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Abstract. We examined the epidemiology ofCryptosporidium parvum in children aged 6 months to 13 years
living in 1) colonias along the border (n� 105), 2) a clinic in an urban border community (n� 65), and 3) clinics
in a large urban nonborder area (n� 109). Serum IgG and IgA anticryptosporidial antibodies were measured by
enzyme-linked immunosorbent assay (ELISA). Overall, 70.2% (196/279) of subjects had detectableC. parvum anti-
bodies. Prevalence rates were higher (93/105 [89%]) in the colonias and urban border community (53/65 [82%])
compared to the urban nonborder community (50/109 [46%]). Within colonias, independent risk factors forC. parvum
infection included consumption of municipal water instead of bottled water, older age, and lower household income.
Children living along the Texas-Mexico border have a higher rate of infection withC. parvum compared to children
living in a large nonborder urban area. Within colonias,C. parvum infection was associated with source of water
supply, age, and socioeconomic status.

INTRODUCTION

Cryptosporidiosis is an enteric infection caused by fecal-
oral spread of the intestinal parasiteCryptosporidium par-
vum. Disease is typically mild in healthy persons, but can
be severe in patients who are immunocompromised, such as
those with acquired immune deficiency syndrome (AIDS).1

Cryptosporidiosis is endemic in developing countries,
such as Mexico, as a result of poor sanitation and crowded
living conditions.2 Recent large outbreaks in several com-
munities in the United States highlight the importance of
cryptosporidiosis as a major public health problem.3 Forty-
three counties in Texas are contiguous or are within 150
miles of the border with Mexico. More than 340,000 persons
in these counties live in an estimated 1,500 communities
known as colonias.4 Colonias are rural and unincorporated
subdivisions along the U.S.-Mexico border characterized by
substandard housing, inadequate plumbing and sewage dis-
posal, inadequate access to drinking water, poor drainage,
and substandard sanitation.5

Characterization of the epidemiology of cryptosporidiosis
may identify geographic and sociodemographic risk factors
that may globally contribute to waterborne disease. The
prevalence ofC. parvum in children living in colonias along
the Texas-Mexico border was compared to children living in
border and nonborder urban areas of south Texas.

MATERIALS AND METHODS

Study population. Three study sites were used for en-
rollment in 1996 and 1997: 1) seven colonias located 2–15
miles from the Texas-Mexico border in Hidalgo County,
Texas, where on-site well-child clinics were conducted on a
weekly basis by one of the investigators; 2) a general pedi-
atric clinic in McAllen, Texas, 10 miles from the border,
serving children from small and medium-sized border com-
munities in Texas; and 3) two general pediatric clinics in
San Antonio, Texas, located 225 miles from McAllen, Texas.
Parents or guardians of children age 6 months to 13 years
seeking well-child care were asked to allow their child to
participate. Informed consent was obtained from the parent

or guardian of all patients. This study was approved by the
Institutional Review Board at the University of Texas Health
Science Center at San Antonio. After obtaining informed
consent from a parent or legal guardian of the child, a ques-
tionnaire was completed by the parent/guardian and blood
was collected from the child. The human experimentation
guidelines of the U.S. Department of Health and Human
Services and the University of Texas Health Science Center
at San Antonio were followed.

Cryptosporidium parvum antibodies. IgG and IgA cryp-
tosporidial antibodies were measured using an enzyme-
linked immunosorbent assay (ELISA) method adapted from
that described by Brannan and others.6 The sensitivity and
specificity of this test forC. parvum has been previously
established.7 Purified sonicated oocysts were diluted to
5x106/mL in carbonate buffer (pH 9.6) and 100�L was add-
ed to each well of a 96-well ELISA plate (Nunc, Waperville,
IL). The plate was incubated at 4�C for 18–36 hours and
then washed 3 times with 0.05% Tween 20 in phosphate-
buffered saline (PBS). To block, the plate was incubated at
37�C for 1 hour with 100�L of 1% bovine serum albumin
in each well. After washing as before, 200�L of a 1:20
dilution (in a 1% solution of bovine serum albumin [BSA]
in PBS) of the serum was added to each well and incubated
at 37�C for 1 hour. The plate was washed as before, then
incubated with 100�L of a 1:150 dilution (in 1% BSA/PBS)
alkaline phosphatase-conjugated goat antibodies to human
IgA or IgG (Sigma, St. Louis, MO) at 37�C for 1 hour. After
washing, color was developed by adding 100�L of 0.4 mg/
mL �-nitrophenyl phosphate (Sigma) in 10% diethanolamine
in PBS. The amount of substrate hydrolysis was measured
as the absorbance at 410 nm using an automated microplate
reader (Dynatech Laboratories Inc., Chantilly, VA).

