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Introduction

Vibrio spp. are Gram negative bacteria living in coastal and marine environment where
they interact with virtually all kind of aquatic organisms. They play an important role in
nutrient turnover including degradation of chitinous exoskeleton of plankton, shrimp, etc.
Until now 80 Vibrio species are known. However, some Vibrio spp. can cause diseases in
aquatic organisms as well as human. Among them the most important species is V. cholerae
causing cholera which affects 2-3 million people each year. Besides, V. parahaemolyticus
and V. vulnificus can cause tens of thousands of gastroenteritis, necrotizing fasciitis and
septicemia each year.

Cholera is a devastating diarrheal disease in tropical coastal countries. The cholera
toxin (CT) secreted by V. cholerae is the main cause of cholera. CT is encoded by a
bacteriophage (CTX phage) which is integrated into bacteria through the toxin correlated
pilus (TCP). Among 209 serogroups of V. cholerae only O1 and O139 serogroups have
epidemic potential while others (non-O1 non-0139) can cause sporadic diarrhea. The O1
serogroup can be divided into classical and El tor biotypes. The classical biotype caused the
previous 6 cholera pandemics (1817-1923) while the El tor biotype is the cause of the
current 7™ pandemic since 1961.

Historical and genetic data indicates Bengal delta as the pivotal base of global cholera




spread. Importantly, the Bengal delta coast is a cyclone and monsoon prone area, and also
considered as the most vulnerable region due to predicted climate change and sea level rise.
Vibrio spp. are also considered as emerging pathogens with possible link to global climate
change. Nevertheless, there is no detail information on V. cholerae and other vibrios in
ocean as well as tropical coastal environment (estuary and mangrove) of cholera endemic
region like Bengal delta.

The objectives of the present study were 1) to gather detail information about the
abundance and distribution of Vibrio spp. in coastal habitats (estuary and mangrove) as well
as ocean, 2) to check the impact of climatic factors (salinity, cyclone and monsoon) on Vibrio
population, 3) to identify the role of various nutrients and other physico-chemical factors
favoring vibrios’ abundance, and 4) to understand the toxigenic potential, genetic diversity,
and antimicrobial resistance among coastal V. cholerae near the cholera endemic zone of
Bengal delta.

Chapter 1. Comparative abundance of Vibrio population in coastal
and oceanic habitats and development of a multiplex PCR assay for
detection of pathogenic species

Vibrio abundance was determined by culture of direct or enriched samples on
selective TCBS agar. Coastal expeditions were conducted in 14 and 22 sites along 30 and
90 km transects of Karnaphuli estuary beside a cholera endemic city and the world’s largest
Sunderban mangrove, respectively, in Bangladesh. Estuarine samples were collected
during pre-cyclone, post-cyclone and post-monsoon conditions. Estuarine Vibrio population
(10%-10® CFU L™) increased after cyclone at all salinity zones (0-20 PSU, practical salinity
unit) while monsoon rainfall reduced Vibrio abundance. Occurrence of Vibrio spp. was
observed throughout the Sunderban mangrove (10*-10° CFU L™), higher abundance near
sea (3-5 PSU). Sampling was also done in the high saline Can Gio Mangrove (20-22 PSU)
in Mekong delta, Vietnam where Vibrio population showed higher abundance (10° CFU L)
during low tide than high tide indicating probable role of nutrients.

Oceanic expedition was done from ~50°N to ~25°S (Germany to South Africa) in
tropical and sub-tropical Atlantic. Samples were collected from surface (26 stations) and
waters at great depths (7 stations) reaching seafloor (>4000 m). Vibrio abundance was
comparatively less in ocean (10'-10* CFU L) than coastal zone. A gradual decrease in
cultivable Vibrio numbers from surface to seafloor was noticeable. Interestingly, Vibrio spp.
could be isolated at great depths. Oceanic Vibrio population showed a general increasing
trend with rise in temperature (>20°C).

To understand the distribution of Vibrio populations as ‘plankton-associated’ or
‘free-living’, aquatic samples were fractionated using 55 u net for zooplankton and 20 p net
for phytoplankton. In Atlantic samples, Vibrio population was predominantly present in <20 u
fraction. Similarly, pathogenic V. cholerae O1 abundance in coastal samples was 1-2 log
higher in <20 u fraction (free-living) than plankton fractions. The predominant occurrence of
Vibrio population as ‘free-living’ indicated greater role of nano-particles, sediment and



dissolved nutrients.

Pathogenic Vibrio spp. can co-exist in aquatic samples. In this study, a simple and
rapid multiplex PCR assay was developed to detect V. cholerae and V. parahamolyticus and
V. vulnificus. The PCR assay could amplify as low as 10 cells of the 3 species indicating its
excellence. The assay showed 100% specificity and sensitivity when evaluated with a large
number of target (n=430) and closely related Vibrio species (n=59) as well as other
important bacteria (n=47) from various countries. Among Bangladesh isolates V. cholerae
(15-50%) and V. parahaemolyticus (12-18%) while in Vietnam mangrove V.
parahaemolyticus (66%) and V. vulnificus (13%) dominated. In constrast, these pathogenic
species were absent in oceanic samples indicating their habitat preference towards the
coastal region nearby human activities.

