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Abstract. A cross-sectional study was conducted for assessing the prevalence of and risk factors associated with
Cryptosporidium parvum in diarrheic children who were hospitalized in Goiânia, capital of Goiás State in Brazil. A
crude prevalence of 14.4% (64 of 445) was observed using a direct immunfluorescent assay (DFA), but the true
prevalence was 18.7% (83 of 445) when a gold standard of immunomagnetic separation was used in combination with
the DFA. Infection was more predominant in children less than 24 months old (odds ratio [OR] � 0.50, 90% confidence
interval [CI] � 0.36–0.68, P � 0.0001), and males were 2.2 times more at risk for infection when compared with females
(OR � 2.2, 90% CI � 0.13–3.8, P � 0.01). The socioeconomic, intra-familial, and environmental factors associated with
cryptosporidiosis were day care attendance, household children with diarrhea up to 30 days prior to the interview,
contact with surface water within past 30 days prior to the interview, dwelling distance from a body of water, and the
late rainy season (P < 0.10). C. parvum was not associated with the parent’s occupation, household sleeping arrange-
ments, number of caregivers, breast-fed children, diet and type of food hygiene, source and type of treatment of drinking
water, presence of sewage, and animal exposure (P > 0.10). Although weight was not found to be associated with
infection, children infected with C. parvum weighed on average 2.0% less than children not infected with C. parvum
(P > 0.10). Thus, C. parvum is an important etiologic agent of childhood diarrhea and should be identified in routine
parasitologic tests of diarrheal stool samples.

INTRODUCTION

Studies done in all continents have shown that the proto-
zoal parasite Cryptosporidum parvum is a common enteric
pathogen that is associated with diarrheal disease and occa-
sional death among young children, especially in developing
countries.1,2 Clinical symptoms associated with acute illness
include diarrhea, vomiting, abdominal cramps, anorexia, fe-
ver, and weight loss.1,3 Reported prevalences of C. parvum
infection among children have varied from less than 1% to
more than 30% on a population basis.1,4–7 In regions endemic
for C. parvum where this parasite actively circulates in a com-
munity, the risk of symptomatic infection during early child-
hood is in part a function of a child’s exposure to biologic
sources of this parasite (e.g., intra-familial and extra-familial
infected contacts, infected domestic animals) and exposure to
mechanical vectors such as contaminated food, water, and
household surfaces.2–4,6 Therefore, reducing a child’s expo-
sure to these biologic sources and reducing the parasitic load
from mechanical vectors could reduce the annual incidence of
this disease in susceptible children.
In Brazil, up to 17% of cases of childhood diarrhea have

been shown to be associated with C. parvum infection.8–11

Several studies have been conducted in urban populations
among diarrheic children in Brazil, but the majority of this
work did not examine preventable risk factors associated with
clinical cryptosporidiosis or based the conclusions on univari-
ate associations that were susceptible to confounding.8–10 A
study conducted in children residing within a Brazilian urban
slum or “favela” determined that low birth weight and geo-
graphic location were risk factors for acquisition of symptom-
atic infection with Cryptosporidium.3 The ability of breast-
feeding to protect against early childhood cryptosporidiosis
has been inconclusive. Prospective studies in Peru and Brazil
have not documented any protective effect.3,12 A case-control

study in Guinea-Bissau found a decreased odds of infection
with this dietary practice.2 A cross-sectional study in four
townships in Zambia identified an increased odds of
cryptosporidiosis among breast-fed diarrheic children.6

In Goiás, a midwestern state of Brazil, routine testing for C.
parvum has historically been limited to individuals infected
with human immunodeficiency virus (HIV), and is uncom-
mon for general cases of childhood diarrhea. Thus, little is
known about the medical ecology of this parasite in this re-
gion of Brazil, how children are exposed, and whether such
factors as breast-feeding and contact with zoonotic sources
function of alter the prevalence of cryptosporidiosis. Given
this lack of substantial information regarding cryptosporidi-
osis in Goiás and our poor knowledge of the epidemiology of
this parasite among children in this region, we conducted a
cross-sectional epidemiologic study in diarrheic children who
were hospitalized in Goiânia, the capital of Goiás, to identify
intra-familial and extra-familial risk factors for infection with
C. parvum.

