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ABSTRACT

Cryptosporidium spp., the causative agent of Cryptosporidiosis, is an obligate intracellular and 
extracytoplasmic protozoan. Cryptosporidium spp. emerges as a public health problem transmitted 
by contaminated water and food due to its features such as the widespread occurrence of oocysts 
in nature, low infective doses, ability to pass through the filters of treatment plants, resistance 
to disinfectants, and ability to survive in water and soil for months at appropriate humidity and 
temperature. Transmission to humans usually occurs through the fecal-oral route by ingestion of 
oocysts. However, endogenous auto-infection can occur. Respiratory transmission has been 
reported. Cryptosporidium spp. infections may lead to serious life-threatening clinical conditions in 
children under two years of age and immunosuppressed patients. To prevent water and foodborne 
cryptosporidiosis outbreaks and protect public health, the causes of Cryptosporidium oocysts 
contaminating these resources should be determined, necessary precautions should be taken and 
combat methods should be determined. In this review, information on the life cycle, epidemiology, 
clinical findings, diagnosis, protection, and control of Cryptosporidium spp. is presented.
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ÖZ

Cryptosporidiosis etkeni olan Cryptosporidium spp., zorunlu intrasellüler ve ekstrasitoplazmik bir 
protozoondur. Cryptosporidium spp., ookistlerinin doğada yaygın olarak bulunması, enfektif 
dozlarının düşük olması, arıtma tesislerinin filtrelerinden geçebilmeleri, dezenfektanlara karşı dirençli 
olmaları, su ve toprakta uygun nem ve sıcaklıkta aylarca canlı kalabilmeleri şeklinde sıralanabilecek 
özellikleriyle kontamine su ve gıda ile bulaşan bir halk sağlığı problemi olarak karşımıza çıkmaktadır. 
İnsanlara bulaş genellikle ookistlerin fekal oral yolla alınmasıyla gerçekleşir. Ancak endojen oto-
enfeksiyon da gelişebilmektedir. Respiratuvar bulaş bildirilmiştir. Cryptosporidium spp. enfeksiyonları 
iki yaş altı çocuklarda ve immünsupresif hastalarda hayatı tehdit eden ciddi klinik tablolara neden 
olabilmektedir. Su ve gıda kaynaklı cryptosporidiosis salgınlarının önlenmesi ve halk sağlığının 
korunması için Cryptosporidium ookistlerinin bu kaynakları kontamine etme nedenleri belirlenerek 
gerekli önlemlerin alınması ve mücadele yöntemlerinin belirlenmesi gerekmektedir. Bu derlemede 
Cryptosporidium spp.’nin yaşam döngüsü, epidemiyolojisi, klinik bulguları, tanısı, korunma ve 
kontrolü ile ilgili bilgilere yer verilmiştir. 

Anahtar Kelimeler: Cryptosporidium, immünsupresif, protozoon,

Introduction

Cryptosporidium spp. is an opportunistic parasitic 
agent transmitted through oocysts in contaminated 
water and food. It can infect mainly the intestines and 
many organs, such as the lungs, pancreas, and gall 
bladder (1). Along with Giardia, it is the most common 
parasite in humans worldwide (2).

Cryptosporidium species were first described by Clarke 
in 1885 as spore clusters on the epithelium of a mouse 
stomach. In 1905, Ernest Edward Tyzzer demonstrated 
them in the gastric mucosa cells of mice and 
named them Cryptosporidium, which means hidden 
sporocysts in ancient Greek, because they do not 
have sporocysts in their oocysts, unlike other Coccidia 
species. The disease it causes has been called 

Cryptosporidiosis (3). Cryptosporidium spp., the agent 
of Cryptosporidiosis, is an obligate, intracellular, and 
extracytoplasmic protozoan (4). 

