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Abstract:

the present work was aimed to investigate the endemicity of Cryptosporidium parvum (The coccidian
intestinal protozoan of man and other grazing animals)in some districts of Nineveh province, then
evaluating the histopathological effects of the isolated parasite in inoculated mice. A total of 200 child
those attended healthcare centers and diagnosed clinically to have persistent and chronic diarrhea
were chose for the study. There ages were ranged from <] to >5 years old. Their families were
practicing livestock grazing. The study were performed between October 2020 and March 2021, in 5
districts : Al- Hamdania, Bartelah, Bashegah, Fadhliah and Kokgali; respectively. Blood and stool
sample were taken from each patient. Depending on direct and immunodiagnostic methods, the
highest infection percentage was recorded in Kokgali district (48.1%), and the lowest was recorded in
Bartelah district (27.2%). The percentage of positive cases were varied according to the performed
diagnostic method: ELISA technique for stool samples (40%), ELISA technique for blood samples
(36%), Zeil Neelsen stain (35% ) and flotation method (30%). Infection percentage in males
(44.7%)was higher than females (35.7%). Considering age groups, 3-5 years group was more likely
to get cryptosporediasis infection(56% of the positive cases). Inoculation of the parasite in lab mice
showed obvious histopathological changes, especially in the epithelial brush bordered cells of

intestine.
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Introduction: Crypfosporidium Parvum is an unicellular protozoan parasite that belonged to the
phylum Apicomplexa. It is inhabiting the digestive tract and respiratory system of different vertibrates,
including man (1) (2) (3)- C. Parvum s one of the main causes of diarrhea in children (4). In adults,
it may cause severe diarrhea and life—threatening infections in people with incompetent immunity
(5)(6). lts medical and veterinary importance is depending on the strain virulence, the site of
infection(7). C. Parvum has global distribution, particularly in third world countries were the people
suffering poverty and clouded residence(6)(8). The inactive form of the parasite is called Oocyst and
it is discharged with feces ofthe infected host (9)(10). C. parvum sized 4-5 pm, it is smaller than the
red blood cells. The global distribution of this parasite may due to the direct life cycle and the multiple
methods of transition (filth-boren infection), added to multitude reservoirs.  Mortality rate in
malnourishing children on account of cryptosporidiosis infection is about 9%. (11). Organ
transplantation may increase the risk of cryptosporediasis infection in adults (12). There are more
than 23 species of genus Cryptosporedium, added to approximately 61 genetic patterns (basing on
the sequence of a small subunit SSU rRNA) (13). Thus the present study was aimed to investigate
the prevalence of cryptosporidiosis infection in several district in Nineveh province in children < five
years of age, adopting different diagnostic methods, then inoculating the parasite in lab mice to study

the histopathological effects in different body organs.
Materials and Methods:
Immunology study:

The current study included immunology tests using Enzyme-Linked
Immunosorbent Assay ELISA on serum and stool samples taken from children
under study and used this technique as a highly sensitive biochemical and
immune technique that allows detection and quantification of a large number of
components, based on qualitative identification of the target compound (antigen or

substance to be analyzed) by antibodies associated with it, A complex anti—
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antigen is detected and calibrated using an enzyme-tagged antigen, and when
adding a non-colored detector gives the enzyme a color reaction in which the
intensity of color is proportional to the concentration of the substance to be
analyzed in the sample, which is a widely used diagnostic laboratory technique in
laboratory laboratories of pathological analysis, this method is used in
immunology and immune hormone analyses, one of the Advantages of the Eliza
method are its ease, security and objectivity in reading results and the short time
of diagnosis, especially when many samples to be examined in a short period of
time are also characterized by high sensitivity up to 99%. Hundreds of diagnostic
kits rely on Eliza to diagnose parasitic, viral, and bacterial diseases, including the

diagnosis of parvum cryptosporidium parasite.
Blood sample collection:

200 blood samples were collected from children from whom feces samples
were taken simultaneously, where blood was withdrawn from the vein using sterile
medical syringes and blood samples were placed in yellow tube blood tubes (the
tube contains anti—clotting material, this gel is placed in the yellow tube in a
simple and undistorted manner to prevent blood clotting as well as to separate
the serum) thinning the tubes with a capacity of 10 ml and leaving blood for an
hour at laboratory temperature The serum was pulled by micropipette, blood
samples were kept in plastic tubes, tubes were numbered and kept in frozen at

temperature (-20) until use.

