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Abstract:

Objectives: the aim of present study was to search for Cryptosporidium spp. in our children and tracking
different epidemiological effects.

Methodology: Random fecal specimens were collected from 467 of children whom attended to hospitals
from four lIragi governorates, modified Ziehl-Neelson staining for all samples, two advanced PCR
techniques (Nested PCR and Real Time PCR) were used for all positive samples to detect species. Data was
analyzed by use of Yat’s Chi-square test.

Results: Among the 467 examined children, Cryptosporidium Oocysts were found to be excreted in 39
(8.35%) of them. Molecular tests showed that C. parvum and C. hominis found in 72.9% and 24.3% of
positive samples respectively, two samples (5.1%) explain mixed species infection, whilst one sample
(2.7%) don’t reveal any amplification, that may mean species other than of C. parvum or C. hominis.
Conclusions: The present study emphasized the public health importance of Cryptosporidium spp in the
study area. It seems that zoonotic species (C. parvum) is the most important cause of infection in the region.
According to our knowledge, this report is the first that recorded the species of Cryptosporidium in Irag.
Recommendations: Further studies at different areas and age groups are required to investigate the
molecular epidemiology of cryptosporidiosis in our community, and also in the animals to evaluate the role
of zoonotic transmission in cryptosporidiosis epidemiology.
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INTRODUCTION:

Cryptosporidium spp is a parasitic protozoan that infects gastrointestinal epithelial
cells of many vertebrates, including humans, globally distributed and adversely impact on
human health in both developed and developing countries . It causes watery diarrhea and
can be fatal to immuno-compromised individuals; In children, diarrhea considered as the
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Ieading(jzg?use of death at the developing countries to those whom younger than five years
of age .

The global infection rate range from 0.3% to 37%. Generally, both of the infection
rate and clinical features are markedly increase in the children ®.

There are 20 known Cryptosporidium  species. Eight fully characterized
Cryptosporidium species (C. hominis, C. parvum, C. meleagridis, C. felis, C. canis, C.
suis, C. muris, and C. andersoni) were detected in man “>.  Among which, only two
species are of major significance to public health by causing the majority of human cases
(more than 90%) both sporadic and outbreak related cases, C. hominis and C. parvum ®),

C. parvum is zoonotic and infects a wide range of animal hosts including humans,
whereas C. hominis is generally restricted to humans. Therefore, the main phenotypic
difference between C. hominis and C. parvum is the host range; In addition, these two
Cryptosporidium  species differ in geographical and temporal distribution and
g%t)hogenicity. Differential risk factors and transmission routes have also been identified

Traditionally, identification of Cryptosporidium parasite is based on morphologic
examination, mainly using modified acid-fast staining method®. But this approach is not
reliable for delineating Cryptosporidium species because of their morphologic similarities.
Alternatively, molecular tools are useful for the accurate identification of Cryptosporidium
species and better understanding of population genetics of Cryptosporidium, which have
important implications for studying their pathogenesis and clinical presentations 9.

Genetic typing of several loci, such as those encoding the 18S rRNA, actin, oocyst
wall protein, and a 70- kDa heat shock protein, have been used for species identification.
The small subunit ribosomal ribonucleic acid (18S rRNA)-based PCR-restriction fragment
length polymorphism (PCR-RFLP) tool is preferred due to the presence of conserved
regions with highly polymorphic regions in the gene, allowing the design of primerst hat
can amplify most Cryptosporidium species ¢19.

Several studies agree on the higher sensitivity of PCR targeting the 18S rRNA
gene, Nested PCR has been put forward as a means of improving the sensitivity of
detection .

The real-time PCR (qPCR) method using primers derived from the CP2 gene is
highly sensitive, specific, and accurate for the detection of Cryptosporidium species 2.

Molecular epidemiologic tracking species is frequently needed to assess the
endemic transmission at our community level and to identify the occurrence and sources
of outbreaks. In spite of their importance as they considered as an epidemiological
markers, there was a marked paucity in the studies pertain Cryptosporidium species in our
country.

