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Abstract

This study was conducted to determine the prevalence, species and risk factors of Cryptosporidium infection in
children hospitalized for diarrhea in Guangzhou region of China. A cross-sectional study was conducted to assess
the prevalence and risk factors of Cryptosporidium infection in children (2 weeks to 10 years old) who were
hospitalized for diarrhea. Cryptosporidium oocysts were detected using direct immunfluorescent assay and species
were determined by sequencing a fragment (~800 bp) of the 18S rRNA gene. A questionnaire contains host,
sociodemographic, family, hygiene, diet, zoonotic, and environmental risk factors was administered to patients to
identify key factors associated with infections. The observed Cryptosporidium prevalence was 6.9% and the true
prevalence was estimated to be 9.0%. Cryptosporidium infection was similar between male (7.4%) and female
(6.1%) children and negatively associated with age (i.e., infection was more likely in younger children). Infections in
children were significantly associated with family members’ diarrhea within past one month. Infection in children in
suburban hospitals (7.8%) was significantly higher than that in urban hospitals (2.1%). The overall prevalence of
Cryptosporidium in rainy season was significantly higher than that in non-rainy seasons. DNA sequences of the 18S
rRNA gene from infected children were 99.12% to 100% identical to sequences in the GenBank of C. parvum
isolates from humans and animals. Future works should determine the sources of zoonotic Cryptosporidium and
routes of waterborne exposure in the rainy season in this region.
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Introduction
Since the establishment of medical importance of Cryptosporidium

in late seventies when clinical cases in humans were documented [1],
Cryptosporidium infection continues to be a significant public health
problem globally given the parasites is an important cause of diarrhea
in susceptible hosts [2]. Worldwide, the prevalence of cryptosporidiosis
ranges from 1% to 4.5% in developed countries and 3% to 20% in
developing countries [3]. During the past decades, 14 of the ≥ 30
Cryptosporidium species have been identified to be infectious to
humans [4]. Most cases of human cryptosporidiosis are caused by C.
hominis, a species for which humans is the major or exclusive host,
and C. parvum, a zoonotic species that infects neonatal ruminants and
a broad range of mammals [5]. Acute cryptosporidiosis cause diarrhea,
vomiting, abdominal cramps, anorexia, and fever, among these watery
diarrheas are the leading clinical symptoms for young children which
lasts 2 to 8 weeks [6]. Early studies measuring prevalence of
Cryptosporidium in children in Africa, Southeast Asia and Central and
South America demonstrated that acute cryptosporidiosis was a
predictor of childhood mortality [7,8]. In a recent global enteric
multicenter study in sub-Saharan African and south Asia,
Cryptosporidium was one of the top four pathogens attribute to
moderate-to-severe diarrhea in 9439 children [9]. In another study
testing stools collected from >2,000 children aged 0-24 months from
Asia, Africa and South America, Cryptosporidium spp. was detected in

2.0% stool samples and was among the top five pathogens contributed
to diarrhea in the first year of life [10].

The broad host range of Cryptosporidium facilitates environmental
dissemination and inter-host and zoonotic transmission through such
modes as water, food, direct contact with contaminated surfaces, and
close contact to infected persons or animals [11]. Due to the resistance
of oocysts to water treatments including chlorination,
Cryptosporidium is an important waterborne pathogen.
Contaminations through drinking water or recreational water have
been frequently responsible for major outbreaks of cryptosporidiosis
[12-14]. Foodborne outbreaks of cryptosporidiosis have been linked to
fresh vegetables [15,16], unpasteurized milk [17], and fresh-pressed
apple cider [18]. Although foodborne outbreaks have been rare, global
foodborne cryptosporidiosis could be underestimated [19]. For
children, attending to daycare centers is another pathway of exposure
to outbreaks of cryptosporidiosis [20,21]. Because early childhood
children is more susceptible of Cryptosporidium infection, reducing
exposure to the biologic source of Cryptosporidium and identifying
key risk factors for the exposure is important toward the goal of
reducing the incidence of cryptosporidiosis in children.

