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SUMMARY

Introduction: The objective of this study was to determine the prevalence and etiological profile of enteropathogens in children 
from a daycare center. Methods: From October 2010 to February 2011 stool samples from 100 children enrolled in a government 
daycare center in the municipality of São José do Rio Preto, in the state of São Paulo, were collected and analyzed. Results: A total of 
246 bacteria were isolated in 99% of the fecal samples; 129 were in the diarrheal group and 117 in the non-diarrheal group. Seventy-
three strains of Escherichia coli were isolated, 19 of Enterobacter, one of Alcaligenes and one of Proteus. There were 14 cases of 
mixed colonization with Enterobacter and E. coli. Norovirus and Astrovirus were detected in children with clinical signs suggestive 
of diarrhea. These viruses were detected exclusively among children residing in urban areas. All fecal samples were negative for 
the presence of the rotavirus species A and C. The presence of Giardia lamblia, Entamoeba coli, Endolimax nana and hookworm 
was observed. A significant association was found between food consumption outside home and daycare center and the presence of 
intestinal parasites. Conclusions: For children of this daycare center, intestinal infection due to pathogens does not seem to have 
contributed to the occurrence of diarrhea or other intestinal symptoms. The observed differences may be due to the wide diversity of 
geographical, social and economic characteristics and the climate of Brazil, all of which have been reported as critical factors in the 
modulation of the frequency of different enteropathogens.
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INTRODUCTION

In 2009, the World Health Organization (WHO) estimated that 
approximately nine million under 5-year-old children die each year. 
Diarrhea is reported to be the second most important disease in the 
etiology of infant death33. In developing countries, gastrointestinal 
disorders are directly associated with higher infant morbidity 
and mortality in this age group, resulting in 2.5 million deaths  
per year28.

Infectious diarrhea is generally caused by bacterial, viral and 
parasitic pathogens whose actions may result in malabsorption of water, 
electrolytes and nutrients30. Intestinal infections are closely correlated 
to young age, immune status, nutritional deficiencies, inadequate food 
hygiene practices, early weaning, level of schooling of guardians/
caregivers, gatherings at home and in institutions such as daycare centers 
and schools, lack of basic sanitation, access to treated water and the high 
temperatures during the year23.

Recently, profound changes in some urban centers’ workforce have 
been reported in Brazil, and as a result, a large number of children are 

being cared for outside the familial environment in daycare centers29. Due 
to the greater urbanization and the effective participation of women in 
the economically active working force, these institutions have become 
the main place frequented by children outside their home environment 
and as such, a potential environment for contamination36.

Although infectious enteric diseases are more evident in children 
with severe infections that culminate in hospitalization, a large number 
of infections are endemic in the community, presenting as asymptomatic 
or with mild clinical symptoms. This is particularly true for parasites, 
as the progression is often slower30. In Brazil few official data about 
the in depth prevalence of infectious intestinal diseases in children are 
available, especially those including the infectious agents implicated 
in the etiology of these diseases in different regions of the country3. 
Nevertheless, such knowledge is essential for the development of effective 
prevention strategies.

The objective of the current study was to determine the prevalence of 
these infections and the etiology of diarrhea in the infant population of a 
daycare center situated in an urban area of disadvantaged socioeconomic 
conditions.
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MATERIAL AND METHODS

Study region and participants: In the period from October 2010 to 
February 2011, stool samples of 100 children were tested in a government 
daycare center in São José do Rio Preto (latitude 20º89’72’’ S and 
longitude 49°37’44’’ W at an altitude of 489 m above sea level) located 
in the Northwest São Paulo State region, 450 km from the city of São 
Paulo. The population of this city is 419,632 with an area of 431 km2. 
Participants were allocated in two groups: Diarrheal Group - defined by 
the occurrence of three or more liquid or semi- liquid evacuations in the 
24 hours before fecal collection and Non-diarrheal Group - comprised of 
children from the same daycare center paired by age and gender. Fecal 
samples were collected in clean flasks and then sent immediately to the 
Microorganisms Research Centre of FAMERP for parasitological and 
microbiological analysis. A standard questionnaire was applied to assess 
the children’s socioeconomic conditions including information on age, 
gender, family structure, hygiene and water consumption source and 
treatment in their homes. Structural characteristics of the daycare center 
were also obtained.

