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Abstract: Cryptosporidium is one of the most important causes of diarrhea in children less than
2 years of age. In this study, we report the frequency, risk factors and species of Cryptosporidium
detected by molecular diagnostic methods in children admitted to two public hospitals in Maputo
City, Mozambique. We studied 319 patients under the age of five years who were admitted due to
diarrhea between April 2015 and February 2016. Single stool samples were examined for the presence
of Cryptosporidium spp. oocysts, microscopically by using a Modified Ziehl–Neelsen (mZN) staining
method and by using Polymerase Chain Reaction and Restriction Fragment Length Polymorphism
(PCR-RFLP) technique using 18S ribosomal RNA gene as a target. Overall, 57.7% (184/319) were
males, the median age (Interquartile range, IQR) was 11.0 (7–15) months. Cryptosporidium spp.
oocysts were detected in 11.0% (35/319) by microscopy and in 35.4% (68/192) using PCR-RFLP. The
most affected age group were children older than two years, [adjusted odds ratio (aOR): 5.861; 95%
confidence interval (CI): 1.532–22.417; p-value < 0.05]. Children with illiterate caregivers had higher
risk of infection (aOR: 1.688; 95% CI: 1.001–2.845; p-value < 0.05). An anthroponotic species C. hominis
was found in 93.0% (27/29) of samples. Our findings demonstrated that cryptosporidiosis in children
with diarrhea might be caused by anthroponomic transmission.

Keywords: acute diarrhea; Cryptosporidium; children; risk factor; Mozambique

1. Introduction

Diarrhea is the one main causes of mortality among children less than 5 years old in
low and middle-income countries (LMIC) [1,2]. In Mozambique, it was estimated that 11%
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of pediatric diseases were due to diarrhea [3]. Rotavirus remains the main etiological agent
of diarrhea in children, followed by Cryptosporidium spp. [1].

Cryptosporidium spp. is an apicomplexan enteric pathogenic parasite protozoan related
to water and foodborne outbreaks worldwide [4–7]. It easily spreads in the environment,
through soil, drinking and recreation water (swimming pool, surface waters) or even di-
rectly by person-to-person contact and contact with objects surfaces with oocysts [4]. Cryp-
tosporidium is also considered an opportunistic parasite that can infect immunocompetent
and immunocompromised people [8]. It can also infect wild and domestic animals [4,9,10],
which facilitates spread in the environment.

Currently, more than 40 species of Cryptosporidium are recognized, some of which were
described recently [9,10]. Even with increased efforts and improved laboratory detection,
unknown Cryptosporidium species remain to be identified [9]. Among humans, the species
most frequently associated with cryptosporidiosis are C. hominis (anthroponotic species)
and C. parvum (anthroponotic and zoonotic species) [9,11,12]. Moreover, C. parvum is
known as having the broadest range of hosts and is otherwise an important zoonotic
species [9–12].

The Global Enteric Multicenter Study (GEMS) showed that Cryptosporidium spp. is the
second most attributable pathogen moderate-to-severe diarrhea (MSD) requiring medical
attention among young infants [1,13,14]. In Mozambique, several studies demonstrated
the presence of this parasite in different populations and/or regions of the country. Addi-
tionally, a study in rural Mozambique indicated that Cryptosporidium spp. is one of the two
pathogens associated with an increased risk of death in children with MSD [15]. Studies of
children under 14 years with diarrhea reported different frequencies of Cryptosporidium spp.
The highest frequency was observed in children aged 0–11 months at 20.0%, followed by
19.0% in children aged 12–23 months, 9.0% in children aged 24–59 months [16], 12.0% in
children aged 0–168 months [17] detected by a commercial immunoassay method, and 3.4%
to 34.0% in all individuals with diarrhea using microscopy [18,19]. A community study de-
tected Cryptosporidium spp. in less than 5.0% of the study population, aged 0 to 48 months
old living in poor environment sanitation [20].

Currently, due to its zoonotic and anthroponotic features, it is becoming more impor-
tant to determine the molecular epidemiology of Cryptosporidium spp. Polymerase Chain
Reaction (PCR) is a molecular-based method commonly used to study this parasite [10–12].
Additionally, this method provides information about the occurrence and distribution of
Cryptosporidium species, contributing to a better understanding of the parasite.

Moreover, risk factors also play an important role in infection dynamics. Infection
with human immunodeficiency virus (HIV) and consequently development of diarrhea
is one of the risk factors that contribute to the chronic diarrhea profile [4,6]. There are
few studies in Mozambique that report the risk factors in children with diarrhea and/or
that used molecular tools to characterize Cryptosporidium [1,15,21]. Altogether, the current
analyses were performed with the aim of determining the frequency, risk factors, and
molecular diagnostic of Cryptosporidium by using a PCR Restriction Fragment Length
Polymorphism (PCR-RFLP) in children hospitalized in Maputo City within the context of
National Surveillance of Acute Diarrhea (ViNaDiA).

