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Abstract  

Worldwide, the apicomplexan parasite Cryptosporidium is responsible for significant diarrheal illness in both people 

and animals. The epidemiological, molecular, and clinical illness load of untreated Cryptosporidium infections in 

people in Al-Anbar province are all summarized in the current review. The disease is extremely common in both 

humans and animals, according to reports that have been retrieved about cryptosporidiosis in Iraq. However, the 

conclusions drawn from these reports are unclear and frequently used conventional techniques for detecting the 

infective stage of Cryptosporidium, the oocysts, in clinical samples. Numerous screening surveys are point prevalence 

studies that reported cryptosporidiosis as the cause of diarrhea in newborns and young children; other infections that 

cause diarrhea were not eliminated. Numerous investigations using a variety of environmental matrices revealed a high 

incidence of Cryptosporidium oocysts consuming tap water, which enables its spread to people and animals, in various 

regions of Iraq. There aren't many reports on the molecular characterisation of the various Cryptosporidium species 

found in Iraq, although both Cryptosporidium hominis and Cryptosporidium parvum have been found in human 

isolates, with the latter being more common in cattle, sheep, goats, and birds. To accurately determine the 

epidemiological condition of cryptosporidiosis, a nationwide investigation on sufficient numbers of samples from 

people of all ages in Al-Anbar province using cutting-edge diagnostic techniques is necessary. To further identify the 

species and subtypes of Cryptosporidium infecting people and animals, particularly during outbreaks, molecular 

genotyping research must be carried out in Iraq. Consequently, the parasite Cryptosporidium should be detected and 

monitored regularly. 
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Background  

A harmful protozoan called Cryptosporidium spp. may 

be found in many hosts' gastrointestinal tracts. Ernest 

Edward Tyzzer originally identified this parasite in the 

gastrointestinal epithelium of mice in 1907. The first 

human infection was documented in 1976, occurring in 

both an adult and a kid during the same year. Due to 

outbreaks in daycare facilities, immunocompromised 

individuals, and instances of waterborne transmission, 

Public health worries have been raised by 

Cryptosporidium spp (Meireles 2010). 

Cryptosporidium spp is among the common 

waterborne parasites and a significant public health 

problem globally due to the resistance of its oocyst and 

the infectious form to most of the disinfectants used in 

water treatment plants.  (Baldursson and Karanis 

2011). The Coccidia Class  was the original 

classification for this protozoan., but has recently 

undergone a gregarine classification in light of 

studies(Carreno, Matrin, and Barta 1999)(Karanis and 

Aldeyarbi 2011) that tracked the stages of evolution 

following the excision and sequencing of the 18S 

rRNA gene. In terms of morphology and phylogeny, 

Cryptosporidium spp. are more closely related to 

gregarine than to coccidia. The scientific community 

did not adequately address these findings until Clode et 

al.(Clode, Koh, and Thompson 2015) outlined them. 

Because of this, Cryptosporidium spp. is now classified 

in the subclass Cryptogregaria of the Class 

Gregarinomorphea, an epicellular class that includes 

organisms with an epimerite, a feeding organelle 

remarkably similar to that of gregarines but without 

apicoplast .It was also found through in vitro and in 

vivo research, that Cryptosporidium spp. may complete 

its development stages independently of a host 

cell(Gunasekera et al. 2020). 

 Cryptosporidium spp. can develop biofilms in water or 

sewage treatment facilities, increasing the risk of 

outbreaks and thereby creating serious issues in the 

effective management of these resources. Additionally, 

microbial biofilms could develop in the human gut, 

exposing the host to infections both during and after 
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they have already occurred. Molecular biology 

methods have emerged as the basic tools for studying 

the epidemiology of numerous infectious agents, 

including C. spp. By using molecular techniques in 

taxonomy, Xiao et al. claim that one of the criteria that 

can be used to confirm the Cryptosporidium species 

evaluation is genetic data(Xiao and Feng 2017). There 

are currently 38 species of Cryptosporidium known, 

which include parasites that infest both mammals and 

amphibians(Fayer 2008).There are more than 40 

genotypes that infect animals, but the two species most 

usually associated with human infections are 

Cryptosporidium parvum and Cryptosporidium 

hominis(Khan, Shaik, and Grigg 2018). 