In developing countries including China cryptosporidiosis is a
common cause of persistent diarrhea among children [22].
Cryptosporidium infection in children has been sporadically reported
in different regions of China including Jiangsu Province [23,24],
Shanghai [25], Changsha [26], Anhui province [27], Yunnan Province
[28], and Anhui province [29]. Guangzhou, located just the south of
the Tropic of Cancer, is the capital and largest city of Guangdong
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province in South China. Little is known about the prevalence of
Cryptosporidium and key risk factors attribute to the infection in
children in this tropical metropolitan region. We conducted a cross-
sectional epidemiologic study in diarrheic children patients who were
hospitalized in Guangzhou City to determine the prevalence and
dominate species of Cryptosporidium in children and to identify risk
factors associated with the infection in this region.

Material and Methods

Enrollment of pediatric patients hospitalized for diarrhea
Based on the existing sentinel hospital networks for disease

surveillance of Guangzhou Center for Disease Control and Prevention
(GZCDC), 5 hospitals were enrolled for this study between 2011 and
2012. Among the 5 hospitals, Huadu district hospital and Taihe
hospital were categorized as suburb hospitals while Guangdong
Women and Children hospital, Yuexiu District hospital and Zengcheng
District hospital as urban hospitals according to the distances to the
center of Guangzhou metropolitan. The study population composed of
children ranging from two weeks to 10 years old who had been
hospitalized primarily due to diarrhea. Patients were admitted based
on parents or guardians’ agreement of voluntary participation and
regardless of their point of origin. A total of 597 cases were referred to
this study by either pediatrician or nurse responsible for the hospital
wards in the five hospitals. All patients were residents of the
Guangzhou metropolitan. Diarrhea was defined as acute ≥ 2 acute
loose or watery stools in the previous 24 hours that was still present
when the fecal specimen was collected at the hospitals. Patients who
developed diarrhea after admission to the hospitals were excluded.

Specimen collection and detection of Cryptosporidium
A single fecal sample was collected from each patient by parents and

placed into a disposable single use plastic cup. Samples were
transported to the Laboratory at GZCDC and preserved in 2.5%
potassium dichromate solution and stored at 4°C. Within one week of
sample collection, a direct immunofluorescent assay (DFA) was used
to detect Cryptosporidium oocysts as previously described [30,31].
Briefly, 5 grams of fecal sample (use 1/3 if <5g) was dispersed and
suspended in 40 ml PBS, homogenized, and filtered through 4-layer
gauze. Fecal solutions were centrifuged at 1000 g for 10 min, the
supernatants were discarded by aspiration and the sediment was
resuspended 1:1 (v/v) in sterile distilled water. The final fecal
suspensions were homogenized and 10 μl was used for making slides
using a FITC antibody kit (Aqua-Glo G/C, Waterborne Inc.). Slides
were examined using a fluorescent microscope at × 200-400
amplification. A sample was defined positive of Cryptosporidium if
one or more oocysts were detected.

Retrieving information of risk factors of exposure to
Cryptosporidium

In consultation with pediatricians and nurses and in consideration
of local culture and diet traditions of Guangzhou, we developed a
comprehensive questionnaire covers risk factors potentially attribute to
the routes of exposure and transmission of Cryptosporidium in
children. The questionnaire included risk factor categories on 1) hosts:
age, gender, and nutrition status; 2) sociodemographic and intra-
familial factors: types of dwelling, attendance of daycare of pre-school
children, lunch service of school children, and family members with

gastrointestinal symptoms within one month; 3) hygiene factors: hands
washing before meal and after using toilets, and types of household
toilets (indoor vs. outdoor); 4) zoonotic factors: owning pets or not,
whether pets have diarrhea within one month, whether contact with
livestock or zoo animals, and whether family members work at animal
agriculture facility or zoo; 5) diet factors: whether consumption of raw
vegetables, raw fruits without peeling or washing, raw milk, and source
and treatment of household drinking water; 6) environmental factors:
season, proximity of environmental water (e.g. river or lake), sewage
effluent canal near dwelling, and recent contact to water (river, lake,
swimming pool). The questionnaire was administered to all patients by
trained nurses based on agreement of voluntary participation by
patients’ parents or primary guardians.