The objectives of this study are surveillance of most important species of the
parasite by use of advance molecular tests and investigation of different epidemiological
impacts.

METHODOLOGY:

The study randomly included 467 of children from both sexes and different
residences whom attended to hospitals from four Iraqi governorates as following: Al-Najaf
governorate (AL-Zahraa Maternity and Pediatrics), Babylon governorate (Maternity and
Pediatrics hospital), Al-Qadisya governorate (Maternity and Pediatrics Teaching Hospital)
and Karbala governorate (Karbala Hospital for Pediatrics) the number of samples from
each governorate were 132, 118, 113 and 104 respectively.
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The study was performed from the beginning of August 2012 to the end of May
2013, 2 gram of fecal samples were taken from each individual, fecal smears were
prepared from each sample, and stained using the modified acid-fast staining technique as
in 3. Samples that positive to Cryptosporidium were kept in 2.5% potassium dichromate
solution before DNA extraction as reported by 9.

Nested PCR:

Positive fecal samples were stored at 40C in a 2.5% aqueous potassium dichromate
solution (K2Cr207). Prior to purification, each sample was filtered through an 80-mesh
sieve to remove large debris, and the filtrate was processed within 24 h of collection as
follows: K2Cr207 was removed by three cycles of precipitation with phosphate buffered
saline 19,

DNA extraction and purification done by using of QlAamp DNA stool Mini Kit
(QIAGEN, Hilden, Germany).

The Cryptosporidium 18S rRNA gene was amplified by a nested PCR assay. In
order to highlight the presence of multiple species of Cryptosporidium in a single sample,
five replicates of nested PCR were performed using different DNA volumes for the first
round (10, 2, 1 and 0.5 pl ), as reported elsewhere @9,

The first PCR round was performed with primer pair: forward (5-TTC TAG AGC
TAA TAC ATG CG-3") and reverse (5-CCC ATT TCC TTC GAA ACA GGA-3") and
the second PCR round was performed with primer pair: forward (5-GGA AGG GTT
GTA TTT ATT AGA TAA AG-3’) and reverse (5-AAG GAG TAA GGA ACA ACC
TCC A-3)).

The two PCR rounds were performed under the same conditions. Nested PCR
mixtures contained 1x PCR buffer, 5 mM MgCI2, 200 Ip each deoxynucleoside
triphosphate, 100 nM each primer and 1.25 U Hot Start Tag polymerase.

Cycling conditions consisting of a hot start at 94° C for 3 min followed by 35
cycles with de-naturation at 94° C for 45 seconds, annealing at 55° C for 45 seconds, and
extension at 72° C for 1 minutes, and a final extension at 72° C for 7 minutes @,

Thermocycler used was Gene Amp. PCR System 9700, Turkey.

Restriction fragment length polymorphism:

A RFLP assay was performed with two restriction enzymes, Asel and SSpl, according
to the manufacturer’s instructions (Ozyme, Saint Quentin en Yvelines, France).

Part of the second-round PCR products was digested with Asel and another part with
SSpl, allowing the detection of different species when present. Restriction profiles were
visualized by electrophoresis of digested products on a 2% agarose gel with ethidium
bromide as recorded by ®¥. Gel Electrophoresis device from Labnet International, USA,
whilst our DNA bands were analyzed and photographed by Bio-Document Analyzer,
Biometra. Turkey.

Real Time PCR:

The Real time PCR reactions were performed according to the method o
using a Light Cycler.
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DNase/RNase-free water was used in place of template DNA as a negative control.
CP2 sequences of C. parvum (AY471868) and C. hominis (XM_661199) were aligned
using Clone Manager Suite 7 (Sci-Ed Software, Cary, North Carolina, USA).

An aliquot (15ul) of the qPCR product was analyzed according to manufacture
with specific kit (Takara Bio Inc., Shiga, Japan). We used Real Time PCR Thermocycler:
MX3005p System, Agilent Technologies. Germany.

