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Abstract: The present review discusses the burden of cryptosporidiosis in the Gulf Cooperation
Council (GCC), which is underreported and underestimated. It emphasizes that the Cryptosporidium
parasite is infecting inhabitants and expatriates in the Gulf countries. Children under 5 years are
a vulnerable group that is particularly affected by this parasitic disease and can act as carriers,
who contribute to the epidemiology of the disease most probably via recreational swimming pools.
Various risk factors for cryptosporidiosis in the GCC countries are present, including expatriates,
predisposing populations to the infection. Water contamination, imported food, animal contact, and
air transmission are also discussed in detail, to address their significant role as a source of infection
and, thus, their impact on disease epidemiology in the Gulf countries” populations.
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1. Introduction

Cryptosporidiosis is a significant diarrhoeal disease for both people and animals worldwide.
Several species of the protozoan parasite Cryptosporidium can cause this disease [1], in which Cryptosporidium
oocysts have ubiquitous presence in the environment. Cryptosporidium oocysts transmission can occur
following direct or indirect contact with an infected host usually via the faecal-oral route. Person-to-person
contact, zoonosis, and the consumption of contaminated food or water are well known mechanisms
for faecal-oral transmission [2,3], with a significant risk of infection from the ingestion of a single
oocyst [4]. When the oocysts enter the gastrointestinal tract, the invasive Cryptosporidium causes
damage to the small intestinal epithelium. It disrupts the barrier function and absorption capability
that leads to mild-to-severe diarrhoea and other abdominal symptoms. In immunocompetent adults,
Cryptosporidium infection is usually asymptomatic or mild, which is generally self-limiting.

Currently, Cryptosporidium has 41 reported species with more than 60 valid genotypes [5].
Amongst them, 21 species and genotypes have been identified in humans, out of which C. paroum and
C. hominis are the most common pathogenic species, causing more than 90% of infections in humans.
C. meleagridis, C. ubiquitum, C. cuniculus, C. muris, and C. andersoni are other pathogenic species that
have sporadically emerged in human cases of zoonotic outbreaks, especially when there has been
direct contact with infected animals [6-10].

The disease-causing species and their associated subtypes have contributed to a substantial global
burden of cryptosporidiosis and play a role in the severity of the disease [11]. Globally, diarrhoeal
diseases have killed 1.6 million people in 2017. One third of these deaths were children under 5 years,
and their highest mortality are from sub-Saharan Africa (SSA) and South Asia. This was because
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of unsafe drinking water and poor sanitation [12]. Cryptosporidium oocysts can transmit through
water, making it one of the most important causes of human and livestock infectious diarrhoea [13-15].
Contamination with Cryptosporidium has been identified as the leading cause of 905 worldwide
waterborne outbreaks [13,16]. Additionally, it has been reported to be responsible for more than
8 million cases/year of foodborne illness and 25 documented foodborne outbreaks [17,18]. After 2000,
various Latin American countries have reported that Cryptosporidium spp. were the most prevalent
parasites in their water samples [14]. Oocyst contamination has also been found in various water
sources from African countries, with a high incidence in half of the reports (60/120) [19]. Poly-factors
have been reported in the literature that highlight the predisposition for the distribution of waterborne
protozoa (e.g., Cryptosporidium) in these countries. Weak institutional infrastructure, political conflict,
inadequate water supplies, unclean water, underdevelopment, poverty and illiteracy, population
density, high levels of malnutrition, social unrest, poor hygiene and sanitation, climate change,
and water crises have all been cited as negative factors that are promoting cryptosporidiosis and other
diarrhoeal diseases [19-21].

Developing countries (low resources category) are particularly more affected from diarrhoeal
diseases caused by Cryptosporidium infection [16,19,20,22-24]. The Global Enteric Multicentre Study
identified Cryptosporidium at seven sites in SSA and South Asia as one of the four major contributors to
moderate-to-severe diarrhoeal diseases during the first 2 years of life at all sites [25]. From the African
perspective, Cryptosporidium has been considered as one of the leading causes of diarrhoea in childhood
with dramatic adverse effects on their growth and development [20]. In the Asian countries, a plethora
of reports has addressed the occurrence of Cryptosporidium infection from different species, where West
Asia (among them SA, Kuwait, and Oman) constituted 33% of these reports [22]. Regarding mortality
caused by Cryptosporidium in SSA and South Asia, it has been estimated to contribute to approximately
202,000 deaths per year. [26]. In Kenya, Mali, Mozambique, Gambia, and South Asia, Cryptosporidium
infection has caused a higher risk of death in toddlers aged 1-2 years with moderate-to-severe diarrhoea
(4%) [25]. The critical absence of governmental surveillance systems to document parasitic protozoan
diseases, particularly Cryptosporidium in humans, the environment, and food and water sources, has led
to significant underestimation of reported waterborne diseases and associated outbreaks in those
developing countries [19].

In developed countries (high resources category), Cryptosporidium infection has risen to become
a serious problem. In the Netherlands, a country with high hygienic standards, the burden of
Cryptosporidium according to the calculated Disability-Adjusted Life Years (DALYs) has increased from
previously estimated reports. Cryptosporidium disease burden has produced 137 DALYs and a cost of
19.2 M€ from illness in 2017, whereas long-term manifestations, including recurring diarrhoea and joint
pain, accounted for 9% of the total DALYs in the Netherlands [27]. In the United States of America
(USA), which constitutes the world’s largest economy, a high number of Cryptosporidium cases have
been reported. According to the Center for Diseases Control and Prevention (CDC), the US had a
fourfold increase in the number of Cryptosporidium outbreaks from 2014 to 2016 [28]. Contaminated
water supplies and/or food sources are mostly the source of Cryptosporidium infection in developed
countries [29,30]. There is therefore an urgent need to prioritize Cryptosporidium contamination with
regard to public health surveillance. The operational surveillance system in developed countries
mainly focuses on infections that are caused by bacteria and viruses and only include a limited number
of parasitic protozoa in their surveillance programs. Frequently, these protozoa are neglected as
the main cause of diarrhoea symptoms in high-income countries due to an overconfidence in public
hygiene, municipal sanitization services, and good agriculture and livestock practice [31].

The Gulf Cooperation Council (GCC) is a political and economic alliance between six Middle
Eastern countries, namely, Bahrain, Kuwait, Oman, Qatar, Saudi Arabia (SA), and the United Arab
Emirates (UAE) [32]. The GCC countries (intermediate resources category) are concurrently classified
as high income and as developing countries [33]. The GCC countries face numerous environmental
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challenges (water scarcity, water quality, desertification, and air and marine pollution) that require
reconciliation of many conflicting priorities [34,35].

One of the most critical problems that affects public health in the GCC countries is the lack of
renewable water resources. Infrequent rainfall in the Arabian Peninsula has led to the overutilization of
ground water resources that has consequently affected the qualitative and quantitative of ground water
needed for agriculture, industry, and personal consumption [36]. Most of the demand for fresh water
in the GCC countries relies on desalination of seawater, which is a process that requires an extensive
pre-treatment and conditioning of seawater [37]. Due to this rigorous treatment of seawater, researchers
typically do not suspect desalinated drinking water as a source of Cryptosporidium contamination;
however, it can happen. During the course of the water treatment process, contaminants and beneficial
nutrients could be removed and of course some might be added [38] once stored in tanks or used to fill
swimming pools [39,40].

The burden of infectious diarrhoea in the countries of the GCC has been addressed in various
reviews on the Middle East and North Africa (MENA) and Eastern Mediterranean Region (EMR).
Infectious diarrhoea has been reported by the United States military after it experienced a significant
burden from this disease in the MENA campaigns of World War II [41,42]. Traveller’s diarrhoea due to
ingestion of bacteria, viruses, or protozoa has been reported to affect travellers to Saudi Arabia [43].
Diarrhoeal infections among MENA children pose a significant public health challenge [44] and has
been indicated in many reports affecting children in the GCC countries [39,45-51].

The mortality from diarrhoeal diseases in the GCC countries has also been estimated in a study
from the EMR. It has been estimated that over 103,692 deaths have occurred in 2015 due to diarrhoea
in the EMR. The majority of these deaths (63.3%) have occurred in children under 5 years and the
DALYs/100,000 ranged from 304 in Kuwait to 38,900 in Somalia [21]. Cryptosporidium has been reported
to be the 7th leading cause among 13 diarrhoeal aetiologies responsible for death in the EMR population.
Approximately 4569.06 death have resulted in children under 5 years and 4796.2 death from all age
groups due to fatal cryptosporidiosis in the EMR area. It has been noted that mainly UAE and Kuwait
have the lowest prevalence-weighted risk for diarrhoeal infection [21].

The wealth of the GCC countries has attracted many people to seek work opportunities that has
notably increased the population in the region and subsequently increased the burden of infectious
diseases, particularly gastrointestinal diseases [47,52]. The pattern of the parasitic infection has shifted
to reflect this newly mixed population (inhabitants and immigrants), whereas many of these immigrant
nationals have dissimilar educational backgrounds, varied eating habits, different religious beliefs and
cultural practices [47].

Little is known about the true extent of intestinal parasitic infection, particularly cryptosporidiosis,
among the inhabitants of the GCC countries. Several studies have reported intestinal parasites
infection in immigrant food handlers, labourers, and hospitalized children from this region [39,45-51].
Economic migrants seeking employment in the GCC countries (e.g., servants, food handlers,
housekeepers, childcare assistant, and labourers) may arrive carrying their parasitic infections with
them. Therefore, the risk of parasitic infection has been estimated to be higher in some sectors of the
communities, especially asymptomatic carriers who are employed in the food industry [53].

The food industry has been suspected to be the greatest threat in the spread of diarrhoeal
aetiologies. The GCC countries import large amounts of food in order to bridge the gap between
food production and food consumption. Imported food mainly comes from high-risk countries with
a known epidemiology of diarrhoeal diseases [35]. Imported leafy greens and other fresh produce
are highly suspected to be a vehicle for the transmission of the Cryptosporidium infection [18,54,55].
The potential for food contamination on and off farms is high since it could be produced or washed
with contaminated water. Infected food handlers are another common source of Cryptosporidium
contamination in the food chain imported by the GCC countries [17,18].

Studies from countries with low, intermediate, and high resources have identified Cryptosporidium
as one of the major causes of diarrhoea and childhood malnutrition [56]. The magnitude and nature of
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environmental threats might be the link with the incidence of cryptosporidiosis burden and might
explain the differences between the previous three categories.

In this context, immigrant geographic origin, globalization of food supply to meet the demand of
the increased labour force, food and water contamination, climate change, as well as poor hygiene
after direct animal contact have all contributed to the annual flux in Cryptosporidium transmission and
infection rates within the GCC countries [54,57].

In the present review, we aim to discuss the size of the burden of Cryptosporidium infection in the
GCC countries based on the existing information, and to discuss the risk factors that contribute to the
Cryptosporidium infection in such a wealthy region.

2. Methods

2.1. Search Strategy

The PubMed, Science Direct, and Scopus databases were searched with no restriction to language or
year of publication. To evaluate the burden of Cryptosporidium in the GCC population, a clear description
of the questions raised with regard to participants, interventions, conditions, outcomes, and study
design (PICOS) was performed. The literature search strategy was limited to title/abstract/keyword
using the following MeSH terms/key words: (Cryptosporidium OR Cryptosporidiosis OR Parasite) AND
(Infection OR Prevalence OR Incidence OR Occurrence OR Burden) AND (Human OR Animal OR
Water OR Food) AND (Bahrain OR Kuwait OR Qatar OR Saudi Arabia OR Oman OR United Arab
Emirates). The screened articles were published between 1971 and 2020. Some relevant articles that
were published in Arabic local journals have been retrieved from Library Genesis Scientific Articles
and Egyptian Knowledge Bank, Google Scholar, Iraqi Scientific Academic Journals, and ResearchGate.

2.2. Inclusion and Exclusion Criteria

Retrieved articles with titles that suggested the topic of Cryptosporidium in humans were screened
and selected as part of the eligibility for inclusion in the literature review. Abstracts from the selected
reference titles were reviewed to determine if the selected studies have met the inclusion criteria.
Review of an entire article was performed based on the selected abstracts that previously met the
inclusion criteria. The exclusion criteria consisted of studies on animal cryptosporidiosis or studies
that related to foodborne/waterborne cryptosporidiosis as they will later be detailed in the risk factors
chapter. The articles that have been published in English or Arabic were the only selected languages
included in the review. Articles in the form of case reports or reviews or conference proceedings
were excluded.

For each article, the following information was extracted: location of the study, type of residents,
Cryptosporidium detection method, participants classification, most affected age of participants,
symptoms associated with the disease (when available), number of cases, and prevalence of the
disease—as reported by the authors or calculated from data presented in the paper (when available).

3. Results and Discussion

The combined search retrieved 1874 studies. A total of 133 studies were retained based on
screening of the titles. An additional six studies were added by the screening reference lists from
other sources. Therefore, 139 studies were subjected to abstract screening. In total, 64 articles were
retained for full text analysis and subsequently 39 articles were selected for the analysis of human
cryptosporidiosis, from which only 28 of the articles were selected for final analytical inclusion
(Figure 1). Due to incompatibility with the inclusion criteria, 36 articles were excluded. Specifically,
the exclusion criteria were based on articles that had indistinct data, absence of full text, poor quality
citation, reviews, case reports, or reports that included the same results as another paper published by
the same author.
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Figure 1. Results profile of the selected articles.

Out of the six GCC countries, five countries have reported human infection from
Cryptosporidium spp. Saudi Arabia leads other GCC countries in the reporting of Cryptosporidium
infection. Bahrain has not issued any reports concerning Cryptosporidium infection (Table 1, Figure 2).
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Figure 2. Distribution of Cryptosporidium reports in the GCC countries.

The allocation of Cryptosporidium reports in the GCC countries is presented in Figure 2. The burden
of Cryptosporidium in the GCC countries is presented in Table 1. Molecular genotyping and sub-typing
data of Cryptosporidium in Gulf reports are presented in Table 2. The situation of Cryptosporidium in
water resources of the GCC countries is summarized in Table 3. Information on the Cryptosporidium
occurrence in animals within the GCC countries is tabulated in Table 4. The results that are indicated
in the figure and tables are described below.

Burden of Cryptosporidium in the GCC Countries

The six GCC countries are classified as high-income developing countries that share an infection
prevention and control program [58]. Other public health programs have been declared successful by
the World Health Organization (WHO) [47].

Only 28 reports of cryptosporidiosis have been published from 5 of the 6 GCC countries.
Considering that many of these wealthy countries have the necessary research equipment and facilities,
the number of reported articles is considerably low for their capability. This situation indicates an
underestimation and underreporting of Cryptosporidium infection in the Gulf region.

Saudi Arabia has the highest number of reported Cryptosporidium infections in humans with a
significant p-value < 0.05 in comparison to the rest of the GCC countries. Saudi Arabian reports of
Cryptosporidium infection have formed half of the total reports number (16/28) cited in the literature
that reached an incidental rate of 50% (Figure 2, Table 1). The Kingdom of SA is considered to be the
largest of the GCC countries with a population of 28.5 million people [33].

It has a well-established public health system and public safety measures that are applied before
mass gatherings that attempt to protect pilgrims during the Hajj season. Gastrointestinal infections
during mass gatherings are a major health hazard. Therefore, SA authorities routinely provide
continuous surveillance for several protozoal, viral, and bacterial pathogens as a part of its measures
to protect public health [59]. The proactive safety measures and awareness of infectious disease has
placed Saudi Arabian authorities higher in the reporting scheme within the GCC countries.
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Table 1. Reports with details of Cryptosporidium infection in the Gulf Cooperation Council (GCC) countries and related information.
Count Serial No. Ci Type of Patients Most Affected Svmptoms Method of Prevalence No. of Reference
Uiy of Reports ty Residents Classification Age ymp Detection Infected/No. of Total (%)
Bahrain - - - - - -
1 Safat Inhabitant Child 48Y Diarrh MZN, 87/2548 *(3.4%) [49]
afa nhabitants ildren iarrhoea PCR.RFLP 4%
2 Farwanyia Inhabitants Children >2Y Diarrhoea, nausea, MSMB, DFA 51/3549 (10%) [39]
vomiting
Kuwait 3 Jabryia NM H‘;Sgilﬂzed NM Diarrhoea XTAG GPPA 1/109 (0.9%) [61]
. . GIT symptoms mainly MZN, o
4 Safat Inhabitants Children 2-3Y diarrhoea PCR-RFLP 58/62 (94%) [50]
5 Farwanyia NM ICCT children 3Y Diarrhoea, dehydration, NM 35/2205 (1.6%) [62]
fever, abdominal pain
1 Muscat Expatriates Food handlers NM Asymptomatic KKT, TS, APFM 2/100 (0.2%) [63]
0 ; -
man 2 Muscat Inhabitants and Children QY Diarrhoea, fever, MZN, APFM 16/807 (1.9%) [64]
expatriates vomiting
1 Doha Inhabitants and  Hospitalized «Q5Y Chronic diarrthoea q-PCR 90/580 (15.5%) [46]
Qatar expatriates paediatrics
2 Doha Expatriates Immigrants 23-29Y Asymptomatic q-PCR 38/839 (4.5%) [45]
Dammam and . Children and . o -
1 Alkhobar Inhabitants adults 2Y Diarrhoea MZN, APFM 2/321 (0.6%) [65]
. . Children and . MZN, LFIT, o
2 Al-Taif Inhabitants adults <5Y Diarrhoea Con-PCR 21/180 (11.6%) [66]
Gi d Diarrh d MZN, MSMB,
3 1zan an NM Children <Y rarrhoea an EIA, PCR-RFLP,  103/1641 (6.3%) [67]
Madinna asymptomatic .
sequencing
SA 4 Al-Taif NM Chﬂa‘fiﬁ:“d S5Y Acute diarrhoea xTAG GPPA 14/163 (8.5%) [68]
. Abdominal symptoms
5 Dhahran NM Various ages NM . . MZN, DFA 66/100 (66%) [69]
mainly diarrhoea
. . . MZN, ICT, .
6 Mekkah Inhabitants Children < 14y <5Y Diarrhoea PCR-RFLP 23/1380 (1.7%) [70]
7 Jeddah Inhabitants Children <5Y Asymptomatic and MZN 29/253 (11.5%) [71]

diarrhoea
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8 of 34

Count Serial No. Ci Type of Patients Most Affected Svmptoms Method of Prevalence No. of Reference
Uiy of Reports ty Residents Classification Age ymp Detection Infected/No. of Total (%)
. . Diarrhoea and o

8 Riyadh NM HIV patients 2-10Y non-diarrhoea MZN 11/136 (8.1%) [72]

People

attending clinics e o

9 Makkah NM around the Holy <30Y Enteritis MZN 5/183 (2.7%) [60]

Masjid
10 Riyadh NM Children <10y NM Diarrhoea MSMB 2/174 (1.1%) [73]
11 Hail NM School children NM Diarrhoea and MZN 74/200 (37%) [74]

non-diarrhoea
12 Riyadh Inhabitants ICcP 1640 Y Chronic diarrhoea MZN, ELISA 285/408 (69.9%) [75]
Malnutrition
13 Riyadh Inhabitants with In-and 0-10'Y NM MZN 6/5987 (0.1%) [76]
few expatriates out-patients
14 Al-Taif NM Children <10Y NM MZN, AP_.PCR’ 11/100 (11%) [77]
Sequencing
MZN, APFM,
15 Jeddah NM Children NM NM ELISA, Nested 35/500 (7%) [78]
PCR, PCR-RFLP
Inhabitants and Saudi and
16 Hail . non-Saudi NM Asymptomatic MZN 25/130 19.2% [79]
expatriates .

