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INTRODUCTION 

 
Cryptosporidiosis is an important parasitic disease. It 
leads to profuse watery diarrhea of clinical significance 
around the world, affecting gastric mucosa of humans and 
animals who have ingested infectious oocysts of 
Cryptosporidium species. Cryptosporidium oocysts are 
widespread in nature and many species of 
Cryptosporidium can induce this illness. Cryptosporidium 
was first identified in 1907 by Ernest Edward Tyzzer, a 
well-known medical parasitologist at the Harvard 
University at Boston, USA. The name Cryptosporidium 
has been given due to the lack of sporocyst within the 
oocysts, which is unique to other coccidians. More than 
thirty species of genus Cryptosporidium have been 
described worldwide. Some of them are host-specific, 
while others have been reported to affect a wide variety of 
hosts. Cryptosporidium hominus (C. hominus) and 
Cryptosporidium parvum (C. parvum) are most widely 
identified for human infections. However; C. parvum is 
also associated with ruminants infections (Yang et al. 
2021).  
Human Cryptosporidiosis is a protozoan disease that 
causes gastrointestinal problems to individuals all over the 
world. It is the disease of major public health concern in 
children between the ages of 1-5 years, particularly in 
developing nations (Kotloff et al. 2019). Cryptosporidium-
related diarrhoea was reported to be the leading cause of 
death worldwide in children under the age of five years in 
2016, with 48,000 deaths attributable to severe illnesses 
(Khalil et al. 2018). Cryptosporidium spreads from animals 
to humans, animals to animals or humans to humans 
through contaminated food or water, and therefore, is an 
important example of zoonosis and reverse zoonosis. 
Infectious oocysts may live in the atmosphere for a long 
time and are not harmed by traditional disinfection 
methods (including chlorination and iodine), so that they 
may spread easily via water (Guy et al. 2021).  
Outbreaks of human Cryptosporidiosis were reported 
during 1987, 1993, 2005, 2007, 2008, 2009, 2014 and 2017 in 
the United States of America (Gharpure et al. 2019; 
Alleyne et al. 2020), in 1995, 2005, 2008 and 2010 in UK 
(Chalmers et al. 2011), in 1996 and 2001 in Canada (Iqbal et 
al. 2015; Guy et al. 2021), in 2002, 2007, 2011 and 2013 in 
Ireland (Thomson et al. 2007; Mahon and Doyle 2017), in 
2003, 2007, 2010 and 2011 in Australia (Ng-Hublin et al. 

2015; Ng-Hublin et al. 2018), in 2010, 2011 and 2017 in 
Sweden (Insulander et al. 2013; Bjelkmar et al. 2017), in 
2020 in New Zealand (Garcia et al. 2020), in 2006, 2009, 
2017 and 2019 in France (Costa et al. 2020), in 2001 and 
2005 in Kuwait (Majeed et al. 2018), in 2010, 2014 and 2016 
in Pakistan (Raja et al. 2014; Khushdil et al. 2016), in 2010 
and 2014 in India (Sarkar et al. 2014) and in 2012 in 
Malaysia (Rossle et al. 2012). Sporadic cases of human 
Cryptosporidiosis have been reported in Iraq, Jordan, 
Saudi Arabia, China, Iran and Lebanon (Feng et al. 2012; 
Osman et al. 2015). Cryptosporidium is a parasitic 
protozoan that can live in both humans and animals. 
Cryptosporidiosis is considered to be a zoonotic disease 
due to its broad host range. Humans and animals become 
infected when they come into touch with animal waste or 
consume contaminated food and water. This is because 
both human pathogen oocysts and non-human pathogen 
oocysts are of the same anatomical structure (Zakir et al. 
2021). Since the 1980s, cattle have been the primary source 
of zoonotic Cryptosporidiosis. Many cases of 
Cryptosporidiosis occurred due to contacts with infected 
calves, veterinary students, researchers, practitioners and 
children, who attended farming camps and animal 
markets or shows. Many waterborne and foodborne 
incidents of Cryptosporidiosis have been associated with 
water and food contamination by animal waste (Caffarena 
et al. 2020). Interactions between birds and humans have 
been documented to spread zoonotic Cryptosporidiosis, 
leading to severe illnesses and deaths, especially in 
immuno-compromised individuals. It has been found that 
the incidence of Cryptosporidiosis in Asian countries 
varies greatly, the range being 8-35%. From 2009 to 2017, 
the number of human Cryptosporidiosis outbreaks in the 
United States increased at an annual rate of 12.8%. In 
under-developed countries, the situation could be even 
worse (Zaheer et al. 2021). Foodborne diseases cost the 
global economy by $15.5 billions per year due to infections 
caused by enteric microorganisms. Cryptosporidium is a 
protozoan parasite that can spread through food, causing 
800,000 foodborne illnesses each year. Foodborne disease 
impacts have still not been thoroughly studied but are 
estimated at US$10-83 billion, US$86 million, US$1,289 
billion and US$171 million per year in the United States, 
New Zealand, Australia and Sweden, respectively 
(Toljander et al. 2012). Cryptosporidiosis is a protozoan 
infection caused by Cryptosporidium, which resulted in 
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8.6 million foodborne diseases, with 3759 deaths 
worldwide in 2010 (Ryan et al. 2018). According to a 2015 
survey by the Global Enteric Multicenter Study (GEMS), 
Cryptosporidium is the second most common cause of 
diarrhea-related mortality in children under 5 years of age, 
accounting for 0.6 million deaths (Sow et al. 2016). The 
Food and Agriculture Organization (FAO) and the World 
Health Organization (WHO) have recently rated food-
borne parasites based on public health, animal health, 
microbial ecology, agribusiness and social and economic 
consequences. As a foodborne pathogen, Cryptosporidium 
ranks fifth among the 24 possible foodborne parasites, 
next only to T. solium, E. granulosus, E. multilocularis and 
T. gondii (Ryan et al. 2018). Cryptosporidium is one of 10 
foodborne pathogens tracked by the United States Food 
Net surveillance system (Crim et al. 2014). Most of the 
parasitic diseases associated with diarrhea have not been 
reported, particularly in the developing countries, due to 
poor identification and monitoring systems. 
 
