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Abstract

Background: Cryptosporidiosis is an infection caused by
Cryptosporidium; a protozoan parasite that infects the gastrointestinal tract.
The infection is of major public health concern in both developed and
developing countries. The disease is potentially life-threatening in
immunocompromised persons. Younger children are more susceptible to
infection than others. Human get infection either from food or water.
Objectives: The current study aims to explore the prevalence of
cryptosporidiosis and other related intestinal parasitic infection in children
of age <5 years old. Methodology: A cross-sectional study was conducted
by collecting fecal materials from 500 children from regions of North West
Bank. Fecal samples were analyzed microscopically and positive samples
with Cryptosporidium were used for molecular diagnosis using polymerase
chain reaction. Results: The prevalence of cryptosporidiosis in Palestinian
children <5 years old was 13.6%. Prevalence rates for amoebiasis and
giardiasis were 11% and 4.4% respectively. Refugee camps showed higher
infection, although not significantly different (p>0.05). Data analysis
revealed no statistically significant association between infection with
cryptosporidiosis and predictor variables. Conclusion: Prevalence of
cryptosporidiosis among children < 5 years old is 13% and thus, measures

to prevent parasitic infection are recommended.
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Chapter One

Introduction

1.1 Introduction

Intestinal ~ parasitic  infections remain a serious public

health problem globally ,

human malnutrition ',

They have been associated with

Intestinal parasites are organisms that live in the gastrointestinal tract
of humans and animals; they are the common cause of human diarrhoeal
disease worldwide leading to significant morbidity and mortality in the

world, particularly in developing countries.

There are over 100 different types of parasites that can live in human
hosts. Since the world's population is becoming more mobile, parasitic

infections may reach epidemic levels in most countries in the world.

The major groups of intestinal parasites include parasitic worms
(helminthes) and protozoans. Helminths are multicellular worms that are
generally visible to the naked eye in their adult stages. Tapeworms,
pinworms, and roundworms are among the most common helminths.
Infection by these worms (helminths) is widespread throughout the world,
affecting hundreds of millions of people. Children are particularly
susceptible and typically have the largest number of worms, and it is

possible to be infected with more than one kind of worms.

Protozoans have only one cell, and can multiply inside the human
body, which contributes to their survival and enables serious infections to

develop. Cryptosporidium, Microsporidia and Isospora are the most
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common protozoans in HIV patients. Many protozoan parasites can survive
for long periods in soil and water; others normally thrive and multiply in

the environment.

Infection by intestinal parasites is orally through contaminated food
or water. People in developing countries are at particular risk due to
drinking water from sources that may be contaminated with parasites that

colonize the gastrointestinal tract.

Among intestinal parasites; helminthes, hookworms, Ascaris
lumbricoides and Trichuris trichiura are considered as major intestinal
nematodes. These parasites cause 39.0 million infections as compared to

malaria at 35.7 million .

Parasitic protozoa that infect intestinal tract include Entamoeba
histolytica that is considered as the causative agent of amebiases, Giardia
lamblia that causes giardiasis and Cryptosporidium Spp. that causes

cryptosporidiosis .

E. histolytica is the most common of the intestinal amoebae that
cause disease; it is the agent of amoebic dysentery. This parasite not only
causes severe diarrhea but can cause abscesses in the intestine, liver, and
other organs. Around 500 million people are infected worldwide while
75,000 die of the disease annually, and it ranks third on the list of parasitic
causes of death worldwide behind malaria and schistosomiasis *. E.

histolytica can easily contaminate food crops as well as water supplies.

Giardia lamblia was the first protozoan parasite described, its role as

pathogenic organisms was not recognized until the 1970s ™!, Prior to that
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time, the organism was thought to be harmless commensal of the intestine.
It 1s found in surface waters all over the earth and spread in the feces of
both humans and animals. The prevalence of the disease varies from 2.0% -
5.0% in developed to 20.0% - 30.0% in developing countries ), and now it
turned out to be one of the most common causative agents of epidemic and

endemic diarrhoeal illness throughout the world !

Cryptosporidium is an intracellular protozoan parasite that is

associated with gastrointestinal diseases in all classes of vertebrates
(7]

including mammals, reptiles, birds and fish

Cryptosporidiosis is a diarrheal disease caused by microscopic
parasites of the genus Cryptosporidium. Once an animal or person is
infected, the parasite lives in the intestine and passes in the stool. The
parasite is protected by an outer shell that allows it to survive outside the
body for long periods of time and makes it very resistant to chlorine
disinfectants. Both the disease and the parasite are commonly known as

"Crypto." 8, 9],

Along with Giardia, Cryptosporidium is among the most common
parasitic enteric pathogens in humans. The organisms infect and reproduce

in the epithelial cells of the digestive or respiratory tracts [

There are more than ten named species of Cryptosporidium
including species that infect mammals, birds, reptiles and fish "% C.
parvum (4 um diameters) is the main species responsible for disease in
human. C. parvum has been divided into two separate species: C. homonis

(previously C. parvum genotype 1), and C. parvum (genotype 2). C.
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hominis apparently infect only humans, while C. parvum is found in

humans and a number of other animals "' 1%/,

C. felis , C. muris , C. canis, C. suis, and C. meleagridis have also
been identified in some individuals. Additional heterogeneity within

species may lead to variations in infectivity and clinical expression in

[13, 14]

different hosts

Cryptosporidiosis is most common in children aged between 1 and 5

years, although outbreaks occur worldwide in all age groups .

People
with weak immune systems (those with AIDS, or persons who have
undergone transplantation or are receiving chemotherapy) are likely to be

most seriously affected "%,

1.2 Characteristics of Cryptosporidium

Cryptosporidium oocysts are highly resistant to many common
disinfectants such as aldehyde-, ammonia-, alcohol-, chlorine-, and alkaline

based commercial disinfectants.

Oocysts are heat sensitive, a temperature of 65° C inactives oocysts
within 5-10 minutes. Over a period of 2 hours or more, desiccation is lethal
to oocysts. Oocysts can remain viable for about 18 months in a cool, damp
or wet environment "), so they are common in rivers and lakes especially
where there has been sewage or animal contamination. Since these oocysts
are generally susceptible to freezing, this varies by onset of freezing; snap
freezing will destroy oocysts reliably, but with slow freezing, such as that
found in natural environment, oocysts have been reported to survive

temperatures as low as -22° C 1®
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The small size of Cryptosporidium oocysts and its resistance to
disinfectants facilitates transmission of disease and challenges the standard
filtration and disinfecting procedures. In addition to the high probability for

mis-diagnosed cases due to it's small size '”).

In a study that has been conducted to demonstrate the infectivity of
Cryptosporidium on volunteers, they found that the infective dose can be as
low as one oocyst . Thus, low dose for infection and the prolonged
excretion of high numbers of oocysts make Cryptosporidium ideal for
waterborne transmission since infected individuals can excrete up to a
billion oocysts per infection *'1, and Cryptosporidium oocysts are present in
65.0% to 97.0% of surface waters and are difficult to eradicate and also can

survive in the environment for months %,

1.3 Epidemiologic features

Since the first reported cases of human infection in 1976,
Cryptosporidium has become one of the most commonly reported enteric

pathogens in both immunocompetent and immunocompromised persons

[22]

worldwide ““' and has been reported from 3 days to 95 years old. It is

responsible for both epidemic as well as endemic levels of intestinal

. 23
diseases %!,

The proportion of the general population excreting oocysts is 1.0%

to 3.0% in developed countries and 10.0% in developing countries **.