patients
1 Sharjah Expatriates Adults <25Y Asymptomatic q-PCR 26/134 (19.4%) [48]
UAE 2 Al-Ain Expatriates Adults 30-39 Asymptomatic MZN, Con-PCR 16/86 (18.6%) [47]

Diarrhoea
. ICP and ICTT Fever o
3 Al-Ain NM Children <5 Vomiting MZN 7/140 (5%) [80]
ALA

* The prevalence is among children with diarrhoea. NM: Not Mentioned; Y: Years; GPPA: Gastrointestinal Pathogen Panel Assay; KKT: Kato Katz technique; TS: Trichrome stain;
DFA: Direct Immunofluorescent Assay; MSMB: Modified Safranine Methylene Blue stain; APFM: Auramine Phenol Fluorescent Method; ELISA: Enzyme Linked Immunosorbent Assay;
Con-PCR: Conventional PCR; LFIT: Lateral Flow Immune Test; EIA: Enzyme Immune Assay; ICT: Immunochromatography; HIV: Human Immunodeficiency Virus; ICP: Immune
Compromised Patients (organ transplantation, cancer and HIV); ICCT: Immune Competent; AP-PCR: Arbitrarily Primed PCR; PCR-RFLP: Restriction Fragment Length Polymorphism;

g-PCR: Real Time PCR; ALA: Acute Lymphoblastic Anaemia.
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Table 2. Genotyping and subtyping of Cryptosporidium in the reports of the GCC countries.
. Target Methods Reported No. of Cases within Subtypes No. of Cases
Country/City Population Used Gene Target Genotypes the Species (%) Allele Family within Each Allele Reference
o C. parvum
C. parvum 61/83 (73.5%) IIa 29
IId 20
S RNA C. hominis 22/83 (26.5%) fle 12
. Children with 8Sr o
K f: - C. hominis 49
uwait/Safat diarthoea PCR-RFLP Gp60 [49]
Id 12
: u Ia 8
Mixed “C. parvum
4/83 (4.8%
and C. hominis” /83 ( ) Ie 2
Mixed infection NI
C. parvum
C. parvum 58/62 (93.5%) IId 29
ITa 28
C. hominis 3/62 (4.8%) Ilc 1
Kuwait/Safat Symptomatic PCR_RF.LP 18S rRNA Gp60 IIf 1 [50]
children Sequencing
Mixed “C. parvum C. hominis
- pare 1/62 (1.6%) Ib )
and C. hominis”
Id 1
Ie 1
C. parvum 83/90 (92.2%) C. parvum 1
C. hominis 4/90 (4.4%) Id 83
Hospitalized qPCR C. meleagridis 1/90 (1.11) C. hominis
Qatar/Doha paed.iatrics with g, quencing 185 rRNA Gp60  p\rived “C. paroum 1/90 (1.11% el
diarrhoea and C. hominis” /90 (1.11%) b 4

Mixed “C. paroum
and C. meleagridis”

1/90 (1.11%)
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. Target Methods Reported No. of Cases within Subtypes No. of Cases
Country/City Population Used Gene Target Genotypes the Species (%) Allele Family within Each Allele Reference
C. parvum 30/38 (80%) C. parvum
C. hominis 1/38 (2.6%) IId 30
Asymptomatic qPCR 185 rRNA Mixed “C. paroum o .
Qatar/Doha Immigrants Sequencing Gp60 and C. hominis” 4/38 (10.5%) C. hominis [45]
Mixed “C. parvum o
and C. meleagridis” 3/38 (7.9%) le 1
. . C. hominis (81.1%) NI -
Children with [70]
SA/Makkah . PCR-RFLP 18S rRNA
M diarrhoea B C. parvum (16.7%) NI -
C. paroum 79/101 (78.2%) C ”ﬁg’”m
Children with 185 rRNA Ia NM
SA/Gizan and diarrhoea and PCR-RFLP T C. hominis 13/101 (12.9%) I
. . : Gp60 c [67]
Maddina asymptomatic ~ Sequencing
. HSP70 C. homini
children Mixed “C - hominis
xed “L. paroum 8/101 (7.92%) Ib NM
and C. hominis” le
Children form
. different AP-PCR o
SA/Al-Taif hospitals and Sequencing 18S rRNA C. parvum 11/100 (11%) NI NI [77]
laboratories
. Nested PCR 185 rRNA C. parvym 15/35 (42.90 %o)
Asymptomatic C. hominis 13/35 (37%)
SA/Jeddah ! and COwp e o NI NI [78]
Children PCR-RELP Go60 C. meleagridis 1/35 (2.9%)
: p C. muris 1/35 (2.9%)

! Further sub-classification led to 10 different subtypes; NI: Not Identified; NM: Not Mentioned; PCR-RFLP: Polymerase-Chain-Reaction-Restriction Fragment Length Polymorphism;
AP-PCR: Arbitrarily primed P.
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Even though the Saudi government has key planning considerations for emerging diseases alerts
based on the WHO's recommendations, Cryptosporidium infections has been reported within the
population of Makkah before and during the Umrah season. It has been observed that the incidental
rate of various intestinal parasites has increased by 7.5% among people around the Holy Masjid
during Umrah [60]. Overcrowding has been frequently cited as a significant risk factor associated with
Cryptosporidium infection in other low- and middle-income countries [29].

The number of Cryptosporidium reports from the other GCC countries (Kuwait, UAE, Qatar,
and Oman) varied between 1 and 5 reports in the literature search (Figure 2, Table 1). Kuwait is ranked
second after SA for reporting Cryptosporidium infections (5 reports). In a Kuwaiti study that estimated
the infectious and parasitic diseases mortality, there has been a steady decline in the number of deaths
from infectious and parasitic diseases in Kuwait since 1975. This decrease in deaths has dropped from
758 in 1975 to 236 in 1983. However, when the researcher compared the death rate from infectious and
parasitic diseases between Kuwait and selected developed countries, the study showed that, despite
considerable improvement, the real rate of infectious and parasitic mortality in Kuwait remains very
high compared to that in developed countries [81].

In Qatar and UAE, the reporting system for Cryptosporidium infection can be considered marginal,
although they have rich economies indicated by per capita Gross National Income (GNI) [82]. The few
reports that have been published from the GCC countries, with regard to parasitic infections, appear to
give a false sense of security that these diarrhoeal parasitic pathogens may not be a serious problem in
the region. GCC countries that neglect to screen or report the occurrence of cryptosporidiosis cases
could be misinterpreted as having an absence or low prevalence of Cryptosporidium in those countries.
Recent published data have highlighted the importance of monitoring and investigating intestinal
parasites after several worldwide Cryptosporidium outbreaks.

Bahrain is the only country in the GCC region that does not have a published record for
Cryptosporidium infections. In spite of reporting helminths and other protozoa in humans since 1995 [83],
Cryptosporidium has not been considered or included in routine investigations of diarrhoeal infections.
Bahrain has a relatively smaller economy than its oil-rich neighbours in the Arab Gulf. Over the years,
Bahrain’s o0il production has deteriorated dramatically, resulting in a high unemployment rate and
poverty (11% of citizens), which may explain in part its neglected focus and research implementation
of neglected diseases [84,85].

In about 70% of the reported studies in the GCC countries, Cryptosporidium has been linked to
gastrointestinal symptoms, particularly diarrhoea in children under 5 years old (Table 1). In the Middle
East, 76% (4348 volunteers) of military soldiers have reported at least one diarrhoeal episode [42].
In 45% of the cases, diarrhoea resulted in a median of 3 days of lost work productivity and a median of
2 days confinement to bed. Adverse effects of diarrhoea have caused 62% of the affected subjects to
seek medical attention and subsequent intravenous rehydration from diarrhoeal complications [42].
In the GCC countries, other categories of adult patients (immunocompromised, Umrah people,
and expatriates/immigrants) have also reported diarrhoea that had been caused by Cryptosporidium
infection [39,49,50,65,66,68,70].

If this is indeed the situation with adult diarrhoeal cases, it would be expected that children under
5 years are more vulnerable to the adverse effects of diarrhoea from Cryptosporidium infection.

Two paediatric case reports as early as 1989 have linked Cryptosporidium infection to symptoms
of severe diarrhoea, vomiting, and low-grade fever in children from Kuwait [86]. Over one third
of the country’s infectious and parasitic deaths were reported as diarrhoeal deaths of infants and
young children [81]. In Jeddah, the largest commercial city of Saudi Arabia, it was identified that
14.9% of school children have reported diarrhoea during the previous month in a study focusing on
boys’ public schools (24 schools) that serve children aged 7-12 years. The main risk factor indicated
in the analysis of the study was the number of children under the age of five living in the same
household. Other risk factors associated with an increased risk of diarrhoea that was noted in the
study are sewage spillage near the home, no drying for hands after washing, use of reusable cloths
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to dry dishes, and eating out after school hours [87]. In UAE, a survey of 500 parents with children
under 5 years of age have reported that 87% of parents sought medical care for their children for the
treatment of acute gastroenteritis within a three-month period, where 10% of those children required
hospitalization with an average length of stay of 2.6 days due to complications of severe diarrhoea [88].
Asymptomatic children with cryptosporidiosis are considered to be carriers and act as important
reservoirs for Cryptosporidium oocysts in the community [22].

In the Global Burden of Diseases (GBD), Injuries, and Risk Factors study, Cryptosporidium infection
was the fifth leading cause of diarrhoeal mortality in children younger than 5 years, causing 48,300 deaths
in 2016. According to the study, for every episode of cryptosporidial diarrhoea, there was an associated
decrease in height-for-age, weight-for-height, and weight-for-age Z scores, which translated into an
additional 7.85 million DALYs [11]. In North Africa and the Middle East, researchers have distributed
the DALYs source in children under 5 due to Cryptosporidium infection into 40% wasting, 24% acute
diarrhoea, 23% underweight, 9% stunting, and 3% protein energy malnutrition [11].

Paediatric diarrhoea has significant consequences on productivity and the financial impact on
the livelihood of the affected families [44]. In the GCC countries, there has been a notable economic
burden due to diarrhoea in children. For example, the total cost of hospitalization in Oman due to
paediatric diarrhoea was estimated to be $539/child/3 days stay in hospital. For all outpatient and
hospital settings in Oman, the total cost reached $1.8 million per year [89]. In the UAE, the average
cost for medical care per paediatric diarrhoeal episode has been estimated to be $64 [88].

The lack of comprehensive studies on Cryptosporidium infection in paediatric diarrhoeal cases
need to be strengthened in the GCC countries to reduce the economic burden associated with
diarrhoeal diseases, to provide healthy children without long lasting adverse effects, and to reduce the
transmission circle between family members and between families where the child is always the focus
of Cryptosporidium infection.

Diagnosis and identification of Cryptosporidium infections in the GCC countries varies among
the reports. The majority of them are based on the use of staining methods; however, occasionally
confirmation of staining is combined with other sensitive methods like immune tests and PCR to
make diagnosis (Table 1). The diagnostic method of choice for the detection and identification of
Cryptosporidium usually varies according to the investigator’s goal as well as the available facilities and
resources to make the diagnosis [90].

The prevalence of Cryptosporidium infection also varies among the GCC countries, with a prevalence
ranging between 0.1 and 69.9%. The studies that have depended on combined stains and immune tests
authors noted a wide range of prevalence between 0.1 and 69.9%, while studies that have used PCR
methods to confirm Cryptosporidium prevalence ranged between 1.7 and 19.4%. Only one study has
reported a high prevalence of 94% by the authors, who used PCR to analyse previously confirmed
positive samples via staining [50] (Table 1).

Only eight out of 28 studies (28.6%) from GCC countries have further processed their isolates
by molecular analysis to verify the geno-/subtyping of Cryptosporidium spp.. The molecular methods
used in these studies varied between arbitrarily primed PCR, qPCR, sequencing, and PCR-RFLP,
where PCR-RFLP was the most commonly used technique to the identify the Cryptosporidium spp. and
subtype (Table 2).

PCR methods are well established techniques that are used to detect Cryptosporidium DNA in
samples with accuracy, sensitivity, and specificity over traditional staining methods. Quantitative
PCR (qPCR) is known to be the most accurate amongst the PCR methods due to a decreased risk
of sample contamination; early reporting of results, particularly during outbreak investigations;
and with the detection and quantitation of the target nucleotide sequences down to one or a few copies
per samples [90]. The majority of the GCC studies used PCR-RFLP to detect Cryptosporidium spp.,
probably due to the lower costs associated with this highly accurate technique.

We have concluded that the studies that used PCR methods had the most realistic prevalence
and burden numbers of cryptosporidiosis in the GCC countries (1.7-19.4%). Other factors must be
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considered that can affect the prevalence of Cryptosporidium in these studies. For example, differences
in method, number and type of diagnostic method used, number of selected samples for the study,
target population, aim of the study, state of the population’s health, symptomatology, and expertise
of investigators.

C. parvum, C. hominis, C. meleagridis, and C. muris have been the identified species that infect
humans in the GCC countries [45,46,49,50,67,70,78]. Distribution of different Cryptosporidium genotypes
in human populations can be considered an indication of the differences in infection sources [91].

C. parvum has been reported to be the dominant species in isolates from the GCC countries.
In Kuwait, C. parvum has been identified as the predominant causative species of cryptosporidiosis in
children [49,50]. In Qatar, it was the principal species as well in the Qatari children and expatriates [45,46].
Saudi Arabian children from Gizan and Maddina were also dominantly infected with C. paroum [67].

C. parvum is a species that infects a broad range of mammals and is considered one of the
major zoonotic disease problems [92]. Its dominance in the GCC countries indicates that there is an
animal-to-human transmission, particularly when subtyping outcomes are considered.

From subtyping data of Cryptosporidium infections in the GCC countries, C. parvum IId has been
shown to be the predominant subtype family in most of the GCC countries (Table 2). The IId subtype
has been referred to as the major zoonotic subtype family in Europe, Asia, Egypt, and Australia [93-98].
Its distribution has been associated with the domestication of goats, sheep, calves, horses, donkeys,
and takins [99]. According to Qatari and Kuwaiti paediatric diarrhoeal studies that have investigated
the risk factors associated with Cryptosporidium infection, there has been limited, if indeed any, contact
with farm animals when investigators were considering the source of initial infection [46,49]. On the
other hand, the frequent reporting of the IId subtype family in the GCC countries suggests the potential
occurrence of zoonotic transmission of C. parvum.

The Qatari studies have indicated that there is a predominance of the IId subtype family in
its hospitalized children and immigrants, and suggested that Cryptosporidium contamination from
foodborne transmission or person-to-person contact, but there is no indication that the source of
infection could also be from contaminated water or contact to animals [45,46]. None of the Qatari
studies reported prevalence or occurrence of Cryptosporidium spp. in local animals or drinking water.
One study from Kuwait has indicated that nine of the paediatric cryptosporidiosis cases had direct
contact with animals but did not demonstrate any significant association between the risks of infection
from those animals [49]. Another study in Kuwait has investigated 47 sheep and goat farms and
found a predominance of the C. parvum Ild subtype family in two-thirds of the infected animals [95].
In Saudi Arabia, Cryptosporidium has been detected in camels, sheep, and goats, but there has been no
further molecular identification of these species and subtypes [100].

More research is needed in the Gulf region to confirm if animal contact is a major source of
infection. The prevalence of the Cryptosporidium needs to be investigated in the animal population.
In addition, the authors of this review have speculated that if the elderly populations were included in
the Gulf research studies, there may be a significant correlation between the Cryptosporidium positive
cases and contact with animals, particularly in Arab falconers and those who enjoy breeding and riding
camels (see details in the next chapter).

C. hominis is a species mainly restricted to humans (anthroponotic transmission) despite it has
been recently reported in young calves [101]. It has been reported to be the predominant species in
children from Makkah, Saudi Arabia [70]. Other studies have noted its occurrence in a few number of
cases from Qatari immigrants (1) and hospitalized children (4) [45,46], Kuwaiti symptomatic children
(15) [49,50], and Saudi Arabian children (13) [67] (Table 1). Person-to-person contact is also a plausible
way to contract cryptosporidiosis in the GCC countries; however, it appears to only represent a very
small percentage of cases in the available literature.

C. meleagridis and C. muris have been the least reported species in the GCC countries. Qatar and SA
are the only countries that reported these species from their isolates. C. meleagridis has been described
within mixed infections of C. parvum in two Qatari reports (children and immigrants) [45,46] and as a
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single species infection in asymptomatic Saudi children [78], whereas its transmission has not been
clarified in any of those studies. C. meleagridis primarily infects birds and mammals and is considered
the third most common cause of cryptosporidiosis in humans [102], despite it frequently being reported
in particular populations of Thailand, Peru, and Japan [9,103]. The Qatari cases with C. meleagridis
infection seem to be linked to travel to endemic areas or countries, or were infected from people coming
from endemic areas or contact with birds, e.g., falcons.

A single C. muris case has been reported in one Saudi child; however, the conclusions are
marginal since the authors reported PCR technical difficulties with processing the C. muris DNA.
Further, this particular isolate was the only species that was withheld from the gel electrophoresis
during their PCR-RFLP analysis [78].

Zoonotic and anthroponotic transmissions of oocysts are known pathways for Cryptosporidium
infection in the Gulf population. It is essential that Gulf governments, public health authorities,
and investigators consider publishing more investigations on cryptosporidiosis in animals and
symptomatic individuals who have had direct contact with those animals. It would be worthy to
combine human and animal investigations in one study for the detection of Cryptosporidium that uses
molecular analysis to verify the genotype/subtype prevalence in human and animal populations.

4. Possible Risk Factors in the GCC Countries Associated with the Prevalence of Cryptosporidiosis

Poor water quality, animal contact, overcrowded living conditions, household diarrhoea, and
open defaecation have been identified as significant risk factors for Cryptosporidium infection in low-
and middle-income countries [29]. Countries that have been identified as “poor income countries” can
suffer additional risk factors that double the predisposition for cryptosporidiosis. These risk factors
include inadequate water supply, water crises, unclean water, poverty, illiteracy, social unrest, climate
change, political conflict, and underdevelopment, which can create dramatic consequences in the
poorest members of this population [19-21].

Due to the high-income status of the GCC countries, the risk factors for Cryptosporidium infection
and other infectious diseases are notably lower than those in the “poor income” category. Collectively,
the Gulf reports have only addressed one major risk factor (expatriates) but neglected to specify other
epidemiological factors that may contribute to Cryptosporidium infection in the region. The most
putative important risk factors for cryptosporidiosis in the GCC countries will be presented in the
following sections.