 Molecular techniques usually rely on the 18S rRNA 

genes for the characterization of the Cryptosporidium 

genotype because they have 5 copies in each genome 

and exhibits low rates of variation due to a slower rate 

of evolution.  Therefore, they are the preferred locus 

for animal samples that might harbor genotypes or 

species that have not yet been classified. The most 

popular technique for determining C. hominis subtypes 

in humans and C. parvum subtypes in ruminants and 

humans is the analysis of GP60 glycoprotein in the 

DNA sequence(Xiao 2010) ; this gene is used for this 

purpose because of its tandem terminal repeats of the 

TCA, TCG, or TCT trinucleotides, thereby resembling a 

microsatellite sequence (also known as gp15/40). The 

classification of C. ubiquitum, C. andersoni, C. 

parvum, C. hominis, and C. meleagridis into families 

can also be based on the diverse subtypes, in addition 

to the differences in the levels of trinucleotide 

replications in sequences on regions without repeats 

because it is the marker in the genome of C. spp (the 

most observed polymorphism till date). In the human 

body, one of the primary targets of the human 

neutralizing antibody responses is the GP60 protein; 

this protein is secreted by the gp60 gene and detectable 

on the surface of the apical region of the invasive 

phases of the parasite(O’Connor et al. 2007). 

The two Cryptosporidium species, C. parvum and C. 

hominis, are the subject of ongoing study into their 

families and subtypes, with some of the findings 

coming from other parts of the globe. The 

Cryptosporidium species has been divided into the 

following subtypes: C. hominis (Ia-Ik) has ten subtypes 

while C. meleagridis and C. parvum (IIa-IIt) have ten 

and nineteen subtypes, respectively(Abe et al. 2006) . 

Compared to C. hominis which is mostly found in 

Australia, England, and Portugal, families Ia, Id, and Ie 

are mostly seen in India, Peru, Kenya, Malawi, and the 

USA(Alves et al. 2006).  If, Ib, and Id are the three 

families that are most frequently detected in South 

Africa; some samples from Portugal have also 

produced evidence for the If family(Leav et al. 2002) . 

Despite being thought of as a Cryptosporidium species 

unique to humans, C. hominis is being found in an 

increasing number of cases in animals. Dogs, rats, 

kangaroos, sheep, and goats have all been found to 

have C. hominis. The cosmopolitan subtype IbA10G2 

is the most prevalent subtype in humans in these areas 

and is associated with animal infection(Zhang et al. 

2020). 

In addition to the 18S rRNA and gp60 gene targets, 

Other genes have also been utilized as molecular tools 

for the characterization of C. species and its sub-types 

following the availability of numerous molecular 

techniques (Table 2). When infected with 

Cryptosporidium spp., a person may display no 

symptoms, as only moderate clinical signs, like 

spontaneous diarrhea, or other more serious symptoms 

may occur. These people could develop a condition 

that lasts for months or even years. Cryptosporidiosis 

can be complicated in some cases and can cause the 

death of up to 50% of AIDS patients. In other cases, 

the lungs, pancreas, and hepato-biliary system may 

also be affected by cases of extra-intestinal 

cryptosporidiosis. It has been noted that the second-

most prevalent symptom after intestinal infection is 

biliary cryptosporidiosis; this condition has been 

established in about 26% of AIDS patients.Specialized 

research is inadequate as a result of the rarity of 

respiratory tract infections and the possibility of 

underdiagnosis. The signs of this condition include 

chest pain, fever, coughing, dyspnea, and radiological 

abnormalities resembling those observed in other lung 

infections(Albuquerque et al. 2012). 

 

Table 1 - Cryptosporidium species 

Species  Main host Site of infection  

C. hominis   Human   Small intestine 

C. parvum   Ruminants   Small intestine 

C. meleagridis  Birds and human   Small intestine 

C. felis   Cats   Small intestine 

C. canis   Dogs   Small intestine 

C. ubiquitum  Cattle, Ruminants, rodents,  Intestine 
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primates  

C. viatorum  Human  Small intestine 

C. cuniculus   European rabbits  Intestine 

C. andersoni  Cattle   Abomasum 

C. suis  Pigs  Small and large intestine 

C. bovis   Cattle  Small intestine 

C. erinacei   European hedgehog, horses  

C. scrofarum   Pig  Intestine 

C. tyzzeri   Mouse, Rodents  Small intestine 

C. xiaoi   Sheep and goats  

C. muris   House mouse, Rodents  Stomach 

 

Table 2-  lists the techniques for genotyping and subtyping Cryptosporidium using molecular epidemiology. 

