CONTROL 1 (PBS): 6 Animals
CONTROL 2 BY S. flexneri 2a wild-type: 6

Animals
VACCINATION BY S flexnerf 2a Ahfg: 6
Animals
ERIRE EHICRE HETHE
0.5 x 10° Bacteria {.5 x 10° Bacteria 05 x10° 841
Bt 2 Eye
Imimunization Immunization Challenge

Day ¢ Day 14 Bay 21 Day 28
130t 2 Now, 9 Nav 1 Now.

X 2

Effect of vaccination
(Photo: 3 days after infection)

Control 1 Control 2 Vaccine
PBS Wild-type S.flexneri Ahfg, S.flexneri
Sd1 sd1 Sd1
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(Analysis of enteric protozoan infections)
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Tomoyoshi Nozaki, Director, Department of Parasitology
National Institute of Infectious Diseases
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Abstract Giardiasis, Amoebasis, and Cryptosporidiosis are the
important enteric protozoa in Asia and Africa. The objective of the
present sutdy include molecular epidemiological survey of enteric
protozoan infections in the stage of West Bengal and molecular
characterization of the mechanisms involved in parasitism and
virulence of Entamoeba and Giardia. We, in the second year,
investigated molecular mechansisms of anti-oxidative stress

stress.

mechanisms by metabolic profing of Entamoeba under the oxidative
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1. Title of the Research Project :

“Laboratory —based collaboration net work of infectious diseases in Asia”

2. Objectives

The proposal has been developed with a broader objective to understand the evolution
of pathogenesis of enteric pathogens and HIV that include phenotypic and genotypic
characteristics of identified pathogens from diarrheal specimens as well as identification of
novel factors for pathogenesis, to develop potential vaccine and to study mutations in HIV
during infection which has an association with different genotypes and might be used as
biomarkers; the study objectives will be covered though extensive work under the following
areas and each of these areas will be covered by the Co-PIs of the project

i) Retrospective analysis on the evolutionary aspects of Vibrio cholerae
ii) Differential pathogenesis of Giardia : Role of Giardia Virus
iii) Development of universal Shigella vaccine based on virulence gene expression.

v) Analysis of ' HLA associated HIV-1 mutations in India and Japan.

3. Summary of the research for fiscal year 2012-13

1. Retrospective analysis on the evolutionary aspects of Vibrio cholera

Second Year Report

1. Study Title: Retrospective analysis on the evolutionary aspects of Vibrio
cholerae

2. Study facility:
National Institute of Cholera and Enteric Diseases
Division of Bacteriology
Kolkata, India

National Institute of Infectious Diseases
Tokyo, Japan
3. Pl from Indian Side for this report: Asish K. Mukhopadhyay
Summary:

Our previous study on Vibrio cholerae strains isolated from Kolkata over 17 years from 1989 to 2005
depicted that in Kolkata, V. cholerae O1 strains with classical allele of ctxB have totally replaced
seventh pandemic El Tor strains possessing El Tor allele of cixB since 1995.
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The recent devastating cholera outbreak in Haiti, for the first time in almost a century, placed this
ancient scourge at the forefront of the global public health agenda. The causative agent of this
outbreak V. cholerae contained a unique mutation at the 58" nucleotide of ctxB gene that has
motivated us to investigate the emergence and dissemination of these new variants in Kolkata, India.
Our newly developed double mismatch mutation assay and sequencing analysis showed that the
Haitian ctxB first appeared in Kolkata during April, 2006 and 93.3% strains isolated in Kolkata during
2011 carried the new allele. This finding indicates that Haitian ctxB allele may have originated in
Kolkata and then spread to the neighboring regions. Exploitation of this newly developed PCR assay
will play important role in understanding the intercontinental spread of cholera. It has been
hypothesized that the unique genetic composition of the new variants increases their relative fitness,
perhaps as a consequence of increased pathogenicity.