MATERIAL AND METHODS

Subjects. This cross-sectional study was conducted in six
major pediatric hospitals located in Goiânia, Brazil between
the last week of August 1998 and the first week of May 1999.
The study population was composed of children ranging in
age from two weeks to 10 years old who had been hospitalized
primarily due to diarrhea and dehydration at hospital wards
or medical units managed by the government national health
system (Sistema Único de Saúde-SUS). Patients are admitted
regardless of their point of origin. Diarrhea was defined as
loose or watery stools in a 24-hour period that was still
present when the fecal specimen was collected at the hospital.
Exclusion groups were patients who developed diarrhea after
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admission to the hospital wards and patients who were hos-
pitalized with diarrhea but with a medical diagnose of food
intolerance. A total of 445 cases were referred to this study by
either the pediatrician or nurse responsible for the hospital
wards or oral rehydration ward units. None of the children in
this study was HIV-positive.

Information retrieval. Following informed written consent,
the study nurse administered a comprehensive questionnaire
to the child’s primary custodian. The questionnaire included
items on 1) host factors: age, sex, and weight; 2) sociodemo-
graphic and intra-familial factors: city of origin, type of dwell-
ing, parent’s occupation, number of household members
stratified by age, number of household members stratified by
age with gastrointestinal symptoms at the time of the survey
or at most 30 days prior to the interview, household members
sleeping arrangements, number of caretakers for the index
child, day care attendance including day care size and number
of hours and days the child spent at day care; 3) zoonotic
factors: number of pets owned by the household, occurrence
of diarrhea among pets up to 30 days prior to the interview,
contact with livestock, presence of a dairy farm within 1 km of
the dwelling, and whether a household member worked at an
animal agriculture facility; and 4) environmental factors: sea-
son, diet (consumption of raw salad items, consumption of
non-peeled fruits, consumption of milk), food hygiene, source
and treatment of drinking water, proximity of a body of raw
water (e.g., river or lake) or sewage effluent canal near the
dwelling, and recent direct body contact with running (e.g.,
river) or standing water (e.g., lake or swimming pool).

Specimen collection and detection of C. parvum oocysts. A
single fecal sample was collected from each patient by parents
or guardians and placed into a disposable plastic cup. Fecal
characteristics were directly observed, classified, and re-
corded by the study nurse as either loose stool with blood,
loose stool with no blood, liquid stool with blood, or liquid
stool with no blood. The sample was then preserved by add-
ing 10% formalin at a 1:1 volume ratio.
One gram of each diarrheic fecal sample was washed

through four-fold surgical cotton gauze. The fecal suspension
was centrifuged at 1,000 × g for 10 minutes, the supernatant
was aspirated, and the sediment was resuspended 1:1 (v/v) in
sterile distilled water. Using a disposable 10-�L loop, fecal
suspensions were smeared onto glass slides and dried over-
night for immunofluorescent microscopy.13 Detection of oo-
cysts was performed using the direct immunofluorescent as-
say (Cryptosporidium/Giardia detection kit; Meridian Diag-
nostic, Inc., Cincinnati, OH). The entire fecal smear was
examined for C. parvum oocysts at ×400 magnification, and
the sample was positive if one or more oocysts were detected;
otherwise the sample was negative.13

The direct immunofluorescent assay, as performed by ex-
perienced microscopists, has been shown to be highly specific
and reasonably sensitive for human clinical samples.14–17 To
generate an estimate of the true prevalence of C. parvum
infection in this population of diarrheic children, we needed
estimates of the sensitivity and specificity of the direct immu-
nofluorescent assay. Based on four previous human stud-
ies14–17 and our examination of this assay in livestock fecal
material13,18 we assumed that the specificity was approxi-
mately 100% in our laboratory. To generate an estimate of
the sensitivity of this assay, we estimated the likelihood of
false-negative results for detection of C. parvum in this popu-

lation of children using 20 negative diarrheic stool samples
and a gold standard of immunomagnetic separation (Dynal,
Inc., Lake Success, NY) in combination with immunofluores-
cent microscopy.13 It has been observed that immunomag-
netic separation is highly efficacious in enumerating low con-
centrations of cryptosporidial oocysts in fecal and environ-
mental samples.13,19

Statistical analysis. Fixed effects logistic regression was
used to test and quantify the association between the various
putative risk factors (host, sociodemographic and intra-
familial, zoonotic, environmental) and the odds of shedding
C. parvum.20 A forward-stepping algorithm was used, with a
two-sided P value � 0.10 for the inclusion of the factor in the
model using the likelihood ratio test. Goodness-of-fit for the
final model was calculated using the deviance with a chi-
square test performed on the appropriate degrees of freedom
to determine P values.20 Multiple linear regression was used
to determine if C. parvum infection was associated with acute
weight loss relative to non-C. parvum cases.21 We modeled
log10 (body weight in kilograms) as a function of log10 (age in
years) + sex + C. parvum infection status, with all two-way
interactions also tested for significance.

