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Abstract
Giardia duodenalis, Cryptosporidium spp., and Blastocystis sp. are common intestinal eukaryotic parasites affecting children in 
developed and resource-limited countries. Lack of information on the epidemiology and long-term stability in asymptomatic children 
complicates interpretation of transmission and pathogenesis. To assess the occurrence, genetic diversity, and temporal dynamics of 
intestinal eukaryotic parasites in young children, 679 stool samples from 125 toddlers attending six public day-care centres in Central 
Spain were collected bimonthly within a 1-year period. Detection and identification of species/genotypes were based on PCR and 
Sanger sequencing methods. Four eukaryotic species were identified: G. duodenalis (2.5‒31.6%), Cryptosporidium spp. (0.0‒2.4%), 
Blastocystis sp. (2.5‒6.4%), and Entamoeba dispar (0.0‒0.9%). Entamoeba histolytica and Enterocytozoon bieneusi were undetected. 
Sequence analyses identified assemblage A (63.6%) and B (36.4%) within G. duodenalis (n = 11), C. hominis (40%), C. parvum 
(40%), and C. wrairi (20%) within Cryptosporidium spp. (n = 5), and ST1 (3.8%), ST2 (46.2%), ST3 (15.4%), and ST4 (34.6%) 
within Blastocystis sp. (n = 26). Giardia duodenalis sub-assemblage AII/AIII was detected in a toddler for 10 consecutive months. 
Stable carriage of Blastocystis ST2 allele 9, ST3 allele 34, and ST4 allele 42 was demonstrated in five toddlers for up to 1 year.
   Conclusions: Giardia duodenalis and Blastocystis sp. were common in toddlers attending day-care centres in Central Spain. 
Long-term infection/colonization periods by the same genetic variant were observed for G. duodenalis (up to 10 months) and Blas- 
tocystis sp. (up to 12 months).

What is Known:
• Asymptomatic carriage of G. duodenalis and Blastocystis sp. is frequent in toddlers.
• The epidemiology and long-term stability of these eukaryotes in asymptomatic young children is poorly understood.
What is New:
• Long-term colonization/infection periods by the same genetic variant were described for Blastocystis sp. (up to 12 months) and G. duodenalis 

(up to 10 months).
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bg	� β-Giardin
Ct	� Cycle threshold
gdh	� Glutamate dehydrogenase
gp60	� 60 KDa glycoprotein
ITS	� Internal transcriber spacer
MED	� Median
MLST	� Multilocus sequence typing
qPCR	� Real-time PCR

Communicated by Peter de Winter

Carolina Hernández-Castro and Alejandro Dashti contributed 
equally to this work.

 *	 Sergio Sánchez 
	 sergio.sanchez@isciii.es

 *	 David Carmena 
	 dacarmena@isciii.es

Extended author information available on the last page of the article

http://crossmark.crossref.org/dialog/?doi=10.1007/s00431-022-04662-x&domain=pdf


214	 European Journal of Pediatrics (2023) 182:213–223

1 3

SD	� Standard deviation
SNP	� Single nucleotide polymorphism
ssu rRNA	� Small subunit ribosomal RNA

Introduction

The intestinal eukaryotic parasites Blastocystis sp., Giardia 
duodenalis, and Cryptosporidium spp. are consistently 
detected (typical range: 1–18%) in paediatric patients [1–4]. 
In this context, infections with G. duodenalis and Crypto-
sporidium spp. in children are usually associated with 
acute self-limiting diarrhoea or chronic diarrhoea with or 
without malabsorption syndrome. Other common clinical 
manifestations are nausea, vomiting, abdominal pain, flatu-
lence, and failure to gain weight [5, 6]. Long-term sequelae 
(particularly associated to Giardia infections) may include 
blood loss, anaemia, stunting, or impaired neurocognitive 
development [7–9]. Of note, subclinical infections by Blas-
tocystis sp., G. duodenalis, and Cryptosporidium spp. are 
also common during childhood [10]. Sporadic outbreaks 
of giardiosis/cryptosporidiosis have been reported among 
children attending day-care centres [1, 11], after ingestion 
of contaminated water or food [12], in close contact with 
infected animals [13, 14], or using recreational waters [15, 
16]. Although the pathogenic significance of Blastocystis 
sp. is still controversial, it has been primarily linked with 
chronic abdominal pain in children and teenagers [17]. Two 
outbreaks of gastrointestinal illness associated to Blastocys-
tis infection have been reported to date [18, 19].

Progression from infection to disease is a multifactorial  
process involving variables associated to the pathogen (species/ 
genotype, virulence, burden), the host (age, immune and 
nutritional status) and the interface between them (microbiota  
composition). Microeukaryotic enteroparasites may influence  
microbiota homeostasis and overall health. Whereas Blastocystis 
sp. has been primarily identified as a common component of the 
healthy gut microbiome [20], disrupted microbiota (disruption of 
the microbial biofilm structure, altered virulence in commensal 
species, altered species abundance/diversity) by G. duodenalis 
infection plays a role in Giardia pathogenesis [21]. In this context,  
depletion of the intestinal microbiota by antibiotic treatment may 
led to a consequent impact on the Giardia infection dynamics, 
e.g. by lowering intestinal motility and decreasing clearance  
of the parasite from the intestinal tract [22]. Cryptosporidium 
infections have also been linked with remodelling of the gut 
microbiota in murine and non-human primate hosts [23, 24].

Chronic infections by Blastocystis sp., G. duodenalis, 
and Cryptosporidium spp. are well documented in children 
and adult patients [25–27]. Molecular variability has been 
identified as a factor potentially involved in the establish-
ment of chronic Giardia and Blastocystis infections [28, 

29], whereas differentiation between long-term infection 
and re-infection is important for tailored treatment and 
management of patients infected with intestinal eukaryotic 
parasites [30].

There is little information on the genetic diversity and 
temporal dynamics of intestinal eukaryotic species in asymp-
tomatic young children. Available prospective longitudinal 
studies assessing stability and acquisition/loss rates have only 
been conducted for Blastocystis sp. in healthy adults from Ire-
land [31] and healthy Dutch returning travellers [32], for G. 
duodenalis in infants and toddlers from Bangladesh [33] and 
Malawi [9], and for Cryptosporidium spp. in Malawian chil-
dren hospitalized with diarrhoea [34]. To contribute bridging 
this gap of knowledge, this study aimed to investigate the 
genetic diversity, long-term presence, and stability of poten-
tial diarrhoea-causing intestinal protist eukaryotic parasites 
in toddlers attending day-care centres in Central Spain.