The project was approved by the Research Ethics Committee of 
FAMERP (Protocol CEP 6332/209) and written informed consent was 
provided by parents or guardians after a detailed explanation of the 
objectives of the work.

Laboratorial analysis: Stool samples were evaluated using Cary-Blair 
transport medium for bacterial analysis. A second clean flask was used 
to collect stools to investigate parasites and viruses.

Enterobacteria: All samples were analyzed on the day of collection. 
Briefly, colonies were isolated using McConkey agar, Shigella-
Salmonella agar, brilliant green (after enrichment in tetrathionate 
broth) and Columbia Agar to isolate and identify the following bacteria: 
enteropathogenic Escherichia coli (EPEC), enterohemorrhagic E. coli 
(EHEC), enteroinvasive E. coli (EIEC), enterotoxigenic E. coli (ETEC), 
Shigella spp., Salmonella spp., Yersinia spp. and Campylobacter jejuni. 
Isolates identified by biochemical tests (EPM-Milli and Oxidase stripes) 
were serotyped by standard techniques in addition to commercially 
available antisera (Probac, Brazil).

Parasites: For each patient, a fecal sample was collected in a universal 
sterile container with no preservative solution and maintained at 4 °C 
until laboratory analysis on the same day. Flasks were labeled with the 
name of the patient and data on collection. The Hoffman-Pons-Janer24, 
centrifugal flotation in zinc sulfate solution13 and Baermann-Moraes 
methods were used to prepare samples. Two slides were examined for 
each stool sample to detect parasites using optical microscopy (Nikon, 
Japan) with magnifications of 100 × and 400 ×, by two researchers.

Enteric viruses: The detection of rotavirus, norovirus and astrovirus 
was performed by molecular methods using the same fecal suspension 
used in the investigation of parasites, which was diluted in water and kept 
at a low temperature until the test. In brief, viral RNA was extracted as 
described by BOOM et al. with modifications4,6. Reverse transcription 
(RT) was performed to obtain complementary DNA using a random 
primer [hexamer pd(N)6-50 A260 units; Amersham Biosciences, 
Freiburg, Germany]. For norovirus detection the polymerase chain 
reaction (PCR) was used with the pool of primers Mon 432/434 and 

Mon 431/433 partial region of the RNA- dependent RNA polymerase 
-RdRp) that detects the NoVs genogroups I and II, respectively35. The 
human astrovirus (HAstV) study was performed using the PCR and 
primers Mon 269 and Mon 270 (ORF2 region)35. PCR products were 
subjected to 1% agarose gel electrophoresis using SYBR Safe DNA Gel 
Stain (Invitrogen, Eugene, Oregon, USA). Photodocumentation was 
performed using the Gel Doc 1000 imaging system (BioRad, Hercules, 
CA). Samples with an amplicon of 213 and 449 base pairs (bp) were 
considered positive for norovirus and astrovirus respectively.

The RNA obtained in the fecal specimens was tested for rotavirus 
species A and C using polyacrylamide gel electrophoresis as described by 
PEREIRA et al.38. RT- PCR was employed to detect rotavirus species C 
as described by GOUVEA et al.21 and KAZUYA et al.25 for the VP6 and 
VP7 genes, respectively. Products were stained using SyBR® safe DNA 
Gel Stain (Invitrogen TM, Eugene, Oregon, USA) in the loading buffer, 
run in 1.5% agarose gel and documented in a Doc Gel 1000 imaging 
system (BioRad, Hercules, CA). Samples that presented fragments of 
356 bp and 1027 pb were considered positive, for the VP6 and VP7 
genes, respectively.

Statistical analysis: Statistical analysis was performed using the 
Epi-Info statistics program (version 6.0). The v2 test or the Fisher exact 
test was applied to obtain independence between proportions. The 
relationship between the clinical characteristics of the participants and the 
presence of enteropathogens was assessed using the Wilcoxon Rank Sum 
test. The level of significance adopted for statistical inference was 5%.

