Parasitol Res (2017) 116:1111-1128
DOI 10.1007/s00436-017-5376-3

@ CrossMark

REVIEW

Human cryptosporidiosis in Iran: a systematic

review and meta-analysis

Reza Berahmat'* - Adel Spotin” - Ehsan Ahmadpour?® - Mahmoud Mahami-Oskouei ' -
Azim Rezamand ' - Nayyereh Aminisani® - Morteza Ghojazadeh® -

Roghayeh Ghoyounchi® - Tahereh Mikaeili-Galeh*

Received: 15 October 2016 / Accepted: 12 January 2017 /Published online: 21 January 2017

© Springer-Verlag Berlin Heidelberg 2017

Abstract Cryptosporidiosis caused by Cryptosporidium spp.
is an important parasitic disease that can be life-threatening for
children and immunocompromised patients. This systematic
review and meta-analysis was designed to determine the prev-
alence rate of Cryptosporidium infection and related risk fac-
tors among the Iranian general population. We searched elec-
tronic databases including Google Scholar, PubMed, Science
Direct, Scopus and Proquest for articles in English and SID,
Magiran, [ranMedex, and IranDoc for articles in Persian. Out
of 4816 studies identified in the electronic search, 94 articles
were eligible for inclusion in the systematic review and meta-
analysis. The prevalence rate of cryptosporidiosis by using the
random effect model among children, healthy people, and
gastroenteritis and immunocompromised patients in Iran was
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estimated as 3.65, 2.94, 1.29, and 4.54%, respectively.
Findings of a phylogenetic analysis inferred by gp60 and
18S ribosomal RNA markers indicated that most of the infec-
tion rate belonged to C. parvum (particularly subtype
MaA15G2R1) and C. hominis among understudied groups.
The present study is the first systematic review and meta-
analysis providing a comprehensive view of the prevalence
of human cryptosporidiosis and its related risk factors in
Iran. It seems that the awareness of Cryptosporidium preva-
lence, risk factors, and disease complications may be required
for developing effective strategies to prevent infection.

Keywords Cryptosporidium - Cryptosporidiosis - Human -
Prevalence - Iran

Introduction

Cryptosporidiosis is caused by an obligate intracellular para-
site, which was first known as an opportunistic pathogen in
1907 (Tyzzer 1907). Cryptosporidium infection raises public
health concerns in both developed and developing countries.
On a global scale, its prevalence seems to be focused on the
USA, Canada, Australia, Europe, particularly the UK,
Germany, and Ireland (Caccio et al. 2005; Gallas-
Lindemann et al. 2013; Harp 2003; Putignani and
Menichella 2010). In 1976, cryptosporidiosis first reported
in a rural child and an immunocompromised man (Meisel
et al. 1976; Nime et al. 1976). Now, it has been reported in
over 90 countries from all continents (Fayer et al. 2000). There
are various methods for transmission of this parasite including
person to person, animal to animal, animal to human, water-
borne, food-borne, air-borne, and sexual transmission (Fayer
2010; Fayer et al. 2000; Karanis et al. 2007; Tzipori and Ward
2002). Initial infection naturally occurs by ingestion of food or
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water contaminated with oocysts. Consequently,
Cryptosporidium is identified as a main cause of food-borne
and water-borne outbreaks (Chalmers and Davies 2010;
Karanis 2006; Putignani and Menichella 2010). This protozo-
an parasite has several species that infect different hosts, but
some of them are zoonotic (Xiao 2010). Cryptosporidiosis
mainly occurs in people at risk including children, malnour-
ished persons, elderly people, and a vast range of immuno-
compromised patients such as those suffering from AIDS and
malignancies as well as transplant recipients (Aldeyarbi et al.
2016; Fayer et al. 2000; Shirley et al. 2012). This infection
usually causes self-limiting diarrhoea in healthy people, al-
though it could be life-threatening with a serious
gastroenteritis-like syndrome in children (under 2 years of
age), elderly people, and immunocompromised patients
(Plutzer and Karanis 2009; Rossle and Latif 2013;
Skotarczak 2010). This parasite is the main cause of acute
gastroenteritis and abdominal pain with a duration of several
days to weeks (Chalmers et al. 2011; Hunter and Nichols
2002; Insulander et al. 2005). Non-gastrointestinal symptoms
including cholecystitis, hepatitis, and respiratory diseases also
occur in immunocompromised patients (Hunter and Nichols
2002; Shirley et al. 2012). Cryptosporidium infection causes
more economic losses to animal husbandry and livestock pro-
duction. In addition, contact with animals seems to be a sig-
nificant source of the infection, mainly in rural areas
(Ghenghesh et al. 2012; Mahami Oskouei et al. 2014;
Snelling et al. 2007). Several methods are available for labo-
ratory diagnosis of cryptosporidiosis; they include staining
and serological techniques such as the complement fixation
test (CF), indirect haemagglutination test (IHA), indirect im-
munofluorescence assay (IFA), and the enzyme-linked immu-
nosorbent assay (ELISA). It should be noted that recently
advanced methods, such as polymerase chain reaction
(PCR), loop-mediated isothermal amplification (LAMP),
and western blot have also been used (Fayer et al. 2000;
Mahmoudi et al. 2013; Skotarczak 2010; Tavares et al.
2011). Given the importance of cryptosporidiosis among hu-
man population, a summary and an analysis of the information
on infection rates in a region can be helpful to understand its
epidemiological aspects. In the present systematic review, we
have studied papers on Cryptosporidium infection to more
accurately estimate the prevalence rate of human cryptospo-
ridiosis in Iran.

