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What is Cholera?

B Intestinal infection

. ; ”',.-:,' 2 I,’y"_(
R Severe diarrhea 1 ~“
| .
~ m Caused by Cholera Tox ~
ba Vibrio choler

-




V. cholerae

BHas over 150 identifij'j Sel
based on O-antigen#

/MOnly O1 and o139 are toxigenic and

cause Cholera disease

W2 categories of O#¥serotypes —
Classical and El Tor




Cholera

WA life-threatening secreto
iInduced by enterotoxn)/
cholerae |

lWater borne |IIneSS - use

BMAN enterotoxic enteropathy (a non-
Invasive diarrhealwdisease)

WA major epidemic disease




V. cholerae

B Transmitted by fecal-oral ro@t

BMEndemic in areas of pog
(India and Banglades_‘.

WM 1993. Cholera in Bengal caused by
0139 — may be caise of 81" pandemic




John Snow — Record of Locations of Cholera
Cases in London, 1854

Pumps

oo Deaths from
e Cholera




Broad Street Pump

B Those affected drank"' '
B Sewage probably co,j tal

l&mgmal of pump L,ndle _end of
I// outbreak e

B Skepticism about Snow’s findings
' 4




What’s In a Name?

the gutter of aroof,c
deluge of water foIIOa Vi

- Dr. Jean-Pierre Raufman
American JdlUrnal of Medicine




Profile of vibrio cholerae

BGram-negative i =

BHighly motile; polar fIageIJum

WM Brackish rivers, coastal iilaterss
BMAssociate with plankton gaih‘dalga'é ;

B Proliferate iIn summers "

B Cholera toxin

WM Pathogenic and nonpathogenic
SHEIES .

BW206 serogroups




Strains Causing Epidemics

I/I/0139 ——
| BContained in India, Bangladesh
'




Epidemiology

B Responsible for seven glokai®
pandemics over the pasi!

Southern Asia |
re in industrig

a
‘\..&

N 2




Cholera Statistics, 2000

Continent  Total Cases Total Deaths

Africa 18,932 4610

America(s) 3,101 40

Asia** 11.246 232

Europe 35

Oceania 3,757 26

Total 137,071 4,908
*[ata published n August, 200}

**#Does not nclude Bangladesh, Pakistan mJ ﬂhu cOL
-~ ot Heakh



V. Cholerae Afflicted Areas




Transmission

B Contaminated food or water =

BMinadequate sewage treatmeg
BLack of water treatment
mproperly cooked shef!

B Transmission by.cas@ial contact unlikel

\—-
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Epidemics

B Fecal-oral transmission

WM Feces of infected persop/’
water supply

B Resulting diarrhea mi '§§/Lf0r
bacterlato spread |n;j . anltary




B Hanging latrine on Meghna River, Nepal




People Most at Risk

gr—

BPeople with low gastric acid levelsaE s
B Children: 10x more suscepgib eth
B Elderly &~

BMBlood types | s
BHO>>B>A>AB / ="

-

= " -‘
[ ) =S




Period of Communicability

B During acute stage
W A few days after recovery

B By end of week, 70% of pa-'t
Infectious I

= By end of third Week 980

non-infectious




Incubation

B Ranges from a few hours to.5 days,.._‘
B Average is 1-3 days - ,,

b Shorter mcubatlon perigd:




How Does Cholera Toxin
Work?

B Inactivates GTPase functi e’
protein coupled receptof |

B _l0o-fold.increase in 7

\\‘_\ .