Chronological analysis of one hundred twenty five Vibrio cholerae 0139 strains isolated during 1993 -
2005 from Kolkata revealed the prevalence of two new genotypes of cholera toxin (CT) along with the
different combinations of cftxB and rstR alleles resulting in variant CTX prophages. The prototype El
Tor CTX phages gradually disappeared in O139 strains and the predominant CTX phages in 0139
since 2002 are CTX Calcutia phages with genotype 4 and CTX El Tor phages with genotype 5.
During the course of appearance and disappearance over a decade, five types of 0139 strains have
been detected based on CT genotypes. Very recently, we have found that few O139 strains contain
CTX prophage in the small chromosome. These kinds of changes in 0139 strains might be the
probable reasons for their declining prevalence in human cases in Kolkata, India.

Purpose:
Genetic analysis of Vibrio cholerae O1 and 0139 strains from Kolkata

Materials and Methods:

Bacteriology and seroloegy: One hundred and forty two V. cholerae O1 strains were selected for this
study. These strains were selected from the strain repository of the National Institute of Cholera and
Enteric Diseases, Kolkata and were isolated from 2004 to 2011. All the strains were grown in Luria
Bertani broth (Becton Dickinson, Sparks, Maryland, USA) for 18 hrs and then streaked on Luria agar
(LA) plates. Identity of these strains was reconfirmed serologically by the slide agglutination with O1
specific polyclonal antiserum and serotype specific antisera (Becton Dickinson). V. cholerae O1
strains 0395 (serotype Ogawa), N16961 (serotype Inaba) and EL-1786 (Ogawa, El tor) were used as
standard strains for classical. El Tor and Haitian type, respectively.

Separately, one hundred and twenty five 0139 strains were selected for this study. These strains
were selected from the strain repository of National Institute of Cholera and Enteric Diseases, Kolkata
and these were isolated in different time frames from 1993 to 2005.

Preparation of template for PCR: One loopful of an overnight culture from LA plate was

suspended in 200 uL of Tris-EDTA buffer (pH 8.0) and then lysed by vigorous vortexing with
mixture of phenol: chloroform: isoamyl alcohol (25:24:1) saturated with 10 mM Tris and 1mM
EDTA.(Sigma-Aldrich, St Louis, USA) Supernatant was collected carefully following centrifugation
at 12,000 rpm for 15 min and was extracted once with 100 pL of mixture of chloroform: isoamyl
alcohol (24:1) and centrifuged for 15 min at 12,000 rpm. The supernatant containing the DNA was
used as template for PCR analysis.

PCR analysis: Double mismatch amplification mutation assay (DMAMA) PCR have been developed
by exploiting ctxB sequence polymorphisms between CT genotype 1 (classical type) and genotype 7
(Haitian type). Briefly, PCR mixture (20ul) was set up in two sets, each containing 10 ng of template
DNA, 200 nM of allele specific forward primers (i.e. either ctxB-F3 or ctxB-F4), and a reverse primer in
common, Rv-cla, 200 uM of each dNTP (Roche Diagnostics, Mannheim, Germany) with 1 unit of Taq
DNA Polymerase (Bangalore Genei, Bangalore, India) and 1.5mM MgCl, (Bangalore Genei,
Bangalore, India). The optimal annealing temperature was determined using Veriti Thermal Cycler
(Applied Biosystems, Foster city, USA) which generates a thermal gradient of annealing temperatures
(from 54°C to 64°C). Initial standardization of the PCR was done with the control strains and best
result was obtained using the protocol depicted in figure 1. V. cholera O1 strains 0395 and N16961
were used as standard strains for classical and E! Tor biotypes, respectively. Haitian strain, EL-1786
was used as the reference strain for CT genotype 7. The amplified fragments underwent agarose gel
electrophoresis, stained with ethidium bromide and digitally recorded.