Negative controls included sera from two young children
(ages 6 months and 1 year) who were repeatedly negative
for anticryptosporidial antibodies. Sera from two adults with
recent cryptosporidial disease were used as positive controls.
All patient samples were tested in duplicate. An ELISA as-
say was considered valid if both positive controls displayed
an absorbance that was at least 2 standard deviations above
the mean absorbance of the negative controls. No assays
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TABLE 1
Demographic and environmental characteristics of participants from colonias, an urban border community, and an urban nonborder community

(San Antonio)*

Characteristic All sites (n � 279) Colonias (n � 105)
Urban border

communities (n � 65) San Antonio (n � 109)
P-value

between groups†

Mean (SE)

Age (yr)
Maternal age (yr)

7.1 (0.2)
32.0 (0.4)

7.1 (0.4)
30.9 (0.5)

8.8 (0.3)
35.6 (0.9)

96.2 (0.4)
30.7 (0.7)

�0.001
�0.001

Maternal education
Primary (yr)
Secondary (yr)
Total (yr)

7.0 (0.1)
2.2 (0.1)
9.2 (0.2)

6.5 (0.2)
1.2 (0.2)
7.6 (0.3)

7.1 (0.2)
2.5 (0.2)
9.6 (0.4)

7.4 (0.2)
3.0 (0.2)

10.4 (0.3)

0.002
�0.001
�0.001

Persons in household
No. of cities of residence

5.3 (0.1)
1.8 (0.1)

6.1 (0.2)
2.2 (0.1)

5.2 (0.2)
2.2 (0.1)

4.7 (0.1)
1.3 (0.1)

�0.001
�0.001

No. (%)

Ethnicity �0.001
Hispanic
Anglo
Black
Asian
Multiracial

249 (89.2)
8 (2.9)
7 (2.5)
1 (0.4)

14 (5.0)

104 (99.0)
1 (1.0)

62 (95.4)

3 (4.6)

83 (76.1)
7 (6.4)
7 (6.4)
1 (0.9)

11 (10.1)
Born in Mexico
Resided in developing country
Day care attendance
School attendance

48 (17.3)
58 (2.1)
15 (5.4)

193 (69.4)

25 (23.8)
26 (24.8)

6 (5.7)
72 (68.6)

20 (30.8)
28 (43.1)

1 (1.5)§
60 (92.3)

3 (2.8)‡
4 (3.7)‡
8 (7.3)

61 (56.5)

�0.001
�0.001

0.26
�0.001

Monthly household income
�$250
$250–499
$500–749
$750–999
$1,000–1,499
$1,500–2,000
�$2,000
No response

32 (11.5)
49 (17.6)
57 (20.4)
50 (17.9)
59 (21.1)
13 (4.7)

6 (2.2)
13 (4.7)

16 (15.2)
23 (21.9)
26 (24.8)
23 (21.9)
17 (16.2)

7 (10.8)
13 (20.0)
14 (21.5)
11 (16.9)
16 (24.6)

3 (4.6)

1 (1.5)

9 (8.3)
13 (11.9)
17 (15.6)
16 (14.7)
26 (23.9)
10 (9.2)

6 (5.5)
12 (11.0)

0.003

Source of water
Bottled
Municipal
Spring or well
No response

121 (43.4)
128 (45.9)

15 (5.4)
15 (5.4)

66 (62.9)
39 (37.1)

38 (58.5)
13 (20.0)

9 (13.8)
5 (7.7)

17 (15.6)
76 (69.7)

6 (5.5)
10 (9.2)

�0.001

Sanitary facility
Flush toilet
Pit toilet/outhouse
No response

270 (96.8)
8 (2.9)
1 (0.4)

98 (93.3)
7 (6.7)

65 (100) 107 (98.2)
1 (0.9)
1 (0.9)

0.001

Breastfed
Contact with any farm animal

148 (53.0)
86 (30.8)

67 (63.8)
62 (59.1)

41 (63.1)§
14 (21.5)

40 (36.7)
10 (9.2)

�0.001
�0.001

* OR � Odds ratio; Cl � Confidence Interval; SE � standard error; ND � not done.
† Chi-square test was used for categorical variables; one-way analysis of variance used for continuous variables.
‡ No response from 2 subjects.
§ No response from 1 subject.