2. Results
2.1. Characteristics of the Participants

Overall, 319 children were included in the study. A single stool sample was collected
from each one. Males composed 57.7% (184/319) of the group. The median age and
interquartile interval (in months) were 11 (7–15), with 40.8% (130/319) of children ranging
from 7 to 12 months old. Additionally, 38.9% (124/319) of caregivers reported that their
children had animal contact, 58.0% (185/319) of the caregivers were literate, and 12.9%
(41/319) of the children were HIV-positive (Table 1).
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Table 1. Demographic and clinical characteristics of the participants enrolled for the study at Hospital
Geral de Mavalane (HGM) and Hospital Geral José Macamo (HGJM), Maputo City.

Characteristics N = 319 Frequency (%)

Provenience
HGM 156 48.9
HGJM 163 51.1

Sex
Female 135 42.3
Male 184 57.7

Age (in months), categorized
0–6 63 19.7

7–12 130 40.8
13–18 81 25.4
19–24 30 9.4
25–60 15 4.7

Animal contact
No 195 61.1
Yes 124 38.9

Caregiver literacy status
Illiterate 133 41.7
Literate 185 58.0

Unknown/missing 1 0.3
Child HIV status

Negative 168 52.7
Positive 41 12.9

Unknown/missing 110 34.5
N = Sample size.

2.2. Frequency of Cryptosporidium spp. Infection

During the period of the study, 319 stool samples were collected, examined, and
tested for presence of Cryptosporidium spp. It was possible to test all 319 samples using the
modified Ziehl–Neelsen (mZN) staining method and 192 samples using a PCR method.
Only samples with a sufficient stool amount were included for PCR analysis, regardless of
results from the staining.

Cryptosporidium spp. was detected in 11.0% (35/319) by mZN and in 35.4% (68/192)
by PCR (Figure 1).

As shown in Figure 1, it was not possible to perform molecular analyses on all the
319 samples, because 127 samples had not sufficient quantity for further testing (the
remaining 192 samples tested using PCR). In our PCR-based protocol, it was not possible
to amplify all genetic material, because 4 positives for mZN failed to amplify.

2.3. Molecular Characterization of Cryptosporidium Species

Of the 192 samples tested by the PCR method, 86.5% (166/192) were negative through
the mZN technique, and of those, we were able to recover Cryptosporidium DNA in 27.1%
(46/166). Overall, 29 samples, including 10.4% (20/192) previously positive and 5.0%
(9/192) negative by mZN staining method were successfully genotyped (Figure 1).

A molecular analysis of the 18S rRNA locus identified C. hominis in 93.0% (27/29),
followed by C. parvum in 3.5% (1/29), and mixed infection with C. hominis and C. parvum
in (3.5%, 1/29) (Figure 2). Due to insufficient sample amount, the remaining isolates could
not be genotyped.
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Figure 1. Experimental design. Cryptosporidium spp. investigation in samples by microscopy (modified Ziehl–Neelsen stain-
ing method) and molecular diagnostic (PCR). The PCR-RFLP was used to Cryptosporidium characterization. ZN: modified
Ziehl–Neelsen; PCR: polymerase chain reaction; RFLP: restriction fragment length polymorphism.

In the restriction with SspI digestion products for C. parvum, C. hominis and the mixed
infection showed an identical restriction pattern with three visible bands of 111 bp, 254 bp,
and 449 bp. A different pattern was seen with AseI digestion products, where C. parvum
had two visible bands of 104 bp and 268 bp. C. hominis also had two visible bands of
different molecular sizes, of 104 bp and 561 bp. The mixed infection presented with three
bands of 104 bp, 561 bp and 628 bp.
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Figure 2. Genotyping of the Cryptosporidium parasites by PCR-RFLP targeting 18S rRNA gene. M,
molecular size makers (100 bp). Lane 1: C. parvum; Lanes 2, 3 and 4: C. hominis and Lane 5: mixed
infection with C. hominis and C. parvum. The upper lanes show SspI digestion products showing
a molecular size from 111 bp to 449 bp, and the lower lanes show AseI digestion products with
molecular size of approximately 104 bp to 628 bp.

2.4. Risk Factors for Cryptosporidium spp. Infection

Older children were more likely to be infected with Cryptosporidium spp. The most
susceptible group was children older than two years, compared to younger than seven
months (p-value < 0.05; adjusted odds ratio (aOR): 5.861, 95% CI: 1.532–22.417) (Table 2).

Children with illiterate caregivers were more likely to be infected by Cryptosporidium
spp. than ones with literate caregivers (p-value < 0.05; aOR: 1.688, 95% CI: 1.001–2.845)
(Table 2).

Being male (crude odds ratio (cOR): 1.252, 95% CI: 0.747–2.097), HIV-positive (cOR:
1.032, 95% CI: 0.466–2.289), and not having animal contact (cOR: 1.280, 95% CI: 0.756–2.166)
were not related to infection by Cryptosporidium spp. (p-value > 0.05) in this study (Table 2).
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Table 2. Demographic characteristics and animal contact information of children frequencies, crude and adjusted odds ratio
for children infected by Cryptosporidium spp.

