
Introduction

Cryptosporidiosis is considered as a harmful,
difficult to control infection of humans and many
farm animals, resulting in substantial economic
losses. Cryptosporidium species are obligate
intracellular apicomplexan protozoan parasites that
were reported to infect humans in 106 countries and
have been found to influence more than 150
mammalian species around the world [1]. The
World Health Organization has categorized
Cryptosporidium as a reference pathogen for the
evaluation of drinking water quality [2]. Some of
water-associated outbreaks reported worldwide
(23.7%) were due to Cryptosporidium spp. infection

that either passed through filtered or unfiltered
drinking-water systems or contaminated water
distribution systems [3]. Cryptosporidium spp. is
transmitted by the faecal-oral route [4], via the
inhalation of oocysts [5,6], the haematogenous
spread was also suggested [7].

The severity, persistence and ultimate outcome
of Cryptosporidium infections are governed by a
variety of factors concerning both host and parasite
characteristics. Host factors embrace both the
immune status and frequency of exposure of the
infected individual [4]. The host’s immune state has
a strategic role in determining the susceptibility and
severity of cryptosporidiosis. Cryptosporidium
causes self-limited gastroenteritis in immuno -
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competent individuals, while in immuno -
compromised individuals, Cryptosporidium infection
can be responsible for developing severe, life-
threatening gastrointestinal and disseminated
cryptosporidiosis in other organ systems such as
pancreatic, biliary, and respiratory tract [8]. The
cerebral pathology was detected in mice in a study
supporting the idea of haematogenous dissemination
of Cryptosporidium spp. [7].

Production of cells that mediate delayed
hypersensitivity and limiting interferon production
are mainly regulated by IL10. TNF-α, a cytokine
produced by macrophage is a signify mediator of
inflammatory and immunological reaction and
involved in immune protective mechanisms against
intracellular infections [9].

CD3 was one of the first groups of human T
lymphocyte surface antigens identified using
monoclonal antibodies [10]. It was subsequently
shown that antibodies against CD3 could either
stimulate T cells to divide or inhibit the development
of effector functions such as cytotoxicity. Therefore,
it was apparent that CD3 had an important role in T
cell function [11].

Concerning the role of parasite characteristic in
the outcome of Cryptosporidium infection, several
studies were reported different degrees of
pathogenicity and virulence among Cryptospo ridium
species and isolates of the same species [2]. The
study conducted by Sayed et al. [7] clarified that C.
parvum isolated from the local water supply was
more virulent than the IWA strain. Virulent nature of
new local isolate had been manifested by the fast
and 100% animal death in the course of the pre-
experimental infection. Post-mortem pictures
revealed degenerative changes, vasculitis in the
brain parenchyma and emphysematous deviations in
the lungs [7].

The present study, aims to validate the supposed
virulent nature of that new local isolate versus the
standard IWA isolate by testing the presence of the
parasite in different tissues and assessment of the
host response on the level of CD4 regulatory
function (TNFα), inhibitory function (IL10) and
TCR (CD3).

Materials and Methods

Based on the previous experiment of Sayed et al.
[7] the current study was conducted as follows:

The experimental animals. Thirty pathogens
free bred Swiss albino male mice were used. The

animals were eight weeks old and their average
weight was approximately 25–35 grams each. All
maintained under optimal laboratory conditions
[12].

Cryptosporidium parvum isolates. First isolate:
C. parvum oocysts of Iowa isolate of bovine faeces
source passed once in mouse (CPI), they were
provided from Waterborne (P102M, WaterborneTM,

USA). The parasite was suspended in PBS,
antibiotics (penicillin, streptomycin, gentamicin,
amphotericin B to kill any contaminating bacteria)
and 0.01% Tween 20 and stored at 4ºC until used.
Second isolate: C. parvum oocysts were isolated
from Assiut city, Egypt; tape drinking water
samples proved to be positive by flow cytometry, 5
positive samples (collected from houses, hospitals
and animals farm). Water samples were completely
filtered using special filter apparatus [13]. Samples
then were isolated and purified through
discontinuous sucrose gradient flotation [14].