Molecular characterization of Cryptosporidium
PCR and sequencing of a fragment of the 18S rRNA genes were

used for genotyping Cryptosporidium. Microscopic positive fecal
samples were exposed to 5 cycles of freeze (-80°C) and thaw (+70°C)
then 0.2 g were used for DNA extraction using the QIAamp DNA Stool
Mini Kit (Qiagen). PCR amplification of a fragment (~830 bp) of the
18S rRNA gene by nested-PCR was performed using primers and
cycling conditions as previously described [32,33] using AmpliTaq
DNA polymerase (Thermo Fisher Scientific). DNA template of C.
parvum isolated from calves from a local dairy farm and a negative
control without DNA template were included. Products of the
secondary PCR were purified using the QIAamp DNA Mini Kit
(Qiagen). Purified DNA was sequenced at both directions at a
commercial DNA sequencing laboratory (Invitrogen, Guangzhou)
where an ABI 3730 Capillary Electrophoresis Genetic Analyzer
(Applied Biosystems) were used for sequencing. Sequences were
analyzed and consensus sequences were generated using the Vector
NTI Advanced 11 software. Consensus sequences were compared to
Cryptosporidium sequences and genotypes in the GenBank using
NCBI’s online nucleotide BLAST tool with the default algorithm
parameters.

Statistical Analysis
Statistical analysis was performed on data using SPSS 17.0 software

by applying Chi-Square test and statistical significant differences (p<
0.05) between various groups were calculated. The multivariate
forward stepwise logistic regression was conducted to test the factors
associated with Cryptosporidium infection. The independent variable
input in the regression model of Cryptosporidium infection included
all categories of risk factors.

Ethics Statement
Involvements of human subjects in this study were approved by the

GZCDC Ethics Review Board for Medical Research. Parents or
guardians provided informed consents on behalf of their children for
answering questions in the questionnaire and for collecting specimen
from children. All parents or guardians preferred providing oral
informed consents, which was documented by checking the box of
“Agree” on top of the sheet of questionnaire administered to individual
patient. The GZCDC Ethics Review Board for Medical Research
approved the use of oral consents for this study.
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Results

Prevalence of Cryptosporidium in children with diarrhea
Among the 597 diarrheic children ≤ 10 years of age who had been

taken to hospital wards, the observed prevalence of Cryptosporidium
infection was 6.9% (41/597). We adapted the equation from our
previous study using the same DFA method [34] to estimate the true
prevalence of Cryptosporidium among the study population of
diarrheic children:True prevalence = Apparent prevalence + Sp ‐1Se+Sp‐1

whereby the observed prevalence was 6.9% and the sensitivity (Se)
and specificity (Sp) were the diagnostic attributes of the DFA assay
when applied to our study population of children with diarrhea.
According to literature, specificity (Sp) of the DFA assay was estimated
to be 100% for diagnosing Cryptosporidium oocysts from human fecal
samples [35-37] and cattle and calf fecal samples [30,31]. The
sensitivity of DFA assay for diagnosing of Cryptosporidium oocysts in
fecal samples from clinical diarrheic children ≤ 10 years of age was
77% as previously determined [34]. Based on the above equation, the
true prevalence of Cryptosporidium infection in our studied
population of diarrheic children was estimated to be 9.0%. The
prevalence of Cryptosporidium in pediatric patients from different
hospitals did not vary significantly but difference among hospitals
could be potentially significant given the P value (0.055) was close to
0.05 (Table 1). The majority of referred children patients were from
‘suburb’ hospitals and the observed prevalence of Cryptosporidium in
patients from suburb hospitals (7.8%) was significantly higher
(P=0.041) than that in patients from urban hospitals (2.1%) Table 1.

