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Abstract. Bancroftian filariasis infection, disease and specific antibody response patterns in a high and a low ende-
micity community in East Africa were analyzed and compared to assess the relationship between these parameters and
community transmission intensity. Overall prevalences of microfilaremia and circulating filarial antigenemia were 24.9%
and 52.2% in the high and 2.7% and 16.5% in the low endemicity community, respectively. A positive history of acute
attacks of adenolymphangitis was given by 12.2% and 7.1% of the populations, 4.0% and 0.9% of the adult (� 20 years
old) individuals presented with limb lymphedema, and 25.3% and 5.3% of the adult males had hydrocele, in the high and
the low endemicity community, respectively. Both infection and disease appeared earlier and reached much higher levels
in the high than in the low endemicity community. The observed overall and age-specific infection and disease patterns
in the two communities were in agreement with the view that these are primarily shaped by transmission intensity. No
statistically significant relationships between infection status of fathers and mothers and that of their children were
observed in any of the communities for either microfilaremia or for circulating filarial antigenemia. The overall levels
(prevalence and geometric mean intensity) of filarial-specific IgG1, IgG2, IgG4, and IgE were significantly higher in the
high endemicity community than in the low endemicity community. Surprisingly, the opposite pattern was found for
IgG3. Community transmission intensity thus appears to be an important determinant of observed inter-community
variation in infection, disease, and host response patterns in Bancroftian filariasis.

INTRODUCTION

Despite a large number of field investigations, the natural
history of the development of infection and disease in lym-
phatic filariasis remains unclear. One consequence of this is
that we are still unable to adequately explain the marked
heterogeneity in patterns of filariasis infection and disease
observed at all population levels, from the individual host to
the community. Gaining a better understanding of the natural
history (and thus causes of the observed heterogeneity) has
become urgent in filariasis given the current global initiative
for controlling this parasitic infection of more than 120 mil-
lion people based on decreasing or even interrupting parasite
transmission via the application of mass chemotherapy.1

The coastal region of East Africa has long been known to
be highly endemic for Bancroftian filariasis.2–8 As with other
endemic foci, a feature of East African filariasis is also the
high degree of variability in the burden of infection and dis-
ease recorded between endemic communities. Indeed, it has
been suggested that the observed between-community vari-
ability within this and other endemic regions may be a func-
tion of the existence of at least four distinct epidemiologic
types of filariasis among endemic communities, namely 1)
populations with high microfilaria rates and densities exhib-
iting many clinical signs, 2) populations with high microfilaria
rates and densities with few clinical signs, 3) populations with
low microfilaria rates and densities showing many clinical
signs, and finally 4) populations with low microfilaria rates
and densities showing few clinical signs.3,9 Traditional expla-
nations for these differences have focused primarily on the
roles of the timescale of endemic focus establishment as well
as the impact of human migratory patterns, as summarized by
Wijers.3 While plausible, these theories do not provide satis-

factory explanations for the differences in the age-relation-
ships of infection and disease observed between communities,
especially among those exhibiting comparatively stable and
long-term endemicity. They also do not account for more
recently suggested sources of the observed heterogeneity, in-
cluding acquired immunity,10,11 maternally-derived immune
tolerance,12,13 and adult-worm induced or immune-mediated
pathology.14,15

Recent work has indicated that one factor that may sys-
tematically explain differences in age-patterns of infection
and disease between endemic communities in filariasis is
parasite transmission intensity. For example, Michael and
Bundy used a mathematical modeling approach to demon-
strate that variations in community transmission intensity
may, via the generation of exposure-driven acquisition of
herd immunity, shape the observed age-patterns of infection
(microfilaremia) in endemic communities.11 Similarly, several
studies have shown that the prevalence of chronic filarial dis-
ease at the community level is correlated with community
transmission intensity.16,17 Other studies have highlighted the
effects that exposure or transmission intensity may have on
infection variability at the individual host level by affecting
maternally-derived neonatal tolerance.13 These studies
clearly indicate the potentially central role that transmission
intensity may play in infection, disease, and immune pro-
cesses in lymphatic filariasis, and suggest that gaining a better
understanding of the interrelationships between community
transmission levels and these variables at both the community
and individual host levels may be critical to understanding the
natural history of filariasis.

Here, we report on the first phase of our investigations into
the link between transmission intensity and community pat-
terns of Bancroftian filariasis in coastal East Africa. The pat-
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terns of infection, disease, and filarial-specific antibody re-
sponses were analyzed and compared in two communities
with high and low endemicity. Overall community microfi-
larial prevalences were used as initial criteria for selecting the
communities, as indirect indicators of community transmis-
sion intensity.16 Intense longitudinal entomologic surveillance
initiated at the time of the survey indeed confirmed that there
were considerably more mosquitoes, and that the average
individual exposure to infective larvae over the following one
year period was more than 10 times higher in the high than in
the low endemicity community.

MATERIALS AND METHODS

Study communities. The study was carried out in two com-
munities situated approximately 80 km apart within the same
coastal East African Wuchereria bancrofti transmission focus,
namely Masaika village in the Pangani District (Tanga Re-
gion) of Tanzania, and Kingwede village in the Kwale District
(Coast Province) of Kenya. Preliminary surveys had indicated
that the level of W. bancrofti endemicity was higher in Ma-
saika than in Kingwede.

