Access to safe drinking water 1s everyone’s right
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Population with access to safe
gl drinking water (percent of population)

Cambodia
Ethiopia
Zaire
Sudan
Nigeria
Pakistan
Indonesia
Peru
Honduras
Syria
Mexico
Egypt

China
United Arab
Emirates
Iran

Thailand
Brazil
New Zealand
Sweden
United States

Deaths of children under 5 years
of age (deaths per thousand)

IMAGINE SURVIVING SEXUAL
ASSAULT, GUNFIRE, MORTARS,
MACHETES, MALARIA, AND
POISON ONLY TO BE KILLED BY
A SIP OF WATER.




Protozoa:

Protozoans that cause diarrheal disease

1. Giardia lamblia

2. Entameba histolytica
3. Cryptosporidium parvum
4. Cyclospora cayetanensis
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This 1s what he sees
in his own stool sample
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Morphology

Trophozoite Cyst



Trophozoites of Giardia lamblia

Hope you all had
a nice Thanksgiving!




Giardia lamblia

Cysts are ingested along with fecally
contaminated water or food

Reservoir host

Cysts pass } | Trophozoites emerge
with feces ﬁ \ YT - in small intestine
7 \ §)

Trophozoites live

Trophozoites encyst S5
on surface of villi

in small intestine

PATHOLOGY

Normal villi Flattened villi



Biopsy of small intestine
positive for Giardia lamblia




SEM of Giardia lamblia in situ




Pathogenesis:

Trophozoite stage induces malabsorption of fats.
Mechanism(s) unknown.

Histopathological correlate: Flattened villi



Giardia and Immune Mechanisms

Natural barriers Innate immune responses Adaptive immune responses
Mucus Nitric oxide Antibodies (IgA)

Peristalsis Reactive oxygen species T-cell responses

Proteases Lactoferrin

Lipases Defensins

Bile salts Phagocytes

Intestinal microbiota Mast cells

Paneth cells Dendritic cells

Excyzoite 3 \ g
"‘..V.i...." 9:"’.,.

T Hours /\/Days Weeks Time

Infection Symptoms induced



Clinical Disease:

Diarrhea (steatorrhea)
Weight loss
Constipation

Fatigue



Diagnosis:
1. Identify trophozoites and cysts by microscopic
examination of stool
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Trophozoite Cyst



Diagnosis (cont’d):

2. Identity trophozoites on microscopic
examination of fluid from string test.
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Drug of choice:
Metronidazole
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Mode of Action:

Inhibits anaerobic metabolism by
interfering with oxidoreductase,
a protozoan-specific enzyme.



Medical Ecology:

1. Reservoir hosts - beaver, dog

2. Day-care centers are common point sources for
outbreaks.
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Prevention and Control:

1. Sanitary disposal of feces




Prevention and Control (cont’d):

2. Safe drinking water supply -maintain
watersheds or filter water.

3. Maintain good sanitary practices at day-care
facilities - difficult to enforce among

small children due to PICA

4. Don’t drink unfiltered water from “pristine”
rivers and streams while enjoying the great
outdoors.
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Entamoeba histolytica

Cysts are ingested along
with fecally contaminated
Cysts pass ~_ food or water

with feces

Trophozoites
encyst in colon

Trophozoites invade
tissues of colon

Liver abcess Brain abcess

Flask-shaped ulcer



Entameba histolytica 1n culture
with Chinese hamster ovary cells




Pathogenesis:

1. Attachment of amebae to target cells mediated by
galactose, then pore-forming protein disrupts
target cell membrane:

CONTROL GALACTOSE

CHO CELLS CHO CELLS

DEAD
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From: Ravdin, J.I. (1995) Amebiasis (Review). Clin. Infect. Dis. 20: 1453-1466

2. Cell-cell contact induces synthesis of lysosomal
enzymes in amebae at interface with
target cells. Cell death ensues.



Clinical Disease:

A. Intestinal:

1. Diarrhea
2. Dysentery (bloody diarrhea)

B. Extra-intestinal:
1. Liver abscess (most common site)
2. Lung abscess
3. Brain abscess (usually fatal)



Gross pathology of large intestine due to Entameba histolytica
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Flask-shaped ulcer due to infection
with Entameba histolytica
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Trophozoites of Entameba histolytica

in situ in flask-shaped ulcer
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Trophozoite of Entameba histolytica
with RBCs in cytoplasm




Multiple abscesses in liver from
a fatal case of Entameba histolytica

Courtesy WHO



Diagnosis:

1. Identify trophozoites and/or cysts in feces.
Cannot distinguish E. histolytica from
E. dispar by morphology unless cytoplasm
contains RBCs.
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Diagnosis (cont’d):

2. Antigen Capture ELISA using stool sample
3. PCR

4. IHA serology:
Intestinal - 95% predictive of active infection
Extra-intestinal - 100% predictive of active
infection



Drugs of Choice:

1. Intestinal:
Metronidazole and Iodoquinol
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2. Extra-intestinal
High doses of Metronidazole
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Prevention and Control:

Sanitary disposal of feces




Lum parvum

Cryptosporid




Cryptosporidium parvum
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Sporozoites released
from oocyst in small
intestine

Sporulated
oocyst

Sporozoites attach to
surface of columnar
epithelial cells

Unsporulated
oocyst
Macrogamont Sexual Microgamont
stages

Type 2 meront Trophozoite  Type 1 meront



Histologic section of small intestine of patient
suffering from HIV/AIDS, infected with
Cryptosporidium parvum.

Courtesy J. Lefkowitch



Pathogenesis:

Secretory diarrhea. May produce up to 10 liters of
watery stool per day! Mechanism unknown.




TEM of Cryptosporidium parvum

' ﬂ Altered host cell
membrane protects

i—*;’k parasite from all

v chemotherapeutic
agents tested, so far.

Courtesy J. Lefkowitch



Oocysts of Cryptosporidium parvum




Clinical Disease:

Secretory diarrhea. In HIV(+) patients, this infection
1s often fatal. There are no drugs that are effective
against it.



Diagnosis:

Identify oocysts on microscopic examination.

A. acid fast-stain

B. Indirect Fluorescent Antibody test



There is no approved chemotherapeutic
agent for Cryptosporidium
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Nitazoxanide may offer some hope



Complete Genome Sequence of
the Apicomplexan,
Cryptosporidium parvum

Mitchell S. Abrahamsen,’?*{ Thomas J. Templeton,>f
Shinichiro Enomoto,’ Juan E. Abrahante,” Guan Zhu,*
Cheryl A. Lancto,” Mingqi Deng,” Chang Liu,"{
Giovanni Widmer,> Saul Tzipori,® Gregory A. Buck,® Ping Xu,°
Alan T. Bankier,” Paul H. Dear,” Bernard A. Konfortov,”
Helen F. Spriggs,” Lakshminarayan lyer,® Vivek Anantharaman,®
L. Aravind,® Vivek Kapur®®

Science: 304:441-445. 2004



Medical Ecology

1. Cryptosporidium sp. infect a wide variety of

animals (birds and mammals), many of which
can also infect humans.

2. Suckling farm animals (calves, kids, lambs) are

potential sources of infection for urh
centers that get their drinking water
reservoirs that are surrounded by far
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Prevention and Control:

1. Sanitary disposal of feces




Prevention and Control (cont’d):

2. Protect public drinking water supplies from
contamination with animal feces by creating
buffer zones between the reservoir an
and the watershed.
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Pepacton Reservoir 22N

New York City's
Water Supply System
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