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Article history: Abstract: 
Received: January 2024 th20 Cryptosporidium parvum, a protozoan parasite of the coccidial class, is 

a prevalent intestinal parasite which infect both humans and animals. 

450 fecal and serum samples from infants aged ≤ 2 years who had 

acute or chronic diarrhea. The samples were obtained from medical and 
hospital centers in various districts of the Salah al-Din Government 

between July 2022 and September 2023. The fecal samples were 
analyzed to detect the presence of the oocyst C. parvum utilizing a 

modified Ziehl-Neelson staining technique (MZN), ELISA antigen by 

Cryptosporidium parvum antigen in feces, and the company Epitope 
Diagnostics investigated the qualitative C. parvum antigen and 

immunological markers (CD4, TGF-B, Fecal LF) in serum and fecal 
samples by ELISA test.  From a total 450 stool samples, 40 (8,88%) 

positive and 410 (91.11%) negative stool samples were detected by 
MZN, 70 (15.58%) positive fecal samples, and 380 (84.44%) negative 

fecal samples. This study observed a significant increase in mean 

concentration of CD4, TGF-B, and Fecal LF in serum and fecal patients 
compared to the healthy group, respectively (mean ± SE  5.861 ± 1.116 

pg/mL, mean ± SE  503.95 ± 104.73 pg/mL,, mean ± SE 368.019 ± 
102.025 pg/mL) compared to the healthy group (mean ± SE 1.752 ± 
0.448 pg/ml, mean ± SE 188.12 ± 56.99 pg/ml, mean ± SE 154.483 ± 

23.268 pg/ml). Cryptosporidiosis is an opportunistic parasite in infants 
≤ 2 years with diarrhea. Modified ZN staining is simple and expensive. 

The ELISA antigen assay is a useful tool in surveys and diagnostic 
studies. C. parvum infection in infants induced some immune marker 

inflammation.  
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INTRODUCTION : 

Cryptosporidium parvum is a primary contributor to diarrheal cases in infants and children aged 2 years or younger. 
This extremely contagious apicomplexan protozoans parasites invades the top layer from enterocytes, which leads to 

an increase in the contraction of  small intestinal tract and a decrease the absorption of nutrients in the intestines[1]. 
Causing significant diarrhea with watery yellowish or mucus-like stool and a potential for transmitting diseases from 

animals to people[2]. Cryptosporidium parvum is a single-celled protozoan parasite that frequently leads to diarrhea 

and inadequate nutrition in infants aged 2 years or younger. The global spread of cryptosporidiosis is increasing[3]. 
Cryptosporidium parvum, a parasite smaller than red blood cells measuring approximately 4-5 microns, has garnered 

significant attention from researchers due to its extensive distribution and ease of transmission to people through 
contaminated water, food, or insects[4]. Cryptosporidiosis poses a significant risk, with a mortality incidence of 

approximately 9% of global child fatalities. Cryptosporidium parvum is recognised as one of the factors contributing to 
fatal chronic diarrhea in newborns[4]. Infection of the gastrointestinal epithelia by parasites leads to diarrhea, which is 

temporary in persons with a healthy immune system but can be life-threatening in those with a weakened immune 

system. This kind of disease is both zoonotic and anthroponotic, meaning it may be transmitted between animals and 
humans. It can be spread through the consumption of untreated polluted food or water, or through direct interacting 

with an infected person or animals[5]. However, it is only C. hominis and C. parvum that have been identified as the 
causative agents for human sickness. When comparing the two, the last is more common in undeveloped countries or 

arises as a result of zoonotic diseases in wealthy countries, whereas the former type has become frequently found in 

industrialized ones. Consequently, underdeveloped nations pay an unequal burden of the expenses associated with 
cryptosporidiosis due to insufficient sanitation infrastructure. The life cycles of these parasites are completed exclusively 
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inside a single host (a monoxenous life cycle). Cryptosporidiosis has the potential to cause death. Oocysts, which are a 

leading cause of diarrhea, can be present in both food and beverages[6]. The prevalence of Cryptosporidium outbreaks 

in drinking and recreational water is worsened by the widespread presence of the infectious oocyst, its ability to 
withstand environmental pressures, and its low infection threshold [7]. The severity of this scenario surpasses that seen 

