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INTRODUCTION 
 
Cryptosporidiosis is considered as a major zoonotic 
infection caused by protozoan parasite, with public health 
and economic impacts on humans and animal health, since it 
infects humans and a wide variety of animal species. 
Cryptosporidiosis is caused by an intracellular apicomplexan 
protozoan parasite belonging to different species of 
Cryptosporidium. About 23 species of Cryptosporidium 
have been identified from human and other vertebrates 
including domestic animals with different degree of 
pathogenicity ranging from asymptomatic to severe 
gastrointestinal disorder (Ryan and Hijjawi 2015). This 
parasite has a direct monoxenous life cycle (sexual and 
asexual stages), which is completed within a single host, 
usually an herbivore animal (Leitch and He 2012). 
Humans are most commonly infected with Cryptosporidium 
hominis by the consumption of contaminated food or water 
with oocysts of the parasite. The parasite infects the 
gastrointestinal tract and causes injury to small intestine 
resulting in severe diarrhea (Feng et al. 2018). Furthermore, 
Cryptosporidium parvum, which most frequently infects 
animals, can cause infection in humans as well and is also 
considered as a zoonotic protozoan (Hatam-Nahavandi et al. 
2019). 
 Several species of Cryptosporidium cause infection in young 
ruminants especially cattle leading to varying degree of 
symptoms such as loss of appetite, lethargy, dehydration, 
retardation of the animal's growth, reduction in milk yield, and 
in some cases can cause death of the infected animal 
(Thompson et al. 2008; Thomson et al. 2017; Santin 2013). Till 
now, the importance of human and animal cryptosporidiosis 
failed to gain necessary attention. Such attention could be 
illustrated by the economic losses in domestic animals. 
Cryptosporidiosis is common in many domestic and wild 
animals and these animals can serve as sources for the infected 
stage, the sporulated oocyte that infects humans and 
contaminate the environment (Robertson et al. 2014).  
Domestic animals are susceptible to sporulated oocyst 
(Hatam-Nahavandi et al. 2019; Gerace et al. 2019). Sporulated 
oocyst in the feces is considered as the infected stage for wide 
host range due to the easy way for transmission and the highly 

resistance nature of the oocysts to disinfectants and 
environmental condition (Caccio` and Putignani 2014). Several 
species of Cryptosporidium infect domesticated animals. 
Among these, C. bovis and C. parvum are found in cattle, C. canis 
in dogs, C. baileyi in birds, C. cuniculus in rabbits, C. felis in cats, 
C. meleagridis in Turkeys, C. suis and C. scrofarum in pigs 
(Petersen 2015). 
 
Historical Perspective of Cryptosporidium 
 
In 1907, cryptosporidiosis was first recognized as a commensal 
protozoan by Edward Tyzzer, who isolated Cryptosporidium 
muris from asymptomatic laboratory mice. Following the initial 
description of Cryptosporidium, the discovery was elapsed 
over 50 years, as the parasite was misdiagnosed with other 
coccidian members particularly Sarcocystis, because the oocyst 
of Sarcocystis species have thin walls, which rupture and 
release sporocysts containing sporozoites like sporulated 
oocyst of Cryptosporidium (Xiao et al. 2004).  
In early 1960s, ultrastructural studies recognized endogenous 
stages having an attachment organelle of the parasite, which is 
used as the main character for differentiation between 
Cryptosporidium and Sarcocystis and the wrong perception of 
strict host specificity was used for Cryptosporidium. Such 
recognition led to the new discoveries of various species: C. 
garnhami (humans), C. bovis (calves), C. agni (sheep), C. rhesi 
(monkeys), C. anserinum (geese), C. cuniculus (rabbits) (Upton 
2000; Pedraza-Diaz et al. 2001; Xiao et al. 2004). 
The veterinary importance was highlighted with high mortality 
and morbidity in turkeys caused by C. meleagridis in 1950s and 
bovine diarrhea caused by C. parvum within the early 1970s 
(Current and Garcia 1991), and the diagnosis of 
Cryptosporidium species in the respiratory and gastrointestinal 
tract of mammals, reptiles, birds and fish (Leitch and He 2012). 
Although, broad range of domestic animals were infected with 
Cryptosporidium, but the impact remained ignored until 1980s 
when cryptosporidiosis was recognized as one of the common 
primary causes of neonatal diarrhea in calves and lambs 
(Tzipori et al. 1982).  
In the twentieth century, several species of Cryptosporidium 
were named based on the host origin, due to cross-
transmission of the Cryptosporidium from one host species to  
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another such as C. wrairi in guinea pigs, C. meleagridis in turkeys, 
C. felis in cats, C. baileyi in poultry and game birds (Goodwin 
1989; O’Donoghue 1995; Xiao et al. 2004). Recently, several 
Cryptosporidium spp. are named by using molecular 
techniques such as C. andersoni from cattle, C. canis from dogs, 
C. hominis from humans, and C. molnari from fish (Fayer et al. 
2001; Alvarez-Pellitero and Sitja-Bobadilla 2002).  
 