Characteristics N = 319 n = 81 % Crude OR (95% CI) Adjusted OR (95% CI)

Provenience
HGM 156 41 26.3 NA NA
HGJM 163 40 24.5 NA NA

Sex
Female 135 31 23.0 1
Male 184 50 27.2 1.252 (0.747–2.097)

Age (in months), categorized
0–6 63 6 9.5 1 1

7–12 130 37 28.5 3.780 (1.501–9.517) ** 3.604 (1.426–9.112) **
13–18 81 25 30.9 4.241 (1.617–11.124) ** 4.170 (1.584–10.979) **
19–24 30 7 23.3 2.891 (0.877–9.533) 2.503 (0.727–8.618)
25–60 15 6 40.0 6.333 (1.671–23.999) ** 5.861 (1.532–22.417) **

Animal contact
No 195 53 27.2 1.280 (0.756–2.166)
Yes 124 28 22.6 1

Caregiver literacy status
Illiterate 133 42 31.6 1.785 (1.071–2.976) ** 1.688 (1.001–2.845) *
Literate 185 38 20.5 1 1

Unknown/missing 1
Child HIV status

Negative 168 40 23.8 1
Positive 41 10 24.4 1.032 (0.466–2.289)

Unknown/missing 110

N: Total number of samples tested; n: number of positive samples; %: percentage/relative frequency; NA: not applicable; * p < 0.05;
** p < 0.01.

3. Discussion

This study aimed to determine the frequency and risk factors for Cryptosporidium spp.
infection in children hospitalized in Maputo City through the National Surveillance of
Acute Diarrhea (ViNaDiA).

The frequency of Cryptosporidium spp. found in our study was higher than those in
studies conducted in different areas (urban, peri-urban and/or rural) and regions from
Mozambique (north, south and/or central). Those studies indicate lower frequencies of
Cryptosporidium spp. if we consider our PCR results (35.4%): 12% in children hospitalized
with diarrhea by using ELISA [17], 3.4% in children admitted in pediatric ward in one
north central hospital by using mZN and rapid test [18] and 34% in children from ViNaDiA
tested before the current study by using mZN, between 2013 and 2015 [19]. The differences
in frequencies among these studies can be attributed to different study designs, population
characteristics [20,22], diagnostic tools (for instance only microscopy, serology or PCR-
based methods) and region of the country (north, south and/or central).

Children older than six months showed higher risk of infection. This trend has been
reported in other African countries [23–26] and also in one of the studies conducted in
Mozambique [22]. Higher frequencies in older children (>six months) may be explained by
feeding practices, mobility of the child and/or age at which the child has high contact with
other children when playing. In Mozambique, exclusive breastfeeding is recommended
for the first six months, and then, complementary food is added to the child’s diet. It
was previously observed that breastfeeding has a protective effect against any protozoan
infection, including Cryptosporidium in children from 0 to 48 months old in Maputo, Mozam-
bique [20,27]. The introduction of potentially contaminated complementary foods and the
increased mobility of the child expose them to other possible sources of infection, such as
soil and animal contact, increasing the risk of infection among older children before mature
immunity achieved [4].

Children from illiterate caregivers were more susceptible to infection by Cryptosporid-
ium spp. Empirically, literate caregivers suggest that the household is in a higher wealth
quintile, compared to those that did not go to school (illiterate). It is reasoned that care-
givers who learned better hygiene practices at school are more aware of health risks and
practice improved sanitary and hygiene behaviors.
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In our analysis, we found no association between Cryptosporidium infection and HIV-
status, although more than one third of the children had unknown HIV status. Conversely,
in Tanzania [28] and Kenya [25], strong associations between Cryptosporidium infection and
HIV-status have been observed, with higher frequencies of Cryptosporidium infection in
HIV-positive children.

Animal contact was not a predictor for Cryptosporidium spp. infection in children.
Cryptosporidium infection can be acquired through animal contact but can also be transmit-
ted through an anthroponotic route. In our sample, we observed that the majority of the
PCR-tested samples contained C. hominis. This is commonly reported in Africa, and its
acquisition is related to person-to-person transmission [14,21,23,24,28,29], suggesting that
animal contact plays a smaller role in infection.

The increased occurrence of C. hominis is corroborated with one hospital-based study
of adults with diarrhea in Maputo City which used the 60-kDa glycoprotein gene (gp60) as
a target [21]. Occurrence of anthroponomical transmission in children, as described in our
study, suggests empiric circulation of the parasite if we consider that adults assist children.
An infected adult can easily transmit the parasite to the child, and/or the child can pass it
onto another adult or other children.

On the other hand, the PCR-RFLP targeting SSU rRNA (18S rRNA gene) used in this
study was the first attempt to molecularly characterize Cryptosporidium in children with
diarrhea in Mozambique. The target used is the most used among investigators, because
this region is less polymorphic, presenting five copies per genome [7,10]. Although gene
sequencing could enrich the findings, we did not have the technical conditions at the
time of the study. As there was no prior knowledge of the molecular epidemiology of
Cryptosporidium sp. in our country, we opted for PCR-RFLP to conduct a survey of the
circulating species and genotypes.

Furthermore, we analyzed a single stool samples instead of the optimal multiple (at
least 3) consecutive approach, which could result in underestimation. We also applied the
PCR technique, which is a highly sensitive diagnostic approach [30,31]. Additionally, this
was a hospital-based analysis, meaning that our findings can only be extrapolated to the
population from the sites included. However, in four samples mZN-positive, the presence
of DNA was not identified. This may have been a consequence of DNA degradation
due to suboptimal temperature during transportation and storage, due to the presence of
inhibitors [32] or due to a different species with a mutation in the primer’s region [10].

