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Abstract. The present study is a long-term panel survey of a population living in a previously identified Wuch-
ereria bancrofti–endemic area of Benin. Unexpectedly, a marked decrease in the prevalence of microfilaremia (from
9.4% to 0.48%; P , 0.001) occurred over a 10-year period in the absence of chemotherapy or vector control measures.
The percentage of patients with chronic pathology remained stable during the study period. The decrease in the
prevalence of parasitemia could not be explained by environmental or sociologic changes in the region, or by differ-
ences between the two study populations. These data suggest that the epidemiology of lymphatic filariasis in an
endemic region may change independently of recognized modulating factors.

The filarial parasite Wuchereria bancrofti is estimated to
infect more than 100 million individuals worldwide.1 It is
the predominant etiologic agent of lymphatic filariasis,
which is characterized by progressive debilitating swelling
of the extremities, scrotum, or breast (elephantiasis) in a sub-
set of infected individuals. Although aggressive vector con-
trol and mass chemotherapy programs have been successful
in eliminating the parasite from some geographically isolated
endemic foci, including Taiwan and South Korea,1 lymphatic
filariasis continues to cause significant morbidity in many
developing countries of the tropics and subtropics. Further-
more, models of global climate change predict extension of
the endemic areas of lymphatic filariasis during the next cen-
tury.2

Lymphatic filariasis has been targeted by the International
Task Force for Disease Eradication as one of six potentially
eradicable infectious diseases.3 Assessment of the relative
success of various control programs for lymphatic filariasis
is dependent not only on sensitive and specific tools for sur-
veillance of infection and transmission, but on an accurate
understanding of the natural history of infection in endemic
areas. However, since most studies of lymphatic filariasis
have been cross-sectional or complicated by chemotherapeu-
tic intervention,4, 5 little is known about the stability of trans-
mission in endemic areas over time.

The present study is a long-term follow-up survey of a
population living in a previously identified W. bancrofti–
endemic area of Benin in which neither chemotherapeutic
nor vector control interventions have been attempted. The
prevalence of filariasis, as determined by clinical and para-
sitologic criteria, was compared with the results of an epi-
demiologic study of this region performed 10 years earlier
(Kiki M, University of Benin, unpublished data). In addition,
environmental, behavioral, and sociologic factors that might
influence disease prevalence were investigated.

MATERIALS AND METHODS

Study area. The study was conducted in the endemic re-
gion of the Plateau of Adja (total population: 116,468 in
1983) in southwest Benin. This region encompasses the
communes of Bopa, Come, and Houeyogbe and is bordered
on the east by Lake Aherne. The altitude of the plateau is
approximately 90 meters above sea level. The climate is of

the subequatorial type with temperatures ranging between
278C and 318C and mean percentage relative humidity be-
tween 95% and 53% depending on the season. The mean
annual rainfall is approximately 1,000 mm. There were no
major aberrations in mean monthly temperature or rainfall
in the region between 1974 and 1994, and the mean annual
temperature and rainfall have not changed significantly dur-
ing this time (Carmichael G, Center for Global and Regional
Environmental Research, University of Iowa, unpublished
data). In this area, W. bancrofti is a nocturnally periodic
infection transmitted by Anopheles funestus and An. gam-
biae. Of note, no other human filarial pathogens have been
identified in this region.

Subjects. The initial epidemiologic study of 1,129 inhabi-
tants of the Plateau of Adja was conducted during June
through August 1983 (Kiki M, University of Benin, unpub-
lished data). Data from this study were reanalyzed using the
individual patient records. Because microfilariae were not de-
tected in the peripheral blood of any of the 564 individuals
from the cities of Bopa, Come, or Houeyogbe or of any chil-
dren less than 10 years of age, analysis of the 1983 study was
restricted to data from the 455 participants more than 10 years
of age from the rural villages of the communes of Akodeha,
Ouedeme, Possotome, and Se. The distribution of study sub-
jects by village in 1983 and 1994 is shown in Table 1.

Follow-up evaluation of 410 individuals from these same
rural villages was performed between October and Decem-
ber 1994. In each village, all volunteers more than 10 years
of age were recruited by local health care workers. Villagers
live in adobe huts which have no mosquito screens, elec-
tricity, or waste disposal systems. Daily activities include
maintenance of the home and fishing in the central lagoon.
These conditions are essentially unchanged from 10 years
ago. Individuals were assembled in the commune center at
night and the study was explained in French with translation
by local health care workers. Informed consent was obtained
from all participants. The study was reviewed and approved
by the Institutional Review Boards of the University Iowa
and the Faculty of Health Sciences at the University of Be-
nin.