Materials and methods

Design

This is a prospective longitudinal, molecular-based study. A 
total of 125 toddlers (4‒42 months of age; male/female ratio: 
0.87) attending six public day-care centres in Majadahonda 
and Las Rozas (Central Spain) were investigated through a 
12-month period (September 2020 to August 2021). Sam-
pling was conducted sequentially every 2 months. All tod-
dlers attending the surveyed day-care centres were invited 
to participate without any exclusion criteria. The median 
participation rate was 17.9% (range: 8.1–40.3%) of toddlers.

Sampling

Informative meetings were held for interested families, which 
were provided with sampling kits (sterile polystyrene plastic  
flask with spatula and a unique identification number) to  
obtain individual stool samples. Signed informed consents  
were obtained from parents/legal guardians, who assisted  
in collecting the stool samples from toddlers and brought  
them to day-care centres. Samples were transported to the 
Spanish National Centre for Microbiology by members of 
the research team at scheduled times (usually 2–3 days after 
kits were provided) and stored at 4 °C (1–5 days) or −20 °C 
(> 5 days) without preservatives until further diagnostic and 
molecular analyses. A total of 124 individual stool samples 
were collected in the first sampling period, 121 in the second, 
112 in the third, 112 in the fourth, 110 in the fifth, and 98  
in the sixth.
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Questionnaire survey

A standardized questionnaire (Online Resource Table 1) was 
provided as part of the sampling kit to be completed by the 
toddler’s parents/legal guardians. Questions included demo-
graphic characteristics (age, sex, country of birth, number of 
siblings), behavioural habits such as hand and fruit/vegetable 
washing, and occurrence of diarrhoea episodes and other 
clinical manifestations (abdominal pain, vomiting, nausea, 
reduced appetite) in the participant, family members, school 
mates, and/or pets. Additional questions addressed potential 
risk factors such as types of drinking water, swimming in 
pools or natural waters, contact with pets, and recent travel 
abroad. Completed questionnaires and signed informed 
consents were returned together with the stool samples as 
explained above.

DNA extraction

Genomic DNA was extracted from 200 mg of faecal material 
using the QIAamp DNA Stool Mini Kit (QIAGEN, Hilden, 
Germany) according to the manufacturer’s instructions. 
Extracted and purified DNA samples in molecular grade 
water (200 µL) were kept at ‒20 °C until further analysis.

Molecular detection and characterization of Giardia 
duodenalis

Detection of G. duodenalis DNA was achieved using a qPCR 
method targeting a 62-bp fragment of the ssu rRNA gene [35]. 
Amplification reactions (25 μL) consisted of 3 μL of template 
DNA, 0.5 μM of the primer set Gd-80F/Gd-127R, 10 pmol 
of probe, and 1X TaqMan® Gene Expression Master Mix 
(Applied Biosystems, CA, USA).

A multilocus sequence typing scheme based on the ampli-
fication of partial sequences of the gdh, bg, and tpi genes of 
G. duodenalis was used for genotyping purposes. A semi-
nested PCR targeting a 432-bp fragment of the gdh gene was 
performed in 25 μL reaction mixtures including 5 μL of tem-
plate DNA and outer (GDHeF/GDHiR) and inner (GDHiF/
GDHiR) primer sets [36]. A nested PCR was used to amplify 
a 511-bp fragment of the bg gene in 25 μL reaction mixtures 
including 3 μL of template DNA and outer (G7/G759) and 
inner (G99/G609) primer pairs [37]. A nested PCR was also 
used to amplify a 530-bp fragment of the tpi gene. Reac-
tion mixtures (50 μL) included 2‒2.5 μL of template DNA 
and outer (AL3543/AL3546) and inner (AL3544/AL3545) 
primer pairs [38].

Molecular detection and characterization 
of Cryptosporidium species

Cryptosporidium spp. was detected using a nested PCR 
amplifying a 587-bp fragment of the ssu rRNA gene [39]. 
Reaction mixtures (50 μL) for both reactions included 3 μL of 
template DNA and outer (CR-P1/CR-P2) and inner (CR-P3/
CPB-DIAGR) primer sets. Sub-typing of the isolates identi-
fied as C. hominis/C. parvum was attempted at the gp60 gene 
using the AL-3531/AL-3535 and AL-3532/AL-3534 primer 
pairs [40].

Molecular detection of Blastocystis species

Detection of Blastocystis sp. was accomplished by a direct 
PCR targeting a 600-bp fragment of the ssu rRNA gene [41]. 
Reaction mixtures (25 μL) included 5 μL of template DNA 
and the pan-Blastocystis, barcode primers RD5 and BhRDr.

Molecular detection of Enterocytozoon bieneusi

Enterocytozoon bieneusi was detected using a nested PCR 
amplifying a 390-bp fragment including the entire ITS and 
portions of the flanking large and small subunit of the rRNA 
gene [42]. Reaction mixtures (50 μL) included 1 μL of tem-
plate DNA and outer (EBITS3/EBITS4) and inner (EBITS1/
EBITS2.4) primer sets.

Molecular detection of Entamoeba histolytica 
and Entamoeba dispar

Differential diagnosis between pathogenic E. histolytica and 
non-pathogenic E. dispar was achieved by qPCR targeting 
a 172-bp fragment of the ssu rRNA gene [43, 44]. Reac-
tion mixtures (25 μL) included 3 μL of template DNA and 
the E. histolytica/E. dispar-specific primers Ehd-239F and 
Ehd-88R.

General procedures for the molecular detection 
and sequencing of enteric protist parasites

All the direct, semi-nested, and nested PCR protocols described 
above were conducted on a 2720 Thermal Cycler (Applied Bio-
systems). qPCR protocols were performed on a Corbett Rotor 
Gene™ 6000 real-time PCR system (QIAGEN, Hilden, Ger-
many). Reaction mixes always included 2.5 units of MyTAQ™ 
DNA polymerase (Bioline GmbH, Luckenwalde, Germany) 
and 5–10 µL MyTAQ™ Reaction Buffer containing 5 mM 
dNTPs and 15 mM MgCl2. Laboratory-confirmed positive 
and negative DNA samples of human and animal origin for 
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each parasitic species investigated were routinely used as con-
trols and included in each round of PCR. PCR amplicons were 
visualized on 1.5% D5 agarose gels (Conda, Madrid, Spain) 
stained with Pronasafe (Conda) nucleic acid staining solutions. 
A 100 bp DNA ladder (Boehringer Mannheim GmbH, Baden-
Wurttemberg, Germany) was used for the sizing of obtained 
amplicons. Primer and probe sequences used in the qPCR and 
conventional PCR protocols described above are shown in 
Online Resource Table 2. Positive-PCR products were directly 
sequenced in both directions using internal primer sets by cap-
illary electrophoresis using the BigDye Terminator chemistry 
(Applied Biosystems) on an on ABI 3730xl automated DNA 
sequencer.