Categories No. (%) of
patients

No. (%) positive of
Cryptosporidium

P
value

Hospital 0.055

       Huadu District hospital 162 (27.1) 10 (6.2)

       Provincial Women and Children
hospital

47 (7.9) 2 (4.3)

Taihe hospital 338 (56.6) 29 (8.6)

Yuexiu District hospital 15 (2.5) 0 (0.0)

Zengcheng District hospital 35 (5.9) 0 (0.0)

Total 597 41 (6.9)

Type of hospital 0.041

Urban 97 (16.2) 2 (2.1)

Suburb 500 (83.8) 39 (7.8)

Table 1: Prevalence of Cryptosporidium in children hospitalized for
diarrhea in five hospitals in Guangzhou, 2011-2012.

Risk factors associated with Cryptosporidium prevalence in
children with diarrhea.

Host, sociodemographic and family risk factors: Numbers of
participants responded to questions of host, sociodemographic and
family risk factors along with answers were summarized in Table 2.
The prevalence of Cryptosporidium was also further stratified

according to answers to questions. Diarrhea were approximately evenly
distributed between male (58.6%) and female (41.4%) children and
prevalence of Cryptosporidium was also approximately evenly
distributed between male (7.4%) and female (6.1%) children, with no
significant difference (P=0.519). A trend of negative association
between child age and the odds of C. parvum infection was observed,
highest prevalence (8.5%) in children <6 month old and lowest (2.5%)
in children >3 years old Table 2. Although the differences were not
statistically significant (P=0.373), results are in consistent with that
younger hosts are more vulnerable to Cryptosporidium infection.

Risk factors No. (%) of patients
responded to
questionnaire

No. (%) positive
of
Cryptosporidium

P
valu
e

Host

Age 0.37
3

  ≤ 6 month 130 (21.8) 11 (8.5)

  ≤ 12 month 184 (30.8) 14 (7.6)

  ≤ 3 year 202 (33.8) 14 (6.9)

  >3 year 81 (13.6) 2 (2.5)

Gender 0.51
9

Male 350 (58.6) 26 (7.4)

Female 247 (41.4) 15 (6.1)

Nutrition status 0.81
5

Good nutrition 425 (96.8) 27 (6.4)

Malnutrition 14 (3.2) 1 (7.1)

Sociodemographic and familial

Types of dwelling 0.13

Own property 309 (62.3) 20 (6.5)

Rental shared 17 (3.4) 0 (0)

Rental alone 170 (34.3) 18 (10.6)

Pre-school child attends daycare 0.57
7

Yes 51 (9.7) 5 (9.8)

No 476 (90.3) 35 (7.4)

Source of lunch for
students*

-- -- --

Family members had diarrhea within previous month 0.04
7

Yes 40 (7.2) 6 (15.0)

No 514 (92.8) 32 (6.2)

Table 2: Prevalence of Cryptosporidium in children hospitalized for
diarrhea in Guangzhou, stratified by host, sociodemographic, and
family factors. (*The majority of patients were pre-school children
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hence only 20 patients answered this question and all were negative of
Cryptosporidium).

Risk factors No. (%) of patients
responded to
questionnaire

No. (%) positive of
Cryptosporidium

P value

Hygiene

Wash hands before meal and after using the toilet 0.752

Yes 393 (71.5) 28 (7.1)

No 157 (28.5) 10 (6.4)

Types of toilets 0.486

Indoor 556 (98.4) 39 (7.0)

Outdoor 9 (1.6) 1 (11.1)

Diet

Eating raw vegetables 0.861

Yes 153 (26.8) 10 (6.5)

No 417 (73.2) 29 (7.0)

Eating raw fruits without peeling or washing 0.367

Yes 360 (63.4) 28 (7.8)

No 208 (36.6) 12 (5.8)

Drink raw milk 0.87

Yes 400 (72.2) 27 (6.8)

No 154 (27.8) 11 (7.1)

Source of household drinking water and treatment* -- -- --

Zoonotic exposure

Pet contact 0.433

Yes 66 (11.1) 3 (4.5)

No 530 (88.9) 37 (7.0)

Pet had diarrhea within 30 days 0.46

Yes 5 (7.6) 0 (0)

No 61 (92.4) 3 (4.9)

Contact livestock within past 2 months 0.113

Yes 18 (3.1) 0 (0)

No 554 (96.9) 38 (6.9)

Contact zoo animals within past 2 months 0.362

Yes 6 (1.1) 0 (0)

No 565 (98.9) 38 (6.7)

Family member works with livestock or zoo animals 0.324

Yes 7 (1.2) 0 (0)
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No 562 (98.8) 38 (6.8)

Table 3: Prevalence of Cryptosporidium in children hospitalized for diarrhea in Guangzhou, stratified by hygiene, diet habit, and zoonotic factors
(*All patients drank boiled tap water in household).