Materials and methods
Search strategy
We searched electronic databases including Google Scholar,

PubMed, Science Direct, Scopus and Proquest for articles in
English and SID, Magiran, IranMedex, and IranDoc for
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articles in Persian. Both English and Persian language articles
were included in this study. After searching databases, another
round of manual searching was conducted. The selection was
made from articles written from 1990 to 2015. Our search
strategy applied the following key words: cryptosporidiosis,
Cryptosporidium, Cryptosporidium spp., Cryptosporidium
parvum, Cryptosporidium hominis, C. parvum, C. hominis,
Iran, Islamic Republic of Iran, human, cancer, transplant re-
cipient, HIV, AIDS, immunocompromised patients, healthy
people, gastroenteritis patients, intestinal parasite infections,
epidemiology, and prevalence. We also used the proposed
synonymous terms for our search.

Study selection

Inclusion criteria: publication of articles in 1990 to 2015, de-
scriptive, cross-sectional, case-control, and epidemiology
studies and articles published in English and Persian. We
chose those studies that described the total prevalence rates
for Cryptosporidium and cryptosporidiosis.

Exclusion criteria: articles with had different diagnostic
methods, unavailable full text, and written in a language other
than English or Persian. Congress articles that were not pub-
lished in valuable journals were also excluded.

All searched studies from the databases were considered
for suitability by three different authors. Disagreements were
resolved through discussion and consensus.

Data extraction and analysis

After precise extraction of information, the extracted results
were classified in a table constituted of province, year of pub-
lication, participation, gender of positive cases (male/female),
diagnostic methods (serology/PCR/staining), and age. Actual
estimates of prevalence were evaluated with 95% confidence
intervals (CI). Entire prevalence and group-specific preva-
lence were considered with the help of age groups (<15, 16—
30, >30 years), gender (male/female), and geographical re-
gion. A forest plot was used to indicate the heterogeneity
among the studies. The statistical methods I* and Cochran’s
Q tests (P value < 0.05) were used to quantity the differences.
The meta-analysis was done by using the trial version of
StatsDirect statistical software and the random effects model
with the assumption that the included studies were a random
sample from a population of studies. In order to illustrate the
taxonomic status of Cryptosporidium spp., sequences of gly-
coprotein 60 (gp60) and 18S ribosomal RNA (rRNA) markers
of Iran were directly retrieved from the GenBank database
(FASTA format). MEGA 5.05 software based on the maxi-
mum likelihood algorithm with the Kimura 2-parameter mod-
el was used to construct the phylogenetic tree. The accuracy of
the phylogenetic tree was evaluated by 1000 bootstrap
resamplings.
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Results

