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SYNOPSIS

Objective. A higher incidence of infectious disease has been documented in

U.S. regions bordering Mexico compared with non-border areas. We assessed the
prevalence of important gastrointestinal infections in Ciudad Juarez, Mexico, and
El Paso, Texas, the largest binational community along the U.S.-Mexico border.

Methods. Fecal specimens from a sample of the asymptomatic population
representing all ages were tested for Helicobacter pylori (H. pylori), Cryp-
tosporidium spp., Giardia spp., and other intestinal parasitic pathogens using
flotation, immunoassays, and/or polymerase chain reaction. We also measured
indicators of microbiological contamination of drinking water, hands of food
preparers, and kitchen surfaces.

Results. Overall, of the 386 participants, H. pylori was present in 38.2%, Taenia
spp. in 3.3%, Giardia spp. in 2.7%, Cryptosporidium spp. in 1.9%, Entamoeba
dispar in 1.3%, and Ascaris lumbricoides and Necator americanus in 0.3% of
the study subjects; Cyclospora spp. and Entamoeba histolytica were not found.
H. pylori infection was associated with handwashing (prevalence ratio [PR] =
1.3, 95% confidence interval [CI] 1.0, 1.8). Taenia spp. was found more often
on the U.S. side (PR=8.6, 95% CI 2.3, 30.8). We did not find an association
between these infections and the occurrence of total coliforms or fecal coli-
forms on kitchen surfaces. In addition, Escherichia coli was not found in any
drinking water sample.

Conclusion. The study results indicated that H. pylori and Taenia spp. infec-
tions may be highly prevalent along the U.S.-Mexico border. Additional
research is necessary to adequately characterize the prevalence, as well as
determine whether interventions that reduce these infections are warranted.
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Gastrointestinal (GI) infectious diseases are prevalent in
economically developing countries including Mexico,
and, thus, these infections are thought to overflow into
regions of the United States that border Mexico. For
example, in the 1990s, an excess of certain reportable
infectious diseases—saliently hepatitis A, shigellosis,
and botulism—was reported in U.S. counties border-
ing Mexico, suggesting that improvements in the water
and sanitation infrastructure were needed.! Previous
studies in communities of Ciudad Juarez, Chihuahua,
Mexico, lacking municipal sanitation or piped water to
their homes found Giardiain 82% and Cryptosporidium
in 70% of samples taken from the biosolid waste in
composting toilets.? One such border area is El Paso,
Texas, and Ciudad Juarez. These cities are separated by
the Rio Grande River and form a single metropolitan
area with a combined population of approximately two
million. Large numbers of this multicultural popula-
tion actively move back and forth across the border.
In 2007, 10 million cars and 12.2 million pedestrians
crossed the border through the bridges of the El Paso/
Ciudad Juarez area.

Helicobacter pylori (H. pylori) infection causes gastritis,
peptic ulcer, atrophic gastritis, iron deficiency anemia,
and gastric malignancy.® This mostly asymptomatic
infection is more common among minority groups
including Hispanics in the U.S., who, in turn, also
experience a twofold increased incidence of non-cardia
adenocarcinoma of the stomach.*

Our study assessed the prevalence of selected enteric
parasitic pathogens and H. pylori in this binational
population, and addressed the role of domestic sanita-
tion, including microbiologically safe water and foods,
sanitary disposal, and hygienic behavior. We previously
reported findings from this research focusing exclu-
sively on the prevalence of Taenia spp.;® this article
includes all of the pathogens addressed in the study.

METHODS

Study design and population

We conducted a cross-sectional study based on data
collected from a sampling survey. The study included
a sample of individuals of all ages, both male and
female, to represent the target of the noninstitution-
alized population of Ciudad Juarez and El Paso. We
selected the sample by means of a two-stage cluster self-
weighted design. In the first stage, a systematic random
sample of census blocks was selected with probability
proportional to size (i.e., 20 Areas Geograficas Estadis-
ticas Basicas [AGEBs] in Ciudad Juarez and 20 census
tracts in El Paso), using the most complete sampling
frame of geo-referenced information by census tracts

(AGEBs for Ciudad Juarez and from the U.S. Census
Bureau for El Paso). One block was selected within
each of the 40 primary sampling units using simple
random sampling from all blocks mapped on available
maps. In selected blocks, all households were listed,
and a sample of households was subsequently selected
using systematic random sampling. All the data and
specimens were collected from July through September
2004. The sampling design ensured a representative
sample across both cities and representing all socio-
economic strata.