Collection and preparation of fecal samples:
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200 fecal samples were collected from children under five years of age and
both sexes with chronic and persistent diarrhea, the study included the collection
of samples from domestic animal breeders such as birds and livestock. The
parents of the children were given clean and numbered plastic bottles to collect
samples with the age and gender of each child, the date of collection of the
sample, and the residence, the samples were transferred in clean plastic
containers to the graduate laboratory / Faculty of Education for Girls / Department
of Life Sciences for the necessary laboratory tests, one gram of feces was mixed
into (15) ml of saline solution 85% then filtered the suspension through medical
gauze paper 4 layers to remove large particles and then placed in the centrifuge
at a speed / 1000 minutes for 10 minutes and was kept in frozen at temperature

(—20) until use.

Enzyme-linked immunosorbent Assay (ELISA) method used the direct method of
investigating the Cryptosporidium parvum antigen (or called the Cryptosporidium
parvum) method Sandwich method, through which the presence of antigen is
measured in the blood sample, the holes in the microplate of the Eliza
examination are coated with the high purity antibodies of the Cryptosporidium
parvum parasite, which is associated with the antigen if it is detected in Stool and
serum sample After incubation, the sample is washed to remove excess
antibody-related antibodies and a monolithic antibody associated with HRP-
conjugated, which is specifically identified as cryptosporidium parvum antigen, is
added, followed by a second incubation period during which an immune
compound is formed. (Cryptosporidium parvum antibody — with cryptosporidium
parvum antibody - antibody associated with HRP if cryptosporidium parvum
antigen is present in the test sample. By drilling with the reaction position solution

and then measured in the spectroscopic reading device (Reader) where the



Yoy 2d () sadl Y bl ALY L Al elsl as
College of Basic Education Researchers Journal. ISSN: 7452-1992 Vol. (17), No.(4), (2021)

enzymatic activity of the antibody associated with cryptosporidium parvum
proteins on the wall of each hole is proportional to the amount of Cryptosporidium

parvum antigen in the test sample.
Experimental study:
The selection of laboratory animals:

40 male Swiss Albino Mice of the Balb/C strain (3-4) weeks old were used
in the experimental study. (Protein, grains, and soybeans) and under the right
conditions of heat ranging from (25-22) degrees Celsius, and with sufficient
lighting, samples of mice feces were examined daily for a week to ensure that
they are free of parasitic intestinal infections, and the samples were also
examined by making a smear of feces and staining them by a Zhel- Nielsen stain

to make sure they are free of Cryptosporidium parvum infection.

Preparation of oral doses from the stool of infected children and mice

infection:

the dose of infection was prepared from Crypfosporidium parvum Oocyst
isolated from the feces of children suffering from Cryptosporidiosis and the dose

was prepared according to the method mentioned (16) .
Calculation of the infected dose of Cryptfosporidium parvum oocyst:

The number of Oocysts found in 1 ml of the sample is calculated after the
isolation and purification steps where the Hemocytometer is used to determine
the dose needed for laboratory mice and the step was taken by taking a drop of
the suspension on and putting it on the Hemocytometer and covering it with the

slide cover and then calculating the number of Oocyst under the microscope and



Yoy 2d () sadl Y bl ALY L Al elsl as
College of Basic Education Researchers Journal. ISSN: 7452-1992 Vol. (17), No.(4), (2021)

the strength of enlarging X 40 and 100X in large squares and calculated the

preparation of oocysts based on the following equation (13 ).

N=S/2X 1000 (oocysts /ml of sample )
N= number of oocysts in 1 ml of sample

S= number of oocysts in 2 cubic area

Experimental infection in laboratory animals:

The Stomach tube was used for oral injection of laboratory mice was
swallowed with doses containing 2 x 10° Oocyst/animal. (17) Stools of infected
mice were examined daily to confirm the appearance of Oocyst in the stool using
a Zhel- Nielsen stain (M, Quilez J, Sanchez-Acedrnad F.,2000) To ensure that
mice have been infected with the parasitic Oocyst, then they have been dissected
and the tissue sections of the different organs have been performed and

examined.
Histological tissue examination:

The tissue examination was performed by tissue sections of the organs to
be examined and this is done by taking an autopsy biopsy from the affected
tissue of the infected mice intestines, liver, spleen, brain, then the organ to be
examined is placed in buffered formal saline solution at a concentration of 10%,
cut by 5 micrometers and then we stained by Gemiza stain or toluidine blue and
then examined under the microscope 40 X and X 100 to reveled the parasite
and its multiple evolutionary stages on microvilli where the evolutionary stages of
the parasite were seen in the form of circular blue objects of a size ranging from
(1-5) micrometer depending on the evolutionary stages of the parasite's life cycle

in the intestines.
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Results and discussion:
Results of laboratory tests of stool samples:

Microscopic examination methods are one of the most approved methods
in diagnosing parasite infection through the results of this study shows a
difference in the efficiency of the microscopic diagnostic techniques used where
oocysts of Cryptosporidium parvum were seen in stained samples by Modified

Zeihl Neelsen, stain in bright red size (4-6) micrometer (18)

in circular or oval shapes and inside them, the oocysts appeared in the
form of brown granules and have a dark wall and surrounded by a white halo On

a blue background Figure (1)

The results of microscopic examination using the method of Zhel- Nielsen
had a total infection rate of 35% and the highest infection rate was in the Kokgli
region at 48.1% and the lowest infection rate was 27.2% in the Bartala region as
shows in Table (1). The results of the study are agreed with the study (19) on
the parasite of the oocyst using the method of Zhel- Nielsen, the results of
microscopic research were 51.4% on stool samples in the chickens of Diwaniyah

province .

Figure (1) Cryptosporidium parvum oocyst in stool sample stained with

Zhel- Nielsen stain blue methylene dye as a differential dye 2000X
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Table (1) Distribution of cryptosporidium parvum infections according to residence

(detected by Zhel- Nielsen stain )

Residence | Total +ve —-ve cases Rate of
cases | cases infection
(%)
Hamdania 60 22 38 36.6
Bartela 55 15 40 27.2
Basheqa 33 12 21 36.3
Fadhlia 25 8 17 32
Kokgli 27 13 14 48.1
Total 200 70 130 35

While in the floation method, the oocyst of Cryptosporidium parvum was
seen in the form of circular bodies surrounded by a single thick wall and
surrounded by a transparent halo with dark granules of different sizes
representing the boogies (20) , however, there is some difficulty in distinguishing
the oocyst of the parasite from other cells in this method, which is why the dye

method was considered to be better than the method of folding the sugar solution
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for the ease of distinguishing the oocyst of the parasite Crypfosporidium parvum
through color (21). Also The current study is consistent with a study (23) which
studied 780 fecal samples in five areas of Kirkuk province with an intestinal
parasite infection rate of (37.56%) and the highest rate of Cryptosporidium
parvum parasites at 16.28%, followed by Entamoeba histolytica at 10.12%.

Table (2) Techniques used in Cryptosporidium parvum parasite diagnosis

with a statement of the incidence ratio of each technique

Technique used in the +ve cases Rate of infection (%)
diagnosis

Modified Zeihl Neelsen 70 35

stain

Flotation method 60 30

Eliza for stool sample 80 40

Eliza for serum sample 72 36

Through table (2) the number of cases of Cryptosporidium parvum in
children > 5 years old of age and according to the methods used in the diagnosis
and we find the highest infection rate was in the Eliza method using stool
samples and reached (40%) and then Eliza serum (36)% and then the dye of
Zhel- Nielsen, which reached( 35)% and the method of Flotation method was the

lowest percentage which is (30%) Therefore, the most important diagnostic
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techniques are the Eliza method using stool samples to diagnose Crypfosporidium

parvum.

The results are consistent with the study carried out by (22) through which
he used several methods of diagnosis parasites in sheep in Nineveh province the
total incidence was 26.66% and when compared the results showed the most
efficient method is staining by Zhel- Nielsen stain at 13.33%, followed by

floatation saline method 7.77% and iodine stain method 5.55%.

In the other hand (24) in Sudan, where recorded a 27.1% infection
percentage of cryptosporidium parvum infection after he collected 250 stool
samples from outpatients of Kosti Hospital and used Zhel- Nielsen staining
method in the parasitic diagnosis and confirmed a high prevalence among
children who use water sources with pipes for drinking. (25) recorded a 29.6%
infection rate in Peru, and the incidence rate in people with HIV was 11.5% in

Isfahan35.9% in Mashhad (26)

Since 2000, laboratory—confirmed cases have been reported with annual
infection percentage of crypfosporidium parvum infection in Canada estimated at
35,092 (27 ) The highest incidence of Cryptosporidiosis in Canada's Arctic (28)
(29) showed through studies and research on parasites to study epidemiology
around the world that the prevalence of parasites varies from country to region
according to the geographical difference of those countries where the spread of
the parasite was 1-4% in Europe and North America while 3-30% on the

continents of Africa, Asia, Australia and South and Central America (30).