in developing countries, when Cryptosporidium-induced diarrhoea is mostly attributed to the scarcity of safe drinking 
water and restricted access for diagnosis and treatment[8]. When Cryptosporidium oocysts are consumed, it triggers a 

series of reactions inside the cells lining the intestines. These reactions involve the activation of signaling pathways that 

allow both cells and molecules for react in response to the invasion and subsequent development of cryptosporidiosis[9, 
10]. Furthermore, the immune system triggers both natural and adaptive responses in addition to the localized mucosa 

immune response against Cryptosporidium oocysts[10]. Recent studies utilizing both in vitro and in vivo methods have 
indicated that the natural immune  response may play a role in counteracting the harmful effects of Cryptosporidium 

throughout human infection[11, 12]. Nevertheless, it is still unclear if the innate response is indistinguishable from that 
of the zoonotic C. parvum and the anthroponotic C. hominis. These animals differ in the way their gene alleles are 

distributed in terms of  frequency[13]. It is necessary to determine and assess possible relationships among receptors 

and ligands that facilitate the invasion  epithelial cells in the intestine of human  by C. hominis and C. parvum. The 
enzyme-linked immunosorbent assay (ELISA) technique employed the direct approach to investigate the presence of 

the C. parvum antigen in a faecal samples. The ELISA kits includes micro titer wells that have been coated with 
antibodies designed for Cryptosporidium. These Abs are used for detecting the presence of Cryptosporidium antigen in 

faecal samples. The procedure that was endorsed by the suppliers, was adhered to[14]. The medical diagnosis of 

cryptosporidiosis is confirmed by detecting the presence of oocysts by concentrating and staining techniques in faecal, 
duodenal aspirates, and samples  tissue [7]. These approaches are both insensitive and laborious serological techniques, 

such as determining the presence of Cryptosporidium Specific Antigen (CSAg) using an ELISA technique  [15, 16]. CD4+ 
T lymphocytes play a crucial role in determining how susceptible humans are to Cryptosporidium infection[17]. The 

count is less than 50 cells per microliter[18]. CD4+ T lymphocytes located in the skin layer are one of the primary 

groups The remission of cryptosporidiosis in treatment with antiretroviral drugs is associated with an increase in CD4+ 
T cell numbers in the mucosa of the intestine[19]. The β superfamily of transformational growth hormones is a large 

set of ligands that have survived evolution and play a role in regulating several cellular, physiological in nature, and 
pathogenic processes[20]. TGF-β receptors are glycoproteins that span the cell membrane and have an area at the 

beginning that binds to ligands, a single fragment that crosses the membrane, and a region at the end within the cell 
where the domain for kinase was found[21]. In order to understand the importance of TGF-β in the intestinal epithelial 

cell compartment, we introduced a modified form of TGF-β RII specifically in these cells. This modification allowed the 

intestinal epithelial cells to resist the effects of TGF-β, even when it is produced by the cells themselves or by nearby 
cells and could potentially affect the intestinal epithelial cells[22]. Lactoferrin, a glycoprotein produced by neutrophils, 

can be quantified in faeces and full guts wash to assess inflammation of the intestines in both inflammatory bowel 
disease (IBD) and infectious gastritis[23]. Recent research has demonstrated that faecal lactoferrin (FL) is a highly 

responsive biomarker for paediatric inflammatory bowel disease (IBD)[24]. Lactoferrin is a glycoprotein that binds to 

iron. It belongs to a group of transferrin families that have existed for approximately 300-500 million years[25]. The 
protein consists of a single chain comprising approximately 690 amino acids and has an approximate molecular weight 

of 77 kDa[26]. Lactoferrin is produced by exocrine glands in the digestive and respiratory tracts[27]. Lactoferrin is 
present in milk, saliva, tears, sperm, and colostrum. In addition, apo Lactoferrin functions as an acute-phase protein to 

eliminate disease at the location of injection and inhibit the development of pathogens that rely on iron. Neutrophils 
and their granules have the ability to eliminate this. LF is a highly effective iron scavenger due to its predominantly 

unsaturated nature (up to 86%)[28]. Multiple studies have demonstrated that lactoferrin is crucial in regulating the 

body's iron levels, especially in milk. Consequently, breastfeeding infants do not experience iron shortages. Conversely, 
individuals who consume milk without lactoferrin seem to exhibit a lack of iron and other illnesses[29]. 