Masaika is located in a hilly fertile area approximately 25
km inland from the Indian Ocean coast. The population is
subsistence farmers, growing mainly maize, cassava, rice, and
vegetables, and keeping chicken, ducks, and goats as domestic
animals. A few cash crops such as oranges, coconuts, and
cashew nuts are also produced. Most houses have mud walls
and roofing of dried coconut leaves. Domestic water is col-
lected from shallow dugouts in the lower parts of the village
and its periphery. Ethnically, the population is very mixed,
with more than 20 tribes being represented (the three largest,
the Makonde, Bondei, and Zigua, constitute 54% of the
population). The majority are Muslims. The whole village
population was included in the study.

Kingwede is located in a flat lowland area close to the
Indian Ocean (approximately 3 km from the coast to the
village center). A stream passing through the village and a
number of deep wells with hand pumps supply the village with
domestic water. Most houses are build from coral stone and/
or mud, and have dried coconut leaves or iron sheets as roof-
ing material. The population in this village is composed of
subsistence farmers, and essentially they grow the same crops
and keep the same domestic animals as those in Masaika.
However, many males are also employed in jobs outside the
village (e.g., in Mombasa) and some are fishermen in the
nearby ocean. The major ethnic group is Digo (> 80% of
population), and the majority are Muslims. The village had
more than 2,000 inhabitants, and therefore only half (the
western part with the village center) was included in the
study.

Registration of inhabitants. Before fieldwork commenced,
permission to conduct the study was obtained from the health
and administrative authorities, and meetings were held in the
villages to explain the purpose of the study to the inhabitants.
Sketch maps of the villages were prepared, houses were num-
bered, and a house-to-house census was carried out to register
the name, age, and sex of inhabitants. A repeat-census was
performed three months later to verify information from the
first census. During both rounds of census, inquiries were also
made about parent/child relationships for individuals less
than 20 years old. In addition, a group of elders was requested

to independently provide information about parent/child re-
lationships. Only when information from the census agreed
with that from the group of elders were relationships accepted
and used in the study. The cross sectional clinical and para-
sitologic surveys took place in July 1998 in Masaika and in
August 1998 in Kingwede. Oral informed consent to partici-
pate was obtained from adults, and from parents or guardians
of individuals less than 15 years old. The study was reviewed
and approved by the Medical Research Co-ordinating Com-
mittee of the National Institute for Medical Research, Tan-
zania, the Kenyatta National Hospital Ethical and Research
Committee, Kenya, and the Central Scientific-Ethical Com-
mittee, Denmark.

Clinical examination. This was carried out by an experi-
enced clinician. It took place in the evening, starting at 8:00
PM. Hydrocele and lymphedema/elephantiasis was graded as
previously described,6 but grades have been omitted in this
presentation. Instead, hydroceles � grade II (true hydroceles
� 6.0 cm) and lymphedema/elephantiasis � grade I (loss of
contour, pitting edema) are included as hydrocele and el-
ephantiasis, respectively. During the clinical examination, in-
dividuals were furthermore asked whether they had experi-
enced acute attacks of adenolymphangitis (ADL) during the
preceding one-year period, and in what numbers (parents or
guardians answered for individuals less than 15 years old).
For this purpose, the Ki-Swahili term “Mtoki” was used. It
describes a febrile illness associated with lymphadenitis plus/
minus a localized painful/tender and warm limb or scrotum.

Examination for microfilariae. Blood sampling took place
after the clinical examination, and started at 9:00 PM. From
each individual, 100 �l of finger-prick blood was collected
into a heparinized capillary tube and transferred to a speci-
men tube with 1 ml of 3% acetic acid. The exact time of
sampling was noted. Specimens were later examined for mi-
crofilariae (mf) under microscope by using the counting
chamber technique.18

Serum preparation. Immediately after finger-prick blood
sampling, 5 ml of venous blood was collected in plain vacu-
tainer tubes. Serum was separated by centrifugation after
overnight clotting in a refrigerator, and sodium azide was
added to a concentration of 15 mM as a preservative. Serum
was initially frozen at −20°C in the field, and later stored at
−80°C in the main laboratory until use. Before further han-
dling and testing of sera, lipid-coated vira were eliminated by
addition of 3 �l/ml of tri-N-butyl phosphate (T-4908; Sigma,
St. Louis, MO) and 10 �l/ml of Tween 80 (P-1754; Sigma).19

Examination for circulating filarial antigens. Serum speci-
mens were examined for specific circulating filarial antigen
(CFA) by using the TropBio enzyme-linked immunosorbent
assay (ELISA) kit for serum specimens (catalog no. 03-010-
01; TropBio Ltd., Pty., Townsville, Australia). The test was
performed according to procedures obtained from the manu-
facturer and as described previously.20 Serum specimens with
a response � that of Standard 2 (32 CFA units) were consid-
ered positive for CFA, and specimens with a response � that
of Standard 7 were assigned a fixed value of 32,000 CFA
units.

Measurement of filarial-specific antibodies. Sera were ex-
amined for filarial-specific antibodies (IgG1, IgG2, IgG3,
IgG4, and IgE) by an ELISA as previously described.21,22 A
Brugia pahangi adult worm homogenate was used as anti-
gen.21 Optimal dilutions of antigen, serum, and conjugate
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were determined by titration. Prior to measurement of IgE,
sera were absorbed with a protein A-agarose bead suspension
(Ken-En-Tec A/S, Copenhagen, Denmark) at a ratio of 50:
140 to remove IgG4-blocking antibodies.23

Data analysis. The Mf intensities were adjusted for sam-
pling time by multiplying the counts with a time-specific fac-
tor, as previously described.24 Geometric mean intensities
(GMIs) of microfilaremia, antigenemia, and filarial-specific
antibody levels were calculated as antilog[(� log x + 1)/n] − 1,
with x being the number of mf/ml, number of CFA units, and
ELISA optical density values, respectively, and n the number
of individuals included. IgG4:IgE ratios were first calculated
for individual sera, and IgG4:IgE ratio GMIs were thereafter
calculated as described earlier. Prevalences were compared
by chi-square tests, and GMIs were compared by t-tests or
one-way analysis of variance (as appropriate) on the log-
transformed values. The odds of being mf or CFA positive for
each chronic disease category was calculated from 2 × 2 tables
using the standard formula: odds ratio � (a × d)/(b × c), with
a, b, c, and d being the numbers of individuals infected and
with disease, not infected but with disease, infected but with-
out disease, and not infected and without disease, respec-
tively. The relationship between infection status (mf or CFA)
of parents and that of their children was analyzed by logistic
regression, with age group of children (1–4, 5–9, 10–14, and
15–19 years) as the confounding variable. P values < 0.05
were considered statistically significant.

