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Outline 

I. Phylogeny (Genetic Relatedness)  

II. Morphology & Physiology 

III. Ecology (where they live)  

IV. Epidemiology & Pathogenesis 

V.  Focus on Cholera 

 

V. cholerae colonies on 

TCBS agar 



Vibrio spp. Family Vibrionaceae 
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IVibrionaceae 

Enterobacteriaceae 

i.e. E. coli, Salmonella 



The Genus Vibrio 

http://www.statensnet.dk/pligtarkiv/fremvis.pl?vaerkid=5079&reprid=0&filid=36&iarkiv=1 



The Big Three 
Human Pathogenic Vibrio species 

Lerat & Ochman 2010 Nuc Acid Res 33:3125 



Shared Vibrio Characteristics 

• Gram-negative, curved rods, oxidase + 

• Adapted to estuarine conditions – 

euryhaline 

• Natural inhabitants of estuarine waters 

• Motile by flagella and pili 

• Chemoorganoheterotrophic 

• Facultative anaerobes 

• Biofilm formation 



Comparing the Big Three: 
Salinity  

V
ib

ri
o
 c

h
o
le

ra
e 

• Euryhalinne 

• No salt 
required 

• Uncommon 
above 10 ppt 

• Survives in 
fresh water 

• Threat to 
drinking 
water 

V
ib

ri
o
 v

u
ln

if
ic

u
s 

• Obligate 
halophile 

• Optimum ~20 
ppt 

• Tolerates 5 
ppt 

• Not a 
freshwater 
pathogen V

ib
ri

o
 p

a
ra

h
a
em

o
ly

ti
cu

s • Obligate 
halophile 

• Optimum 
~30 ppt 

• Tolerates 
20 ppt. 

• Not a 
freshwater 
pathogen 



Vibrio cholerae in the Environment 
is Constrained by Salinity 

Takemura et al 2014. Frontiers in Microbiology 5:1-26 



Comparing the Big Three: 
Temperature 

V
ib

ri
o

 c
h

o
le

ra
e • Broad 

range 

• 10° C - 35° 
C  in water 

• 37 ° C in 
host  V

ib
ri

o
 v

u
ln

if
ic

u
s • Grows poorly 

under 20° C 

• Not culturable 
at less than 
10-15 ° C  

• 37 ° C in host 

•  Temp is 
determinant V

ib
ri

o
 p

a
ra

h
a

em
o

ly
ti

cu
s • Grows poorly 

under 20° C 

• Optimum >30 
° C  

• 37 ° C in host 

• Temp is 
determinant  



Vibrio parahaemolyticus Is 
Constrained by Temperature 

Takemura et al 2014. Frontiers in Microbiology 5:1-26 



Comparing the Big Three: 
Virulence 

V
ib

ri
o
 c

h
o
le

ra
e
 

• Epidemic 
cholera 

• O1 & O139  

• Deadly 
diarrhea 

• CTX Toxin 

• Poor 
sanitation 

V
ib

ri
o
 v

u
ln

if
ic

u
s • Wound 

infections, AGI, 
septicemia 

• Biotype I 

• Capsule 

• Raw shellfish 
consumption, 
open wound, 
liver 
dysfunction V

ib
ri

o
 p

a
ra

h
a
em

o
ly

ti
cu

s • AGI 

• O3:K6 

• Infrequent 
outbreaks 

• TDH, TRH 

• Raw fish or 
shellfish 
consumption 

 



Environmental Reservoirs of V. cholerae…. Vezulli et al 

2010 Environmental Microbiology Reports 2:27-33 



Vibrio spp. Can Become 
“Viable but Nonculturable” 

• VBNC represents a “dormant” or stressed state 

– but may still be infectious 

• Hard to detect 

• Makes surveillance more difficult – Quantitative 

PCR 



Focusing on Vibrio vulnificus 
Ecology in the Gulf of Mexico 

Shellfishing 

permitted 



Evidence for VBNC V. 
vulnificus  in Tampa Bay Waters 

Percent of water samples positive for Vibrio vulnificus 

 

 

Chase, Young and Harwood 2015 Appl and Environ Microbiol 



Culturable V. vulnificus vs. Temperature 

Significant interaction between sample type and 

temperature 

Correlation  

Coefficient 

Oyster 0.328 

Vegetation 0.256 

Sediment 0.122 

Water 0.262 



QPCR of vvhA in Water Samples: 
Gene Copies vs. Water Temperature 

P = 0.012 

R = 0.321 



Linking Ecology to Disease: 
Temperature Matters in Vibrio Infection Incidence! 