Clinical and parasitologic evaluation. Clinical evalua-
tions were conducted in the villages at the commune center,
and included an extensive medical history, assessment of
vital signs, auscultation of the heart and chest, and evalua-
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TABLE 1
Characteristics of the study population

1984 1993

Median age, years (range)
Median exposure, years (range)
Gender (M/F)

33 (10–76)
31 (1–75)

257/198

50 (12–100)
45 (2–100)

232/178
Village (no. of subjects)

Akodéha
Ouédémé
Possotomé
Sè

182
134

90
49

174
56
72

108

FIGURE 1. Age (years) distribution of the two study populations.

tion of the skin, extremities, and lymph nodes. Male external
genitalia were examined for abnormalities of the testes, ep-
ididymis, and spermatic cords. Social considerations pre-
cluded examination of the female genitalia in most cases.
Participants answered questionnaires regarding age, length
of residence in the endemic area, occupation, ethnic group,
filarial status of family members, and previous treatment
with antifilarial agents.

In the 1983 study, microfilarial densities were calculated
using the saponin lysis method on 1 ml of blood drawn be-
tween 10:00 PM and 2:00 AM. Based on previous compari-
sons of the sensitivity of saponin lysis and the Nucleporey
filtration method (Nuclepore, Pleasantown, CA)6 for the de-
tection of Loa loa microfilariae, we elected to use the latter
method for the 1994 study. Briefly, 2 ml of anticoagulated
venous blood drawn between 10:00 PM and 2:00 AM were
filtered through a polycarbonate membrane (pore size 3 5
mm). The membranes were then placed on a microscope
slide, dried overnight, and stained with Diff-Quik stain (Bax-
ter Scientific Products, Deerfield, IL). When no microfilariae
were detected by filtration in the first group of 34 samples,
both saponin lysis and Nucleporey filtration were used to
analyze the second group of 36 samples. One microfilaremic
patient was identified by filtration and none by saponin lysis,
consistent with our previous experience with L. loa. Subse-
quent samples were analyzed by Nucleporey filtration alone.
Leukocyte counts were performed with a manual differential

for calculation of eosinophil levels and serum was obtained
for detection of circulating parasite antigen by capture ELI-
SA based on monoclonal antibody AD12.1 (performed by
Dr. Gary Weil, Washington University, St. Louis, MO).7

Statistical analysis. Because of differences in the preva-
lence of microfilaremia between villages in the 1983 study,
Cochran-Mantel-Haentszel analysis with stratification by vil-
lage was used to compare results from the 1983 and 1994
studies unless otherwise indicated. All computations were
carried out using JMP Statistics Made Visual software (SAS
Institute Inc., Cary, NC).

RESULTS

Although participants in both studies were recruited in a
similar fashion, the 1983 study population was significantly
younger (P , 0.001, by Mann-Whitney U test), with 30%
of individuals in the 10–20-year-old age group (Table 1 and
Figure 1). This age bias was also reflected in the duration
of residence in the endemic area, which was longer in the
1994 study population (Table 1). There was no difference in
gender distribution between the two studies (Table 1).

A total of 43 of 455 patients (9.4%) were found to have
circulating microfilariae in 1983. Microfilarial densities
ranged from , 50 to 1,050 microfilariae/ml blood (median
5 100 microfilariae/ml) and were similar in all age groups.
The prevalences of microfilaremia by village were 7% in
Akodeha, 14% in Ouedeme, 10% in Possotome, and 4% in
Se. Based on these estimates, we would have expected to
find 31 microfilaria-positive individuals in the 1994 study.
Surprisingly, only two participants (one each from Akodeha
and Possotome) had detectable microfilariae (Table 2; P ,
0.001, by Cochran-Mantel-Haentszel test). To confirm these
results, circulating parasite antigen assays, a sensitive and
specific marker of microfilaremia,7 were performed on serum
samples from the 1994 study subjects. Sera from six indi-
viduals, including one of the microfilaria-positive patients,
were positive in the circulating antigen assay, and four ad-
ditional samples gave borderline positive results. Serum
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TABLE 2
Signs and symptoms of lymphatic filariasis

Symtom/sign

No. (%) of participants

1983 1994 P*

Microfilaremia 43 (9%) 2 (0.48%) ,0.001

Acute
Lymphadenitis
Orchitis

117 (26%)
19 (4%)

162 (40%)
23 (6%)

,0.001
NS

Chronic
Hydrocele
Chyluria
Elephantiasis
Any of the above

24 (5%)
35 (8%)
32 (7%)
80 (18%)

24 (6%)
28 (7%)
43 (11%)
78 (19%)

NS
NS
0.05
NS

* By Cochran-Mantel-Haentszel test. NS 5 not significant.

from the second microfilaria-positive patient was not avail-
able for confirmatory testing. Interestingly, all of the anti-
gen-positive individuals had lived in the endemic area for .
35 years at the time of the study and three of the six had a
history of chyluria.