Cryptosporidial infection accounts for 2.2% (range, 0.26% to 22.0

%) of cases of diarrhea in immunocompetent persons in developed
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countries and 6.1% (range, 1.4% to 41.0%) of cases of diarrhea in

immunocompetent persons in developing countries ™.

It occurs in up to 7.0% of children with diarrhea in developed
countries and up to 12.0% of children with diarrhea in developing countries
18], Cryptosporidial infection is more common in immunocompromised
persons, especially those with AIDS. In developed countries, it occurs in
14.0% of patients with AIDS and diarrhea; in developing countries, it

occurs in 24.0% of such patients .

Cryptosporidiosis remains a clinically significant problem in patients
without access to highly active antiretroviral therapy (HAAT) and in
malnourished children, as well as in people in developed countries who

have undergone transplantation or are receiving chemotherapy.

The general epidemiologic and biologic features of Cryptosporidium

parvum are explained in table 1.1.
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Table (1.1): Biologic and epidemiologic features of Cryotosporidium
parvum that favor transmission to humans 221

Outbreaks of water-borne infection occur.

Organism has ubiquitous geographic distribution and wide host range.

Oocysts are resistant to disinfectants.

Transmission can occur by direct fecal—oral (person-to-person or zoonotic)
route.

As few as 10 to 100 oocysts can cause infection.

Oocysts are excreted in fully infective form with no external maturation
required and with the capacity to complete their entire life cycle in a single host.

Oocysts are excreted in very large numbers, which are increased by
autoinfective stage of production.

Many asymptomatic infections exist.

Specific and fully effective treatment is lacking.

1.4 Mode of transmission

Cryptosporidium is shed in the feces of infected humans and
animals. People become infected by ingesting the organism 23] Infected
individuals can shed the organism in their stool for 6-18 days in
immunocompetent individuals but may be prolonged in immunosuppressed
patients, (some individuals shed oocysts but appear asymptomatic) .
Because cryptosporidiosis is transmitted by the fecal-oral route, the greatest
potential to transmit the organism comes from infected people who have

diarrhea, people with poor personal hygiene and diapered children ™ ®.

Cryptosporidium can be spread by person-to-person or animal-to-
person contact, contaminated food such as vegetables, fruits, raw meat and
unpasteurized milk and by drinking contaminated water (rivers, lakes,
streams) *7. Cryptosporidial oocysts may be found in all types of water,
including untreated surface water, filtered swimming-pool water, and even

chlorine-treated or filtered drinking water **. Contamination of untreated
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surface water and filtered public water supplies is a growing concern, since

water-borne outbreaks have been reported worldwide .

Person-to-person spread of C. parvum is one of the most common

modes of transmission.

Children still wearing diapers who attend day care centers are at high
risk for this form of transmission through intimate play or careless diaper
changing practices. Infections acquired by children in the day care are

transmitted to care-givers at the facility and to older children and adults

(28]

who come in contact with the infected child at home

Health care workers, users of communal swimming pools and
travelers to regions of highly endemic disease are also at increased risk.
Cryptosporidium was present in 2.8 % of 795 international travelers with

diarrhea in one report >/,
1.5 Clinical features

After two to ten days of infection by the parasite, symptoms will
appear (the incubation period is typically approximately one week, but can
be as long as 28 days). The number of oocysts ingested appears to be
related to the time and duration of infection, but not the severity of illness
5] Some persons may not have symptoms, others have self-limited
watery diarrhea (more than 90%) lasting 5-10 days, headache, abdominal
cramps, nausea, vomiting, and 36% also have fever, that may lead to

[30,31

weight loss and dehydration I, There is also evidence that specific

species or subtype families are associated with different clinical
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manifestations. For example, in a cross-sectional study of 230 HIV-infected
patients in Peru, infection with C. hominis was associated with diarrhea
alone while infection with C. parvum was associated with diarrhea and

vomiting P%.

In healthy persons these symptoms usually last 1 to 2 weeks so that

13931 In persons with

the immune system is able to stop the infection
suppressed immune systems, such as persons who have AIDS or have an
organ or bone marrow transplant or receiving chemotherapy, the infection

may be chronic and become life-threatening ™ '/,

The level of host immunity primarily account for the variable course
of infection in different people, so the severity and duration of diarrhea and
the other clinical manifestations of the infection differ in
immunocompetent and immunocompromised patients. Cryptosporidiosis in
patients with AIDS have a wide spectrum, from asymptomatic to a
fulminant illness, (Table 1.2) "' shows the clinical features of

Cryptosporidium in immunocompetent and immunocompromised persons.



Table (1.2): Clinical features of cryptosporidiosis 7,

10

]

In immunocompetent

In immunocompromized

of any age

Characteristic
persons persons
. Children, especially those Immunocompromised persons
Susceptible .
! under 1 year of age, and adults | of any age, especially those
population

with AIDS

Site of infection

Usually intestinal

Intestinal or extraintestinal

Enteric

Asymptomatic, acute, or

Asymptomatic, transient,

nausea, and weight loss

presentation persistent chronic, or fulminant
Common clinical Diarrhea, fever, abdominal Diarrhea, fever, right-upper-
symptoms cramps, vomiting, quadrant pain, jaundice,

weight loss, and vomiting

Clinical duration

Up to 2 wk

From 2 days to lifetime

Severity according
to CD4+ count
>200 cells/mm3
<100 cells/mm3
<50 cells/mm3

Spontaneous resolution
Chronic and extraintestinal
Fulminant

Transient or asymptomatic (5—

necessary

Foitd |t el s | LG40 o
zevel%) ine countries (3—127 wk), or fulminant (2—
pIng 28 wk)t
. Highly active antiretroviral
Treatment No specific treatment therapy alone or with

antiparasitic agents

tRanges indicate time to death after infection.

1.6 Life cycle

Cryptosporidium is capable of completing all stages of its

development (asexual and sexual) within a single host as shown in figure

1.1,

The thick-walled oocyst is the resistant stage found in the

environment. When mature oocysts (5 um) are ingested, the host body

temperature, the interaction with stomach acid and bile salts triggers

excystation and releasing four banana-shaped motile sporozoites that attach

to the epithelial cell wall of the gastrointestinal tract !

13,33]
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These sporozoites differentiate into a spherical trophozoite and
mature asexually into two types of meronts, type I meronts contain 6-8
nuclei which release 6-8 merozoites intraluminally ®*. When the meront is
mature, each merozoite is able to infect a new host cell and then develops
either into type I meront or type II meront, which contains 4 merozoites

when mature 13,

Merozoites from type II meronts also invade new host but undergo
sexual maturation by differentiating into either microgamont (male) or
macrogamont (female) stages P*. After fertilization of the macrogamont by
microgamonts, the fertilized macrogamon (zygote) then develops into an

oocyst that sporulates within the infected host by undergoing mitosis !,

There are two types of oocysts produced during the cycle, the thick-
walled oocysts (80%) which are commonly excreted from the body in the
feces, and the thin-walled oocysts (20%) that are involved in autoinfection
because they excyst within the gut, they release merozoites and infect new

host cells P-4,

The new generation of the parasite can develop and mature within
12-14 hours helping it to produce huge numbers of parasitic cells in the gut

and to secondary infection sites in the duodenum and large intestine .

Oocysts are infectious and can remain viable for many months at a

wide range of temperatures.
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1.7 Diagnosis

Diagnosis of cryptosporidiosis is made mainly microscopically by
examination of stool samples for the prescence of oocysts. Because
detection of Cryptosporidium is difficult, patients may be asked to submit
several stool samples over several days and the microscopic identification

of Cryptosporidium requires well-trained and experienced microscopists.