RESULTS

Of the 100 fecal samples tested, 50 were in the Diarrheal Group and 
50 in the Non-diarrheal Group. There were no differences between the 
two groups regarding gender. As summarized in Table 1, most individuals 
lived in treated water and sanitary sewer system available houses. No 
significant association was observed between these variables and the 
presence of enteropathogens (data not shown) or diarrhea, except for 
food consumption outside home or the daycare center and the presence 
of intestinal parasites (Chi-square; p-value = 0.0053).

A total of 246 bacteria were isolated in 99% of all fecal samples; 129 
were in the Diarrheal Group and 117 in the Non-diarrheal Group. Of this 
total, 44 children had at least one species of bacterium, 37 children had 
two, while 17 children had three. Four distinct bacteria were isolated in the 
fecal material of one of the children. Seventy-three strains of Escherichia 
coli were isolated (73.7% of the E. coli O157 strain), 19 Enterobacter 
(19.1%), one Alcaligenes (1.0%) and one Proteus (1.0%). There were 
14 cases of mixed colonization with Enterobacter and E. coli (14.1%).

Noroviruses (2%) and Astrovirus (1%) were detected in children 
with clinical signs suggestive of diarrhea (Table 2). These viruses 
were detected exclusively among children residing in urban areas 
(p-value < 0.0001). All fecal samples were negative for the presence of 
the rotavirus species A and C.

Parasites were detected in 49 of the fecal samples evaluated, as shown 
in Table 2. The prevalence of at least one parasite in the entire study 
population was 42.0%. There were seven cases of parasitism involving 
two organisms: five were associations between G. lamblia and E. coli 
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Table 1 
Social indicators, hygiene, water source and food consumption habits of 100 
children of a government daycare center in the city of São José do Rio Preto, 

São Paulo grouped as Diarrheal (n = 50) or Non-diarrheal (n = 50)

Dia rrheal Non-diarrheal
p-value

(n) % (n) %

Gender

Female 25 50.0 27 54.0

Male 25 50.0 23 46.0

Treated drinking water

Yes 2 4.0 8 16.0

Source of water

Public reservoir 44 88.0 44 88.0

Pets at home

Yes 22 44.0 25 50.0

Sewer system at ho me

Yes 50 100.0 48 96.0

Ingestion of raw food

Yes 35 70.0 30 60.0

Meals outside the resi-
dence or daycare center

Yes 23 46.0 09 18.0 0.0053*

*Chi-square test.

Table 2
Detection of bacterias, virus and parasites in fecal specimens from a  

daycare center located in São José do Rio Preto, São Paulo. October 2010 to 
February 2011

Diarrheal 
(n=50)

Non-diarrheal 
(n=50) p-value†

(n) % (n) %

Bacteria

Acinetobacter - 0.0 1 2.0 1.0000

EPEC 12 24.0 8 16.0 0.4533

EIEC 3 6.0 1 2.0 0.6098

E. coli O157 1 2.0 2 4.0 1.0000

Pseudomonas 2 4.0 4 8.0 0.6737

Viruses

Norovirus 2 4.0 0 0.0 0.4751

Astrovirus 1 2.0 0 0.0 1.0000

Rotavirus A 0 0.0 0 0.0 0.7025

Rotavirus C 0 0.0 0 0.0 0.7025

Parasites

Giardia lamblia 20 40.0 24 48.0 0.5456

Entamoeba coli 1 2.0 6 12.0 0.1169

Endolimax nana 3 6.0 1 2.0 0.6098

Hookworm 1 2.0 0 0.0 1.0000

EPEC: enteropathogenic Escherichia coli; EIEC : enteroinvasive E. coli; †: Fisher 
exact test.(5.0%), one of G. lamblia and E. nana (1.0%) and the other between G. 

lamblia and hookworm (1.0%).

Table 3 shows no statistically significant differences after stratified 
analysis of the samples divided into Diarrheal and Non-diarrheal Groups 
versus clinical signs suggestive of diarrhea or versus the presence of 
enteropathogens (data not shown).