Despite the observed decrease in the rate of microfilarial
carriage over time, there was no parallel decrease in the
prevalence of characteristic signs and symptoms of lym-
phatic filariasis in the study population (Table 2). In fact, the
prevalence of both lymphadenitis and elephantiasis were
higher in the 1994 study. The modest increase in elephan-
tiasis is likely due to the differences in the age distribution
of the two study populations, and fails to attain significance
when the data is analyzed controlling for this variable. Lym-
phadenitis, on the other hand, is common in this population
regardless of age due to cuts and abrasions of the lower
extremities acquired while fishing barefoot in the lagoon.
Although attempts were made in the 1994 study to distin-
guish individuals who had a history of lymphangitis extend-
ing distally (retrograde) from the lymph node, which is typ-
ical of lymphatic filariasis, from the more common proximal
lymphangitis that may complicate bacterial or fungal cellu-
litis of other etiologies, this distinction was not generally
appreciated by the study participants. No cases of retrograde
lymphangitis and a single case of lymphadenitis with abscess
were detected by physical examination in both the 1983 and
1994 studies.

By chance, seven of the 43 individuals who were micro-
filaremic in 1983 were included in the 1994 study. None of
the seven had detectable microfilariae in 1994; however, pro-
gression of clinical disease was noted in two patients and
one patient had detectable circulating parasite antigen.

To explore some of the factors that might explain the de-
crease in the prevalence of microfilaremia in this region, a
detailed occupational and social history was obtained from
all participants. There were no obvious differences in the
use of personal protection measures, such as protective
clothing, bed nets, screens, and insect repellents, between
the two study populations, and no community-wide mosqui-
to control programs were instituted during or for 10 years
prior to the study period. The distribution of primary occu-
pations was also similar between the two study populations,
consisting primarily of fisherman, farmers, and homemakers.
A moderate decrease in the number of students was observed
(from 16% of the total in 1984 to 6% in 1994; P , 0.001,

by Fisher’s exact test) and is most likely due to the higher
percentage of school age children in the 1983 study, rather
than a shift in the level of education in the community.

Six major ethnic groups exist in the plateau d’Adja: the
Adja, the Ouatchi, the Pedah, the Mina, the Sahoue, and the
Kotafon. With the exception of the Kotafon, who migrated
into the region at the end of the 17th century, the ethnic
groups in this region are descendent from a single lineage,
and intermarriage between ethnic groups is fairly common.
There was an excess of Kotafon in the 1994 study (22%
versus 8% of the total study population; P , 0.001, by Fish-
er’s exact test); however, microfilaremia was detected in
members of all ethnic groups (including the Kotafon) in
1983. Although the numbers of microfilaremic individuals
are too few to detect a statistical difference in prevalence of
microfilaremia between the different ethnic groups, minor
differences in genetic susceptibility are unlikely to account
for the marked decrease in the prevalence of microfilaremia
between the two studies.

All participants were questioned regarding the use of an-
tifilarial chemotherapy (diethylcarbamazine [DEC], ivermec-
tin, or albendazole) during the study period. Although me-
bendazole can be found in several of the local pharmacies
and is used sporadically to treat symptomatic intestinal hel-
minth infections, other anthelmintics are unavailable to the
general population of the region. In fact, only one patient,
who had a history of onchocerciasis acquired outside of the
study region, had received prior antifilarial chemotherapy
with DEC (administered at the University Hospital in Co-
tonou).

DISCUSSION

An understanding of the natural history of bancroftian fil-
ariasis in endemic regions is essential for the accurate inter-
pretation of the efficacy of infection control measures. Be-
cause of the difficulties in obtaining long-term epidemiologic
data, current control strategies have been based primarily on
short-term (1–2 year) studies, which have suggested that the
prevalence of microfilarial carriers remains remarkably sta-
ble over time in the absence of intervention.8, 9 Consequently,
reductions in the prevalence of infection have been attributed
entirely to the institution of control measures, allowing com-
parisons to be made between interventions in different geo-
graphic areas.