Micro and Macro Characteristics of the Pathogen 
 
Cryptosporidium is a protozoan pathogen genus, 
sometimes informally referred to as Crypto, belonging to 
the Apicomplexa phylum that is responsible for causing 
gastrointestinal diseases in both animals and humans 
(Betancourth et al. 2021). Two types of diseases, intestinal 
Cryptosporidiosis and respiratory Cryptosporidiosis, have 
been reported in both the immune-deficient and immuno-
compromised individuals (Madbouly et al. 2021). The 
phylum Apicomplexa covers pathogens of public health 
concern, including the Plasmodium species and the 
Toxoplasma species. Cryptosporidium species have a 
variety of peculiar characteristics, including an endogenic 
growth period of epithelial microvilli, pathogenic and 
nonpathogenic oocysts have same morphology, oocysts 
containing smallest number of sporozoites, and organelles 
are multi-membranous. DNA studies have shown a 
correlation with gregarious instead of coccidia. The 
taxonomic classification of Cryptosporidium has not yet 
been established (Zahedi et al. 2020). 
Cryptosporidium species have a wide variety of host 
species. Polymorphism, anatomy, genetics and molecular 
data within the species recommend that Cryptosporidium 
be classified into a specific species. To date, twenty species 
of Cryptosporidium have been isolated and identified on 
the basis of the global results, and have been presented in 
Table 1 (Swaffer et al. 2018). Among these, C. parvum and 
C. hominis are more predominant in humans (Krumkamp 
et al. 2020). Many Cryptosporidium species have infected 
a range of domestic, wild, and companion animals, as 
listed in Table 2. 
Molecular genotyping tools, such as polymerase chain 
reaction (PCR; 830 bp), restriction fragment length 
polymorphism (RFLP; SspI and VspI restrictions 
fragment), quantitative polymerase chain reaction (qPCR) 
and nested PCR, have been used to identify different 
Cryptosporidium species e.g. C. parvum, C. hominis, C. 
meleagridis at genetic level (Falohun et al. 2021; Fan et al. 

2021; Mohammad et al. 2021). The glycoprotein gene 
(gp60/gp40/15) with a molecular weight of 60 kDa is 
widely used to subtype Cryptosporidium species such as 
C. hominis, C.  parvum,  C. meleagridis  and C. ubiquitum 
(Li et al. 2021).  
 
Table 1: List of Cryptosporidium species that cause disease in 
humans 

Sr. No.   Name of Species   Reference  

1.  C. hominis  Krumkamp et al. 2020 
2.  C. parvum,  Krumkamp et al. 2020 
3.  C. canis Lee et al. 2019 
4.  C. muris Silva and Sabogal-Paz 2020 
5.  C. felis Ayres et al. 2020 
6.  C. meleagridis  Yildirim et al. 2020 
7.  C. ubiquitum  Braima et al. 2021 
8.  C. andersoni  Haghi et al. 2020 
9.  C. cuniculus  Chalmers et al. 2011 
10.  C. viatorum  De-Lucio et al. 2016 
11.  C. garnhami Yang et al. 2021 
12.  C. enteriditis  Díaz et al. 2018 
13.  C. suis  Liu et al. 2020 
14.  C. tyzzeri  Díaz et al. 2018 
15.  C. scrofarum  Danišová et al. 2017 
16.  C. erinacei  Yang et al. 2021 
17.  C. cervine  Insulander et al. 2013 
18.  C. horse  Shahiduzzaman and Daugschies 2012 
19.  C. xiaoi  Dessì et al. 2020 

 
Genetic heterogeneity, such as mutation in tri-nucleotide 
repetition (TCA, TCG or TCT), has been seen at the 5′ end 
of the gp60 gene coding sequence, although major 
phenotypic mutation is also observed in the remaining 
portion of the gene. It should be noted that the widely 
used gp60/gp40/15 PCR primers do not amplify the DNA 
of C. felis, C. ubiquitum, C. canis and species not related to 
C. hominis and C. parvum (Lee et al. 2019). The 
Cryptosporidium subtype nomenclature is based on the 
gene gp60. According to this nomenclature, the subtype 
family represents letters e.g. C. hominis (Ia, Ib, Id, If, etc.); 
C. parvum (IIa, IIb, IIc, etc.); C. meleagridis (IIIa, IIIb, etc.), 
followed by the number of trinucleotide repetition 
sequences such as A is represented by TCA, G is described 
by TCG and T is defined by TCT. For example, IeA11G3T3 
subtype nomenclature indicates that le is a subtype family 
of C. hominis, 11, 3 and 3 copies belong to the trinucleotide 
repeat regions of TCA, TCG and TCT, respectively (Rojas-
Lopez et al. 2020). The possible organization among 
subtype families and phenotypes of C. parvum and C. 
hominis is one advantage of using gp60 for subtyping. The 
potential for correlation among subtype families and 
phenotypes of C. hominis and C. parvum is beneficial for 
the use of gp60 for subtypes. Glycoprotein gp60 has also 
been discovered on the parasite's surface epithelium. It 
has the ability to suppress human antibody response to 
parasitic invasion (Wang et al. 2020; Zahedi et al. 2021). 
Micro and mini satellite genomic sequences of various 
Cryptosporidium species have been analyzed using whole 
genome sequencing methods, such as locus fragment 
typing (MLFT) or multilocus sequence typing (MLST) 
(Innes et al. 2020; Liu et al. 2020). 

https://en.wikipedia.org/wiki/Apicomplexa
https://en.wikipedia.org/wiki/Apicomplexa
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Table 2: List of Cryptosporidium species which cause disease in different animals 