Stool specimens are examined microscopically using different
techniques (e.g. acid-fast staining, malachite green staining,

immunofluorescent antibody (IFA) and enzyme immuno assay (EIA) ).

Molecular method (e.g. polymerase chain reaction — PCR) is
increasingly used, since they can be used to identify Cryptosporidium spp.
at the species level. But since Cryptosporidium's tests are not routinely
done in most laboratories, health care providers should specifically request

testing for this parasite.

Serologic tests are of limited value, because many healthy persons

have antibodies to Cryptosporidium.

When biliary disease is suspected, ultrasonography is the best initial
diagnostic test. It will show thickening of the biliary-duct wall, dilatation of
the gallbladder, or both and in ruling out associated conditions such as
stones, compression, and tumors. Also percutaneous liver biopsy is rarely

helpful and has no important role in diagnosis.
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1.8 Conclusion and prevention

Cryptosporidium is a highly infectious cause of diarrheal illness
around the world. The human host range is broad and includes people with
AIDS, children in various countries, and outbreaks among
immunocompetent individuals. Within many of these groups, the
manifestations of disease are diverse, ranging from asymptomatic

infections to life-threatening illness.

Therefore, effective control measures must aim to reduce or prevent
oocyst transmission, since Cryptosporidium infection occurs by the

ingestion of oocysts excreted in the feces of infected host individuals.

Good hygiene, such as handwashing (washing hands with soap can
reduce the risk of diarrhoeal diseases by 42.0% to 47.0%, and the
promotion of hand washing might save a million lives per year) P after
using the toilet and before eating or preparing food and proper disposal of
contaminated material such as diapers, are the most important ways to
prevent infection. Thus, avoid swimming in recreational water if you have
cryptosporidiosis and for at least 2 weeks after the diarrhea stops, since
people can pass Cryptosporidium in their stool and contaminate water for
several weeks after symptoms have ended. They do not need to have a fecal
accident in the water. Infected people may have Cryptosporidium on their
skin in the anal and genital areas. Therefore immersion in the water may
wash the parasites off the body. As a result of infected people swimming,
many outbreaks of cryptosporidiosis among recreational water users have

occurred.
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Also people should avoid close contact with anyone who has a
weakened immune system. And we must exclude children with diarrhea

from child care settings until the diarrhea has stopped.

In people with AIDS and in others whose immune system is
weakened (cancer chemotherapy, kidney dialysis), crypto can be serious,
long-lasting and sometimes fatal so an extra precautions are needed for

them > 7,

Boiling or filtering water may decrease the risk of infection in
immunosuppressed patients. It is also suggested that immunocompromised
patients who are at high risk for severe infection limit their exposure to
Cryptosporidium by minimizing oral exposure to water from lakes,
streams, and public swimming pools. They should avoid the stool of all
animals and wash their hands thoroughly after any contact with animals or
the living areas of animals. Also they should wash, peel, or cook all

vegetables. And extra care must be taken when traveling.

In locations such as hospitals, laboratories, and day-care centers,
management should minimize contact with sources of infection. This
means isolation of infected persons, careful handling and disposal of
biohazardous waste, washing hands after changing diapers, and boiling of

water before consumption.
1.9 Treatment

Recovery from Cryptosporidium infection depends largely upon the

immune status of the host.
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Immunocompetent hosts usually have a spontaneous recovery within
a few weeks, and no treatment is necessary unless symptoms persist.
Supportive care with oral or intravenous fluids and electrolyte replacement

helps correct the dehydration that accompanies acute diarrhea.

When therapy is required, nitazoxanide, a nitrothiazole benzamide, is
the preferred drug in children 1 to 12 years of age and also in adults P°.
Clinical improvement at 3-day course of nitazoxanide was significantly
obvious in nonimmunodeficient patients in a multicenter, randomized,
double-blind, placebo-controlled study that conducted in 90 outpatients 12

years of age and older from the Nile Delta region of Egypt .

In patients with AIDS, the best treatment is improvement of immune
function with highly active antiretroviral therapy ! If (HAAT) is not
possible or effective, combination therapy with an antimicrobial agent and
an antidiarrheal agent will continue to be standard treatment for

cryptosporidial diarrhea 7

1.10 Literature review

On global scale, acute diarrhea and dehydration are major causes of

children mortality, causing about 3.3 million deaths yearly *.

Cryptosporidiosis is a common cause of childhood diarrhea, especially in
developing countries, while sporadic cryptosporidiosis transmission occurs

worldwide %81,

The initial reports of Cryptosporidium infection was published by

Tyzzer in 1907 % his finding was not regarded as important at that time.
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In turkeys, Slavin described the parasite as a potential cause of diarrhea in
1955 1. Later its importance increased in 1970s when cryptosporidiosis

Y 42
was recognized in calves [**

Although the first case of human cryptosporidiosis was reported in
1976 ™1 more awareness of the organism really came to the fore in the

1980s, due to its association with HIV infection *¥.

By the year 1984, 58 cases of cryptosporidiosis were reported, 40
cases were found in immunocompromized patients and 33 (82.5%) cases

were detected in patients with AIDS, 22 (55.0%) of these 40 patients died

[45]

During 1990s, Cryptosporidium was titled as a major cause of
community gastroenteritis causing outbreaks associated with drinking

water, swimming pools, and exposure to animals *.

In February 1994 cryptosporidiosis was added to the list of
reportable diseases in New York State, and since that date 400-500 cases

are reported in New York State each year """,

Waterborne Cryptosporidium outbreaks occurred in both large and
small communities, mainly in the United States of America, European
countries, Japan, and Canada, with the largest outbreak occurring in
Milwaukee, Wisconsin in 1993, affecting an estimated 403,000 people **.
The suspected cause was due to errors in treatment, possibly contamination
of filtered water with raw, unfiltered water or inadequate monitoring of

water turbidity. The mean duration of illness was 12 days with a range of 1

to 55 days, and the average maximum number of watery diarrheal stool was
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19 per day at the peak of the illness. Watery diarrhea was the predominant

symptom among 93.0% of confirmed cases .

Then, Cryptosporidium rapidly became recognized as one of the

most serious and difficult to control waterborne pathogens to date.

Cryptosporidiosis became a significant cause of diarrheal diseases in
both developing and industrialized nations %, but several epidemiologic
studies have demonstrated that Cryptosporidium is more prevalent in
developing countries (5.0% to >10.0% ) than in developed countries
(<1.0% to 3.0%) > It is present in 1 to 3 percent of immunocompetent
patients with diarrhea in industrialized countries and 7.0% to 10.0 % in

(24291 In a 2005 survey from FoodNet of laboratory-

developing countries
confirmed causes of acute foodborne illnesses in ten states in the US,
Cryptosporidium occur in 8.0 %, an annual incidence of 3 cases per

100,000 persons 1,

About 2.2% of all patients whose cases of AIDS are reported to
Centers for Disease Control and Prevention (CDC) have cryptosporidiosis,
3.5% of children whose cases of AIDS are reported to the CDC have

cryptosporidiosis >,

1.11 Previous studies

In Saudi Arabia and neighboring countries a study was conducted to
examine the epidemiology and disease burden of Cryptosporidium by
reviewing 23 published studies of Cryptosporidium and the etiology of
diarrhea between 1986 and 2006 . The prevalence of Cryptosporidium

infection in humans ranged from 1.0% to 37.0% with a median of 4.0%,
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while in animals it was different for different species of animals and
geographic locations of the studies™. Most cases of cryptosporidiosis
occurred among children less than 7 years of age, and particularly in the
first two years of life. The seasonality of Cryptosporidium varied
depending on the geographic locations of the studies, but it was generally
most prevalent in the rainy season °*. The most commonly identified
species was C. parvum while C. hominis was detected in only one study
from Kuwait®". The cumulative experience from Saudi Arabia and four
neighboring countries (Kuwait, Oman, Jordan and Iraq) suggest that