Cryptosporidium species are included in the 
Apicomplexa group, Sporozoasida class, Coccidiasina 
subclass, Eucoccidiorida order, Eimeriorina suborder, 
and Crptosporidiidae family (5). There are approximately 
22 species of Cryptosporidium spp., which are either 
zoonotic or anthroponotic. While the zoonotic species 
of the agent, Cryptosporidium parvum, infects both 
humans and animals, the anthroponotic species 
Cryptosporidium hominis is only a pathogen for humans 
(6). Additionally, C. canis, C. felix, C. meleagridis, and C. 
muris can also cause human infection (7).
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Life Cycle

The life cycle of Cryptosporidium spp., characterized 
by six stages, the alternation of sexual and asexual 
fertilization, is completed in a single host. The only 
stage the parasite spends outside the host is the oocyst 
stage (8).

In the first stage of the life cycle (excystation), four 
infective sporozoites are released from the oocyst 
ingested by the host as a result of opening in the small 
intestine. These sporozoites enter the intestinal epithelial 
cells. The intestinal microvilli folds surround the parasite 
to form a membrane sac. In this way, the parasite 
shows an intracellular-extracytoplasmic settlement 
in the intestinal epithelial cells of the host (9). In the 
second stage of the life cycle (merogony), sporozoites 
first transform into trophozoites and then into type 
1 meronts by asexual reproduction. 6-8 merozoites 
are formed from type 1 meronts. These merozoites 
enter new cells and begin sexual reproduction by 
reproducing asexually and transforming into either 
type 1 or type 2 meronts (4 merozoites). The third 
stage of the life cycle of Cryptosporidium spp. is 
gametogony. Merozoites formed from type 2 meronts 
transform into macro and microgametocytes, and 
then into either macro or microgametes. In the fourth 
stage of the life cycle (fertilization), microgametes 
fuse with macrogametes to form an oocyst (zygote). 
In the fifth stage, the oocyst wall is formed. While a 
two-layered oocyst wall is formed in approximately 
80% of oocysts, a thin-walled structure is formed in 
20%. The final stage of development, the sporogony 
stage, takes place inside the parasitic vacuole. After 
meiosis, four sporozoites are formed inside the thin-
walled oocysts. These oocysts are ejected into the 
intestinal lumen and hatch there without leaving the 
host (5). This process is responsible for the recurrence of 
infection in the host, which is called autoinfection (4). 
Chronic cryptosporidiosis is observed in cases where 
the host cannot destroy this parasite. Thick-walled 
type 2 oocysts are sporulated and excreted with the 
host feces. Thus, the life cycle is completed in a single 
host (monoxen). Oocysts shed in the environment 
penetrate new hosts and begin a new life cycle (5).

Epidemiology

Cryptosporidium oocysts are widely found in nature 
due to their ubiquitous properties (10). In recent 
years, Cryptosporidium spp. has come to the forefront 
as a public health problem transmitted through 
contaminated water and food due to its characteristics, 

such as low infective doses of its oocysts, no necessity 
for a new host or maturation process, long incubation 
period, the ability of oocysts excreted in feces 
contaminating the environment for up to 60 days even 
if clinical symptoms are not seen, being able to pass 
through the filters of treatment plants with their 4-6 μm 
size, being able to be transported in air and water for 
long distances due to their small size, being resistant to 
disinfectants (e.g., chlorine), and being able to survive 
in water and soil for months at appropriate humidity 
and temperature (11-13). Therefore, waterborne 
outbreaks caused by Cryptosporidium spp. have been 
reported in history. This agent has been included in the 
category B pathogen list by the Centers for Disease 
Control and Prevention (CDC) (14).