 

Target 

  SSU Rrna - (18S rRNA gene) 

  60-kDa glycoprotein gene -  (gp60) 

  70-kDa heat shock protein gene -  (hsp70) 

  Oocyst wall protein gene  

  Actin gene 

  β-tubulin gene 

 Thrombospondin-related adhesive protein 

gene (trap-C1 ad trap-C2) 

  ITS1 of rRNA 

  Dihydrofolate reductase gene - (dhfr) 

 

Molecular techniques 

  Single-round and nested PCR 

  PCR-RFLP 

  Real-time PCR 

  Single strand conformation polymorphism 

(SSCP) analysis 

  Melting curve analysis 

  Microarray 

  DNA sequencing 

  Multilocus fragment (MLFT) - sequence 

(MLST) typing 

  New generation sequencing  (NGS) 

 

Laboratory diagnosis 

If a patient has human cryptosporidiosis, it may be 

determined in the lab by looking for antibodies against 

Cryptosporidium spp., as well as antigens or genetic 

material. For a very long time, The diagnosis involves 

the flotation or centrifugation-sedimentation 

procedures used to concentrate the oocytes of the 

parasite during the parasitological investigation of stool 

samples (SPE). Monoclonal antibodies used in ELISA 

or immune-chromatographic testing have also been 

used for the detection of specific antigens of the 

parasite in fecal samples(McHardy et al. 2014). These 

monoclonal antibodies are also used to develop oocyst 

purification methods that dramatically improve the 

ability to identify parasites in environmental samples. 

These methods include the use of paramagnetic beads 

that have been adsorbed to anti-Cryptosporidium 

monoclonal antibodies for fluorescence-based 

detection. However, the speciation of C. spp. in 

samples cannot be achieved using these techniques. 

The molecular methods of parasite-specific DNA 

sequence identification have enabled not just a 

thorough evaluation of the taxonomy of species but 

also improved laboratory diagnosis by facilitating the 

classification of species and subtypes within these 

species (Khurana and Chaudhary 2018). 

 

Stool parasitological examination 

The aim of the microscopy detection methods based on 

stool sample concentration is to improve the chances of 

parasite detection in stool samples by comparing the 

densities of various fecal components, such as debris 

and lipids that might obscure parasite visibility. The 

two most often used techniques for concentrating 

oocysts are sedimentation utilizing gradients of ether- 

and formalin-based solvents, and flotation in saturated 

sucrose solutions (Khurana and Chaudhary 2018). For 

improved oocyst visualization, light field or phase 

contrast optical microscopy is indicated(Kar et al. 

2011) . Oocysts look clear under a light field 

microscope, typically as slightly pinkish forms with 

granules within. Oocysts appear as sparkling bodies 

with black granules in phase contrast. . In 1923, 

Sheather's solution was introduced as a way of aiding 

the process of identifying different forms of parasites 

in animal fecal samples via a simple centrifugation-

flotation method that requires a centrifugation-flotation 

process Sheather's solution (a hyper-saturated sucrose 

solution). This method causes parasitic structures to 

fluctuate so they can later be retrieved. This method 

requires the sedimentation of detritus in a high-density 

sucrose solution via centrifugation to promote the 
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separation of coccidian oocysts and protozoa cysts, The 

density gradient and fluctuation of parasite 

evolutionary forms (such as cysts and Oocysts) are 

facilitated during the centrifugation step by introducing 

additional solutes, such as zinc sulfate into the 

centrifugation mixture. Staining procedures are always 

performed after the concentration steps to improve the 

visibility of the cysts. Studies on coccidia have utilized 

a variety of staining methods, such as Kinyoun, Ziehl-

Neelsen, methylene blue, modified Koster staining, 

negative staining, safranin, auramine, etc. to improve 

the visibility of cysts (Mirhashemi et al. 2015). 