Among the 4816 studies identified in the electronic search, 94
articles were eligible for inclusion in the systematic review
and meta-analysis. A flowchart shows the study design pro-
cess (Fig. 1). Table 1 shows the results of the literature search.
A wide variation was observed in the prevalence estimates
among the various studies, and the Q statistic was (Q statis-
tic = 465.496, df = 37, P < 0.0001; I? = 92.1%), (Q statis-
tic = 414.990, df = 23, P < 0.0001; I* = 94.5%), (Q statis-
tic = 206.468, df = 13, P < 0.0001; I* = 93.7%), and
(Q statistic = 215.106, df = 23, P < 0.0001; I* = 89.3%) in
children, healthy people, and gastroenteritis and immunocom-
promised patients, respectively. The prevalence rate of cryp-
tosporidiosis by using the random effect model among chil-
dren, healthy people, and gastroenteritis and immunocompro-
mised patients in Iran over the 24-year period was estimated to
be 3.65% (95% CI = 2.72-4.71%), 2.94% (95% CI = 1.45—
4.93%), 1.29% (95% CI = 0.58-2.29%), and 4.54% (95%
CI = 2.89-6.53%), respectively. The forest plot diagrams of
the current study are shown in Figs. 2, 3, 4, and 5. In this
study, we could not estimate the overall prevalence rate in
the other groups because there were not enough related articles
to analyse and it has not been widely studied in Iran. Among
the studies, three different diagnostic methods were utilized to
evaluate Cryptosporidium infection in general population.
They were staining (mZN and auramine phenol), serology
(ELISA, IFA, and direct immunofluorescence), and PCR.
The most commonly used diagnostic methods for cryptospo-
ridiosis in the general population of Iran were mZN (89 stud-
ies), followed by PCR (17 studies), and serology (nine stud-
ies). Results of the meta-analysis showed a significant differ-
ence between groups of stool appearance (P < 0.001) and also

season (P =0.001). The prevalence of Cryptosporidium infec-
tion was significantly higher in autumn and patients with di-
arrhoea (Table 2). Results of the heterogeneity of the meta-
analysis for other factors (gender, age, residency, and contact
with animals) revealed that they were homogeneous
(P > 0.05). The prevalence rate of cryptosporidiosis in the
general population of several provinces of Iran is shown in
Fig. 6. The prevalence range of human cryptosporidiosis in
various regions of Iran was between 0.83 and 24% in Guilan
and Yazd provinces, respectively. The phylogenetic analysis
inferred by gp60 and 18S rRNA markers indicated that the
majority infection rate belonged to C. parvum (especially sub-
type 11aA15G2R1) and C. hominis among understudied
groups (Fig. 7).

Discussion

Cryptosporidium is one of the important causes of diarrhoea
occurring mostly in developing countries (El Kader et al.
2012; Leav et al. 2003; Shirley et al. 2012). Different epide-
miological studies on the prevalence of cryptosporidiosis are
available nowadays. The present systematic review and meta-
analysis is the most comprehensive and first estimate of hu-
man cryptosporidiosis in Iran. On the other hand, previous
studies done on this subject were more limited to specific
groups and restricted areas. These data can be used to evaluate
prevalence of cryptosporidium in various parts of Iran and
target groups. This study is designed by using nine databases
and 94 records published between 1991 and 2015. The prev-
alence of human cryptosporidiosis varies in different popula-
tion groups of Iran. However, the rate of infection is higher
among immunocompromised patients (95% CI = 2—6%).

Fig. 1 Flowchart describing the
study design process

4469 English articles from 5 databases
(PubMed, Google Scholar, Science Direct,
SCOPUS, and Proquest) were identified.

347 Persian articles from 4 databases
(Magiran, SID, Iran Doc and Iran Medex)
were identified

4816 articles were screened

4722 articles which not dealing with
prevalence of Cryptosporidium in
human population.