Molecular detection of other enteric bacterial 
and viral pathogens

The presence of enteric bacterial (enteroaggregative Escher-
ichia coli, verocytoxigenic E. coli, enteropathogenic E. coli, 
enterotoxigenic E. coli, enteroinvasive E. coli/Shigella, 
Aeromonas, Campylobacter, Clostridioides difficile, Sal-
monella, Vibrio, Yersinia) and viral (astrovirus, norovirus, 
rotavirus) pathogens was also investigated by PCR methods. 
Detailed information on these agents will be provided in an 
independent study.

Sequence analyses

Raw sequencing data were viewed using the Chromas Lite ver-
sion 2.1 sequence analysis program (Technelysium Pty Ltd., 
South Brisbane, Australia). Generated DNA consensus sequences 
were aligned to appropriate reference sequences retrieved from 
the NCBI GenBank database using the MEGA version 6 soft-
ware [45]. Blastocystis sequences were submitted at the Blasto-
cystis 18S database (http://​pubml​st.​org/​blast​ocyst​is/) for sub-type 
confirmation and allele identification. Sequences generated in the 
present study have been deposited in GenBank under accession 
numbers OL632299–OL632301 and OL632303–OL632311 (G. 
duodenalis), OL638491–OL638494 (Cryptosporidium spp.), and 
OL623670–OL623673 (Blastocystis sp.).

Statistical analyses

Factors associated with a positive G. duodenalis result were 
examined using two models. For the fixed effects model, a 
main dataset was constructed with data from one of the six 
sampling periods—if the observation ever tested positive 
for G. duodenalis, we used data from the sampling point 
of the first positive G. duodenalis result; otherwise, we 
used data from the first sampling point in order. Potential 
risk associations with P values less than 0.05 from the uni-
variable analysis were selected in the multivariable logistic 
regression model, using Akaike’s information criterion and 

likelihood ratio tests to determine selection and evaluate 
the final model. Additionally, to account for periods where 
individuals were exposed to other Giardia-positive indi-
viduals in their day-care centre (i.e. high-risk periods), we 
conducted a random effects model by using a sample level 
dataset, excluding individuals with more than one Giardia-
positive result during the study period. Analyses were per-
formed using Stata version 17 (STATA Corp., College Sta-
tion, TX, USA).

Results

A total of 677 stool samples from 125 toddlers were col-
lected at bimonthly intervals within a 1-year period and sub-
sequently analysed for the presence and molecular diversity 
of intestinal eukaryotic species. The full dataset showing 
the molecular (PCR and sequencing) data generated in the 
present study by individual toddler, participating day-care 
centre, and sampling period can be found in Online Resource 
Table 3. Overall participating rates decreased steadily along 
the course of the study from 96.8% in sampling period 2 to 
78.4% in sampling period 6.

Overall, 52.0% (65/125) of toddlers were infected by G. 
duodenalis in at least one sample period, followed by Blasto-
cystis sp. (5.6%, 7/125), Cryptosporidium spp. (4.0%, 5/125), 
and E. dispar (0.8%, 1/125). According to sampling period, 
frequencies of detection varied from 2.5‒31.6% (MED: 
14.0%; SD: 9.0%) for G. duodenalis, 0.0‒2.4% (MED: 0.4%; 
SD: 0.9%) for Cryptosporidium spp., 2.5‒6.4% (MED: 3.6%; 
SD: 1.2%) for Blastocystis sp., and 0.0‒0.9% (MED: 0.4%; 
SD: 0.4%) for E. dispar. Entamoeba histolytica and E. bieneusi 
were undetected. Both G. duodenalis and Blastocystis sp. were 
identified in all six sampling periods, whereas Cryptosporid-
ium spp. and E. dispar were detected only in three of the six 
sampling periods (Table 1).

Giardia duodenalis was identified in 65 toddlers. Most of 
them (66.2%, 43/65) were detected at single sampling peri-
ods; two toddlers (3.1%, 2/65) remained infected in five of 
the six sampling periods (Table 2). The parasite was reported 
in all six participating day-care centres at three or more sam-
pling periods. Frequencies of detection varied greatly (range: 
0.0‒50.0%) both at the participating institution and sam-
pling period levels (Fig. 1, panel a). Five toddlers (one girl, 
four boys) ≤ 2 years old were sporadically infected (≤ 1%) 
by Cryptosporidium spp. at single sampling periods. None 
of them presented with diarrhoea. The parasite was iden-
tified in four day-care centres during sampling periods 1, 
2, and 4. Entamoeba dispar was detected in a single tod-
dler during the first 6 months of study (sampling periods 1, 
2, and 3). Blastocystis sp. was observed in seven toddlers 
(three girls, four boys) of all ages attending four day-care 
centres in at least five of the six sampling periods. Three 

http://pubmlst.org/blastocystis/
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toddlers (42.9%, 3/7) carried Blastocystis during the whole 
study period. Frequencies of detection (range: 0.0‒25.0%) 
remained relatively stable through the sequential sampling 
in the four institutions where Blastocystis was circulating 
(Fig. 1, panel b). Most (92.6%, 25/26) of the stool samples 
with a Blastocystis-positive result were non-diarrhoeal.

Successful genotyping of G. duodenalis isolates was 
achieved in 12.4% (12/97) of samples with a positive result 
by qPCR. Most (82%, 9/11) of the isolates genotyped had 
qPCR Ct values ≤ 30. Molecular analyses revealed the pres-
ence of sub-assemblage AII (45.4%, 5/11), ambiguous AII/
AIII sequences (18.2%, 2/11), sub-assemblage BIV (27.3%, 
3/11), and an additional assemblage B sequence (9.1%, 1/11) 
of unknown sub-assemblage (Table 3). Three Cryptosporid-
ium species were identified, namely C. hominis (40%, 2/5), 
C. parvum (40%, 2/5), and C. wrairi (20%, 1/5) (Table 3). 
All five Cryptosporidium spp. isolates failed to be amplified 
at the gp60 loci, so their genotype family remains unknown. 
A thorough description of the C. wrairi case has been pub-
lished elsewhere [46]. The Blastocystis subtypes identified 
were assigned to ST1 (3.8%, 1/26), ST2 (46.2%, 12/26), ST3 
(15.4%, 4/26), and ST4 (34.6%, 9/26) (Table 3). The detailed 
molecular features (subtyping data, reference sequences, SNPs, 

GenBank accession numbers) of the representative G. duo-
denalis, Cryptosporidium spp., and Blastocystis sp. isolates 
characterised here are provided in Online Resource Table 4.