—_‘..- ,—-

i Activation of ion channels
B lons flow out and \‘/'vater follows

B animation



http://techno.msu.ac.th/fn/ecenter/pathogens/images/anim-cholera.gif

Infectious Dose

" A Intestinal environment

BMBile salts, organic acids, complement inhibit
bacteria growth -

BMust penetrate mucous lining of intestinal

epithelial cells




Symptoms

B Occur 2-3 days after consumpliofs
contaminated food/water il

v
B Usually mild, or no symp [

W /5% asymptomatic
B 20% mild disease
l 2-5% severe

. Watery diarrhea (1L/hour)

B Without treatment, Jeath IN 18 hours-
several days




Cholera Gravis

W6 liters/hour
W10’ vibrios/mL

B Rapidly lose more thanl_ )9/
of bedyweight -‘

Dehydration’ and-shock
Death within 12 hours or less

Death can occur witln 2-3
Nours

N
uuu\




Conseguences of Severe

Dehydration

-f’_’:,;" ,;,‘ ) '
Bintravascular volume Y y
depletion 7 _

W Severe metabolic acidosis:
W Hypokalemia
W Cardiac and renal failure

,lSunken eyes, decreased
skin turgor

B AImost no urine '
production




Mortality Rate




Molecular Biology of Vibrio
cholerae

M identification &
Classification
(serogroups)

W Genomic Structure
BPathogenesis

“ (mechanism of

action)




ldentification

B Vibrios are highly
motile, gram-
negative, curved or
comma-shaped rods
with a single polar

flag eIIum Whose

s W
\.‘-‘_‘~
o - —.

usually salt or fresh
water.




Classification: O1 Antigen

Classical

Serotype Ogawa (Hikojimal Ogawa Inaba (Hikojima)

Antigens




Classification: Other antigens

B 0139 Serogroup

W In 1993, the emergence of
an entirely new serogroup
(0139) was the cause an
epidemic in Bangladesh.

B O139 organisms produce a
polysaccharide capsule but
do not produce O1 LPS or
O1 antigen.

IR Toxigenic O139 cholera &
.~ arose through'the acquisitior
/ of a large block of genes
. encoding the O139 antigen
by O1 El Tor.

4

- 1P notasSociated with
# "~ epidemic disease.
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Pathogenesis: Overview

B To establish disease, V.
cholerae must be
Ingested in contaminated
food or water and survive
passage through the
gastric barrier of the
stomach.

B On reaching the
lumen of the small
intestine, the
bacteria must
overcome the
clearing
mechanism of the
intestine
(peristalsis),
penetrate the
mucous layer and
establish contact
with the epithelial
cell layer.




Pathogenesis: Mechanism of
Action cont.

B The biological activity
of CT Is dependent on
binding of the
holotoxin B pentamer A subunit
to specific receptors
on the eukaryotic cell.

B The Beligomer binds s o
4 with high affinity==
#  exclusively to GM1
ganglioside.

heat-labile enterotoxin (LT) and cholera toxin (CT)

B subunits bind to GM1 Receptor




Pathogenesis: Mechanism of
Action cont.

B Enzymatically, fragment Al
catalyzes the transfer of the
ADP-ribosyl moiety of NAD to
a component of the adenylate
cyclase system.

B The Al fragment catalyzes the
attachment of ADP-Ribose
(ADPR) to the regulatory
proteinsforming Gs-ADPR from
which GTP cannet be
hydrolyzed.

B Since GTP hydrolysis is the
event that inactivates the
adenylate cyclase, the enzymgy
remains continually activated.

(continually activated)

AC-GS cholera toxin >AC-G3
Af I
ADPR

Nicolinamide

(cannot be inactivated)




Pathogenesis: Mechanism of
Action cont.

B Thus, the net effect of

the toxin Is to cause
cAMP to be produced [

at an abnormally high o : peil.:mn \
rate which stimulates ‘ | e
mucosal cells to "”P”““‘“\
pumplarge amounts [

of Cl- into the
Intestinal contents.

Cytoplasm




Pathogenesis: Mechanism of
Action cont.

B H20, Na+ and other I Thusgtheic
electrolytes follow due damiag :"
to the osmotic and '
electrical gradients
caused by the loss of &
Clae “loss of electrolytes,

,lThe |ost H20and. .~ and dehydration that
7 electrolytes in are characteristic of

mucosal cells are cholera.
replaced from the #
blood.