There are few studies in Mozambique [1,19], reporting the risk factors for Cryptosporid-
ium infection in the children with diarrhea and/or using molecular tools. The findings
of this study should receive attention, since the high frequency of C. hominis in children
observed may be a result of anthroponotic transmission. There is a need to expand the
analysis to other provinces of the country and complement it with sequencing tools to
better characterize the species in circulation. It is also worth noting that other hosts may
be participating in the transmission routes, which is corroborated by the identification of
C. parvum isolates.

4. Materials and Methods
4.1. Ethics Statements

The data used in the present analysis were provided by the ViNaDiA in children.
The related protocol was approved by the Mozambique National Bioethics Committee
for Health (IRB00002657, reference Nr. 348/CNBS/13). Written informed consent was
obtained from children’s parents or legal guardians before questionnaire administration
and sample collection.

4.2. Study Design, Site and Population

Cross-sectional, hospital-based surveillance was conducted between April 2015 and
February 2016 in Hospital Geral de Mavalane (HGM) and Hospital Geral José Macamo
(HGJM). These hospitals were selected as sentinel sites because they receive patients from
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Maputo City and surrounding areas. Both have pediatric out- and inpatient wards. The
HGM and HGJM are referral hospitals for both Mavalane and José Macamo health areas
and cover fourteen (14) and nine (9) health centers, respectively.

In each sentinel site, focal points (laboratory technicians, physicians and nurses) were
identified and trained to screen diarrhea cases, administer the questionnaire, collect and
send stool samples to Instituto Nacional de Saúde (INS) where the samples were processed.
Children up to 60 months old who presented in the sentinel sites with acute diarrhea,
defined as three or more loose or liquid stools within 24 h and less than 14 days, were
included [33].

4.3. Sample Size Calculation

Minimum sample size expected was calculated using OpenEpi [34], with 95% con-
fidence interval (CI), desired precision of 3.0% and an estimated frequency of 4.8% for
Cryptosporidium spp. from a previous study in children aged up to five years with diar-
rhea [16]. We obtained a minimum sample size of at least 196.

4.4. Data Collection

Demographic, clinical and epidemiological data were assessed by interviewing chil-
dren’s caregivers with a semi-standardized questionnaire. Information regarding sex,
age, animal contact (defined as having physical contact with an animal or their excre-
ments) [16] and caregiver education status were collected. HIV status was self-reported by
the children’s caregivers and confirmed in the children’s vaccination cards. If unknown,
permission was asked to collect blood samples and tested according to the national testing
algorithm. The children newly diagnosed as HIV-positive were followed by the physi-
cian at hospital and referred to their neighborhood health facilities for routine assistance
after discharge.

4.5. Sample Collection and Management

A single stool sample from each child was collected after inclusion. In cases of liquid
diarrhea, non-absorbent diapers were used instead of ordinary diapers. Samples were trans-
ferred to sterile polystyrene tubes, kept refrigerated in cooler boxes (approximately 2 ◦C to
8 ◦C), without preservative and sent to the Laboratory of Parasitology in INS, Maputo.

A smear was made from fresh stool, and an aliquot was kept in the original tube under
2 to 8 ◦C for concentration and subsequent microscopic examination for Cryptosporidium spp.
oocysts. A second aliquot was placed in a vial without preservative, stored under −40 ◦C
and was specifically intended for extracting and purifying genomic deoxyribonucleic acid
(DNA) for molecular analysis. A set of previously frozen sub-samples (approximately
0.5 mL) was shipped to Laboratório Interdisciplinar de Pesquisas Médicas, Instituto Oswaldo
Cruz/Fundação Oswaldo Cruz in Rio de Janeiro, Brazil, under dry ice for DNA extraction,
detection and genetic characterization of Cryptosporidium species.

4.6. Laboratory Sample Processing
4.6.1. Direct Microscopy

The presence of Cryptosporidium oocysts in stools was first established using the modi-
fied Ziehl–Neelsen (mZN) staining method as described by the World Health Organization
(WHO) [35]. Briefly, thin smears of fresh samples and concentrated pellet from formol-
ether concentration technique were prepared on the same glass side and air-dried before
mZN staining. Samples were read using a microscope; the results were recorded as a
positive for those where oocysts of the parasite were visualized under 100X magnification.
All stool samples were collected, labeled, processed and stored following the laboratory
standard procedures, including Good Laboratory Practice (GLP) recommendations. For
the parasitological assay, each internal quality control was made, and all sample readings
were double-checked for concordance by two technicians. In case of discordant results, a
third observation was required.
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4.6.2. DNA Extraction

DNA was extracted from frozen stool sample using a commercial QIAmp stool Mini
Kit (Qiagen, Hilden, Germany) following the manufacturer’s protocol with the following
modification: the lysis temperature was raised to 95 ◦C and the DNA was eluted in 100 µL.
The pre-treating of the sample and usage of the QIAmp stool Mini Kit was done in a
standard procedure as in similar studies, and with this there is no need to freeze or apply
thawing cycles [32]. DNA extracts were stored at −20 ◦C until use.