V

Finally, 94 articles that met our eligibility
criteria were approved in the current review and
meta- analysis.
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Proportion meta-analysis plot [random effects]
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Fig. 2 Forest plot diagram of 38 studies showing positivity rates of Cryptosporidium infection in the Iranian children population with staining method
(first author, year and province of study)
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Fig. 3 Forest plot diagram of 24
studies showing positivity rates of
Cryptosporidium infection in the
Iranian healthy population with
staining method (first author, year
and province of study)

Proportion meta-analysis plot [random effects]

Nouri., 1991, West Azarbaijan
Athari., 2000, Tehran
Shekarabi., 2001, Tehran

Mokhber D., 2002, Tehran

Akhlaghi., 2005, Tehran [}

Seyrafian., 2006, Isfahan
Seyrafian., 2006, Isfahan

Mirzaei., 2007, Fars

Azami., 2008, Isfahan

Hassanpour., 2008, East Azarbaijan
Jahani., 2008, Tehran
Nahrevanian., 2011, Mazandaran
Heidari., 2012, Hamadan

Heidarnegadi., 2012, Khuzestan

Sazmand., 2012, Yazd
Shahbazi., 2012, East Azarbaijan
Jafari., 2013, Hamadan

Khalili., 2013, Chaharmahal & Bakhtiari

Mohtashame Pour., 2015, Isfahan [J}—-

Izadi., 2014, Isfahan

Kiani., 2015, Hamadan

Jafari., 2015, Hamadan |-

Sharif., 2015, Mazandaran

combined e—

|
0.0

Azizi., 2012, Isfahan|ji}

.

0.0000 (0.0000, 0.0316)
0.0031 (7.86E-05, 0.0172)

0.0088 (0.0018, 0.0256)

- 0.0435 (0.0011, 0.2195)
0.0040 (0.0001, 0.0221)

- 0.0357 (0.0117, 0.0814)
—.— 0.0440 (0.0121, 0.1087)
—— 0.1075 (0.0789, 0.1421)

- 0.0544 (0.0331, 0.0837)
i 0.0581 (0.0191, 0.1305)

0.0000 (0.0000, 0.0345)
0.0000 (0.0000, 0.0345)

0.0533 (0.0308, 0.0852)

u 0.1452 (0.0686, 0.2578)
0.0000 (0.0000, 0.0146)
0.2400 (0.1602, 0.3357)
0.0016 (0.0003, 0.0048)
0.0088 (0.0011, 0.0313)
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0.0081 (0.0017, 0.0234)
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0.0048 (0.0016, 0.0112)
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Therefore, immunocompromised patients are a particularly
susceptible group with high prevalence rates of infection and
should be placed under surveillance. Many reports from dif-
ferent parts of the world have investigated the prevalence of
Cryptosporidium infection. Compared to various regions
throughout the world, particularly in developing countries,
cryptosporidium prevalence in Iran is moderate. African coun-
tries, Central and South American countries, Asian countries,
and others in the Pacific and Caribbean areas have the highest
prevalence rate of this infection (1.3-31.5%), while North
America and Europe report low prevalence rates of cryptospo-
ridiosis (0.1-14.1%) (Cardona et al. 2011; Davies et al. 2009;
Fayer 2004; Gatei et al. 2006). The prevalence rate of crypto-
sporidiosis among immunocompetent individuals was report-
ed to be 0.6-20% and 4-20% in Western and developing