Outbreaks caused by this parasite, particularly those 
from swimming pools, have been reported since the 
1990s in many developed countries, including the 
United States (US), Canada, England, Scotland, and 
Japan. However, the most important of these occurred 
in Milwaukee, USA, in the spring of 1993, where 403,000 
cases were reported (15). The Milwaukee outbreak 
is the largest waterborne outbreak on record, and 
during the outbreak, the presence of Cryptosporidium 
oocysts was shown in 90% of sewage samples, 75% in 
river water samples, and 28% in drinking water samples. 
Also in 1984, an outbreak of cryptosporidiosis occurred 
in two separate locations in a residential area with 
5,900 people in Texas. It was determined that the 
drinking water for these two centers was supplied from 
the same artesian well, that the water was circulated 
without being filtered, while it was chlorinated just 
before being released to the network. After the 
outbreak, dye tests were used to definitively establish 
that sewage effluents were mixed with drinking water 
and that this mixing occurred at irregular intervals. 
However, the location where sewage effluents are 
mixed with drinking water could not be determined. 
In 1987, in an outbreak in West Georgia where an 
estimated 13,000 people were affected, it was 
determined that drinking water criteria met federal 
and state standards at the time, but when the stools 
of 489 people were examined, 61% were found to 
be positive for Cryptosporidium. Of the 322 people 
using alternative drinking water, 20% were found to 
be Cryptosporidium positive (3). When the national 
literature was examined, in a study conducted in 
the water resources of Mardin, the presence of 
Cryptosporidium spp. was determined to be 8.92% 
with the Kinyoun acid-fast staining method (16). In Iğdır 
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province, in the analysis of 69 spring water samples 
using native-Lugol, modified acid-fast staining, and 
nested polymerase chain reaction (nPCR) methods, 
Cryptosporidium spp. was found to be positive in 1 
sample (1.4%) (17). 

Access to clean and adequate water and food is 
currently a problem in underdeveloped countries. 
It is estimated that the inability of non-industrialized 
countries to keep up with population growth and the 
inability to meet the increasing demand for clean 
and safe drinking water due to migration to urban 
areas will continue to affect the spread of diseases 
(18). Therefore, the prevalence of Cryptosporidium 
spp. infection is higher in developing countries (10). 
Cryptosporidiosis is reported to occur at an incidence 
of 1-9% in people with a healthy immune system in 
developed countries and at an incidence of 7-20% in 
developing countries (19).

Epidemiological studies reveal that the geographical 
distribution of Cryptosporidium spp. varies around the 
world. Studies have reported that C. parvum and C. 
hominis are responsible for 90% of cryptosporidiosis 
cases (5). While C. hominis is common in North and 
South America, Australia, China, Japan, and Africa, C. 
parvum is more common in Europe and New Zealand, 
especially in the UK (20).

Cryptosporidium spp. infections can cause serious 
life-threatening clinical conditions in children under 
two years of age (19). This age group may pose a risk 
for prolonged Cryptosporidium spp. infection even if 
immunodeficiency tests are normal because there 
may be defects in the natural immune system and 
lymphocyte functions (21). When international data 
are examined in the literature, the Cryptosporidium 
positivity rate in children presenting with diarrhea varies 
between 10 and 25% (22). In studies conducted in our 
country, in Van and Izmir, among children presenting 
with acute diarrhea, the presence of Cryptosporidium 
spp. oocysts in stool samples were reported at a 
frequency of 2.2% and 13.5% (19). In another study, it 
was observed that the prevalence of Cryptosporidium 
spp. was higher in children, especially in prolonged 
diarrhea (23).

Cryptosporidium spp. can cause severe infection, 
especially in immunocompromised individuals, due 
to its intracellular location and its ability to cause 
autoinfection (6). The rate of Cryptosporidium 
infection in HIV-positive patients is 14% in developed 
countries and 24% in developing countries. In studies 

conducted on immunocompromised individuals in 
Türkiye, the prevalence of Cryptosporidium spp. has 
been reported to be between 0-35.5% (5). 