Institutional Review Board approval and consent

We obtained approval from the Institutional Review
Board at the University of Texas Health Science Cen-
ter. Within selected households, all eligible individuals
were invited to participate in the study. Field personnel
visited the selected blocks one or two days in advance
of the actual visit and left a leaflet to introduce the
study. In a subsequent visit, signed informed consent
and parental consent/child assent were obtained.

Interviews

All interviews were conducted in English or Spanish
depending on the preference of the interviewee. Care-
takers of children younger than 18 years of age—or the
meal preparer(s) if no child lived in the household—
were interviewed using a structured questionnaire. The
questionnaire addressed history of recent illnesses,
dwelling characteristics, socioeconomic factors such as
income and education, hygienic practices, and travel
frequency to the other side of the U.S.-Mexico border.
Specifically, we asked questions about handwashing in
scale form, such as, “How often would you say you wash
your hands with soap after using the toilet?”, and read
aloud the answer options, such as “always, most times,
sometimes, seldom, or never.”

Kitchen surfaces, hand, and

drinking water contamination

We took environmental samples from 135 households:
52 in El Paso and 83 in Ciudad Juarez, as described
elsewhere.* Briefly, different surfaces throughout the
kitchen as well as the hands of the person who was the
head of the household were sampled, and total and
fecal coliforms were enumerated. We also enumerated
total coliforms and Escherichia coli (E. coli) in drinking
water samples.

Infection status

A sample of at least 5 grams of recently eliminated
morning stool was requested from each household
member. Study staff picked up containers of stool
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samples collected by participants and transported
them to the study lab at 4°C. Fecal specimens were
aliquoted, and fresh specimens were examined for
helminths and frozen for subsequent parasitologic and
immunodiagnostic testing.

Methods used to assess the prevalence of helm-
inths (specifically Taenia spp.) have been previously
described.? Briefly, we used microscopy after centrifugal
fecal flotation (Sheather’s sugar solution) to isolate
helminth eggs and larvae. We measured 7aenia infec-
tion using a copro-antigens enzyme-linked immuno-
sorbent assay test previously developed and validated.’
We assessed H. pylori infection status using a native
catalase antigen test described elsewhere.® Testing for
Cryptosporidium spp. oocysts and Giardia spp. cysts was
done with a direct immunofluorescence assay (Merif-
luor kit, Meridian Diagnostics, Inc., Cincinnati, Ohio).
Concentrated samples were used to look for unspo-
rulated Cyclospora spp. oocysts using the ultraviolet
epifluorescent illumination method. Frozen specimens
were analyzed for Entamoeba histolytica (E. histolytica)
and Entamoeba dispar (E. dispar) using a polymerase
chain reaction test described previously.”

Data analysis

The data collected were double-entered using a
front-end application developed in Epi Info™ and
subsequently merged and analyzed using SAS® ver-
sion 9.1 and SUDAAN® software.’!® The infection
status for each pathogen was the outcome variable,
and the prevalence figures were estimated taking into
account the sampling weights and the cluster design
in SUDAAN. We explored the relation between infec-
tion with these pathogens and measures of microbial
contamination of kitchen surfaces, hands, and water;
self-reported frequency of handwashing; age and gen-
der; place of birth; educational attainment of the head
of household; and the number of people per bedroom.
We used comparison of means and linear regression
techniques to assess the relationship between indicators
of contamination in households and the prevalence
of infections. We also assessed the relationship using

two-by-two tables and stratified analyses followed by
negative binomial logistic regression analyses.