LI . LI . LI 1
0.1 0.2 0.3 0.4

proportion (95% confidence interval)

countries, respectively (Chacin-Bonilla et al. 1991; Davies
et al. 2009; Snelling et al. 2007). In contrast,
Cryptosporidium spp. infection among AIDS patients is 3
and 50% in developed and developing countries, respectively
(Kumurya and Gwarzo 2013). The results showed that C.
hominis is more prevalent in North and South America,
Australia, and Africa, while C. parvum is common in
Europe, especially in the UK (Aldeyarbi et al. 2016;
Putignani and Menichella 2010). The prevalence rate of cryp-
tosporidiosis in the Middle East countries were as follows: in
Iraq, the recorded prevalence of Cryptosporidium infection
among children with severe diarrhoea and dehydration ranged
within 8.6-9.7% (Latif and Rossle 2015). However, a similar
investigation using both direct wet mount and modified Ziehl-
Neelsen staining has indicated that the highest and lowest
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Fig. 4 Forest plot diagram of 14
studies showing positivity rates of
Cryptosporidium infection in the
Iranian gastroenteritis population
with staining method (first author,
year and province of study)

Nouri., 1991, West Azarbaijan
Sharif., 2004, Mazandaran

Nahrevanian., 2007, Tehran

Proportion meta-analysis plot [random effects]

B 0.0766 (0.0468, 0.1171)

o 0.0600 (0.0223, 0.1260)

Gorbannia D., 2008, Mazandaran-

Vahabzadeh., 2009, Gilan

Pirestani., 2010, Tehran

Bairami K., 2011, Tehran
Nahrevanian., 2011, Mazandara

Vahedi., 2012, MazandaraI

Gholami., 2014, Mazandaran

Mafi., 2014, Gilan, ...
Majidi-Shad., 2015, Gilan|
Kiani., 2015, Hamadan
Zebardast., 2015, Tehran, ...

combined

-

| 0.0288 (0.0060, 0.0820)
0.0012 (3.16E-05, 0.0069)
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— 0.0000 (0.0000, 0.0206)

0.0131 (0.0076, 0.0208)
0.0007 (1.67E-05, 0.0037)

0.0129 (0.0058, 0.0229)

rates were found in Baghdad (14.6%) and Babylon (2.2%),
respectively (Latif and Rossle 2015). In another study at Erbil
City, Kurdistan region, Iraq, 14% of all samples were detected
positive by direct wet mount and modified Ziehl-Neelsen
methods (Koyee and Faraj 2015). A study on children with
diarrhoea, which uses modified safranin-methylene blue stain-
ing, in Kuwait indicated that 10% of cases were positive for
Cryptosporidium spp. (Igbal et al. 2001). In addition, Igbal
et al. showed that 3.4% of children with diarrhoea aged be-
tween 6 months and 16 years in Kuwait were found to be
infected by C. parvum (Igbal et al. 2011). It should be noted
that owing to common borders, similar climatic and demo-
graphic conditions, and proximity of Iraq and Kuwait, the
infection rate of Cryptosporidium was almost the same. The
prevalence rate of cryptosporidiosis among diarrhoeal patients
in Saudi Arabia was determined to be 9.4% by using wet
mount stained with the modified mZN method (Hawash
et al. 2014). In another study from Saudi Arabia,
Cryptosporidium infection has been reported in 4.7 and 32%
of asymptomatic and symptomatic children under 5 years old,
respectively (Al Braiken et al. 2003). Although the overall
prevalence of Cryptosporidium infection in Iraq, Kuwait,
and Saudi Arabia is almost the same with Iran, but it seems
that the infection rate is lower in the Iranian children. In
Yemen, during 20062007, among a total of 712 faecal sam-
ples of children with different ages, 34.7% were found

@ Springer
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positive for this parasite (Al-Shamiri et al. 2010). In another
study from Yemen, the prevalence of Cryptosporidium infec-
tion was reported to be 1-50% (Alyousefi et al. 2013). In
contrast to the results of studies in Iran, cryptosporidiosis is
higher in Yemen. The infection rate among children under
5 years in Peshawar, Northwest Pakistan, was reported to be
9% (Mumtaz et al. 2010). In addition, the infection rate in
immunocompetent adults with acute diarrhoea was deter-
mined as 55% in Karachi, Pakistan, by using the modified
acid fast-staining method (Ali et al. 2014). In Turkey, out of
707 faecal samples obtained from elementary school students,
four (0.6%) were tested positive for Cryptosporidium spp.
(Otag et al. 2007). In the another study in Turkey,
Cryptosporidium oocysts were found in 7.1% (161 of 2281)
from patients who were admitted with the gastrointestinal
complaints (Karaman et al. 2015). Although the prevalence
rate of human cryptosporidiosis among the Iranian population
is low compared to neighbouring countries, it seems that the
epidemiology of this parasitic infection in Iran is somewhat
similar to its western neighbours, which may be due to the
similarities in socio-economic status, health policy, and the
climate conditions.