RESULTS

Prevalence of C. parvum infection. Among diarrheic chil-
dren � 10 years of age who had been taken to hospital wards
or dehydration medical units in Goiânia, Brazil, the apparent
prevalence of C. parvum infection was 14.4% (64 of 445). We
estimated the true prevalence of patent C. parvum infection
among our study population of diarrheic children using the
equation22

True prevalence =
Apparent prevalence + Sp − 1

Se + Sp − 1

whereby the apparent prevalence was estimated as 14.4% and
the sensitivity (Se) and specificity (Sp) were the diagnostic
attributes of the direct immunofluorescent assay when ap-
plied to our study population of children with diarrhea. We
used a consensus estimate from the literature of 100% for the
specificity of this immunofluorescent assay.14–17 To estimate
the test sensitivity, we examined 20 negative diarrheic stools
using a gold standard method (immunomagnetic separation)
coupled with immunofluorescent microscopy, and found that
one sample (5%) contained a low concentration of C. parvum
oocysts. Using this 5% estimate for the likelihood of false-
negative results, we estimated that approximately 19 of the
381 negative samples (381 × 0.05 � 19) may have had low
levels of oocysts; therefore, the sensitivity for this assay was
approximately 77% (64 of 83) and the adjusted or true preva-
lence of patent C. parvum infection in this population of di-
arrheic children was estimated to be 18.7% (83 of 445).

Host factors. The age of the child was negatively associated
with the odds of C. parvum infection because the odds of C.
parvum infection decreased approximately 0.50 for each ad-
ditional year of age (odds ratio [OR] � 0.50, 90% confidence
interval [CI] � 0.36–0.68, P � 0.0001) (Table 1). 78% of
infected children were less than 24 months of age, with in-
fected children ranging in age from 2.5 to 47 months (Table
2). The odds of C. parvum infection was 2.2 times higher for
males compared with females (OR � 2.2, 90% CI � 1.3–3.8,
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P � 0.01). The prevalence of C. parvum infection for girls and
boys decreased by 70% and 14% from the first to the second
year of life, respectively, with no C. parvum infections de-
tected among girls after 24 months of age (Table 2). When
the analysis was adjusted for age and sex, diarrheic children
infected with C. parvum weighed on average 2.0% less (up
to 280 g of body weight) than diarrheic children not infected
with C. parvum, but this association between C. parvum
infection and weight loss was not statistically significant
(P � 0.14).

Sociodemographic and intra-familial factors. Being placed
in day care with other children during the past 30 days was
associated with a 2.1 times greater odds of C. parvum infec-
tion when compared with children who did not attend day
care centers (OR � 2.1, 90% CI � 1.1–3.8, P � 0.06). The
number of children in day care (with 0 for children not at-
tending day care), which served as an alternative designation
for exposure to day care, was also significant (Table 3) (OR

� 1.01, 90% CI � 1.001–1.02, P � 0.07), with the odds of
cryptosporidiosis increasing about 10% for every additional
10 children in day care. The number of days/week and hours/
day spent at the day care centers was not significant (P >
0.10). Children who lived in families with other young chil-
dren (� 10 years old) were at greater risk for C. parvum
infection (P < 0.10) than children in families without young
children. However, this factor became insignificant (P �
0.001) when the number of household children with diarrhea
up to 30 days prior to the interview was introduced into the
logistic regression model. The odds of C. parvum infection
increased for the index child as the number of other house-
hold children with diarrhea increased (OR � 1.9, 90% CI �
1.4–2.7) (Table 4). Other sociodemographic or intra-familial
factors such as number of healthy or diarrheic adults or teen-
agers in the household, city of origin, parent’s occupation,
sleeping arrangements, and number of caregivers attending
the case (changing diapers) were not associated with the odds
of C. parvum infection in this study population. Ninety eight
percent of the children in the study came from urban areas;
55% of the sample population lived in Goiânia and 46% re-
sided in other cities either within the state or from the neigh-
borhood states of Mato Grosso, Pará, Tocantins, and Bahia.