RESULTS

A total of 280 households were visited; in five instances
(1.8%), individuals in a household refused to partici-
pate, and in 76 households (27.1%), no one was home
after three visits. Of the 199 consenting households,
104 were in El Paso and 95 were in Ciudad Juarez. A
total of 746 enumerated individuals participated, with
386 (51.7%) of them providing fecal samples; the final
response rate was 36.7% (Table 1). Those from whom
fecal samples were collected were more likely to be
older ($<<0.05) and residents of Mexico, and Mexican
respondents were 50.0% more likely to provide fecal
samples than their U.S. counterparts (prevalence ratio
[PR] = 1.5, 95% confidence interval [CI] 1.3, 1.6;
$<0.001). The age-gender distribution of the study
populations resembled that of El Paso and Ciudad
Juarez, as portrayed by the U.S. and Mexican Census
data.'"'? The mean number of people per household
was greater in Ciudad Juarez (5.0) than in El Paso (2.6),
which was only slightly different from the mean number
of household members according to the Census data
(i.e., 4.6 and 3.2, respectively). However, the study
population had a lower income and education level
than the overall population in both cities.'"!?

Prevalence of pathogens

As shown in Table 2, H. pylori was the most common
pathogen identified (38.2%) followed by Taenia spp.
(3.3%), Giardia spp. (2.7%), Cryptosporidium spp.
(1.9%), E. dispar (1.3%), and Ascaris lumbricoides
(A. lumbricoides) and Necator americanus (N. americanus)
(both 0.3%). We found no Cyclosporaspp. or E. histolytica
in the stool samples examined. Only six individuals
reported diarrhea in the previous week, all of them
from a single family in Ciudad Juarez; however, they
did not have diarrhea at the time of the visit. The
number of specimens examined for each pathogen
varied, as aliquots from specimens provided by some

Table 1. Number of households and subjects selected and participating in a study of
gastrointestinal infections in El Paso, Texas, and Ciudad Juarez, Mexico, 2004

Number of Number of people
participating Number of providing samples Percent response
Selected households (percent) people in the (percent) (column 3 X
Site households (column 3) households (column 5) column 5)
El Paso 142 104 (73.2) 266 95 (35.7) 26.1
Ciudad Juarez 138 95 (68.8) 480 291 (60.6) 417
Total 280 199 (71.1) 746 386 (51.7) 36.7
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Table 2. Prevalence of pathogens examined in a study of gastrointestinal infections

in El Paso, Texas, and Ciudad Juarez, Mexico, 2004

Number of people infected/ Weighted
Pathogen number of people examined percent SE (95% CIy
Helicobacter pylori 110/288 38.2 3.7 (32.7, 45.4)
Taenia spp. 12/365 3.3 2.0 (1.3, 7.3)
Giardia spp. 10/376 2.7 2.0 (1.0, 6.4)
Cryptosporidium spp. 7/376 1.9 1.7 (NC, 5.3)
Entamoeba dispar 5/377 1.3 1.7 (NC, 4.6)
Ascaris lumbricoides 1/388 0.3 1.3 (NC, 2.8)
Necator americanus 1/388 0.3 1.3 (NC, 2.8)

3Variance estimates obtained using complex survey estimators available in SUDAAN® (Research Triangle Institute. SUDAAN®: Version 9.0.

Research Triangle Park [NC]: Research Triangle Institute; 2008.)
SE = standard error
Cl = confidence interval

NC = not calculable

participants could not be prepared; this particularly
affected the specimens sent for H. pylori testing. In 10
specimens, co-infection was observed, nine of them
involving H. pylori. Cryptosporidium spp. concomitant
with Giardia spp. were found in one other person
harboring two pathogens.

Risk factors

We found enough informative events (i.e., =10) for
H. pylori, Taenia spp., and Giardia spp. to be compared
by side of the border (Table 2). We found no differ-
ence in the prevalence of H. pylori and Giardia spp.
infection between the two sides of the U.S.-Mexico
border. All samples testing positive for Cryptosporidium
spp., L. dispar, A. lumbricoides, and N. americanus were
collected among residents of Ciudad Juarez, but there
were too few observations to draw any conclusion. On
the other hand, the prevalence of Taenia spp. infection
was higher on the El Paso side of the border: 9.7%
(or 9/93) (95% CI 3.7, 15.1) compared with 1.1%
(or 3/280) (95% CI 0.6, 3.8) in Ciudad Juarez, a dif-
ference that reached statistical significance (p<<0.05).
According to the PR of taeniasis observed in the two
cities, individuals living in El Paso appeared to be 8.6-
fold (95% CI 2.3, 30.8) more likely to be positive for
taeniasis than those living in neighboring Juarez.