TABLE 2
Prevalence of anti-Cryptosporidium antibodies in children age 6

months to 13 years in south Texas

Site No. positive/no. tested (%)*

Colonias
Urban border community
San Antonio
All sites

93/105 (88.6)
53/65 (81.5)
50/109 (45.9)

196/279 (70.2)

* P � 0.05 (Chi-square) for colonias and urban border community versus San Antonio.

were invalid. A sample was considered positive if the mean
absorbance was at least 2 standard deviations above the
mean absorbance of the negative controls.

Questionnaires. Information elicited by the question-
naires included demographics, maternal education, house-
hold income, number of persons in household, number of
cities of residence, primary source of drinking water (bot-

tled, municipal, or springs/wells), sanitation facilities (flush
toilet or pit toilet/outhouse), breastfeeding history, past and
current day care and school attendance, and recent exposure
to pets or farm animals. Questionnaires were completed by
the research nurse or by the parent or guardian under the
supervision of the research nurse.

Statistical analysis. Demographic and environmental
characteristics were compared across study sites using chi-
square tests for independence for categorical variables, and
one-way analysis of variance for continuous variables to
identify imbalances in possible risk factors that might con-
tribute to the site-specific differences in prevalence. Asso-
ciations between seroprevalence and explanatory variables
were examined by univariate logistic regression analysis.
Odds Ratios (OR) and 95% confidence intervals (CI) were
estimated from the regression coefficients and their associ-
ated standard errors. Categorical explanatory variables were
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FIGURE 1. Prevalence in children living in Texas according to
site and age. Error bars represent the mean � 1.96 � standard error.

TABLE 3
Risk factors for Cryptosporidium parvum seropositivity in children age 6 months–13 years residing in South Texas*

Risk factor

All sites

Univariate analysis (N � 285)

Odds ratio 95% Cl

Multivariate analysis† (N � 241)

Odds ratio 95% Cl

Colonias

Univariate analysis (N � 104)

Odds ratio 95% Cl

Multivariate analysis† (N � 104)

Odds ratio 95% Cl

Living in colonia‡ 5.34 2.73–10.47 9.67 4.54–20.6 NA NA
Living in urban border community‡ 2.19 1.10–4.3 4.02 1.77–9.15 NA NA
Age of child§ 1.21 1.12–1.30 1.16 1.07–1.27 1.21 1.0–1.47 1.29 1.05–1.58
Municipal water source‡ 0.71 0.43–1.19 NS 7.6 0.94–61.3 10.1 1.10–92.8
Household income¶ 0.79 0.66–0.94 NS 0.55 0.32–0.94 0.47 0.27–0.82
Secondary education (mother)§ 0.78 0.67–0.90 NS 1.07 0.73–1.56 NS
Breastfed‡ 1.43 0.85–2.39 NS 1.91 0.57–6.39 NS
Maternal age§ 1.03 0.99–1.07 NS 0.95 0.84–1.07 NS
Primary education (mother)§ 0.90 0.77–1.05 NS 1.25 0.96–1.64 NS
School attendance by child‡ 3.46 2.0–5.97 NS 1.66 0.49–5.67 NS
Persons in household§ 1.24 1.05–1.47 NS 1.05 0.76–1.44 NS
Number of cities of residence§ 1.96 1.39–2.75 NS 1.47 0.78–2.78 NS
Exposure to any farm animals‡ 2.58 1.37–4.84 NS 0.44 0.11–1.74 NS

* NA � not applicable; NS � not significant.
† By stepwise logistic regression. All variables with univariate p - �0.05 with significant diversity were considered for the model.
‡ Risk associated with factor relative to not having factor.
§ Risk associated with an additional unit (e.g., year of age, person in household, etc.).
¶ Risk for an income level relative to the preceding income level (see Table 1).

either dichotomous and treated as dummy variables, or or-
dinal and treated as integer-valued variables. Goodness-of-
fit was verified using the Hosmer-Lemeshow test for good-
ness-of-fit.8 Stepwise multiple logistic regression was used
to identify independent predictors of infection, and summa-
rized as above. Goodness-of-fit was again verified by the
Hosmer-Lemeshow test. All statistical tests were two-sided
using the 0.05 level of significance. Analyses were per-
formed using SAS (Version 6.11, Cary, NC).