Weis et al 2011 Epidemiol Infect 139:591-598 

33% 29% 16% 22% Florida 

1998-2007 

834 Vibrio 

Infections 

 

 

V. cholerae 

non-O1 = 4th 

(Other 

vibrios) 



Why Care About Vibriosis 
Other than Cholera? 

• Incidence of vibriosis in Florida is 

0.4/100,000 annually (double national 

average) 

• High case fatality rate (CFR) – V. 

vulnificus 

• National CFR for vibriosis is 3.6% 

(compare with ~0.4% for 

salmonellosis) 

• Florida CFR for vibriosis is 10%! 



CDC – Trends in Foodborne 
Illness 

http://www.cdc.gov/foodborneburden/trends-in-foodborne-illness.html 



Incidence of 
vibriosis 

continues to 
increase; 

CDC  
estimates 

8,000 cases 
in U.S. per 

year  



Wound Infections and Acute 
Gastroenteritis Are Most Common 



Exposure Factors for 
Vibriosis in Florida 

Illness from 

oysters has 

dropped but 

wound 

infections 

have 

increased 



Cholera Has a Bad Reputation… 
for a Good Reason 



Pandemic Cholera 

• The first cholera epidemic was documented in 1816 in Bengal 

• The seventh pandemic is ongoing (2010 - ? epidemic in Haiti) 



Haitian Cholera Epidemic 2010-? 
First in Over a Century in Haiti 

• Oct 2015 750,000 cases, 427,000 hospitalized and over 

9,000 deaths caused by a V. cholerae serogroup O1 

(Ogawa) strain (Pan American Health Org). 

 



Cholera Epidemic Has Spread to Cuba 
and Dominican Republic 





Transmission of V. cholerae 
& Cholera Treatment 

• Transmission from environmental reservoirs 

(next slides) 

• Water or food consumption 

• Person-to-person transmission (less likely) 

• Minimum infectious dose = 103 – 106 cells 

• Most effective treatment by oral or intravenous 

rehydration therapy 

• Antibiotics, e.g. doxycycline, may be used 



Environmental Reservoirs of V. cholerae…. Vezulli et al 

2010 Environmental Microbiology Reports 2:27-33 



Cholera Is Rare in U.S. 

• Less than 10 imported cases/yr on average (data 

from last several decades). 

• Occasional infections (sporadic occurrence, non-

O1) acquired from uncooked Gulf Coast oysters.  

• Several cases reported from Louisiana after 

Hurricanes Katrina and Rita (shellfish 

consumption).  

• V cholerae serogroup 075 may be an emerging 

infectious strain in U.S. 

 

 NYC Board of Health, 

1832 



What’s Up with the O? 

• “O” in a bacterial strain name almost 

always designates serotype 

• A way of discriminating among closely-

related bacteria 



What Makes the Epidemic Vibrio 
cholerae Strains More Virulent? 

• Cholera toxin! 

• Also known as CTX 

• Hexamer (AB5) 

• Originates from  

CTXφ temperate 

bacteriophage 



Wrapping Up 

• Vibrio spp. are autochthonous members of 

estuarine environments. 

• Vibriosis from Vibrio spp. other than V. 

cholerae may become more common as global 

waters warm.  

• Unlike other Vibrio spp., O1 and O139 

(epidemic potential) strains of V. cholerae are 

generally contaminants from human fecal 

waste. 

• Don’t eat raw shellfish!! 



Questions? 

vharwood@usf.edu 



Vaccines 

• Two oral vaccines are available: Dukoral, 

ShanCol.  

• Vaccination requires two oral doses a week 

apart. 

• The U.S. Centers for Disease Control does 

not recommend vaccination for travelers.  

• Protection is not complete, and tends to be of 

short duration. 

• The vaccine is not available in the U.S.  
 