The phylogenetic analysis demonstrates that C. parvum
(especially subtype [TaA15G2R1) and C. hominis are un-
equivocally circulating among children and immunocompro-
mised populations in Iran. Moreover, the prevalence of C.
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Fig. 5 Forest plot diagram of 24 Proportion meta-analysis plot [random effects]
studies showing positivity rates of
Cryptosporidium infection in the Athari., 2000, Tehran 0.0078 (0.0016, 0.0226)
Iranian immunocompromised
. . .. Shekarabi., 2001, Tehran 0.0054 (0.0001, 0.0297)
population with staining method
(first author, year and province of Sharif., 2004, Mazandaran | —}——— 0.0500 (0.0164, 0.1128)
study)
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Kazemi., 2014, Khuzestan —-— 0.0450 (0.0208, 0.0837)
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parvum compared to C. hominis has been reported to a large
extent. Furthermore, findings showed that gp60 has more po-
tential than 18S rRNA for identification of subtypes of
Cryptosporidium spp. The results of a study conducted in
Kuwait showed that C. parvum is the most commonly identi-
fied species in children. Furthermore, the majority of the C.
parvum isolates belonged to subtypes Ila in that study (Igbal
et al. 2011), and its results are consistent with our results.
Also, similar results have been reported by Mahgoub et al.
from Jordan and Mahdi et al. from Iraq. In these studies, C.
parvum is the most common zoonotic species among humans
(Mahdi and Ali 1999; Mahgoub et al. 2004). Other studies
have been conducted with similar findings in other areas of
the developing and developed world such as South Africa,
India, Netherlands, the UK, and the USA (Feltus et al. 2006;
Gatei et al. 2007; Leav et al. 2002; Leoni et al. 2006; Wielinga
et al. 2008).

proportion (95% confidence interval)

There are many various risk factors that could play a role in
the development of cryptosporidiosis among different popula-
tions. These include foreign travel, especially from endemic
countries, season, geographic location, contact with infected
individual or animals (particularly calves), and accidental in-
gestion of contaminated water during swimming (Caccio and
Putignani 2014). It is also noteworthy that there is a relationship
between risk factors and Cryptosporidium species. For in-
stance, the most known risk factor for C. parvum is to be in
contact with animals, while the major risk factor for C. hominis
is diaper changing in diaper-aged children (even those with no
diarrhoea) that spreads the parasite to others (Bouzid et al.
2013; Caccio and Pozio 2006). Given these risk factors, a sub-
stantial number of individuals are exposed to the risk of being
infected with Cryptosporidium. These groups include members
of the medical staff at children’s medical centres, childcare
workers, parents of infected children, farmers, and people
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Table 2 Demographic factors associated to positivity for Cryptosporidium in the Iranian general population

Factor Total Positive  Overall Pvalue References

individuals  cases prevalence
(95% CI)

Gender (Agholi et al. 2013b; Akbari-Eidigahi et al. 2004; Asadi et al. 2014; Azami
Male 4775 222 4.6 (4.1-5.3) 0.11 and Dorostkar Moghadam 2008; Berenji et al. 2007; Dabirzadeh et al.
Female 3612 141 3.9 (3.3-4.6) 2003; Dehkordy et al. 2010; Fouladvand et al. 2012; Hazrati Tappeh et al.