Among patients whose parents answered the question about
nutrition status, 96.8% children were in good nutrition and the rest
3.2% were in malnutrition. Prevalence of Cryptosporidium in children
with good or malnutrition status was not significantly different
(P=0.815) (Table 2). Among sociodemographic and family risk factors,
no significant difference of prevalence of Cryptosporidium were found
associated with types of dwellings, attending to daycare for pre-school
children and lunch types of school children. However, the prevalence
of Cryptosporidium in children with family members had diarrhea
within 30 days (15.0%) was significantly higher (P=0.047) than that in
children without family members had diarrhea (6.2%) (Table 2).

Hygiene, diet, and zoonotic risk factors: Numbers of participants
responded to questions of hygiene, diet, and zoonotic risk factors along
with answers were summarized in Table 3. The prevalence of
Cryptosporidium was also further stratified according to answers to
questions. All participants that responded to questionnaires claimed
drinking boiled tap water in houses. Prevalence of Cryptosporidium in
children was not statistically associated with any hygiene, diet, and
zoonotic risk factors (Table 3).

Environmental risk factors: No patients had contact of river, lake, or
other surface water and no swimming within the past two months and
no sewer or wastewater effluent nearby dwelling (data not shown).
Guangzhou is in the tropical region that has a summer and monsoon
season from June to September. The monthly prevalence of
Cryptosporidium in children is shown in Figure 1. The prevalence of
Cryptosporidium in the main summer rainy season (July to August)
was significantly higher than that in non-rainy seasons (P=0.046)

Figure 1: Seasonal prevalence of Cryptosporidium in children
hospitalized for diarrhea in Guangzhou, 2011-2012 (July through
August is the main summer rainy season in this tropical region).

Genotyping of Cryptosporidium from children with diarrhea
Among the 41 samples microscopic positive of Cryptosporidium, 10

samples were successfully genotyped by PCR and sequencing a

fragment of the 18S rRNA gene. Alignment of DNA sequences divided
the 10 samples into four variants of C. parvum: 7 isolates in variant 1
(KU198182), 1 isolate in variant 2 (KP858925), 1 isolate in variant 3
(KU198180), and 1 isolate in variant 4 (KU198181) (Table 4).
Sequences of the four variants were highly homogeneous
(99.6%-99.9% identical among the shortest sequence of 797 bp). Two
isolates were from Taihe hospital while other 5 isolates of variant 1
were from Huadu District hospital. The isolates of variants 2, 3, and 4
were from Zengcheng District hospital, Huadu District hospital, and
Yuexiu hospital respectively. According to BLAST analysis conducted
on January 23, 2017, among the 100 max sequences targeted during
BLAST analysis, 97, 97, 95, and 94 sequences were C. parvum for the
variants 1-4 respectively. For variant 1 (KU198182), variant 2
(KP858925), variant 3 (KU198180), and variant 4 (KU198181), the
maximum identities to sequences of C. parvum were 99.12-100%,
99.12-99.87%, 99.25-99.87%, and 99.37-100% respectively. The top hits
of BLAST results of each variant are shown in Table 4.

