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Introduction
Migrant farmworkers work and live

in substandard hygienic conditions,1-4 of-
ten in areas of the United States formerly
hyperendemic for hookworm and other
intestinal parasites. Immigrants from de-
veloping regions often enter farmwork, in-
creasing the potential for transmission of
parasites. Discussions of the health of
farmworkers usually cite intestinal para-
sites as a major problem."4'5 However,
previous research has focused on chil-
dren, a small minority of the population,
and made little attempt to quantify trans-
mission and risk factors or to describe as-
sociated morbidity.2'3 We report the re-
sults of a three-part study of intestinal
parasites among farmworkers in North
Carolina, conducted in 1987 and 1988.

Methods
The 1987 prevalence study used a

convenience sample of migrant camps in
eastern North Carolina, including a rep-
resentative range of camp condition and
size. All individuals living in selected
camps were eligible subjects. In 1988 a
clustered random sample was obtained by
selecting a 10% probability sample from a
pooled list of camps. Because of high non-
response rates, US-born Blacks were ex-
cluded from the 1988 sample. Our 1988
longitudinal study included all subjects re-
located from the 1987 prevalence study.

After obtaining informed consent, we
used pretested, verbally administered
questionnaires in English, Spanish, or
Haitian Creole to obtain data on demo-
graphic, health, and occupational vari-
ables. Parents supplied information for
children less than 16 years old.

Subjects were given transport kits
containing poly-vinyl alcohol and 10% for-

malin (Trend Scientific, St. Paul, Minn.).
After our formalin ethyl-acetate concen-
tration (CON-Trate System, Trend) of the
samples, we employed Lugol's iodine and
Tri-Chrome stain (Trend) in our micro-
scopic examination. We used Direct Flu-
orescent Antibody tests (Meridian Diag-
nostics, Inc., Cincinnati, Ohio) to screen
for Cryptosporidium, with acid fast dime-
thyl-sulfoxide stain (Trend) for confirma-
tion. Water from camps in the 1988 prev-
alence and incidence studies was tested
for total and fecal coliforms (membrane
filtration method) using standard meth-
ods.6

Our statistical analysis was per-
formed with SAS and consisted of y2 tests,
Fisher's Exact Tests, t tests, and logistic
regression. The 95% confidence intervals
(CI) are not test based.

Results

1987 and 1988 Cross-sectional
Studies

In 1987, 265 subjects in 24 camps in
three counties participated; 54% of sub-
jects provided one stool sample, 39% pro-
vided two, and 7% provided three. Non-
response was 5% among Haitians, 15%
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among Central Americans, 35% among
Mexicans, and 55% among US-born
Blacks. The 1988 random sample included
181 subjects from 20 camps in four coun-
ties; 47% provided two samples, and 53%
one. The 1988 nonresponse was similar to
1987, but higher among Central Ameri-
cans (50%).

Most subjects in 1988 were young
adult males from rural backgrounds with
little education (Table 1). Demographics
of the 1987 convenience sample were sim-
ilar, except that US-born Blacks were in-
cluded. Parasite prevalence was high in
both years and usually varied little be-
tween years (Table 2). In 1987, 52% of all
subjects were positive vs 58% in 1988.
Most infections were with pathogens (de-
fined in Table 2). In 1987 hookworm was
the most prevalent pathogen among the
foreign born, with a prevalence of 58%
among Central Americans (28% in 1988)
and 20% (24% in 1988) among Haitians
(Table 2). The 1988 pathogen prevalence
among both Haitians and Central Ameri-
cans was significantly greater than among
Mexicans (P = .023, relative risk
(RR) = 2.7, 95% CI 1.3, 5.6; and
P = .030, RR = 2.48, 95% CI 1.1, 5.7, x2
tests, respectively). One Central Ameri-
can subject had a Taenia infection.

In 1987, parasite prevalence was 28%
and pathogen prevalence was 14% among
the US born (50% of infected subjects
were Hispanic and 50% US-born Blacks).
The US-bom subjects' prevalence of Gi-
ardia exceeded that of the Haitian born
(RR = 7.2, 95% CI 1.0, 51, x2 test) and
Mexican born (RR = 3.6,95% CI .44, 29,
x2 test); their H. nana prevalence ex-
ceeded that ofthe Mexican born; and their
prevalence of E. histolytica and E. coli
was comparable to foreign-born subjects.
There was no significant difference in
pathogen prevalence between the US and
Mexican born (P = .120, X2 test).