2006b; Izadi et al. 2012; Jafari et al. 2014; Jafari et al. 2015; Kargar
jahromi et al. 2015; Khalili et al. 2012; Khalili et al. 2007; Maleki and
Sadegh Hasani 2003; Maleki et al. 2005; Moghaddam 2007; Mohammadi
ghalehbin et al. 2006; Mohtashamipour et al. 2015; Nikmanesh et al.
2007; Nouri et al. 1991; Saneian et al. 2010; Seyrafian et al. 20006;
Sharbatkhori et al. 2015; Sharif et al. 2004; Vahedi et al. 2012)

Age (Akbari-Eidigahi et al. 2004; Asadi et al. 2014; Dehkordy et al. 2010;
<15 7273 337 4.6 (4.2-5.1) 0.08 Fouladvand et al. 2012; Gholami et al. 2014; Ghoreishi et al. 2008;
16-30 281 20 7.1 (4.6-10.7) Hamedi et al. 2005; Hamzavi 2000; Hamzavi et al. 2014; Haniloo 1994;
30 432 27 6.3 (4.3-8.9) Heidari and Gharakhani 2012; Izadi et al. 2012; Kargar jahromi et al.

2015; Khalili et al. 2006; Khalili et al. 2007; Maleki and Sadegh Hasani
2003; Maleki et al. 2005; Mirzaei 2007; Moghaddam 2007; Mohammadi
ghalehbin et al. 2006; Nikmanesh et al. 2007; Ranjbar-Bahadori et al.
2011; Seyrafian et al. 2006; Sharif et al. 2004)

Residency (Asadi et al. 2014; Gholami et al. 2014; Ghoreishi et al. 2008; Haniloo 1994;
Urban 2558 84 3.3 (2.74.0) 0.7 Izadi et al. 2012; Kargar jahromi et al. 2015; Khalili et al. 2012; Maleki
Rural 2032 71 1.5(1.1-2.2) et al. 2005; Moghaddam 2007; Mohammadi ghalehbin et al. 2006)

Contact with animals (Akbari-Eidigahi et al. 2004; Hazrati Tappeh et al. 2006b; Izadi et al. 2012;
Yes 576 14 2.4 (1.54.0) 0.7 Jafari et al. 2013; Jafari et al. 2015; Kargar jahromi et al. 2015; Khalili
No 960 27 2.8 (1.94.1) et al. 2012; Nikmanesh et al. 2007)

Stool appearance (Fouladvand et al. 2012; Hamzavi 2000; Hamzavi et al. 2014; Haniloo 1994;
diarrhoea 3250 212 6.5 (5.7-7.4) <0.001 Izadi et al. 2012; Jafari et al. 2015; Khalili et al. 2012; Khalili et al. 2006;
Non-diarrhoea 2148 18 0.8 (0.5-1.3) Moghaddam 2007; Naserifar and Khosravi 2001; Zali et al. 2004)

Season (Dabirzadeh et al. 2003; Fouladvand et al. 2012; Gholami et al. 2014,
Spring 917 38 3.1 (3.0-5.6) 0.001 Haniloo 1994; Maleki et al. 2005; Sazmand et al. 2012)

Summer 729 44 6.0 (4.5-8.0)
Autumn 359 36 10.0 (7.3-13.6)
Winter 696 33 4.7 (3.4-6.6)

travelling abroad to endemic countries. On the other hand, in
most cases, immunocompromised patients and children are
more at risk than other groups. Results of the present systematic
review indicate that the prevalence rate of Cryptosporidium
infection is different among various populations. Data analysis
disclosed that immunocompromised patients and children are
two groups with the highest prevalence rate of cryptosporidio-
sis in Iran. In this regard, our findings are consistent with most
studies conducted around the world, which indicates a high
prevalence in these high-risk groups. In line with the study
conducted in Iraq (Rahi et al. 2013), our results indicate that
the infection rate is a slightly higher in men (4.6%) than women
(3.9%), but this difference is not statistically significant. This
difference is probably the result of greater exposure to risk
factors, such as occupational reasons in the Iranian males.
Although the infection rate is relatively high in the young age
group (16-30 years old) than the age groups of >30 and
<15 years, we did not find any statistically significant relation-
ship between age and the rate of infection. Similarly, in