Based on the molecular data described above, the tem-
poral stability of G. duodenalis and Blastocystis sp. in our 
paediatric cohort was further investigated (Fig. 2). Giardia 
duodenalis sub-assemblage AII/AIII was detected in a tod-
dler attending day-care centre 2 for 10 consecutive months. 
The infection was lost or misdiagnosed at sampling period 
6. Blastocystis ST2 allele 9 was identified in two toddlers 
attending day-care centres 2 and 4, respectively, along the 
whole study period. Similarly, Blastocystis ST4 allele 42 
carriage was a stable feature in a toddler attending day- 
care centre 6. This very same genetic variant was acquired 
by another toddler of the same institution at sampling 
period 5 and maintained at sampling period 6. Blastocystis  
ST3 allele 34 was identified in a toddler attending day-
care centre 3 for 10 consecutive months, being undetected 
at sampling periods 2 and 6, when infection was lost or 
misdiagnosed. Finally, all three E. dispar-positive samples 
corresponded to a toddler attending day-care centre 3 that 
carried the protozoan for six consecutive months and lost 
the infection at sampling period 4.

Table 1   Frequency of detection of intestinal eukaryotic species according to sampling period in toddlers attending day-care centres, Majada-
honda (Spain)

Sampling period

1
(n = 124)

2
(n = 121)

3
(n = 112)

4
(n = 112)

5
(n = 110)

6
(n = 98)

Species Pos % Pos % Pos % Pos % Pos % Pos %
G. duodenalis 11 8.9 3 2.5 20 17.9 16 14.3 15 13.6 31 31.6
Cryptosporidium spp. 3 2.4 1 0.8 0 0.0 1 0.9 0 0.0 0 0.0
Blastocystis sp. 4 3.2 3 2.5 4 3.6 4 3.6 7 6.4 4 4.1
E. bieneusi 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
E. histolytica 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
E. dispar 1 0.8 1 0.8 1 0.9 0 0.0 0 0.0 0 0.0

Table 2   Toddlers testing 
positive for G. duodenalis, 
Cryptosporidium spp., and 
Blastocystis sp. in one or more 
sampling period, Majadahonda 
(Spain)

Giardia duodenalis Cryptosporidium spp. Blastocystis sp.

Positive toddlers in one or more 
sampling periods

n % n % n %

1 sampling period 43 66.2 5 100 2 28.6
2 sampling periods 17 26.2 0 0.0 1 14.3
3 sampling periods 3 4.6 0 0.0 0 0.0
4 sampling periods 0 0.0 0 0.0 1 14.3
5 sampling periods 2 3.1 0 0.0 0 0.0
6 sampling periods 0 0.0 0 0.0 3 42.9
Total toddlers 65 100 5 100 7 100
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Risk association analysis

The full dataset used for risk association analyses can be 
found in Online Resource Table 5. Out of the four micro-
eukaryote species identified in the paediatric population 
under investigation, we identified variables associated with 
an increased risk of infection only for G. duodenalis.

Comparing G. duodenalis negative/ever positive

Overall, 53.8% of individuals who tested positive for G. 
duodenalis were male, majority were 2 years old, with none 
less than 1 year old (Online Resource Table 6). The most fre-
quent symptom reported was diarrhoea (19.0%). For individ-
uals positive for G. duodenalis, 3.1% were co-infected with 
enteropathogenic E. coli (EPEC) and Clostridium difficile, 

10.8% EPEC only, 14.2% C. difficile only, and 4.6% with 
Blastocystis sp. at their first positive. One individual had 
recurrent enterotoxigenic E. coli (ETEC) and G. duodenalis 
(at 2 sampling periods).

In univariable analysis, older age, swimming, and num-
ber of samples were positively associated with G. duode-
nalis (Online Resource Table 6). The multivariable model 
retained age and swimming and showed that swimming 
was positively associated with higher odds of a G. duode-
nalis positive result [adjusted odds ratio (aOR) 5.67, 95% 
confidence interval (95% CI) 1.18–27.27]. However, in a 
random effects model, having another toddler with G. duo-
denalis in the day-care centre gave an aOR of 16.53 (95% CI 
7.61–35.90). Swimming and age was no longer statistically 
significant, and there were no other infections associated 
with a Giardia-positive result (Online Resource Table 7).

Table 3   Genetic diversity 
of Giardia duodenalis, 
Cryptosporidium spp., and 
Blastocystis sp. identified 
in children attending public 
day-care centres, Majadahonda 
(Spain)

a Please see reference [46]

Species Species/genotype Sub-genotype No. isolates Relative frequency (%)

Giardia duodenalis A AII 5 45.4
AII/AIII 2 18.2

B BIV 3 27.3
Unknown 1 9.1

Cryptosporidium C. hominis Unknown 2 40
C. parvum Unknown 2 40
C. wrairia Unknown 1 20

Blastocystis sp. ST1 Allele 4 1 3.8
ST2 Allele 9 12 46.2
ST3 Allele 34 4 15.4
ST4 Allele 42 9 34.6

Fig. 1   Frequency of detection of intestinal eukaryotic species in children by day-care centre and sampling period, Majadahonda and Las Rozas 
(Spain). a Giardia duodenalis; b Blastocystis sp
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Individuals with serial results

When considering individuals with repeated samples (123 
individuals had more than one sample), 47.2% (58/123) indi-
viduals were always negative, 35.0% (43/123) once Giardia 
positive, 0.8% (1/123) Giardia positive at all sampling peri-
ods they were tested, and 13.0% (16/123) discontinuously 
positive. 4.9% (6/123) remained positive after first positive. 
As such, among observations ever positive for G. duode-
nalis, 9.2% (6/65) remained positive after first positive. 
Of those continuously positive (n = 6), five did not swim, 
only four reported drinking tap water and two also had 
EPEC. Three individuals who had more than one positive 
reported diarrhoea at first positive. One individual went on 
to report diarrhoea, abdominal pain, nausea, and vomiting 
and reduced appetite on subsequent positive, which was the 
next sampling period, which may be explained by their co-
infection with norovirus.