In both years of the study, foreign-
born subjects' return visits to their coun-
tries of origin were not associated with
infection (P > .05, x2 tests). Measures of
previous exposure in country of origin
(age, sex, educational level, rural upbring-
ing, previous agricultural work) were not
associated with infection among foreign-
bom subjects in 1987 (P > .05, logistic
regression). Among subjects in the 1988
sample, rural upbringing and previous
farmwork were associated with all
classes of parasite except protozoa
(P < .05, logistic regression). Among
foreign-born subjects of both years,
grouped by birthplace, there were no dif-
ferences in years of US residence be-

tween infected and uninfected subjects
(P = .24-.81, t tests).

In 1987, prevalence of intestinal par-
asites in Haitian camps ranged from 22 to
70%, in Mexican camps 0 to 60%, and in
Black American camps 0 to 30%. This
variation was not associated with years in
the United States, age, gender, previous
risk factors, or condition of camps.

Many subjects reported workplace
conditions or behaviors with risk for in-
fection (Table 3), but these variables were
not associated with infection (P > .05, lo-
gistic regression). Among US-born chil-
dren, day-care attendance was not asso-
ciated with infection (P = .574, x2 test),
but infection was associated with children
accompanying parents to harvest fields
(P = .032, RR = 2.4, 95% CI 1.3, 4.6, X2
test).

Reported symptoms had many sig-
nificant associations with parasitic infec-
tions of different classes (Table 4). Symp-
toms were consistently associated with
pathogenic parasites but not with non-
pathogens (not shown).

The mean hematocrit of subjects (in
1988) with hookworm infectionwas 39.4%
and that of the uninfected was 43.0%o, a
significant difference (P = .02, t test). The
difference was most pronounced among
Hispanic subjects (uninfected = 43.3%,
infected = 37.1%, P = .02).

1988 Longiudinal Study
In 1988, 74 of265 subjects (28%)were

relocated in 11 camps, without nonre-
sponse. Seven subjects (9.5%) without ev-
idence of infection in 1987were infected in
1988 with G. lamblia, T. trichiura, or En-
tamoeba coiL Latrines rather than flush
toilets in camps were associated with in-
cidence (P = .008, RR = 13.1, Fisher's
Exact Test), as was the presence of coli-
forms in drinking water (P = .011,

RR = 7.6, Fisher's Exact Test). Total col-
iforms were demonstrated in 44% and fe-
cal coliforms in 26% of 27 camps (results
published separately7).

Discussion
This study provides the first esti-

mates of parasite prevalence among adult
farmworkers, the first population-based
estimates, and limited data on risk factors
for infection. The results indicate that in-
testinal parasitism is a public health prob-
lem among farmworkers. The predomi-
nance of hookworm infection-which
exceeded that of earlier studies by 6 to 20
times-is especially significant because
of its pathogenic potential. However, the
results also demonstrate the difficulties in
applying standard epidemiologic meth-
ods to the study of migrant health. Lo-
gistical problems are partly responsible:
one example is the more than 30 000
miles driven by field workers in the two
years of study.

The estimates of prevalence are sub-
stantially higher than previous studies.2-3
Although prevalence may vary among
sub-populations and geographically, a
population-based sampling design should
provide more valid estimates. However,
the majority of subjects were obtained by
convenience sampling, and efforts to
achieve representativeness can never
avoid bias. The often close agreement in
prevalence between years may suggest
that the 1987 sample is reasonably repre-
sentative. Nonresponse in field studies of
intestinal parasites is always a problem,
and the relatively high rate among some
groups limits the certainty of these esti-
mates. Nonresponse was lowest among
the high-prevalence groups, which would
tend to overestimate prevalence. Other
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factors (such as often obtaining only one
stool sample) tend towards underestima-
tion.

Transmission of parasites in the mi-
grant population is indicated by several
results:

1. The parasite prevalence of 28%
among US-born subjects in 1987. Al-
though the source of infection can-

notbe determinedwith confidence in
a cross-sectional study, it is a rea-
sonable assumption that most infec-
tions among the US born were ac-
quired in farmwork, especially
because most children had lived in
this environment their entire lives.

