
Emergence of novel pathogens 
through human contact with 

aquatic environments

Yann Felix Boucher
NUS Saw Swee Hock School of Public Health

SCELSE



‘To pathogenic 
microparasites (viruses, 
bacteria, protozoa, or 
fungi), we and other 
mammals (living 
organisms at large) are 
little more than soft, 
thin-walled flasks of 
culture media.

Prof. Bruce Levin



Three ways 
environmental 

microbes can be 
pathogenic to 

humans

SPECIALIST PATHOGENS: They slowly 
evolve from an environmental or 
commensal ancestor and acquire virulence 
traits that make them adapted to the 
human host. Humans are an essential part 
of their life cycle.
Examples: Vibrio cholerae O1 El Tor, 
Mycobacterium tuberculosis

GENERALIST PATHOGENS: Their inherent 
properties make them dangerous to 
humans, but it is just a coincidental host. 
They circulate in nature and require hosts 
for reproduction.
Examples: Clostridium botulinum, Borrelia 
burgdorferi (lyme disease), Yersinia pestis

OPPORTUNISTIC PATHOGENS: A microbe 
that is not normally pathogenic but can 
infect a weakened host. These can be 
human commensals or environmental 
microbes
Examples: Pseudomonas aeruginosa, 
Rhizopus (mucormycosis), Legionella 
pneumophila



Severity of cholera

‘Two malarias and a Cholera’
Ray Parkin (1943)

• Acute diarrheal disease

• 1.3 to 4.0 million cases 
every year

• Waterborne disease that 
follows disasters and wars

A person in the best of health, when he is 
smitten by the cholera, is in an instant 
transformed into a corpse…I think it is a 
disease that begins where other diseases 
end, with death.

-Francois Magendie, French physician who 
observed cholera in Tyneside, England, 
during the second pandemic in 1831



Evolution of toxigenic V. cholerae

(Adapted from Orata et al, 2014) 

• > 200 serogroups

• O1 associated with pandemics  and 
has two biotypes

• 1st to 6th pandemics were caused by 
classical O1

• El Tor O1 is predominant in 7th

pandemic cases
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• Temperature 
tolerance

• Growth in 
fresh water

• Biofilm 
formation

• Chitin 
utilization

Pre-adaptation period for the emergence of PG lineage

Emergence and evolution of pandemic Vibrio cholerae

Islam and Boucher, 2017, International Microbiology

CTX prophage

Cholera toxin (CTX)

Ancestor of El Tor O1



High population density can lead to the evolution of pathogens



The Bay of Bengal: continual presence of 
cholera for hundreds of years 

Single peak in 
coastal region

0

10

20

30

40

50

60

70

80

90

100

Jan Feb Mar Apr Jun Jul Aug Sep Oct Nov Dec

Dual peak in 
inland region

0

10

20

30

40

50

60

70

80

90

100

Jan Feb Mar Apr Jun Jul Aug Sep Oct Nov Dec

C
o

n
fi

rm
ed

 c
h

o
le

ra
 c

as
e

s
C

o
n

fi
rm

ed
 c

h
o

le
ra

 c
as

e
s



The bay of Bengal is the worlds 
reservoir for cholera variants
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GRAMPS

Gene 
maRker
Amplicon 
Massively
Parallel
Sequencing 

maRker:
Vibriobactin utilization 
protein subunit B (viuB)
272bp fragment

Subspecies microbial 
ecology

(Vibrio cholerae)

Kirchberger & Boucher, Environmental Microbiology 2020

Gene Marker Amplicon Sequencing



Sampling sites in Dhaka
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Dhaka, 
Bangladesh

Falmouth,
USA

Dhaka has a unique 
mix of V. cholerae 
genotypes
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Buriganga River

Balu River

Shitalakshya River

Turag River
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A link to the human gut ?
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Genome sequencing 
reveals these novel 

genotypes are
a new species

95% ANI and 69% dDDH
to V. cholerae



Several clinical cases found in 
USA and across
the world each year

Oldest known
Vibrio cholerae isolate
(NCTC30) is actually
Vibrio paracholerae !



World War I in Alexandria Egypt 1916

Soldier in recovery suffered choleraic diarrhea

A bit of history merges with the story…..
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Gardner and Venkatraman named the isolate: Vibrio paracholerae in 
1935!
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Another historical role for V. paracholerae:
The rise of V. cholerae O139
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MO10 O139

O139 is a 7th pandemic strain with new antigens



V. cholerae O139
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V. paracholerae played a role in the rise of novel 
pathogenic variant of V. cholerae (O139)

Four V. cholerae 
O139 isolates from 
clinical samples



Where will the next variant come from ?
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