Cryptosporidium is an important cause of diarrhea in humans and cattle P,

In Egypt in 2005, the prevalence and clinical characteristics of
Cryptosporidium associated diarrhea was studied over a 2 years period by
conducting a study titled by "Diarrhea Associated with C. parvum among
Young Children of the Nile River Delta in Egypt" °°1. After a stool sample
was obtained from each of the 1275 children with diarrhea evaluated, 214
(17.0%) were found to be infected with Cryptosporidium. Younger age was
a risk factor for developing Cryptosporidium-associated diarrhea. Children
<12 months of age were 2.4 times more likely to be infected with
Cryptosporidium (p<0.01) and children 12 to 23 months were 1.9 (p<0.05)
times more likely to be infected with the organism as compared to older
children. Breastfeeding had a trend towards protection against

Cryptosporidium-associated diarrhea (p = 0.07) ..

In Jordan, a study entitled "Cryptosporidiosis in children in a north
Jordanian pediatric hospital" was conducted in 2004 to investigate the rate

of infection by C. parvum among children from birth to 12 years attending
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Princess Rahma Teaching Hospital in Irbid % Single stool specimens
were collected from 300 children, 7 specimens were from children
undergoing chemotherapy treatment for cancer. Diagnostic methods used
for detection of infection were direct wet mount preparation, flotation
concentration, cold Kinyoun Ziehl-Neelsen stain and direct
immunofluorescence. As a result C. parvum_oocysts were detected in 112
samples (37.3%) using direct immunofluorescence, which showed the
highest sensitivity. Source of drinking water appeared to be an important

risk factor for transmission of infection °%).

Natural History of G. lamblia and Cryptosporidium Infections in a
Cohort of Israeli Bedouin Infants was conducted by taking 164 Bedouin
children, from a population not previously studied, which is in transition

from nomadism to a settled life style '\

Stools were sampled monthly
from birth to two years of age and at all diarrhea episodes. The risk of
infection with G. lamblia and Cryptosporidium infection by the age of two
years old was 91.5% and 48.8%, respectively. Cryptosporidium prevalence

was 3.0% to 4.0% at all ages and the asymptomatic detection rate was 1.6%

being an important cause of diarrhea in young children in the community

[57]

At the national level, there are a few unpublished reports mentioned
the infection status of Cryptosporidium in Gaza strip. The results of these
reports revealed the prevalence of this parasite in Gaza and Palestine, and

showed the interventions needed for its control and management "*.

A study was conducted in Gaza Strip to determine the prevalence of

intestinal Cryptosporidium among patients with diarrhea who attended Al-
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Nasser Pediatric Hospital in Gaza . So stool specimens from each of 416
children aged less than 1 year to more than 5 years old attending Al-Nasser
Hospital were examined by Ziehl Neelsen (ZN) stain and ELISA for the
presence of Cryptosporidium oocysts from January to May 2005. As a
result Cryptosporidium oocysts were found in 62 (14.9%) specimens using

modified ZN P81,

Moreover, a prospective survey of children admitted with gastro-
enteritis to the Nasser Children's Hospital, Gaza revealed that 19.0% were
excreting Cryptosporidium, a significantly (p<0.05) greater percentage than
that (7.0%) observed in children admitted for other reasons and the
detection of Cryptosporidium decreased when the change from hot dry to

colder weather occurred °”.

Also a follow-up study of a cohort of the children with
cryptosporidiosis indicated that over three-quarters were dehydrated and all
were below their expected weight-for-age. There was a statistically
significant association between Cryptosporidium gastro-enteritis and

evidence of respiratory tract infection ).

Concerning Cryptosporidium in West bank, a study has been
conducted in Bethlehem at Caritas Baby Hospital on 221 children with
diarrhea and gastroenteritis, showed that the prevalence of
Cryptosporidium was 13.5% compared to 7.2% E. histolytica, and 3.6% G.

lamblia 1

In another study a total of 760 children with an age less than one

year to 15 years of age with diarrhea, were surveyed for Cryptosporidium
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infection in seven districts ( Ramallah, Bethlehem, Hebron, Jenin, Nablus,
Qalqilia, and Tulkarm districts), in the period between September 2003 and
November 2004 !,

The prevalence rate was found to be comparable among the seven
districts but it was slightly higher in Hebron and Jenin districts than other
districts. The prevalence rate was as follows: Ramallah 9.3%, Bethlehem
8.5%, Hebron 15.2%, Jenin 14.3%, Nablus 11.1%, Qalgilia 10.8%, and
Tulkarm district 10.7%. And the prevalence of the parasite was found to be
higher in refugee camps than villages and cities, in addition to the
significant difference among the different age groups, where children aged

>0-5 years old was the higher risk group .

1.12 Significance of the study

Cryptosporidiosis has been studied in West Bank. However, these
studies were either on patients or on age groups other than children aged
less than 5 years. And since the age group less than 5 years are the most
susceptible as shown in different countries; the current work aims at
exploring the prevalence rate among this age category based on classical as

well as molecular diagnosis.

1.13 Purpose of study

The aim of this study was to determine the prevalence of
Cryptosporidium spp. among children aged < 5 years old in North West

Bank districts, Palestine.
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The specific objectives were:

To investigate the prevalence of Cryptosporidium by district

geographical locations in the North West Bank.

To determine the prevalence of other intestinal parasites namely
Entamoeba histolyticaldispar and Giardia spp. among these

children.

To identify the factors that contribute to the spread of the intestinal

parasites.
To quantify the public health impact of this disease.

To evaluate the need for routine examination of all diarrheal fecal

specimens for the presence of Cryptosporidium.
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Chapter Two

Materials and methods

2.1 Materials and methods

The Study was approved by Ethics Committee at An-Najah National

University and carried out in the Genetic Laboratory/Faculty of Medicine.

A cross-sectional study was conducted to investigate the prevalence of

Cryptosporidium spp. in districts of North West Bank.
2.2 Study area

"The study was carried out in districts of Nablus, Tulkarm, Qalgiliah

and Tubas. These regions lie in North of West Bank (Figure 2.1).
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2.3 Study population and sampling

The total population of North West Bank districts is 707,817 ). The
total number of children <5 years old is 81643 children '®*. The total
number of children aged < 5 years old for different regions (city, village,
camp) in each district was taken from the Palestinian Central Bureau of
Statistics (PCBS) Y, table (2.1).

Table (2.1): Number of children < 5 years old in each region

Nablus | Tulkarm | Qalgiliah | Tubas | Total
City | 22916 13121 7410 4299 47746
Rural | 15540 4370 5031 1593 26534
Camps | 4279 2243 0* 841 7363
Total | 42735 19734 12441 6733 81643
(52.4%) | (24.2%) (15.2%) | (8.2%) | (100%)

* No camps in Qalgiliah district

2.4 Sampling procedure:

In the present study a total of 500 children were selected in the
period of August 2008 to February 2009. The sample size was determined

based on the equation:

Sample size (SS) = (1.96)* (1-P)
2
P

Where:
€ 1s known as the relative precision = 0.2

P is the estimated prevalence rate according to neighboring countries =0.15

The number of children that has been selected from each district was

determined according to the total number of children < 5 years old in each
500 x 42735 =262
81643

district, i.e Nablus district children from Nablus
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district and by using the same way for the other districts the number of
children that has been selected was as follows: 121 from Tulkarm district,

76 from Qalgqiliah district and 41 from Tubas district.