RESULTS

A total of 285 subjects (Table 1) were enrolled at the three
study sites: 1) the colonias (n � 105), 2) an urban border
community (McAllen, Texas) (n � 65), and 3) an urban non-
border community (San Antonio, Texas) (n � 115). Hispan-
ics predominated in all 3 groups (89.2% overall). These
groups differed with respect to mean age of child and moth-
er, socioeconomic status, average size of the households,

school attendance, water supply, sanitary facilities, history
of breastfeeding, and contact with farm animals.

Prevalence of C. parvum. IgG or IgA anti-cryptosporidial
antibodies were detected in 196 (70.2%) of children overall
(Table 2). Antibody prevalence was higher in children living
in colonias (93 of 105; 88.6%) and the urban border com-
munity (53 of 65; 81.5%) compared to children living in San
Antonio (50 of 109; 45.9%) (P � 0.05). An age-related in-
crease in antibody prevalence was observed for patients
from the colonias and San Antonio, but not for those residing
in the urban border community (Figure 1). The lower sample
size and higher prevalence observed for children aged 0–4
years from the urban border community likely precluded a
similar statistically significant trend in this cohort.

Risk factors for C. parvum infection. Multiple plausible
risk factors for C. parvum infection were examined first by
univariate logistic regression analysis, and then by stepwise
multiple logistic regression, to reduce the effects of socio-
demographic differences in the populations (Table 3). Ini-
tially, subjects from all 3 sites were included. Variables
found to be significant in the univariate analysis included
residence in a colonia or urban border community, older age,
lower household income, less secondary maternal education,
school attendance, increased size of household, increased
number of cities of residence, and exposure to farm animals.
Stepwise logistic regression of the entire cohort identified
three independent risk factors for C. parvum infection: res-
idence in a colonia, residence in the urban border commu-
nity, and older age in the child. There were too few instances
of use of pit toilets/outhouses (8/285) or day care attendance
of the child (15/285) to determine the independent risk of
these factors.

Because of the strong independent risk for children living
in colonias, as well as their unique living environment, chil-
dren from colonias were examined separately for risk factors
for C. parvum infection. By univariate analysis, only in-
creased age and lower household income were associated
with infection in these children. However, multivariate anal-
ysis identified three factors independently associated with
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TABLE 4
Seroprevalence of Cryptosporidium parvum in persons from various countries*

Country Description of population
% Prevalence (no. positive/

no. tested)

Australia17 Healthy children and adolescents (age 0–16 yr)
Healthy adults

10.3 (38/369)
7.6 (6/79)

Brazil13

China13
Random children (age 0–4 yr) in rural village
Random children in 3 rural villages

Age 0–4 yr
Age 5–7 yr
Age 8–16 yr

Random adults in 3 rural villages

75 (30/40)
49.5 (302/610)
32.0 (184/225)
54.4 (74/136)
62.6 (156/249)
50.0 (18/36)

France18

Germany19
Healthy adults
Healthy children, adolescents, and adults

Age 0–5 yr
Age 6–15 yr
Age � 16 yr

64 (ND)
15.5 (71/458)
17.8 (15/84)
11.5 (14/122)
16.7 (42/252)

Papua New Guinea17

Peru16
Healthy children, age 0–7 yr
Random population

Age 0–9 yr
Age 10–19 yr
Age � 20 yr

16.1 (38/205)
64.0 (249/389)
62.1 (159/256)
64.0 (32/50)
69.9 (58/83)

Romania6

Scotland20

Thailand21

United States22

United States15

Hospitalized or institutionalized children, age 12–52 months†
Blood donors
Healthy infants and children, age 1–61 months
Healthy hospital workers
Adult volunteers

72.8 (67/92)
85.7 (18/21)
89.5 (17/19)
16.6 (3/18)
35.0 (7/20)

United States23

United States24

United States24

United States13

Peace Corps volunteers‡
Dairy farmers
Nondairy farmers
Hospitalized children

32.0 (24/75)
44.3 (31/70)
24.0 (12/50)
12.8 (ND)