Experimental infection. A minimum of 10 mice
in 3 experimental conditions. Control group: it was
including 10 mice, did not receive any infection.
CPI groups: it was including 10 mice, all mice in
this group were infected orally with CPI isolate. The
amount given to each mouse was attuned to contain
approximately 1.5×105 oocysts according to the
previous recommendation of Suresh and Rehg [14].
CPw groups: it was including 10 mice, all mice in
this group were infected orally with CPW isolate.
The amount given to each mouse was adjusted to
contain approximately 600 oocysts agreeing to the
recommendation of Sayed et al. [7].

Evaluation of experimental conditions.
Serological evaluation of Il10 and TNF-α among
groups: concentrations of TNF-α and IL10 were
determined in a serum sample from animals of the
different groups at the end of the experiment (14 days
of infection). An enzyme-linked immuno sorbent
assay (ELISA) technique was employed with
antibody pairs from Bio Legend, Inc. (San Diego,
USA). The technique was developed according to the
manufacturer protocol. Immunohistochemical
examination: all animals were followed up
throughout the 14 days of the experiment. All
survivors were killed by neck dislocation under
anaesthesia with ether. After animals were sacrificed,
tissue samples were collected from the terminal
ileum, lung and brain [15]. Detection of
Cryptosporidium antigen and CD3 by immuno -
histochemistry: tissue sections (4 mm-thick) were
transferred to a 10 mmol/l citrate buffer solution at a
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pH of 6.0 and heated at 80ºC for 30 min. in the
microwave to retrieve antigens for Cryptosporidium
antibody and CD3 staining. After washing in water,
3.0% H2O2 in methanol was applied for 20 min., in
order to block endogenous peroxidase activity. The
slides were incubated for 20 min. with normal goat
serum at room temperature to avoid non-specific
staining. Mouse monoclonal anti-Cryptosporidium
antibody (1:50 Novus Biologicals, USA, Catalogue
No: NB100 65674UV) and rabbit polyclonal anti-
CD3 (1:100) were added for 1h at room temperature.
Negative control sections were similarly treated. The
biotinylated secondary anti body, streptavidin-
horseradish peroxidase-conjugated tertiary antibody,
and diaminobenzidine were applied according to the
manufacturer’s instructions. Sections were then
counterstained with Mayer’s Haematoxylin.

Statistical analysis. Data analysis was
conducted using SPSS program version 16. Chi-
square test was used to compare qualitative
variables, while the independent test was used in
comparisons between quantitative variables.
Qualitative data were presented in form of
frequencies and proportions while mean and
standard deviation were used to express quantitative
data. Statistically, significance was considered when
P value less than 0.05 and 95% confidence intervals
did not overlap.

Ethics aspects. The Ethics Committee of the
Assiut University approved this study as it meets the
International Guiding Principles for Biomedical
Research Involving Animals as issued by the
Council for International Organizations of Medical
Sciences (approval no.17300369).

Results

Il10 difference among groups in comparison to
control (Table 1)

IL10 serum level in CPW and CPI significantly
increased than control (Fig. 1), while the difference
between IL10 serum level in CPI and CPW was
significant.

TNF-α difference among groups in comparison
to control (Table 2)

TNF serum level significantly increased in both
in CPW and CPI groups than the control. There is
no significant difference between TNF serum level
in CPW and CPI (Fig. 2).

Table 1. IL10 difference among groups compared to
control

Explanations: * - P value is significant (P ≤ 0.05); ** –
P value is highly significant (P ≤ 0.001); SD – standard
deviation; CPI – group infected with C. parvum “Iowa
isolate”; CPW – group infected with C. parvum “water
isolate” isolated from a local water supply.

Groups
No. of

samples
Mean SD

control 10 213.6 23.29099

CPI 10 1575.8** 625.09256

CPW 10 1208.6** 459.81589

Table 2. TNF-α difference among groups in comparision
to control

Explanations: see Table 1

Groups 
No. of

samples 
Mean SD 

control 10 139.4 2.26241 

CPI 10 749.84** 318.52469 

CPW 10 928.92** 169.45119 

Figure 1. Means of IL10 difference among groups in
comparison to control
Explanations: CPI - group infected with C. parvum
“Iowa isolate”; CPW - group infected with C. parvum
“water isolate” isolated from a local water supply.