Environmental factors. The odds of C. parvum infection
among diarrheic children was almost four-fold greater during
the latter part of rainy season: January through March (OR�

TABLE 2
Age- and sex-specific distribution of patent Cryptosporidium parvum
infection in children hospitalized with diarrhea in Goiânia, Brazil

Age groups
(months)

Prevalence of C. parvum infection
no. positive/no. tested (%)

�6 10/80 (12.50%)
Boys 7/45 (15.60%)
Girls 3/35 (8.60%)
>6–12 33/133 (24.81%)
Boys 20/74 (27.03%)
Girls 13/59 (22.03%)
>12–24 17/117 (14.53%)
Boys 15/77 (19.50%)
Girls 2/40 (5.00%)
>24–48 4/71 (5.63%)
Boys 4/42 (9.50%)
Girls 0/29 (0.00%)
>48–120 0/41 (0%)
Boys 0/21 (0%)
Girls 0/20 (0%)

TABLE 3
Distribution of patent Cryptosporidium parvum infection in children
hospitalized with diarrhea in Goiânia, Brazil, stratified by number
of children attending day care

Size of day care (no. of children)
that child attended

Prevalence of C. parvum infection
no. positive/no. tested (%)

Did not attend day care 49/373 (13.1%)
1–40 5/28 (17.9%)
41–80 5/17 (29.4%)
�81 5/15 (33.3%)

TABLE 1
Fixed effects logistic regression model for patent Cryptosporidium parvum infection in children hospitalized with diarrhea in Goiânia, Brazil

Factor

Prevalence of shedding
C. parvum oocysts

No. positive/no. tested
Odds ratio

(90% confidence interval)
Likelihood ratio
test (P value)*

Age† Not applicable 0.50 (0.36–0.68) 0.0001
Sex 0.01
Male 46/261 (18%) 2.2 (1.3–3.8)
Female‡ 18/184 (10%) 1.0

Day care attendance 0.06
Yes 15/71 (21%) 2.1 (1.1–3.8)
No‡ 49/373 (13%) 1.0

Number of household children with diarrhea† Not applicable 1.9 (1.4–2.7) 0.001
Presence of a body of water 0.01
Yes 16/168 (10%) 0.45 (0.26–0.78)
No‡ 48/276 (17%) 1.0

Season 0.002
Dry‡ 8/87 (9.0%) 1.0
Early rainfall 32/278 (12%0 1.2 (0.56–2.4)
Late rainfall 24/79 (30%) 3.7 (1.7–8.3)

Exposure to lake, river, or creek water 0.10
Yes 4/20 (20%) 3.4 (1.1–10.6)
No‡ 59/414 (14%) 1.0
* Tests the null hypothesis that all logistic regression coefficients are simultaneously zero (odds ratio � 1) for the specific term, using the asymptotic likelihood ratio test.
† Continuous variable.
‡ Referent category.
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3.7, 90% CI � 1.7–8.3, P � 0.002) when compared with the
odds of C. parvum infection among diarrheic children during
the dry season (August, September, April, and May) (Table
1), with the crude prevalence of C. parvum infection reaching
a peak of 44% in January (Figure 1). The odds of C. parvum
infection was not significantly different during the dry season
compared with the early part of the rainy season: October
through December (P > 0.10). The odds of C. parvum infec-
tion was not associated with consumption of fresh fruits or
vegetables, source of water supply, nor significantly different
for children who were breast-fed compared with those who
were given other dietary sources of milk (e.g., synthetic or
bovine). Recreational contact with natural sources of surface
water (lake, river, or creek) within the past 30 days was as-
sociated with a higher odds of C. parvum infection (OR� 3.4,
90% CI � 1.1–10.6, P � 0.1) compared with children who
were exposed to only swimming pools or who had no aquatic
recreational activity. Curiously, children whose household
dwelling was within 50 m of a body of water (raw surface
water source or sewage effluent canal) were at less risk for C.
parvum infection compared with children who lived more dis-
tant from these bodies of water (OR � 0.45, 90% CI �
0.26–0.78, P � 0.01).