The parasite is transmitted through infected food and 
drinks, contaminated water (swimming pools, hot 
springs, jacuzzis, lakes, rivers, and streams) with human 
or animal feces, and uncooked consumption of 
contaminated food (19). In recent years, transmission 
through unpasteurized fruit juices has been frequently 
mentioned (7). People are usually infected by 
ingesting oocysts via the fecal-oral route (6). However, 
endogenous autoinfection can also occur. The 
transmission route of oocysts can be summarized as 
human to human, animal to human, and environment 
to human. This parasite can pass from the waste of 
infected animals to drinking water sources during 
periods of heavy rainfall (7). Respiratory transmission 
has also been reported (24). 

Family members, daycare centers, pre-school, and 
similar institutions constitute an important source 
of direct transmission from person to person. It has 
been reported that the infection rate is high in some 
occupational groups (veterinarians, livestock breeders, 
and farm workers), those traveling to endemic areas, 
and those in close contact with infected people (25). 
Farm animals are an important source of transmission. 
Cattle, sheep, goats, and pigs play a role as 
reservoirs in the transmission of the disease agent (26). 
Contamination of the product with manure during 
production, irrigation water, agricultural workers, food 
processors, kitchen workers, washing water, kitchen 
counters, and tools and equipment constitute a 
potential source of cryptosporidiosis outbreaks. In 
a study conducted on food industry workers in the 
Van region, the rate of the asymptomatic carrier 
was determined as 1.27% (27). Vegetables, fruits, and 
salads consumed raw without a heating process, 
unpasteurized milk and apple juice, dairy products, 
meat, offal, and various seafood (mussels, oysters) 
are foods that carry a risk in cases of cryptosporidiosis 
(5,28). In India, the rate of Cryptosporidium spp. was 
determined as 6% in fresh vegetables (coriander, 
lettuce, tomatoes, cucumbers, cabbage, red pepper, 
mint, carrots, and radishes) purchased from different 
sales points (29).

Clinical Findings

The incubation period of infections caused by 
Cryptosporidium varies from 5 to 28 days (3). 
Cryptosporidiosis causes abdominal pain, nausea, 
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vomiting, diarrhea, weight loss, and anorexia in humans 
(30). Diarrhea can be acute or chronic, transient, 
intermittent or continuous, in severe diarrhea, fluid loss 
can be up to 25 L/day (21).

Infection usually limits itself in immunocompetent 
individuals and resolves within a few weeks (30). 
In immunocompromised individuals, the course of 
infection can be short-term and rapidly resolving 
diarrhea or chronic diarrhea resulting in life-
threatening cholera-like diarrhea, malabsorption, 
and malnutrition. Symptoms are particularly severe in 
patients with acquired immunodeficiency syndrome 
(AIDS), viral diseases such as measles, leukemia, 
gammaglobulinemia, insulin-dependent diabetes, 
renal failure, solid organ transplantation, and cancer 
treatment. In these patients, diarrhea may last longer 
than two months, and oocyst excretion with feces, 
severe dehydration, weight loss, and malnutrition 
may be observed throughout the infection (2,31). 
Although the main location of Cryptosporidium 
spp. is the intestines, extraintestinal involvement 
(bile ducts, pancreas, stomach, respiratory system, 
kidney) may also be seen in immunocompromised 
patients. When systematic screening is performed, 
it has been reported that Cryptosporidium spp. 
colonization is up to 70%, especially in patients with 
hyperimmunoglobulin M syndrome, among primary 
immunodeficiencies, and this leads to serious problems 
ranging from sclerosing cholangitis to hepatitis and 
end-stage liver disease (21). It has been reported that 
biliary system involvement may be seen in 10-30% of 
patients diagnosed with AIDS from secondary immune 
deficiencies, that is, it may occur as acalculous 
cholecystitis, sclerosing cholangitis, and pancreatitis 
(19). Pulmonary cryptosporidiosis is characterized 
by cough (10). Intestinal symptoms and fever are 
frequently observed and may be fatal (7).