4.1. Cryptosporidium Contaminating Water Resources in the GCC Countries

The GCC countries are considered the poorest region in the world in its water resources. This is
due to their geological location and climate. They are characterized by their arid environment (hot and
dry) with irregular and infrequent rainfall, high evaporation rate, and scarcity of renewable water
resources [35,104]. Arid regions have a higher correlation between available water resources and public
health problems [36], which can consequently have a negative impact on the social and economic
development in the region.

The GCC countries depend mainly on water desalination, which is an expensive process that
removes salts and minerals from seawater and brackish water [37]. There is almost no surface water
either in the GCC countries [32,105]. Due to the rapid expansion of the population, lifestyle changes
have occurred with the urbanization and reclamation of agricultural areas, where valuable groundwater
is extracted to satisfy the demand for water [36,104]. Fortunately, the desalinated seawater can provide
an unlimited supply of drinking water, although it does come with a risk when it is inadequately
produced and contaminated or if the water treatment systems fails [38].

Prior to pumping desalinated water into the distribution network, the water is chemically treated.
In Jeddah, Saudi Arabia, the drinking water is only distributed to properties once or twice per week.
The processed water is then stored in private underground tanks for two days. Afterwards, the stored
water reaches the distribution facilities, where it is pumped to roof tanks on homes and businesses
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to be available when needed [87]. In many areas of Jeddah, the domestic wastewater system uses a
cesspool, which runs next to the underground water storage tanks. The long-term use of a cesspool
system has caused a rapid rise in the underground water table. This has led to contamination of
potable water stored in the underground tanks [106,107]. In the western provinces of SA, the use
of conventional on-site sewage systems is the exclusive pathway to dispose sewage. Under ideal
conditions, the waste effluent is assimilated and treated within the topsoil that is directly adjacent to
the cesspool, without regulation or implementation, to ensure there is enough separation between the
bottom of the cesspool and the water table [108]. It has been confirmed that the fate and movement
of the chemical constituents (nitrates) and bacterial contamination from this septic/cesspool effluent
mixes into the shallow groundwater, private shallow and deep wells, and dump stations [108-110].

Table 3. Detection of Cryptosporidium in water resources of the GCC countries.

Type of No. of
Country/City Contaminated Method Used  Contaminated/No. Genotyping/Subtyping References
Water of Total
Overhead water IFT
Kuwait/Safat tanks PCR-RFLP of 1/5 2c. parvum subtype Ila [49]
18S rRNA
Underground
water (UW) from UW 7/96
wells
. Desalinated water
SA/Al-Taif Nested PCR NP 52
/ (DW) from tanks in este DW 8/72 [52]
private houses
Bottled water (BW) BW 0/60
Filtration
1 SA/Tabuk Bottled water MZN 6/36 NP [111]
ELISA
Ak Tap water Double Schools 13/44
/Mekka Bottled water centrifugation Houses 33/122 NP [112]
and Jeddah MZN
Ablution water Mosques 31/79
UAE/Dubai School swimming IFT 5/5 NP [113]
pool
Irrigation water
(IW) of public IW 17/18
parks
UAE/Dubai Chlorinated water IFT NP [114]
(CW) samples from CW5/5
the sewage

treatment plant

! The results of these studies regarding types of water were marginal. 2 Five members of the same family who lived
around this camp suffered from infection with C. parvum subtype Ila. IFT: Immunofluorescence; NP: Not Performed.

It is recognized that the on-site sewage disposal systems have contaminated the drinking water
sources and subsequently caused health problems in the Gulf region. If chemical and bacterial
contamination is present in the drinking water, it is expected to have parasitic contamination as well;
however, this parameter is under recognized in the GCC countries.

Although Cryptosporidium has been frequently detected in faecal samples of local inhabitants in
the GCC countries (SA [66,76,77], Kuwait [50], UAE [80], Qatar [46], and Oman [64]), they have little
published data regarding the occurrence of Cryptosporidium in the Gulf water supply. However, six
studies in SA, UAE, and Kuwait have investigated Cryptosporidium in selected water resources in the
GCC (Table 3), with interesting outcomes.
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It is remarkable that Cryptosporidium was present in almost all water resources from the GCC
countries, which included desalinated water, underground water, bottled water, swimming pools,
irrigation water, and chlorinated water from sewage treatment plants [40,49,111-114].

In the SA city of Al-Taif, Cryptosporidium has been identified in 8% of desalinated water samples [40].
In Makkah, another SA city located next to Al-Taif, the presence of Cryptosporidium infection among
its inhabitants has been suspected to originate from contamination from the local desalinated water
system. Due to the similarity and construction of the two desalination water systems, this has led
investigators to suspect the desalination water system as the most plausible source of Cryptosporidium
infection in Makkah [40,70].

The high prevalence of Cryptosporidium in Kuwait has been linked to the winter desert camping
areas, where large numbers of overhead water storage tanks are used to store potable water. Water tanker
trucks transport this desalinated water to these camping places. It is very interesting that the
Cryptosporidium subtyping result from the contaminated tank water has been identified as C. parvum
subtype Ila, and that five members of the same family using this water source at the camp were also
infected with the same subtype [49]. This has provided a direct link to contaminated desalinated water
as a potential source of Cryptosporidium infection. Moreover, the contamination of water with oocysts
has probably occurred at the end of the water treatment process during distribution [49].

It has been reported that about 7.3% of underground waters (wells) are contaminated with
Cryptosporidium in Al-Taif [40]. The protected wells were previously found to be contaminated with
faecal matter [115]. It is not be surprising if unprotected wells are contaminated from a variety of
sources, such as wastewater effluent, overland flow from manure piles, as well as domestic or wild
animal grazing. Fossil groundwater covers about two-thirds of the Arabian Peninsula, and it is the
main source of water in the GCC countries [116]. Ground water pollution in the GCC countries has been
caused mainly due to over-pumping from wells. However, there are other factors that have contributed
to ground water pollution, such as irrigation returns, seawater intrusions, liquid effluents from septic
tanks, and agricultural chemicals. These factors have led to the abandonment of many water wells
in the GCC countries [117]. Water well pollution highlights the necessity of higher water-protection
legislation and conservation to ensure the protection of water supply for all inhabitants [118].

Bottled water in Tabuk, Jeddah, and Mekkah in SA has been reported to be contaminated with
Cryptosporidium using modified Ziehl Neelsen (MZN) as a diagnostic method [111,112]. In these two
studies, the authors have not given clear details regarding the water samples used in their investigations
and they published ambiguous results concerning the bottled water contamination. In comparison,
another study from Al-Taif, using nested PCR and five brands of bottled water (domestic and imported),
has reported all samples to be free from Cryptosporidium oocysts [40].

The microbiological quality of bottled water has been the focus in UAE since 1999. Although
authors have mentioned that the presence of bacteria in bottled water can act as an indicator for the
possible presence of Cryptosporidium, there has been no established method yet to screen the bottled
water for this protozoan parasite in the GCC region [119].

As mentioned from some of the literature, the quality of bottled water can vary between brands.
Researchers have speculated that it might not be any safer than tap water, unless it is distilled or
pasteurized to ensure complete disinfection. The source of the bottled water is also very important,
especially if it is collected from a surface water source (e.g., a stream) and it may be more likely to
contain Cryptosporidium and other microorganisms than bottled water derived from a ground water
source (e.g., a well). Therefore, it is important for companies that sell bottled water to also list the
water source on the product label [120,121].

In one study, indoor and outdoor swimming pools from five Emirati schools were found to be
contaminated with an average concentration of Cryptosporidium between 1 and 15 oocysts/L. The ages
of the swimmers were between 3 and 14 years old, who attended 1-3 swimming classes per week [113].
Due to the hot weather in the GCC countries, many swimming pools are available at schools, hotels,
parks, and residential areas that are frequently used by many individuals from various age groups.
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Formed faecal incidents (poop) pose a risk for the spread of infectious disease, including parasitic
protozoa [122]. The CDC’s Healthy Swimming Program has indicated that Escherichia coli, a faecal
indicator, has been detected in 93 (58%) of the swimming pools samples, and further explains the
necessity of regular monitoring for chlorine-resistant Cryptosporidium oocysts [123]. Detection can
signify that swimmers have introduced contaminated faecal material into swimming pools either when
it washes off a swimmer’s body or by release of a formed (or diarrhoeal) faecal incident into the water.

The overuse of swimming pools can significantly compromise the effectiveness of proper cleaning
and decontamination efforts. The risk of contamination for Cryptosporidium in swimming pools is
therefore estimated to be very high in spite of use of filtration and chlorination as a cleaning and
sanitization method [113].

The usage of chlorine as a water disinfectant is known to be effective against many microorganisms;
however, Cryptosporidium oocysts are resistant to the effects of chlorine [124] and various environmental
stresses, such as extreme temperature variations [40]. The oocysts are small (5 um) and have a low
infectious dose (1-10 oocysts), and reportedly has the ability to maintain viability in water longer than
6-12 months or longer with the capability to cause epidemics, even after the consumption of purified
drinking water [2,125,126].

In the GCC countries, bacterial and fungal indices are routinely tested in different water
resources [113,127,128]; however, only scientific institutions care to identify the absence or presence of
Cryptosporidium oocysts in water samples.

The Dubai municipality environmental safety inspectors, who send samples to the central
laboratories, do not consider the presence of Cryptosporidium oocysts in swimming pool water as an
indicator of its quality, while instead mainly focusing on monitoring for bacterial indicators [113].
The National, the leading English news service of the UAE, has warned against the failure to keep UAE
pools clean due to insufficient disinfection and expressed concerns for infectious disease in swimming
pools, including parasites that are known to cause severe diarrhoea amongst children. They have
reported that when humans become infected with Cryptosporidium, they can act as carriers and release
its chlorine-tolerant-oocysts into the swimming pools, and suggested that UV irradiation be applied
instead of ineffective chlorine for the disinfection of swimming pools [129]. It remains uncertain,
however, whether and in what extent UV treatment has a real impact on Cryptosporidium during the
water treatment process. Only public and private action on such warnings in all GCC countries can
help protect the most vulnerable populations (e.g., children and immunocompromised individuals)
from becoming infected with Cryptosporidium.

Cryptosporidium oocysts have been detected in 94.4% of the irrigation water used in public parks
in UAE [114]. Cryptosporidium oocysts have also been found in chlorinated water samples, as well as
effluent samples collected from sewage treatment plants [114]—an indication that the water treatment
systems (wastewater disinfection) have failed to eradicate the transmissible stages of Cryptosporidium
in the water treatment process. In the UAE, it is not routine to test for the presence of Cryptosporidium
oocysts in recreational water and reclaimed wastewater, while bacteriological (total and faecal coliforms)
indices are the only biological parameters used to assess their water quality [114,130].

The GCC countries produce a large amount of wastewater with an average of 2.853 Bm3/year [104].
This wastewater has been reported to contain a wide range of pathogens, including parasites, viruses,
and bacteria [131-133], and represents a real challenge when designing conventional treatment plants
that can meet the health guidelines of the Environmental Protection Agency [131]. Status of average
renewable water resources per capita in the GCC countries has already shown a warning sign, and due
to the water crisis conditions they often use improperly disinfected wastewater for irrigation [134].

Water contamination with Cryptosporidium is an under-recognised and under-investigated problem
in the GCC countries, and probably one of the main sources of diarrhoeal diseases in the region. Political
and social support is required to include Cryptosporidium and other protozoan parasites in the testing
framework for water quality and reuse of treated water. A lack of water surveillance systems has been
noted in the GCC countries. Water research that includes analyses of the Cryptosporidium genotypes and
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subtypes will help strengthen the available information about the extent of this pathogenic parasite and
its main sources. It would be also effective if the Gulf governments consider funding infrastructural
projects to efficiently treat water using good installation facilities and proper pre-treatment of chemicals
in the process design.

4.2. Animals and Birds Invading Sports Events in the GCC Countries

In the GCC countries, only a small number of studies have been performed on the presence
of Cryptosporidium in different animals. However, nine of the published studies have emphasized
the concept that animals can be a significant source of Cryptosporidium infection in the Gulf human
population. Whether they are used domestically or ridden during sporting events or leisure activities,
various animals and birds (sheep, goats, calves, camels, lambs, Arabian oryx, falcons, and stone
curlews) have tested positive for Cryptosporidium infection in the GCC region (Table 4).

Table 4. Cryptosporidium infection in animals of the GCC countries.

No. of

Country/City Ty[.)e of Infected/No.  Method Used Genotyplf\g ‘.)f Subtyplng o.f Reference
Animal Cryptospori-Dium  Cryptosporidium
of Total
MZN C. parvum IdA20G1
Kuwait/different Sheep 38/334 EIA C. ubiouit TaA15G2R1 .
areas Goats 16/222 PCR-RFLP WUt a %31
Sequencing C. xiaoi Xlla
Kuwait/Kabd, Calves 15/40 MZN
Salmi, Abdelli and Goat kids 12/57 ICT NP NP [135]
Wafra areas Lambs 16/128
Kuwait/Sulaiblya ~ NeWPOrm 31/80 MZN NP NP [136]
calves
IFT
MZN
1 Oman/Muscat Goats 238/238 H&E C. parvum NP [137]
histopathology
TEM
SEM
Goats 24/72
. MZN
SA/Riyadh Sh 15/58 100
/Riya eep % ey NP NP [100]
Camels 20/49
2 SA/Riyadh Camels 5/33 NM NP NP [138]
2 SA/Riyadh Arabian Oryx NM NM NP NP [139]
MZN
UAE/Dubai Falcons 2/2 PCR C. parvum NP [140]
Sequencing
MZN
ICT C. parvum in two
1 UAE/Dubai Stone curlew 19/29 H&E P w NP [141]
hi samples tested
istopathology
PCR-RFLP

! The studies were performed on post-mortem animals due to cryptosporidiosis outbreak. 2 The studies were only
available in the form of abstracts with no information on methodology and/or prevalence. NP: Not Performed;
NM: Not Mentioned; MZN: Modified Ziehl Nelseen; ICT: Immunochromatography; H&E: Haematoxylin and
Eosin stain; TEM: Transmission Electron Microscopy; SEM: Scanning Electron Microscopy; PCR-RFLP: Restriction
Fragment Length Polymorphism PCR; EIA: Enzymatic Inmunoassay; IFT: Immune Fluorescent Technique; ELISA:
Enzyme Linked Immune Assay.

On a well-managed Omani farm that maintains closed herds of goats, sheep, cows, and buffalo,
with regular vaccinations, a severe cryptosporidiosis outbreak has been reported in goats [137].
Massive catarrhal enteritis with markedly enlarged mesenteric lymph nodes have been observed in
post-mortem goats due to an invasion of large numbers of Cryptosporidium oocysts. Another diarrhoeal
outbreak in the UAE that has occurred was in juvenile stone curlews [141]. Although the owner
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maintained a good breeding system for the stone curlews, they all became infected with Cryptosporidium.
Numerous endogenous cryptosporidial stages were confirmed in their histopathological sections.
Despite intense supportive care, both outbreaks have resulted in a high mortality in animals (238 kid
goats and 14 adult animals died) and birds (19 stone curlews died). C. parvum has been determined to
be the main species that caused both outbreaks; however, both studies failed to recognize the main
source of infection [137,141].

Domestic livestock, especially goats and sheep, are widely raised for meat production in the
GCC countries [142]. In SA, 22.2% of sheep and 10.3% of goats have been reported to be infected
with Cryptosporidium on three farms located in Riyadh [100]. In Kuwait, likewise a wide range of
domestic animals (goats, sheep, lambs, and newborn calves) have been screened for the presence of
Cryptosporidium infection [95,135,136], where sheep and goats constitute the majority of its livestock.
These animals have the ability to adapt to the arid climatic conditions (hot/dry season and wet/cool
season). Cryptosporidium has been reported to be prevalent in 11.4% and 7.2% of sheep and goats,
respectively. C. parvum has been noted to be the dominant species responsible for the high frequency
of caprine and ovine cryptosporidiosis, and infection is usually associated with a large-size herd
(overcrowding in a closed housing system), poor hygiene, and poor management practices on the
Kuwaiti farms [95].

Many animals were imported into Kuwait, particularly cattle, to re-establish the animal industry
after the end of the Iraqi invasion. During the first three weeks of life, calves from eight dairy farms in
Sulaibyia have suffered from severe diarrhoea, being unresponsive to antibiotics, which ended with a
calf mortality of 40% and morbidity of 20-60%. The authors have reported that Cryptosporidium was
the main attributor to the diarrhoeal aetiology in the neonate calf deaths [136]. Housing pens with dirt
floors, accumulated manure with no regular removal, early separation from dams, and an intensive
system (large number of animals raised on limited space of land) have all been cited factors in studies
that might help ease the transmission of Cryptosporidium oocysts in calves [135,136]. Infected calves
are known to excrete large numbers of Cryptosporidium oocysts that might reach millions [143] and
therefore likely able to rapidly transmit the infection among herds.

It deserves mentioning that the sequence analysis of the C. parvum spp. in ruminants isolates
(IIdA20G1 and ITaA15G2R1) from Kuwait [95] have been previously documented as dominant subtypes
in the infected Kuwaiti children [50], suggesting that domestic animals can be potential zoonotic
reservoirs for cryptosporidiosis and a source of cross contamination in the environment.

Similar to the situation in Kuwait above for cattle imports, cattle were flown into Qatar to raise
supplies of milk in the midst of a country blockade led by Saudi Arabia. According to the BBC news,
the dairy cows (Holstein) came from Germany—the first of about 4000 cattle to be imported was first
imported into Qatar. Air, sea, and land restrictions have created turmoil in Qatar, which is dependent
on imports to meet the basic needs of its 2.7 million inhabitants. Several thousand cattle were later
imported from other countries. It remains unknown what epidemiological significance such animals
will have for the distribution of cryptosporidial oocysts in the country.

Animals, whether enjoyed during sporting events or for riding for pleasure, such as camels
and captive birds (falcons and stone curlews), have become the focus of Cryptosporidium research
in SA and UAE countries. In the SA city of Riyadh, Cryptosporidium has been ranked first among
the microorganisms (Escherichia coli, Corona, and Rota virus) that can cause diarrhoea in 15% of the
symptomatic camel calves from that area [138]. Samples of camel faeces in the same city have been
noted to be highly infected with Cryptosporidium oocysts (22.4%) compared to goats and sheep that were
screened using MZN and ELISA methods in another study [100]. Camels are the principal domestic
animal in SA and are used as a source of meat and milk. They are likewise used for racing sports and
transportation [144]. In Kuwait, camels are often utilized for pleasure rides beside families who are
camping in the desert. Although they are reported to be infected with Cryptosporidium since 1991 [145],
they were excluded as a possible source of Cryptosporidium infection in Kuwaiti residents who had
been infected during a camping incident [49]. In UAE, researchers have tested for the presence of
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antibodies against many infectious diseases, including protozoa, and these have been reported in their
racing camels [146].

Camel racing in the Gulf region has returned to the height of its cultural revival [147] due to its
adaptation to life in the hot and arid regions [148]. Although Gulf camels have been known as carriers
for many zoonotic parasites [149], since 1994, screening for Cryptosporidium and other protozoa has
been probably ignored in camels and the people in close contact with them.