Nucleotide Sequenceing of ctxB: To determine the nucleotide sequence of the cixB, PCR
amplification of ctxB locus of 12 V. cholerae O1 isolates was performed in a 25L reaction mixture.
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PCR primers and conditions used have been previously described. PCR amplicons were purified
using the Qiaquick PCR purification kit (QIAGEN, Hilden, Germany) and both the strands were
sequenced in an automated sequencer (ABl PRISM 3100 Genetic Analyser, Applied Biosystems,
Foster city, USA). The entire coding sequences of the ctxB gene of three representative strains have
been deposited in GenBank with accession numbers JN806157-JN806159. The deduced amino acid
sequences of CTB from these three strains were aligned with corresponding sequences from N16961
(GenBank accession number NC-002505) and 0395 (GenBank accession number CP001235) by
using the online software Clustal W.

Pulsed field gel electrophoresis (PFGE):

Analysis of Nofl digested PFGE patierns obtained with sixteen representative strains was carried out.
The enzyme restricted the chromosomal DNA in to 15-27 fragments of different sizes ranging from 6
fo 398 kb. Agarose-embedded genomic DNA from V. cholerae strains was treated with 50 U Notl
(Takara Bio Inc, Otsu, Japan)) and the resulted DNA fragments were separated by electrophoresis
under the contour-clamped homogeneous electric field (CHEF) on a CHEF Mapper system (Bio- Rad
Laboratories, Hercules, CA, USA). Run conditions were generated as described earlier. The resulting
fragments were typically followed an electrophoresis time of 40 hrs 24 min Following electrophoresis,
the gels were stained for 30 min in Elix water (Millipore, Billerica, MA, USA) containing 1mg/mL
ethidium bromide, destained in Elix water for 15 min and digitally recorded under UV light using the
Gel Documentation System (Bio- Rad Laboratories). Dendogram analysis on the PFGE patierns was
performed using Bionumeric software (Applied Maths, Sint-Martens-Latem, Belgium).

Results and Discussion:

Development of a double mismatch mutation assay (DMAMA) PCR: In this study, we focused on
the PCR detection of cixB alleles in V. cholerae strains. Initial purpose of our study was to establish a
PCR based assay which can discriminate the V. cholerae strains carrying Haitian, classical and El Tor
alleles of c¢fxB in a simple and rapid way. Current methods for differentiating the biotype specific CTB
subunit of V. cholerae O1 requires MAMA PCR of the ctxB gene with biotype specific primers,
nucleotide sequencing of the cixB allele or performing an ELISA using a specific monoclonal antibody
to the classical or El Tor CT. Among these the first one has been the method of choice as it is simple
and less time consuming. But the reports of influx of new variant strains of V. cholerae O1 with a
classical CTB additionally mutated at the 20" amino acid (58" nucleotide position) clearly point out its
limitation as this allelic discrimination is based on two biotype specific reverse primers each bearing a
mismatch at nucleotide position 203 and so it was unable to discriminate between the classical and
Haitian type cixB allele. Therefore, for discriminating the classical, El Tor and Haitian type cixB alleles
in a simple, rapid and accurate way, DMAMA was designed and validated (Figure 1). We designed
two allele-specific polymorphism detection forward primers, cixB-F3 and cixB-F4 each bearing a
mismatch at their 3 ends. These allele-specific primers each carry specific nucleotide, A and C, for
Haitian and classical type, respectively, at the 3’ end. Furthermore, we enhanced the 3’ mismatch
effect by introducing another nucleotide alternation G (rather than A) at the second nucleotide (i.e, the
57" nucleotide) from the 3’end of both the primers. We used the cixB reverse primer specific for the
classical biotype (Rv-cla) as described by Morita ef al as the conserved reverse primer. As shown in
Figure 2, the DMAMA successfully discriminated the three different allelic subtypes of cixB. V.
cholerae O1 sirains having the cixB allele of genotype 7 yielded a 191 bp fragment of DNA with the
primer pair ctxB-F3/Rv-cla but not with ctxB-F4/Rv-cla. An exact reversal of the first result was found
in case of the classical control strain (0395), and the EIl tor strain (N16961) did not produce any
amplicon in both set PCR assays due to double mismatch in the forward and reverse primers. We
have standardized the PCR {o optimize both the specificity and sensitivity using the protocol depicted
in figure 1.