Classification of Cryptosporidium spp 
 
According to the classification system proposed by Tyzzer 
(1907), Cryptosporidium species is classified as: 
Phylum: Apicomplexa  
Class: Conoidasida 
Subclass: Coccidia  
Order: Eucoccidiorida 
Suborder: Eimeriorina 
Family: Cryptosporidiidae 
Genus: Cryptosporidium  
 
Life Cycle and Ultrastructure of Cryptosporidium 
Parvum 
 
Cryptosporidium has complex monoxenous life cycle 
undergoing both sexual and asexual replications (Bouzid et al. 
2013). The parasite undergoes several morphological changes 
for completing its life cycle. The life cycle starts with the infected 
stage, the oocyst which is excreted in human or animal feces 
leading to the contamination of water and environments as 
presented in Figure 1. The oocyst has obscure internal 
structures with average size around 4-6 μm. Two forms of 
oocysts exist: Thin wall oocyst consists of protein lipid 
carbohydrate matrix which causes re-infection in the wall of the 
digestive tract and thick wall oocyst consists of inner and outer 
walls which is released to the environment with feces 
(Pumipuntu and Piratae 2018). The thick wall of sporulated 
oocyst enable oocyst to withstand in the environmental 
conditions (sunlight and drying). Animals are infected by 
consuming contaminated food (grazing) or contaminated 
drinking water. The excystation of oocysts occurs in the 
gastrointestinal tract under favorable condition such as the 
presence of carbon dioxide, bile salt, pancreatic enzymes, acidic 
pH and optimum temperature (37oC) which induces 
excystation of oocysts and release of four sporozoites that 
invade the outer small intestine enterocytes of the 
gastrointestinal tract (O’Donoghue 1995; Silva and Sabogal-Paz 
2020; Siddique et al. 2021).  
The sporozoite of Cryptosporidium is nucleated, spindle shape 
stage with average size of 5.0 ×0.5 μm. The apical complex of 
sporozoites is the defining feature of Cryptosporidium and help 
in the invasion and adherence to gastric epithelial cells in 
stomach in case of infection with C. muris and C. andersoni and 
the intestinal epithelium cells in case of infection with C. parvum 
and C. hominis (Fayer 2010). 
The sporozoites are engulfed by the host cells and form 
parasitophorous vacuole which changes the cytoskeleton of 
the infected cells (Guérin and Striepen 2020). Asexual cycle 
begins with the conversion of sporozoites into trophozoite 
inside the parasitophorous vacuole. Mitotic division occurs and 
results in the production of type I meront, which converts into 
6-8 type I merozoites. Merozoites (type-I) can re-attack the cell 
and replicate asexually and produce two forms, either meronts 
which holds eight merozoites or meronts (type-II) which holds 

only four merozoites. The merozoites are less active and larger 
than merozoites which are reproduced from type I meronts. 
Merozoites (type-II) infect neighbor enterocytes and produce 
macrogamont (female) and microgamont (male) which are 
sexual stages reproduced by fertilization to form diploid zygote 
which in turn convert to oocysts. Four sporozoites result from 
meiosis division in oocyst (Tandel et al. 2019).  
 