Figure 2. Means of TNF-α difference among groups in
comparison to the control
Explanations: see Figure 1



Expression of Cryptosporidium antigen protein in
the intestinal, pulmonary and brain tissue

Immunohistological evaluation of the formalin
fixed paraffin embedded intestinal, pulmonary and
brain tissue revealed presence of Cryptosporidium
antigen in intestinal, pulmonary and brain tissue of
the CPW, while in CPI it was detected only in
intestinal tissues compared to their absence in the
healthy controls (Fig. 3–5).

Over-expression of CD3 protein in the intestinal,
pulmonary and brain tissue

Immunohistological evaluation of the formalin
fixed paraffin embedded intestinal, pulmonary and
brain tissue revealed overexpression of CD3 protein
in lymphocytes infiltrate the intestinal, pulmonary
and brain tissue of the CPI and CPW groups as
compared to the healthy controls (Fig. 3–5).

Discussion

Interestingly, the local water C. parvum (CPW)
isolate was previously approved as more infective
and virulent than the imported C. parvum Iowa
(CPI) isolate on different parameters lacking
immunological ones [7]. The current work put their
propositions under the microscope of science by
testing both effects on local and systemic

immunological response.
Cryptosporidium spp. oocysts isolated from

local water samples (CPW) were identified by
molecular characterization as C. parvum. Both
isolates were experimentally evaluated, aiming to
study virulence of tested local CPW isolate and
imported C. parvum Iowa (CPI) isolate.

Walking on the guide of our previous study [7],
both isolates infectious dose accomplished 100%
infections in all infected mice. Infection was insured
by the detection of oocysts in faeces of challenged
mice 36 hours or later after experimentation started
[2].

By the immunohistological evaluation of
formalin fixed paraffin embedded intestinal,
pulmonary and brain tissues, the data revealed the
presence of Cryptosporidium antigen in intestinal
and pulmonary and brain tissues in CPW infected
group, while in CPI infected mice, the organisms
protein detected in intestinal tissues only, this
proved the virulent nature of local water isolate.

The pathogenesis of pulmonary crypto -
sporidiosis has not been fully clarified. According to
previous studies reported that respiratory
cryptosporidiosis may occur commonly in immune-
competent and immune-deficient individuals [16].
Similar results of establishment of C. parvum
various epicellular stages and forms of oocysts
within lung organoids was recorded before [17].

The possible mechanisms of pulmonary infection
proposed to be via oocyst inhalation [18,19]. The
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Figure 3. Immunohistochemical analysis of
Cryptosporidium antigen and CD3 expression in
intestinal mice tissues
Explanations: Cryptosporidium Ag – Cryptosporidium
antigen; CPI – group infected with C. parvum “Iowa
isolate”; CPW – group infected with C. parvum “water
isolate” isolated from a local water supply.

Figure 4. Immunohistochemical analysis of
Cryptosporidium antigen and CD3 expression in mice
lung tissues
Explanations: see Figure 3



most grounded proof for individual-to-individual
respiratory transmission of cryptosporidiosis in
immunocompetent children was expressed when
35% of Ugandan tested kids determined to have
intestinal cryptosporidiosis and cough; had
Cryptosporidium DNA in their sputum tests
resulting in the suggesting of the presence of
organisms in the respiratory tract [20]. Another
possible rout of respiratory infection is the
aspiration of gastrointestinal contents during
vomiting episode in patients with intestinal
involvement [18,21,22].

There was a little evidence supported the
haematogenous spread of C. parvum from the
intestinal tract to extraintestinal tissues which
suggested to be via the circulating phagocytes [23].
The speculation is upheld by the presence of
Cryptosporidium spp. within macrophages,
prompting diminished phagocytic capacity. In
addition, this parasite can multiply within
macrophages in vitro. As well as the presence of the
parasite within the blood vessels in the intestinal and
pulmonary sub-mucosa revealed by autopsy studies
[19,24,25].

The detected C. parvum protein in the brain
tissue of experimentally infected mice with CPW
comes in agreement with a previous finding which
recorded degenerative changes and vasculitis in
brain parenchyma on post-mortem histopathological
examination of mice infected by CPW strain [7].