Statistical Analysis:
Data were translated into a computerized database structure. An expert statistical

advice was sought for. Statistical analyses were computer assisted using SPSS version 17,
variables was assessed by Yat’s Chi-square test.

RESULTS:

Table (1): Percentage of Infections with Cryptosporidium spp. in the Study Area

Species
Governoratt  NO.o Cryptosporidium Cw C. parvul C.hominis Mixed Species
Sampl Infections Infectior Infections Infections
NO. % NO. % NO. % NO. %
Najaf 132 14 10.6 ! 64.2 28.5 7.14
Babylon 118 7 5.9 85.7 14.2 _
Qadisyia 113 10* 8.85 ' 70 10 10
Karbala 104 8 7.69 62.5 375 _
Total 467 39 8.35 : 72.9 b 24.3 51

= One sample belong to species other than C. parvum and C. hominis.

This table shows the infection with Cryptosporidium spp. in 39 out of 467 of the
children (8.35%) by use of microscopic examination to fecal smears stained with Modified
acid fast stain. All positive samples were analyzed by Nested PCR and Real Time PCR,
both assays gave equal results, two samples show amplification with the primers and
probes of both species, that mean mixed infection with two species. After excluding of
mixed species infection (2cases), 27 out of 37 of positive samples (72.9%) were expose
Cryptosporidium parvum whilst 9 (9/37) of them (24.3%) were Cryptosporidium
hominis, where as one sample (2.7%) don’t reveal any amplification, that may mean
species other than of C. parvum or C. hominis.




Figure (1): Oocyst of Cryptsporidium spp. in a fecal smear stained with modified
Zheil-Neelsen stain.

The Oocyst of Cryptsporidium spp. appears red surrounded by blue background, it
contain four sporozoites colored dark red.
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Figure (2): Gel electrophoresis after restriction with Asel and SSpl enzymes using
PCR-restriction fragment length polymorphism.

The picture was photographed by Bio-Document Analyzer. Lanes 1 and 4 : C.
Parvum (628 bp bands). Lanes 7,9 and 12 : C. hominis (561 bp bands).



Figure (3): The Graphic Results for two Positive Cases of two species (C. parvum and
C. hominis) that Obtained by Real Time PCR Thermocycler.

X axis: cycle number, Y axis: Log. Fluorescence intensity. A: amplification curve has
C.T. value = 21.4 for a sample with C. hominis. B: amplification curve has C.T. value =

25.4 for a sample with C. parvum.

Table (2): Number of Infected Cases with Cryptosporidium spp. at Urban and Rural

Areas
NO.of Ba Total
Specie  Positiv Najaf Babylor Qadisyia Karbala Urban Rural
Sample
Urb Rural Urbi Rura Urbi Ruré Urba Rut No. % NO. %
C.parvi 27 2 7 2 4 2 5 3 2 9 333 18 ©66.6
C.hominis 9 2 2 0 1 1 0 2 15 5 555 4 444
Mixed Speci 2 1 0 0 0 0 1 0 0 1 50 1 50
Infection
Other Speci 1 0 0 0 0 0 1 0 00 0 0 1 ]
Total 39 5 9 2 5 3 7 5 3 151 15 384 24
61.5*

= Significant at level of P <0.05.



This table reveals that 61.5% (24/39) of the infection found at rural areas which was

significantly higher (at level of 0.05) than that of urban areas, 38.4% (15/39).

Table (3): The Infection Rates in Different Age Groups

Age Groups No. of Tested No. of Infected Percentage of
Children Children Infection
Less than 6 Month 59 13 22%*
6 Months -2 Year 92 17 18.47%*
2 — 4Years 102 4 3.92%
4 — 6 Years 75 1 1.33%
6 - 8Years 74 2 2.7%
8 — 1lYears 65 2 3.07%
Total 467 39 8.35%

= Significant at level of P <0.05.