Diagnosis

In the diagnosis of Cryptosporidium infections, 
stool, sputum, or bile samples are evaluated with 
microscopic, molecular, serological, histopathological, 
and culture methods (11,32,33).

However, it is difficult to evaluate Cryptosporidium 
oocysts in direct microscopic examinations due to 
their small size. Microscopic examination after acid-
fast staining is accepted as the minimum method for 
diagnosis (34). However, it has been reported that the 
sensitivity of microscopic methods is low, the workload 
is high and is prone to personnel mistakes (35).

In recent years, with the widespread use of molecular 
methods, it has been reported that the detection rate 
of Cryptosporidium spp. in foods has increased, and 
the sensitivity and specificity of the method are high. 
(36). Additionally, thanks to genomic studies, detailed 
information about the biology of the parasite has 
been obtained. These studies have also helped to 
understand the antimicrobial resistance mechanism 
of the parasite (37). Although polymerase chain 
reaction (PCR) is a fast and highly sensitive method, 
there are many limiting factors for the method. First 
of all, an appropriate extraction method should be 
used for DNA isolation. Bile salts, bilirubin, complex 
polysaccharides, and other components in stool 
are structures that can exhibit inhibitory properties 
in the PCR technique. Therefore, to use the PCR 
technique routinely in stool-based studies, the risk of 
contamination should be eliminated and oocysts 
should be meticulously isolated from the sample. Also, 
the selection of appropriate primers in terms of the 
reliability of the test is very important for the sensitivity 
of the study (5). 

In the Enzyme-Linked ImmunoSorbent Assay (ELISA) 
method, one of the serological diagnostic methods, 
the stool sample is emulsified with the sample dilution 
fluid. The diluted stool sample and the conjugate with 
the monoclonal antibody specific to the parasite 
antigen are put in the wells of the microplates. These 
wells contain polyclonal antibodies that will bind to 
the Cryptosporidium oocyst antigen. If oocysts are 
present in the stool sample, the polyclonal antibodies 
in the microplates and oocyst-specific monoclonal 
antibodies in the conjugate bind. Nonspecific 
combinations are removed by washing. When the 
substrate is added, color formation occurs due to the 
enzyme-antibody-antigen complex (38). The sensitivity 
of ELISA methods is higher than microscopic methods. 
However, cross-reaction with other microorganisms 
limits the use of the method (39). 

The direct fluorescent antibody (DFA) method is 
another serological diagnostic method, which detects 
the surface antigens of the parasite. This method is 
more sensitive (99%) and specific (100%) compared 
to microscopic examinations and is accepted as the 
reference method. With DFA, the stool sample in which 
the agent is sought is put on a slide and fixated, and 
fluorescein isothiocyanate (FITC)-labeled monoclonal 
antibodies are used. Oocysts are detected by 
examination using a fluorescence microscope (40). 

Histopathological methods were used in the diagnosis 
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of Cryptosporidium spp. before the 1980s. In intestinal 
biopsies, eosin and hematoxylin stains were used 
to search for small and round parasite oocysts in 
microvilli, but species differentiation could not be 
made. It is not preferred today because it is an invasive 
method, requires rapid evaluation of biopsies, is not 
economical, and requires a long time to process (41). 

With culture methods, in colon cancer cells and 
iliocecal adenocarcinoma cells, it is possible to detect 
infective oocysts of Cryptosporidium spp. resistant 
to the effects of inhibitors in water samples. It has 
also been reported that cell culture methods detect 
the concentration of Cryptosporidium spp. oocysts. 
In addition to these positive sides, there are also 
negative sides, such as the need for various materials 
for culture and the need for 1-3 days to observe oocyst 
morphology (42).

Treatment

An effective treatment approach against 
Cryptosporidium has not yet been established 
because its basic biology is not fully understood. For 
this reason, the infection can become chronic and 
reach life-threatening levels (43-45).