RESULTS

Characteristics of the examined populations. Masaika had
950 inhabitants one year of age and older (Table 1), and 47%
of them were less than 20 years old. The part of Kingwede
selected for the study had 1,013 inhabitants one year of age
and older (Table 1), and 57% of these were less than 20 years
old. The male to female ratio was significantly lower in King-
wede than in Masaika mainly because many young adult
males (especially in the 20–29-year-old age group) had left
Kingwede in search of employment elsewhere. Masaika had
285 inhabited houses (average � 3.3 individuals per house,
range � 1–14), and the selected part of Kingwede had 180
(average � 5.6 individuals per house, range � 1–22).

Microfilaremia. In Masaika and Kingwede, 848 (89.2%)
and 825 (81.4%) individuals, respectively, had their blood
examined for mf. The overall prevalence of microfilaremia
was significantly higher in Masaika (24.9%) than in Kingwede

(2.7%) (Table 1). The age-stratified prevalence in the two
communities is shown in Tables 2 and 3 and Figure 1. In both
communities, microfilaremia was rare in young children.
Thus, the two youngest mf-positive individuals were three
and five years old in Masaika and 14 and 15 years old in
Kingwede. The prevalence increased with age in both com-
munities, and among adults � 20 years old the mf prevalences
were 35.2% in Masaika and 5.9% in Kingwede. In both com-
munities the mf prevalence was higher among males than
among females. This was particularly pronounced for those �
20 years old (Masaika: 45.2% versus 25.5%; P < 0.001, by
chi-square test; Kingwede: 10.1% versus 3.4%; P � 0.015, by
chi-square test).

The mf intensities among mf-positive individuals ranged
from 10 to 19,160 mf/ml in Masaika and from 10 to 2,520
mf/ml in Kingwede. The overall mf GMI was significantly
higher in Masaika than in Kingwede, both when calculated
for all examined individuals (3.6 versus 0.1 mf/ml) and for
mf-positive individuals only (458 versus 174 mf/ml, respec-
tively) (Table 1). In Masaika, the first of these indices in-
creased with age to reach a maximum in the 50–59-year-old
age group (Figure 2A), whereas there was no clear relation-
ship to age when the mf GMI was expressed for mf-positive
individuals only (Figure 2B). Too few mf-positive individuals
were present in Kingwede for analysis of the effect of age on
mf GMIs.

Antigenemia. Circulating filarial antigenemia was deter-
mined in 837 (88.1%) and 770 (76.0%) individuals from Ma-
saika and Kingwede, respectively. The overall CFA preva-
lence was significantly higher in Masaika (52.2%) than in
Kingwede (16.5%) (Table 1). The youngest CFA-positive in-
dividuals in Masaika and Kingwede were two and one years
old, respectively. The prevalence of CFA positivity generally
increased from the younger to the older age groups (Tables 2
and 3 and Figure 1). The CFA prevalence in adults (� 20
years old) was slightly, but not significantly, higher among
males than among females in Masaika (68.8% versus 62.1%),
whereas it was significantly higher among males than among
females in Kingwede (38.8% versus 20.9%; P � 0.02, by chi-
square test).

The majority of those who were mf positive were also CFA
positive (97.6% for Masaika and 95.5% for Kingwede), but
many were CFA positive without being mf positive. The pro-
portion of CFA-positive individuals who were negative for mf
was significantly higher in Kingwede than in Masaika (83.3%
versus 52.8%; P < 0.001, by chi-square test), and it decreased

TABLE 1
Characteristics of the study populations in Masaika and Kingwede (high and low endemicity community, respectively)*

Masaika Kingwede Statistics

No. of inhabitants � 1 year of age 950 1,013 –
Male : female ratio 1.09 0.81 �2 test, P < 0.001
Mf prevalence (%) 24.9 2.7 �2 test, P < 0.001
Mf GMI for mf positive (mf/ml) 458 174 t-test, P � 0.016
Mf GMI for all examined (mf/ml) 3.6 0.1 t-test, P < 0.001
CFA prevalence (%) 52.2 16.5 �2 test, P < 0.001
CFA GMI for CFA positive (units) 6,523 673 t-test, P < 0.001
CFA GMI for all examined (units) 246 15.6 t-test, P < 0.001
Proportion reporting history of ADL (%) 12.2 7.1 �2 test, P � 0.001
Hydrocele prevalence in males � 20 years old (%) 25.3 5.3 �2 test, P < 0.001
Lymphedema prevalence in individuals � 20 years old (%) 4.0 0.9 �2 test, P � 0.007

* Mf � microfilaria; GMI � geometric mean intensity; CFA � circulating filarial antigen; ADL � adenolymphangitis.
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with age in both communities (Figure 3). As a result, the CFA
prevalence was 2.1 and 6.1 times higher than the mf preva-
lence in Masaika and Kingwede, respectively, and this differ-
ence was more pronounced among young individuals (2.8 ver-
sus 17.3 times in the 1–19-year-old age group) than among
adults (1.9 versus 4.3 times in the � 20-year-old age group).