Higher virulence of the CPW strain than CPI
strain might be the main factor of the recorded
cerebral affections as a result of probable

haematogenous spread of C. parvum. This finding
could be supported by the discoveries of past
investigations as Cryptosporidium parasite has been
identified in; sinuses [26]; conjunctiva of birds
[27,28] and in the pancreatic ducts of a child with
severe combined immune deficiency distributed
cryptosporidiosis that was found at autopsy [2].

Additionally, cerebral affection could be
explained by the presence of an enterotoxin secreted
by the parasite getting to the central nervous system.
However, there is no evidence for a toxin-mediated
pathology had been reported, in spite of the previous
efforts to recognize such a toxin [29].

The concept of disseminated cryptosporidiosis is
imposing itself to the discussion; the previous
finding of parasite in the bile, liver, lung and brain
support the simultaneous spread assumption theory
[2,7,12,30].

Cryptosporidium infection does not normally
cause systemic infection or penetrate deep tissue,
possible diverse genetic structures, different hosts;
the age of oocysts; vehicle of transmission (stool
and water) and exposure to environmental
conditions could explain infectivity and virulence
differences detected among the two tested isolates.
Another cause attributed to the high virulence and
infectivity of water isolate is the absence of hosts
where oocysts can propagate in [2].

Different patterns of colonization along the
host’s tissues reported in different species and
strains of the parasite [30–32], even though the
same isolate (Iowa), has shown different patterns of
colonization along the gut in experimentally
infected animal models [33]. All can explain the
variable pathogenicity detected between the two
tested Cryptosporidium isolates.

The infection result is ultimately determined by
pathogen-host interaction. The integrity of the
intestinal tract, as well as mucosal immunity, may be
responsible for infection outcome unpredictability.
Such an association supported by evidence comes
from cryptosporidiosis in immunocompromised
subjects, where illness is much more persistent and
severe than in normal immunocompetent subjects
[34].

Cryptosporidium parvum usually establishes
itself in a membrane-bound compartment on the
apical surface of the intestinal epithelium, leading to
dropping local mucosal immunity through the
effects of inflammatory cells and cytokines
employed at the site of infection [32].

The systemic pro-inflammatory cytokine TNF-α
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Figure 5. Immunohistochemical analysis of
Cryptosporidium antigen and CD3 expression in mice
brain tissues
Explanations: see Figure 3



is significantly increased among the experimentally
infected mice by both CPW and CPI strains
compared with the non-infected control group. This
result comes inconsistent with the findings of many
studies that demonstrated that TNF-α is elevated in
association with the inflammatory changes
stimulated by Cryptosporidium infection both in
animal and cell lines and in human xenograft
models [35,36]. The role of TNF-α in the control of
infection has already been demonstrated as it plays
an important role in a variety of parasitic diseases
[37] such Leishmania infection [38].

In the present study, the IL10 serum level in both
CPW and CPI infected groups was significantly
increased in comparison with control groups. This
finding comes in agreement with the result obtained
by the study conducted by Lacroix et al. [35] who
found that mRNA expression levels for both IL4 and
IL10 increased during Cryptosporidium infection.
The levels of IL10 in human ileocecal adenocar -
cinoma (HCT-8) cells increased significantly during
infection with C. hominis and C. parvum [39].
However, increased expression of IL10 has never
been observed in murine or bovine mucosa infected
by C. parvum, and its role in protection has not been
demonstrated [35].

In the present study, there is overexpression of
CD3 proteins in lymphocytes infiltrate the
intestinal, pulmonary and brain tissues. This result
come inconsistently with previous study which
demonstrated that the vast majority of CD cells in
gut sections were CD3+ in neonatal lambs
inoculated with Cryptosporidium parvum at birth
[40]. The role of CD3+/CD4+ lymphocytes is
proved to be pivotal for cryptosporidiosis recovery
[41].

The local C. parvum isolate was more virulent
than tested Iowa isolate as it spread extra-
intestinally to reach brain tissue. Serum and tissue
cytokine elevation affirm the massive tissue damage
property of the local isolate.
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