Discussion

Microbial eukaryotes are common inhabitants of the human 
gut and include parasitic (pathogenic), not harmful (com-
mensal), or beneficial (mutualist) taxa [47]. However, this 
distinction is not categorical. For instance, Cryptosporidium 
spp., G. duodenalis, and Blastocystis sp. can cause a wide 
range of clinical manifestations ranging from asymptomatic 
to chronic diarrhoea in school-age children in industrialized 
settings [48, 49]. Current evidence suggests that the outcome 
of infections by these microorganisms is the consequence 
of complex interactions between them, the gut bacterial and 

archaeal microbiota and the host immunity [50]. Indeed, 
some authors have suggested that Blastocystis sp. and G. 
duodenalis should be better regarded as commensals [51–53] 
or even pathobionts (this is, microorganisms that can cause 
or promote disease when specific genetic or environmental 
conditions are altered in the host) [54].

Molecular tools can assist on the differentiation between 
long-term infection (by the same strain) and re-infection (by 
a different strain) events. Few surveys (most of them were 
based on microscopy examination or enzyme immunoas-
says) have attempted to investigate this issue by analysing 
longitudinal data [55, 56]. Long-term temporal stability has 
been particularly studied for Blastocystis sp. For instance, 
four healthy adults from Ireland were consistently positive 
for the same Blastocystis subtype (determined at allele level) 
from 6 to 10 years [31]. In contrast, Blastocystis carriage has 
been deemed relatively short-lived in Dutch returning travel-
lers [32] and treated children presenting with gastrointestinal 
manifestations in Turkey [55] and Switzerland [56]. In the 
present survey, Blastocystis carriage in toddlers (≤ 3 years) 
was consistently detected at low (2.5‒6.4%) rates through 
the whole study period. These figures are considerably lower 
than those (10‒13%) reported previously in older asympto-
matic schoolchildren (4‒14 years) from the same geographic 
area [49, 57]. This finding supports the hypothesis that the 
presence of Blastocystis is positively associated with age, 
with colonization being more common in older children and 
adults [57, 58]. Remarkably, three toddlers carried the same 
Blastocystis STs and allelic variants for a span of at least 
12 months, whereas acquisition or loss of the protist was 
detected in two additional toddlers. Taken together, these 
data indicate that long-term host colonization is a stable 

Fig. 2   Temporal stability of Giardia duodenalis (light green figures) and Blastocystis sp. (light blue figures) according to sampling period in 
children attending day-care centres, Majadahonda and Las Rozas (Spain)
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Blastocystis trait, also explaining the age-associated distri-
bution of the protist mentioned above.

Available information on the natural history of G. duo-
denalis and Cryptosporidium spp. infections comes pri-
marily from longitudinal birth cohort studies conducted 
in low-income settings. Hence, 55% of urban Bangladeshi 
infants had at least three Giardia-positive stools over the  
first 2 years of age [33]. Rates up to 77% have been reported 
for Cryptosporidium infections in slum-dwelling Bangla-
deshi [59] and Indian [60] children. A Giardia infection rate 
of 33%, rarely associated with illness, has been reported in 
toddlers attending a day-care centre in the USA [61]. In the 
present study, Giardia duodenalis was the most common 
enteric eukaryote identified (0‒7%), whereas Cryptosporid-
ium infections were only sporadically found (≤ 1%). These 
data agree with those (Giardia: 14‒18%; Cryptosporidium: 
1‒4%) previously reported in pre- and schoolchildren from 
the same province [49, 57, 62]. Regarding temporal stability, 
most (67%) Giardia and all Cryptosporidium infections were 
identified at single sampling periods only, strongly suggest-
ing that asymptomatic infections by these pathogens were 
resolved in relatively short periods. Despite this clear trend, 
it should be highlighted that two toddlers harboured sub-
clinical G. duodenalis infections by up to 10 months. One of 
them harboured the same genetic variant during that period, 
indicating a probable long-term carriage and not re-infec-
tion. We have also shown in this study that G. duodenalis 
infection was related to swimming and age, but having other 
Giardia infected toddlers within a day-care centre was the 
main driver in increasing the risk of G. duodenalis infection.

Entamoeba histolytica and E. bieneusi were undetected in 
the surveyed toddler population. This is the first molecular-
based study investigating the presence of E. histolytica in 
Spanish young children, whereas the absence of E. bieneusi 
confirms the results obtained in previous surveys targeting 
paediatric populations in the Madrid area [49, 57].

Genotyping analysis revealed the predominance of assem-
blage A (58%) over assemblage B (42%) in G. duodenalis 
isolates. This is in contrast with previous molecular data in 
asymptomatic children from the same area, where assem-
blage B (83‒100%) was more prevalent than assemblage A 
(0‒17%) [54, 57, 62]. Interestingly, three Cryptosporidium 
species (C. hominis, C. parvum, and C. wrairi) were found in 
the surveyed toddler cohort. This agrees with previous results 
in healthy children of paediatric age in the Madrid area, 
where C. hominis (71‒100%) was more prevalent than C. 
parvum (0‒21%) [54, 57]. The full account of the C. wrairi 
infection case has been provided elsewhere [46]. Results on 
the molecular diversity and frequency of Blastocystis sub-
types were also expected, with ST2 (46%) being the most 
prevalent subtype identified, followed by ST4 (35%), ST3 
(15%), and ST1 (4%). Very similar results were documented 

in other pre- and schoolchildren’s populations in this very 
same geographical area [54, 57].

The results obtained in this longitudinal study may have 
been potentially biased by some methodological issues. Rel-
atively low numbers of day-care centres investigated and 
toddlers recruited might not be representative of the whole 
sampling area. Because the study was based on voluntary 
participation, it is possible that families feeling at higher risk 
of infection were more prone to participate, distorting the 
final results. Another potential confounder could be report-
ing bias by parents during questionnaire completion. Finally, 
low amplification success rates of Giardia-positive samples 
in genotyping PCR assays and absence of data linking the 
presence of this parasite with the nutritional status of the 
toddlers investigated may have compromised the accuracy 
of some of our results.

In conclusion, we provided here longitudinal, molecular-
based data indicating that (mostly asymptomatic) infections 
by G. duodenalis and Blastocystis sp., but not Cryptosporid-
ium spp., are relatively common among toddlers attending 
day-care centres in central Spain. Blastocystis primarily pre-
sented as long-term colonization by the same genetic variant 
of the protist, supporting its commensal nature. In contrast, 
G. duodenalis and Cryptosporidium spp. tended to present 
as short-lived, self-limiting infections without the need of 
specific management, although subclinical G. duodenalis 
carriage can persist up to 10 months. Diagnosis of these 
microeukaryotic enteroparasites should be considered in 
cases with prolonged diarrhoea, although studies in appar-
ently healthy paediatric populations might be useful to deter-
mine asymptomatic carriage rates and prevent infections to 
individuals at risk including immunocompromised patients 
and the elderly.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s00431-​022-​04662-x.