This table shows that the highest infection rate was 22% (13/59) at children aged
less than 6 months, followed by age group 6 months to 2 years that had slightly fewer
percentages 18.47 % (17/92) whilst the lowest infection rate has recorded at the age group
4 to 6 years which was 1.33% (1/75). The statistical analysis reveal significant difference
among percentages of infection in relation to ages at level of 0.05.

The current study was showed that the prevalence of infection in males was 9.2%
(28/302) which is higher than that of females 6.6% (11/165), statistical analysis not found
any significant difference in the prevalence of infection at level of 0.05 between two

SEeXes.

Table (4): Positive Samples Through the Months of the Year

Mont No. of Samples NO. of Positive Samples Percentages of Infection %
Augu 40 2 5
46 4 8.69
September
Octob 43 3 6.97
November 46 3 6.52
51 3 5.88
December
Janual 45 0 0
Februi 52 4 7.69
Marct 44 7 15.9*
April 53 10 18.86*
May 47 3 6.38
Total 467 39 8.35%

= Significant at level of P <0.05




This table reveals that the prevalence of infection through the months, the highest
infection rate was noticed during April 18.86% followed by that in March which was
15.9%, and the lowest infection rates was 5% in August whilst infection not recorded at
January. It was found that there were significant differences at the level of 0.05 among the
infection rates throughout the months.

DISCUSSION:

Cryptosporidiosis is one of the major diarrheal diseases caused by protozoan
parasites and poses a significant public health problem worldwide, particularly in children
@) Because of their importance, we are crucially need to know about at least major species
of Cryptosporidium (C.parvum and C. hominis) in Irag. For this reason, we search the
parasite in a random fecal smears of children stained with modified Zheil-Neelsen stain,
all positive samples (39) were analyzed with two advance molecular tests (Nested PCR
and Real Time PCR) .

Infection founded in 39 out of 467 of the children (8.35%) using the microscopic
examination. Similar results were recorded by Al-Braiken et al. @” and Shalaby et al. ®®
in Saudi Arabia, they reported infection of 9% and 11% of the children respectively.

Infection rate in the present study was slightly lowered than that obtained by
Abdul-Sada ™, he found infection rate in the children at Al-Najaf city was 13.6%, such
result also was obtained by Al-Khailani “? in Baghdad which was 14.6%. This may be
due to differences in the number of children examined, type of populations studied (e.g.
urban or rural), location, and year of study.

The percentage of infection at the current study was higher than that founded by
Mahgoub et al. @ in Jordan, which was 2% and Al-Delaimy et al. ®® in Malaysia, 5.2%.
The variation in the prevalence may belong to number of samples, differences in hygiene
measures and risk factors which may vary among countries and from one region to
another.

The present study registered that 27 out of 37 of positive samples (72.9%) were
expose C. parvum whilst 9 (9/37) of them (24.3%) were C. hominis.

According to our knowledge, this study was the first at least in the study areas that
involved the searching of species of Cryptosporidium parasite among children and the first
that recorded C. parvum or C. hominis in Irag.

The above finding came in alignment with the majority of the global studies; the
molecular epidemiological studies have shown that C.parvum is the dominant species
followed by C. hominis. For instance, Al-Braiken et al. *” in Saudi Arabia identified C.
parvum and C. hominis in 37% and 42.9% of cases respectively, mixed infection with C.
hominis and C. parvum in 2.9% of the infected children where as other species infection
came in percentage of 2.9% (Table 1).

In Iran, Rafiei et al. ®® had registered infection rates of 68%, 25% and 6.2% from
infected children with C. parvum, C. hominis and other species respectively. Similar
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findings were obtained in Egypt by Helmy et al.®? they found that C. hominis
predominate in humans (60-5%), followed by C. parvum (38-35%).

The domination of C. parvum may be due to lacking of the host specificity ©,
that may give it a real chance to spread widely among human and animals.