The overall CFA GMI was significantly higher in Masaika
than in Kingwede (Table 1), both when calculated for all
examined individuals (246 versus 15.6 units) and for CFA-
positive individuals only (6,523 versus 673 units). In Masaika,
both of these indices increased with age, but whereas the first
reached a maximum in the 50–59-year-old age group (Figure
2C), the second continued to increase up to the oldest age
group (Figure 2D). No clear relationship of CFA GMI to age
was observed in Kingwede, either when calculated for all in-
dividuals or for CFA-positive individuals only.

Chronic filarial disease. The age prevalence patterns of
chronic filarial disease in the two communities are shown in
Tables 4 and 5. Hydrocele was the most common chronic
manifestation. The youngest males with hydrocele in Masaika
and Kingwede were 20 and 31 years old, respectively. Among
adult males (� 20 years old) the prevalence of hydrocele was
significantly higher in Masaika (25.3%) than in Kingwede
(5.3%) (Table 1).

In both communities, elephantiasis was a less common
manifestation and was confined to the legs. The youngest
individuals with leg elephantiasis were 11 and 30 years old,
respectively, in Masaika and Kingwede. Among individuals �

20 years old, the prevalence of leg elephantiasis was signifi-
cantly higher in Masaika (overall � 4.0%, 2.8% for males and
5.1% for females) than in Kingwede (overall � 0.9%, one
male and two females) (Table 1).

The relationship between chronic manifestations and infec-
tion status was analyzed by odds ratios among individuals �
20 years old for both mf and CFA (Figure 4). In Masaika,
individuals with hydrocele had the same odds of being mf
positive and negative, and of being CFA positive and nega-
tive. Individuals with elephantiasis in this community had the
same odds of being mf positive or negative, but lower odds of
being CFA positive. When hydrocele and elephantiasis pa-
tients were combined to a chronic disease group, this group
had the same odds of being mf positive or negative, and of
being CFA positive or negative. In Kingwede, this analysis
was only possible by combining hydrocele and elephantiasis
patients into a group with chronic disease. This chronic dis-
ease group had higher odds of being mf positive than mf
negative, but equal odds of being CFA positive or negative.

History of ADL attacks. Significantly more individuals re-
ported having experienced one or more ADL attack during
the one-year period preceding the survey in Masaika (12.2%)
than in Kingwede (7.1%) (Table 1). In both communities, the
prevalence of reported ADL attacks was higher among indi-
viduals � 20 years old than in younger individuals (Tables 4
and 5), but this difference was only significant for Masaika
(15.1% versus 8.8% in Masaika; P � 0.005, by chi-square test;
7.6% versus 6.4% in Kingwede). Among those reporting at-

TABLE 3
Population size and Wuchereria bancrofti microfilaremia and antigenemia in relation to age group in the low endemicity community (Kingwede)*

Age group
(years)

Total
population

Microfilaremia Antigenemia

Number
examined

Number mf
positive (%)

GMI among
all, mf/ml

GMI among mf
positives, mf/ml

Number
examined

Number CFA
positive (%)

GMI among
all, units

GMI among CFA
positives, units

1–4 163 141 0 (0.0) – – 108 4 (3.7) 8 403
5–9 154 139 0 (0.0) – – 129 9 (7.0) 9 218

10–14 157 145 1 (0.7) – – 139 19 (13.7) 13 595
15–19 102 78 2 (2.6) – – 77 15 (19.5) 18 706
20–29 179 125 6 (4.8) 0.3 137 122 29 (23.8) 24 800
30–39 104 86 8 (9.3) 0.6 172 86 21 (24.4) 24 873
40–49 58 37 1 (2.7) – – 35 8 (22.9) 20 477
50–59 52 41 1 (2.4) – – 40 8 (20.0) 18 750
� 60 44 33 3 (9.1) – – 34 14 (41.2) 56 978
Total 1,013 825 22 (2.7) 0.1 174 770 127 (16.5) 16 673
* mf � microfilaria; GMI � geometric mean intensity (only given if > 3 mf-positive individuals in group); CFA � circulating filarial antigen.

TABLE 2
Population size and Wuchereria bancrofti microfilaremia and antigenemia in relation to age group in the high endemicity community (Masaika)*

Age group
(years)

Total
population

Microfilaremia Antigenemia

Number
examined

Number mf
positive (%)

GMI among
all, mf/ml

GMI among mf
positives, mf/ml

Number
examined

Number CFA
positive (%)

GMI among
all, units

GMI among CFA
positives, units

1–4 99 84 1 (1.2) – – 73 6 (8.2) 9 1,651
5–9 111 103 8 (7.8) 0.7 923 102 30 (29.4) 48 4,715

10–14 139 129 23 (17.8) 1.9 356 129 60 (46.5) 105 2,553
15–19 95 80 20 (25.0) 4.0 649 80 45 (56.3) 397 8,691
20–29 162 142 47 (33.1) 6.2 388 143 86 (60.1) 477 8,055
30–39 138 122 34 (27.9) 4.8 566 123 77 (62.6) 544 7,356
40–49 83 77 29 (37.7) 6.8 235 76 54 (71.1) 788 5,399
50–59 45 41 19 (46.3) 21.0 790 41 32 (78.0) 2,235 10,757
� 60 78 70 30 (42.9) 14.1 564 70 47 (67.1) 1,041 11,885
Total 950 848 211 (24.9) 3.6 458 837 437 (52.2) 246 6,523
* mf � microfilaria; GMI � geometric mean intensity (only given if > 3 mf-positive individuals in group); CFA � circulating filarial antigen.
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tacks, the mean numbers were 2.0 (range � 1–5) in Masaika
and 2.7 (range � 1–12) in Kingwede.