Authors’ contributions  Sergio Sánchez and David Carmena contributed 
to the study conception and design. Material preparation, data collection, 
and analysis were performed by Carolina Hernández-Castro, Alejandro 
Dashti, Sooria Balasegaram, Pamela Carolina Köster, Begoña Bailo, 
Andrea López, María Teresa Llorente, and David González-Barrio. The 
first draft of the manuscript was written by Carolina Hernández-Castro 
and David Carmena, and all authors commented on previous versions 
of the manuscript. All authors read and approved the final manuscript.

Funding  This work was supported by the Health Institute Carlos III, 
Spanish Ministry of Economy and Competitiveness (Grant numbers 
PI18CIII/00043 and PI19CIII/00029. C.H.C. was recipient of a pre-
doctoral fellowship funded by the Carolina Foundation (Spain). S.S. was 
the recipient of a Miguel Servet research contract funded by the Spanish 
Ministry of Science, Innovation and Universities (CPII18CIII/00005). 
D.G.B. was the recipient of a Sara Borrell research contract funded 
by the Spanish Ministry of Science, Innovation and Universities 
(CD19CIII/00011). A.D. was the recipient of a pre-doctoral fellowship 
funded by the ISCIII (FI20CIII/00002).

https://doi.org/10.1007/s00431-022-04662-x


221European Journal of Pediatrics (2023) 182:213–223	

1 3

Availability of data and material  The datasets presented in this study can be 
found in online repositories. The names of the repository/repositories and 
accession number(s) can be found in the article/Supplementary Material.

Code availability  Not applicable.

Declarations 

Ethics approval  This study was performed in line with the principles 
of the Declaration of Helsinki. Approval was granted by the Ethics 
Committee of the Health Institute Carlos III (Date: April 4, 2019/CEI 
PI 11_2019-v2).

Consent to participate  Written informed consent was obtained from 
the parents/legal guardians.

Consent for publication  Not applicable.

Competing interests  The authors declare no competing interests.

References

	 1.	 Enserink R, van den Wijngaard C, Bruijning-Verhagen P, van 
Asten L, Mughini-Gras L, Duizer E et al (2015) Gastroenteritis 
attributable to 16 enteropathogens in children attending day care: 
significant effects of rotavirus, norovirus, astrovirus, Crypto-
sporidium and Giardia. Pediatr Infect Dis J 34(1):5–10

	 2.	 El Safadi D, Cian A, Nourrisson C, Pereira B, Morelle C, Bastien 
P et al (2016) Prevalence, risk factors for infection and subtype 
distribution of the intestinal parasite Blastocystis sp. from a large-
scale multi-center study in France. BMC Infect Dis 16(1):451

	 3.	 Skovgaards DM, Hartmeyer GN, Skov MN, Hoegh SV, Kemp 
M (2018) Cryptosporidium species are frequently present but 
rarely detected in clinical samples from children with diarrhea in 
a developed country. Pediatr Infect Dis J37(5):e138–e140

	 4.	 Costa D, Razakandrainibe R, Valot S, Vannier M, Sautour M, 
Basmaciyan L et al (2020) Epidemiology of Cryptosporidiosis in 
France from 2017 to 2019. Microorganisms 8(9):1358

	 5.	 Farthing MJ (1996) Giardiasis. Gastroenterol Clin North Am 
25(3):493–515

	 6.	 Cacciò SM, Chalmers RM (2016) Human cryptosporidiosis in 
Europe. Clin Microbiol Infect 22(6):471–480

	 7.	 Halliez MCM, Buret AG (2013) Extra-intestinal and long term 
consequences of Giardia duodenalis infections. World J Gastro-
enterol 19(47):8974–8985

	 8.	 Savioli L, Smith H, Thompson A (2006) Giardia and Crypto-
sporidium join the “Neglected Diseases Initiative.” Trends Para-
sitol 22(5):203–208

	 9.	 Lehto KM, Fan YM, Oikarinen S, Nurminen N, Hallamaa L, Juuti 
R et al (2019) Presence of Giardia lamblia in stools of six- to 
18-month old asymptomatic Malawians is associated with chil-
dren’s growth failure. Acta Paediatr 108(10):1833–1840

	10.	 Ara-Montojo MF, Bustamante J, Sainz T, Pérez S, Jiménez-
Moreno B, Ruiz-Carrascoso G et al (2021) Intestinal giardiasis 
in children: five years’ experience in a reference unit. Travel Med 
Infect Dis 42:102082

	11.	 Goñi P, Almagro-Nievas D, Cieloszyk J, Lóbez S, Navarro-Marí 
JM, Gutiérrez-Fernández J (2015) Cryptosporidiosis outbreak in 
a child day-care center caused by an unusual Cryptosporidium 
hominis subtype. Enferm Infecc Microbiol Clin 33(10):651–655

	12.	 Adler S, Widerström M, Lindh J, Lilja M (2017) Symptoms and 
risk factors of Cryptosporidium hominis infection in children: 

data from a large waterborne outbreak in Sweden. Parasitol Res 
116(10):2613–2618

	13.	 Smith KE, Stenzel SA, Bender JB, Wagstrom E, Soderlund D, 
Leano FT et al (2004) Outbreaks of enteric infections caused by 
multiple pathogens associated with calves at a farm day camp. 
Pediatr Infect Dis J 23(12):1098–1104

	14.	 Smith RP, Newton K, Rimdap E, Wight A, Robinson G, Chalmers 
RM (2021) Review of investigations of premises housing animals 
that were linked to human outbreaks of cryptosporidiosis in Eng-
land and Wales between 2009 and 2019. Vet Rec 189(4):e246

	15.	 Hall V, Taye A, Walsh B, Maguire H, Dave J, Wright A et al 
(2017) A large outbreak of gastrointestinal illness at an open-water 
swimming event in the River Thames. London Epidemiol Infect 
145(6):1246–1255

	16.	 Plutzer J, Kelen K, Varga E, Kucsera I, Reusz G, Szabó AJ et al 
(2018) First Cryptosporidium outbreak in Hungary, linked to 
a treated recreational water venue in 2015. Epidemiol Infect 
147:e56

	17.	 Légeret C, Rüttimann C, Furlano RI, Ruf T, Poppert S, Fankhauser 
H et al (2020) Blastocystis in Swiss children: a practical approach. 
Eur J Pediatr 179(6):979–984

	18.	 Karanis P, Kourenti C, Smith H (2007) Waterborne transmission 
of protozoan parasites: a worldwide review of outbreaks and les-
sons learnt. J Water Health 5(1):1–38