4.6.3. Molecular Detection by Conventional Polymerase Chain Reaction (PCR)

The 18S rRNA gene was amplified for all samples (positive and negative by mZN stain-
ing) by conventional polymerase chain reaction. The forward primer 5’-AACCTGGTTGATC
CTGCCAGTAGTC-3’ and reverse primer 5’-TGATCCTTCTGCAGGTTCACCTACG-3’ as
described by Xiao et al. [36] were used. Briefly, the PCR contained 10X PCR buffer (MgCl2)
at a final concentration of 1X, 5mM MgCl2, 200 mM (each) deoxynucleotides triphosphate
(dNTP), 1.0 U of Taq polymerase (Invitrogen Life Technologies, São Paulo, SP-Brasil),
100 nM (each) primer (Extend, SP-Brasil) and 2.5 µL of DNA template in a total 25 µL reac-
tion mixture. The following parameter was adjusted in our study: MgCl2 concentration,
Taq polymerase quantity when compared with the study that was used as reference. Each
PCR had small adjustments; annealing was set to 61 ◦C for 45 s and extension to 72 ◦C for
7 min. The PCR efficacy and the identification of the Cryptosporidium genetic material from
samples were verified through electrophoresis in agarose gel (1.2%).

Stool samples were considered positive if oocysts with typical characteristics (approxi-
mately 4 µm and 6 µm in diameter; stained bright pink within a clear halo under green field)
or Cryptosporidium DNA with expected base pair (bp) were detected by conventional PCR.

4.6.4. Characterization of Cryptosporidium spp. Isolates by Nested PCR and Restriction
Fragment Polymorphism (RFLP) Analysis

All samples that were previously positive for 18S rRNA gene amplification were geno-
typed by a PCR-RFLP technique using genomic DNA as template. Firstly, a PCR product of
approximately 1325 bp of the SSU rRNA gene was amplified by a nested PCR using the fol-
lowing primers 5’-TTCTAGAGCTAATACATGCG-3’ and 5’-CCCTAATCCTTCGAAACAG
GA-3’ [11,12]. The first PCR contained 1X PCR buffer (MgCl2), 6 mM of MgCl2, 2.5 U of
Taq polymerase, 200 µM of each primer concentration (500 nM each) and 2 µL of DNA
template in a total volume of the reaction mixture (50 µL). The initial denaturation was
94 ◦C for 3 min, followed by the amplification performed in 35 total cycles: 94 ◦C for 45 s
for denaturation, 58 ◦C for 45 s for annealing and 72 ◦C for 60 s for extension. The final
extension was 72 ◦C for 7 min. For secondary PCR, for a product of 826 to 864 bp, it was
done by using the following primers 5’-GGAAGGGTTGTATTTATTAGATAAAG-3’ and
5’-AAGGAGTAAGGAACAACCTC CA-3’ [11]. A total volume of the reaction mixture
(50 µL), Taq DNA amount (1 U) and the primary PCR product was optimized (0.5 µL
diluted at 1:20 or 1 µL non-diluted product). Amplification condition for secondary PCR
was as follows: 94 ◦C for 45 s, 59 ◦C for 30 s and 72 ◦C for 45 s in 25 cycles with an initial hot
start at 94 ◦C for 3 min and a final extension at 72 ◦C for 7 min. The PCR efficacy and the
identification of the Cryptosporidium genetic material from samples were verified through
electrophoresis in agarose gel (1.2%).

Genotype identification was made through the analysis of pattern of the secondary
product after restriction digestion with the enzymes SspI and AseI (New England BioLabs
Inc., Beverly, MA, USA) as described by Xiao et al. [11]. The AseI enzyme has the same
digestion function and pattern as the enzyme VspI. Each set of experiments included a
negative PCR control (laboratory-grade distilled water). For the restriction, 20 µL of the
second product of the nested PCR, 10 U of SspI or AseI, 5 µL pf specific enzyme buffer was
digested in a 50 µL of the reaction by 37 ◦C for one hour under conditions recommended by
the supplier manufacturer. Aliquots of amplified and digested fragments were separated
and visualized under Ultra-Violet light translucent (Bio-Rad, Milan, Italy) after separation
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in 1.5% to 2% agarose gel (Invitrogen, Aukland, New Zealand) by electrophoresis stained
with 3X GelRed (Biotium, San Francisco, CA, USA). The expected band for each enzyme
varied according to the species detected were the most observed highlighted in bold
(Table 3).

Table 3. Expected band of the restriction digestion using SspI and AseI enzymes.