We conclude from the current study and previous studies that the high
percentage and risk factors on the health of children in the province and the

widespread spread of parasites due to many reasons including drinking of

Very
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contaminated water and raising animals close to residential areas, pollution
caused by the lack of proper sanitation and the use of animal waste to fertilize
vegetables and direct contact with animals are an important source of transport of

parasite .
Relationship to infection with different age groups:

The current study found that the highest incidence in children was 49.4%
between the ages of three to five years while the lowest incidence was in children
under one year of age and 16.6% Table (3) the highest incidence was 40.90%
older than two to three months, while the incidence decreased by the age of more
than two to five years. The (31) study recorded a higher incidence in the 12-1

month age group than the rest of the age groups.

Table (3) Distribution of cryptosporidium parvum infections according to age

groups and residence, (detected by ELISA for stool and serum )

Residence | Age/ | Total Serum Rate of Rate of
Year | cases infection Stool infection
-ve | +ve (%) -ve | +ve (%)
cases | cases cases | cases
Hamdania | >1 10 9 1 10 8 2 20
-3 25 19 6 24 18 7 28

3-5| 25 12 13 52 11 14 56
Bartala >1 6 5 1 16.6 5 1 16.6
1-3| 24 18 6 25 16 8 33.3
3-5| 25 14 11 44 6 19 76
Basheqa | >1 6 5 1 16.6 5 1 16.6

Vory
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1-3] 12 | 8 4 | 333 | 6 6 50
3-5| 15 | 9 6 40 6 9 60
Fadhlia | >1 | 3 2 1 | 333 | 3 0 0
-3 10 | 7 3 30 8 2 20
35| 12 | 7 5 | 416 | 9 3 25
Kokgli | >1 | 5 4 1 20 5 0 0
1-3] 10 | 6 4 40 7 3 30
35| 12 | 3 9 75 7 5 | 41.6
Total | >1 | 30 | 25 | 5 | 166 | 26 | 4 | 13.3
1-3] 81 | 58 | 23 | 283 | 55 | 26 32
3-5| 89 | 45 | 44 | 49.4 | 39 | 50 56

The results of the current study vary with the findings of (32) in Dohuk and
its areas, there were no cases among children and people over the age of 7
years and the infectious rate was limited only among children between the ages
of 3 months and 7 years of age and from both Gender, where the incidence of
children in the age group (3 months — 2 years) (42.42%) for both sexes and
(39.13%) for children aged (3 years — 7 years) for both sexes and no moral
difference was recorded, the number of infections was decreasing with age, so
no parasitic infection was recorded in children and adults between the ages of ( 8
and 33) years. It also varies with the results (33) in Diwaniyah governorate for
children under the age of 12, the highest incidence among children in the age
group <1, at 21.52% And the lowest rate recorded in the (12-9 age group) In
2015, 10.79% of children under the less than one year were infected, followed by
10% of children aged 10 years.
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The results was showed that the incidence of the parasitic Oocyst is the
highest in children under five years of age in Saudi Arabia. About 30— 50% of
infant and child deaths worldwide are caused by parasites and the parasite has
gradually been associated with malnutrition, particularly in low— and middle-
income countries (34) (35) This is due to the frequent movement of children at
this age and their exposure to environmental pollution and this helps to enter
many pathogens into the body through the digestive system as well as by mixing
with children or contact with animals where there are reservoirs all these causes
lead to the spread of parasites such as mice and rats as well as some insects
help to transport parasite Oocyst. It may also be due to living in the countryside
or camps that adopt animal husbandry in or near housing and which are a source
of infection, in addition to the lack of attention to hygiene, health awareness and

the spread of rodents. (31 )
Infection rate according to Gender:

The results of the current study showed that the highest incidence was in
males at 43.2% while the incidence rate in females was 3(0.5%. This is agreed
with the results of (36) study in Hilla city, middle of Irag, which found a 76.5%
increase in the incidence of parasites in males compared to females 23.5%. The
incidence rate among pupils with male parasite is 61.5% compared to females
38.5% .