DISCUSSION

This study was carried out during a period without any registers of 
diarrhea outbreak. Despite the presence of EPEC, EIEC, E. coli O157 and 
Pseudomonas spp., no association was observed between bacteria and 
diarrhea clinical symptoms. Similar results were observed in a case-control 
study conducted in a HIV-1 positive infant40 population as well as in a HIV-
1 seropositive adult population20, both from the same region. However, in 
another investigation conducted in the 1990s, diarrhea was associated with 
these enterobacteria in a population treated in the Pediatrics Outpatient 
Clinic of a Hospital in São José do Rio Preto, Sao Paulo2. This implies 
that strains of bacteria with different virulence circulate in the population 
of this region and, therefore, they may pose a risk of diarrhea. Intestinal 
infections caused by EIEC are rare but are more common in children over 
two, as observed in the current study, and also in adults20.

Noroviruses were detected in 2% of the Diarrheal group. In a 
retrospective study, conducted in a daycare center in Rio de Janeiro 

Table 3 
Clinical data obtained of children in a government daycare center of São José 
do Rio Preto, São Paulo State, grouped according to clinical signs suggestive of 

diarrhea in Diarrheal and Non-diarrhea l Groups

Diarrheal (n=50) Non-diarrheal (n=50)

(n) % (n) %

Fever

Yes 14 28.0 13 26.0

No 34 68.0 37 74.0

Blood in the feces

Yes 0 0.0 1 2.0

No 49 98.0 49 98.0

Abdominal pain

Yes 11 22.0 4 8.0

No 38 76.0 46 92.0

Vomits

Yes 8 16.0 5 10.0

No 42 84.0 45 90.0
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involving children under five, with acute gastroenteritis, the occurrence of 
noroviruses was higher ranging from 23 to 67%. Furthermore, norovirus 
(GII) was responsible for three out of four of the studied outbreaks18. In 
Brazil, the HAstV caused 3 to 11% of the cases of acute gastroenteritis 
in children under 56,16. The prevalence of HAstV obtained in this study 
(1%) is lower than that reported by other authors (2-5%)42 and quite 
different to the prevalences described in other developing countries 
(2-26%) or even in developed countries (2-11%)9-11. Rotavirus species 
A and C were not detected in the population of the daycare center here 
evaluated. This may be explained by the high vaccination coverage in 
São José do Rio Preto (99%), which provides protection against the most 
common rotavirus, species A37. Indeed, studies in several countries have 
shown that rotavirus species C is not as uncommon as thought, however 
its prevalence is low (0.4-35%)15,17,26,34.

Despite the absence of any association with diarrhea, these viruses 
were detected in the studied population. It should be noted that the 
transmission of norovirus is very efficient, with rapid dispersal during 
outbreaks, primarily due to the high infectivity of this agent when an 
inoculum of only 10 to 100 virions is enough to cause an infection. 
Furthermore, it is of concern that infected people can transmit the virus 
after recovering from the symptoms as they continue to eliminate viral 
particles for up to three weeks39,41. Contamination of drinking water and 
water used for recreational activities can serve as a primary source of 
outbreak as noroviruses are resistant to treatment with chlorine and may 
remain infectious for long periods in this environment37.

In daycare centers of different Brazilian cities, there is a wide 
variation in the prevalence of intestinal parasitic diseases, ranging from 
15.2%19 to 53.4%29. This is in accordance with the 49.0% verified in 
this study, where approximately 14 children have parasitism involving 
infection by two parasites. The different enteric parasite incidences 
observed in this study may be due to the wide diversity of geographical, 
social, economic characteristics and climate in Brazil, which are reported 
as critical factors in the modulation of the frequency of different enteric 
parasites40. Although most children received treated water, a higher 
prevalence of water-borne parasites was found. These results suggest 
that the use of treated water is not a protective factor against water-borne 
parasites or that water treatment does not follow the ideal procedures to 
eliminate parasites.

The prevalence of giardiasis in Brazil7,22 and in the state of São 
Paulo8,29 varies, on average, between 4% and 30%, with variation also 
reported in daycare centers. The highest frequency for this protozoan 
was associated with the 1- to 2-year age range followed by the over 
3-year-old population, which is probably related to the high rate of 
fecal-oral transmission of the pathogen1. Due to the common detection of  
G. lamblia cysts on fingers and under nails, it is possible that caregivers 
in daycare centers are the main form of transmission of this parasite 
among children.