AIM OF  THE  STUDY 
This study aimed to diagnose Cryptosporidium parvium through microscopic examination of fecal samples and ELISA 

antigen by Cryptosporidium parvum antigen in feces and to determine CD4, TGF-B, and fecal LF levels in patient’s 

serum. 
MATERIALS AND METHODS 

i-Time and location :- 
The research lasted from July 2022 to September 2023. A grand overall of 450 stool samples were collected from infants 

≤  2 years with diarrhea who received medical assistance in public hospitals and private medical clinics in some region 

in  the government of Salah al-Din. 
ii-collection of fecal and blood samples:- 

450 feces and serum samples were collected from patients and control (infants ≤ 2 years of both sex sick and the 
controlling) from lying and coming to Tikrit Educational Hospital and Tikrit Emergency Hospital after the patient&apos;s 

consent was taken and control over special laboratory tests to detect the parasite, which are part of the researcher & 
apos;s work ethic for research. 450 feces of approximately 20 grams were collected and placed in sterile plastic 

packaging with a strict cover to preserve the moisture of the samples and prevent their drying, without the name of the 

patient, age, or sex, and transferred to the Parasite Laboratory at Tikrit College of Sciences .In addition, a questionnaire 
form containing some information was adopted from patients in terms of residential area, sex, age groups, and months, 
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after which the sample was sampled in terms of observation of color, strength, smell of shit, presence or absence of 

blood, and snot within a period of not more than half an hour in preparation for micro-tests. The rest of the shit was 

placed in sterile and well-preserved tubes and kept at -20 degrees for the remaining immune tests. Each patient provided 
five milliliters of venous blood. Blood samples were placed in gel tubes and centrifuged at 4000 rpm for 10 minutes to 

collect serum. The tubes were left at room temperature for 15–20 minutes to let the blood clot. To maintain sample 
quality, serum was transferred to Eppendorf tubes (200 μL) for tests and maintained at -20°C until immunological 

testing. To minimize repeated freezing and thawing, which could compromise the quality of the findings, all samples 

were evaluated at the same time after sampling was complete. 
1-Dignosis of Cryptosporidium parvum by Microscopic examination. 

450 fecal  samples were analyzed utilizing the adapted Ziehl-Neelson staining procedure under a microscope. 

Cryptosporidium oocysts appear circular, spherical, small, and pink-red, and the rest of the stool is blue or green. 

2-Dignosis of Cryptosporidium parvum by ELISA antigen  assay 
90 fecal samples were examined using Cryptosporidium parvum antigen in feces by the company Epitope Diagnostics 

to detect the qualitative C. parvum antigen. 
Human CD4, TGF-B , Fecal LF ELISA test:- 

  Serum samples were used to assess CD4, TGF-B, and fetal LF using the ELISA kits (China-Sunlong). The ELISA plates 

were precoated with human CD4, TGF-B, and fetal LF antibodies. The samples were added to the plates, and the color 
development in the substrate solution correlated with the levels of CD4, TGF-B, and fetal LF. The process had  be 

stopped by introducing a stopping solution, and the level of absorption was quantified at a wavelength of 450 nm. 
Approval granted based on ethical considerations 

Permission for performing the study was given on September 21, 2022 by the Scientific Committee of the Salah al-Din 
Department of Health and the Scientific Committee of the College of Science at Tikrit University, in compliance with 

administrative order 13896. The questionnaire was completed to collect samples from the children after their parents 

were told to study, and the information of each child was taken with the consent of their parents. (the name, address, 
and typical symptoms) was completed with the consent of the parents. 

Statistical analysis 
 Statistics were analyzed using IBM SPSS 26.0. We displayed categorized data using frequencies and percentages. 

Continuous variables were presented as the mean ± SE. A T-test was performed to determine significant values (P ≤ 

0.05). 
 