	19.	 Guglielmetti P, Cellesi C, Figura N, Rossolini A (1989) Family 
outbreak of Blastocystis hominis associated gastroenteritis. Lancet 
2(8676):1394

	20.	 Stensvold CR, Sørland BA, Berg RPKD, Andersen LO, van der 
Giezen M, Bowtell JL et al (2022) Stool microbiota diversity anal-
ysis of Blastocystis-positive and Blastocystis-negative individuals. 
Microorganisms 10(2):326

	21.	 Fekete E, Allain T, Siddiq A, Sosnowski O, Buret AG (2021) 
Giardia spp. and the gut microbiota: dangerous liaisons. Front 
Microbiol 11:618106

	22.	 Maertens B, Gagnaire A, Paerewijck O, De Bosscher K, Geldhof P 
(2021) Regulatory role of the intestinal microbiota in the immune 
response against Giardia. Sci Rep 11(1):10601

	23.	 Ras R, Huynh K, Desoky E, Badawy A, Widmer G (2015) Pertur-
bation of the intestinal microbiota of mice infected with Crypto-
sporidium parvum. Int J Parasitol 45(8):567–573

	24.	 McKenney EA, Greene LK, Drea CM, Yoder AD (2017) Down for 
the count: Cryptosporidium infection depletes the gut microbiome 
in Coquerel’s sifakas. Microb Ecol Health Dis 28(1):1335165

	25.	 Toro Monjaraz EM, Vichido Luna MA, Montijo Barrios E, Cervantes 
Bustamante R, Zárate Mondragón F, Huante Anaya A et al (2018) 
Blastocystis hominis and chronic abdominal pain in children: is there 
an association between them? J Trop Pediatr 64(4):279–283

	26.	 Escobedo AA, Hanevik K, Almirall P, Cimerman S, Alfonso M 
(2014) Management of chronic Giardia infection. Expert Rev Anti 
Infect Ther 12(9):1143–1157

	27.	 Chalmers RM, Davies AP (2010) Minireview: clinical crypto-
sporidiosis. Exp Parasitol 124(1):138–146

	28.	 Robertson LJ, Hanevik K, Escobedo AA, Mørch K, Langeland N 
(2010) Giardiasis–why do the symptoms sometimes never stop? 
Trends Parasitol 26(2):75–82

	29.	 Cifre S, Gozalbo M, Ortiz V, Soriano JM, Merino JF, Trelis M 
(2018) Blastocystis subtypes and their association with irritable 
bowel syndrome. Med Hypotheses 116:4–9

	30.	 Lalle M, Hanevik K (2018) Treatment-refractory giardiasis: chal-
lenges and solutions. Infect Drug Resist 11:1921–1933

	31.	 Scanlan PD, Stensvold CR, Rajilić-Stojanović M, Heilig HG, De 
Vos WM, O’Toole PW et al (2014) The microbial eukaryote Blas-
tocystis is a prevalent and diverse member of the healthy human 
gut microbiota. FEMS Microbiol Ecol 90(1):326–330



222	 European Journal of Pediatrics (2023) 182:213–223

1 3

	32.	 van Hattem JM, Arcilla MS, Schultsz C, Bootsma MC, Verhaar N, 
Rebers SP et al (2019) Carriage of Blastocystis spp. in travellers - 
a prospective longitudinal study. Travel Med Infect Dis 27:87–91

	33.	 Donowitz JR, Alam M, Kabir M, Ma JZ, Nazib F, Platts-Mills JA 
et al (2016) A prospective longitudinal cohort to investigate the 
effects of early life giardiasis on growth and all cause diarrhea. 
Clin Infect Dis 63(6):792–797

	34.	 Iroh Tam P-Y, Chisala M, Nyangulu W, Thole H, Nyirenda J 
(2021) Respiratory cryptosporidiosis in Malawian children with 
diarrheal disease. PLoS Negl Trop Dis 15(7):e0009643

	35.	 Verweij JJ, Schinkel J, Laeijendecker D, van Rooyen MAA, van 
Lieshout L, Polderman AM (2003) Real-time PCR for the detec-
tion of Giardia lamblia. Mol Cell Probes 17(5):223–225

	36.	 Read CM, Monis PT, Thompson RC (2004) Discrimination of all 
genotypes of Giardia duodenalis at the glutamate dehydrogenase 
locus using PCR-RFLP. Infect Genet Evol 4(2):125–130

	37.	 Lalle M, Pozio E, Capelli G, Bruschi F, Crotti D, Cacciò SM 
(2005) Genetic heterogeneity at the beta-giardin locus among 
human and animal isolates of Giardia duodenalis and identi-
fication of potentially zoonotic sub genotypes. Int J Parasitol 
35(2):207–213

	38.	 Sulaiman IM, Fayer R, Bern C, Gilman RH, Trout JM, Schantz 
PM et al (2003) Triosephosphate isomerase gene characterization 
and potential zoonotic transmission of Giardia duodenalis. Emerg 
Infect Dis 9(11):1444–1452

	39.	 Tiangtip R, Jongwutiwes S (2002) Molecular analysis of Crypto-
sporidium species isolated from HIV-infected patients in Thai-
land. Trop Med Int Health 7(4):357–364

	40.	 Feltus DC, Giddings CW, Schneck BL, Monson T, Warshauer 
D, McEvoy JM (2006) Evidence supporting zoonotic trans-
mission of Cryptosporidium spp. Wisconsin J Clin Microbiol 
44(12):4303–4308

	41.	 Scicluna SM, Tawari B, Clark CG (2006) DNA barcoding of Blas-
tocystis. Protist 157(1):77–85

	42.	 Buckholt MA, Lee JH, Tzipori S (2002) Prevalence of Enterocy-
tozoon bieneusi in swine: an 18-month survey at a slaughterhouse 
in Massachusetts. Appl Environ Microbiol 68(5):2595–2599

	43.	 Verweij JJ, Oostvogel F, Brienen EA, Nang-Beifubah A, Ziem 
J, Polderman AM (2003) Short communication: prevalence of 
Entamoeba histolytica and Entamoeba dispar in northern Ghana. 
Trop Med Int Health 8(12):1153–1156

	44.	 Gutiérrez-Cisneros MJ, Cogollos R, López-Vélez R, Martín-
Rabadán P, Martínez-Ruiz R, Subirats M et al (2010) Application 
of real-time PCR for the differentiation of Entamoeba histolytica 
and E. dispar in cyst-positive faecal samples from 130 immigrants 
living in Spain. Ann Trop Med Parasitol 104(2):145‒149