2. The absence of a significant differ-
ence between the prevalence of
pathogenic parasites among the US

andMexicanbom in the 1987 sample.
3. The prevalence of several parasite

species among the US-born subjects
that equaled or exceeded that of the
foreign born.

4. The absence of any difference in
years of US residence between in-
fected and uninfected subjects. Para-
site prevalence among nonfarm-
worker immigrants to the United
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States decreases with increasing
years of US residence.8

5. The annual incidence rate of 9.5%.

Use of a control group could have
demonstrated more conclusively that the
prevalence among US-born farmworkers
exceeds the nonmigrant population. How-
ever, only longitudinal study can prove that
infections are acquired in farmwork. Iden-
tification of a suitable control group would
be difficult; in North Carolina there is no
demographically similar group of working
adults with such a low socioeconomic sta-
tus. Future studies should employ one if
conducted in Florida or California, where
demographics make construction of a con-
trol group more feasible.

A cross-sectional design limits as-
sessment of risk factors. Permission to di-
rectly inspect workplace conditions was
denied; subjects reported conditions for
the month prior to study, but working con-
ditions may change weekly or daily. A
sample size several times larger than de-
scribed here would be needed to demon-
strate an association between infection
and risk factors cross-sectionally. Never-
theless, the potential for transmission is
evident in the lack of field sanitation and
other workplace conditions. The associa-
tion between infection and children ac-
companying parents to the fields indicates
occupational risk.

Obstacles to conducting longitudinal
study are also substantial, given the tran-
sience of farmworkers. The incidence rate
of9.5% reported here is the first attempt to
quantify transmission. However, prob-
lems include the small sample size (74 sub-
jects) and the possibility of false negatives
in 1987. The associations between infec-
tions counted as incidence and camp con-
ditions such as latrines and coliforms in
drinking water support the classification

of these as new infections. However, be-
cause all three incident parasites (especial-
ly Trichuns) can be transmitted via non-
water routes, the importance ofwater as a
means of transmission remains undefined.

The clinical significance of intestinal
parasitism among farmworkers has been
inconclusively addressed in previous
studies. In this study, hematocrits and re-
ported symptoms indicate that parasitism
causes morbidity among farmworkers, al-
though many infections may be asymp-
tomatic. Although only one Taenia infec-
tion was demonstrated, it suggests the
possible spread of cysticercosis among
farmworkers. The seroprevalence of cys-
ticercosis was 10% in a random sample of
NC farmworkers.9

Descriptions of the health of farm-
workers usually cite intestinal parasites as
a paramount problem. Yet no one would
maintain that parasitic infections are of
greater significance than hypertension, di-
abetes, or the human immunodeficiency
virus. The shock value of parasites is ob-
viously one reason for this emphasis. But
it is also true that parasitic infections are a
sentinel health event. Their transmission
indicates that working and living condi-
tions place workers at risk for a variety of
other enteric infectious diseases-both
bacterial and viral-transmitted in a sim-
ilar fashion. Farmworkers have rates of
diarrhea 20 times that of the urban poor,4
and such pathogens must contribute to
this disparity.

We conclude that there is good evi-
dence for the transmission of intestinal
parasites within the conditions of migrant
farmwork, and that infection with para-
sites is associated with some degree of
morbidity. Workplace conditions present
clear potential sources of infection. Farm-
workers and their families are obviously at
greatest risk. However, parasitic ova and

cysts remain viable for long periods of
time on produce,10-12 creating some risk
for the general public. In 1991 a North
Carolina man who lived on a family farm
employing migrant farmworkers (from ar-
eas endemic for cysticercosis) was diag-
nosed as having cerebral cysticercosis, a
potentially fatal disease. 3 This infection
was almost certainly acquired from the
farm's employees. On the basis of the re-
sults of this study, we make the following
recommendations:

* Enforce more strictly the regula-
tions concerning field sanitation and hy-
giene.

* Replace latrines in migrant camps
with flush toilets.

* Improve the surveillance of the mi-
crobiologic quality ofdrinkingwater in mi-
grant camps.

* Routinely include intestinal para-
sitism on differential diagnoses of gastro-
intestinal complaints of all groups of farm-
workers, including US-bom blacks.

* Routinely screen high-risk patients
such as Haitians and Central Americans
for intestinal parasites, even when they
are presenting other complaints: treat-
ment of asymptomatic individuals can
have an important public health func-
tion. O
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