RESULTS 
 Microscopic results using the modified Ziehl-Neelson: - 
From a total of 450 fecal samples, 40 (8.88%) were positive stool samples, and 410 (91.11%) were negative stool 
samples. The oocysts were observed to have a spherical morphology and an a reddish colour, whilst the remainder of 

the faecal exhibits a blue coloration. As depicted in figure [1]. 

Table (1) Dignosis of Cryptosporidium parvum by microscope examination 
Percentag  

% 
Negative  

-ve 
Percentag 

% 
 Positive 

 +ve   
The number 

of sample  
Assay 

91.11% 410 8.88% 40 450 modified Ziehl-Neelson 

 

 

Figure1 :- It showed that the parasite oocysts appeared in the infected feces, and I colored the dark red oil lens with 

acid fast stain (100X). 

Dignosis of C. parvum by ELISA antigen assay 

From a total 90 fecal samples, 70 (15.58%) were positive fecal samples and 380 (84.44%) were negative fecal 
samples. The samples were diagnosed, and we noticed that he was highly sensitive to the parasite infection of 
Cryptosporidium parvum.  
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Table (2) Dignosis of Cryptosporidium parvum by immunochromatographic  assay 

Percentag  
% 

Negative  
-ve 

Percentag 
% 

 Positive 
 +ve   

The number 
 of sample examined  

Assay 

84.44 % 380 15.58 % 70 450 ELISA – antigen 

 

Serum CD4 levels in patients and control groups 

The study observed a significant increase in the average concentration of CD4 in infected infants (mean ± SE  5.861 
± 1.116 pg/mL) compared to the control group (mean ± SE 1.752 ± 0.448 pg/mL). 

Table (3) Serum CD4  level in patients and control groups 

P Value Control N = 20 Patients N = 70 CD4 pg/mL 
0.0001 1.752 ± 0.448 5.861 ± 1.116 Mean ± SE 

P Value is high significant at P ≤ 0.05 
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Serum TGF-B level in patients and control groups 
The study observed a significant increase in the average concentration of TGF-B1 in infected infants (mean ± SE 
503.95 ± 104.73 pg/mL) compared to the control group (mean ± SE 188.12 ± 56.99 pg/mL). 

Table (4) Serum  TGF-B  level in patients and control groups 

P Value Control N = 20 Patients N = 70 TGF-B Pg/mL 
0.0001 188.12 ± 56.99 503.95 ± 104.73 Mean ± SE 

P Value is high significant at P ≤ 0.05 
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Fecal LF level in patients and control groups 
The study observed a significant increase in the average concentration of fecal LF in infected infants (368.019 ± 
102.025 pg/mL) compared to the control group (154.483 ± 23.268 pg/mL). 

Table (5) Fecal LF level in patients and control groups 

P Value Control N = 20 Patients N = 70 FLF  pg/mL 
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0.0001 154.483 ± 23.268 368.019  ± 102.025  Mean ± SE 
P Value is high significant at P ≤ 0.05 
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DISCUSSION 
  Cryptosporidium spp. are parasitic protozoa that opportunistically infected the epithelial cells  of the small intestinal 

tract, resulting in diarrhoea in patients. These diseases have become common among children under 2 years old in 
impoverished countries. Cryptosporidium parvum had a high prevalence because it was the smallest of the oocysts, 

necessitating a specialized detection procedure[30]. The reason for the different incidences of Cryptosporidiosis in cases 
of diarrhea and natural feces is the geographical environment, direct contact between citizens, especially children, with 

domestic animals and livestock leading to animal-to-human transmission, or perhaps the water sources used from pollis, 

as well as failure to comply with proper prevention to reduce parasitic infection, as well as eating foods and drinks from 
street vendors with no sanitary conditions, which are one of the means of transmitting the parasite to children[4] . 