There was no statistically significant difference in preva-
lence of reported history of ADL attacks between mf-positive
and mf-negative individuals (12.7% versus 16.5% in Masaika;
15.8% versus 7.0% in Kingwede) or between CFA-positive
and CFA-negative individuals (13.4% versus 17.8% in Masaika;
7.5% versus 6.8% in Kingwede; P > 0.05, by chi-square test
for all tests) in either community. In Masaika, the prevalence
of individuals reporting ADL was much higher among indi-
viduals with elephantiasis than in those without it (72.2 versus
12.7%; P < 0.001, by chi-square test), whereas no difference
was seen in relation to hydrocele status (16.4 versus 18.8%).
In Kingwede, there were too few individuals with hydrocele
or elephantiasis for statistical analysis of their ADL status.

Relationships between mf and CFA status in parents and
their children. Among mf- and CFA-examined individuals <
20 years old, the mothers and fathers were identified and

examined for mf and CFA for 286 (74.7%) and 183 (47.8%),
respectively, in Masaika and in 312 (68.9%) and 149 (32.9%),
respectively, in Kingwede. The relationship between mf and
CFA status of the children and that of their mothers and
fathers is shown in Table 6. Generally, prevalences of mf and
CFA positivity were higher in children of both mothers and
fathers who were mf and/or CFA positive, than in mothers
and fathers who were mf and/or CFA negative. However,
logistic regression analysis showed no statistically significant
relationships between infection status of fathers and mothers
and that of their children, either for mf or CFA (P > 0.05, for
all tests).

Overall filarial-specific antibody responses. In Masaika and
Kingwede, 828 (87.2%) and 766 (75.6%) individuals, respec-
tively, were examined for filarial-specific IgG1, IgG2, IgG3,
IgG4, and IgE antibodies. The overall prevalences of positiv-
ity and geometric mean intensities (calculated for all exam-
ined individuals) in the two communities are shown in Figure
5. For IgG1, IgG2, IgG4, and IgE, both parameters were

FIGURE 3. Age-specific prevalence of microfilaria-negative indi-
viduals among those being positive for circulating filarial antigen in
Masaika (�) and Kingwede (�). This is based on individuals exam-
ined for both indices. Linear regression lines are shown.

FIGURE 1. Age-specific prevalence of individuals who were microfi-
laria (mf) and circulating filarial antigen (CFA) positive (black part
of bar), mf negative and CFA positive (gray part of bar), and mf and
CFA negative (white part of bar) in Masaika (A) and Kingwede (B).

FIGURE 2. Age-specific microfilaria (mf) geometric mean inten-
sity (GMI) among all examined individuals (A) and among mf posi-
tive individuals only (B), and age-specific circulating filarial antigen
(CFA) GMI among all examined individuals (C) and among CFA-
positive individuals only (D) in Masaika (�) and Kingwede (�). Mf
intensities are only shown if the group has more than three mf-
positive individuals.
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significantly higher in Masaika than in Kingwede (P < 0.001,
by chi-square test and t-test for all tests). Surprisingly, the
opposite pattern was found for IgG3, in which both preva-
lence and intensity were significantly higher in Kingwede than
in Masaika (P < 0.001, by chi-square test and t-test for both
tests). The overall geometric mean IgG4: IgE ratio was sig-
nificantly higher for Masaika than for Kingwede (2.35 and
0.48, respectively; P < 0.001, by t-test).

DISCUSSION

The overall patterns of Bancroftian filariasis infection and
disease in the two study communities resembled those re-
ported earlier from this3–8 and other endemic regions in Af-
rica.25,26 Thus, infection (microfilaremia and antigenemia)
and chronic disease (hydrocele and elephantiasis) was rare in
young individuals, but appeared with increasing prevalence
and intensity in older individuals. However, marked differ-
ences were observed between the communities, both in age of
appearance and in overall levels of infection and chronic dis-
ease. Coastal East Africa is populated by a large number of
relatively small and closely related Bantu tribes, and the tribal
composition in the study communities differed to some ex-
tent. The tribes in question, however, are by no means iso-
lated from each other, their cultural differences are minor,
intermarriage frequently occurs, and it appears unlikely that
genetic or behavioral differences would affect their exposure

or susceptibility to Bancroftian filariasis, and hence, the epi-
demiologic patterns reported here.

Infection was diagnosed by detection of mf in night blood
and by analyzing serum for W. bancrofti-specific CFA.20 As
seen in other endemic communities,27–29 overall and age-
specific prevalences of CFA were considerably higher than
those of mf, implying that many more individuals were actu-
ally infected than those in whom mf were detected. This was
more pronounced in the low than in the high endemicity com-
munity, and it was more pronounced in children than in adults
(especially in the low endemicity community). Different lev-
els of transmission in the two communities may be respon-
sible for this effect. Thus, the sensitivity of a diagnostic test
for mf detection is dependent on the intensity of infection,
and therefore will generally be higher in a high than in a low
endemicity community. Low transmission intensity is further-
more likely to give a higher probability for non-fecund single
sex infections and infections with male and female worms in
different localities of the human body than high transmission
intensity. These results also mean that the predictive value of
the CFA test compared to the mf detection test will be higher
in a low than in a high transmission area. The magnitude by
which surveys based on mf detection underestimate the actual
prevalence of infection, and its apparent dependence on en-
demicity level and age, have important practical implications
when considering the selection of target populations for fila-
riasis control. In particular, this study indicates that children