Sr. No.   Host   Name of Species  Reference  

1.  Cattle C. parvum, C. bovis, C. ryanae and C. andersoni, C. felis, C. 
hominis, C. scrofarum, C. serpentis 

Haghi et al. 2020; Mohteshamuddin et al. 
2020 

2.  Sheep/Goat C. parvum, C. ubiquitum, C. xiaoi Dessì et al. 2020; Kabir et al. 2020 
3.  Pigs  C. suis, C. scrofarum Wang et al. 2020 
4.  Dear  C. ubiquitum, C. parvum Yang et al. 2020 
5.  Camels  C. andersoni Silva and Sabogal-Paz 2020 
6.  Alpacas  C. parvum Shrivastava et al. 2017 
7.  Rabbits  C. cuniculus Yang et al. 2021 
8.  Birds  C. meleagridis Novaes et al. 2019 
9.  Guinea pigs   C. wrairi Ježková et al. 2021 
10.  Snakes C. serpentis Laroucau et al. 2020 
11.  Fish  C. molnari Golomazou and Karanis 2020 
12.  Kangaroos C. fayeri  Braima et al. 2021 
13.  Tortoise  C. ducismarci Rostad et al. 2019   

 

 
 
Fig. 1: Life cycle of Cryptosporidium parvum. 
 
Life Cycle of Cryptosporidium Species 
 
The peculiarity of C. parvum or C. hominis life cycle began 
with the intake of thick walled sporulated oocysts 
presented in Figure 1 (Pinto and Vinayak 2021). 
Cryptosporidium oocyst wall proteins and surface 
receptors     have     the     ability     to    withstand    
various disinfectants, such as the bleach and 
environmental exposures, e.g. sunlight. Bile salts, 
optimum temperature of 37°C and taurocholic acid play a 
significant role in the oocyst excystation of C. muris, C. 
andersoni, C. parvum and C. hominis (Silva and Sabogal-
Paz 2020). Sporozoites are released and penetrated by 
excystation into the outer small intestine enterocytes. 
Sporozoite apical complex has a gliding potential to 
adhere to intestinal epithelium cells to establish 
parasitophorous vacuole (Guérin and Striepen 2020). CP47 
is a membrane-associated sporozoite protein that binds 
specific cell receptors to host enterocytes. After 
attachment, the micronem and the dense granules move 
towards binding sites. The complex is engulfed by the host 

cell and the surrounding microvilli enlarge. The 
parasitophorous vacuole has revamped the cytoskeleton of 
the infected cells and has been responsible for taking 
nutrients from the host cytoplasm. Sporozoite converts 
into trophozoite after enclosure of the sporozoite within 
the parasitophorous vacuole, which is the establishment 
of the asexual cycle. Mitosis division in sporozoites results 
in the production of type I meront. Each type I meront 
converts into 6-8 type I merozoites, which resemble with 
the sporozoites. Type I merozoites escape from 
enterocytes and convert into 4 type II merozoites. It 
infects the nearby enterocytes, producing male and female 
microgametes. These male microgametes (microgamont) 
and female microgamete (macrogamont) can fertilize to 
form a diploid zygote, which differentiates into an oocyst. 
Meiosis division in oocyst results in 4 sporozoites 
formation. This is the sexual life cycle of Cryptosporidium 
species. At the end, fully developed oocyst is excreted into 
the environment (Tandel et al. 2019). 
 
Epidemiology of Cryptosporidiosis 
 
Cryptosporidium pathogens may be zoonotic or 
Anthroponotic (Nader et al. 2019). Cryptosporidium 
oocysts are transmitted from one host to another through 
the faecal oral route via contaminated faeces, droppings, 
food, water and utensils (Zahedi et al. 2020). Person-to-
person transmission of Cryptosporidium oocysts may be 
observed (Chalmers et al. 2019). Cryptosporidium 
infection is thought to be responsible for 30 to 50% of all 
youth deaths worldwide, and it is the second most 
common cause of diarrhoea and death in children after 
infection with some viral disease. Polluted outdoor 
recreation or drinkable water, raw vegetables, 
contamination of fruit with animal feces, direct contact 
with Cryptosporidium,  travelling to affected regions, 
changing diapers, caring for an infected person, or an 
infected animal such as handling a cow and calf have been 
implicated in the spread of Cryptosporidiosis (Bouzid et 
al. 2018; Khan et al. 2019; Makawi et al. 2021). Although 
Cryptosporidium species do not reproduce in milk, 
infected oocysts may withstand. Cryptosporidium species 
have been found in raw milk from cattle, goats and sheep 
in Norway, Iraq, Australia and Thailand. In areas where 
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Cryptosporidiosis is widespread and linked to a specific 
burden of gastric illness and death, particularly among 
children, the hazards of Cryptosporidiosis from raw milk 
should not be underestimated (Ursini et al. 2020). 
Drinking water contamination with Cryptosporidium 
species may be very dangerous, as many people can get 
the infection in a short period of time. Cryptosporidium 
oocysts are quite small, making it difficult to remove them 
from the public water supply, as the filters used are wider 
than that of the oocyst itself. Oocyst cannot be chemically 
inactivated by chlorination or other techniques commonly 
used for the treatment of drinking water. In certain 
regions, the use of ozone and ultra violet light has recently 
proven to be very efficient in inactivating 
Cryptosporidium oocysts present in drinking water (Silva 
and Sabogal-Paz 2020).  
To date, the largest epidemic caused by Cryptosporidium 
was found in Milwaukee, Wisconsin, USA in 1993, where 
about 0.4 million out of 1.6 million people became 
infected and 54 died (Choy and Huston 2020). Initially, 
the epidemic was thought to be caused by a malfunction 
in the clean drinking water system, following the 
contaminated feces of the animals entering the system. 
However, Milwaukee's wastewater gene typing showed 
that C. hominis was the most common species, stating 
that the epidemic was Anthroponotic, not zoonotic. In 
1993, the Milwaukee epidemic was estimated to cost US$ 
96 million, including maintenance and loss of production 
costs, highlighting the economic value of ignoring such 
contamination in the purification of waste water 
(Chyzheuskaya et al. 2017). Cryptosporidiosis distribution 
has also been associated with adulterated entertainment 
water, such as that found in parks and swimming pools 
(Hassan et al. 2021). C. hominis is the primary causal 
species in most human Cryptosporidiosis studies. 
Individuals in rural communities, particularly children, 
may be much more likely to be infected with C. parvum 
than children and youth, where C. hominis predominates. 
Because of the abundance of farm animals and other 
domestic pets in remote regions, there is a wider diversity 
of Cryptosporidium species in such regions (Yang et al. 
2021). Outbreaks of C. parvum have been reported in 
urban areas by veterinary students, who worked with 
calves and livestock farm workers and zoo workers 
(Mravcová et al. 2019; Thomas-Lopez et al. 2020). The 
foodborne transmission of Cryptosporidium occurs when 
food, such as vegetables and fruits, are exposed to 
contaminated water during washing and processing. 
Foodborne Cryptosporidiosis transmission is slightly 
lower than that of water-borne transmission, probably due 
to the low risk of detection or lack of reporting (Karanis 
2017). Anthroponotic transmission of C. hominis has been 
observed in people working in hospitals and nurseries, and 
can be in close contact with contaminated human faeces. 
The spread of disease by drinking water and recreational 
water has been linked to human-to-human transmission 
(King et al. 2019). The infective dose of Cryptosporidium 
oocysts has been quantified in various host species. When 
the same Cryptosporidium and host species were studied, 
the results differed from study to study. The infective doses 