The Genome of Cryptosporidium Species 
 
The genomes of Cryptosporidium are containing eight 
chromosomes, with average size of 0.945-2.2 Mb and a total 
haploid genome size of about 9.2 Mb (Hays et al. 1995; Blunt 
et al. 1997). Moreover, Cryptosporidium parvum contain two 
small extrachromosomal cytoplasmic double-stranded RNAs 
(Khramtsov et al. 1997). The RNAs have an open reading frame 
(ORF), each of them encodes RNA-dependent RNA 
polymerase and encodes protein that has restricted homology 
to protein kinases of the mammalian (Clark 1999). The rRNA 
gene of Cryptosporidium parvum is composed of small rRNA 
subunit with a size of 1.7 kb and a large rRNA subunit with size 
of 3.6 kb, as well as 5.8S rRNA subunit with a size of 151-bp. 
The analysis of the genome revealed the presence of metabolic 
pathway and the lack of cellular structures found in other 
apicomplexans (Wanyiri and Ward 2006). Although, the main 
energy source for parasite is glycolysis metabolism, but both 
aerobic and anaerobic metabolisms are presented, hence 
reflecting the flexibility of the environment (Barta and 
Thompson 2006). The limitation of biosynthesis and 
metabolism suggesting the major requirement on nutrient 
acquisition from the host (Rider and Zhu 2010.). The analysis 
of genome encoded many transporters which are necessary for 
the importance of the critical nutrients from the host (Xu et 
al. 2004, Pain et al. 2005). Genomic analysis presented that 
Cryptosporidium spp. and Plasmodium spp. shared over 150 
ancestral “apicomplexan” proteins, involved mainly in 
interactions with host cells of the eukaryotic and the biogenesis 
of the apical complex (Templeton et al. 2004).  
 
Epidemiology of Cryptosporidiosis in Ruminant 
 
The infection of farmed animals with cryptosporidiosis is of 
veterinary significance, consequentially leading to clinical 
morbidity, mortality besides major production losses. The 
zoonotic nature of various species of Cryptosporidium 
indicated that the public health may be affected by animals’ 
infection (Robertson et al. 2014). The transmission of 
Cryptosporidium oocysts from host to another occurs via 
contaminated feces, droppings, food, water and utensils 
(Zahedi et al. 2020). 
Cryptosporidiosis is detected in small and large ruminants 
worldwide, especially calves and lambs (Thomson et al. 2017). 
Four types of Cryptosporidium were identified in large 
ruminants especially cattle and buffaloes are C. parvum, C. 
andersoni, C. rayanae and C. bovis (Haghi et al. 2020). The main 
causative agent of profuse diarrhea and possibly death in 
neonatal calves is Cryptosporidium parvum, then the disease is 
asymptomatic in animals older than six weeks (Siddique et al. 
2021).  
In Iraq, several research studies on cryptosporidiosis illustrated 
that among domestic animals; cattle are more commonly 
infected with oocysts of C. parvum compared to other domestic 
animals  with  prevalence  of  54.1%,  due  to  shedding of heavy 
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Fig. 1: Life cycle of Cryptosporidium parvum. 
 
burden of oocysts (1.1× 108) per gram of feces (Silverlås and 
Blanco-Penedo 2013; Robertson et al. 2014; Hatam-Nahavandi 
et al. 2019; Alali et al. 2021). Other species of Cryptosporidium 
have been reported; Cryptosporidium andersoni diagnosed 
among young and adult cattle, while C. bovis and C. ryanae were 
detected among post-weaned calves and less commonly among 
pre-weaned calves (Yang et al. 2020; Alali et al. 2021). The 
reasons for detection of Cryptosporidium species in many 
animals’ species at different ages are due to changes in the 
intestinal microflora as well as changes in diet, which may 
reduce the capacity of the pathogen to infect adult animal 
enterocytes (Siddique et al. 2021).  
Cryptosporidium anderson infects adult cattle more commonly 
than young cattle and leads to a decrease in milk production in 
adult cows. While, infection with C. parvum may lead to 
tiredness, weariness, fatigue, profuse watery diarrhea, 
dehydration, inappetence and death in severe cases among 
neonatal calves. In case of watery diarrhea, the signs of diarrhea 
appear after 3-4 days of ingestion of oocysts. Then the infected 
animals may shed 1×1010 oocysts per day (Mohteshamuddin 
et al. 2020; Wu et al. 2020; Shaw et al. 2021). 
Among small ruminant, sheep and lambs are infected with 
cryptosporidiosis caused by C. ubiquitum and C. parvum. 
Cryptosporidium ubiquitum the oocysts can be detected in all 
age groups of these animals, while C. xiaoi and C. parvum mostly 
infect lambs and goat kids (Dessì et al. 2020). The infection is 
more severe among small ruminants compared to large 