Cryptosporidiosis is widespread in all countries of the world and affects all age groups, especially children. Studies and 
research carried out to investigate the epidemic of this parasite around the world have shown that the prevalence rates 

vary across different countries and regions, depending on the geographical differences of those countries, where the 

parasite prevalence was 1.4% on the continent In Europeans and  North American continent, the prevalence ranged 
from 3% to 20%, whereas in Asian countries, Africa, Australia as a whole and Latin America with  Caribbean [34]. The 

presence  of this parasite has been recorded in countries neighboring Iraq, including Iran, where the incidence was 
1.7%[6]. In Turkey, the infection rate was 17%, while in the United States of America, it was 1.1%[31]. Some studies 

and research carried out in the governorates of Iraq also recorded a discrepancy in the incidence of cryptosporidiosis, 
with the incidence in the city of Ramadi and its suburbs being 39.13%. In the governorate of Diyala, the incidence was 

2.3%. The incidence of this parasite was also recorded in the city of Mosul, where it was 14.3%, while in the north of 

Baghdad, it was 14.78%. [32] Oocysts were seen in the feces dyed with the modified Zilnsen dye (MZN). Parasite 
oocysts appeared spherically or ovally, painted red or pink, and surrounded by a distinctly transparent aura .  

Table 1. The results of the 450 samples of feces dyed in the MZN dye showed that in 40 children of less than two years 
of age, of both sexes, and by 8.88%, the infection rate was close and morally different, as shown in Table 1 of the 

diagnostic results. Our current study showed a marked increase from the [33] 6.6% in the city of Al-Hila and the 6.6% 

in the city of Diwaniyah[34]. The current study recorded a remarkable 8.2% match on the study carried out by [35] at 
Samarra Hospital in Salah al-Din. While the findings of the present investigation were differed from[36], the total injury 

rate was 34% in Baghdad hospitals and also different from that in Kirkuk[37], and the incidence was 16.28% in the 
parasite. The modified Ziehl-Neelson stain was defined by being simplified, economical, and ability to clearly emphasize 

the internal complexities of the oocysts. However, this is a laborious process that necessitates expertise. The shape of 
the oocyste is round and has an a reddish colour, contrasting with the blue color of the rest of the stool. 

Table 2. The results of the Elisa-antigen test showed a slight increase from the microscopic examination, where out of 

a total of 450 samples, 70 cases of parasitic disease showed a 15.55% increase.  The Elisa-antigen test might be 
attributed to a strong link between immobilized specific Cryptosporidium antigen and the added stool specimen 

containing the parasite. and the study in Mosul City, which was 40%[31]. The findings of the present investigation 
demonstrated an increase in 15.55% from the results of the [6] study in Kirkuk, which was 19.11%. These results of 

this study (MZN and Elisa-antigen) have varied from previous studies and may be attributed to such causes as lifestyle, 

hygiene, immune treatments, food and environmental pollution within and outside the home, a healthy culture about 
infectious diseases, clean drinking water, and the economic situation. , until cryptosporidiosis becomes severe and 

chronic[30]. 

Table 3: The results of these tests showed a high increase, indicating that they were rising in the case of 

Cryptosporidiosis, and we noticed a significant increase in the moral differences of the infected samples where they 
were ≤ 0.0001. Experimental findings have demonstrated that CD4+ T lymphocytes serve as a deterrent against 
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cryptosporidium infections. CD4 cells regulate the length of the disease. The relationship between cryptosporidium 

infection and CD4 levels. The study revealed that individuals with cryptosporidiosis and CD4 counts below 100 cells/μL 

had a susceptibility to cryptosporidium infections that was 6.09 times higher than patients with higher CD4 counts. This 
association was statistically significant, with a p value of 0.002. The findings were in line with previous research that 

identified cryptosporidium as an opportunistic infection in patients with CD4 cell counts below 200/μL[14].There is 
compelling evidence that the likelihood of carrying faecal matter, the seriousness of the illness, and the prevalence of 

uncommon problems of cryptosporidiosis have a correlation with CD4 counts. The elevated occurrence of 

Cryptosporidium spp. in patients is likely due to the increased likelihood of contracting the infection from infected 
individuals and longer excretion. which increases the likelihood of further transmissions. The impact on cryptosporidiosis 

results in the restoration of CD4 levels[38]. 
Table 4 :- The maintenance of intestinal balance relies on the intestine mucosal capacity to endure harm caused by 

luminal substances and to subsequently repair and restructure itself. A variety of chemokines, cytokines, growth 
variables factors, and other mediators which suggested to play a role in controlling and preserving the balance of the 

intestines in laboratory settings[39]. TGF-B has been shown to have a pivotal function in this process due to its diverse 

effects on both epithelial and immunological cells[40]. Recovery trials were used to indirectly evaluate the healing of 
intestinal wounds. These experiments found that both the TGFB and wild-type control mice showed identical levels of 

damage when they were continuously exposed to 2.5% DSS. When the amount of DSS was elevated to 7.5%. The 
significance of TGF-B's role in these processes is indicated by changes in TGF-B levels or responsiveness observed in 

humans with intestinal inflammation disease and animal models of intestinal inflammation disease, in addition to in 

inflammatory bowel disease-associated  with malignancies. TGF-B has been suggested to have a crucial function in 
controlling the migratory process of intestinal epithelial cells and promoting wound healing[22] 