Specie Band Expected (in bp)

SspI Digestion AseI Digestion

C. hominis 11, 12,111, 254, 449 70, 102, 104, 561

C. parvum 11, 12, 108, 254, 449 102, 104, 628

4.7. Data Management and Statistical Procedures

Data were double entered in Epi Info 3.5.1 (CDC, Atlanta, 2008, Atlanta, GA, USA)
to minimize entry errors, followed by data comparison and inconsistencies resolution.
Data were analyzed using IBM SPSS software (Statistical Package for the Social Science,
Armok, NY: IBM Corp, 2011, version 26.0, Chicago, IL, USA). Categorical variables were
summarized as frequencies and continuous variables were summarized as medians and
Inter-quartile Range (IQR). Contingency tables were built between dependent and indepen-
dent variables. Crude and adjusted odds ratio were estimated through simple and multiple
logistic regression models. Independent variables with p-values ≤ 0.2 in the simple logistic
regression were included in the multiple logistic regression model in order to obtain ad-
justed odds ratio. Goodness-of-fit was assesses using the Hosmer and Lemeshow test for
the multiple logistic regression model. A p-value less than 0.05 was considered evidence
of statistical significance and all analyses were performed considering a 95% confidence
interval (95% CI).

5. Conclusions

This study showed a high frequency of Cryptosporidium spp. infection detected by
PCR-RFLP among children admitted to two public hospitals in Maputo City due to acute
diarrhea. Child age (25 to 60 months) and caregiver literacy status were predictors for infec-
tion. Our findings demonstrated that the infection is mostly due to C. hominis. This suggests
mainly anthroponomic transmission, with great public health implications. The present
study demonstrated the need for improved public health recommendations by including
Cryptosporidium spp. in routine testing among children with diarrhea in Mozambique.
Moreover, the study presented the need for an establishment of more accurate molecular
characterization platform of the parasite in a national context, in order to understand which
species occur in the country, routes of infection (if anthroponotic and/or zoonotic) and/or
regional patterns, informing public health programs.
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7. Widmer, G.; Carmena, D.; Kváč, M.; Chalmers, R.M.; Kissinger, J.C.; Xiao, L.; Sateriale, A.; Striepen, B.; Laurent, F.; Lacroix-

Lamandé, S.; et al. Update on Cryptosporidium Spp.: Highlights from the Seventh International Giardia and Cryptosporidium
Conference. Parasite Paris Fr. 2020, 27, 14. [CrossRef]

8. Peletz, R.; Mahin, T.; Elliott, M.; Montgomery, M.; Clasen, T. Preventing Cryptosporidiosis: The Need for Safe Drinking Water.
Bull. World Health Organ. 2013, 91, 238A. [CrossRef] [PubMed]

9. Feng, Y.; Ryan, U.M.; Xiao, L. Genetic Diversity and Population Structure of Cryptosporidium. Trends Parasitol. 2018, 34, 997–1011.
[CrossRef]

10. Cunha, F.S.; Peralta, R.H.S.; Peralta, J.M. New Insights into the Detection and Molecular Characterization of Cryptosporidium
with Emphasis in Brazilian Studies: A Review. Rev. Inst. Med. Trop. Sao Paulo 2019, 61, e28. [CrossRef]

11. Xiao, L.; Morgan, U.M.; Limor, J.; Escalante, A.; Arrowood, M.; Shulaw, W.; Thompson, R.C.; Fayer, R.; Lal, A.A. Genetic Diversity
within Cryptosporidium Parvum and Related Cryptosporidium Species. Appl. Environ. Microbiol. 1999, 65, 3386–3391. [CrossRef]

12. Xiao, L.; Bern, C.; Limor, J.; Sulaiman, I.; Roberts, J.; Checkley, W.; Cabrera, L.; Gilman, R.H.; Lal, A.A. Identification of 5 Types of
Cryptosporidium Parasites in Children in Lima, Peru. J. Infect. Dis. 2001, 183, 492–497. [CrossRef]

13. Kotloff, K.L. The Burden and Etiology of Diarrheal Illness in Developing Countries. Pediatr. Clin. N. Am. 2017, 64, 799–814.
[CrossRef] [PubMed]

14. Sow, S.O.; 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, e0004729. [CrossRef] [PubMed]

15. Acácio, S.; Mandomando, I.; Nhampossa, T.; Quintó, L.; Vubil, D.; Sacoor, C.; Kotloff, K.; Farag, T.; Nasrin, D.; Macete, E.; et al.
Risk Factors for Death among Children 0-59 Months of Age with Moderate-to-Severe Diarrhea in Manhiça District, Southern
Mozambique. BMC Infect. Dis. 2019, 19, 322. [CrossRef]

http://doi.org/10.1016/S0140-6736(13)60844-2
http://doi.org/10.1016/S0140-6736(17)32152-9
http://doi.org/10.1016/j.exppara.2009.02.003
http://www.ncbi.nlm.nih.gov/pubmed/19545516
http://doi.org/10.1016/S1286-4579(02)01629-5
http://doi.org/10.1051/parasite/2020011
http://doi.org/10.2471/BLT.13.119990
http://www.ncbi.nlm.nih.gov/pubmed/23599543
http://doi.org/10.1016/j.pt.2018.07.009
http://doi.org/10.1590/s1678-9946201961028
http://doi.org/10.1128/AEM.65.8.3386-3391.1999
http://doi.org/10.1086/318090
http://doi.org/10.1016/j.pcl.2017.03.006
http://www.ncbi.nlm.nih.gov/pubmed/28734511
http://doi.org/10.1371/journal.pntd.0004729
http://www.ncbi.nlm.nih.gov/pubmed/27219054
http://doi.org/10.1186/s12879-019-3948-9