We did not find differences in the levels of domestic
contamination on kitchen surfaces, flora of the hands
of meal preparers, or drinking water between El Paso
and Ciudad Juarez.* There was more crowding (i.e., two
or more people per room) in the households in the
study in Ciudad Juarez (70%) compared with El Paso
(45%), but hygienic practices, access to piped running
water, sewage, and a working refrigerator were present

in 100% of the households included in this random
sample on both sides of the border.

As shown in Table 3, the prevalence of H. pylori
infection increased significantly with age. H. pylori
prevalence was inversely related to education level
but was not associated with the prevalence of fecal
contamination of the hands of food preparers. H. pylori
prevalence increased with crowding (defined as three
or more people per bedroom), with a household
income level lower than the median, and with not
always washing hands after using the toilet. However,
once age and socioeconomic status (as measured by
educational attainment) were entered in stratified
or multivariate analysis, these effects disappeared. In
addition, people living in households where the infor-
mant reportedly did not wash his or her hands all the
time with soap after using the toilet had an increased
prevalence of H. pylori infection. Furthermore, using
unweighted analyses, we did not find significant dif-
ferences between the presence of total and fecal coli-
forms on the different surfaces and the presence of
H. pylori in the household either at the individual or
household level.

DISCUSSION

To our knowledge, this is the first study describing the
prevalence of infections in a representative sample of
the largest urban metropolitan area of the U.S.-Mexico
border. We found that H. pylori infection is highly
prevalent in this population, at levels comparable
with those reported among the Mexico-born U.S.
population.”” However, the prevalence of Taenia spp.
among U.S. immigrants from Mexico underscores the
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appropriateness of a call for action on the emerging
nature of neurocysticercosis in the U.S."* Moreover, our
study further characterizes that Mexican Americans
(and particularly immigrants from Mexico, who largely
populate the U.S.-Mexico border) tend to be a high-risk
group for infection with H. pylori and Taenia spp.

Our previous study® evaluating the use of urine-
diverting latrines in Ciudad Juarez had found Giardia
and Cryptosporidiumin 82.0% and 70.0% of the samples,
respectively, while the present study found them at
2.7% and 1.9%, respectively. However, in the earlier
study? the samples of biosolid waste were obtained from
the urine-diverting toilets rather than from identifi-
able individuals in a representative population-based
sample.

Our findings on the prevalence of intestinal parasites
are very different from those reported in children in
U.S. areas along the border with Mexico.'"'® The dif-
ferences could be real or could reflect differences in
the populations studied (facility-based vs. population-
based) and in the sampling methodologies and organ-
isms ascertained. It can be argued that the sustained

development of the infrastructure in water supply and
sanitation associated with the economic boom of the
maquiladoraindustry in Ciudad Juarez could be respon-
sible for the low prevalence of infections. In addition,
the region is in the middle of the large Chihuahuan
Desert, and the dry, sandy soil provides an adverse
environment for the survival of geo-helminths.

The findings on the prevalence of Giardiaspp. (4%)
and Cryptosporidium spp. (1% to 3%) are consistent with
the reported frequency of infection with these parasites
in the U.S. On the other hand, we found that 38% of
the study population was infected with H. pylori, which
was the most prevalent infection of the GI tract in
this population. The status of H. pylori infection does
not mean that the individual has precancer lesions;
however, it seems from volunteer studies that most
infected people develop a so-called H. pylori gastritis
with intense polymorphonuclear cell infiltration and
interleukin-8 induction in gastric mucosa even in the
absence of infections with cagA gene strains.'? Given
that infections with most of the pathogens studied—
such as Cryptosporidium and Giardia—typically last no

Table 3. Risk factors for Helicobacter pylori infection in El Paso, Texas, and Ciudad Juarez, Mexico, 2004