Table 5: The results of these tests showed a high increase, indicating that they were rising in the case of 
Cryptosporidiosis , and we noticed a significant increase in the moral differences of the infected samples where they 
were ≤ 0.0001. not agreed with study. The mean levels of FL for the IBD patients were 314 𝜇g/g CD (SD 212.8) and 

371 𝜇g/g UC (SD 181.5) whilst mean FL in controls was only 1.3 (SD 2.4). . Patients with normal FL had no evidence of 

microscopic or histologic intestinal inflammation. This is in accordance with other pediatric and adult studies[24]. The 
results of this study detected  a great deal of excellence when compared to the previous one. A weakness of the study 

with respect to parameters such as sensitivity or specificity is the fact that the study group is selected for suspicion of 
IBD in a tertiary center. This means that those parameters might be lower in a less restricted patient group. But we 

have clearly shown in a relatively large control group with symptoms severe enough to justify endoscopy that normal 
FL excludes intestinal inflammation caused by IBD with high probability (𝑃 < 0.0001). Clinically ,in the pediatric setting, 

f many patients have functional abdominal pain or irritable bowel syndrome[41]  
The difference in the results between the various studies that have been examined in the epidural the hidden of parasite 

is due to a number of reasons, including: the difference in the number of samples examined in each study; the different 
geographical areas in which studies and research have been carried out, whether urban or rural; the level of health 

services provided; the efficiency of sanitation systems; the educational level of the inhabitants of those areas; the 
density of the population; and the extent to which animal husbandry overlaps with family members in one place. The 

deteriorating security situation in the country in 2014 may play a role in the incidence of parasitic disease, which has 

led to population movements from one region to another that have increased the population's overlap with different 
groups and consequently led to a decline in the economic situation of the country in general and in the study area in 

particular, which has adversely affected the financial allocations to the municipal and health sectors, resulting in the 
incidence of boating disease among persons in general and children in particular. 

 

CONCLUSIONS: Cryptosporidiosis is an opportunistic parasite in infants ≤ 2 years with diarrhea. Modified ZN staining 
is simple and expensive. The ELISA-antigen detected is a useful tool in surveys and diagnostic studies. C. parvum 

infection in infants induced some immune marker inflammation. 

REFERENCES: -  

1. Zhang T, Gao X, Wang D, Zhao J, Zhang N, Li Q, et al. A single-pass type I membrane protein from the 
apicomplexan parasite Cryptosporidium parvum with nanomolar binding affinity to host cell surface. 

Microorganisms. 2021;9(5):1015 . 
2. Escudero-Pérez B  ,Lalande A, Mathieu C, Lawrence P. Host–Pathogen interactions influencing zoonotic spillover 

potential and transmission in humans. Viruses. 2023;15(3):599 . 

3. Higuera A, Villamizar X, Herrera G, Giraldo JC, Vasquez-A LR, Urbano P, et al. Molecular detection and 
genotyping of intestinal protozoa from different biogeographical regions of Colombia. PeerJ. 2020;8:e8554 . 

4. Alkhashab FM. The Co-Existence of Cryptosporidium parvum with Others Parasitic Protozoan Infection Among 
Children Under Five Years in Some Places of Mosul City. International Journal for Research in Applied Sciences 

and Biotechnology. 2022;9(2):1-6 . 
5. Kothavade R. Challenges in understanding the immunopathogenesis of Cryptosporidium infections in humans. 

European journal of clinical microbiology & infectious diseases. 2011;30(12):1461-72 . 