of C. parvum oocysts as 10-30 oocysts, 16.6 oocysts and 87.0 
oocysts in different hosts have been determined 
(Craighead et al. 2021). The main Cryptosporidium oocyst 
peeling was recorded in calves such as 104-108 oocysts/gm 
of faeces (Mammeri et al. 2019).  
 
Immunopathology of Cryptosporidium  
 
Cryptosporidium species are obligate intracellular 
protozoan parasites that are responsible for gastroenteritis 
in humans and animals worldwide. C. hominis and C. 
parvum are the main causative agents of zoonotic 
Cryptosporidiosis. Profuse watery diarrhoea is a 
pathognomic sign of Cryptosporidiosis. In immuno-
competent individuals, the disease is self-limiting, 
whereas severe and life-threatening diseases have been 
observed in immuno-compromised individuals, 
particularly AIDS patients (Weerasooriya et al. 2020). C. 
parvum mainly infects the small intestine enterocytes. 
Sexual, as well as asexual, life cycle starts in host epithelial 
cells, particularly in the ileum. 
Comprehending the intricate evolutionary biology of C. 
parvum, as well as the regular underlying biosynthetic 
processes that cause disease throughout host parasite 
relationships, has received less attention. Infection with C. 
parvum begins with oocysts ingested by humans from 
infected animals, food and water. Sporozoites are released 
from the excystation. Thus, sporozoite adhesion to 
intestinal epithelium of the host and subsequent invasion 
are critical first steps in the pathophysiology of 
Cryptosporidiosis. Electron micrograph showed that 
sporozoites bind to host cell membranes of intestinal 
epithelium via the anterior pole. After engulfing, 
parasitophorus vacuole is developed. The ability of 
sporozoites to attach to the host epithelial cells depends 
on several factors, such as the infective dose of 
sporozoites, incubation period, pH, cations and the 
immune status of individual hosts. Various low molecular 
weight glycoprotein receptors, such as thrombospondin-
related anonymous proteins (TRAPs, 22), GP900, gp15/40, 
CSL glycoprotein, lectin and galactose-N-acetylgalacto-
samine (Gal/GalNAc), have recently been recognized on 
the exterior of sporozoites (Guérin and Striepen 2020). 
GP900 is an antigen found in C. parvum trophozoites and 
merozoites and is recognized by immunoglobulin found 
in colostrum milk. GP900 is abundant on sporozoite and 
merozoite surfaces. The immune system of the host 
identified this antigen. GP900 consists of a large N-
glycosylated proximal membrane core region, cysteine 
and polythreonine domains. It is found in micronemes 
and also at the surface of invading phases and contributes 
in the cascade of host epithelial cell penetration (Pinto 
and Vinayak 2021). C. parvum sporozoite surface contains 
Gal/GalNAc-specific lectin ligands, which help to bind 
sporozoite to the epithelial and biliary cells of the host. 
The 49 kDa precursor protein is distinguished between 
gp15 and gp40 glycoproteins after proteolytic cleavage. 
Both encode the same gene but differ in position and 
antigenicity. Gp15 is located on the entire surface, whereas 
gp40 is present in the apical complex of sporozoites. 
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Research has shown strongly that both of them are of key 
importance for host cell binding to establish pathogenicity 
(Fereig et al. 2018). Thrombospondin-related anonymous 
proteins (TRAPs) have been detected at the apical end of 
sporozoites and have been identified to be essential for 
the attachment, movement and penetration of host cells. 
Recently, a total of 12 genes, with TSP1-like domains, have 
been identified in the C. parvum genomic sequence. 
CqTSP3 and TRAPC1 are developed at both early and later 
stages of infection with C. parvum, while CpTSP5 and 
CpTSP2 are found  during later stages of infection. CP47 
and circumsporozoite-like (CSL) glycoprotein are other 
receptors present at the anterior surface of sporozoites and 
merozoites that have the ability to bind to host cells. Early 
research has also shown that the binding ability of CP47 is 
dependent on the concentration of manganese (Lendner 
and Daugschies 2014). 
The attachment of Cryptosporidium to intestinal mucosa is 
crucial for both parasitic proliferation and immune system 
activation (Hemphill et al. 2019). Intestinal epithelial cells 
(IECs) have a protective barrier to infectious microbes, due 
to the presence of numerous physiological and biochemical 
factors and stimulate innate immune response. They 
contain pattern-recognition receptors, such as intracellular 
Nod-like receptors and Toll-like receptors, which help to 
detect parasites and stimulate innate immune response by 
caspase-1 inflammasome and eNF-kB pathways. The major 
class I and class II histocompatibility complex (MHC) 
molecules are also present on the surface of the IECs. IECs 
also contain antigen presenting cells, particularly dendritic 
cells that recognize C. parvum antigen and stimulate the 
production of chemokines. The concentration of IL-8 and 
IL-18, b-defensin-2 and cathelicidin LL-37 was found to be 
increased after C. parvum infection in mice (Tessema et al. 
2009). The findings of research on C. parvum infection have 
revealed a low concentration of epithelial b-defensin-1 on 
the intestinal mucosal surface. 
IFNγ plays an important role in activating innate 
immunity and cell mediated immunity against C. parvum, 
as demonstrated in laboratory animals. The concentration 
of IFNγ has been increased in the human and calves 
enterocytes after C. parvum challenge infection. However, 
the exact mechanism for stimulation of IFNγ is not clear. 
Tumor necrosis alpha has been reported to increase the 
production of IFNγ and to inhibit the replication of C. 
parvum by decreased oocyst shedding. Macrophages and 
neutrophils produce nitric oxide that eliminates invasive 
microorganisms. Nitric oxide production is increased 
significantly during Cryptosporidium infection, possibly 
due to the production of nitric oxide enzyme by the 
infected host gastric mucosa. The role of dendritic cells in 
Cryptosporidium defense has not been fully investigated.  
Dendritic cells are involved in the removal of C. parvum 
through stimulating the production of pro-inflammatory 
cytokines by enterocytes in response to pathogens. 
Complement is an integral part of humoral and innate 
immune system and is triggered by three paths such as 
lectin pathway, classical pathway and alternative pathway. 
Among these, lectin pathway plays a significant role in 
clearing C. parvum infection (Petry et al. 2010). 