This study identified low prevalence of Entamoeba coli (2.0%) and 
Endolimax nana (2.0%) demonstrating that these amoebae may not be 
endemic in the region. However, it should be pointed out that the detection 
of commensal amoebas may indicate that the children ingested water or 
food contaminated with fecal waste and that they are therefore at risk for 
contamination by Entamoeba histolytica, which has a high prevalence 
in tropical regions32.

In this study, just one case of hookworms associated with G. lamblia 
was identified in a non-diarrheal one-year-old child. This is actually one 
of the most common helminths transmitted worldwide; higher rates have 
been reported in daycare centers in Northeastern Brazil23,31. Furthermore, 
the majority of children included in this study have piped water and 
a sewer system in their homes. There is a historical trend toward the 
reduction of these parasites in the state of São Paulo attributable to 
improvements in these services14,27.

The exposure to intestinal pathogens of children studied at this 
daycare center does not seem to contribute to the occurrence of diarrhea 
or other intestinal symptoms. However, these results raise the question as 
to the real reasons that children in this daycare center manifested diarrhea. 
In fact, previous work on the etiological agents associated with diarrhea 
indicate that the relative importance of the various enteropathogens varies 
greatly depending on the season of the year, area of residence (urban or 
rural), socioeconomic class, geographical location and in particular, the 
age of the host42. Associated with this situation, diarrhea may be related to 
other non-infectious diseases or even by other enteropathogen infections, 
not investigated in this study. On the other hand, given the fact that many 
infants were asymptomatic carriers, it should be pointed out that this can 
be due to immunological tolerance mechanisms or intraspecific variations 
of bacterial communities that comprise the virulence of the parasite5. 
Thus, the present study provides a warning to authorities responsible 
for community healthcare concerning asymptomatic children, which can 
potentially pose a risk for outbreaks of gastroenteritis.

Finally, further investigations should be planned in the city of São 
José do Rio Preto and others within the diverse regions of the country, in 
order to increase knowledge and provide appropriate responses to these 
clinical infections with the elaboration of effective measures to prevent 
and control enteropathogens as a public health policy in Brazil.

RESUMO

Enteropatógenos detectados em crianças de creche no Sudeste do 
Brasil: pesquisa de bactérias, vírus e parasitos

Introdução: O objetivo deste estudo foi determinar a prevalência 
e o perfil etiológico de enteropatógenos em crianças de uma creche. 
Métodos: No período de outubro de 2010 a fevereiro de 2011 
foram coletadas e analisadas amostras de fezes de 100 crianças 
matriculadas em creche do governo no município de São José do 
Rio Preto, Estado de São Paulo. Resultados: Um total de 246 bactérias 
foram isoladas em 99% das amostras de fezes; 129 eram diarreicas e 
117 não-diarreicas. Foram isoladas setenta e três cepas de Escherichia 
coli, 19 de Enterobacter, uma de Alcaligenes e uma de Proteus. Foram 
detectados 14 casos de colonização mista com Enterobacter e de E. coli. 
Norovírus e Astrovirus foram detectados em crianças com sinais clínicos 
sugestivos de diarréia. Estes vírus foram detectados exclusivamente 
entre as crianças residentes em áreas urbanas. Todas as amostras fecais 
foram negativas para a presença das espécies de rotavírus A e C. Foi 
observada a presença de Giardia lamblia, Entamoeba coli, Endolimax 
nana e ancilostomídeos. Foi encontrada associação significativa entre 
o consumo de alimentos fora do centro da casa e creche e a presença 
de parasitos intestinais. Conclusões: Para as crianças desta creche, a 
infecção intestinal por patógenos não parece ter contribuido para a 
ocorrência de diarreia ou outros sintomas intestinais. As diferenças 
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observadas podem ser atribuídas à grande diversidade de características 
geográficas, sociais e econômicas e o clima do Brasil, as quais tem 
sido relatadas como fatores críticos para a modulação da frequência 
de diferentes enteropatógenos
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