Zoonotic pathogens carried by camels are a current future risk to public health [150]. The role of
camels in the transmission, distribution, and maintenance of Cryptosporidium in the GCC countries
should be investigated by governmental authorities and researchers alike, especially in light of the
increased use as an increasing source of protein and a sporting gain.

Captive bred birds (e.g., falcons and stone curlews) are a popular hobby for Arab falconers. In UAE,
two falcons have been identified with cryptosporidiosis during a routine health check. Their faecal
samples and lung tissues tested positive for C. parvum. In that study, the two falcons were totally
asymptomatic for any intestinal or respiratory signs [140]. Conversely, it was reported that C. parvum
caused severe symptomatic manifestations (catarrhal enteritis) with a high mortality rate in captive
stone curlews in Dubai [141].

The UAE has no routine testing for the presence of Cryptosporidium spp. in birds, owing to the lack
of regional specialized laboratories. Even though both falcons were bred in the UAE, unfortunately the
authors of the study were unable to identify the source of the C. parvum infection and failed to check
their owner, “the first suspect”, for the possibility of having cryptosporidiosis [140].

4.3. Expatriate Labourers in the GCC Countries

A greater risk for Cryptosporidium infection has been linked to a low socioeconomic status [19,22]
and travel to developing countries, where poor water treatment and lack of food sanitation are
prevalent [151].

Gulf researchers often use terms like expatriates, immigrants, or guests for people who come to GCC
countries seeking a better financial situation. Sustained economic stability and rapid socioeconomic
developments have attracted expatriate workers with mass influx into the GCC countries.
These multinational guest workers are mainly from developing countries with a low socioeconomic
status [47]. A factor that has long been associated with the transmission of parasitic diseases and is one
of the main focuses of research in the GCC countries.

During the pre-employment stage (at the country of origin), expatriate workers are screened for
the presence of ova and intestinal worms via stool analysis and culture. Although the expatriates
must be free of contagious and infectious diseases (HIV, HCV, and HBV) to be allowed entrance into
the GCC countries, Cryptosporidium, a known pathogenic protozoan, is generally not included on the
medical examination list of investigations [152].

Various studies in different GCC countries (SA, Qatar, UAE, Kuwait, and Oman) have monitored
for intestinal parasites among expatriates. It has been reported that the majority of these workers,
including food handlers, housemaids, domestic helpers, babysitters, drivers, and private cooks,
have tested positive for parasitic infections in the Arabian Gulf [53,63,79,153-158].

The prevalence of Cryptosporidium has been investigated among expatriates (adults and children
categories) from Oman, Qatar, SA, and UAE (Table 1), who have mainly originated from developing
countries (Afghanistan, Bangladesh, Ethiopia, India, Indonesia, Nepal, Pakistan, Philippine, Sri Lanka,
Turkey, Egypt, and Jordan). These countries are known to be endemic with many infectious diseases,
including parasitic diseases. Moreover, many risk factors have been reported to be associated with
expatriate workers that predispose themselves to cryptosporidiosis [45,47,48,76].

In the UAE, expatriate workers mainly originate from Asian, African, and Arabic countries,
where the majority of them are from Asia. These migrant workers from Asia have the highest
prevalence rate of Cryptosporidium infection among the guest worker population. In their home
countries, they live in rural settings under crowded conditions and have poor sanitation, predisposing
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them to infectious diseases. Migrant workers are often required to stay in similar living conditions in
their CGG work destinations, where they may have to live in labour accommodations and share the
same bedroom (with >6 persons) and toilet (with >5 persons) with many people [47,48].

During the Umrah season in Makkah, SA, there is crowding of a hundred thousand Muslims from
different nationalities with close contact and congestions between the pilgrims and local inhabitants.
The overcrowding and overcapacity of available accommodations has been noted as an important risk
factors for Cryptosporidium infection during the Umrah season [60].

In Qatar, expatriates from Western and Eastern Asia as well as North and sub-Saharan Africa have
been examined for risk factors and the prevalence of cryptosporidiosis. In the GCC countries, many
Asian individuals (Indian and Filipinos) who hold jobs, such as housemaids, builders, mechanics,
cleaners, masons, and carpenters (blue collars), have tested positive for Cryptosporidium infection.
At the country of origin, expatriates who have been infected with Cryptosporidium had many of the
risk factors associated with parasitic infection, including a low education level (elementary school
only), low home index, low monthly income, and those who were accustomed to using pit latrines [45].
Children of expatriates from the Middle East, Asia, Africa, and the local Qatari population have been
examined for intestinal parasites, whereas C. parvum was the most common incidental parasite affecting
14.7% of cases. Surprisingly, Qatari nationals had the highest number of parasitic infections from any
other group tested in spite of fewer reported cases in the local Qatari population when compared to
the expatriate groups (168 versus 412) [46].

In Oman, it has been reported that many of expatriate Indian food handlers were infected with
multiple intestinal parasites, including Cryptosporidium. The authors have stressed in their report
that it is necessary to screen food handlers for parasitic infection using different diagnostic methods,
especially before these individuals are allowed to work in restaurants, hotels, factories, and private
homes [63]. Poor personal hygiene among expatriate food handlers has been emphasized in the
literature to be a significant contributor to foodborne outbreaks [159].

In the context of good hygiene and safety in food handling, multiple risk factors linked to
expatriates in the GCC region are noted to promote cryptosporidiosis, which is a threat to public health.
Social marginalization in the form of low socioeconomic status, low living standards, low education,
overcrowding, and unhygienic practices (lack of personal hygiene and/or non-practicing of proper
hand washing before eating or handling food) are high risk factors for Cryptosporidium infection.

Symptomatic expatriates (mainly food handlers and housemaids) have a greater potential to
inadvertently introduce contaminated faecal material into the food industry when working with food
and food processing facilitates and equipment (indirect pathway) or by infecting another person
in the household or business of their employer (direct pathway). If this happens, Cryptosporidium
oocysts will circulate in the community (locals and expatriates) until this outbreak cycle can be halted.
Cryptosporidium oocysts are well known to be environmentally stable, allowing them to be highly
infective within vulnerable groups (e.g., children and immunocompromised individuals). Accordingly,
it is crucial to increase the health awareness among expatriates (particularly food handlers, housemaids,
and babysitters) about different transmission routes of Cryptosporidium and the important requirement
for its prevention and control.

It is interesting to note that the prevalence of Cryptosporidium and other intestinal parasites in
expatriates has been reported to be lower in Gulf studies when compared to the population of their
home countries [46,63,160].

There has not been a single study that compares the prevalence of Cryptosporidium infection
between expatriates who have recently entered a GCC country and those who spent a long period of
time there. The discussion table comes with a significant point about the source of infection. Either
expatriates come from their home country with the infection, or they have been infected in the country
of their employment.

Further studies on the health status of Gulf natives are therefore urgently required to get a true
estimate of the source of Cryptosporidium prevalence and finally answer the following questions: Who is
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infecting whom? Do foreigners import Cryptosporidium oocysts and other infections to the Gulf, or are
the Gulf locals actually infecting the foreigners?
More research is needed to clarify Cryptosporidium transmission cycle in the GCC countries.

4.4. Food as a Vehicle of Foodborne Cryptosporidiosis in the GCC Countries

The high economic position of the GGC countries has established itself among the more food-secure
and high-income countries in the world. This situation has created significant pressure on the available
natural resources and food production capability in the region. The six GCC states have limited control
over their food sources and production capabilities with limited sustainability due environmental
challenges [35]. Additionally, the population of the GCC countries has significantly expanded due to
the invitation of large numbers of expatriate guest workers who are needed to help industrialize and
urbanize these affluent oil producing countries.

In the GCC region, many efforts have been made to transform the arid deserts into more habitable
areas by using progressive desalinization and desertification processes. Moreover, many challenges
must still be overcome to tackle this difficult environment (high temperature and scarce water),
where its soils are sandy, fragile, and poorly enriched with organic matter [161,162].

Agricultural land in the GCC countries accounts for 19.5% of total land area available, whereas
only 1-2% is actually arable (cropland regularly ploughed or tilled) [163]. Therefore, the GCC countries
are forced to rely on imported food to meet their high demands [35,52].

Approximately 90% of the GCC’s food and drinks are imported. Annually they import around
33 million tons of foods with expectations to increase in the future to satisfy their expanding
economies [164]. Therefore, great emphasis is placed on food safety and security for all imported
foods into the GCC countries, including legislation and guidelines to safeguard the quality of the
imported food [37,165]. However, their traditional food safety systems have not properly developed to
identify potential problems (e.g., infectious disease and parasites) in the food supply before they occur,
but rather they are organized to respond to foodborne outbreaks [166].

Contaminated food and drinks with Cryptosporidium oocysts and other pathogenic microorganisms
are important routes for foodborne outbreaks of cryptosporidiosis far and wide. The catering and food
service industries use many high-risk food materials (vegetables, fruits, shellfish, and meat) that are
potentially contaminated with Cryptosporidium and have been responsible for occasional outbreaks in
the past [18].

The GCC countries, along with other Middle East countries, have been classified to have the
third-highest estimated burden of foodborne diseases per population, directly behind the African and
South-East Asian regions. Foodborne pathogens in these regions have caused illnesses in 100 million
people per year, and 32 million of those affected are children under five years [167]. Gastrointestinal
infections that are frequently seen in the Gulf region are primarily caused by Salmonella spp., followed by
Shigella spp. and other pathogens like hepatitis A virus and parasites [166,168]. Consumption of
unpasteurized dairy products and commercial meat products have been implicated in foodborne
diseases in Kuwait, Oman, and SA [165,169]. In Jeddah, SA, there has been a rapid increase in the
number of fast food businesses owned by immigrants from developing countries who have not had
adequate training in food hygiene. Fast food dishes have a great potential for food contamination due
to undercooked meat that does not reach the criterial temperatures to kill microorganisms [87,170].

There are scattered reports about the role of bacteria and viruses as causative agents of foodborne
diseases throughout the GCC region. Often, parasites, including Cryptosporidium, are the causative
agents in foodborne diarrhoea; however, the actual available reports on diarrhoeal cases in the Arabian
Gulf are scarce or non-existent.

Only one study in Qassim, SA, has investigated the different types of leafy vegetables (green onion,
red radish, garden rocket, lettuce, and parsley) for the presence of parasites. The authors reported that
all vegetables tested in the study had been contaminated with a variety of parasites, such as Giardia,
Balantidium coli, Entamoeba, Cryptosporidium, Trichuris, Enterobius, and Taenia [171]. Other foodborne
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outbreaks have been documented in SA [172]. However, microbiological surveillance has been
performed in the 31 reported foodborne outbreaks, while only Salmonella spp. and Staphylococcus aureus
were the identified pathogens from outbreaks. Moreover, the authors declared that many foodborne
outbreaks occur every year in the Kingdom of SA [172]; however, Cryptosporidium and other foodborne
parasites have been nevertheless excluded from such investigations.

The GCC Ministerial Committee for Food Safety has established joint legislation and regulations
on food safety based upon the certainty that imported foods may represent human health and
environmental safety challenges. The food safety guidelines represent health certificates forums,
technical regulations, and standards that list food categories and their certification requirements.
The technical regulations emphasize the microbiological criteria and the general safety standards for
contaminants and toxins [173]. Regrettably, the guidelines do not specify any regulations or laws
concerning food safety from parasitic contamination, which have caused foodborne outbreaks such
as cryptosporidiosis.

It is important to note that imported food could be contaminated with Cryptosporidium oocysts
(a) from the country of origin due to contamination from animal or human faeces in the water or
soil sources used to produce the food, or infected individuals that grow and store the food; (b) from
infected individuals transporting the food on the way to the designated country; or (c) from within the
destination country via infected food handlers or businesses that store the imported food in improper
conditions or washing and preparing food with contaminated water.

GCC countries must apply well-developed strategies for prevention and control of foodborne
cryptosporidiosis. The food security strategies must include surveillance systems in the health care
system and food industry that monitor for the presence of Cryptosporidium oocysts. In addition,
they must establish an epidemiological information system with local governmental authorities that
also partners with applied researchers towards the advancement of technologies that can effectively
detect and disinfect oocysts in food and water supply. There are needs to be a modification of
current regulatory standards that specifically includes parasitic contamination in imported food and
educational programs made available to food handlers in order to further reduce the risk and the
incidence of foodborne illnesses, such as Cryptosporidium infection.

4.5. Airborne Transmission of Cryptosporidium under Arid Climate Conditions

The miniscule size of Cryptosporidium oocysts has the capability to disseminate across the air,
where they could be inhaled and cause infection in humans and animals [174]. Inhalation of oocysts
from contaminated air can infect the respiratory tract and manifest respiratory symptoms [175-177].
Cryptosporidium oocysts have been observed in 60% of the investigated air samples in Mexico [174].
Direct contamination with faecal material because of the lack of sanitary infrastructure results in a
greater dispersion of soil via airborne dust during dry season, particularly in those places where people
are exposed to large amounts of outdoor dust [174].

The GCC countries are characterized by arid climatic conditions (long, dry, hot summers and short,
relatively warm winters) [49,95,113]. Weather conditions, such as heat, wind, and a lack of rainfall,
have significantly contributed to dust and the formation of the GCC countries’ regional climate [178].
Therefore, the Gulf population has a higher exposure to large amounts of outdoor dust, which puts
them at risk for Cryptosporidium infection from contaminated air particles; more so if they have close
contact with infected livestock.

It has been reported in the epidemiology of cryptosporidiosis that respiratory aerosol droplets from
infected individuals can be one of the crucial factors in the transmission, rapid spread, and continuous
circulation of Cryptosporidium oocysts. Evidence has suggested that oocysts can be transmitted via
respiratory secretions as well as through the more common faecal-oral route [177].

It has been documented that wind can increase the spread of viruses in the saliva and respiratory
droplets when someone coughs or sneezes. Studies have demonstrated that airborne particles from
sneezes can travel up to 6 m in 1.6 s with an accelerated dispersion rate [179]. The same scenario also
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could occur with respiratory droplets from individuals infected with Cryptosporidium oocysts. It has
been shown that Cryptosporidium oocysts are able to infect epithelial organoids derived from human
lungs and are successfully able to complete their lifecycle [180]. The risk of illness for Cryptosporidium
oocyst air inhalation has been found to be very high and has shown to reach above the safety guidelines
of its presence in water (1 X 1074) [174].

With or without symptoms, Cryptosporidium oocysts are involved in the respiratory tracts of
avian and some mammals, which includes a small number of human cases [177]. All of the published
research studies from the GCC countries have not included or excluded questions regarding respiratory
symptoms in the diagnosis. However, respiratory Cryptosporidium infections have been reported to
occur in immunocompetent children with enteric cryptosporidiosis, individuals with an unexplained
cough, and in immunocompetent adults with tuberculosis from Uganda [175,176]. It is worthy to
stress that 35% of children with intestinal cryptosporidiosis and cough had Cryptosporidium DNA in
their respiratory secretions [175], which validates the potential for Cryptosporidium to be transmitted by
cough, sneeze, and expectoration from those who have cryptosporidial infections and diarrhoea.

In the UAE, two asymptomatic captive falcons were identified to have cryptosporidiosis and tested
positive for C. parvum in their lung tissues by molecular analysis. In addition, the main endoscopic
findings from the cases indicated an infectious process in the ostia, caudal lung field, and caudal
thoracic air sacs with an accumulation of inflammatory cells. Acid-fast positive cryptosporidial oocysts
was identified as the cause of the infections in the report [140]. Although, the Cryptosporidium infection
in the falcon’s lungs could have come from the spread of infection from its intestines, the airborne
transmission should also be taken into consideration as the initial source of infection, which further
illustrates the potential for airborne Cryptosporidium transmission in humans.

There are a limited number of respiratory cryptosporidiosis cases reported in the Gulf countries;
however, the extent of this type of lung infection has yet to be established in the region. More research
is needed to verify the actual risk from cryptosporidial respiratory tract infections in the Gulf human
and animal populations. Already researchers have shown that breathing has the potential to release
aerosols from infective individuals into a room [181]. Recently, investigators have reported the use of
computational multiphase fluid dynamics and heat transfer to demonstrate the transport, dispersion,
and evaporation of saliva and respiratory particles that can arise from the human cough. They have
calculated the effect of wind speed on social distancing safety measures during the COVID-19 pandemic.
Interesting to note that when they considered all the environmental conditions, they concluded that a
safety measure of 2 m between people is insufficient to completely prevent the inhalation of respiratory
particles and droplets [179].

It is advisable that when managing patients infected with enteric cryptosporidiosis, particularly
in those who have unexplained respiratory symptoms, they should be isolated or given face masks as
a precautionary measure to avoid the spread of Cryptosporidium oocysts from their respiratory droplets
that can be released when coughing or sneezing. Therefore, patients should be advised to always
protect their mouths and noses with handkerchiefs when they cough or sneeze.

5. Conclusions

Routine diagnostic and surveillance systems are an important part of public health and the
treatment of infectious diseases. They have the power to prevent outbreaks and save lives.
Cryptosporidium and other parasites have not yet been included in the routine diagnostic and surveillance
systems of the Gulf regions. However, the apparent disease burden of parasitic infections and other
infectious disease has been cited in the literature from these GCC countries. The limited number of
reports that was found in this review indicate that Cryptosporidium has almost infected every element
of the Gulf region; in addition, the burden of this parasite in humans, animals, and food and water
supplies is starting to show up more in the published literature.

Cryptosporidium has definitely had a negative impact on the economic prosperity and public health
in this region, while much of this burden has been underrecognized, underestimated, and underreported
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in reports. Many of the risk factors for contracting Cryptosporidium are an everyday reality for the
inhabitants of the GCC countries.

The most vulnerable groups (e.g., children under 5 years and immunocompromised individuals)
are the most susceptible to the adverse effects of cryptosporidiosis and should be protected from
this preventable infectious disease. Molecular analysis of Cryptosporidium from isolates in the Gulf
population have revealed the presence of zoonotic and anthroponotic transmission according to the
published reports.

Desalinated water and other drinking water sources in the GCC countries have been found to be
contaminated with Cryptosporidium oocysts. Defective waste management systems and water treatment
plants have been found to be a source of septic pollutants in the drinking water supplies.

Camels and other animals often accompany owners to sporting events and leisure activities in the
GCC countries, which has been noted to be a significant source of zoonotic cryptosporidiosis in the
region. Cryptosporidium outbreaks have been recorded in animals by incidental or accidental findings.
Authors have commented that many of these cryptosporidiosis outbreaks in animals from Gulf region
continue be undetected or underreported in the literature.

Expatriates workers have been found to be a source of “imported” Cryptosporidium infection via
food handling and poor hygiene; however, more detailed investigations are needed to compare this
group of the population with the native inhabitants of the area.

Large quantities of food are imported to feed the expanding work force in the Gulf region. Food is
usually imported from low socioeconomic countries that are associated with a higher risk of contracting
cryptosporidiosis due to their social and economic situation.

Food safety and security legislation has been enacted in the GCC countries to prevent foodborne
outbreaks in the region. However, their regulatory standards for imported food still lack many of the
parasites known to cause outbreaks, such as Cryptosporidium, in their screening protocols. This needs
to urgently change so that the prosperity of the local economy and the most vulnerable populations
are protected from the burden of foodborne outbreaks in the Gulf region.