Zoonotic factors. None of the factors indicative of zoonotic
exposure were associated with the odds of C. parvum infec-

tion (P > 0.10), despite reasonably large percentages of the
study population documenting animal exposure. For example,
36% of the children in the study had recently visited a live-
stock operation prior to their interview; 37% lived within 1
km of a dairy farm; 57% owned a dog; 27% owned a cat.
Diarrhea was present in 11% of the dogs and 0.7% of the cats
of these households.
Goodness-of-fit for the multivariate logistic regression

model was deviance � 276 on 397 degrees of freedom; P � 1.0.

DISCUSSION

This study characterized the prevalence of and potential
intra-familial and extra-familial risk factors for C. parvum
infection in diarrheic children hospitalized in Goiânia, Brazil.
Assuming a specificity of 100% and a sensitivity of 77%, for
our diagnostic assay as applied to our study population, we
estimated an adjusted prevalence of patent C. parvum infec-
tion of 18.7%. Reported prevalences of C. parvum infection
in children from other Latin American countries have ranged
from 3.9% in Argentina, 4.3% in Costa Rica, 10.8% in Ven-
ezuela, 11.2% in Ecuador, 13.8% in Guatemala, and 16.7% in
Haiti.7,23 The reported range of cryptosporidial infection
in Brazil has varied from 1.1% to 17.4%.3,8–11 Such preva-
lences were generated by less sensitive diagnostic tests com-
pared with the direct immunofluorescent assay used in our
study,14–17 but differences in the age distribution of the study
population, combined with differences in exposure to risk
factors, likely contribute to the inter-study differences in the
observed prevalence of infection among Brazilian children.
Our adjusted prevalence of 18.7%, which was based on sen-
sitivity data from a gold standard of immunomagnetic sepa-
ration in combination with immunofluorescent microscopy,13

was similar to that observed for urban Zambian children6 and
lower than the 29.6% reported for the State of Puebla,
Mexico.24

The prevalence of C. parvum infection was strongly asso-
ciated with a variety of intra-familial and extra-familial risk

TABLE 4
Distribution of patent Cryptosporidium parvum infection in children
hospitalized with diarrhea in Goiânia, Brazil, stratified by number
of children with diarrhea in the household, excluding the index case
of diarrhea

Number of children in addition to the index case
that had diarrhea within the past 30 days

Prevalence of C. parvum infection
No. positive/no. tested (%)

0 37/311 (11.9%)
1 19/111 (17.9%)
2 4/12 (33.3%)
3–5 4/9 (44.4%)

FIGURE 1. Seasonal distribution of Cryptosporidium parvum in children hospitalized with diarrhea compared with monthly rainfall totals (mm)
in Goiânia, Brazil, September 1998–April 1999.
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factors, ranging from the age and sex of the child to recre-
ational exposure to rivers and lakes. Cryptosporidium parvum
infection in our study population was limited to children � 4
years of age, with 78% of infections limited to children � 24
months of age. This age-associated pattern of young children
being at highest risk of infection was similar to that found in
the city of São Paulo.10 When the analysis was adjusted for
the age of the child, boys were at higher risk of C. parvum
infection compared with girls. This was similar to patterns
observed in Guinea-Bissau2 and among Bedouin infants in
Israel.4 Moreover, C. parvum infection occurred up to 47
months of age for boys, compared with only 21 months of age
for girls. Given the fact that most childhood infections oc-
curred within the first 24 months of life, and assuming that
immune competency is similar for boys and girls at this age,
an unmeasured intra-familial factor appears to have been
functioning to expose infant boys or to protect infant girls in
our study population. For example, differential rates or dif-
ferential intensities of personal contact between the infant
and the various caregivers may be different for boys com-
pared with girls. If primary or other caregivers (e.g., older
siblings) function as biologic sources of C. parvum or as a
mechanical vectors of C. parvum, increased contact with male
infants may result in an increased risk of infection. The in-
vestigators who conducted the research in Guinea-Bissau and
Israel2, 4did not offer explanations as to why male infants and
children were at higher risk of acquiring cryptosporidiosis
compared with females. Additional observational studies are
needed to clarify the reasons for this association.
Attending day care centers within 30 days of becoming