Humoral immunity has more significant effect against 
Cryptosporidiosis as compared to cell mediated immunity. 
First time T-cell role against Cryptosporidium infection 
was reported in congenitally athymic (SCID) mice in 
which T-cells were absent. It has also been shown that 
MHC-11 deficient mice are more prone to C. parvum 
infection. Human research has shown the need of CD4+ T-
cells for protection, as HIV/AIDS patients with minimum 
CD4+ T-cell count are most seriously affected. T-cells are 
further divided into Th-1 and Th2 on the basis of protein 
expression studies. Th1 cells produce interferon alpha 
(IFN-α), interferon gamma (IFNγ) and IL-12, which are 
especially effective in the defense against intracellular 
pathogens such as C. parvum. IL-2 is a key regulator for 
the up-regulation of IFNγ through an IFNγ dependent 
mechanism that directly inhibits the growth of C. parvum. 
Th-2 cells produce different forms of interleukin, such as 
IL-13, IL-5, IL-10, IL-4, which stimulate and promote the 
development of B-cells (Stoyanova 2020). 
 
Cryptosporidiosis Disease 
 
All species of Cryptosporidium do not cause the same 
disease in all animals and humans. In most mammals, the 
illness can be self-limiting to chronic. The main clinical 
signs and symptoms of Cryptosporidiosis are loss of 
appetite, watery diarrhoea, and abdominal pain (Yang et 
al. 2020). Some species of Cryptosporidium, such as C. 
hominis, C. meleagridis, C. serpentis, C. xiaoi and C. 
varanii, produce similar type of disease in humans, birds, 
snakes, goats and lizards, respectively, whereas other 
Cryptosporidium species produce different types of clinical 
signs and symptoms. C. baileyi is the causative agent of 
respiratory Cryptosporidiosis and produce respiratory 
signs and symptoms in birds. Other Cryptosporidium 
species, such as C. rayanae and C. bovis, are non-
pathogenic in some hosts and normally present in calves. 
C. parvum causes severe disease in immuno-compromised 
individuals, which may lead to death. It causes two type of 
diarrhea, malabsorptive diarrhea (MD) and secretory 
diarrhea (SD). In MD, villi of intestinal cells are destroyed, 
resulting in reduced intestinal surface area, which may 
lead to decreased water and nutrient absorption. In SD, 
microorganisms produce Vibrio cholera like toxins, which 
stimulate the secretion of epithelial cells of the host, 
resulting in profuse watery diarrhoea (Di Genova and 
Tonelli 2016). 
 