TABLE 5
Clinical manifestations related to Wuchereria bancrofti infection in the low endemicity community (Kingwede)*

Age group
(years)

Elephantiasis Hydrocele† History of ADL

Number
examined

Number
positive (%)

Number
examined

Number
positive (%)

Number
questioned

Number of positive
responses (%)

1–4 150 0 (0.0) 74 0 (0.0) 150 2 (1.3)
5–9 144 0 (0.0) 67 0 (0.0) 144 4 (2.8)

10–14 145 0 (0.0) 70 0 (0.0) 145 18 (12.4)
15–19 81 0 (0.0) 33 0 (0.0) 81 11 (13.6)
20–29 137 0 (0.0) 46 0 (0.0) 137 14 (10.2)
30–39 91 2 (2.2) 37 1 (2.7) 91 5 (5.5)
40–49 38 0 (0.0) 17 2 (11.8) 38 2 (5.3)
50–59 43 0 (0.0) 15 1 (6.6) 43 5 (11.6)
� 60 34 1 (2.9) 17 3 (17.6) 34 0 (0.0)
Total 863 3 (0.3) 376 7 (1.9) 863 61 (7.1)

* ADL � adenolymphangitis.
† � stage II (males only).

TABLE 4
Clinical manifestations related to Wuchereria bancrofti infection in the high endemicity community (Masaika)*

Age group
(years)

Elephantiasis Hydrocele† History of ADL

Number
examined

Number
positive (%)

Number
examined

Number
positive (%)

Number
questioned

Number of positive
responses (%)

1–4 87 0 (0.0) 40 0 (0.0) 87 0 (0.0)
5–9 104 0 (0.0) 68 0 (0.0) 104 10 (10.0)

10–14 127 1 (0.8) 72 0 (0.0) 127 13 (10.2)
15–19 80 0 (0.0) 38 0 (0.0) 79 12 (15.2)
20–29 141 1 (0.7) 67 10 (14.9) 140 19 (13.6)
30–39 124 7 (5.6) 59 10 (16.9) 123 26 (21.1)
40–49 75 4 (5.3) 33 8 (24.2) 75 11 (14.7)
50–59 41 1 (2.4) 22 8 (36.4) 41 5 (12.2)
� 60 71 5 (7.0) 36 19 (52.8) 71 7 (9.9)
Total 850 19 (2.2) 435 55 (12.6) 847 103 (12.2)

* ADL � adenolymphangitis.
† � stage II (males only).
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and low endemicity communities are likely to have much
higher prevalence of infection than has hitherto been re-
flected by the tests for mf.

In both communities, the earliest cases of CFA positivity
were seen in the youngest age group of children. In contrast,
the earliest cases of mf positivity appeared at a much younger
age in the high (three years) than in the low (14 years) ende-
micity community. From the age of first appearance, preva-
lences of both CFA and mf positivity increased gradually with
age, but reached much higher levels in the high than in the
low endemicity community. However, it is noteworthy that
the age-prevalence curve appeared more non-linear in the
high than in the low endemicity community. Predictions from
mathematical models suggest that this pattern could reflect
the impact of varying transmission intensities on immunity
development.11 Alternatively, the slight decrease in rate of
acquisition of new infections observed in the older age
groups, especially in Masaika, may be reflective of decreased
exposure to infection in these age groups.

The mean of mf intensities among all examined individuals
in the high endemicity community increased with age, as ob-
served previously.17 This is probably contributable to new
infections arising from the continued transmission, which re-

duce the number of amicrofilaremic individuals thereby in-
creasing mean mf intensity. In contrast, mean mf intensity
among those infected remained fairly uniform, or perhaps
even decreased slightly with age. A similar lack of a positive
relationship between age and mf intensity among microfila-
remic individuals has been observed in other endemic popu-
lations,6,7,26 and may be due to some mf or adult worm in-
tensity regulation mechanism, probably immune-mediated,

FIGURE 4. Odds ratios (with 95% confidence intervals) of being
microfilaria (mf) or circulating filarial antigen (CFA) positive among
individuals � 20 years old with or without chronic disease in Masaika
and Kingwede. 1 � hydrocele patients; 2 � elephantiasis patients; 3
� chronic disease patients (hydrocele or elephantiasis combined). *
� statistically significant.

TABLE 6
Relationship between the Wuchereria bancrofti microfilaria (mf) and circulating filarial antigen (CFA) status in parents and their children less

than 20 years old

Masaika Kingwede

Number of
children

examined

Number of
children mf
positive (%)

Number of
children CFA
positive (%)

Number of
children

examined

Number of
children mf
positive (%)

Number of
children CFA
positive (%)

Mf+ mothers 70 11 (15.7) 26 (37.1) 11 1 (9.1) 3 (27.3)
Mf− mothers 216 24 (11.0) 74 (34.3) 301 0 (0.0) 21 (7.0)
Mf+ fathers 95 15 (15.8) 45 (47.4) 16 1 (6.3) 3 (18.8)
Mf− fathers 88 5 (5.7) 23 (26.1) 133 1 (0.8) 15 (11.3)
CFA+ mothers 189 27 (14.3) 73 (38.6) 51 1 (2.0) 3 (5.9)
CFA− mothers 97 8 (8.2) 27 (27.8) 261 0 (0.0) 21 (8.0)
CFA+ fathers 138 17 (12.3) 54 (39.1) 55 1 (1.8) 8 (14.5)
CFA− fathers 45 3 (6.7) 14 (31.1) 94 1 (1.1) 10 (10.6)

FIGURE 5. Overall prevalence (A) and geometric mean intensity
(B) of filarial-specific IgG1, IgG2, IgG3, IgG4, and IgE in Masaika
(gray bars) and Kingwede (white bars). Vertical lines indicate stan-
dard errors.
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within the host. The numbers of microfilaremic individuals in
the low endemicity community were too low to allow for a
similar analysis. In contrast to the findings for microfilaremia,
mean CFA intensities continued to increase with age among
the CFA-positive individuals in the high endemicity commu-
nity. The CFA has been considered to be an expression of
adult worm burden.20 If true, this implies that the adult worm
burden among those infected continue to increase with age.
The earlier proposed host infection regulation mechanism in
Masaika must therefore primarily be directed against mf.