Discussion
The observed prevalence of Cryptosporidium in children with

diarrhea in Guangzhou region was determined to be 6.9% and the true
prevalence to be 9.0% adjusted by specificity and sensitivity of the
diagnostic method [34]. In other regions of China, prevalence of
Cryptosporidium in children in available reports ranged from
0.7-5.06% [23] and 1.3-9.9% [24] in Jiangsu Province; 1.3% [27] and
2.14-5.19% [29] in Anhui Province; 4.05-7.14% in Changsha [26] and
5.29% in Yunnan Province [28]. In other tropical developing countries,
Cryptosporidium prevalence has been reported ranges from 1.1% to
18.7% [34] in Brazil and 29.6% in the State of Puebla of Mexico [38].
Although the sensitivities of diagnostic methods in different studies
could affect the real prevalence versus observed prevalence reported,
overall, prevalence of Cryptosporidium was estimated to be 3-20% in
developing countries [3]. The prevalence of cryptosporidiosis in
children in tropical regions was usually higher (an average of up to
10%) than in moderate regions [6]. In our study, the observed
prevalence and adjusted true prevalence of Cryptosporidium in
children in Guangzhou region are within the reported ranges of
prevalence. Cryptosporidium as an etiologic agent causing diarrheal
illness in children could be underdiagnosed [5]. Currently,
Cryptosporidium has not been included in routine parasitological tests
of children diarrhea specimen in Guangzhou, our results strongly
suggested that Cryptosporidium should be included in the routine tests
in future.

Children cryptosporidiosis has been found significantly higher in
communities in remote regions compared to those living in major
cities in Australia [39,40]. The trend of increased prevalence rate of
cryptosporidiosis in children from urban to suburban and rural areas
was also observed in Yemen [41]. A review of publications of
cryptosporidiosis (between 2002 and 2011) in Arabic countries
indicated Cryptosporidium species infection among pediatrics in rural
and semiurban areas was higher than in urban areas [42]. Results of
our study showed that the prevalence of Cryptosporidium in children
hospitalized in suburb hospitals (7.8%) was significantly higher
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(P=0.041) than that in children hospitalized in urban hospitals (2.6%)
(Table 1). Given that pediatric patients visit hospitals proximity to
dwellings, results of our study are in consistence with that the risk of
Cryptosporidium infection is significantly higher for children live in
suburb than those live in urban areas. Although no specific risk factors

were identified statistical significantly associated with the higher
prevalence of cryptosporidiosis in children in suburban area, future
studies are warrant to further investigate hygiene, diet, zoonotic, and
environmental risk factors that could cause the higher infection of
Cryptosporidium in children living in suburb.

C. parvum variant (no. of
isolates)

GenBank accession
no.

Highly similar isolates and accession no. in the GenBank Host Max. identity (%)

1 (7) KU198182 C. parvum isolate 36, JX298598 Human 100

C. parvum isolate 35, JX298597 Human 100

C. parvum isolate 75, JX298601 Buffalo 100

C. parvum isolate Swec402, KU892559 Human 99.75

2 (1) KP858925 C. parvum isolate Swec402, KU892559 Human 99.87

C. parvum isolate UKP7, KM012046 Human 99.87

C. parvum isolate UKP6, KM012044 Human 99.87

C. parvum isolate UKP8, KM012040 Human 99.87

C. parvum, AB746195 Cattle 99.87

3 (1 ) KU198180 C. parvum isolate M1146-5999, KJ469985 Horse 99.87

C. parvum isolate BRAcalf72, JN120853 Calf 99.87

C. parvum isolate GZ500, KU198181 Human 99.75

C. parvum isolate UKP7, KM012046 Human 99.75

4 (1) KU198181 C. parvum isolate A23G, JX948126 Animal 100

C. parvum isolate Swec434, KU892560 Human 99.88

C. parvum isolate Swec402, KU892559 Human 99.88

Table 4: Comparison of 18S rRNA gene sequence of Cryptosporidium from children hospitalized for diarrhea in Guangzhou to highly related
sequences of Cryptosporidium in the GenBank (BLAST analysis conducted on January 23, 2017).