Animal Cryptosporidiosis  
 
Cryptosporidium species cause Cryptosporidiosis disease 
in large and small ruminants worldwide, particularly in 
neonatal calves and lambs (Thomson et al. 2017). Four 
species of Cryptosporidium including C. parvum, C. 
andersoni, C. rayanae and C. bovis have been found in 
large ruminants, particularly cattle and buffaloes (Haghi 
et al. 2020). C. parvum is responsible for severe infection 
in neonatal calves, causing profuse diarrhea and possibly 
death, but the disease is asymptomatic in animals older 
than six weeks. In all of these species, the organism 
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possibly infects the epithelial cells of the small intestine of 
weaned calves (Yang et al. 2020). According to age-related 
hypotheses of Cryptosporidium species found in many 
host species, it may be due to changes in normal intestinal 
microflora and may also be the result of changes in diet, 
both of which reduce the capacity of Cryptosporidium 
species to infect adult animal enterocytes. However, no 
experimental trials have been documented to confirm this 
in cattle. No age-related disease has been observed in C. 
rayanae and C. bovis infections (Díaz et al. 2018).  
C. anderson affects the epithelial cells of adult cattle 
abomasum compared to young cattle and causes a 
decrease in milk production in adult cows. C. parvum 
infection in neonatal calves may lead to lethargy, profuse 
watery diarrhea, dehydration, inappetence and death in 
severe cases. Diarrheal signs are observed after 3-4 days of 
absorption of oocysts and may last of about 1-2 weeks. It 
has been seen that the oocyst shedding is often not linked 
with gastroenteritis. Infected neonatal calves, however, 
shed 1×1010 oocysts per day (Mohteshamuddin et al. 2020; 
Shaw et al. 2020; Wu et al. 2020).  
Cryptosporidiosis in sheep was first seen in lambs less than 
3 weeks of age suffering from severe diarrhoea on a small 
ruminant farm in Australia. Australia was also the first 
country to report goat Cryptosporidiosis. C. ubiquitum, C. 
xiaoi and C. parvum have been found to cause infection in 
small ruminants. C. ubiquitum infects animals of all age 
groups but C. xiaoi and C. parvum predominantly infect 
lambs and goat kids (Dessì et al. 2020). Cryptosporidiosis in 
small ruminants causes more severe disease as compared to 
large ruminants in terms of morbidity (100%) and mortality 
(50-70%). The parasite infects the epithelial cells of the 
small and large intestines, particularly jejunum and ilium. 
Clinical signs and symptoms, such as anorexia, abdominal 
pain, depression and diarrhea, have been reported due to 
infection with Cryptosporidium (Mammeri et al. 2019; 
Santin 2020; Kabir et al. 2020). 
 
Avian Cryptosporidiosis 
 
Cryptosporidium species infect different avian species, 
like chicken, quail, turkey etc. Various types of 
Cryptosporidiosis such respiratory, ocular, renal and 
intestinal have been observed based on clinical signs and 
symptoms. Respiratory Cryptosporidiosis is more common 
in domestic poultry birds than intestinal Cryptosporidiosis 
except turkey (Zaheer et al. 2021). C. meleagridis, C. baileyi 
and C. galli are the important causative agents in avian 
Cryptosporidiosis that infect chickens, turkeys, quails, 
ostriches, Passeriformes and Psittaciformes (Novaes et al. 
2018; Kabir et al. 2020). C. meleagridis is found in the 
bursa fabricius, cloaca and intestinal tract in chickens and 
turkeys but clinically disease is present in turkeys. The 
main clinical signs and symptoms of avian 
Cryptosporidiosis include diarrhoea, small intestinal gas 
and mucus edoema, reduced weight gain, and coughing 
(Holubová et al. 2017). C. baileyi causes respiratory 
Cryptosporidiosis in ducks, turkeys and chickens. It is the 
most common source of Cryptosporidiosis in chickens, 
where it usually appears as a respiratory disease with only 

small intestine symptoms. Infection with C. baileyi has 
also been linked to reduced body weight in broilers 
(Baines et al. 2020). C. galli does not cause infection in the 
epithelial cells of the intestines and respiratory tract, but 
it infects the proventriculus, causing diarrhoea and high 
mortality rates in birds (Holubová et al. 2017). 
Cryptosporidium species also infect different species of 
pigeons, particularly carrier pigeons. Recently, three 
species of Cryptosporidium including C. meleagridis, C. 
hominis and C. baileyi have been isolated in pigeons from 
Spain and China (Li et al. 2015). Enteritis, with other major 
clinical signs such as diarrhoea, has been seen in pigeons 
(Oliveira et al. 2017). Cryptosporidium species such as C. 
baileyi, C. ornithophilus, and C. ubiquitum have been also 
isolated from ostriches farmed in Vietnam and China 
(Holubová et al. 2019). 
 
Human Cryptosporidiosis 
 
Cryptosporidiosis is a disease that affects humans in both 
developed and developing countries, as presented in Table 
3. Young persons are more resistant to disease than 
children and the elderly persons. Infections usually attack 
babies after or during weaning. Cryptosporidium infection 
in people with strong immunity usually causes self-
limiting diarrhoea, but a recent report states that 
Cryptosporidium is the second leading cause of neonatal 
diarrhea and death in various African and Asian countries, 
indicating that Cryptosporidiosis is not always moderate 
and self-limiting disease (Guy et al. 2021). To date, twelve 
species of Cryptosporidium such as C. parvum, C. canis, C. 
hominis, C. cuniculus, C. viatorum, C. bovis, C. muris, C. 
ubiquitum, C. suis, C. fayeri, C. meleagridis, and C. felis 
have been found in human beings worldwide (Danišová et 
al. 2017; Ayres et al. 2020; Yildirim et al. 2020; Braima et al. 
2021). Among these, C. parvum and C. hominis more 
frequently infect humans (Xiao and Cama 2018). The 
average incubation period ranges from 8 to 14 days. C. 
hominis produces more sever disease in humans than C. 
parvum (Shrivastava et al. 2018). The infection is usually 
found in the small intestine, but it can also spread to the 
large intestine and stomach. Human infections 
concentrated in the small intestine are more severe and 
cause more severe watery diarrhea. Distal ileum and 
intestinal infections are often asymptomatic. Since 
diarrhoea lasts longer than one week, there is a risk of 
dehydration and weight loss (Chalmers et al. 2019; Zhang 
et al. 2020). Cryptosporidiosis may be fatal in patients 
with AIDS, chemotherapy and genetic disorders. People 
living with HIV/AIDS with blood CD4+T cell counts of 
<150 per ml are particularly vulnerable to 
Cryptosporidiosis, which causes life threatening profuse 
watery diarrhoea in these people (Shrivastava et al. 2017; 
Zakir et al. 2021). 
 