ruminants with 100% morbidity and 50-70% mortality. Most 
common clinical signs among infected small ruminant are 
diarrhea, anorexia, abdominal pain and depression (Mammeri et 
al. 2019; Kabir et al. 2020; Santin 2020). Among livestock, few 
studies have been performed on cryptosporidiosis in sheep and 
goats than in cattle due to the reason that sheep and goats are 
grazing in open outdoor area as compared to cattle which is 
being kept indoors (Robertson et al. 2014). In general, younger 
small ruminants are more vulnerable to cryptosporidiosis as 
compared to older ruminants, due to high rate of diarrhoeal 
prevalence and shedding, whereas, in old animals, subclinical 
infection occurs which is reflected in low shedding rates (Vieira 
et al. 1997; Robertson et al. 2014). In Iraq, few and inadequate 
studies have been conducted on Cryptosporidium in animals and 
these studies covered few cites with variable infection rates. In 
Mosul among calves the rate of infection was 29% (Al-Robaiee 
and Al-Farwachi 2014), in Wasit the rate of infection was 51.7% 
among calves (Al-Zubaidi 2015), in Baghdad, the rate of infection 
was 35.6% among cattle (Merdaw et al. 2018), also another study 
was conducted in Baghdad and recorded a high rate of infection 
which was 38% among cattle (Alseady and Kawan 2019). 
Generally, one study was conducted among horses in Baghdad 
city with a high rate (64%) of infection (Altaee et al. 2014). 
Another two studied on Cryptosporidiosis in camels were 
performed, which reported varying rates of infection about 14% 
-61% and C. parvum was the only species detected (Hussin et al. 
2015; Ahmed et al. 2016). However, in case of sheep and goats, 
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the rate of infection was 13% -74% in sheep and 12% -32.5% in 
goats and six species of Cryptosporidium were reported 
namely; C. parvum, C. hominis, C. suis, C. andersoni, C. ubiquitum 
and C. xiaoi among sheep and goats (Alali et al. 2021).  
 
Diagnosis of Cryptosporidiosis 
 
Cryptosporidiosis does not have a pathognomonic clinical sign, 
which means that laboratory verification is mandatory for 
confirmation of diagnosis. Hence microscopic examination is 
required for detecting the oocysts in the feces after staining the 
samples with one of the following stains; modified acid-fast 
stain, Auramin O (fluorescent stain) or immunofluorescent 
stain (Jex et al. 2008). The acid-fast method used for detection 
is a modified method of Ziehl Neelsen and dimethyl sulfoxide, 
it contains safranin-methylene blue, and modified Koster.  
Ziehl-Neelsen stained oocyst appears as red crescent-shaped 
sporozoites with size around 4-6 μm (Chalmers and Katzer 
2013). Concentration of stool samples is necessary for the 
detection of stained smear, which enhance the detection of 
fresh, frozen or preserved stool by concentrating the quantities 
of oocysts (Pacheco et al. 2013). Two common methods are 
used for the concentration of stool samples; Formalin Ethyl 
Acetate sedimentation technique and modified zinc sulfate 
floatation technique (Pumipuntu and Piratae 2018).  
Although microscopic examination remains the gold standard 
for detection, but it is time-consuming, besides that it is lacking 
both specificity and sensitivity which depends mainly on the 
expertise of the microscopist to distinguish oocysts from other 
cysts found in the sample (Jex et al. 2008). Therefore, 
Immunological techniques has been developed for the 
detections of the oocyst antigen including Enzyme Linked 
Immunosorbent Assay (ELISA) and immunochromatographic 
lateral flow (ICLF) (Fayer et al. 2000; Jex et al. 2008). Although 
such techniques reduce labor, cost and time consumption and 
enhance the sensitivity and specificity, but many antigens of 
infected oocyst are preserved within Cryptosporidium species. 
Hence molecular technique based on DNA detection have 
been developed and used to identify species of 
Cryptosporidium using; polymerase chain reaction (PCR) assay 
(real time PCR, nested PCR and multiplex PCR), DNA 
sequence and PCR Restriction Fragment Length 
Polymorphism, (Simonato et al. 2017; Abdelsalam et al. 2017; 
Mero et al. 2017). 
 