Sequencing analysis to evaluate the PCR based resuli: To further reconfirm our PCR based
result, 10 representative strains, which yielded positive bands for Haitian cixB gene by DMAMA-PCR,
were selected for DNA sequencing of cixB gene. For sequencing, a separate pair of primer (cixB-F:
and ctxB-R) was used to provide the sequences of whole ctxB gene. Nucleotide sequence analysis of
the cixB genes of 10 representative strains of V. cholerae O1 revealed that the strains possessed
DNA sequences identical to that of the classical type of ctxB with an additional mutation at the 58"
position (C to A). The deduced amino acid sequences of all 10 representative strains were aligned
with the CTB sequences of the reference strains N16961 (El Tor) and 0395 (classical). The deduced
amino acid sequences of all strains were found to be identical to the deduced amino acid sequence of
the CTB of the 0395 classical reference strain, with a histidine at position 39 and a threonine at
position 68, except at 20" position with an asparagine instead of histidine (Figure 3). Thus, the result
from DNA sequencing of cixB gene confirmed the results of DMAMA-PCR and GenBank submission
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ID is 1484711. Whole CTB is made up of 124 amino acids. A proteolytic cleavage between amino
acids at position 21 and 22 results in generation of a 21 amino acids signal peptide and 103 amino
acids mature CTB. New variant V. cholerae strains (with Haitian type of CTB) were mutated in signal
peptide and histidine at position 20 was replaced by asparagine. We also sequenced cixB gene from
three representative strains those yielded amplicons with the classical specific primers (ctxB-F4/Rv-
cla). The deduced amino acid sequences of all 3 strains were found to be identical to the classical
reference strain, with a histidine at position 39 and a threonine at position 68 (data not shown). Thus,
the result from DNA sequencing of ctxB gene confirmed the result of DMAMA-PCR.

Screening of the Kolkata strains using the DMAMA PCR: Afier standardizing the DMAMA, we
extensively used it to investigate the emergence and dissemination of these new Haitian variant of V.
cholerae strains in Kolkata, India. All the strains tested in 2004-05 were positive for classical type of
cixB indicating they are El Tor variant strains. Our analysis showed that first appearance of Haitian
type ctxB was noted in Kolkata during April, 2006. There was a sudden decrease in the isolation
profile of V. cholerae O1 strains with Haitian ctxB allele (CTB genotype 7) during 2007and 2008. The
percentage of the O1 isolates with CT B genotype 7 started to increase from 2009 (Figure 4) and
more than 93% Kolkata strains carried Haitian ctxB allele in 2011.

Phylogenetic analysis based on PFGE: Results of DMAMA and the sequencing data clearly
indicated arrival of novel variant among the circulating strains of V. cholerae O1 around Kolkata and
motivated us to take a closer look on the relatedness of these variants with the Haitian isolates. The
PFGE profiles of V. cholerae strains from Kolkata were compared using Bio Numeric software
(Applied Maths, Sint-Martens-Latem, Belgium) (Figure 5). The similarity between strains was
determined using the Dice coefficient, and cluster analysis was carried out using the unweighted-pair
group method using average linkages (UPGMA). All the tested V. cholerae strains with classical ctxB
(genotype 1) clustered together (cluster A), with a similarity matrix of > 95 (Figure 8). All the tested
strains with Haitian cixB (genotype 7) were also found to be closely related to each other, with a
similarity matrix of >92 (cluster B). Dendogram analysis showed two distinct PFGE pattern suggesting
considerable diversities in genomic content between two groups (genotype 1 and genotype 7).
Phylogenetic patterns indicate a close relationship between Haitian and Kolkata V. cholerae strains
containing Haitian cfxB (genotype 7).