European Journal of Research Development and Sustainability (EJRDS) 
__________________________________________________________________________ 

40 | P a g e 

6. Askar HK, Salman YJ, Mohiemeed AA. Some Epidemiological Aspects of Cryptosporidium parvum Among 

Children Below Five Years in Kirkuk Province. Journal of Population Therapeutics and Clinical Pharmacology. 

2023;30(8):378-89 . 
7. Control CfD, Prevention. Crypto outbreaks linked to swimming have doubled since 2014. Centers for Disease 

Control and Prevention. 2017 . 
8. Smith H, Caccio S, Cook N, Nichols R, Tait A. Cryptosporidium and Giardia as foodborne zoonoses. Veterinary 

parasitology. 2007;149(1-2):29-40 . 

9. Borowski H, Clode PL, Thompson RA. Active invasion and/or encapsulation? A reappraisal of host-cell parasitism 
by Cryptosporidium. Trends in Parasitology. 2008;24(11):509-16 . 

10. Borad A, Ward H. Human immune responses in cryptosporidiosis. Future microbiology. 2010;5(3):507-19 . 
11. Pantenburg B, Dann SM, Wang H-C, Robinson P, Castellanos-Gonzalez A, Lewis DE, et al. Intestinal immune 

response to human Cryptosporidium sp. infection. Infection and immunity. 2008;76(1):23-9 . 
12. Wyatt CR, McDonald V. Innate and T cell-mediated immune responses in cryptosporidiosis. The Pathogenic 

Enteric Protozoa: Giardia, Entamoeba, Cryptosporidium and Cyclospora. 2004:91-101 . 

13. Tanrıverdi S, Grinberg A, Chalmers RM  ,Hunter PR, Petrovic Z, Akiyoshi DE, et al. Inferences about the global 
population structures of Cryptosporidium parvum and Cryptosporidium hominis. Applied and Environmental 

Microbiology. 2008;74(23):7227-34 . 
14. Rashmi K, KL RK. Intestinal Cryptosporidiosis and the Profile of the CD4 Counts in a Cohort of HIV Infected 

Patients. Journal of Clinical and Diagnostic Research: JCDR. 2013;7(6):1016 . 

15. Weber R, Bryan R, Juranek DD. Improved stool concentration procedure for detection of Cryptosporidium 
oocysts in fecal specimens. Journal of Clinical Microbiology. 1992;30(11):2869-73 . 

16. Newman R, Jaeger K, Wuhib T, Lima A, Guerrant R, Sears C. Evaluation of an antigen capture enzyme-linked 
immunosorbent assay for detection of Cryptosporidium oocysts. Journal of clinical microbiology. 

1993;31(8):2080-4 . 

17. Manabe YC, Clark DP, Moore RD, Lumadue, Dahlman HR, Belitsos PC, et al. Cryptosporidiosis in patients with 
AIDS: correlates of disease and survival. Clinical Infectious Diseases. 1998;27(3):536-42 . 

18. Montero JA, Sinnott JT, Holt DA, Lloyd C. Biliary cryptosporidiosis: current concepts. Infections in Medicine. 
2001;18(6):312-6 . 

19. Foudraine NA, Weverling GJ, van Gool T, Roos MT, de Wolf F, Koopmans PP, et al. Improvement of chronic 
diarrhoea in patients  with advanced HIV-1 infection during potent antiretroviral therapy. Aids. 1998;12(1):35-

41 . 

20. Derynck R, Akhurst RJ. Differentiation plasticity regulated by TGF-β family proteins in development and disease. 
Nature cell biology. 2007;9(9):1000-4 . 

21. Maruszewska-Cheruiyot M, Stear MJ, Machcińska M, Donskow-Łysoniewska K. Importance of TGFβ in cancer 
and nematode infection and their interaction—Opinion. Biomolecules. 2022;12(11):1572 . 

22. Beck PL, Rosenberg IM, Xavier RJ, Koh T, Wong JF, Podolsky DK. Transforming growth factor-β mediates 

intestinal healing and susceptibility to injury in vitro and in vivo through epithelial cells. The American journal 
of pathology. 2003;162(2):597-608 . 