United States7 Healthy children, adolescents, and adults
Age 0–4 yr
Age 5–13 yr
Age 14–21 yr

31.1 (250/803)
13.0 (49/378)
37.8 (86/228)
58.4 (115/197)

United States25

Venezuela16
Blood donors
Random children

Age 0–3 yr
Age 4–6 yr

15.5 (59/380)
64.3 (54/84)
61.5 (32/52)
68.8 (22/32)

* ND � no data; yr � Age in years.
† 79% were HIV-1 infected.
‡ Before international travel.

cryptosporidial infection: consumption of municipal water
(OR 10.1, 95% CI 1.10–92.8), increased age of the child
(OR 1.29, 95% CI 1.05–1.58), and lower annual household
income (OR 2.13, 95% CI 1.22–3.70).

DISCUSSION

Cryptosporidiosis is recognized as a major emerging in-
fection in the United States.9 Human and several mammalian
species can be infected with C. parvum transmitted by the
fecal-oral route. Outbreaks have been described as a result
of transmission in day care centers, swimming pools, public
water supplies, and other water sources.10

Previous epidemiologic studies of C. parvum have typi-
cally utilized pathogen detection in feces as a marker of
acute infection. In numerous studies, C. parvum was more
commonly found in feces of diarrheal patients from poorly
developed countries compared to the U.S. and Europe.10 Al-
though detection of anticryptosporidial antibodies in serum
indicates past (not active) infection, this method is useful for
epidemiologic studies. A higher prevalence of cryptospori-
dial infection in developing countries has been established
using serologic methods similar to those used in the current
study.10

The present study was stimulated by an interest in health
concerns of the large population living along the Texas-Mex-
ico border. Numerous other diseases attributable to environ-
mental contamination occur more commonly in this re-
gion.11,12 However, no information exists regarding infection
with C. parvum. Cryptosporidium parvum infection in chil-
dren residing in colonias is of particular interest because
these communities are populated by families of lower socio-
economic status, and typically have a substandard water sup-
ply and limited sanitation facilities.

An age-related increase in C. parvum seroprevalence was
observed for children living in colonias and San Antonio
(Figure 1). In San Antonio children, C. parvum seropreva-
lence increased from 25% at ages 0–4, to 58% (ages 5–8)
and 70% (age 9–13). Children ages 0–4 in colonias had a
seroprevalence of 82%, which increased to 85% by ages 5–
8, and 97% by ages 9–13. Age-related increases of crypto-
sporidiosis have been previously reported for children living
in other areas (Table 4).

Three independent factors were found to be associated
with C. parvum infection in children residing in colonias:
1) consumption of municipal water; 2) older age; and 3)
lower household income. Older age and lower household
income (a measurement of socioeconomic status) are es-
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tablished risk factors for C. parvum infection,13 as well as
other infections spread through fecal-oral contact.12 The
independent risk of consumption of municipal water in-
dicates that the municipal water sources within these co-
lonias were intermittently or regularly contaminated with
C. parvum. The age-associated increase indicates that this
was not the result of a recent outbreak, but due to in-
creased cumulative risk with advanced age. However, we
cannot identify specific contaminated municipal water
sources since detection of antibodies to C. parvum only
documents past infection with this organism. Therefore,
all sources of drinking water since birth could be potential
sources for acquisition of C. parvum. Large outbreaks of
cryptosporidiosis attributable to contaminated municipal
water supplies have been documented in other regions of
the United States.14,15

These data indicate that the prevalence of infection with
the intestinal parasite C. parvum is very high among chil-
dren living in colonias (89%) and urban communities
(82%) along the Texas-Mexico border and is comparable
to the prevalence observed in developing countries such as
Brazil13 and Venezuela16 (Table 4). Infection within colon-
ias was associated with previously described factors (older
age and lower household income) as well as consumption
of municipal water. The high prevalence of C. parvum in-
fection is likely a sentinel for higher prevalence of other
waterborne infections as well. Characterization of C. par-
vum infection in the colonias might be useful to investigate
the potential for other waterborne infections in these areas,
and to identify the specific risk factors of waterborne dis-
ease transmission. Ongoing public health measures should
continue to emphasize the importance of personal hygiene
as well as to provide and monitor the quality of drinking
water in these areas.
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