Conclusions: Our results not only signify a cryptic change in the circulating strains in Kolkata but also
raise questions about the origin of these variants of V. cholerae O1 El Tor. This new type of cixB
(genotype 7) was first reported in V. cholerae O1 strains by Goel et al isolated from a cholera
outbreak in Kalahandi, Orissa in 2007. But our results clearly show that in Kolkata genotype 7
prevailed since April 2006. This finding tempted us to speculate that Haitian type of cixB may have
originated from Kolkata and then disseminated to the neighboring regions like Orissa and other places,
although conformation of this hypothesis requires several other epidemiological and experimental
validations, and then may have spread incontinently from Nepal to Haiti as shown by recent
evidences. It has been hypothesized that the unique genetic composition of the new variants
increases their relative fithess, perhaps as a consequence of increased pathogenicity.

Recent reports by several research groups showed a putative link between the sirains
associated with cholera in Haiti and in Nepal underscoring the speed at which infectious diseases can
be transported globally and this situation puts at risk other non-endemic countries also. Implementing
a coordinated, integrated multisectoral approach is the only efficient way to prevent and contain
outbreaks among vulnerable populations living in high-risk areas. Prevention, preparedness, and
response all depend upon an effective and holistic surveillance system and are linked and
interdependent. We strongly believe that the DMAMA will be an easy and accurate tool for tracking
the emergence and dissemination of Haitian variant cixB in V. cholerae O1 isolates and therefore will
impart an integral role in understanding the cholera epidemiology around the globe.

Genetic analysis of CTX prophages of Vibrio cholerae 0139 strains from Kolkata:

Analysis of ctxB by MAMA PCR: The results of MAMA-PCR showed that V. cholerae 0139 strains
isolated up to 1995 yielded amplicon only with El Tor allelic primer pair of cixB. In case of strains
isolated in 1996, along with El Tor ctxB among 54% of the strains, 18% of the strains yielded
amplicon for classical ctxB primer pairs and 28% of the strains yielded amplicon with both classical
and El Tor primer pairs of cixB. This same trend continued in V. cholerae 0139 strains isolated in
1997. In case of strains isolated in 1998, the result from MAMA PCR depicted that no strains yielded
amplicon only with El Tor c¢ixB primer pair while 68% yielded amplicon with classical allele of cixB
primer pair and 32% yielded amplicons with both classical and El Tor allele of ¢ixB primer pairs. Since
1999 to 2005, the 0139 strains yielded amplicon only with classical allelic primer pairs of cixB.
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Nucleotide sequence analysis and nested PCR: To confirm the results of MAMA-PCR,
representative V. cholerae O139 strains isolated from 1993 to 2005 were selected for sequencing
the ctxB loci. The results were depicted in Figure 6. Nested PCR results also depicted the
schematic representation (Figure 7) of variable combination of CT genotypes and rsiR alleles
prevailed among O139 strains in Kolkata.

The prominent events in the changing profile of CTX prophases with respect to CT genotypes and
rstR alleles among O139 strains over a decade were indicated in Figure 8, which demonstrated the
graphical representation of isolation status of V. cholerae 0139 strains from patients hospitalized due
to acute secretary diarrhea at the Infectious Diseases Hospital, Kolkata from January 1993 to
December 2005.

Chromosomal localization of CTX prophage: The schematic diagram displaying the chromosomal
localization of CTX prophage among reemerged V. cholerae 0139 strains during 1996 and 2003 are
presented in Figure 9.

Conclusion: The diverse genotypes of cixB as well as rstR alleles occurring among V. cholerae
0139 strains along with the variations in other genetic segments of 0139 strains which are not yet
ascertained, perhaps consequences the temporal variation of incidence and prevalence of 0139. The
structural and functional aspects of these new CT genotypes will be the interesting areas to be
explored in future, which may reveal vital information about the evolutionary phases of V. cholerae
0139 strains. Frequent mutations thus acquired by V. cholerae 0139 strains since its genesis may
have an impact in their declining prevalence in cholera endemic areas like Kolkata.

Studies in progress:
We are presently perusing for expression study along with some animal model assay to make

this work into a publication format.
Studying of 0139 strains having CTX prophage in the small chromosome

Standardized PCR protocol used for this study

Parameters for oteFF ClaRewF3 POR
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Amnalysis of ctxB and rstR of 0139 strains isolated from Kollsta over a decade
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