hospitalized for diarrhea was associated with an elevated risk
of cryptosporidiosis. This is consistent with previous studies in
both developed and developing countries.25,26 Furthermore,
we found that the risk of cryptosporidiosis was positively as-
sociated with the total number of children at the day care
facility, with the crude prevalence of C. parvum infection
reaching 33% for children attending large day care centers
(Table 3). This high prevalence of active infection among
diarrheic children who had been attending day care under-
scores the importance of not allowing children who develop
diarrhea to continue to attend day care. Outbreaks of C. par-
vum among children attending day care have been associated
with secondary cases and asymptomatic infections among in-
tra-familial contacts.1 Within the limitations of a cross-
sectional study design, we did not find evidence for a higher
prevalence of self-reported diarrhea among children � 10
years of age who resided within the same household as the
index case who had attended day care compared with house-
holds whose children did not attend day care. Specifically, the
potential interaction between day care attendance and cases
of diarrhea among other child household members was not
significant in our multivariate logistic regression model (P �
0.17) for C. parvum infection. Moreover, among the 64 cases
of C. parvum infection in our study population, the percent-
age of households with additional childhood cases of diarrhea
was 27% for families where the index case attended day care,
compared with 47% for families where the index case did not
attend day care. Using Fisher’s exact test, the prevalence of
diarrhea was not significantly different between these two
exposure groups (two-sided P � 0.16). These findings suggest
that while C. parvum is likely to be transmitted between in-
fected and susceptible children while attending day care,

these cases of day care−associated C. parvum were not asso-
ciated with an increased prevalence of diarrhea among other
children in the same household. Intra-familial transmission of
C. parvum is well documented, with up to 19% of household
members acquiring this parasite following a single index
case.3,27,28 This lack of an association between cases of day
care−associated C. parvum and secondary cases of diarrhea
may be the consequence of our cross-sectional study design,
in that insufficient time had accrued for secondary cases to
develop. Alternatively, households that have historically re-
lied on day care facilities for many of the children could result
in higher levels of previous exposure to C. parvum among the
household’s children, thereby leading to higher levels of re-
sistance to clinical cases of secondary transmission. Interest-
ingly, we found that the likelihood of C. parvum infection
among our study population was much higher for children
from households experiencing one or more additional cases of
childhood diarrhea within the past 30 days. Specifically, the
prevalence of C. parvum infection was 12%, 17%, 33%, and
44% for diarrheic children from households with either no,
one, two, or three or more cases of recent diarrhea, respec-
tively (Table 4). This suggests that a subset of the cases of
cryptosporidiosis in our study population may have been sec-
ondary to a recent intra-familial case of cryptosporidiosis. Of
the 132 diarrheic children who were from households in which
one or more cases of diarrhea had occurred in the past 30
days, 20% (27 of 132) were found to be shedding C. parvum
oocysts. In contrast, only 12% of diarrheic children from
households with no recent history of childhood diarrhea had
C. parvum. Exposure to day care, the presence of a nearby
body of water, and the sex of the child were not significantly
associated with C. parvum infection among these 132 chil-
dren, but the age of the child (a proxy for lack of prior ex-
posure) and rainfall season (a broad spatio-temporal scale of
exposure) remained significant.
Many studies have demonstrated a higher prevalence of C.

parvum infection during the rainy season.3,6,8,10,29 Our study
similarly found a significant association between the odds of
C. parvum infection and the occurrence of rain (Figure 1).
Similar trends were also observed in other regions of Brazil,
and in Indonesia and Zambia.3,6,10,29 The biologic source(s)
for C. parvum infection and the exact routes of transmission
during these wetter months have not been well described, but
the impact of rainfall has been shown to mobilize and trans-
port C. parvum oocysts out of fresh fecal material and fecal
slurries and across vegetated soil surfaces and through soil
columns.30–33 Increased numbers of cases of C. parvum infec-
tion in Fortaleza and Lusaka during the rainy season were
associated with contaminated drinking water supplied to
these population,3,6 but source of drinking water and mode of
water disinfection were not associated with the odds of C.
parvum infection among our study population. Because the
50% infectious dose is relatively low for C. parvum, ranging
from approximately 10 to 1,000 for healthy humans,34 oocysts
could be transmitted through low levels of contaminated wa-
ter or food, followed by person-to-person transmission, espe-
cially among household members. Food-borne C. parvum in-
fection has been transmitted through ingestion of fresh-
pressed apple cider, and risk factors for food-borne
transmission have had been reported for consumption of
stored cooked food, fresh sausages, offal, and raw milk.1