Diagnosis of Cryptosporidiosis 
 
Definitive sample collection technique is a pre-requisite 
for diagnosis of Cryptosporidiosis. Faecal samples are 
collected from infected animals for diagnosis purposes. 
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Different techniques are used for diagnosis of 
Cryptosporidiosis in humans, animals and birds. Wet 
mounting and staining techniques have been used for 
microscopic examination of Cryptosporidium oocysts. 
After collection, stool or faecal samples are preserved in 
sodium acetate, formalin and polyvinyl alcohol. The image 
of oocysts under bright field microscopy incorporating 
differential interference contrast is spherical to ovoid, 
colorless, smooth, and the width can be 4-8 um. The 
better outcomes from wet mount are attained when the 
concentration of oocysts has been achieved. Various 
methods have been used for achieving oocysts 
concentration, such as saturated salt (sucrose) flotation 
method, Allen and Ridley's formol-ether method and 
centrifugation method. Among these, formol-ether 
method is more sensitive one (Khurana and Chaudhary 
2018). Because Cryptosporidium oocyst is so small, it may 
be difficult to detect in a faecal sample. Different staining 
techniques have been reported in the literature to identify 
oocysts in stool samples, including Safranin staining, 
Nigrosin staining, Ziehl-Neelsen staining, Giemsa staining, 

Malachite green staining, trichrome stain and auramine-
rhodamine staining (Shanmathi et al. 2020). Light pink to 
bright red color, bright reddish-orange color, pale green 
and colorless oocycsts have been seen in Ziehl-Neelsen 
staining, Safranin-methylene blue stains, Giemsa staining 
and Trichrome staining, respectively (Cengiz et al. 2017; 
Xiao and Griffiths 2020). 
Electron microscopy has also been reported for the 
identification and detailed structural morphological 
characterization of Cryptosporidium oocysts in humans. 
However, the main drawbacks are challenging processing, 
high machinery and installation costs and the inability to 
recognize a large sample size (Cunha et al. 2019). Multiple 
sero-immuno-based techniques, such as enzyme linked 
immunosorbent assay (ELISA), ELISA Sandwich, 
monoclonal antibodies and indirect immunofluorescence, 
have also been used to identify Cryptosporidium species 
in clinical specimens based on either antigen or antibody 
detection. These methods are more specific and sensitive 
in the 90-100 percent range (Fereig et al. 2018; Aboelsoued 
et al. 2020).  

 
Table 3: Worldwide prevalence of Cryptosporidiosis in human beings 

Country Name Host species Prevalence Reference 

Pakistan  C. parvum 28% - 53% Raja et al.  2014; Khan et al. 2019 
Iran C. parvum, C. hominis, C. meleagridis   1% - 11% Ghafari et al. 2018; Najafi-Asl et al. 2020 
Kenya C. hominis, C. parvum 4% - 75%  Deichsel  et al. 2020 
Turkey C. parvum, C. cayetanensis 0.5%  Hayriye et al. 2017 
Germany  Cryptosporidium species 1.1% Kern et al.1987 
Iraq C. parvum, C. hominis 8% - 46% Salim et al. 2018; Nasir  et al. 2020 
Egypt C. hominis, C. parvum 19% - 38% Ibrahim et al. 2016; Gabr et al. 2019; 

Mohammad et al. 2021 
United Arab Emirates Cryptosporidium sp. 19.4% El Bakri et al. 2018 
Nicaragua C. parvum 35.7% Munoz  et al. 2011 
Nigeria C. parvum, C. hominis 2.9% - 80% Falohun et al. 2021 
Nepal C. parvum, C. cayetanensis  10.7% - 29.4% Sherchand et al. 2016; Bhattachan et al. 2017 
Canada C. parvum, C. hominis 15.7% - 76.33% Iqbal et al. 2015; Guy et al. 2021 
Malaysia C. feli, C. hominis, C. meleagridis 3% - 25% Lim et al. 2011; Lim et al. 2011 
Bulgaria C. parvum 2.18% - 14% Harizanov et al. 2020 
Kuwait C. parvum, C. hominis 3.4% - 38.4% Alyousefi et al. 2013 
Yemen C. parvum, C. hominis 1% - 34.7% Alyousefi et al. 2013 
Lebanon C. parvum, C. hominis 10% - 11% Osman et al. 2015; Osman et al. 2016 
Jordan C. parvum  5% - 37% Hijjawi et al. 2017 
Thailand C. meleagridis, C. canis,  

C. parvum, C. hominis 
5% - 67% Sannella et al. 2019 

 
South Korea C. parvum, C. hominis 1.5% - 57.0% Lee et al. 2019 
Ethiopia C. viatorum, C. parvum, C. hominis,  

C. felis, C. viatorum, C. parvum  
C. hominis, C. meleagridis  

4.6% - 26.9% De-Lucio et al. 2016 

Zimbabwe C. parvum 9% Gumbo et al. 1999 
Cambodia C. parvum, C. hominis 2.2% - 23.5% Nuchjangreed 2018 
Uganda C. parvum 12% - 13% Siobhan et al. 2010 
Poland  C.parvum 11.4% Wesolowska et al. 2016 
Peru C. parvum, C. meleagridis 13.3% Ulloa-Stanojlović  et al. 2016 
Mexico C. parvum 28.4% Quihui-Cota et al. 2015 
Slovakia Cryptosporidium spp 44.4% Mravcová et al. 2019 
Guinea C. parvum 7.4% Mølbak et al. 1993 
Israel Cryptosporidium spp 3.25% Grossman et al. 2019 
Liberia Cryptosporidium spp 8.4% Højlyng et al.1986 
 Mozambique 
 

C. belli, C. hominis, C. parvum, C. felis  
C. viatorum 

8.3% - 30.8% 

 
Casmo et al. 2018 

Oman C. parvum 1.9% Farsi et al. 2020 
Portugal C. parvum, C. hominis 2.7% Almeida et al. 2006 
Australia C. hominis, C. parvum 

C. meleagridis, C. viatorum  
1% - 86% Braima et al. 2019; Braima et al. 2021 
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Characterization of genetic materials of Cryptosporidium 
species is a useful tool for the diagnosis, epidemiological 
analysis and taxonomic assessment of causative agents 
(Cunha et al. 2019). Genomic strategies, such as 
polymerase chain reaction, nested PCR, DNA 
hybridization methods, multiplex-PCR, qPCR and single-
stranded polymorphism PCR (PCR-SSCP), have been 
effectively used to identify and characterize different 
species of Cryptosporidium (Claudel et al. 2021; Yin et al. 
2021). 
 