Risk factor Infected Uninfected Crude PR 95% ClI Adjusted PR 95% ClI
Age (in years)
0-7 4 53 1 Referent 1 Referent
8-19 15 43 3.7 (1.3, 10.4) 2.5 (1.1, 5.6)
20-34 27 26 7.3 (2.7, 9.4) 5.3 (2.5, 11.0)
35-49 36 25 8.4 (3.2, 22.1) 6.8 (3.2, 14.2)
=50 28 31 6.8 (2.5, 18.1) 4.5 (1.3, 9.5)
Gender
Male 50 85 0.9 (0.7, 1.3)
Female 60 93 1 Referent
Education
<High school 88 131 1.3 (0.9, 1.8) 1.9 (1.3, 2.7)
=High school 22 47 1.0 Referent Referent
Residence
Mexico 82 133 1.0 (0.7, 1.4)
u.s. 28 45 1 Referent
Income
Below median 63 88 1.3 (0.9, 1.8)
Above median 47 90 1 Referent
Number of people per room
=3 79 111 1.4 (1.0, 1.9)
<3 29 67 1 Referent
Handwashing
Not always 23 22 1.4 (1.0, 2.0) 1.3 (1.0, 1.8)
Always 87 156 Referent 1 Referent
Fecal coliform count on hands
>0 32 17 1.1 (0.8, 1.3)
0 124 71 1 Referent

PR = prevalance ratio

Cl = confidence interval
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more than three months while the duration of H.
pylori infections tends to be lifelong, we cannot draw
conclusions as to the incidence of infection with each
pathogen.

When comparing infection prevalence on either
side of the border, our study findings suggested that
the prevalence of Taenia spp. was significantly higher
on the U.S. side of this study population, probably
due to the use of mass deworming campaigns among
schoolchildren in Mexico that have proved success-
ful.’® This intervention, as well as the dry and urban
setting that ensures safe drinking water and sanitation
to almost 100% of the population, could also explain
the relatively low prevalence of helminths.

Limitations

Some of the limitations of our study are worth dis-
cussing, including the relatively low response of 51%
submission of fecal samples. However, it should be
noted that we obtained the consent and interview
from the household head, whereas other members of
the household may have been less inclined to partici-
pate. Surveys using only interviews on average obtain
response rates of 70% to 85%;* one study of migrant
farm workers obtained a 50% response rate for fecal
specimens.?!

Second, the study lacked the statistical power to
detect increased PRs >3.5 for Cryptosporidium spp.,
Giardia spp., E. dispar, A. lumbricoides, N. americanus,
and Cyclospora spp. We failed to find an association
between the prevalence of H. pylori infection and the
occurrence of domestic fecal contamination, which
could be due to limited microbiological sampling. It is
also possible that participants disinfected their kitchens
in anticipation of the visits.

We did not collect specific data on individuals who
live/work in both cities (i.e., commute or have family
members on the other side of the border). Border
crossing in 2004 between these two cities was extensive,
according to our data:® 52% of residents in Ciudad
Juarez and and 48% of residents in El Paso crossed the
border at least once a month. One-third of residents
of Ciudad Juarez reported never crossing to El Paso,
and almost one-fifth of residents of El Paso said they
never visited Ciudad Juarez. Our study did not find any
association between these patterns and the prevalence
of any of the infections examined (data not shown).

Handwashing was associated with the prevalence of
fecal coliforms on the hands of meal preparers in the
study population,* giving support to the importance
of within-household H. pylor: transmission via the
fecal-oral route. Other cross-sectional studies have
documented such evidence of self-reported hygienic

behaviors and prevalence of H. pylori infection,*
which is consistent with transmission—at least most
times—through the oralfecal route. The protective
effect of handwashing on the prevalence of H. pylori
infection in this population is noteworthy, as a large
binational health education campaign has been in
place, the “Handwashing Viva Las Manos” campaign,
which received more than $3.2 million from the Paso
del Norte Health Foundation. Our data suggest that
these types of programs need continuing support, as
almost one-sixth of the population reported that they
do not always wash hands after using the toilet.

CONCLUSION

In this population-based binational probabilistic survey,
we found that H. pylori and Taenia spp. were the most
prevalent infections of the GI tract in El Paso and
Ciudad Juarez. Of great concern was our finding of a
large prevalence of Taenia spp., as it could represent
evidence of autochthonous transmission of Taenia
solium and increased risk of neurocysticercosis. We did
not find an association between the occurrence of fecal
contamination of kitchen surfaces, drinking water, and
hands of food preparers; however, the prevalence of H.
pylori infection was related to self-reported frequency
of handwashing.
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