Samples distribution for different regions in the four districts was
determined based on the total number of children < 5 years old in each

region, i.e Nablus city: 3500 x 22916
81643

= 140. Table (2.2).

Table (2.2): Distribution of samples in each district

Nablus | Tulkarm | Qalgiliah | Tubas | Total
City 140 80 45 26 291
Rural 95 27 31 10 163
Camps 27 14 0* 5 46
Total 262 121 76 41 500
(52.4%) | (24.2%) (15.2%) | (8.2%) | (100%)

* No camps in Qalqiliah district

In the present study, 266 (53.2%) males and 234 (46.8%) females
aged < 5 years old were selected from Nablus, Tulkarm, Qalgiliah, and

Tubas districts.

2.5 Sample selection

Children participants in this study were stratified randomly from
health clinics and kindergartens. In each stratum, samples were selected

randomly.
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2.5.1 Inclusion criteria

Children of both sexes aged < 5 years old, resident in any district of

Nablus, Tulkarm, Qalqiliah or Tubas.

2.5.2 Exclusion criteria

Children aged more than 5 years old, or children from districts out of

specified regions.

2.6 Stool collection

A single fecal sample from each child was collected in a dry, clean,
leak-proof plastic container. Half of each sample was stored in 10%

formalin and the other half was stored in 10% ethanol.

Formalin fixation

One volume of the fecal sample was mixed thoroughly using wooden
applicator stick, with 3 volumes of 10% formalin. The sample was mixed

again, and the specimen containers were sealed well.

All samples were concentrated directly or stored in refrigerator at
4 °C temperature for further use. Each sample was labeled with the child’s

name, age and place of collection.

2.7 Stool analysis

Each sample was concentrated by formalin-ethyl acetate

sedimentation method prior to microscopic examination. The concentration
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procedures maximize the recovery of oocysts by separating parasites from

fecal debris increasing the chances of detecting oocysts.
Formalin-ethyl acetate sedimentation technique:

The technique was performed as recommended by the Centre of

Disease Control and Prevention (CDC) **!:
- The specimen was mixed well.

- 5ml of the fecal suspension were strained through wetted
cheesecloth-type gauze placed over a disposable paper funnel into a

15ml centrifuge tube.

- 0.85% saline was added through the debris on the gauze to bring the

volume in the centrifuge tube to 15ml.
- Sample was centrifuged at 500 x g for 10 minutes.

- Supernatant was decanted. Then 10ml of 10% formalin were added

to the sediment and mixed thoroughly with wooden applicator stick.

- 4ml of ethyl acetate were added; the tube was stoppered, and shook

vigorously in an inverted position for 30 seconds.
- Each sample was centrifuged again at 500 x g for 10 minutes.

- The plug of floating debris was removed from the top of the tube by
ringing the sides with an applicator stick. The top part of supernatant

was decanted.
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- A cotton-tipped applicator was used to remove debris from the sides

of the centrifuge tube.

- Five drops of 10% formalin were added to resuspend the

concentrated specimen.

After samples were concentrated, fecal materials were analyzed
microscopically for intestinal parasites at 4x and then on 40x or 100x with
oil. Each fecal sample was stained with iron heamatoxylin for protozoa e.g.
Amoeba or Giardia and malachite green for Cryptosporidium. Samples
showed Cryptosporidium were used for DNA extraction and polymerase

chain reaction (PCR).

2.8 Parasite staining

2.8.1 Iron heamatoxylin stain

Iron heamatoxylin stain has been performed according to Johnson

[63]

2.8.2 Malachite green negative staining

Malachite green negative staining has been used as described by

Elliot et al **!, and performed as follows: (See figure 2.2)

1. Dry stool slide was fixed in methanol for 1 min.
2. Incubated in malachite green for 5 min.
3. Washed shortly with 50% ethanol.

4. Then washed shortly with water.
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5. And distained for 2 min in 0.5% aq. Acetic acid (Thick smears for 3

min.).

6. Finally dried on warm surface.

i, ; > ) ! *
Lo 08 2=

Figure (2.2): Malachite green staining of Cryptosporidium spp. oocysts with (100 X
magnification) (Hijjawi, N, personal communication).

2.8.3 DNA extraction

Genomic DNA extraction was performed from approximately 150
mg of fecal samples or from the mixture of 1 ml concentrated water with
the QIAamp DNA stool mini test kit (Qiagen, Hilden, Germany), according
to the manufacturer’s instructions. PCR primers were designed against
DNA codes for DNA J-like protein of Cryptosporidium spp . A set of
primers were used; sense primer [5-
CCGAGTAAAGATCAAAAATTTACGAA-3’] and anti-sense primer [5’-
TAGCTTTCCATATGCCTGATTGAGTA-3"]. A 420 base pair segment
was amplified using a 100 pl. PCR reactions were carried out in 30 pl
volumes containing 1 x Tag polymerase buffer (PeQlab, Fareham, UK ),
2.5 mM MgCl,, 0.25 mM of each ANTP, 150 nM of each primer and 200
ng genomic DNA. The PCR condition consisted of 94 °C for 5 min
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followed by 30 cycles of following program; 94 °C for 30 s, 50 °C for 1
min, 72 °C for 1 min and an extension reaction at 72 °C for 5 min. PCR
products were subjected to electrophoresis in 1.5 % (w/v) Agarose-TAE
(40mM Tris-acetate, ImM EDTA, pH 8.3) gel stained with Ethidium

bromide.

Signed consent was obtained from the parents or guardians of the
selected study children before enrollment in the study, and they were

informed of the purpose and objectives of the study.

Alongside of sample collection a questionnaire covering
demographic information, health status, children's lifestyle and other
relevant information was filled up by the researcher herself by interviewing

children parents.

The questionnaire which was designed by the author has been tested
by giving it to 10 parents of children aged < 5 years old. The questionnaire

has been modified taking parent’s notes in consideration.

2.9 Statistical analysis

Statistical analysis was performed by using Statistical Package of
Social Sciences (SPSS) version 13. Cross tabulation and Chi square test
(X?) were used to detect significant differences between the various groups.
Values were considered to be statistically significant when the p-value

obtained was less than 0.05.
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Chapter Three

Results

In the present study, the mean age of subjects was 2.4 years old and

females were 46.8% (234) of the sample.
3.1 Demographic data

Table 3.1 shows the age distribution of children at the time of the
study. The highest percentage was 27.8% (139/500) for children aged 0-1
years old.

Table (3.1): Age distribution of children selected from districts of
North West Bank

Age (year) Frequency Percentage %
0-1 139 27.8
>1-2 128 25.6
> 2-3 78 15.6
> 3-4 75 15.0
> 4-5 80 16.0
Total 500 100.0

Table 3.2 represents the distribution of samples by different regions.

The highest percentage was taken from cities 58.2% (291/500), followed

by villages 32.6% (163/500) and then refugee camps 9.2% (46/500).

Table (3.2): Samples distribution by region.

District p ¢
Nablus Tulkarm Qalqilia Tubas Total erc(e(:;)age

Region °

City 140 80 45 26 291 58.2

Villages 95 27 31 10 163 32.6

Refugee 27 14 o* 5 46 9.2
camps

262 121 76 41 500
Total (52.4%) | (24.2%) | (152%) | (8.2%) | (100%) 100

*No refugee camps in Qalqiliah district.