Data from available long-term studies is less clearcut. In
one study performed in the Cook Islands, there was a re-
duction in the prevalence of microfilaremia from 30% to 5%
over a 17-year period.5 However, mass chemotherapy with
DEC was administered between the initial evaluation and
follow-up study and may have contributed to the observed
decrease in parasitemia. In contrast, a community-wide fol-
lowup survey in Tanzania showed no decrease in the prev-
alence of microfilaremia between 1975 and 1991, despite the
intermittent use of control measures, including mass che-
motherapy with DEC and vector control.4 However, the use
of different methods of microfilarial detection in the initial
and follow-up studies make the data somewhat difficult to
interpret, since an overall decrease in the prevalence of mi-
crofilaremia in 1991 might be masked by an increase in the
sensitivity of detection.
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FIGURE 2. Age (years)-specific microfilarial (MF) prevalence in
1983.

In the present study, a marked decrease in the prevalence
of microfilaremia (from 9.4% to 0.48%) occurred over a 10-
year period in the absence of chemotherapy or vector control
measures. This decrease was significant (P , 0.0001) despite
the use of a more sensitive method of detection of microfi-
lariae and confirmation by circulating parasite antigen assay
(90% sensitive for the detection of active infection). It has
been estimated from studies of transient residents of endemic
areas that in the absence of reinfection, infected individuals
lose their microfilaremia after 5–8 years.10 Interestingly, all
seven of the microfilaremic individuals from the 1983 study
who were included in the 1994 follow-up became amicro-
filaremic.

Although the selection of participants was performed in
an identical manner in 1983 and 1994, there were some dif-
ferences in the distribution of age, village of residence, and
ethnic background between the two study populations, which
could have affected the observed prevalences of microfilar-
emia. Most epidemiologic studies have demonstrated an in-
crease in the prevalence of microfilaremia with age that pla-
teaus by young adulthood.4, 10 A similar pattern was observed
in the 1983 study in Bopa (Kiki M, University of Benin,
unpublished data; Figure 2). Consequently, bias introduced
by the shift in median age in the 1994 study would be ex-
pected to increase the prevalence of microfilaremia. Since
the prevalence of microfilaremia in the four study villages
varied considerably in 1983 and a greater proportion of the
1994 study population resided in villages of lower preva-
lence, all statistical comparisons (unless otherwise noted)
were adjusted to account for the effect of village of resi-
dence. Whereas genetic differences have been postulated to
affect the susceptibility to and clinical manifestations of
lymphatic filariasis in some populations,11, 12 the relationship
between ethnic background and filariasis in this region is
unknown. The fact that members of all ethnic groups were
represented in the microfilaremic group in 1983, the degree
of relatedness between the different ethnic groups, and the
extent of intermarriage in the region all suggest that the ob-
served differences in the proportion of Kotafon are unlikely
to have biased the data significantly.

Despite the decrease in the prevalence of microfilaremia,
there was no comparable decrease in the prevalence of

chronic pathology after adjustment for the difference in age
between the two populations. This is not surprising in view
of the length of time that it typically takes for chronic symp-
toms to develop in infected individuals. A positive correla-
tion between the incidence of infection and the proportion
of infected individuals that are microfilaremic has been pro-
posed based on mathematical modeling and epidemiologic
studies.13 This would imply a decrease in the incidence of
infection in our study area. Although the apparent increase
in the prevalence of acute manifestations of filariasis (i.e.,
lymphadenitis) would seem at first glance to be contradictory
to this hypothesis, recent studies have implicated recurrent
bacterial infections as an important factor in recurrent epi-
sodes of adenolymphangitis and progression towards chronic
lymphedema and elephantiasis.1, 14 Since such episodes are
common in this population regardless of infection status due
to minor trauma inflicted while fishing and farming barefoot,
the increase in lymphadenitis may not reflect an actual in-
crease in the incidence of infection. This is supported by the
fact that none of the individuals with lymphangitis had de-
tectable circulating parasite antigen.

The decrease in the prevalence (and potentially incidence)
of lymphatic filariasis in the study region could not be ex-
plained by environmental or social change. Review of tem-
perature and rainfall records showed no evidence of a major
climactic change between 1980 and 1995, which could have
led to a decrease in the vector population. Extensive ques-
tioning of study participants, health care workers, pharma-
cists, and market vendors of pharmaceuticals confirmed that
antifilarial agents (including DEC, ivermectin, and albenda-
zole) are not widely available in this region. Similarly, no
obvious changes in socioeconomic status, level of education,
or behavior of the population could be ascertained.

To our knowledge, this represents the first long-term ep-
idemiologic survey of lymphatic filariasis in a hyperendemic
region in the absence of chemotherapeutic intervention.
Whether the observed decrease in prevalence will persist or
whether lymphatic filariasis will recrudesce in this region
remains to be seen. Nevertheless, the practical implication
of the results is that the success or failure of control pro-
grams should be assessed cautiously, since the epidemiology
in an endemic region may change independently of recog-
nized modulating factors.
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