Among host, sociodemographic and familial, hygiene practice, diet
habits, and zoonotic risk factors, only the factor of family members
have diarrhea within 1 month was significantly associated with the
occurrence of cryptosporidiosis in pediatric patients with diarrhea
(P=0.047) (Tables 2 and 3). Our work focused on Cryptosporidium
infection in children with diarrhea, hence Cryptosporidium infection
in the family members with diarrhea within 1 month remained
unknown. Contacts with siblings and other family members are risk
factors for children cryptosporidiosis elsewhere [34,43-45]. Our results
suggested that contact with family members with diarrhea play an
important role in circulating Cryptosporidium among human
populations in Guangzhou region. Given that all risk factors (except
for family member with diarrhea) were not significantly associated
with Cryptosporidium infection, future studies are warrant to
investigate the source and routes of human cryptosporidiosis in this
region, such as hospital contaminations, immune status of adults with
diarrhea, AIDS patients etc. For potential environmental risk factors
surveyed, no patients responded contact of surface water (e.g. river,
lake) or swimming pool within the past 2 months, nor sewer or
wastewater effluent nearby dwelling. Therefore, the study did not
determine routes of environmental exposure attributed to
Cryptosporidium infection in Children. Located just the south of the
Tropic of Cancer, Guangzhou has a humid subtropical climate with

average monthly precipitation peaks in July and August. Interestingly,
prevalence of C. parvum in children in the rainy season was
significantly higher (P=0.046) than that in other seasons (Figure 1). A
previous study also found that rainy season was a risk factor for
cryptosporidial infection in children <12 years old [46]. The higher
prevalence in rainy season most likely should be caused by the
environmental dissemination and transportation of oocysts facilitated
by rainfalls. Future studies will be interesting to determine the sources
and routes of waterborne Cryptosporidium infection in the rainy
season in this region.

C. parvum and C. hominis are the two species responsible of the
majority of cases of human cryptosporidiosis. In contract to C.
hominis that predominately infects humans, C. parvum, a zoonotic
species, infects humans and a broad range of mammals [5]. One study
estimated that as many as 97% of >2000 human cases of
cryptosporidiosis in the U.K. were due to C. parvum infection [47]. In
our study, 94-97% of the 100 max sequences (standard algorithm
parameters) were C. parvum isolates from humans or animals.
Sequences of Cryptosporidium isolates from individual patients were
99.12-100% identical to DNA sequences of C. parvum isolates in the
GenBank. Clearly, the results indicated dominate species of
Cryptosporidium in children populations in Guangzhou in the study
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period was C. parvum. The C. parvum variant 1 from suburb hospitals
were 100% identical to C. parvum from humans (JX298598, JX298597)
and buffalo (JX298601). C. parvum variant 2 from an urban hospital
(Zencheng District hospital) was 99.87% identical to C. parvum from
humans (KU892559, KM012046, KM012044, KM012040) and cattle
(AB746195). C. parvum variant 3 from a suburb hospital was 99.87%
identical to C. parvum from horse (KJ469985) and calf (JN120853)
and 99.75% identical to C. parvum from humans (KU198181,
KM012046). C. parvum variant 4 from an urban hospital was 100%
identical to C. parvum from animal (unknown species) (JX948126)
and 99.88% identical to C. parvum from humans (KU892560,
KU892559) (Table 4). Results clearly showed that multiple C. parvum
variants exist in different area of the metropolitan with different
biological sources of the parasite, either from animal by zoonotic
transmission or from humans by circulating among human
populations. The majority of the patients’ parents claimed that children
had no contact with pets (88.9%), livestock (96.9%), or zoo animals
(98.9%). Further, the majority (98.8%) responded that no family
members work in animal farms or zoo. Due to the high homogeneity
of answers, the study did not determine the animal sources of zoonotic
C. parvum. Future studies in the same region should determine the
prevalence and species/genotypes of Cryptosporidium in domestic
animals, zoo animals and wildlife and risk factors of human exposure
to zoonotic species and genotypes of Cryptosporidium.

Results of this work clearly demonstrated that Cryptosporidium is
an important protozoal etiologic agent for children hospitalized with
diarrhea in the Guangzhou metropolitan, China. Results suggested the
need of including Cryptosporidium in routine parasitological tests for
children diarrhea in hospitals in this tropical region. The existence of
multiple variants of C. parvum indicated the source of this parasite in
this region was either from humans to humans or from animals to
humans caused by zoonotic transmission. Higher risks of
Cryptosporidium infection exist for populations dwell proximity to
suburb. To further clarify the source and routes of zoonotic
transmission, future works should investigate the prevalence and
species of Cryptosporidium in wildlife and domestic animals and
additional routes of waterborne exposure.
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