Chapter 2. Role of various physico-chemical parameters and
nutrients in regulating Vibrio population in coastal and oceanic
habitats

Physico-chemical parameters e.g., temperature, salinity, turbidity, etc. were measured
by fieldmeters. Standard procedures were followed for spectrophotometric determinations of
inorganic N, P and Si using Nutrient Analyzer. Organic nutrients including particulate organic
C (POC) and N (PON) and dissolved organic C (DOC) and N (DON) were measured after
catalytic oxidation followed by non-dispersive infrared detection and gas chromatography,
respectively.

Higher Vibrio abundance at low tide in Vietnam mangrove coincided with increase in
suspended particulate matter or turbidity and POC. In Karnaphuli estuary, rise in salinity and
turbidity also favored Vibrio abundance. Microcosm experiments showed that coastal
sediment having organic matter harbor most vibrios (>85%) and provide better survival
capacity. Later a regression model was developed to predict coastal Vibrio abundance
based on salinity and turbidity and a significant correlation was found between observed
and predicted values.

As a probable nutritional substrate of suspended particulates for Vibrio spp., chitin
concentration was determined fluorometrically using fluorescently labeled wheat germ
agglutinin that has high affinity to chitin. Higher concentration of chitin was observed in <20
K fraction than phyto- and zooplankton fractions at all salinity levels. In pre-cyclone normal
condition a good correlation was observed between chitin and V. cholerae O1 in <20 u
fraction.

In contrast to coastal zone, oceanic Vibrio population had good correlation with the
concentration of dissolved organic matter like DOC (r=0.68, p<0.0005) but no correlation
with POC. This might be due to very low concentration of POC or particulate matters. Vibrio
abundance in the Atlantic increased with temperature but their fluctuations could be better
explained with variations in DOC or DON rather than temperature alone. The gradual
decrease in Vibrio number with depth coincided with decrease in DOC but not POC.
Therefore, dissolved organic matter likely provide majority of nutrient needs of Vibrio



populations in oceanic habitat.

Chapter 3: Genetic diversity, antimicrobial resistance and toxigenic
potential of Vibrio cholerae strains in coastal habitat

V. cholerae strains from Bangladesh coast were screened for pathogenic genes by
colony blot hybridization. Abundance of toxigenic genes was higher in Karnaphuli estuary
near cholera endemic city where only 43% strains (n=96) were non-toxigenic in comparison
to 62% strains (n=50) in Sunderban mangrove. Cytotoxic cholix toxin (chxA) gene
dominated among 40 and 32% strains of these habitats. The cholera toxin (ctxA) gene
positive O1 strain which has epidemic potential was present among 6% Karnaphuli strains.
Besides, ctxA gene was also present in some non-O1 non-O139 strains (1-2%) in both
habitats.

To understand the genetic diversity of coastal V. cholerae, pulsed field gel
electrophoresis (PFGE) technique was applied. Among 50 strains from sunderban
mangrove 26 pulsotypes existed, indicating high diversity. The genetic diversity of V.
cholerae was even higher in Karnaphuli estuary: among 96 strains 61 pulsotypes existed.
Some pulsotypes occurred in several distantly located sites indicating higher ecological
fitness. The toxigenic genes distribution was independent of pulsotypes, e.g, among 7 CtxA
positive strains 4 types and 7 patterns existed, etc.

The antimicrobial resistance patterns of the coastal V. cholerae strains were checked

by disc diffusion method. Interestingly, V. cholerae strains in both Karnaphuli estuary and
Sunderban mangrove showed resistance to all kinds of commonly used antimicrobials
against cholera. More than 25% strains of both habitats were multi-drug resistant (MDR)
including some estuarine (8%) and mangrove (14%) strains showing resistance against 7 or
more antimicrobials. Importantly, 75% of strains having epidemic potential (ctxA and tcpA
positive) had become MDR.
The CT production capacity of coastal V. cholerae strains were checked by Bead-ELISA.
Most strains belonging to epidemic Ol serogroup were moderate CT producer (50-150
ng/ml) and two O1 strains showed high CT production (500-1200 ng/ml). All these O1
strains were MDR.

In the recent decade, El Tor variant strains producing classical type CT has replaced
the typical El Tor strains in causing cholera epidemics. PCR scanning and sequencing of
selected genes indicated that most toxigenic O1 strains were El Tor variant type. However,
typical El Tor strain also existed in coastal habitat. Interestingly, one ctx-negative pre-El Tor
strain also existed. The ctx-positive non-O1 strains had environmental type CTX phage
possessing classical ctx gene.

Conclusion

Estuary and mangrove near cholera endemic zone are favorable habitats for Vibrio
spp. Climatic factors like cyclone and intrusion of saline water can instigate rise in coastal
Vibrio populations. The newly developed multiplex PCR assay can be very useful in
screening of pathogenic Vibrio spp. Turbidity, suspended particulate matter, chitin and POC



have positive influence on coastal Vibrio while in oceanic habitat temperature and dissolved
organic matter play important roles. A large number of coastal strains can be MDR. Coastal
environment also favor genetic diversification in pathogenic Vibrio spp. However, the genetic
diversity and abundance of toxigenic genes in V. cholerae is higher in estuary nearby
cholera endemic city than pristine mangrove. Presence of toxigenic genes among
genetically diverse and MDR coastal strains pose a great threat to nearby human. Therefore,
Vibrio spp. can adopt diversified strategies for survival, spread and infection to attain greater
ecological fitness.
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