Imports of animals, such as cattle, may impact the known epidemiological importance of the release
and transmission of Cryptosporidium oocysts. A new animal reservoir with its related implications is
generated in the GCC countries due to political tensions in the region.

Further research is required to quantify the influence of transmission parameters such as the
infective airborne respiratory droplets of Cryptosporidium on disease burden, along with those of
other pathogenic microorganisms. More research is needed for the development of highly effective
disinfection methods to treat Cryptosporidium contamination in swimming pools and the water supplies,
e.g., bottled water and ground water.

The GCC countries should include Cryptosporidium and other parasitic pathogens in their public
health protocols for the routine screening of infectious diseases in human and animal faecal samples who
have contact with the food and water supply in order to avoid outbreaks. The airborne transmission of
Cryptosporidium oocysts is highlighted due to the particularly windy and dry environmental conditions
associated with this region. The wind has the power to circulate minuscule particles of dried infective
faecal matter in the surrounding areas that can poses a threat to human and animal health.

More published research is needed on the epidemiology of Cryptosporidium in order to determine
the true prevalence of this parasitic pathogen in the GCC countries.

Author Contributions: Conceptualization, PK.; writing—original draft preparation, S.A.A.; formal analysis,
S.A.A,; resources, S.A.A.; data curation, S.A.A. and PK.; writing—review and editing, PK. and S.A.A; supervision,
PK. All authors have read and agreed to the published version of the manuscript.

Funding: This review received no external funding.

Acknowledgments: We would like to acknowledge Chad Schou, University of Nicosia Medical School, 24005,
CY-1700, Nicosia, Cyprus, for the time and effort devoted to improving the linguistic quality of this review.
We write to express our appreciation for his detailed and useful comments, which have much improved the
English language level of this review.



Int. |. Environ. Res. Public Health 2020, 17, 6824 26 of 34

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Innes, E.A.; Chalmers, RM.; Wells, B.; Pawlowic, M.C. A one health approach to tackle cryptosporidiosis.
Trends Parasitol. 2020, 36, 290-303. [CrossRef]

2. Efstratiou, A.; Ongerth, J.; Karanis, P. Evolution of monitoring for Giardia and Cryptosporidium in water.
Water Res. 2017, 123, 96-112. [CrossRef]

3. Plutzer, J.; Karanis, P. Genetic polymorphism in Cryptosporidium species: An update. Vet. Parasitol. 2009, 165,
187-199. [CrossRef]

4. Messner, M.].; Berger, P. Cryptosporidium infection risk: Results of new dose-response modeling. Risk Anal.
2016, 36, 1969-1982. [CrossRef] [PubMed]

5. Holubova, N.; Zikmundova, V.; Limpouchova, Z.; Sak, B.; Kone¢ny, R.; Hlaskova, L.; Rajsky, D.; Kopacz, Z.;
McEvoy, J.; Kva¢, M. Cryptosporidium proventriculi sp. n. (Apicomplexa: Cryptosporidiidae) in Psittaciformes
birds. Eur. J. Protistol. 2019, 69, 70-87. [CrossRef] [PubMed]

6.  Koehler, A.V.; Whipp, M.].; Haydon, S.R.; Gasser, R.B. Cryptosporidium cuniculus—New records in human
and kangaroo in Australia. Parasites Vectors 2014, 7, 492. [CrossRef]

7. Li,N,; Xiao, L.; Alderisio, K.; Elwin, K.; Cebelinski, E.; Chalmers, R.; Santin, M.; Fayer, R.; Kvac, M.; Ryan, U; et al.
Subtyping Cryptosporidium ubiquitum, a zoonotic pathogen emerging in humans. Emerg. Infect. Dis. 2014, 20,
217-224. [CrossRef] [PubMed]

8. Wang, SN,; Sun, Y;; Zhou, HH,; Lu, G.; Qi, M.; Liu, W.S.; Zhao, W. Prevalence and genotypic identification
of Cryptosporidium spp. and Enterocytozoon bieneusi in captive Asiatic black bears (Ursus thibetanus) in
Heilongjiang and Fujian provinces of China. BMC Vet. Res. 2020, 16, 84. [CrossRef]

9. Kopacz, Z.; Kva, M.; Karpinski, P.; Hendrich, A.B.; Sasiadek, M.M.; Leszczynski, P.; Sak, B.; McEvoy, J.;
Kicia, M. The first evidence of Cryptosporidium meleagridis infection in a colon adenocarcinoma from an
immunocompetent patient. Front. Cell. Infect. Microbiol. 2019, 9, 35. [CrossRef]

10. Feng, Y,; Ryan, U.M.; Xiao, L. Genetic diversity and population structure of Cryptosporidium. Trends Parasitol.
2018, 34, 997-1011. [CrossRef]

11.  Khalil, I.A.; Troeger, C.; Rao, P.C.; Blacker, B.F,; Brown, A.; Brewer, T.G.; Colombara, D.V.; De Hostos, E.L.;
Engmann, C.; Guerrant, R.L.; et al. Morbidity, mortality, and long-term consequences associated with
diarrhoea from Cryptosporidium infection in children younger than 5 years: A meta-analyses study. Lancet Glob.
Health 2018, 6, €758-e768. [CrossRef]

12. Dadonaite, B.; Ritchie, H.; Roser, M. Diarrheal diseases. In Our World in Data. 2020. Available online:
https://ourworldindata.org/diarrheal-diseases (accessed on 21 April 2020).

13. Karanis, P.; Kourenti, C.; Smith, H. Waterborne transmission of protozoan parasites: A worldwide review of
outbreaks and lessons learnt. . Water Health 2007, 5, 1-38. [CrossRef] [PubMed]

14. Baldursson, S.; Karanis, P. Waterborne transmission of protozoan parasites: Review of worldwide
outbreaks—An update 2004-2010. Water Res. 2011, 45, 6603-6614. [CrossRef] [PubMed]

15.  Efstratiou, A.; Ongerth, ].E.; Karanis, P. Waterborne transmission of protozoan parasites: Review of worldwide
outbreaks—An update 2011-2016. Water Res. 2017, 114, 14-22. [CrossRef]

16. Rosado-Garcia, EM.; Guerrero-Florez, M.; Karanis, G.; Hinojosa, M.D.C.; Karanis, P. Water-borne protozoa
parasites: The Latin American perspective. Int. |. Hyg. Environ. Health 2017, 220, 783-798. [CrossRef]

17.  Ryan, U.; Hijjawi, N.; Xiao, L. Foodborne cryptosporidiosis. Int. J. Parasitol. 2018, 48, 1-12. [CrossRef]

18.  Ahmed, S.A ; Karanis, P. An overview of methods/techniques for the detection of Cryptosporidium in food
samples. Parasitol. Res. 2018, 117, 629-653. [CrossRef]

19. Ahmed, S.A.; Guerrero Florez, M.; Karanis, P. The impact of water crises and climate changes on the
transmission of protozoan parasites in Africa. Pathog. Glob. Health 2018, 112, 281-293. [CrossRef]

20. Aldeyarbi, HM.; Abu El-Ezz, N.M.T.; Karanis, P. Cryptosporidium and cryptosporidiosis: The African
perspective. Environ. Sci. Pollut. Res. 2016, 23, 13811-13821. [CrossRef]

21. GBD 2015 Eastern Mediterranean Region diarrhea collaborators. Burden of diarrhea in the Eastern

Mediterranean region, 1990-2015: Findings from the global burden of disease 2015 study. Int. J. Public Health
2018, 63, 109-121. [CrossRef]


http://dx.doi.org/10.1016/j.pt.2019.12.016
http://dx.doi.org/10.1016/j.watres.2017.06.042
http://dx.doi.org/10.1016/j.vetpar.2009.07.003
http://dx.doi.org/10.1111/risa.12541
http://www.ncbi.nlm.nih.gov/pubmed/26773806
http://dx.doi.org/10.1016/j.ejop.2019.03.001
http://www.ncbi.nlm.nih.gov/pubmed/30981203
http://dx.doi.org/10.1186/s13071-014-0492-8
http://dx.doi.org/10.3201/eid2002.121797
http://www.ncbi.nlm.nih.gov/pubmed/24447504
http://dx.doi.org/10.1186/s12917-020-02292-9
http://dx.doi.org/10.3389/fcimb.2019.00035
http://dx.doi.org/10.1016/j.pt.2018.07.009
http://dx.doi.org/10.1016/S2214-109X(18)30283-3
https://ourworldindata.org/diarrheal-diseases
http://dx.doi.org/10.2166/wh.2006.002
http://www.ncbi.nlm.nih.gov/pubmed/17402277
http://dx.doi.org/10.1016/j.watres.2011.10.013
http://www.ncbi.nlm.nih.gov/pubmed/22048017
http://dx.doi.org/10.1016/j.watres.2017.01.036
http://dx.doi.org/10.1016/j.ijheh.2017.03.008
http://dx.doi.org/10.1016/j.ijpara.2017.09.004
http://dx.doi.org/10.1007/s00436-017-5735-0
http://dx.doi.org/10.1080/20477724.2018.1523778
http://dx.doi.org/10.1007/s11356-016-6746-6
http://dx.doi.org/10.1007/s00038-017-1008-z

Int. |. Environ. Res. Public Health 2020, 17, 6824 27 of 34

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Mahmoudi, M.R; Ongerth, ].E.; Karanis, P. Cryptosporidium and cryptosporidiosis: The Asian perspective.
Int. |. Hyg. Environ. Health 2017, 220, 1098-1109. [CrossRef] [PubMed]

Kotloff, K.L.; Platts-Mills, J.A.; Nasrin, D.; Roose, A.; Blackwelder, W.C.; Levine, M.M. Global burden of
diarrheal diseases among children in developing countries: Incidence, etiology, and insights from new
molecular diagnostic techniques. Vaccine 2017, 35, 6783-6789. [CrossRef] [PubMed]

Kotloff, K.L. The burden and etiology of diarrheal illness in developing countries. Pediatr. Clin. N. Am. 2017,
64,799-814. [CrossRef] [PubMed]

Kotloff, K.L.; Nataro, J.P.; Blackwelder, W.C.; Nasrin, D.; Farag, T.H.; Panchalingam, S.; Wu, Y.; Sow, S.0.;
Sur, D.; Breiman, R.F; et al. Burden and aetiology of diarrhoeal disease in infants and young children in
developing countries (the Global Enteric Multicenter Study, GEMS): A prospective, case-control study. Lancet
2013, 382,209-222. [CrossRef]

Sow, S.0.; Muhsen, K.; Nasrin, D.; Blackwelder, W.C.; Wu, Y.; Farag, T.H.; Panchalingam, S.; Sur, D.;
Zaidi, A.K.M.; Faruque, A.S.G,; et al. The burden of Cryptosporidium diarrheal disease among children < 24
months of age in moderate/high mortality regions of Sub-Saharan Africa and South Asia, utilizing data from
the Global Enteric Multicenter Study (GEMS). PLoS Negl. Trop. Dis. 2016, 10, €0004729.

Monge, S.; Pijnacker, R.; Van Pelt, W.; Franz, E.; Kortbeek, L.M.; Mangen, M.].J. Accounting for long-term
manifestations of Cryptosporidium spp infection in burden of disease and cost-of-illness estimations, the
Netherlands (2013-2017). PLoS ONE 2019, 14, e0213752. [CrossRef]

CDC. Crypto Outbreaks Linked to Swimming Have Doubled since 2014. 2017. Available online: https:
/[www.cdc.gov/media/releases/2017/p0518-cryptosporidium-outbreaks.html (accessed on 18 March 2020).
Bouzid, M.; Kintz, E.; Hunter, P.R. Risk factors for Cryptosporidium infection in low and middle income
countries: A systematic review and meta-analysis. PLoS Negl. Trop. Dis. 2018, 12, e0006553. [CrossRef]
Putignani, L.; Menichella, D. Global distribution, public health and clinical impact of the protozoan pathogen
Cryptosporidium. Interdiscip. Perspect. Infect. Dis. 2010, 2010, 753512. [CrossRef]

Fletcher, S.M.; Stark, D.; Harkness, J.; Ellis, J. Enteric protozoa in the developed world: A public health
perspective. Clin. Microbiol. Rev. 2012, 25, 420-449. [CrossRef]

Saif, O.; Mezher, T.; Arafat, H.A. Water security in the GCC countries: Challenges and opportunities.
J. Environ. Stud. Sci. 2014, 4, 329-346. [CrossRef]

Alrouh, H.; Ismail, A.; Cheema, S. Demographic and health indicators in Gulf Cooperation Council nations
with an emphasis on Qatar. . Local Glob. Health Perspect. 2013, 2013, 3. [CrossRef]

Raof, M. Climate Change Threats, Opportunities, and the GCC Countries. Available online: https://www.mei.
edu/publications/climate-change-threats-opportunities-and-gcc-countries (accessed on 18 March 2020).
Ben Hassen, T.; El Bilali, H. Food security in the Gulf Cooperation Council countries: Challenges and
prospects. J. Food Secur. 2019, 7, 159-169. [CrossRef]

Sherif, M. Water availability and quality in the Gulf Cooperation Council countries: Implications for public
health. Asia Pac. ]. Public Health 2010, 22, 40S-47S. [CrossRef] [PubMed]

Efron, S.; Fromm, C.; Gelfeld, B.; Nataraj, S.; Sova, C. Food Security in the Gulf Cooperation Council.
Available online: https://www.rand.org/content/dam/rand/pubs/external_publications/EP60000/EP67748/
RAND_EP67748.pdf (accessed on 14 April 2020).

Lake, LR.; Bentham, G.; Kovats, R.S.; Nichols, G.L. Effects of weather and river flow on cryptosporidiosis.
J. Water Health 2005, 3, 469—474. [CrossRef] [PubMed]

Igbal, J.; Hira, PR.; Al-Ali, E; Philip, R. Cryptosporidiosis in Kuwaiti children: Seasonality and endemicity.
Clin. Microbiol. Infect. 2001, 7, 261-266. [CrossRef]

Hawash, Y.; Ghonaim, M.; Hussein, Y.; Alhazmi, A.; Alturkistani, A. Identification of Giardia lamblia and
the human infectious-species of Cryptosporidium in drinking water resources in Western Saudi Arabia by
nested-PCR assays. Trop. Biomed. 2015, 32, 216-224.

Riddle, M.S.; Savarino, S.J.; Sanders, ]. W. Review article: Gastrointestinal infections in deployed forces in the
middle east theater: An historical 60 year perspective. Am. J. Trop. Med. Hyg. 2015, 93, 912-917. [CrossRef]
[PubMed]

Sanders, ].W.; Putnam, S.D.; Riddle, M.S.; Tribble, D.R. Military importance of diarrhea: Lessons from the
Middle East. Curr. Opin. Gastroenterol. 2005, 21, 9-14.


http://dx.doi.org/10.1016/j.ijheh.2017.07.005
http://www.ncbi.nlm.nih.gov/pubmed/28760503
http://dx.doi.org/10.1016/j.vaccine.2017.07.036
http://www.ncbi.nlm.nih.gov/pubmed/28765005
http://dx.doi.org/10.1016/j.pcl.2017.03.006
http://www.ncbi.nlm.nih.gov/pubmed/28734511
http://dx.doi.org/10.1016/S0140-6736(13)60844-2
http://dx.doi.org/10.1371/journal.pone.0213752
https://www.cdc.gov/media/releases/2017/p0518-cryptosporidium-outbreaks.html
https://www.cdc.gov/media/releases/2017/p0518-cryptosporidium-outbreaks.html
http://dx.doi.org/10.1371/journal.pntd.0006553
http://dx.doi.org/10.1155/2010/753512
http://dx.doi.org/10.1128/CMR.05038-11
http://dx.doi.org/10.1007/s13412-014-0178-8
http://dx.doi.org/10.5339/jlghp.2013.3
https://www.mei.edu/publications/climate-change-threats-opportunities-and-gcc-countries
https://www.mei.edu/publications/climate-change-threats-opportunities-and-gcc-countries
http://dx.doi.org/10.12691/jfs-7-5-2
http://dx.doi.org/10.1177/1010539510373037
http://www.ncbi.nlm.nih.gov/pubmed/20566532
https://www.rand.org/content/dam/rand/pubs/external_publications/EP60000/EP67748/RAND_EP67748.pdf
https://www.rand.org/content/dam/rand/pubs/external_publications/EP60000/EP67748/RAND_EP67748.pdf
http://dx.doi.org/10.2166/wh.2005.048
http://www.ncbi.nlm.nih.gov/pubmed/16459850
http://dx.doi.org/10.1046/j.1198-743x.2001.00254.x
http://dx.doi.org/10.4269/ajtmh.15-0200
http://www.ncbi.nlm.nih.gov/pubmed/26350450

Int. |. Environ. Res. Public Health 2020, 17, 6824 28 of 34

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

TAMAT, International Association for Medical Assistance to Travellers. Saudi Arabia General Health Risks:
Travellers’ Diarrhea. 2020. Available online: https://www.iamat.org/country/saudi-arabia/risk/traveller-s-
diarrhea (accessed on 20 April 2020).

Harb, A.; O'Dea, M.; Abraham, S.; Habib, I. Childhood diarrhoea in the Eastern Mediterranean region with
special emphasis on non-typhoidal Salmonella at the human—food interface. Pathogens 2019, 8, 60. [CrossRef]
Boughattas, S.; Behnke, ].M.; Al-Sadeq, D.; Ismail, A.; Abu-Madi, M. Cryptosporidium spp., prevalence,
molecular characterisation and socio-demographic risk factors among immigrants in Qatar. PLoS Negl.
Trop. Dis. 2019, 13, e0007750. [CrossRef]

Boughattas, S.; Behnke, ].M.; Al-Ansari, K.; Sharma, A.; Abu-Alainin, W.; Al-Thani, A.; Abu-Madi, M.A.
Molecular analysis of the enteric protozoa associated with acute diarrhea in hospitalized children. Front. Cell.
Infect. Microbiol. 2017, 7, 343. [CrossRef] [PubMed]

Al-Rifai, R.H.; Loney, T.; Sheek-Hussein, M.; Zoughbor, S.; Ajab, S.; Olanda, M.; Al-Rasbi, Z. Prevalence of,
and factors associated with intestinal parasites in multinational expatriate workers in Al Ain City, United
Arab Emirates: An occupational cross-sectional study. J. Immigr. Minor. Health 2019, 22, 359-374. [CrossRef]
[PubMed]

Elbakri, A.; Mogane, L.; Ezzedine, S.; Potgieter, N.; Bessong, P.; AbuOdeh, R.; Samie, A. Prevalence of
Cryptosporidium spp. among asymptomatic healthy expatriate workers in Sharjah, United Arab Emirates.
J. Infect. Dis. 2018, 12, 7-13. [CrossRef] [PubMed]

Igbal, J.; Khalid, N.; Hira, P.R. Cryptosporidiosis in kuwaiti children: Association of clinical characteristics
with cryptosporidium species and subtypes. J. Med. Microbiol. 2011, 60, 647—652. [CrossRef]

Sulaiman, I.M.; Hira, P.R.; Zhou, L.; Al-Ali, EM.; Al-Shelahi, FA.; Shweiki, H.M.; Igbal, J.; Khalid, N.;
Xiao, L. Unique endemicity of cryptosporidiosis in children in Kuwait. J. Clin. Microbiol. 2005, 43, 2805-2809.
[CrossRef]

Al-Shammari, S.; Khoja, T.; El-Khwasky, F.; Gad, A. Intestinal parasitic diseases in Riyadh, Saudi Arabia:
Prevalence, sociodemographic and environmental associates. Trop. Med. Int. Health 2001, 6, 184-189.
[CrossRef]

Cochrane, L.; Amery, H.A. Gulf Cooperation Council countries and the global land grab. Arab World Geogr.
2017, 20, 17-41.