23. Langhorst J, Elsenbruch S, Koelzer J, Rueffer A, Michalsen A, Dobos GJ. Noninvasive markers in the assessment 
of intestinal inflammation in inflammatory bowel diseases: performance of fecal lactoferrin, calprotectin, and 

PMN-elastase, CRP, and clinical indices. Official journal of the American College of Gastroenterology| ACG. 
2008;103(1):162-9 . 

24. Pfefferkorn MD, Boone JH, Nguyen JT, Juliar BE, Davis MA, Parker KK. Utility of fecal lactoferrin in identifying 

Crohn disease activity in children. Journal of pediatric gastroenterology and nutrition. 2010;51(4):425-8 . 
25. Baker EN, Baker HM. A structural framework for understanding the multifunctional character of lactoferrin. 

Biochimie. 2009;91(1):3-10. 
26. Querinjean P, Masson PL, Heremans JF. Molecular weight, single‐chain structure and amino acid composition 

of human lactoferrin. European Journal of Biochemistry. 1971;20(3):420-5 . 

27. Lönnerdal B, Iyer S. Lactoferrin: molecular structure and biological function. Annual review of nutrition. 
1995;15(1):93-110 . 

28. Wooldridge KG, Williams PH. Iron uptake mechanisms of pathogenic bacteria. FEMS microbiology reviews. 
1993;12(4):325-48 . 

29. Kanyshkova TyG, Babina SE, Semenov DV, Isaeva Ny, Vlassov AV, Neustroev KN, et al. Multiple enzymic 

activities of human milk lactoferrin. European journal of biochemistry. 2003;270(16):3 353 -61 .  
30. Bassad A-A. Detection of Cryptosporidium parvum by modified acid-fast stain among cancer patients in Thi-Qar 

province. University of Thi-Qar Journal of Science. 2023;10(2):10-5 . 
31. Younis SH, Alkhasha F. Epidemiological study of Cryptosporedium parvum parasite in some districts of Nineveh 

province, with referring to histopathological effects in lab mice. College Of Basic Education Research Journal. 
2021;17(4):1023-48 . 

32. Mead JR. Early immune and host cell responses to Cryptosporidium infection. Frontiers in parasitology. 

2023;2:1113950 . 



European Journal of Research Development and Sustainability (EJRDS) 
__________________________________________________________________________ 

41 | P a g e 

33. Wahid HHA, Jassim AH, Hamoodi AS, Al-Mussawi KM. Cryptosporidium parvum parasite microscopic and 

molecular diagnostics in the Holy Karbala/Iraq. Journal of Pharmaceutical Negative Results. 2022:304-11 . 

34. YILMAZ A, Akkaş Ö, GÜVEN E, AYDIN H, Hakan U. Investigation of Cryptosporidium spp. in Immunosuppressive 
and Immunocompetent Cases with Diarrhea by Microscopic, Serological and Molecular Methods. Middle Black 

Sea Journal of Health Science. 2018;4(3):11 -9 .  
35. Weitzel T, Dittrich S, Möhl I, Adusu E, Jelinek T. Evaluation of seven commercial antigen detection tests for 

Giardia and Cryptosporidium in stool samples. Clinical Microbiology and Infection. 2006;12(7):656-9 . 

36. Yung SC, Murphy PM. Antimicrobial chemokines. Frontiers in immunology. 2012;3:276 . 
37. Yang D, Chen Q, Hoover DM, Staley P, Tucker KD, Lubkowski J, et al. Many chemokines including CCL20/MIP-

3α display antimicrobial activity. Journal of Leucocyte Biology. 2003;74(3):448-55 . 
38. Hunter PR, Nichols G. Epidemiology and clinical features of Cryptosporidium infection in immunocompromised 

patients. Clinical microbiology reviews. 2002;15(1):145-54 . 
39. Beck PL, Podolsky DK. Growth factors in inflammatory bowel disease. Inflammatory bowel diseases. 

1999;5(1):44-60 . 

40. Ciacci C, Lind SE, Podolsky DK. Transforming growth factor β regulation of migration in wounded rat intestinal 
epithelial monolayers. Gastroenterology. 1993;105(1):93-101 . 

41. Buderus S, Boone JH, Lentze MJ. Fecal lactoferrin: reliable biomarker for intestinal inflammation in pediatric 
IBD. Gastroenterology Research and Practice. 2015;2015 . 

 