	45.	 Tamura K, Stecher G, Peterson D, Filipski A, Kumar S (2013) 
MEGA6: molecular evolutionary genetics analysis version 6.0. 
Mol Biol Evol 30(12):2725‒2729

	46.	 Hernández-Castro C, Dashti A, Köster PC, Bailo B, López A, 
Llorente MT et al (2022) First report of rodent-adapted Crypto-
sporidium wrairi in an immunocompetent child. Spain Parasitol 
Res 121(10):3007–3011

	47.	 Parfrey LW, Walters WA, Knight R (2011) Microbial eukaryotes 
in the human microbiome: ecology, evolution, and future direc-
tions. Front Microbiol 2:153

	48.	 Fletcher SM, Stark D, Harkness J, Ellis J (2012) Enteric protozoa 
in the developed world: a public health perspective. Clin Micro-
biol Rev 25(3):420–449

	49.	 Reh L, Muadica AS, Köster PC, Balasegaram S, Verlander NQ, 
Chércoles ER et al (2019) Substantial prevalence of enteroparasites 

Cryptosporidium spp., Giardia duodenalis and Blastocystis sp. in 
asymptomatic schoolchildren in Madrid, Spain, November 2017 
to June 2018. Euro Surveill 24(43):1900241

	50.	 Berrilli F, Di Cave D, Cavallero S, D’Amelio S (2012) Interactions 
between parasites and microbial communities in the human gut. 
Front Cell Infect Microbiol 2:141

	51.	 Bartelt LA, Platts-Mills JA (2016) Giardia: a pathogen or com-
mensal for children in high-prevalence settings? Curr Opin Infect 
Dis 29(5):502–507

	52.	 Hanevik K (2016) Editorial commentary: Giardia lamblia-pathogen 
or commensal? Clin Infect Dis 63(6):798–799

	53.	 Tito RY, Chaffron S, Caenepeel C, Lima-Mendez G, Wang J, 
Vieira-Silva S et al (2019) Population-level analysis of Blastocys-
tis subtype prevalence and variation in the human gut microbiota. 
Gut 68(7):1180–1189

	54.	 Muadica AS, Köster PC, Dashti A, Bailo B, Hernández-de-Mingo 
M, Reh L et al (2020) Molecular diversity of Giardia duodenalis, 
Cryptosporidium spp. and Blastocystis sp. in asymptomatic school 
children in Leganés, Madrid (Spain). Microorganisms 8(4):466

	55.	 Dinleyici EC, Eren M, Dogan N, Reyhanioglu S, Yargic ZA,  
Vandenplas Y (2011) Clinical efficacy of Saccharomyces boulardii  
or metronidazole in symptomatic children with Blastocystis hominis  
infection. Parasitol Res 108(3):541–545

	56.	 Heyland K, Friedt M, Buehr P, Braegger CP (2012) No advantage 
for antibiotic treatment over placebo in Blastocystis hominis-positive 
children with recurrent abdominal pain. J Pediatr Gastroenterol Nutr 
54(5):677–679

	57.	 Köster PC, Dashti A, Reh L, Bailo B, Hernández-de-Mingo M, 
Muadica AS et al (2021) Molecular detection and genotyping of 
enteric protists in asymptomatic schoolchildren and their legal 
guardians in Madrid, Spain. Parasitologia 1:83–94

	58.	 Andersen LO, Stensvold CR (2016) Blastocystis in health and 
disease: Are we moving from a clinical to a public health perspec-
tive? J Clin Microbiol 54(3):524–528

	59.	 Korpe PS, Haque R, Gilchrist C, Valencia C, Niu F, Lu M et al 
(2016) Natural history of cryptosporidiosis in a longitudinal study 
of slum-dwelling Bangladeshi children: Association with severe 
malnutrition. PLoS Negl Trop Dis 10(5):e0004564

	60.	 Kattula D, Jeyavelu N, Prabhakaran AD, Premkumar PS, 
Velusamy V, Venugopal S et al (2017) Natural history of crypto-
sporidiosis in a birth cohort in Southern India. Clin Infect Dis 
64(3):347–354

	61.	 Rauch AM, Van R, Bartlett AV, Pickering LK (1990) Longitudinal 
study of Giardia lamblia infection in a day care center population. 
Pediatr Infect Dis J 9(3):186–189

	62.	 Mateo M, Mateo M, Montoya A, Bailo B, Saugar JM, Aguilera M 
et al (2014) Detection and molecular characterization of Giardia 
duodenalis in children attending day care centers in Majadahonda, 
Madrid. Central Spain Medicine (Baltimore) 93(15):e75

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.



223European Journal of Pediatrics (2023) 182:213–223	

1 3

Authors and Affiliations

Carolina Hernández‑Castro1,2 · Alejandro Dashti1 · Amoolya Vusirikala3 · Sooria Balasegaram4 · 
Pamela Carolina Köster1 · Begoña Bailo1 · Elena Imaña1 · Andrea López5 · María Teresa Llorente5 · 
David González‑Barrio1 · Sergio Sánchez5 · David Carmena1,6

1	 Parasitology Reference and Research Laboratory, National 
Centre for Microbiology, 28220 Majadahonda, Madrid, 
Spain

2	 Parasitology Group, Faculty of Medicine, Academic 
Corporation for the Study of Tropical Pathologies, University 
of Antioquia, Medellín, Colombia

3	 UK Field Epidemiology Training Programme, UK Health 
Security Agency, London SE1 8UG, UK

4	 UK Health Security Agency, London SE1 8UG, UK

5	 Food and Waterborne Bacterial Infections Reference 
and Research Laboratory, National Centre for Microbiology, 
28220 Majadahonda, Madrid, Spain

6	 CIBER Infectious Diseases (CIBERINFEC), Health Institute 
Carlos III, Madrid, Spain


	Prevalence and temporal dynamics of Cryptosporidium spp., Giardia duodenalis, and Blastocystis sp. among toddlers attending day-care centres in Spain. A prospective molecular-based longitudinal study
	Abstract
	Introduction
	Materials and methods
	Design

	Sampling
	Questionnaire survey
	DNA extraction
	Molecular detection and characterization of Giardia duodenalis
	Molecular detection and characterization of Cryptosporidium species
	Molecular detection of Blastocystis species
	Molecular detection of Enterocytozoon bieneusi
	Molecular detection of Entamoeba histolytica and Entamoeba dispar
	General procedures for the molecular detection and sequencing of enteric protist parasites
	Molecular detection of other enteric bacterial and viral pathogens
	Sequence analyses
	Statistical analyses

	Results
	Risk association analysis
	Comparing G. duodenalis negativeever positive
	Individuals with serial results

	Discussion
	References