Abu-Madi, M.A.; Behnke, J.M.; Ismail, A. Patterns of infection with intestinal parasites in Qatar among
food handlers and housemaids from different geographical regions of origin. Acta Trop. 2008, 106, 213-220.
[CrossRef]

Lalonde, L.F,; Gajadhar, A.A. Detection of Cyclospora cayetanensis, Cryptosporidium spp., and Toxoplasma gondii
on imported leafy green vegetables in Canadian survey. Food Waterborne Parasitol. 2016, 2, 8-14. [CrossRef]
Li, X.; Zhang, X; Jian, Y.; Wang, G.; Ma, L.; Schou, C.; Karanis, P. Detection of Cryptosporidium oocysts and
Giardia cysts in vegetables from street markets from the Qinghai Tibetan Plateau Area in China. Parasitol. Res.
2020, 119, 1847-1855. [CrossRef]

Checkley, W.; White, A.C.; Jaganath, D.; Arrowood, M.].; Chalmers, R.M.; Chen, X.-M; Fayer, R.; Griffiths, ] K,;
Guerrant, R.L.; Hedstrom, L.; et al. A review of the global burden, novel diagnostics, therapeutics, and
vaccine targets for Cryptosporidium. Lancet Infect. Dis. 2015, 15, 85-94. [CrossRef]

Varkey, P; Jerath, A.U.; Bagniewski, S.; Lesnick, T. Intestinal parasitic infection among new refugees to
Minnesota, 1996-2001. Travel Med. Infect. Dis. 2007, 5, 223-229. [CrossRef] [PubMed]

Infection Prevention and Control Manual. Available online: https://www.moh.gov.sa/CCC/Documents/
GCC%20Infection%?20control%20manual%202013%20revised OPT.pdf (accessed on 22 March 2020).
Memish, Z.A.; Zumla, A.; Alhakeem, R.F,; Assiri, A.; Turkestani, A.; Al Harby, K.D.; Alyemni, M.; Dhafar, K,;
Gautret, P,; Barbeschi, M.; et al. Hajj: Infectious disease surveillance and control. Lancet 2014, 383, 2073-2082.
[CrossRef]

Al-Harthi, S.A.; Jamjoom, M.B. Enteroparasitic occurrence in stools from residents in Southwestern region of
Saudi Arabia before and during Umrah season. Saudi Med. ]. 2007, 28, 386-389. [PubMed]

Albert, M.].; Rotimi, V.O.; Igbal, J.; Chehadeh, W. Evaluation of the XTAG gastrointestinal pathogen panel
assay for the detection of enteric pathogens in Kuwait. Med. Princ. Pract. 2016, 25, 472-476. [CrossRef]
Daoud, A.S.; Zaki, M.; Pugh, RN.; Al-Mutairi, G.; Al-Ali, F.; El-Saleh, Q. Cryptosporidium gastroenteritis in
immunocompetent children from Kuwait. Trop. Geogr. Med. 1990, 42, 113-118.


https://www.iamat.org/country/saudi-arabia/risk/traveller-s-diarrhea
https://www.iamat.org/country/saudi-arabia/risk/traveller-s-diarrhea
http://dx.doi.org/10.3390/pathogens8020060
http://dx.doi.org/10.1371/journal.pntd.0007750
http://dx.doi.org/10.3389/fcimb.2017.00343
http://www.ncbi.nlm.nih.gov/pubmed/28824878
http://dx.doi.org/10.1007/s10903-019-00903-8
http://www.ncbi.nlm.nih.gov/pubmed/31250249
http://dx.doi.org/10.21010/ajid.v12i2.2
http://www.ncbi.nlm.nih.gov/pubmed/30109280
http://dx.doi.org/10.1099/jmm.0.028001-0
http://dx.doi.org/10.1128/JCM.43.6.2805-2809.2005
http://dx.doi.org/10.1046/j.1365-3156.2001.00698.x
http://dx.doi.org/10.1016/j.actatropica.2008.03.010
http://dx.doi.org/10.1016/j.fawpar.2016.01.001
http://dx.doi.org/10.1007/s00436-020-06661-z
http://dx.doi.org/10.1016/S1473-3099(14)70772-8
http://dx.doi.org/10.1016/j.tmaid.2007.01.001
http://www.ncbi.nlm.nih.gov/pubmed/17574143
https://www.moh.gov.sa/CCC/Documents/GCC%20Infection%20control%20manual%202013%20revisedOPT.pdf
https://www.moh.gov.sa/CCC/Documents/GCC%20Infection%20control%20manual%202013%20revisedOPT.pdf
http://dx.doi.org/10.1016/S0140-6736(14)60381-0
http://www.ncbi.nlm.nih.gov/pubmed/17334465
http://dx.doi.org/10.1159/000447698

Int. |. Environ. Res. Public Health 2020, 17, 6824 29 of 34

63.

64.

65.

66.

67.
68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

Idris, M.; Al-Jabri, A. Usefulness of Kato-Katz and trichrome staining as diagnostic methods for parasitic
infections in clinical laboratories. J. Sci. Res. Med. Sci. 2001, 3, 65-68.

Windsor, J.; El-Shafie, S.; Welch, S.; Al-Toqui, E. Cryptosporidiosis in Children from the Sultanate of Oman.
Sultan Qaboos Univ. Med. |. 1999, 1, 59-62.

Khan, Z.H.; Namnyak, S.S.; Al Jama, A.A.; Madan, I. Prevalence of cryptosporidiosis in Dammam and
Alkhobar, Saudi Arabia. Ann. Trop. Paediatr. 1988, 8, 170-172. [CrossRef]

Hawash, Y.; Dorgham, L.S.; Al-Hazmi, A.S.; Al-Ghamdi, M.S. Prevalence of Cryptosporidium-associated
diarrhea in a high altitude-community of Saudi Arabia detected by conventional and molecular methods.
Korean |. Parasitol. 2014, 52, 479-485. [CrossRef]

Areeshi, M. Cryptosporidiosis in Two Regions of Saudi Arabia; British Library EThOS: Liverpool, UK, 2008.
Hawash, Y.A.; Ismail, K.A.; Almehmadi, M. High frequency of enteric protozoan, viral, and bacterial
potential pathogens in community-acquired acute diarrheal episodes: Evidence based on results of Luminex
gastrointestinal pathogen panel assay. Korean |. Parasitol. 2017, 55, 513-521. [CrossRef] [PubMed]

Elsafi, S.H.; Al-Sheban, S.S.; Al-Jubran, K.M.; Abu Hassan, M.M.; Al Zahrani, E.M. Comparison of Kinyoun'’s
acid-fast and immunofluorescent methods detected an unprecedented occurrence of Cryptosporidium in the
Eastern region of Saudi Arabia. J. Taibah Univ. Med. Sci. 2014, 9, 263-267. [CrossRef]

El-Malky, M.M.; Mowafy, N.M.; Zaghloul, D.A.; Al-Harthi, S.A.; El-Bali, M.A.; Mohamed, R.T.; Bakri, R.A,;
Mohamed, A.A.; Elmedany, S. Prevalence of Cryptosporidium species isolated from diarrheic children in
Makkah, Saudi Arabia. Trop. Biomed. 2018, 35, 76-81.

Al Braiken, F.A.; Amin, A.; Beeching, N.J.; Hommel, M.; Hart, C.A. Detection of Cryptosporidium amongst
diarrhoeic and asymptomatic children in Jeddah, Saudi Arabia. Ann. Trop. Med. Parasitol. 2003, 97, 505-510.
[CrossRef]

Al-Megrin, W.A I Intestinal parasites infection among immunocompromised patients in Riyadh, Saudi
Arabia. Pak. |. Biol. Sci. 2010, 13, 390-394. [CrossRef]

Bolbol, A.S. Cryptosporidiosis in young children suffering from diarrhoea in Riyadh, Saudi Arabia. J. Hyg.
Epidemiol. Microbiol. Immunol. 1992, 36, 396-400.

Fareid, M.A.; Alshankyty, L M.; Omar, H.A. Prevalence of intestinal parasitic and bacterial pathogens in
diarrhoeal and non-diarrhoeal school children’s at Hail, Saudi. N. Y. Sci. J. 2011, 4, 106-113.

Sanad, M.M.; Al-Malki, ].S. Cryptosporidiosis among immunocompromised patients in Saudi Arabia. . Egypt.
Soc. Parasitol. 2007, 37, 765-774.

Amer, O.5.0.; Al-Malki, E.S.; Waly, M.L; AlAgeel, A.; Lubbad, M.Y. Prevalence of Intestinal parasitic infections
among patients of King Fahd Medical City in Riyadh region, Saudi Arabia: A 5-year retrospective study.
J. Parasitol. Res. 2018, 2018, 8076274. [CrossRef]

Shalaby, I.; Gherbawy, Y.; Jamjoom, M. Prevalence and genotyping of Cryptosporidium in stool samples
collected from children in Taif City (Saudi Arabia) Prevalence and genotyping of Cryptosporidium in stool
samples collected from children in Taif City (Saudi Arabia). Trop. Biomed. 2014, 31, 215-224.

Al-Brikan, FA.; Salem, H.S.; Beeching, N.; Hilal, N. Multilocus genetic analysis of Cryptosporidium isolates
from Saudi Arabia. |. Egypt. Soc. Parasitol. 2008, 38, 645-658. [PubMed]

Amer, H.O.; Ashankyty, LM.; Haouas, N.A.S. Prevalence of intestinal parasite infections among patients in
local public hospitals of Hail, Northwestern Saudi Arabia. Asian Pac. |. Trop. Med. 2016, 9, 44-48. [CrossRef]
[PubMed]

Trad, O.; Jumaa, P; Uduman, S.; Nawaz, A. Eradication of Cryptosporidium in four children with acute
lymphoblastic leukemia. J. Trop. Pediatr. 2003, 49, 128-130. [CrossRef] [PubMed]

Al-Bustan, M. Infectious and parasitic disease mortality in Kuwait and the role of health education.
J. Public Health 1988, 10, 197-202. [CrossRef]

World Bank National Accounts Data, and O.N.A. Data Files. GNI Per Capita, Atlas Method (Current
US$). 2019. Data. Available online: https://data.worldbank.org/indicator/NY.GNP.PCAP.CD (accessed on
2 September 2020).

Mukhtar, A. Intestinal parasites in the state of Bahrain. Indian . Pathol. Microbiol. 1995, 38, 341-344.
Wikipedia, the Free Encyclopedia. Economy of Bahrain. 2020. Available online: https://en.wikipedia.org/
wiki/Economy_of_Bahrain (accessed on 23 April 2020).

UNDP. United Nation Development Program. Kingdom of Bahrain. 2016. Available online: https:
/fwww.bh.undp.org/content/bahrain/en/home/ (accessed on 23 April 2020).


http://dx.doi.org/10.1080/02724936.1988.11748563
http://dx.doi.org/10.3347/kjp.2014.52.5.479
http://dx.doi.org/10.3347/kjp.2017.55.5.513
http://www.ncbi.nlm.nih.gov/pubmed/29103266
http://dx.doi.org/10.1016/j.jtumed.2014.03.008
http://dx.doi.org/10.1179/000349803235002470
http://dx.doi.org/10.3923/pjbs.2010.390.394
http://dx.doi.org/10.1155/2018/8076274
http://www.ncbi.nlm.nih.gov/pubmed/18853635
http://dx.doi.org/10.1016/j.apjtm.2015.12.009
http://www.ncbi.nlm.nih.gov/pubmed/26851785
http://dx.doi.org/10.1093/tropej/49.2.128
http://www.ncbi.nlm.nih.gov/pubmed/12729299
http://dx.doi.org/10.1093/oxfordjournals.pubmed.a042406
https://data.worldbank.org/indicator/NY.GNP.PCAP.CD
https://en.wikipedia.org/wiki/Economy_of_Bahrain
https://en.wikipedia.org/wiki/Economy_of_Bahrain
https://www.bh.undp.org/content/bahrain/en/home/
https://www.bh.undp.org/content/bahrain/en/home/

Int. |. Environ. Res. Public Health 2020, 17, 6824 30 of 34

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

Zaki, M.; Al-Alj, E; Daoud, A.S.; Al-Saleh, Q.; Hira, P.R. Cryptosporidiosis in the Arabian Gulf: Report of
two cases from Kuwait. Med. Princ. Pract. 1989, 1, 118-120. [CrossRef]

Al-Ghamdi, M.A.; Bentham, G.; Hunter, PR. Environmental risk factors for diarrhoea among male
schoolchildren in Jeddah City, Saudi Arabia. ]. Water Health 2009, 7, 380-391. [CrossRef]

Howidi, M.; Al Kaabi, N.; El Khoury, A.C.; Brandtmiiller, A.; Nagy, L.; Richer, E.; Haddadin, W.; Miqdady, M.S.
Burden of acute gastroenteritis among children younger than 5 years of age—A survey among parents in the
United Arab Emirates. BMC Pediatr. 2012, 12, 74. [CrossRef]

Al Awaidy, S.A.; Bawikar, S.; Al Busaidy, S.; Baqgiani, S.; Al Abedani, I.; Varghese, R.; Abdoan, H.S;
Al Abdoon, H.; Bhatnagar, S.; Al Hasini, K.S.; et al. Considerations for introduction of a Rotavirus vaccine in
Oman: Rotavirus disease and economic burden. J. Infect. Dis. 2009, 200, S248-5253. [CrossRef]

Ahmed, S.A ; Karanis, P. Comparison of current methods used to detect Cryptosporidium oocysts in stools.
Int. |. Hyg. Environ. Health 2018, 221, 743-763. [CrossRef]

Learmonth, J.J.; Ionas, G.; Ebbett, K.A.; Kwan, E.S. Genetic characterization and transmission cycles of
Cryptosporidium species isolated from humans in New Zealand. Appl. Environ. Microbiol. 2004, 70, 3973-3978.
[CrossRef] [PubMed]

Pumipuntu, N.; Piratae, S. Cryptosporidiosis: A zoonotic disease concern. Vet. World 2018, 11, 681-686.
[CrossRef] [PubMed]

Wang, R.; Zhang, L.; Axén, C.; Bjorkman, C.; Jian, F; Amer, S.; Liu, A.; Feng, Y.; Li, G.; Lv, C,; et al.
Cryptosporidium parvum I1d family: Clonal population and dispersal from Western Asia to other geographical
regions. Sci. Rep. 2014, 4, 4208. [CrossRef] [PubMed]

Papanikolopoulou, V.; Baroudi, D.; Guo, Y.; Wang, Y.; Papadopoulos, E.; Lafi, S.Q.; Abd El-Tawab, M.M.;
Diakou, A.; Giadinis, N.D.; Feng, Y.; et al. Genotypes and subtypes of Cryptosporidium spp. in diarrheic
lambs and goat kids in northern Greece. Parasitol. Int. 2018, 67, 472-475. [CrossRef] [PubMed]

Majeed, Q.A.H.; El-Azazy, OM.E.; Abdou, N.EM.I; Al-Aal, Z.A.; El-Kabbany, A.I; Tahrani, LM.A;
AlAzemi, M.S.; Wang, Y.; Feng, Y.; Xiao, L. Epidemiological observations on cryptosporidiosis and molecular
characterization of Cryptosporidium spp. in sheep and goats in Kuwait. Parasitol. Res. 2018, 117, 1631-1636.
[CrossRef]

Wang, R.; Zhao, G.; Gong, Y.; Zhang, L. Advances and perspectives on the epidemiology of bovine
Cryptosporidium in China in the past 30 years. Front. Microbiol. 2017, 8, 1823. [CrossRef]

Amer, S,; Zidan, S.; Adamu, H.; Ye, J.; Roellig, D.; Xiao, L.; Feng, Y. Prevalence and characterization of
Cryptosporidium spp. in dairy cattle in Nile River delta provinces, Egypt. Exp. Parasitol. 2013, 135, 518-523.
[CrossRef]

Yang, R.; Jacobson, C.; Gardner, G.; Carmichael, I.; Campbell, A.].D.; Ng-Hublin, J.; Ryan, U. Longitudinal
prevalence, oocyst shedding and molecular characterisation of Cryptosporidium species in sheep across four
states in Australia. Vet. Parasitol. 2014, 200, 50-58. [CrossRef]

Feng, Y.; Xiao, L. Molecular epidemiology of cryptosporidiosis in China. Front. Microbiol. 2017, 8, 1701.
[CrossRef]

AL-Megrin, W.A.I. Comparison of ELISA and microscopy for detection of Cryptosporidium oocysts in animals.
Pak. J. Biol. Sci. 2015, 18, 341-345. [CrossRef]

Razakandrainibe, R.; Diawara, E.H.I; Costa, D.; Le Goff, L.; Lemeteil, D.; Ballet, ].].; Gargala, G.; Favennec, L.
Common occurrence of Cryptosporidium hominis in asymptomatic and symptomatic calves in France. PLoS Negl.
Trop. Dis. 2018, 12, e0006355. [CrossRef] [PubMed]

Xiao, L. Molecular epidemiology of cryptosporidiosis: An update. Exp. Parasitol. 2010, 124, 80-89. [CrossRef]
[PubMed]

Abe, N. Genotype analysis of Cryptosporidium meleagridis isolates from humans in Japan. Jpn. J. Infect. Dis.
2010, 63, 214-215. [PubMed]

Aleisa, E.; Al-Zubari, W. Wastewater reuse in the countries of the Gulf Cooperation Council (GCC): The lost
opportunity. Environ. Monit. Assess. 2017, 189, 1-15. [CrossRef] [PubMed]

Dawoud, M.A. Environmental impacts of seawater desalination: Arabian Gulf case study. Int. ]. Environ. Sustain.
2012, 1, 22-37. [CrossRef]

Mohorjy, A.M. Importance weighting of impacts in environmental impact studies. J. Environ. Eng. 1997, 123,
1261-1267. [CrossRef]


http://dx.doi.org/10.1159/000157295
http://dx.doi.org/10.2166/wh.2009.058
http://dx.doi.org/10.1186/1471-2431-12-74
http://dx.doi.org/10.1086/605339
http://dx.doi.org/10.1016/j.ijheh.2018.04.006
http://dx.doi.org/10.1128/AEM.70.7.3973-3978.2004
http://www.ncbi.nlm.nih.gov/pubmed/15240272
http://dx.doi.org/10.14202/vetworld.2018.681-686
http://www.ncbi.nlm.nih.gov/pubmed/29915508
http://dx.doi.org/10.1038/srep04208
http://www.ncbi.nlm.nih.gov/pubmed/24572610
http://dx.doi.org/10.1016/j.parint.2018.04.007
http://www.ncbi.nlm.nih.gov/pubmed/29698792
http://dx.doi.org/10.1007/s00436-018-5847-1
http://dx.doi.org/10.3389/fmicb.2017.01823
http://dx.doi.org/10.1016/j.exppara.2013.09.002
http://dx.doi.org/10.1016/j.vetpar.2013.11.014
http://dx.doi.org/10.3389/fmicb.2017.01701
http://dx.doi.org/10.3923/pjbs.2015.341.345
http://dx.doi.org/10.1371/journal.pntd.0006355
http://www.ncbi.nlm.nih.gov/pubmed/29596411
http://dx.doi.org/10.1016/j.exppara.2009.03.018
http://www.ncbi.nlm.nih.gov/pubmed/19358845
http://www.ncbi.nlm.nih.gov/pubmed/20495279
http://dx.doi.org/10.1007/s10661-017-6269-8
http://www.ncbi.nlm.nih.gov/pubmed/29022117
http://dx.doi.org/10.24102/ijes.v1i3.96
http://dx.doi.org/10.1061/(ASCE)0733-9372(1997)123:12(1261)

Int. ]. Environ. Res. Public Health 2020, 17, 6824 31 of 34

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

Mohorjy, A.M. Alternative solutions and mitigation measures of a sewerage system, Jeddah, Saudi Arabia.
Int. J. Environ. Stud. 2001, 58, 683-700. [CrossRef]

Sonbul, A.R.; Alyamani, M.S.; Sabtan, A.A.; Qadhi, T.M. Identification of the potential sources of nitrate in
groundwater from shallow aquifer in Wadi Qudaid, western part of Saudi Arabia. ]. King Abdulaziz Univ.
Earth Sci. 2011, 22, 1-16. [CrossRef]

Alyamani, M.S. Effects of cesspool systems on groundwater quality of shallow bedrock aquifers in the
recharge area of Wadi Fatimah, Western Arabian Shield, Saudi Arabia. J. Environ. Hydrol. 2007, 15, 1-11.
Omer, EM.; Algamidi, A.; Algamidi, I.; Alsubaie, A.S.; Fadlelmula, A. The hygienic-related microbiological
quality of drinking water sources Al-Baha Province, Kingdom of Saudi Arabia. . Health Spec. 2014, 2, 68-74.
[CrossRef]

Aly, N.; Ali, R.; El badawy, H. Assessment of drinking water quality. Life Sci. J. 2013, 10, 1795-1803.