Treatment of Cryptosporidiosis 
 
Previous studies have shown that the humans and animal 
species infected with Cryptosporidium usually recover 
spontaneously without any specific treatment. It could be 
due to their strong immune system. Some supportive 
treatments, such as electrolyte liquid treatment, pain 
killer administration, antiemetics and anti-nausea drugs, 
can help to overcome certain clinical signs such as 
dehydration, fever, headache, vomiting, nausea and 
abdominal pain. These drugs may help to treat symptoms 
of Cryptosporidiosis, but antiprotozoal treatment is also 
required in certain situations. The anti-Cryptosporidial 
Nitazoxanide drug has been approved for human use by 
US Food and Drug Administration (Bamaiyi and Redhuan 
2017; Innes et al. 2020). However, its effectiveness in 
immune-suppressed patients would be questioned. Few 
updates on the use and effectiveness of nitazoxinide in 
animals have been documented globally, which show that 
nitazoxanide may mitigate the release of Cryptosporidium 
oocysts (Pumipuntu and Piratae 2018).  
A variety of chemical agents, such as azithromycin, 
sinefungin, paromomycin, Letrazuril and roxithromycin, 
have been used to control clinical signs and symptoms 
caused by Cryptosporidiosis (Rossignol 2010). The 
combination of nitazoxanide and anti-retroviral therapy in 
HIV/AIDS patients has shown satisfactory results (Leitch 
and He 2011). Paromomycin is an anti-Cryptosporidial 
aminoglycoside used in the treatment of Cryptosporidiosis 
in cattle, calves, lambs and goats; this has resulted in 
reduced oocyst shedding. The appropriate dose of 
paromomycin is 100 mg/kg body weight up to 3 weeks 
after birth (Brainard et al. 2020). Halofuginone lactate and 
Decoquinate drugs are also used in animals for the 
treatment of Cryptosporidiosis. Halofuginone lactate has 
also been used for the treatment of avian 
Cryptosporidiosis caused by C. baileyi infections 
(Shahiduzzaman and Daugschies 2012). Paromomycin, 
azithromycin and tylosine have been used in the 
treatment of feline Cryptosporidiosis (Lappin et al. 1997).  
 
Prevention of Cryptosporidiosis 
 
Cryptosporidiosis is caused by various Cryptosporidium 
species through fecal-oral route. Infected oocysts are 
secreted into the environment. Cross-contamination with 
oocysts in drinking water and raw food from domestic and 
companion animals in community, slaughterhouses and 
certain other vectors such flies, rats and mice are the 

common sources of infection. Contaminated water supply 
and raw food can result in human illness (Ayres et al. 
2020).Thus, the most effective strategy for preventing 
Cryptosporidium spp. spread in humans is to start 
practicing hygienic practices, which include hand washing 
before preparing food and eating, after using the lavatory, 
and after contact with diarrhoeal patients, children, and 
domestic and pet animals (Pumipuntu and Piratae 2018).  
Water or raw food should be properly cleaned, rinsed, 
warmed, boiled, or cooked before intake. Patients with 
diarrhoea should also be conscious that they should not 
swim in a public swimming pool, beach resort, or pond to 
avoid spreading the disease to others. Moreover, people 
who swim in a pool, beach club, or sea should be aware of 
the consequences of disease if the water is contaminated 
(Ng-Hublin et al. 2015). The standard recommended dose 
of various commercially available disinfectants, such as 
Sorgene®5, FAM® 30, and Virkon® S, was unable to 
eliminate Cryptosporidium species oocysts, particularly in 
livestock farm areas. Little research on the field trials of 
disinfectants has been reported against Cryptosporidium 
oocysts in cattle farms (Delling et al. 2017). 
Good hygienic farm management practices are the only 
methods to reduce the spread of Cryptosporidiosis. In 
livestock farms, the spread of Cryptosporidiosis through 
faeces was reduced by using clean feeding and watering 
cans. Colostrum must be given to newborn calves within 
24 hours of birth, and malnutrition should be avoided. 
Dairy calves of  the same age group should be kept in 
separate pens that are disinfected daily. In calf farms, 
where C. parvum  has already been found, halofogenone 
can be used for 7 days to treat Cryptosporidiosis 24 hours 
after calving (Innes et al. 2020). The beddings should be 
kept dry at all times in poultry farms, with special 
attention to bedding near water sources or breeding wells. 
Always keep fonts above the drain pan or landfill to 
prevent water from entering the landfill. Feeding and 
watering equipment must be of a specific type and height 
to avoid contamination by feces. Batch cultivation, 
population reduction, and proper disinfection processes 
would help keep infection levels under control (Cunha et 
al. 2019). 
 
Conclusion 
 
Although Cryptosporidium has a history of more than a 
century, it is still one of the most challenging microbes to 
manage in livestock farms and the human animal related 
environment.  
Cryptosporidiosis is a protozoa infection that causes 
gastrointestinal side effects in humans and animals all 
around the globe. It is a major health-related problem 
among children between the ages of 1–5 years, especially 
in the developing countries. It is transmitted to humans 
and animals through infected food and water. The disease 
begins after ingestion of thick-walled infectious oocysts 
that remain in the environment for a long time and are 
not harmed by traditional disinfection methods. Human 
and animal Cryptosporidiosis is caused by C. parvum. The 
disease inhibits itself in immunocompetent peoples, but 
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persistent and life-threatening disorders have been 
observed in immunosuppressed people, particularly in 
AIDS patients. The drug nitazoxanide has been sanctioned 
for human use by the US Food and Drug Administration. 
The only way to combat Cryptosporidiosis is through good 
farm and human hygiene practices. 
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