Table (4) Distribution of Cryptosporidium parvum infection according to gender

and residence,( detected by ELISA for technique stool and serum )

Residence Sex Total Serum Rate of
Stool Rate of
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cases | —-ve +ve Infection | —ve +ve Infection

cases | cases (%) cases | cases (%)

Hamdania | Male 30 18 12 40 16 14 46.6

Female | 30 22 8 26.6 21 9 30

Bartelah | Male 30 20 10 33.3 17 13 43.3

Female | 25 17 8 32% 15 10 40
Basheqah | Male 18 12 6 33.3 8 10 55.5
Female | 15 10 5 33.3 9 6 40
Fadhliah | Male 14 10 4 28.5 9 5 35.7
Female | 11 3 27.2 7 4 36.3
Kokgali | Male 13 4 30.7 8 5 38.4
Female | 14 5 35.7 9 5 35.7

Total Male 105 69 36 34.2 58 47 44.7

Female | 95 66 29 30.5 61 34 35.7

The results are consistent with a study (23) in five areas of Kirkuk
province, where the incidence rate in males was 23.55%, and the proportion of
females was 21.88% and children are considered the most vulnerable group to
be infected by Crypfosporidium parvum, especially the ages of less than six
years, possibly because of the incomplete maturity of the immune system in
children in addition to exposure to food and water pollutants, which leads to more

infections than others.

The current study differs from the results of the study (32), where the
results of the examination of the 77 stool samples, which were stained by Zhel-
Nielsen staining method, showed the incidence of the parasitic parasite in 23

children and from both The incidence was very similar between males and

AR



Yoy 2d () sadl Y bl ALY L Al elsl as
College of Basic Education Researchers Journal. ISSN: 7452-1992 Vol. (17), No.(4), (2021)

females, with a male infection rate of 29.72%, while among females it was 30%,
and also different from the results of the study (37) Female infection rate is
higher than that of males. In 2014, the incidence of female infection also
increased by 19.41% compared to males of 16.96%, due to female exposure to
sources of pollution more than males and malnutrition. Al-Jubouri recorded 2015
that female infection was 8.6% higher than that of males, which was 7.8%, and
(38) showed a 64.52% higher incidence among females and 35% in males. 48%
also differed with (39) the proportion of males 29% and females 31% in some

areas of Kirkuk province.

Through the sources and results mentioned above, there is a difference in
infection rates, males may be more likely to be infected because of playing
outside the home and mixing with other children more. This may be because the
number of male hospital reviewers is higher than that of females and may relate

to certain social and environmental habits (36) and (40)
Infection rate according to Season:
d- Seasonal variation :

The most characteristic weather in lIraq, especially the northern sections,
including Nineveh province, is the contrast and the great difference in the
weather, for example, differences in temperatures as well as the difference in
humidity, which caused multiple biological effects, so we find differences in the
rates of parasite infection during the seasons of the year. In December, it was
24.2%.

In the autumn we find relative moderation in temperatures and not
significant variation in relative temperature and humidity rates, while in winter a

decrease in the incidence was observed due to the very low temperatures smaller
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and may reach below (0 C#, especially at night, where the study of (41) showed
the highest incidence in autumn and winter, reaching 14.2% and 6% respectively

and the lowest infection rate in the spring at 3.4%

It is Our results consistent with the results of (23) where the highest
incidence of a parasite among children of both sexes was recorded in the month
of (summer) and the rate of infection of 54.54 ( 50%) respectively, while the
lowest incidence of the parasite in the month of (January and February) where
the incidence rate (18.18%) recorded (42 ) was the lowest incidence in the
month of April 41.25%  The lowest incidence in November was 27.14% in
calves, who found that the incidence of infant calves in the spring months was
higher than in winter. The study (43) recorded the highest incidence in March
11.9% and the lowest percentage during June 5.23% and July 5.23% on fecal
samples in chicken diwaniyah province. It varies with the results recorded by (44)
that the highest prevalence of Oocysts in some water sources was in the month

of February and April in Basra province as shows in table (5).

Table (5) Distribution of Cryptosporidium parvum infection according to months of

study (detected by ELSA for stool and serum)

Month Total | +ve | —ve Rate of
cases | cases | cases | infection (%)

October 35 22 13 62.8
November 33 12 21 36.3
December | 33 8 25 24.2
January 33 9 24 27.2
February 33 13 20 39.3

March 33 16 17 48.4
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Total 200 80 120 40