Zaki, H.; Barnawi, H. Prevalence of Cryptosporidium and Giardia lamblia in water samples from Jeddah and
Makkah cities—Neliti. J. Adv. Lab. Res. Biol. 2014, 5, 12-17.

Aljanahi, A.A.A.; Khan, M.A. A Preliminary Assessment of the occurrence of Cryptosporidium and Giardia in
the School swimming pool water in Dubai, United Arab Emirates. Int. J. Environ. Sci. Dev. 2014, 5, 303-308.
[CrossRef]

Khan, M.; Alkitbi, H.; Aljanahi, A.; Dghaim, R. Detection of Cryptosporidium and Giardia in irrigation water
of public parks in Dubai, United Arab Emirates. In Proceedings of the Health and Environment. 2015.
Available online: https://d1wqtxts1xzle7.cloudfront.net/37498828/IA8_Proceedings_OPen_Online_Surgical
Education_The_Experience_in_Hand_Surgery_March_2015_P132-147.pdf?1430738271=&response-
content-disposition=inline%3B+filename%3DOpen_online_surgical_education_The_exper.pdf&Expires=
1600423660&Signature=d6QUU7I35WiXG7IOHGn-1ZgJijRAnE~{}~{} AyjWXQGfCx6KhAfILYW1]JtY1g-
hNnwRznncl-CalSG6TSK~{}uUVZVIWsEdqEhByZ5{5yXCB1TIUsBLL6Z9B36QhyhB~
{JKIRX2yw{Bf0lF4lagONAT2aR3ZEdMiB~{}6cKpDYJFLjRkDW3hgzWxKl161k11ffSd4-
sx5xmzz7PYWixuruCq3GU5pc6G3WLgebizbsuaboEAQKTM3FttumrHmOnYwcDjesl1GsqqfR-
7EeWLybLwsklJ~{}PMhaouTAlerc84ulrgXCPVEXAJ5BFp0QZtCi5JjyHyK9dwsNFODwGKTT3IJvXIVdeng
_&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA (accessed on 18 April 2020).

Ayalew, D.; Boelee, E.; Endeshaw, T.; Petros, B. Cryptosporidium and Giardia infection and drinking water
sources among children in Lege Dini, Ethiopia. Trop. Med. Int. Health 2008, 13, 472-475. [CrossRef] [PubMed]
Al-Rashed, M.E,; Sherif, M.M. Water resources in the GCC countries: An overview. Water Resour. Manag.
2000, 14, 59-75. [CrossRef]

Raouf, M. Water Issues in the Gulf: Time for Action. Available online: https://www.mei.edu/publications/
water-issues-gulf-time-action (accessed on 31 March 2020).

Karanis, P; Sotiriadou, I.; Kartashev, V.; Kourenti, C.; Tsvetkova, N.; Stojanova, K. Occurrence of Giardia and
Cryptosporidium in water supplies of Russia and Bulgaria. Environ. Res. 2006, 102, 260-271. [CrossRef]
Nsanze, H.; Babarinde, Z.; Al Kohaly, H. Microbiological quality of bottled drinking water in the UAE and
the effect of storage at different temperatures. In Proceedings of the Environment International; Elsevier
Science Ltd.: Amsterdam, The Netherlands, 1999; Volume 25, pp. 53-57.

Minnesota Department of Health. Cryptosporidium Fact Sheet. Minnesota 2014. Available online: https:
/[www.health.state.mn.us/communities/environment/water/factsheet/cryptosporidium.html (accessed on
29 March 2020).

New Jersey Department of Health and Senior Services Facts: Cryptosporidium in Drinking Water.
New JERSY 1999. Available online: http://www.nesc.wvu.edu/ecommerce/products/DW_PublicEducation/
DWBLPE212DL.pdf (accessed on 25 April 2020).

CDC. Fecal Incident Response Recommendations for Aquatic Staff. U.S. 2018. Available online: https:
/lwww.cdc.gov/healthywater/swimming/pdf/fecal-incident-response-guidelines.pdf (accessed on 21 April 2020).
CDC. Microbes in Pool Filter Backwash as Evidence of the Need for Improved Swimmer
Hygiene—Metro-Atlanta, Georgia, 2012. MMWR. CDC. 2013. Available online: https://www.cdc.gov/
mmwr/preview/mmwrhtml/mm6219a3.htm (accessed on 21 April 2020).

Korich, D.G.; Mead, J.R.; Madore, M.S.; Sinclair, N.A.; Sterling, C.R. Effects of ozone, chlorine dioxide,
chlorine, and monochloramine on Cryptosporidium parvum oocyst viability. Appl. Environ. Microbiol. 1990, 56,
1423-1428. [CrossRef]


http://dx.doi.org/10.1080/00207230108711360
http://dx.doi.org/10.4197/ear.22-2.1
http://dx.doi.org/10.4103/1658-600X.131753
http://dx.doi.org/10.7763/IJESD.2014.V5.497
https://d1wqtxts1xzle7.cloudfront.net/37498828/IA8_Proceedings_OPen_Online_Surgical_Education_The_Experience_in_Hand_Surgery_March_2015_P132-147.pdf?1430738271=&response-content-disposition=inline%3B+filename%3DOpen_online_surgical_education_The_exper.pdf&Expires=1600423660&Signature=d6QUU7I35WiXG7IOHGn-lZgJjRAnE~{}~{}AyjWXQGfCx6KhAflLYW1JtY1g-hNnwRznncI-Ca1SG6TSK~{}uUVZVlWsEdqEhByZ5f5yXCB1TIUsBLL6Z9B36QhyhB~{}klRX2ywfBf0lF4IagONAT2aR3ZEdMiB~{}6cKpDYJFLjRkDW3hgzWxKl61k11ffSd4-sx5xmzz7PYWixuruCq3GU5pc6G3WLge5iz5suaboEAQkTM3FttumrHmQnYwcDjcsl1GsqqfR-7EeWLybLwsklJ~{}PMhaouTA1erc84ulrqXCPVcjEXAJ5BFp0QZtCi5JjyHyK9dwsNF9DwGKTT3IJvXIVdcng__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/37498828/IA8_Proceedings_OPen_Online_Surgical_Education_The_Experience_in_Hand_Surgery_March_2015_P132-147.pdf?1430738271=&response-content-disposition=inline%3B+filename%3DOpen_online_surgical_education_The_exper.pdf&Expires=1600423660&Signature=d6QUU7I35WiXG7IOHGn-lZgJjRAnE~{}~{}AyjWXQGfCx6KhAflLYW1JtY1g-hNnwRznncI-Ca1SG6TSK~{}uUVZVlWsEdqEhByZ5f5yXCB1TIUsBLL6Z9B36QhyhB~{}klRX2ywfBf0lF4IagONAT2aR3ZEdMiB~{}6cKpDYJFLjRkDW3hgzWxKl61k11ffSd4-sx5xmzz7PYWixuruCq3GU5pc6G3WLge5iz5suaboEAQkTM3FttumrHmQnYwcDjcsl1GsqqfR-7EeWLybLwsklJ~{}PMhaouTA1erc84ulrqXCPVcjEXAJ5BFp0QZtCi5JjyHyK9dwsNF9DwGKTT3IJvXIVdcng__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/37498828/IA8_Proceedings_OPen_Online_Surgical_Education_The_Experience_in_Hand_Surgery_March_2015_P132-147.pdf?1430738271=&response-content-disposition=inline%3B+filename%3DOpen_online_surgical_education_The_exper.pdf&Expires=1600423660&Signature=d6QUU7I35WiXG7IOHGn-lZgJjRAnE~{}~{}AyjWXQGfCx6KhAflLYW1JtY1g-hNnwRznncI-Ca1SG6TSK~{}uUVZVlWsEdqEhByZ5f5yXCB1TIUsBLL6Z9B36QhyhB~{}klRX2ywfBf0lF4IagONAT2aR3ZEdMiB~{}6cKpDYJFLjRkDW3hgzWxKl61k11ffSd4-sx5xmzz7PYWixuruCq3GU5pc6G3WLge5iz5suaboEAQkTM3FttumrHmQnYwcDjcsl1GsqqfR-7EeWLybLwsklJ~{}PMhaouTA1erc84ulrqXCPVcjEXAJ5BFp0QZtCi5JjyHyK9dwsNF9DwGKTT3IJvXIVdcng__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/37498828/IA8_Proceedings_OPen_Online_Surgical_Education_The_Experience_in_Hand_Surgery_March_2015_P132-147.pdf?1430738271=&response-content-disposition=inline%3B+filename%3DOpen_online_surgical_education_The_exper.pdf&Expires=1600423660&Signature=d6QUU7I35WiXG7IOHGn-lZgJjRAnE~{}~{}AyjWXQGfCx6KhAflLYW1JtY1g-hNnwRznncI-Ca1SG6TSK~{}uUVZVlWsEdqEhByZ5f5yXCB1TIUsBLL6Z9B36QhyhB~{}klRX2ywfBf0lF4IagONAT2aR3ZEdMiB~{}6cKpDYJFLjRkDW3hgzWxKl61k11ffSd4-sx5xmzz7PYWixuruCq3GU5pc6G3WLge5iz5suaboEAQkTM3FttumrHmQnYwcDjcsl1GsqqfR-7EeWLybLwsklJ~{}PMhaouTA1erc84ulrqXCPVcjEXAJ5BFp0QZtCi5JjyHyK9dwsNF9DwGKTT3IJvXIVdcng__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/37498828/IA8_Proceedings_OPen_Online_Surgical_Education_The_Experience_in_Hand_Surgery_March_2015_P132-147.pdf?1430738271=&response-content-disposition=inline%3B+filename%3DOpen_online_surgical_education_The_exper.pdf&Expires=1600423660&Signature=d6QUU7I35WiXG7IOHGn-lZgJjRAnE~{}~{}AyjWXQGfCx6KhAflLYW1JtY1g-hNnwRznncI-Ca1SG6TSK~{}uUVZVlWsEdqEhByZ5f5yXCB1TIUsBLL6Z9B36QhyhB~{}klRX2ywfBf0lF4IagONAT2aR3ZEdMiB~{}6cKpDYJFLjRkDW3hgzWxKl61k11ffSd4-sx5xmzz7PYWixuruCq3GU5pc6G3WLge5iz5suaboEAQkTM3FttumrHmQnYwcDjcsl1GsqqfR-7EeWLybLwsklJ~{}PMhaouTA1erc84ulrqXCPVcjEXAJ5BFp0QZtCi5JjyHyK9dwsNF9DwGKTT3IJvXIVdcng__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/37498828/IA8_Proceedings_OPen_Online_Surgical_Education_The_Experience_in_Hand_Surgery_March_2015_P132-147.pdf?1430738271=&response-content-disposition=inline%3B+filename%3DOpen_online_surgical_education_The_exper.pdf&Expires=1600423660&Signature=d6QUU7I35WiXG7IOHGn-lZgJjRAnE~{}~{}AyjWXQGfCx6KhAflLYW1JtY1g-hNnwRznncI-Ca1SG6TSK~{}uUVZVlWsEdqEhByZ5f5yXCB1TIUsBLL6Z9B36QhyhB~{}klRX2ywfBf0lF4IagONAT2aR3ZEdMiB~{}6cKpDYJFLjRkDW3hgzWxKl61k11ffSd4-sx5xmzz7PYWixuruCq3GU5pc6G3WLge5iz5suaboEAQkTM3FttumrHmQnYwcDjcsl1GsqqfR-7EeWLybLwsklJ~{}PMhaouTA1erc84ulrqXCPVcjEXAJ5BFp0QZtCi5JjyHyK9dwsNF9DwGKTT3IJvXIVdcng__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/37498828/IA8_Proceedings_OPen_Online_Surgical_Education_The_Experience_in_Hand_Surgery_March_2015_P132-147.pdf?1430738271=&response-content-disposition=inline%3B+filename%3DOpen_online_surgical_education_The_exper.pdf&Expires=1600423660&Signature=d6QUU7I35WiXG7IOHGn-lZgJjRAnE~{}~{}AyjWXQGfCx6KhAflLYW1JtY1g-hNnwRznncI-Ca1SG6TSK~{}uUVZVlWsEdqEhByZ5f5yXCB1TIUsBLL6Z9B36QhyhB~{}klRX2ywfBf0lF4IagONAT2aR3ZEdMiB~{}6cKpDYJFLjRkDW3hgzWxKl61k11ffSd4-sx5xmzz7PYWixuruCq3GU5pc6G3WLge5iz5suaboEAQkTM3FttumrHmQnYwcDjcsl1GsqqfR-7EeWLybLwsklJ~{}PMhaouTA1erc84ulrqXCPVcjEXAJ5BFp0QZtCi5JjyHyK9dwsNF9DwGKTT3IJvXIVdcng__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/37498828/IA8_Proceedings_OPen_Online_Surgical_Education_The_Experience_in_Hand_Surgery_March_2015_P132-147.pdf?1430738271=&response-content-disposition=inline%3B+filename%3DOpen_online_surgical_education_The_exper.pdf&Expires=1600423660&Signature=d6QUU7I35WiXG7IOHGn-lZgJjRAnE~{}~{}AyjWXQGfCx6KhAflLYW1JtY1g-hNnwRznncI-Ca1SG6TSK~{}uUVZVlWsEdqEhByZ5f5yXCB1TIUsBLL6Z9B36QhyhB~{}klRX2ywfBf0lF4IagONAT2aR3ZEdMiB~{}6cKpDYJFLjRkDW3hgzWxKl61k11ffSd4-sx5xmzz7PYWixuruCq3GU5pc6G3WLge5iz5suaboEAQkTM3FttumrHmQnYwcDjcsl1GsqqfR-7EeWLybLwsklJ~{}PMhaouTA1erc84ulrqXCPVcjEXAJ5BFp0QZtCi5JjyHyK9dwsNF9DwGKTT3IJvXIVdcng__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/37498828/IA8_Proceedings_OPen_Online_Surgical_Education_The_Experience_in_Hand_Surgery_March_2015_P132-147.pdf?1430738271=&response-content-disposition=inline%3B+filename%3DOpen_online_surgical_education_The_exper.pdf&Expires=1600423660&Signature=d6QUU7I35WiXG7IOHGn-lZgJjRAnE~{}~{}AyjWXQGfCx6KhAflLYW1JtY1g-hNnwRznncI-Ca1SG6TSK~{}uUVZVlWsEdqEhByZ5f5yXCB1TIUsBLL6Z9B36QhyhB~{}klRX2ywfBf0lF4IagONAT2aR3ZEdMiB~{}6cKpDYJFLjRkDW3hgzWxKl61k11ffSd4-sx5xmzz7PYWixuruCq3GU5pc6G3WLge5iz5suaboEAQkTM3FttumrHmQnYwcDjcsl1GsqqfR-7EeWLybLwsklJ~{}PMhaouTA1erc84ulrqXCPVcjEXAJ5BFp0QZtCi5JjyHyK9dwsNF9DwGKTT3IJvXIVdcng__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
http://dx.doi.org/10.1111/j.1365-3156.2008.02024.x
http://www.ncbi.nlm.nih.gov/pubmed/18282239
http://dx.doi.org/10.1023/A:1008127027743
https://www.mei.edu/publications/water-issues-gulf-time-action
https://www.mei.edu/publications/water-issues-gulf-time-action
http://dx.doi.org/10.1016/j.envres.2006.05.005
https://www.health.state.mn.us/communities/environment/water/factsheet/cryptosporidium.html
https://www.health.state.mn.us/communities/environment/water/factsheet/cryptosporidium.html
http://www.nesc.wvu.edu/ecommerce/products/DW_PublicEducation/DWBLPE212DL.pdf
http://www.nesc.wvu.edu/ecommerce/products/DW_PublicEducation/DWBLPE212DL.pdf
https://www.cdc.gov/healthywater/swimming/pdf/fecal-incident-response-guidelines.pdf
https://www.cdc.gov/healthywater/swimming/pdf/fecal-incident-response-guidelines.pdf
https://www.cdc.gov/mmwr/preview/mmwrhtml/mm6219a3.htm
https://www.cdc.gov/mmwr/preview/mmwrhtml/mm6219a3.htm
http://dx.doi.org/10.1128/AEM.56.5.1423-1428.1990

Int. |. Environ. Res. Public Health 2020, 17, 6824 32 of 34

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

Omarova, A.; Tussupova, K.; Berndtsson, R.; Kalishev, M.; Sharapatova, K. Protozoan parasites in drinking
water: A system approach for improved water, sanitation and hygiene in developing countries. Int. J.
Environ. Res. Public Health 2018, 15, 495. [CrossRef]

Karanis, P. The truth about in vitro culture of Cryptosporidium species. Parasitology 2018, 145, 855-864.
[CrossRef]

Saati, A.; Faidah, H. Environmental prevalence of pathogens in different drinking water resources in Makkah
City (Kingdom of Saudi Arabia). Curr. World Environ. |. 2013, 8, 37-53. [CrossRef]

Lyons, B.P,; Devlin, M.].; Abdul Hamid, S.A.; Al-Otiabi, A.F.; Al-Enezi, M.; Massoud, M.S.; Al-Zaidan, A.S.;
Smith, A.].; Morris, S.; Bersuder, P.; et al. Microbial water quality and sedimentary faecal sterols as markers
of sewage contamination in Kuwait. Mar. Pollut. Bull. 2015, 100, 689-698. [CrossRef] [PubMed]

Malek, C. Failure to Keep UAE Pools Clean May Endanger Children, Experts Warn—The National. UAE.
2012. Available online: https://www.thenational.ae/uae/failure-to-keep-uae-pools-clean-may-endanger-
children-experts-warn-1.409939 (accessed on 2 April 2020).