@ Springer

Nicaragua, no reported correlation between age groups and
the prevalence rate of cryptosporidiosis. (Mufioz-Antoli et al.
2011). In contrast, results of an epidemiological study in
Ireland showed that younger age groups (82%) had significant-
ly higher prevalence than older age groups (18%) (Garvey and
McKeown 2009). Residency is another factor related with
cryptosporidiosis, which should be taken into consideration.
Our results show that Cryptosporidium prevalence in urbanites
was higher than those who live in rural areas. It should be noted
that Iran is a tropical country with a long summer, and thus the
swimming season increases in recreational centres such as
swimming pools, beaches, lakes, and rivers. Of course, migra-
tion of villagers to cities and keeping pets, such as dogs and
cats, may also contribute to the high prevalence of cryptospo-
ridiosis in urban areas. Similar results have been reported in
Tunisia (Rym et al. 2007). Based on the results of a study in
North Cumbria, England, no relationship was found between
the prevalence of cryptosporidiosis and contact with animals
(Goh et al. 2004). An analysis of the present review also
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Fig. 6 Prevalence of
Cryptosporidium infection in the
Iranian general population in
different provinces according to
staining method positivity

Fig. 7 Phylogenetic analysis of
gp60 (a) and 18S rRNA (b)
nucleotide sequences of
Cryptosporidium spp. isolates
recovered from different samples
in Iran. (* = isolated from human)
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indicates the lack of such relationship. Studies conducted in
Iran showed that diarrhoea is the most common clinical sign
of cryptosporidiosis in both healthy people and immunocom-
promised patients. They are similar to the study done in Turkey
and are different from the ones conducted in Nicaragua
(Muioz-Antoli et al. 2011; Yilmaz et al. 2008) although it
should be noted that diarrhoea is self limited in most immuno-
competent individuals. Previous investigations reported a cor-
relation between seasons and cryptosporidiosis (Jagai et al.
2009; Lake et al. 2005). According to our analysis, there was
such a relationship and so the high prevalence of infection was
observed in autumn (10%) and summer (6%). Climate change
is a significant challenge to global health in this century (Lal
et al. 2013). Concurrent with rainfall and the subsequent water
flow, Cryptosporidium oocysts in animal manures can easily
get transferred to surface water (Lake et al. 2005). On the other
hand, warm temperature is one of the most critical parameters
to increase the prevalence of cryptosporidiosis. Temperature
can be one of the most important triggers of excystation
(Caccio and Putignani 2014). Our results revealed that the rate
of Cryptosporidium infection in Iran have a wide range be-
tween 0.83-24%. This could be due to climatic variation in
different geographical areas of Iran. Based on our analysis in
Iran, the maximum prevalence of Cryptosporidium infection
has been observed in Razavi Khorasan, Yazd, Bushehr, and
Kurdistan provinces. The high prevalence rate of cryptosporid-
iosis in the southern provinces, particularly Bushehr, is proba-
bly related to several factors such as the hot and humid climate.
But the high infection rate in Kurdistan and Razavi Khorasan
provinces may be due to population density and commuting of
infected people from neighbouring countries. However, other
factors, such as public health level and access to safe drinking
water, should also be considered.

It should be noted that this systematic review has a few lim-
itations. Some of these limitations include: (1) heterogeneous
epidemiological findings, (2) not paying attention to some of
the related risk factors by most studies, and (3) the lack of similar
studies in some provinces. These limitations may affect the over-
all prevalence rate in the Iranian general population.

Conclusions

The present study is the first systematic review and meta-
analysis providing a comprehensive view of the prevalence
of human cryptosporidiosis and related risk factors in Iran.
More than two thirds of Iran’s provinces have experienced
relatively high prevalence (>4%) of this infection among the
general population. In addition, infection in high-risk groups,
such as immunocompromised patients and children, is highly
prevalent. It seems that awareness of Cryptosporidium preva-
lence, risk factors, and disease complications may be required
for developing effective strategies to prevent such infection.
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