Table 3.3 summarizes the prevalence of infection by intestinal

parasites among children. Only Amoeba, G. lamblia in addition to the
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Cryptosporidium have been detected in stool samples. The prevalence of

Cryptosporidium is 13.6%. The distribution is nearly equal among all ages

of the participants.

Table (3.3): Prevalence of intestinal parasites among participants

Parasite

Nil Entimoeba E ﬁ[ﬂ;: Cryptossporldwm Total P-Value
Age Pp. pp.

>0-1 94 19 (13.6%) | 10 (7.1%) 16 (11.5%) 139

>1-2 90 12 (9.3%) 7 (5.4%) 19 (14.8%) 128
>2-3 55 12 (15.3%) | 3(3.8%) 8 (10.2%) 78 0365
>3-4 55 6 (8.0%) 1 (1.3%) 13 (17.3%) 75
> 4-5 61 6 (7.5%) 1(1.2%) 12 (15%) 80

Total 355 55 (11%) | 22 (4.4%) 68 (13.6%) 500

Table 3.4 represents the father's and mother's education and mother's

profession. The percentage of educated fathers 66.0% (330/500) and

educated mothers 67.2% (336/500) were higher than the percentage of

illiterate fathers 34.0% (170/500) and illiterate mothers 32.8% (164/500),

while the percentage of housewives mothers 75.8% (379/500) was found to

be higher than worker ones (24.2%, 121/500).
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Table (3.4): Samples distribution by father's education as well as
mother's education and profession

Father Education
Frequency Percentage (%)
Illiterate* 170 34.0
Educated+ 330 66
Total 500 100
Mother Education
Illiterate 164 32.8
Educated 336 67.2
Total 500 100
Mother Profession
House wife 379 75.8
Worker 121 24.2
Total 500 100

* Less than Tawjihi
+ With Tawjihi or University degree

3.2 Data analysis for Cryptosporidium

The prevalence of Cryptosporidium in the different districts by
region has been determined (figure 3.1, table 3.5). The rate was not found
to be significantly different between the three regions (p>0.05). However,
the prevalence rate of the Cryptosporidium spp. was found to be higher in
refugee camps (21.7%, 10/46) than villages (14.1%, 23/163) and cities
(12.0%, 35/291).

25%

20% 1 21.7%

15%

14.1%

10% 12.0%

5% A

0%

City Village Camp

Figure (3.1): Prevalence of Cryptosporidium in the different districts by region.
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Table (3.5): Association of Cryptosporidium infection with various
variables.

Variables Number Percent% P-Value
+ve | -ve | +ve | -ve

Place
City 35 256 | 12.0 88.0
Village 23 140|141 859| =00
Camp 10 36| 21.7 78.3
Gender
Male 27 239 1 10.2 89.8 | 0.023
Female 41 193 | 17.5 82.5
Father education
illiterate 26 144 | 15.2 84.8 | >0.05
Educated 42 288 | 12.7 87.3
Mother education
illiterate 30 134 | 18.3 81.7| >0.05
Educated 38 298 | 11.3 88.7
Mother profession
House wife 58 321 | 15.3 84.7 | >0.05
Worker 10 111 | 8.3 91.7

Infection rate with Cryptosporidium spp. was found to be
significantly different (p<0.05) between males and females. The prevalence
rate was however higher in females (17.5%, 41/234) than in males (10.2%,
27/266), (Figure 3.2).
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Figure (3.2): Prevalence of Cryptosporidium in the different districts by gender
Figure 3.3 shows clearly the effect of father's education on children
infection by Cryptosporidium. The prevalence rate of the parasite was

higher in children for illiterate fathers (15.2%, 26/170) than in children for
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educated fathers (12.7%, 42/330). But the difference was found to be non-
significant (p>0.05).

16%
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Figure (3.3): Prevalence of Cryptosporidium in the different districts by father's
education

Similarly, there was no significant difference (p>0.05) between
illiterate and educated mothers, while the prevalence rate of the parasite
was higher in children for illiterate mothers (18.3%, 30/164) than in those
for educated mothers (11.3%, 38/336) (Figure 3.4).
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Figure (3.4): Prevalence of Cryptosporidium in the different districts by mother's
education

Moreover, the prevalence rate of parasite was found to be higher in

children for housewives mothers (15.3%, 58/379) than in those for workers
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mothers (8.3%, 10/121), but there was no significant difference between
the two groups (p>0.05) (Fig 3.5).
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Figure (3.5): Prevalence of Cryptosporidium in the different districts by mother's
profession

3.3 Prevalence of Cryptosporidium in each district by regions

Figure 3.6 demonstrates the rate of infection by Cryptosporidium
among participants from different regions in North West Bank. The rate in
Tubas city was the lowest compared to other cities. However, data analysis
showed no significant difference between these cities on the prevalence

rate (p>0.05).
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Figure (3.6): Prevalence of Cryptosporidium in each district by cities
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In figure 3.7, the prevalence rate of the parasite showed no
significant difference (p>0.05) among the different villages of each district.

But 1t was clearly higher in Qalqilia villages compared to others.

25%
20% 19.4%
0
o 14.8%
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Nablus villages Tulkarem villages Qalgilia villages Tubas villages
Region

Figure (3.7): Prevalence of Cryptosporidium in each district by villages

Analysis of infection by Cryptosporidium in children from refugee
camps showed higher prevalence in Tulkarm refugee camp 35.7% (5/14),
(Fig. 3.8). It is worth mentioning that no infection has been detected in

Alfar'a camp in Tubas district.
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Figure (3.8): Prevalence of Cryptosporidium in each district by refugee camps
Table 3.6 summarizes the association of Cryptosporidium with

environmental risk factors and other variables. Statistical analysis showed

no significant relationship between these variables listed in table 3.6 and

parasite infection (p>0.05).
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Table (3.6): Relationship of cryptosporidiosis with a number of
environmental risk factors.

Characteristic Number Percent% P-Value

tve | -ve | tve | -ve

No. of children

<3 37 277 | 11.8 88.2| >0.05

>3 31 155 16.7 83.3

Washing hands

before feeding 7 81 | 8.60 9L4| 0.05

yes 61 351 | 14.8 85.2

no

Washing hands

after feeding 4 241143 85.71 o 0.05

yes 64 408 | 13.6 86.4

no

Milk (pasteurized

or boiled) 9 35120.5 95| 0.05

yes 58 392 [ 21.9 78.1

no

Washing fruits and

vegetables 35 184 | 16.0 84.0| 0.05

yes 31 236 | 11.6 88.4

no

Hands washing

after bath 67 419 | 13.7 86.3 ~0.05

yes 1 12| 7.70 92.3

no

Hands washing

after diaper change | 47 291 | 13.9 86.1 | 0.05

yes 1 10| 9.10 90.9

no

Child's hands

washing after bath | 27 151 | 15.2 84.8 | 0.05

yes 10 46 | 17.9 82.1

no

Child infection

with a parasite 58 347 | 14.3 85.71 o 0.05

yes 9 84 | 9.70 90.3

no

Child taking

medicines 61 405 | 13.1 86.9 | 0.05

yes 6 19 | 24.0 76.0

no

Family infection

with a parasite 49 343 | 12.5 87.5

yes >0.05

1o 17 87 | 163 83.7
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Characteristic Number Percent% P-Value