Lack of knowledge about biochemical and metabolic 
pathways underlies treatment limitations. Studies 
show that Cryptosporidium does not have functional 
mitochondria and lacks the active Krebs cycle, but 
notes that it encodes all glycolytic enzymes. Since 
the parasite primarily uses anaerobic oxidation of 
glucose in energy metabolism, enzymes and other 
products involved in the glycolytic pathway may be 
potential targets for anticryptosporidial drugs. Other 
studies conducted with apicomplexan parasites have 
shown that antiparasitic treatment can be achieved 
by inhibiting glycolysis (43,45). 

ATPases are a family of proteins that actively transport 
ions and aminophospholipids across the membrane. 
Studies indicate that Cryptosporidium requires a 
P-ATPase family to maintain homeostasis during 
its passage through intracellular and extracellular 
environments. Additionally, a new P-ATPase 
(CpATPase3) of this agent has been characterized. It 
is thought that these pathways can be used for drug 
development (46).

Some research suggests that essential oils may be 
effective against C. parvum. It is known that essential 
oil molecules such as carvacrol, linalool, thymol, and 
eugenol have antimicrobial effects, but no detailed 

study has been conducted on their antiprotozoal 
activities (47). 

In the immunocompetent patient group, water and 
electrolyte replacement therapy is usually sufficient 
(22). An effective chemotherapeutic agent is needed 
because it causes life-threatening clinical symptoms 
in the immunocompromised patient group (44). 
Paromomycin, rifampicin, rifabutin, HIV protease 
inhibitors, macrolides, and nitazoxanide are the 
agents used for treatment in these patients (22,48). 
Halofuginone and toltrazuril are among the agents 
whose therapeutic properties are evaluated (49). 

A study found that heparin sulfate is effective against 
this agent. It has been noticed that the effect of 
Cryptosporidium is inhibited when the C.parvum 
elongation factor 1α protein (CpEF1α), which is 
responsible for the spread of this parasite, interacts 
with heparin. For this reason, it is thought that heparin 
sulfate may be a promising agent in the treatment of 
Cryptosporidium (50).

Protection and Control

Consumption of water determined not to comply 
with drinking water standards leads to serious 
health problems regarding public health (13). 
Therefore, Cryptosporidium, which is considered a 
potential bioterrorism agent resistant to standard 
water disinfectants, must be purified from water 
(7). Chlorination alone is not effective in eliminating 
Cryptosporidium oocysts. Removal of oocysts from 
drinking water by coagulation, sedimentation, 
filtration, and disinfection methods are the primary 
procedures that should be performed in cases of 
waterborne cryptosporidiosis. Correct application 
of these traditional processing techniques ensures a 
success rate of 99% or more. Following the critical times 
when oocysts can pass through the filtration barrier, a 
backwash process that ensures the filtration of waste 
should be applied. The addition of a coagulant or 
the frequency of the backwash process minimizes the 
passage of oocysts (6,51,52).

Besides, water inspections should be carried out 
by relevant institutions, water should be analyzed 
at regular intervals, and contamination of natural 
resources or canal systems with agricultural, domestic, 
and industrial waste should be prevented. Especially in 
provincial and district centers, it may be appropriate 
to provide water from the network system to fountains 
that cannot be supplied with quality source water 
(13). 
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Although most parasitic infections can be treated, 
several control programs should be implemented to 
reduce infection rates. People should be informed and 
hygiene conditions should be provided. In case of an 
outbreak, cooperation should be established between 
different centers, health authorities and academicians 
should act together, cases and their contacts should 
be quickly identified, necessary precautions should 
be taken and the outbreak should be brought under 
control in a short time (15).

Conclusion

To prevent water and foodborne cryptosporidiosis 
outbreaks and protect public health, the causes 
of Cryptosporidium oocysts contaminating these 
resources should be determined, necessary 
precautions should be taken and combat methods 
should be determined.

Author’s  Contribution:

DB conducted the literature review and wrote the 
article.
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