Al Amimi, A.S.H.; Khan, M.A.; Dghaim, R. Bacteriological quality of reclaimed wastewater used for irrigation
of public parks in the United Arab Emirates. Int. . Environ. Sci. Dev. 2014, 5, 309-312. [CrossRef]
Alsharhan, A.S,; Rizk, Z.A.; Nairn, A.E.M.; Bakhit, D.W.; Alhajari, S.A. Hydrogeology of an Arid Region:
The Arabian Gulf and Adjoining Areas—Google Books; Elsevier: Amsterdam, The Netherlands, 2001.

Abdalla, O.; Kacimov, A.; Chen, M.; Al Maktoumi, A.; Al Hosni, T.; Clark, I. Water Resources in Arid Areas:
The Way Forward; Springer International Publishing: Cham, Switzerland, 2017.

Jumat, M.; Hasan, N.; Subramanian, P.; Heberling, C.; Colwell, R.; Hong, P.Y. Membrane bioreactor-based
wastewater treatment plant in Saudi Arabia: Reduction of viral diversity, load, and infectious capacity. Water
2017, 9, 534. [CrossRef]

Valipour, M.; Singh, V.P. Global experiences on wastewater irrigation: Challenges and prospects. In Balanced
Urban Development: Options and Strategies for Liveable Cities; Water Science and Technology Library, Ed.;
Springer: Cham, Switzerland, 2016; Volume 72, pp. 289-327.

Majeed, Q.A.H.; Alazemi, M.S.H. Preliminary study on cryptosporidiosis in livestock from Kuwait. J. EQypt.
Soc. Parasitol. 2014, 44, 389-392. [CrossRef] [PubMed]

Majeed, Q.A.H.; Al-Batel, M.K.; Abdou, N.E.M.L; El-Azazy, O.M.E.; Sami, A.M.; El-Said, H. Infectious causes
of neonatal diarrhea in cattle in Kuwait with special reference to cryptosporidiosis. J. Anim. Vet. Adv. 2011,
10, 2282-2286.

Johnson, E.H.; Muirhead, D.E.; Windsor, ].J.; King, G.J.; Al-Busaidy, R.; Cornelius, R. Atypical outbreak of
caprine cryptosporidiosis in the Sultanate of Oman. Vet. Rec. 1999, 145, 521-524. [CrossRef]

Elwathig, M.; Faye, B. Camel calf diarrhoea in Riyadh region, Saudi Arabia. In Proceedings of the Journal of
Camel Practice and Research; Camel Publishing House: Bikaner, India, 2016; Volume 23, pp. 283-285.
Mohammed, O.B.; Alagaili, A.N.; Omer, S.A.; Hussein, M.E. Parasites of the Arabian Oryx (Oryx leucoryx,
Pallas, 1777) and their prevalence in the Kingdom of Saudi Arabia. Comp. Parasitol. 2012, 79, 288-292.
[CrossRef]

Azmanis, P; di Somma, A.; Pappalardo, L.; Silvanose, C.D.; Bangoura, B. First detection of
Cryptosporidium parvum in falcons (Falconiformes): Diagnosis, molecular sequencing, therapeutic trial
and epidemiological assessment of a possible emerging disease in captive falcons. Vet. Parasitol. 2018, 252,
167-172. [CrossRef]

Zylan, K.; Bailey, T.; Smith, H.V,; Silvanose, C.; Kinne, J.; Schuster, RK.; Hyland, K. An outbreak of
cryptosporidiosis in a collection of Stone curlews (Burhinus oedicnemus) in Dubai. Avian Pathol. 2008, 37,
521-526. [CrossRef]

Brown, J.].; Das, P; Al-saidi, M. Sustainable agriculture in the Arabian/Persian Gulf region utilizing marginal
water resources: Making the best of a bad situation. Sustainability 2018, 45, 1364. [CrossRef]

Naciri, M.; Lefay, M.P.; Mancassola, R.; Poirier, P.; Chermette, R. Role of Cryptosporidium parvum as a pathogen
in neonatal diarrhoea complex in suckling and dairy calves in France. Vet. Parasitol. 1999, 85, 245-257.
[CrossRef]

Al-Megrin, W.A 1. Prevalence rate of intestinal parasites in camels in Riyadh, Saudi Arabia. Int. J. Zool. Res.
2015, 11, 65-70. [CrossRef]

Fayer, R.; Phillips, L.; Anderson, B.C.; Bush, M. Chronic cryptosporidiosis in a bactrian camel (Camelus bactrianus).
J. Zoo Wildl. Med. 1991, 22, 228-232.


http://dx.doi.org/10.3390/ijerph15030495
http://dx.doi.org/10.1017/S0031182017001937
http://dx.doi.org/10.12944/CWE.8.1.05
http://dx.doi.org/10.1016/j.marpolbul.2015.07.043
http://www.ncbi.nlm.nih.gov/pubmed/26228071
https://www.thenational.ae/uae/failure-to-keep-uae-pools-clean-may-endanger-children-experts-warn-1.409939
https://www.thenational.ae/uae/failure-to-keep-uae-pools-clean-may-endanger-children-experts-warn-1.409939
http://dx.doi.org/10.7763/IJESD.2014.V5.498
http://dx.doi.org/10.3390/w9070534
http://dx.doi.org/10.12816/0006477
http://www.ncbi.nlm.nih.gov/pubmed/25597153
http://dx.doi.org/10.1136/vr.145.18.521
http://dx.doi.org/10.1654/4543.1
http://dx.doi.org/10.1016/j.vetpar.2018.02.012
http://dx.doi.org/10.1080/03079450802357019
http://dx.doi.org/10.3390/su10051364
http://dx.doi.org/10.1016/S0304-4017(99)00111-9
http://dx.doi.org/10.3923/ijzr.2015.65.70

Int. |. Environ. Res. Public Health 2020, 17, 6824 33 of 34

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

Afzal, M.; Sakkir, M. Survey of antibodies against various infectious disease agents in racing camels in Abu
Dhabi, United Arab Emirates. Rev. Sci. Tech. 1994, 13, 787-792. [CrossRef]

Khalaf, S. Camel racing in the Gulf notes on the evolution of a traditional cultural sport. Anthropos 1999, 94,
85-106.

Sazmand, A.; Joachim, A.; Otranto, D. Zoonotic parasites of dromedary camels: So important, so ignored.
Parasites Vectors 2019, 12, 1-10. [CrossRef]

Banaja, A.; Ghandour, A. A review of parasites of camels (Camelus dromedarius) in Saudi Arabia. |. King
Abdulaziz Univ. Sci. 1994, 6, 75-86. [CrossRef]

Zhu, S.; Zimmerman, D.; Deem, S.L. A review of zoonotic pathogens of dromedary camels. Ecohealth 2019,
16, 356-377. [CrossRef]

CDC. Sources of Infection & Risk Factors/Prasites—Cryptosporidium. CDC, 2015. Available online: https:
//www.cde.gov/parasites/crypto/infection-sources.html (accessed on 10 April 2020).

Rules & Regulations for Medical Examination of Expatriates Coming to GCC States for Residence.
Available online: http://ghc.sa/en-us/Documents/English%20Document.pdf (accessed on 13 April 2020).
Zaglool, D.; Khodari, Y.; Othman, R.; Farooq, M. Prevalence of intestinal parasites and bacteria among food
handlers in a tertiary care hospital. Niger. Med. |. 2011, 52, 266.

Qureshy, F. Comparative study of intestinal parasitic infestation among food handlers in Abu Dhabi (U.A.E.)
1981-1982. . Pak. Med. Assoc. 1988, 38, 163-166.

Al-Awadhi, M.; Igbal, J.; Ahmad, S. Cysticercosis/T. solium taeniasis, a potential public health concern in
non-endemic country, Kuwait: A new diagnostic method to screen T. solium taeniasis carriers among the
expatriate population. Med. Princ. Pract. 2019, 29, 347-353. [CrossRef] [PubMed]

Taha, H.A.; Soliman, M.L; Banjar, S.A.N. Intestinal parasitic infections among expatriate workers in Al-Madina
Al-Munawarah, Kingdom of Saudi Arabia. Trop. Biomed. 2013, 30, 78-88. [PubMed]

Imam, N.A.; Abdulbagqi, Z.; Fahad, R. The prevalence of intestinal parasitic infections among foreign workers
in Madinah, Kingdom of Saudi Arabia. Saudi J. Med. Med. Sci. 2015, 3, 112-117. [CrossRef]

Koshak, E.A.; Zakai, H.A. A spectrum of pathogenic and non-pathogenic intestinal parasites in pre-employment
medical check-up for workers and their families. J. Fam. Community Med. 2003, 10, 47-53.

Olsen, S.J.; MacKinnon, L.C.; Goulding, ]J.S.; Bean, N.H.; Slutsker, L. Surveillance for foodborne-disease
outbreaks—United States, 1993-1997. MMWR CDC Surveill. Summ. 2000, 49, 1-62.

Dafalla, A.ILA.; Almuhairi, S.A.S.O.; AlHosani, M.H.].; Mohamed, M.Y.; Alkous, M.I.A.; AlAzzawi, M.A.;
Abakar, A.D.; Nour, B.Y.M.; Hasan, H.; Abuodeh, R.O.; et al. Intestinal parasitic infections among expatriate
workers in various occupations in Sharjah, United Arab Emirates. Rev. Inst. Med. Trop. Sao Paulo 2017, 59,
1-7. [CrossRef]

Spiess, A. Food Security in the Gulf Cooperation Council (GCC) Economies. GCC Network for Drylands
Research and Development (NDRD). 2011. Available online: http://www.ndrd.org/Spiess_-_Working_Paper_
on_Food_Security_in_the_GCC.pdf (accessed on 18 April 2020).

Shahid, S.A.; Taha, FK.; Abdelfattah, M.A. Developments in Soil Classification, Land Use Planning and Policy
Implications: Innovative Thinking of Soil Inventory for Land Use Planning and Management of Land Resources;
Springer: Berlin/Heidelberg, Germany, 2013; ISBN 9789400753327

OECD-FAO Agricultural Outlook 2018-2027. Chapter 2: Special Focus: Middle East and North. Available
online: http://www.fao.org/3/19166EN/I9166EN.pdf (accessed on 14 April 2020).

Al-Busaidi, M.A.A. Effective Seafood Safety and Quality Management Systems:An Analysis of the Situation in the
Sultanate of Oman; University of Reading: Reading, UK, 2017.

Al-Busaidi, M.A.; Jukes, D.]. Assessment of the food control systems in the Sultanate of Oman. Food Control
2015, 51, 55-69. [CrossRef]

Faour-Klingbeil, D.; Todd, E.C.D. Prevention and control of foodborne diseases in Middle-East North African
countries: Review of national control systems. Int. |. Environ. Res. Public Health 2020, 17, 70. [CrossRef]
WHO. Foodborne diseases burden epidemiology reference group 2007-2015. In WHO Estimates of the
Global Burden of Foodborne Diseases; World Health Organization: Geneva, Switzerland, 2015; pp. 1-252,
ISBN 9789241565165.

Bakri, M.; Amin, FA.L.; Fadil Saleh, A.; Taib Saeed, A.; Nabag, M.; Haroon, M.; Mohamed, K. Food hygiene
in past ten years in Saudi Arabia. EC Microbiol. 2017, 7, 4-13.


http://dx.doi.org/10.20506/rst.13.3.794
http://dx.doi.org/10.1186/s13071-019-3863-3
http://dx.doi.org/10.4197/Sci.6-1.6
http://dx.doi.org/10.1007/s10393-019-01413-7
https://www.cdc.gov/parasites/crypto/infection-sources.html
https://www.cdc.gov/parasites/crypto/infection-sources.html
http://ghc.sa/en-us/Documents/English%20Document.pdf
http://dx.doi.org/10.1159/000504625
http://www.ncbi.nlm.nih.gov/pubmed/31698357
http://www.ncbi.nlm.nih.gov/pubmed/23665711
http://dx.doi.org/10.4103/1658-631X.156414
http://dx.doi.org/10.1590/s1678-9946201759082
http://www.ndrd.org/Spiess_-_Working_Paper_on_Food_Security_in_the_GCC.pdf
http://www.ndrd.org/Spiess_-_Working_Paper_on_Food_Security_in_the_GCC.pdf
http://www.fao.org/3/I9166EN/I9166EN.pdf
http://dx.doi.org/10.1016/j.foodcont.2014.10.039
http://dx.doi.org/10.3390/ijerph17010070

Int. |. Environ. Res. Public Health 2020, 17, 6824 34 of 34

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

Refai, M. Incidence and control of brucellosis in the near East region. Vet. Microbiol. 2002, 90, 81-110.
[CrossRef]

Al-Mazrou, Y.Y. Food poisoning in Saudi Arabia. Potential for prevention? Saudi Med. |. 2004, 25, 11-14.
[PubMed]

Abdalla, A.S.; Omar, H.M. The prevalence of leafy vegetable-borne parasites in Al-Qassim region, Saudi
Arabia. J. Agric. Vet. Med. 2013, 6, 29-40.

Al-Goblan, A.; Jahan, S. Surveillance for foodborne illness outbreaks in Qassim, Saudi Arabia, 2006.
Foodborne Pathog. Dis. 2010, 7, 1559-1562. [CrossRef] [PubMed]

The Cooperation Council for The Arab States of The Gulf. GCC Guide for Control on Imported Foods.
2016. Available online: https://www.gcc-sg.org/en-us/CognitiveSources/DigitalLibrary/Lists/DigitalLibrary/
Agriculture%20Livestock%20and%20Fisheries/1429075065.pdf (accessed on 14 April 2020).
Balderrama-Carmona, A.P.; Gortares-Moroyoqui, P.; Alvarez-Valencia, L.H.; Castro-Espinoza, L.;
Mondaca-Fernandez, I.; de Jests Balderas-Cortés, J.; Chaidez-Quiroz, C.; Meza-Montenegro, M.M. Occurrence
and quantitative microbial risk assessment of Cryptosporidium and Giardia in soil and air samples. Int. J.
Infect. Dis. 2014, 26, 123-127. [CrossRef] [PubMed]

Mor, S.M.; Tumwine, J.K.; Ndeezi, G.; Srinivasan, M.G.; Kaddu-Mulindwa, D.H.; Tzipori, S.; Griffiths, ] K.
Respiratory cryptosporidiosis in HIV-seronegative children in Uganda: Potential for respiratory transmission.
Clin. Infect. Dis. 2010, 50, 1366-1372. [CrossRef] [PubMed]

Mor, S.M.; Ascolillo, L.R.; Nakato, R.; Ndeezi, G.; Tumwine, ].K.; Okwera, A.; Sponseller, ] K.; Tzipori, S.;
Griffiths, ].K. Expectoration of Cryptosporidium parasites in sputum of human immunodeficiency virus-positive
and -negative adults. Am. J. Trop. Med. Hyg. 2018, 98, 1086-1090. [CrossRef] [PubMed]

Sponseller, ].K.; Griffiths, ].K.; Tzipori, S. The evolution of respiratory cryptosporidiosis: Evidence for
transmission by inhalation. Clin. Microbiol. Rev. 2014, 27, 575-586. [CrossRef] [PubMed]

Patlakas, P; Stathopoulos, C.; Flocas, H.; Kalogeri, C.; Kallos, G. Regional climatic features of the Arabian
Peninsula. Atmosphere 2019, 10, 220. [CrossRef]

Dbouk, T.; Drikakis, D. On coughing and airborne droplet transmission to humans. Phys. Fluids 2020, 32,
53310. [CrossRef]

Heo, I; Dutta, D.; Schaefer, D.A.; Iakobachvili, N.; Artegiani, B.; Sachs, N.; Boonekamp, K.E.; Bowden, G.;
Hendrickx, A.P.A.; Willems, R]J.L.; et al. Modelling Cryptosporidium infection in human small intestinal and
lung organoids. Nat. Microbiol. 2018, 3, 814-823. [CrossRef]

Yan, J.; Grantham, M.; Pantelic, J.; De Mesquita, PJ.B.; Albert, B.; Liu, F.; Ehrman, S.; Milton, D.K. Infectious
virus in exhaled breath of symptomatic seasonal influenza cases from a college community. Proc. Natl. Acad.
Sci. USA 2018, 115, 1081-1086. [CrossRef] [PubMed]

@ © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1016/S0378-1135(02)00248-1
http://www.ncbi.nlm.nih.gov/pubmed/14758371
http://dx.doi.org/10.1089/fpd.2010.0638
http://www.ncbi.nlm.nih.gov/pubmed/20807108
https://www.gcc-sg.org/en-us/CognitiveSources/DigitalLibrary/Lists/DigitalLibrary/Agriculture%20Livestock%20and%20Fisheries/1429075065.pdf
https://www.gcc-sg.org/en-us/CognitiveSources/DigitalLibrary/Lists/DigitalLibrary/Agriculture%20Livestock%20and%20Fisheries/1429075065.pdf
http://dx.doi.org/10.1016/j.ijid.2014.05.002
http://www.ncbi.nlm.nih.gov/pubmed/25043458
http://dx.doi.org/10.1086/652140
http://www.ncbi.nlm.nih.gov/pubmed/20377408
http://dx.doi.org/10.4269/ajtmh.17-0741
http://www.ncbi.nlm.nih.gov/pubmed/29405104
http://dx.doi.org/10.1128/CMR.00115-13
http://www.ncbi.nlm.nih.gov/pubmed/24982322
http://dx.doi.org/10.3390/atmos10040220
http://dx.doi.org/10.1063/5.0011960
http://dx.doi.org/10.1038/s41564-018-0177-8
http://dx.doi.org/10.1073/pnas.1716561115
http://www.ncbi.nlm.nih.gov/pubmed/29348203
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Methods 
	Search Strategy 
	Inclusion and Exclusion Criteria 

	Results and Discussion 
	Possible Risk Factors in the GCC Countries Associated with the Prevalence of Cryptosporidiosis 
	Cryptosporidium Contaminating Water Resources in the GCC Countries 
	Animals and Birds Invading Sports Events in the GCC Countries 
	Expatriate Labourers in the GCC Countries 
	Food as a Vehicle of Foodborne Cryptosporidiosis in the GCC Countries 
	Airborne Transmission of Cryptosporidium under Arid Climate Conditions 

	Conclusions 
	References