Having cows and +ve -ve | +ve -ve
sheep at home 61 385 15.6 84.6
yes 6 45| 11.8 88.2
no
Living near cows
and sheep 51 281 | 15.4 84.6
yes >0.05
no 17 150 | 10.2 89.8
Child playing with
p:;:s 52 3471 13.0 87.0| o 0.05
Y 15 84| 15.2 84.8
no
Child washing
hands after playing | 12 50| 19.4 80.6
with pets >0.05
yes 11 571 16.2 83.8
no
Water resource at
home 48 349 | 12.1 87.9
Tgp 6 13 ]31.6 68.4 ~0.05
Filtered 13 66 | 16.5 83.5
Well
Mineral 1 31250 75.0
Water resource at
kindergarten 37 255 | 12.1 87.9
Tap 0 1]0.00 100.0

. >0.05
Filtered 1 12 1 7.70 92.3
Well
Mineral 1 0] 100.0 0.00

3.4 Data analysis for intestinal parasites

Table 3.7 shows the prevalence of Cryptosporidium spp., Amoeba

and G. lamblia in each district by regions.
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Table (3.7): Prevalence of intestinal parasites in each district by

regions
. Entamoeba Giardia Cryptospordium Total
5] Nil .
= . spp. lamblia spp.
% | Region
[=] Freq. % Freq. % Freq. % Freq. % Freq. %
. 100
City 103 | 73.6 12 8.6 7 5.0 18 12.9 140
2 100
S | Villages | 66 | 69.5 15 15.8 2 2.1 12 12.6 95
“ Ref
CUECe |18 | 66.7 2 7.4 2 74 5 18.5 27 | 100
camps
Ciy | 60 | 750 | 7 8.8 3 38 | 10 | 125 go | 100
B
S | villages | 19 | 704 | 3 |11 | 1 | 37 | 4 148 | 27 | 1%
=
= 100
Camp 4 28.6 2 143 3 214 5 35.7 14
s City 34 | 756 5 11.1 1 22 5 11.1 45 100
)
= . 100
O | Villages | 20 | 645 4 12.9 1 3.2 6 19.4 31
City 20 | 769 3 115 1 3.8 2 7.7 26 100
g 100
= | Villages 7 70.0 1 10.0 1 10.0 1 10.0 10
=
Refugee | 80.0 1 20.0 0 0 0 0 5 100
camps
Total 355 | 10 55 110 | 22 4.4 68 13.6 so0 | 100

The relationship of parasitic infection with various variables was

illustrated in table 3.8. A significant difference (p<0.05) on the prevalence

rate of parasites infection between cities, villages and refugee camps was

demonstrated. The prevalence rate of the various parasites was found to be

lower in cities (25.4%, 74/291) than in villages (31.3%, 51/163) with the

highest prevalence rate in refugee camps (43.5%, 20/46). While the rate of

these parasites appeared to be higher in females (34.2%, 80/234) than in

males (24.4%, 65/266) with a significant difference (p<0.05).
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Table (3.8): Relationship of parasitic infection with various variables.

Variables Number Percent% P-Value

+ve | -ve | +ve | -ve

Place

Camp 20 26 | 43.5 56.7 0.037

Village 51 112 | 31.3 68.7 ’

City 74 217 ] 25.4 74.6

Gender

Male 65 201 | 24.4 75.6 | 0.021

Female 80 154 | 34.2 65.8

Father education

illiterate 53 117 | 31.2 68.8 | >0.05

Educated 92 238 ] 27.9 72.1

Mother education

illiterate 53 111 | 32.3 67.8 | >0.05

Educated 92 244 ) 27.4 72.6

Mother profession

House wife 116 263 | 30.6 694 | >0.05

Worker 29 92 | 24.0 76.0

Table 3.9 represents the relationship of intestinal parasites with
environmental risk factors and other variables. The results showed that
there was a significant difference (p<0.05) on the prevalence of parasites
infection among children whose families had history of parasitic infection
(38.5%, 40/104) and those children whose families did not (26.3%,
103/392).
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Table (3.9): Relationship of parasitic infection with a number of
environmental risk factors.

(1)
Characteristic Number Percent% P-Value
+ve | -ve | +ve | -ve
No. of children
<3 85 229 | 27.1 729 | >0.05
>3 60 126 | 32.3 67.7
Washing hands before
feedi
yeees ng 24 64 | 27.3 72.7 > 0.05
10 121 2911 29.4 70.6
Washing hands after
feeding 14 14| 50.0 50.0 | 0.001
yes ’
no 131 341 | 27.8 72.2
Milk (pasteurized or
boiled
ygls ed) 15 29 | 34.1 659 | < 0.05
1o 126 324 | 28.0 72.0
Washing fruits and
tabl
;i:gse ADIES 63 156 | 28.8 71.2 > 0.05
0o 78 189 | 29.2 70.8
Hands washing after
bath
y?:s 142 344 | 29.2 70.8 > 0.05
1o 3 10 | 23.1 76.9
Hands washing after
diaper change 100 2381 29.6 70.4
yes > 0.05
no 6 51545 45.5
Child's hands washing
fter bath
paerba 55 1231309  69.1| |05
10 17 391304 69.6
Child infection with a
it
gzgasn e 122 283 | 30.1 699 | < 0.05
no 22 71| 23.7 76.3
Child taking medicines
yes 11 14 | 44.0 56.0| >0.05
no 128 338 | 27.5 72.5
Family infection with a
parasite 40 64 | 38.5 61.5 | 0.020
yes )
1o 103 289 | 26.3 73.7
Having cows and sheep
th
;esome 13 38| 25.5 74.5 > 0.05
1o 131 315]29.4 70.6
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Characteristic Number Percent?% P-Value
+ve | -ve | +ve | -ve
Living near cows and
sheep 42 125 25.1 74.9 > 0.05
yes :
1o 103 229 | 31.0 69.0
Child playing with pets
yes 32 67| 323 67.7| >0.05
no 112 287 | 28.1 71.9
Child washing hands
;fet:r playing with pets " | 77 46324 67.6 | < 005
no 24 38 | 38.7 61.3
Water resource at home
Tap 107 290 | 27.0 73.0
Filtered 8 11| 42.1 579 | >0.05
Well 26 531329 67.1
Mineral 4 0 | 100.0 0
Water resource at
l;indergarten 69 223 | 23.6 76.4
ap
Filered 2 11|isa wae| 70
Well
0] 100.0 0

Mineral




45
Chapter Four

Discussion

Cryptosporidiosis is a common gastrointestinal disease, and it has
been recognized worldwide as a common cause of diarrhea in otherwise
healthy children. The disease is widespread in many developed and
developing countries ). According to the World Health Organization,

[67

more than 33% of global deaths are due to parasitic diseases [”1. Intestinal

parasitic infections are among the most common infections in the world

7] In terms of pathogenic

responsible for mortality and morbidity
importance, G. lamblia, Cryptosporidium parvum and E. histolytica have
been shown to be responsible for severe diarrhoeal episodes especially in

immunocompromised and younger children (1-5) years old 1**.

The current study explores the prevalence of Cryptosporidium and
other intestinal parasites among children <5 years old in four districts of the
North West Bank- Palestine. The results demonstrate clearly a high
prevalence rate of Cryptosporidium (13.6%) among children of less than 5
years old. The figure is similar to the prevalence of the disease reported in
other studies conducted in West Bank and Gaza Strip (14.6%) > %% For

example, Abu-Alrub !

studied the prevalence of cryptosporidiosis in
children with diarrhea in West Bank. His results showed that 14.4% of
children aged >0-5 years old had Cryptosporidium spp. in their stool

samples.