In lymphatic filariasis, chronic disease is thought to result
from mechanical damage to the lymphatics by adult worms or
their products, immunologic responses to parasite antigen,
and/or secondary opportunistic bacterial and/or fungal super-
infection of the damaged lymphatic vessels.14 The relative
contributions of these components are not well known, but in
theory they might all contribute to the earlier appearance and
higher prevalence of hydrocele and elephantiasis observed in
the high than in the low endemicity community. Thus, higher
levels of transmission may result in higher worm burdens and
more intense stimulation of potential harmful host responses,
both of which could lead to increased vulnerability to second-
ary infections. Positive associations between community
transmission intensity, microfilarial level, and burden of
chronic disease have also been observed in earlier stud-
ies.17,26,30

The association between chronic disease (hydrocele and
elephantiasis) and infection status in adults was also analyzed
in this study for both mf and CFA to assess the relationship of
this association with community transmission intensity. It has
often been assumed, especially in immunologic analyses, that
individuals with chronic disease are mostly infection negative.
However, this was not confirmed in the present study. Thus,
there was no negative relationship between infection and dis-
ease status for either hydrocele in Masaika or for combined
chronic disease in any of the communities. Although the
prevalence of both mf and CFA in Masaika was lower in
those with elephantiasis than in those without this, this dif-
ference was only significant for CFA. The study is therefore
in agreement with a recent meta-analysis that showed no evi-
dence for a general negative association between microfilare-
mia and chronic disease in lymphatic filariasis.31

The history of experience of acute attacks of ADL during
the preceding one-year period was investigated through in-
terviews carried out during the clinical examination. The
number of cases recorded may to some extent be an overes-
timate, since other conditions could be mistaken for ADL
attacks by the villagers when trying to recall past disease ex-
perience. This is probably especially so in the low endemicity
community, where the population has less experience with
ADL attacks. The overall frequency and age patterns ob-
served conformed well to those of other studies carried out
through continued surveillance in communities with similar
levels of endemicity.32–34 Surprisingly, no association was ob-
served between reported history of ADL attacks and mf or
CFA status in Masaika or Kingwede. The proportion of in-
dividuals reporting ADL attacks in the high endemicity com-
munity was significantly higher in those with elephantiasis
than in those without, as reported elsewhere,32–35 whereas no
such association was observed between ADL attacks and hy-
drocele.

A number of previous studies have indicated that maternal

but not paternal microfilaremia correlates significantly with
increased probability of microfilaremia in their children.6,12,36

Based on these observations, it has been suggested that intra-
uterine exposure to filarial antigen increases the risk of infec-
tion in the offspring. A model-based comparative study has
also indicated that this relationship may vary with the level of
endemicity, with neo-natal tolerance being more pronounced
in a high than in a low endemicity community.13 Other studies
have indicated that children of both mf-positive mothers and
fathers are more likely to be mf positive than children of
mf-negative parents.37,38 Based on these studies, it appears
that parental and not only maternal infection is the more
important risk for infection in the offspring, probably due to
increased household exposure. The present study analyzed
the relationship between infection status of parents and that
of their children not only for mf, but also for the first time for
CFA. As in previous studies, no information on the infection
status of mothers during gestation, or of the infection status of
the parents in early childhood, was available. However, since
the mf status in most individuals living in endemic areas ap-
pears to remain constant for many years,39 it was considered
reasonable to use the parents present infection status for the
analyses. In both communities, children of infected parents
generally had higher mf and CFA prevalences than those of
non-infected parents, and this was not related to the mothers
only. Although these differences were not statistically signifi-
cant, they weigh more towards the notion that household
exposure may be the important risk factor in determining
infection status in children rather than maternal infection.

Specific antibody responses differed considerably between
the two communities. Thus, overall prevalences and mean
intensities of IgG1, IgG2, IgG4, and IgE were significantly
higher in Masaika than in Kingwede, whereas the opposite
was seen for IgG3. Endemicity level and intensity of trans-
mission therefore appear to be important factors determining
the pattern of antifilarial immune responses in the endemic
community, which should be taken into account when exam-
ining and comparing immunologic response patterns in dif-
ferent populations. IgG4 has been claimed to be a marker of
infection in lymphatic filariasis,40,41 and both prevalence and
intensity of this isotype was higher in Masaika than in King-
wede. However, in both communities its prevalence of posi-
tivity was much higher than that of both mf and CFA, as also
observed by others.29,38 Therefore, being IgG4 positive does
not necessarily denote active infection but may be related to
intensity of exposure to infective larvae.42 The higher IgG3
prevalence and intensity in the low endemicity community
was surprising, and this observation is not in agreement with
earlier suggestions that IgG3 is associated with pathology in
lymphatic filariasis.43 The relative level of specific IgG4 to
IgE has been suggested in both schistosomiasis44 and lym-
phatic filariasis41 to be related with protective immunity,
whereby resistance and permissiveness would be associated
with low and high IgG4:IgE ratios, respectively. If this were
correct, it would appear that the population in Kingwede is
more resistant to infection compared to that of Masaika. The
patterns of specific antibodies in relation to infection, disease,
age, and gender in the two communities will be analyzed in
more detail in subsequent papers.