The results of the current study are consistent with that of (45), who
recorded highest infection rate in October and November( 71.4 % and 22 %
positive results respectively). On the other hands, Our results are different from
the results of the (33), where the highest infection rate in July ( 28.89%) and the
lowest infection rate in February ( 8.49%). These differences in the seasonal
variation in spread of the parasite may due to the variation in the time in which
the study performed, or may due to the imbalance of nature's conditions of heat
moisture drought and the spread of parasites in winter and autumn due to rain or
flows of sewage leading to pollution of the environment, herbs and water sources,
but autumn spread can be caused by the emergence of insects such as flies and
cockroaches it is normal for the parasite to move with insects and lead to
contamination of water and food. Differences in the rate of parasitic infection are
due to many factors such as the number of patient samples in the examination
study, differences in the nature of the areas, the age of patients, the method of
diagnosis used, life style , social and economic standards, immune status,
nutritional status, personal hygiene, and the varying temperatures from year to
year in the same region and from country to country. The results are consistent
with a global lost study (46) reported that people who develop diarrhea after
travel are more likely to seek medical attention and the highest incidence was in

late autumn and early winter
Experimental study:

ll- Histopathological studies :
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The presence of pathological changes were generally includes the
positioning of the interal stages of the parasite in the intestinal tissues of mice on
the brush border of the intestinal membranes, added to the disappearance of the
blood vessels and hyperplasia of the epithelium after 8-14 days of The initiation
infection Furthermore, sever necrosis and hyperplasia in the epithelial cells of
intestinal were observed and may spread through the gut, toward the mucosa of
the stomach and the small and large intestines or may still localized In parts of
the intestines affected by host immunity. Mice inoculated with Crypfyporidium, and
the tissue sections of the intestine showed the presence of catarrhal inflammation
with necrosis of the apices of intestinal villi and the presence of the parasite's
reproductive phases glued to the tops of intestinal villi, as well as mucinous
degeneration mucosa degeneration in the cells lining the intestinal villi and

intestinal glands (Figure 2).

It was also observed that there were tissue—diseased vents represented by
the placement of different spores on the brush edge of the intestinal slumbar
epithelium with vascular congestion and hyperplasia hyperplasia in the epithelium
of the slumbars and the integration of some with Epithelial cells lined with
intestinal slumbars, as other passages showed the presence of tucsons of some
of the tops of these fuzzes and their fall into the intestinal cavity in the form of
cellular debris with hyperplasia bayer smudges and the leaching of inflammatory

cells in the leptocyte Lamina propria. (Figure 3)

In the stomach, tissue sections showed hyperplasia hyperplasia of infected
epithelial cells as well as in the infected glands with inflammatory exudate, as well
as the presence of parasitic phases attached to infectious epithelial cells, where
gatric pits and inside the infectious glands. Gastric glands (Figure 4 and 5) in the

brain, microscopy showed pathological changes in vaeuolation in neurons, while
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other neurons appeared to suffer from

necrosis with vasogenic edems and

leaching. Gliosi inflammatory cells are collected (Figure 6)

Histological sections of the liver showed an expansion of congestion in the

central veins with vacuolated necrosis and reflux in hepatic cells with a sip of

inflammatory cells, particularly lymphocytes, phagocytic and acidophills. Other

sections also showed the presence of parasitic phases of hepatic patios with a

dense displacement of inflammatory cells (figure 7)

Figure 2. A cross section in the
intestines of a mouse experimentally
infected with  Crypfosporidium parvum
shows the presence (A) of mucous
insatiable (B) necrosis of the tops of the
villi (C) presence of reproductive phases
of the parasite and the leaching of
inflammatory cells stained ( H & E. 40 X)

Figure 3. A cross—section in the
intestines showing the presence of
reproductive phases within the villi and
conjoined on the edges and tops of
the intestinal villi stained ( H & E. 40
X)
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Figure 4. A cross section in the stomach
of an experimentally infected mouse
showing (A) hyperplasia of infectious
epithelial  cells  with  inflammatory
exudation (B) of parasitic reproductive
phases within infectious epithelial cells

stained ( H&E. 40 X)

Figure 5 A cross section in the
stomach of an experimentally infected
mouse shows the presence of
Cryptosporidium  parvum  parasite
reproductive stages in the infectious

mucous layer stained ( H & E. 40 X)

Figure 6. A cross—section of the brain of

an experimentally infected mouse that

AREAS

Figure 7. A cross-section of the

experimentally infected mouse liver
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shows (A) the spawning of neurons (B) browser section shows (A) severe

for some of them as well as the throbbing of hepatic cells (B)

presence of Vasogenic edema stained ( reproductive stages of

H & E. 40 X) Cryptosporidium  parvum  parasite
inside the hepatic courtyard (C)
hyperplasia of epithelial cells lining bile
ducts and leaching of inflammatory
cells( H & E. 40 X)
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