Similarly, the prevalence of Cryptosporidium was done on children

hospitalized with diarrhea and was found to be 13.5% ! It is worth

[60, 61]

mentioning that although the prevalence rates of both studies were
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close to the results of this recent study but they were done on children with
clinical symptoms or children > 5 years. However, our study has been
performed on children <5 years old that has been selected randomly. Our
findings thus is the first of its type to report the prevalence of
Cryptosporidium in children aged >0-5 years old.

The prevalence of the disease has been similar in Egypt (17.0%)",
but different from reports from other countries such as the study conducted
in northern Jordan by examining stool samples from 265 children admitted
to the pediatric ward at Princess Rahma Hospital, where the prevalence rate
of Cryptosporidium among the >0-5 years age category was (1.5%) L.
And Saudi Arabia where the prevalence rate of Cryptosporidium was

(37.0%) 4.

The results showed that Palestinian children aged <5 years old have
also amebiasis and giardiasis. There was no other parasites found in the
stool of the participants. The prevalence rates of amebiasis and giardiasis
were found to be 11.0% and 4.4%, respectively. Similar figures have been
reported from other studies carried out on children with diarrhea and of

similar age from West Bank (7.2%, 3.6% respectively) .

Higher level of cryptosporidiosis in refugee camps than villages and
cities without a significant difference is in agreement with the study
conducted in the West Bank in 2004 '®"!. Cryptosporidiosis is considered as
a waterborne disease and this may explain why there was no significant
difference between infection and other environmental factors such as
crowding condition, poor sanitary and hygienic conditions ...etc. However,

the results showed a significant difference (p<0.05) between infection with
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Giardia or Amoeba, since both parasites are transmitted through food and

water, 1.e. fecal-oral route.

Surprisingly, the result showed a significant difference between
males and females (p<0.05). Females had higher prevalence rate than
males. This difference may be explained to the differences in the immune
response by both sexes. The data is in agreement with results from other
study conducted in the West Bank by Abu-Alrub [61], and also that
conducted by Adnan Alhindi in Gaza strip, where (20.3%) of cases were
girls, while (12.2%) were boys with a significant difference in the

distribution of cases between boys and girls .

This study demonstrates clearly a high prevalence rate of
Cryptosporidium. The tested age group has been reported to be more
susceptible to infection, although no significant difference in various age
groups (0-1, 1-2 ...etc.) was found. Areeshi et al. however reported that
most cases of cryptosporidiosis occurred among children less than 7 years
of age while those aged 0-2 years old are the most susceptible group P*.
Additionally, the study conducted by Adnan Alhindi ®*. showed that the
age group with the highest rate of positivity for cryptosporidiosis was 1-4
years, and there was no significant difference between various age groups,

while Abu-Alrub " reported that children aged >0-5 years old was the

higher risk group for Cryptosporidium infection.



48
Recommendations

e Raise the health awareness about cryptosporidiosis among the

population through health education, seminars and leaflets.
¢ Introduce diagnosis based on molecular technique.

e Genotyping the Cryptosporidium spp. in the country which helps in

prevention and control of the disease.

e Conduct research on water supply in the country to explore the

infection especially Cryptosporidium is a waterborne disease.
e Install filters on water sources using < 4 um filters.

e Routine examination of all diarrheal fecal samples for the presence

of Cryptosporidium.

e Conduct the same study on larger sample size, to ensure taking the

representative number from each country.
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Appendix A
English questionnaire

An-Najah National University
Public Health — High Studies

The Child Guardian Esquire:

Kindly fill the questionnaire, taking into consideration that this data
will be employed only for scientific research;
confidentiality and privacy. Be informed that there is no true or untrue
data, but it is your special data that will help us to conduct the study,
aimed and designated to study the Prevalence of Cryptosporidium
Species among children < 5 years old in north West-Bank,

Palestine/ cross sectional study. The data is a prerequisite to Master

degree.

Complete the data in the following tables:

or clinic:

J Kindergarten ") Clinic Name of kindergarten

Serial number:

Age:

Sex:

Place of
residence

City [ O Village
Refugee camp

Father

Age:

Education:[] Less than Tawjeehi [ Tawjeehi
0 Diploma [0 Bachelor's degree
L1 Master's degree

Profession: [jLaborer = [JEmployee []Teacher
] Free work []Driver Other than

Mother

Age:

Education:[] Less than Tawjeehi [] Tawjeehi
0 Diploma [0 Bachelor's degree
[J Master's degree

abiding by top

Profession: [jLaborer = [Employee [7]Teacher

1 Free work [OHousewife [ Other than
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home?

Options Questions
1 | How many offspring?
Does the child suffer from
. 0 o
o | immune syste.m wegkness. e.g: “Ves [No
underwent tissue implant or
cancer chemical treatment.
Do you clean your hands before
3 feeding your child? <Yes  [INo
Do you clean your hands after
4 feeding your child? ~Yes  No
Does your child drink
S pasteurized or boiled milk? ~Yes  [JNo
Do you clean fruits and [JAlways [] Sometimes
6 | vegetables before feeding them
to the child? - Rarely
7 What do you clean your hands ['With water only [With water
with after leaving toilet? and soap [ !No cleaning
What do you clean your hands : .
8 | with after changing your child ~With water only [.Wlth water
diaper? and soap [ /No cleaning
If your child goes alone to the . .
9 | toilet, what does he clean his [vglth Wa;\rl on}y [.Wlth water
hands with after leaving it? and soap 1IN0 cleaning
10 Was your child infected by any “Yes  [1No
parasites?
11 | If the response is yes, what type?
12 Does .he take any medicine for “Yes  [No
parasites now?
Was any family member
13 | infected by parasites? e.g: 7Yes [INo
(Amoeba, worms).
14 | If the response is yes, what is it?
15 Do you have sheep or cows at “Yes  [1No
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16

Do you reside adjacent to sheep,
cows or other animals?

[1Yes [JNo

17

Does your child play with some
pets like cats and dogs?

[l Yes [JNo

18

Does he clean his hands after
playing with pets?

['With water only [/With water
and soap [INo cleaning

19

What is the source of water your
child drinks from at home?

] Tap water [] Filtered water
] Water from the well

(1 Mineral water [ Another
source

20

If he drinks from a well, is it
chlorinated water?

[1Yes [JNo

21

What is the source of water your
child drinks from at
kindergarten? (response from the
kindergarten)

] Tap water [ Filtered water
"] Water from the well

[1 Mineral water [ Another
source

22

If he drinks from a well, is it
chlorinated water?

[JYes [JNo

Thanks for your cooperation
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Appendix B
Arabic questionnaire

dgih gl zladll dasls
Lo el a - dale dawa

rJikal) jal (g 8 s

bl Cand) Jal (e Jads aodiuin il glaall 038 () alall g 6 lainl) Ay o S g )
Laif A8hla ol dapnia cilasbes an g0 Y adl alall sal5 A geadll 5 4 pual) JalSy Jalains
i Al Wareay ol A el BLal e Uaeluie 3l dalall a8l glaa oo
S 9l ab jlas) JES Cpdl) JLBLY (i a ga ) g gl I Jodls LA Jama Al )0
VL) atiae i)y e Ao 3 =cpacald Ay Y Adadal) Jladi b il s (usd

el a3 e J puanll cilllaial

PN Jglaad) 8 cila glaall s

80 oabaall ) Ailiasd) ! odbe [] 4dlcas[]
Aadaidll
rodinll D
o 4.0 4[] S
oSl
: ezl
s censT] ens e LT caedl ;
fina ] s ML i)
»mllke  lk SN dale [ :Aigall
Slly {7 NS
: el
e s e e e B el
Dl BT STy oY)
4w b 4dbs 7] alde[] rAdgall
b [ J e 4] A dee[]
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