-




Cholers  Cholera: Pathogenesis

Active

Adenylate
Inhibitor velave
R N




Diagnosis

BMCholera should be suspected wh;
patients present with Wate
severe dehydration '

BMBased on clinical presf
confirmed by |solat|o, of vi
fr ol ’-




Diagnosis




Diagnosis: Visible Symptoms

e —

BMDecreased skin turgor g '~,
BSunken eyes, cheeks 4 S
BAlmost no urine produgHon s

BDry mucous membrangsSs =

M Watery diarrhea consists of:
7R fluid without-RBE; proteins
7 W electrolytes

B enormous numberg of vibrio
cholera (107 vibrios/mL)




Laboratory Diagnosis

microscopy
BLook like “shootlng st

B Gram Stain . ,V

BRed, curved rods o BaCteria

- MISolate V--cholerae from patient’s stool

| BPlate on Thiosulphate bile salt sucrose
agar

BYellow colonies (orm




thiosulfate-citrate-bile salts-sucrose (TCES) agar. On
this medium, ¥, parahaermolyticus usually produces a

green colony and M. cholerae a vellow colony
(indicative of the fermentation of sucrase). Courtesy

af Harriet Frovine.




Treatment

*Even before identifying cause of-dis
rehydration therapy must beg

""‘llAntlmlcroblaI therapy
’




Treatment: Oral Rehydration

o/JQaUld lost in stools ‘
{Use when lessthan 10% of bodyweight
lost In dehydration

»




Treatment: Oral Rehydration Salts
ORS

BMReduces mortality from o
over 50% to less than 1%/

B Packets of Oral 7

Rehydration Salts

B Distributed by WHO, UNICEF®
B Dissolvein 1 L water
" B NaCl, KCI, NaHCO3; glucose




Treatment: Intravenous Rehydration

B Used when patients have lost more than
10% bodywelght from dehydra |




Treatment: Intravenous Rehydration 1

B Ringer’s Lactate
BCommercial product

B Has necessary
concentrations of
electrolytes

WMAlternative options

WSaline |

/RSugar and water

BMDo not replace
potassium, sodium,#*
picarbonate (i




Treatment: Antibiotics

BAdjunct to oral rehydration ==
BReduce fluid loss by hal
B Reduce recovery time

W2-3 days instead olj

~ WTetracycline, Doxycy
' /‘?‘f/' \\\‘- "’




Traveling Precautions

lodine
W No ice
B Cook everything

¥
B Rule of thumb: “Boil it,#
or forget.it.” s e e

’l Wash hands frequently P

-

EATING AND AFTER |
\“ISIII_?}‘(- THE TOILET



Vaccines

B Need localized mucosal |mmun 2=
BWOral Vaccine

BNot recommended

WTravelers have very low |
1-2 cases per million mf |

BNot cost-effective to a‘mfs't'é'r vaccines in

_\_.\\ -
WBrief and if Hlete Immunity
B Two types approved for humans:
BKilled whole-cell®

HBLive-attenuated

mp




Killed Whole-cell Vaccines:
Disadvantages

W 50% protection for 6 mont
BGives less than 25% prol
children aged 2-5 ' 7
- BNeed for multiple do' of nonliving
I///a’n/tl_gen?,\~ —

\v’,

»




Live Attenuated VVaccines:
Disadvantages

after 6 months

B In adults, only receive®
for 2 years

llee e vaceine.induc
/" symptoms
BMild diarrhea, abdcyninal cramping

S mild cholera




Prevention

W \Water Sanitation
B \Vater treatment




ldeal BioWeapon

BMEase of procurement
B Simplicity of producti_o.?
guantities at minimal €
BEase of disseminationi
techgolo

~—

—




Water Treatment Process

lDisinfection' chlorine add

given to water systems 4\ h gre idwater
sources) ‘ >
B Storage: putin clos"

~A(clearwell).__ —

I// BAllows chlorlne to mix and disinfect all water
B Distribution

ank or.reservoir

»




Prevention Efforts

BWHO: Global Task Force on Cl
Control - |

BReduce mortality and m'_
BProvide aid for somal g

BGlobal Water Quality Monitoring Project

BAddresses global#ssues of water quality with
monitoring stations on all continents