Pathogens 2021, 10, 293 12 of 12

16. Nhampossa, T.; Mandomando, I.; Acacio, S.; Quintó, L.; Vubil, D.; Ruiz, J.; Nhalungo, D.; Sacoor, C.; Nhabanga, A.; Nhacolo, A.;
et al. Diarrheal Disease in Rural Mozambique: Burden, Risk Factors and Etiology of Diarrheal Disease among Children Aged
0-59 Months Seeking Care at Health Facilities. PLoS ONE 2015, 10, e0119824. [CrossRef]

17. Bauhofer, A.F.L.; Cossa-Moiane, I.; Marques, S.; Guimarães, E.L.; Munlela, B.; Anapakala, E.; Chilaúle, J.J.; Cassocera, M.; Langa,
J.S.; Chissaque, A.; et al. Intestinal Protozoan Infections among Children 0-168 Months with Diarrhea in Mozambique: June
2014–January 2018. PLoS Negl. Trop. Dis. 2020, 14, e0008195. [CrossRef]

18. Ferreira, F.S.; Pereira, F.d.L.M.; Martins, M.d.R.O. Intestinal Parasitic Infections in Children under Five in the Central Hospital of
Nampula, Northern Mozambique. J. Infect. Dev. Ctries. 2020, 14, 532–539. [CrossRef] [PubMed]

19. Cossa-Moiane, I.; Chilaúle, J.J.; Cossa Herminio, H.; Cassocera, M.; Guimarães, E.L.; de Deus, N. Parasitic Infections in Children
Presenting with Acute Diarrhea in Mozambique: National Surveillance Data (2013–2015). Int. J. Infect. Dis. 2016, 45, 356.
[CrossRef]

20. Knee, J.; Sumner, T.; Adriano, Z.; Berendes, D.; de Bruijn, E.; Schmidt, W.-P.; Nalá, R.; Cumming, O.; Brown, J. Risk Factors for
Childhood Enteric Infection in Urban Maputo, Mozambique: A Cross-Sectional Study. PLoS Negl. Trop. Dis. 2018, 12, e0006956.
[CrossRef] [PubMed]

21. Casmo, V.; Lebbad, M.; Maungate, S.; Lindh, J. Occurrence of Cryptosporidium Spp. and Cystoisospora Belli among Adult
Patients with Diarrhoea in Maputo, Mozambique. Heliyon 2018, 4, e00769. [CrossRef]

22. Muadica, A.S.; Balasegaram, S.; Beebeejaun, K.; Köster, P.C.; Bailo, B.; Hernández-de-Mingo, M.; Dashti, A.; Dacal, E.; Saugar,
J.M.; Fuentes, I.; et al. Risk Associations for Intestinal Parasites in Symptomatic and Asymptomatic Schoolchildren in Central
Mozambique. Clin. Microbiol. Infect. 2020. [CrossRef]

23. Gatei, W.; Wamae, C.N.; Mbae, C.; Waruru, A.; Mulinge, E.; Waithera, T.; Gatika, S.M.; Kamwati, S.K.; Revathi, G.; Hart, C.A.
Cryptosporidiosis: Prevalence, Genotype Analysis, and Symptoms Associated with Infections in Children in Kenya. Am. J. Trop.
Med. Hyg. 2006, 75, 78–82. [CrossRef] [PubMed]

24. Irisarri-Gutiérrez, M.J.; Mingo, M.H.; de Lucio, A.; Gil, H.; Morales, L.; Seguí, R.; Nacarapa, E.; Muñoz-Antolí, C.; Bornay-
Llinares, F.J.; Esteban, J.G.; et al. Association between Enteric Protozoan Parasites and Gastrointestinal Illness among HIV- and
Tuberculosis-Infected Individuals in the Chowke District, Southern Mozambique. Acta Trop. 2017, 170, 197–203. [CrossRef]

25. Mbae, C.K.; Nokes, D.J.; Mulinge, E.; Nyambura, J.; Waruru, A.; Kariuki, S. Intestinal Parasitic Infections in Children Presenting
with Diarrhoea in Outpatient and Inpatient Settings in an Informal Settlement of Nairobi, Kenya. BMC Infect. Dis. 2013, 13, 243.
[CrossRef]

26. Osman, M.; El Safadi, D.; Cian, A.; Benamrouz, S.; Nourrisson, C.; Poirier, P.; Pereira, B.; Razakandrainibe, R.; Pinon, A.; Lambert,
C.; et al. Prevalence and Risk Factors for Intestinal Protozoan Infections with Cryptosporidium, Giardia, Blastocystis and
Dientamoeba among Schoolchildren in Tripoli, Lebanon. PLoS Negl. Trop. Dis. 2016, 10, e0004496. [CrossRef]

27. World Health Organization (WHO). Breastfeeding Support: Close to Mothers. Available online: https.//www.afro.who.int/pt/
news/breastfeeding-support-close-mothers (accessed on 26 November 2020).