Cryptosporidium parvum has also been isolated from raw

RISK FACTORS FOR CHILDHOOD CRYPTOSPORIDIOSIS IN GOIÂNIA, BRAZIL 791



salad items sold at open markets in Peru.35 We found no
significant associations with consumption of numerous food
items (primarily vegetables and fruits), the mode of washing
food items, drinking water sources, and the odds of C. parvum
infection. Therefore, the mode of transmission for rainfall-
associated C. parvum remains unclear.
Recreational exposure to C. parvum has been reported for

swimming in raw water supplies (e.g., lakes) or municipal
swimming pools.1,36 Similarly, we found that the exposure to
either a lake, river, or creek during the past 30 days was
associated with a 3.4 fold increase in the odds of infection with
C. parvum. Using the final logistic regression model in Table
1 to estimate the adjusted prevalence of C. parvum infection
associated with recreational exposure to raw surface water,
we found that the prevalence of C. parvum infection for a
four-year-old boy or girl with no day care exposure, no sec-
ondary cases of diarrhea at home, and who were not exposed
to raw surface water in the past 30 days during the dry season
was 1.3% and 0.6%, respectively. In contrast, recreational
exposure to raw surface water for similar four-year-old boys
and girls was associated with a prevalence of C. parvum in-
fection of 4.2% and 1.9%, respectively. This results in an
estimated prevalence difference of approximately 3% for
boys and 1% for girls. If we presume that accidental ingestion
of contaminated raw surface water was the route of transmis-
sion in these young children, this would indicate that water-
borne concentrations of C. parvum in these surface water
supplies were sufficiently increased to be associated with a
1−3% increase in the prevalence of fecal shedding of C. par-
vum oocysts for these four-year-old children. Alternatively,
because such family outings are typically associated with con-
sumption of food items during conditions of reduced personal
hygiene (e.g., picnics), other routes of transmission such as
cross-contamination of foodstuffs secondary to poor hand-
washing after defecation are certainly possible. Curiously, the
reduced odds of C. parvum infection associated with having
the household domicile located nearby a body of water is in
juxtaposition to the increased odds of C. parvum infection
associated with recreational exposure to raw water supplies.
Neither zoonotic exposure nor breast-feeding were associ-

ated with the prevalence of C. parvum infection in our study
population of diarrheic children. We had reasonable statisti-
cal power to detect zoonotic associations, given that 36% of
the children in the study had visited a livestock farm prior to
the hospital interview, 37% of children lived within 1 km of a
dairy farm, 57% owned a dog, and 27% owned a cat. A lon-
gitudinal study conducted in an urban slum in Brazil and a
cross-sectional study on urban Zambian children did not find
any significant association between zoonotic exposure and
elevated rates or prevalences of C. parvum infection,3,6 but a
case-control study conducted on children from Guinea-Bissau
observed increased odds of clinical cryptosporidiosis associ-
ated with exposure to dogs or pigs.2 Previous observational
studies that have examined the protective effects of breast-
feeding on either the duration or prevalence of fecal shedding
of C. parvum or on clinical cryptosporidiosis have been in-
conclusive.2,6,37,38,39 Similar to our study, ingestion of breast
milk of varying duration was not associated with a reduction
in the prevalence or duration of infection among Peruvian
children.37 In contrast, breast-feeding was found to either re-
duce the odds of clinical cryptosporidiosis among children in
Guinea-Bissau,2 or increase the prevalence of clinical

cryptosporidiosis among children from Lusaka, Zambia.6 Sev-
eral of these studies relied on univariate associations between
breast-feeding and the various indices of C. parvum infection,
resulting in potentially confounded associations. Passive lac-
teal immunity and passive colostral immunity were not pro-
tective against experimental oral inoculations of C. parvum in
neonatal mice and newborn calves, respectively.38,39

The results of this study clearly showed that C. parvum is an
important etiologic agent of children hospitalized with diar-
rhea in Goiânia, Brazil. Thus, there is a need to include this
protozoal parasite in routine parasitologic tests of children’s
diarrhea. The risk factors presented here could facilitate mea-
sures to minimize the burden of cryptosporidiosis in this
population. To further clarify potential intra-familial and ex-
tra-familial sources of C. parvum for children, future efforts
should determine the prevalence of C. parvum in domestic
and farm animals located in this community, and through the
use of genotyping techniques, compare isolates of C. parvum
from infected children to isolates obtained from both drinking
water and these potential animal reservoirs.
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