The current study has showed reveals that 61.5% (24/39) of the infection found at
rural areas which was significantly higher (at level of 0.05) than that of urban areas, 38.4%
(15/39).). Neared finding was recorded by Sharma et al. ® in India, they found that
infection rate at rural areas (77.1%) which was significantly higher than that of urban areas
(32.8%).

In China, Lu and Li ®® had similar results, they reported that infection rate in
children significantly higher at rural regions (59.7%) than in urban ones (40.14%).

Children living in the rural community can be subject to a higher degree of
environmental exposure to potential sources of infection (e.g. contaminated water, farm
animals and wildlife).

The highest infection rate was 22% (13/59) at children aged less than 6 months,
followed by age group 6 months to 2 years that had percentages of 18.47 % (17/92).
Significant difference at level of 0.05 was founded among percentages of infection in
relation to age of children.

Our results were in constant with the majority of the studies worldwide which
revealed that infection rate inversely correlates with the age of children. For instance,
characteristically similar finding was obtained in Iraq by Abdul-Sada ¥, he found that the
highest infection rate was at age group: less than 6 months (37.5%) followed by age
group: 6 months to 2 years (29.1%).

In Saudi Arabia, Al-Braiken et al. ‘") reported that the highest infection rate with
Cryptosporidium (9%) was in children aged less than 5 years old.

In Kenya, Gatei et al. ®” The prevalence of cryptosporidiosis was highest among
children aged less than one year old (5.2%) followed by among those 1-2 years of age
(2%).

This may be related to bad habits of adults towards their children like putting of
finger in the infant mouth and use of contaminated baby bottles and nipples which may be
washed by contaminated water. Moreover, children at above age group usually checking
objects by putting these objects in their mouth, especially at teething period.

The study was showed that the prevalence of infection in males was 9.2% (28/302)
which is higher than that of females 6.6% (11/165), statistical analysis not found any
significant difference in the prevalence of infection at level of 0.05 between two sexes.

The preponderance of the global researches in children was observed the elevation
of the infection rate in male than in female. Like the study of Liu et al. ®® in China, they
record infection rate 15.1% in male children which higher than that of female children
(10%) and the study of Hong et al. “® in Mongolia, where they found infection rate 6.76%
at male children which was higher than the rate 3.13% at female.



However, the studies that recorded infection rates at females higher than males were
scarce; may because males more in contact with the hazards than female like external
environment, playing with animals and swimming at rivers and pools.

The statistical analysis show that there were significant differences at the level of
0.05 among the infection rates throughout the months, highest infection rate occurred in
April (18.86%) followed by that in March which was 15.9%.

This result was slightly neared that of Abdul-Sada “% in Irag, he reported that the
highest infection rates was at the March followed by April. Different results were
registered by Mahgoub et al. ®® in Jordan, they found that the higher infection rates were
at January and February. Disagreed result was recorded by Siwila et al. ®9 jn Zambia
where they found that the highest rates were at Jun and July. Various reasons may stand
behind elevation in the prevalence of cryptosporidiosis in the current study at April and
March such as increasing of the children exposure to the parasite during spring due to
increasing of picnics, flies and insects spreading.

CONCLUSIONS:

Our results provide useful information about the distribution of Cryptosporidium
species, the present study demonstrated that Cryptosporidium spp. is prevalent among
children at the study area. This is first report about species of the parasite in our country.
Cryptosporidium parvum (zonotic species) is the most dominant species as cause of
cryptosporidiosis in the region. The infection rate was markedly increase at the rural areas
and inversely correlated with the age of children. The months of the years have significant
effect in the prevalence.

RECOMMENDATIONS:

Future work should be focused on large scale studies to investigate the molecular
epidemiology of cryptosporidiosis in our community and animals as well to assess the
role of zoonotic transmission in cryptosporidiosis epidemiology.

There is an urgent need to implement an innovative and integrated control program
to reduce the prevalence and intensity of these infections.
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