Molecular Characterization of Cryptosporidium 
Species 
 
Identification of new species of Cryptosporidium is no longer 
depend on the morphological description studies because most 
infected animals harbor multiple Cryptosporidium spp., which 
are usually difficult to be differentiated from each other on the 
basis of morphological characters. Hence, molecular diagnostic 
techniques are developed to identify species based on the 
distinct genetic differences. In most molecular methods, several 
genetic studies use DNA markers such as small subunit 
ribosomal ribonucleic acid (SSU rRNA), gene family of heat 
shock protein 70 (HSP70), Acetyl-CoA gene, Cp15 and Cp 11 
gene, 60 kDa glycoprotein (gp60) and dihydrofolate reductase 
inhibitors (dhfr) and for the detection of different species of 
Cryptosporidium isolated from animal sources (Fayer et al. 
2000; Khan et al. 2017). Such DNA markers are beneficial due 
to their universal distribution and had specific and generic 

primers (Xiao et al. 2004). DNA markers are useful for 
distinguishing between Cryptosporidium andersoni and C. 
muris and also, used to distinguish C. parvum from C. canisand 
C. hominis (Fayer et al. 2001; Morgan-Ryan et al. 2002). Other 
DNA markers have been used for differentiating some species 
of Cryptosporidium such as gene coding proteins; 
Cryptosporidium oocyst wall protein (COWP) gene which is 
used for differentiating between Cryptosporidium wrairi and 
C. parvum, and also, between C. parvum isolated from animal 
and human origin (Xiao et al. 2000). Thrombospondin Related 
Adhesive Protein 1 (TRAP-C1) (Spano et al. 1998) and b-
tubulin gene for identification C. parvum (Widmer et al. 1998). 
Besides noncoding DNA sequences used such as Internal 
Transcribed Spacer 1 (ITS1) (Morgan-Ryan et al. 2001) and 
microsatellites (Feng et al. 2000).  
 
Treatment of Cryptosporidiosis 
 
Although, infected animals with cryptosporidiosis have strong 
immune response and can recover spontaneously without any 
treatments, some supportive treatments are required for 
managing heavy infections and to reduce oocyst shedding such 
as; paromomycin which is anti-Cryptosporidial aminoglycoside 
used in the treatment of Cryptosporidiosis in cattle, calves, 
lambs and goats with appropriate dose 100 mg/kg body weight 
up to 3 weeks after birth (Brainard et al. 2020). Halofuginone 
lactate is used as prophylactic treatment to treat milder clinical 
signs and reduce the output of oocyst (Silverlas et al. 2009; De 
Waele et al. 2010). Another drug such as nitazoxanide, 
notwithstanding and decoquinate drugs are also used in animals 
for treatment (Viel et al. 2007; Gargala 2008; Ollivett et al. 
2009; Siddique et al. 2021).  
 
Prevention of Cryptosporidiosis 
 
The only method to control cryptosporidiosis and to reduce 
the high levels of environmental contamination with infected 
stages is good hygienic farm management practices by using 
clean feeding and watering cans. The infection could be 
controlled among neonatal calves by controlling the number of 
infected stages (oocysts) consumed and ingesting an adequate 
amount of colostrum within 24 hours of birth which allow the 
immunity to develop and reducing the cryptosporidiosis 
severity and malnutrition should be avoided.  
Infected cattle should be isolated in dry and clean house from 
other infected animals to control the spreading of the parasite 
to other healthy cattle. The infected cattle should be treated 
with fluid and electrolytes, besides enhancing the digestion of 
neonatal claves by giving milk in small amounts many times daily 
to minimize weight loss (Robertson et al. 2014). Other 
preventive measures should be applied to control the 
transmission of Cryptosporidium spp. such as reducing the 
number of ruminants in the animal stocks which lowers the 
chances of contact between calves and their owners, and 
separation of young animals which are more susceptible to 
infection from adult one (Hoar et al. 2001). Batch cultivation, 
population reduction, and proper disinfection processes would 
help to keep infection levels under control (Cunha et al. 2019).  
 
Conclusions 
 
From this review it can be concluded that cryptosporidiosis is 
a zoonotic endemic disease with worldwide distribution 
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including Iraq. The life cycle of the parasite is direct and the 
disease occurred when a sufficient number of oocysts were 
ingested by humans and domesticated mammals such as sheep, 
cattle, pigs, goats, camels. Therefore, preventive measures and 
health education programs are required to reduce 
cryptosporidiosis among domestic animals and humans. 
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