28. Tellevik, M.G.; Moyo, S.J.; Blomberg, B.; Hjøllo, T.; Maselle, S.Y.; Langeland, N.; Hanevik, K. Prevalence of Cryptosporidium
Parvum/Hominis, Entamoeba Histolytica and Giardia Lamblia among Young Children with and without Diarrhea in Dar Es
Salaam, Tanzania. PLoS Negl. Trop. Dis. 2015, 9, e0004125. [CrossRef] [PubMed]

29. Checkley, W.; White, A.C.; Jaganath, D.; Arrowood, M.J.; Chalmers, R.M.; Chen, X.-M.; Fayer, R.; Griffiths, J.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]

30. Cacciò, S.M.; Pozio, E. Advances in the Epidemiology, Diagnosis and Treatment of Cryptosporidiosis. Expert Rev. Anti. Infect. Ther.
2006, 4, 429–443. [CrossRef] [PubMed]

31. Fonseca, A.M.; Fernandes, N.; Ferreira, F.S.; Gomes, J.; Centeno-Lima, S. Intestinal Parasites in Children Hospitalized at the
Central Hospital in Maputo, Mozambique. J. Infect. Dev. Ctries. 2014, 8, 786–789. [CrossRef]

32. Paulos, S.; Mateo, M.; de Lucio, A.; Hernández-de Mingo, M.; Bailo, B.; Saugar, J.M.; Cardona, G.A.; Fuentes, I.; Mateo, M.;
Carmena, D. Evaluation of Five Commercial Methods for the Extraction and Purification of DNA from Human Faecal Samples
for Downstream Molecular Detection of the Enteric Protozoan Parasites Cryptosporidium Spp., Giardia Duodenalis, and Entamoeba
Spp. J. Microbiol. Methods 2016, 127, 68–73. [CrossRef]

33. World Health Organizatio (WHO). Diarrhoeal Disease. Available online: http.//www.who.int/news-room/fact-sheets/detail/
diarrhoeal-disease (accessed on 2 December 2020).

34. OpenEpi-Toolkit Shell for Developing New Applications. Available online: https://www.openepi.com/SampleSize/SSPropor.
htm (accessed on 10 May 2020).

35. World Health Organizatio (WHO). Manual of BasicTecnhiques for Health Laboratory, 2nd ed.; World Health Organizatio: Geneva,
Switzerland, 2003.

36. Xiao, L.; Escalante, L.; Yang, C.; Sulaiman, I.; Escalante, A.A.; Montali, R.J.; Fayer, R.; Lal, A.A. Phylogenetic Analysis of
Cryptosporidium Parasites Based on the Small-Subunit RRNA Gene Locus. Appl. Environ. Microbiol. 1999, 65, 1578–1583.
[CrossRef]

http://doi.org/10.1371/journal.pone.0119824
http://doi.org/10.1371/journal.pntd.0008195
http://doi.org/10.3855/jidc.11620
http://www.ncbi.nlm.nih.gov/pubmed/32525841
http://doi.org/10.1016/j.ijid.2016.02.767
http://doi.org/10.1371/journal.pntd.0006956
http://www.ncbi.nlm.nih.gov/pubmed/30419034
http://doi.org/10.1016/j.heliyon.2018.e00769
http://doi.org/10.1016/j.cmi.2020.05.031
http://doi.org/10.4269/ajtmh.2006.75.78
http://www.ncbi.nlm.nih.gov/pubmed/16837712
http://doi.org/10.1016/j.actatropica.2017.03.010
http://doi.org/10.1186/1471-2334-13-243
http://doi.org/10.1371/journal.pntd.0004496
https.//www.afro.who.int/pt/news/breastfeeding-support-close-mothers
https.//www.afro.who.int/pt/news/breastfeeding-support-close-mothers
http://doi.org/10.1371/journal.pntd.0004125
http://www.ncbi.nlm.nih.gov/pubmed/26452235
http://doi.org/10.1016/S1473-3099(14)70772-8
http://doi.org/10.1586/14787210.4.3.429
http://www.ncbi.nlm.nih.gov/pubmed/16771620
http://doi.org/10.3855/jidc.3916
http://doi.org/10.1016/j.mimet.2016.05.020
http.//www.who.int/news-room/fact-sheets/detail/diarrhoeal-disease
http.//www.who.int/news-room/fact-sheets/detail/diarrhoeal-disease
https://www.openepi.com/SampleSize/SSPropor.htm
https://www.openepi.com/SampleSize/SSPropor.htm
http://doi.org/10.1128/AEM.65.4.1578-1583.1999

	Introduction 
	Results 
	Characteristics of the Participants 
	Frequency of Cryptosporidium spp. Infection 
	Molecular Characterization of Cryptosporidium Species 
	Risk Factors for Cryptosporidium spp. Infection 

	Discussion 
	Materials and Methods 
	Ethics Statements 
	Study Design, Site and Population 
	Sample Size Calculation 
	Data Collection 
	Sample Collection and Management 
	Laboratory Sample Processing 
	Direct Microscopy 
	DNA Extraction 
	Molecular Detection by Conventional Polymerase Chain Reaction (PCR) 
	Characterization of Cryptosporidium spp. Isolates by Nested PCR and Restriction Fragment Polymorphism (RFLP) Analysis 

	Data Management and Statistical Procedures 

	Conclusions 
	References