 The most widely used method for detecting 

Cryptosporidium spp. oocysts is still hot-resistant acid 

staining because of its cost, ease of use, and enhanced 

dye setting. The morphological analysis of oocysts 

cannot be used to identify Cryptosporidium species 

since they are so small (4–8 m), they may have 

imperceptible morphological differences, or they may 

be similar between different species(Fall et al. 2003). 

 The size of the oocysts may make them difficult to 

notice, hence it is critical to boost the sensitivity of 

these staining techniques. Additional factors decreasing 

the sensitivity of this technique for morphological 

assessment include the occasional removal of cysts 

from feces and the necessity of professional detection 

and identification of parasites. False-positive results 

can also result from misclassifying staining yeasts such 

Cryptosporidium spp. and fat bubbles. Other stains that 

can be used in coccidia research include Malachite 

Green, Giemsa, Auramine, Nigrosin, and Light Green. 

It is difficult to standardize the diagnosis process for 

these protozoa in diverse clinical laboratories since the 

sensitivity and specificity of these dyes are uncertain. 

The histological study using autopsy and biopsy 

materials may also be frequently employed to 

determine the parasite's identity and track its 

evolutionary forms(Chalmers and Giles 2010). 

The frequently used method of hematoxylin-eosin 

staining is used to see Cryptosporidium in tissues. 

Basophilic spherical structures, measuring 2.0 to 7.5 m, 

can be detected on the surface of epithelial cells in 

histological sections. Two more techniques that can be 

used are stains composed of silver and Schiff periodic 

acid. Transmission electron microscopy can be used to 

examine the parasites' ultrastructural 

characteristics(Valigurová et al. 2008) . Although the 

basic approach for identifying Cryptosporidium spp. is 

fresh or formalin-preserved fecal analysis, the 

parasitological diagnosis has a number of 

shortcomings: It takes time, requires a skilled 

microscopist to detect the organisms, and may not be 

very sensitive. Another use for which this method fails 

is the examination of samples that have been subjected 

to adverse conditions, such as frozen feces or 

environmental samples, which may alter the 

morphology of the parasite. It's crucial to remember 

that employing microscopic methods makes it 

impossible to determine the species or genotypes that 

are causing the disease(Jex et al. 2008). 

 

 
Figure 1: Cryptosporidum spp. under microscope(100x) with  Ziehl-Neelsen 

 

Immunological methods 

 Immunological methods are available for the rapid, 

accurate, and straightforward detection of antigens. For 

species differentiation in immunological research, 

Antigens can also be easily, quickly, and accurately 

detected using immunological techniques. Monoclonal 

antibodies produced against specific targets are needed 

for species differentiation in immunological studies. 

Even though these monoclonal antibodies are more 

expensive, they are more sensitive than the 

conventional staining methods. The diagnosis of 

diseases caused by Giardia lamblia, Entamoeba 

histolytica/Entamoeba dispar, or Cryptosporidium 

spp., based on the identification of antigens 
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(coproantigens) has been considered helpful because, 

in these disease states, there is a high rate of fecal 

clearance of the causative agents. The identification of 

Cryptosporidium spp. in water samples can also be 

done using immunological methods, such as indirect 

immunofluorescence techniques(Neto et al. 2010). 

Analysis using the filtration-concentration methods 

requires different volumes of water depending on the 

type of water samples analyzed; this increases the 

sensitivity of the fluorescence-labeled monoclonal 

antibodies and DAP (4',6'-diamidino-2-phenylindole) 

in the detection of oocysts (Neto et al. 2010). The 

serum of infected persons can also be used for the 

detection of circulating antibodies, but the problem 

with this method is that it cannot be used to distinguish 

between the stages of infection (present or past); this 

has a negative consequence on the test value, 

especially when analyzing people from endemic 

regions with high parasite load. Another problem of 

this serum antigen-based method is that since several 

species under the genus Cryptosporidium share 

antigens, it is difficult to distinguish between species 

using the development of antibodies against oocyst 

wall antigens. To address this problem, scholars have 

recommended the development of specific, accurate, 

and sensitive molecular techniques for the detection of 

DNA fragments of parasites during active 

infections(Navarro-i-Martinez, del Águila, and Bornay-

Llinares 2011) . 
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