Overall, these results indicate that differences in commu-
nity transmission intensity may underlie many of the observed
differences in infection, disease, and host response patterns in
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the two study communities. Transmission intensity thus ap-
pears to be an important determinant of inter-community
variation in these patterns in Bancroftian filariasis.
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miologiques. Bull Soc Pathol Exot 66: 139–155.

10. Day KP, Gregory WF, Maizels RM, 1991. Age-specific acquisi-
tion of immunity to infective larvae in a bancroftian filariasis
endemic area of Papua New Guinea. Parasite Immunol 13:
277–290.

11. Michael E, Bundy DAP, 1998. Herd immunity to filarial infection
is a function of vector biting rate. Proc R Soc Lond B Biol Sci
265: 855–860.

12. Lammie PJ, Hitch WL, Allen EMW, Hightower W, Eberhard
ML, 1991. Maternal filarial infection as risk factor for infection
in children. Lancet 337: 1005–1006.

13. Grenfell BT, Michael E, 1992. Infection and disease in lymphatic
filariasis: an epidemiological approach. Parasitology 104: S81–
S90.

14. Ottesen EA, 1994. The human filariases: new understandings,
new therapeutic strategies. Curr Opin Infect Dis 7: 550–558.

15. Addiss DG, Dimock KA, Eberhard ML, Lammie PJ, 1995. Clini-
cal, parasitologic, and immunologic observations of patients
with hydrocele and elephantiasis in an area with endemic lym-
phatic filariasis. J Infect Dis 171: 755–758.

16. Southgate BA, 1992. Intensity and efficiency of transmission and
the development of microfilaraemia and disease: their relation-
ship in lymphatic filariasis. J Trop Med Hyg 95: 1–12.

17. Kazura JW, Bockarie M, Alexander N, Perry R, Bockarie F,
Dagoro H, Dimber Z, Hyun P, Alpers M, 1997. Transmission
intensity and its relationship to infection and disease due to
Wuchereria bancrofti in Papua New Guinea. J Infect Dis 176:
242–246.

18. McMahon JE, Marshall TF, Vaughan JP, Abaru DE, 1979. Ban-
croftian filariasis: comparison of microfilaria counting tech-
niques using counting chamber, standard slide and membrane
(nuclepore) filtration. Ann Trop Med Parasitol 73: 457–464.

19. Poulsen LK, Sørensen TB, 1993. Elimination of viral infection
from blood samples for allergic testing. Allergy 48: 207–208.

20. Simonsen PE, Dunyo SK, 1999. Comparative evaluation of three
new tools for diagnosis of bancroftian filariasis based on de-
tection of specific circulating antigens. Trans R Soc Trop Med
Hyg 93: 278–282.

21. Estambale BBA, Simonsen PE, Vennervald BJ, Knight R,
Bwayo JJ, 1994. Bancroftian filariasis in Kwale District of
Kenya. II. Humoral immune responses to filarial antigens in
selected individuals from an endemic community. Ann Trop
Med Parasitol 88: 153–161.

22. Simonsen PE, Meyrowitsch DW, 1998. Bancroftian filariasis in
Tanzania: specific antibody responses in relation to long-term
observations on microfilaraemia. Am J Trop Med Hyg 59: 667–
672.

23. Jaoko WG, Lund M, Michael E, Simonsen PE, 2001. A simple
and quick method for enhanced detection of specific IgE in
serum from lymphatic filariasis patients. Acta Trop 80: 51–57.

24. Simonsen PE, Niemann L, Meyrowitsch DW, 1997. Wuchereria
bancrofti in Tanzania: microfilarial periodicity and effect of
blood sampling time on microfilarial intensities. Trop Med Int
Health 2: 153–158.

25. Gyapong JO, Magnussen P, Binka FN, 1994. Parasitological and
clinical aspects of bancroftian filariasis in Kassena-Nankana
District, Upper East Region, Ghana. Trans R Soc Trop Med
Hyg 88: 555–557.

26. Dunyo SK, Appawu M, Nkrumah FK, Baffoe-Wilmot A, Peder-
sen EM, Simonsen PE, 1996. Lymphatic filariasis on the coast
of Ghana. Trans R Soc Trop Med Hyg 90: 634–638.

27. Lammie PJ, Hightower AW, Eberhard ML, 1994. Age-specific
prevalence of antigenemia in a Wuchereria bancrofti-exposed
population. Am J Trop Med Hyg 51: 348–355.

28. Chanteau S, Glaziou P, Plichart C, Luquiaud P, Moulia-Pelat JP,
Niguyen L, Cartel JL, 1995. Wuchereria bancrofti filariasis in
French Polynesia: age-specific patterns of microfilaraemia, cir-
culating antigen, and specific IgG and IgG4 responses accord-
ing to transmission level. Int J Parasitol 25: 81–85.

29. Simonsen PE, Lemnge MM, Msangeni HA, Jakobsen PH, Byg-
bjerg IC, 1996. Bancroftian filariasis: the patterns of filarial-
specific immunoglobulin G1 (IgG1), IgG4, and circulating an-
tigens in an endemic community of northeastern Tanzania. Am
J Trop Med Hyg 55: 69–75.

30. Gyapong JO, Webber RH, Morris J, Bennett S, 1998. Prevalence

SIMONSEN AND OTHERS558



of hydrocele as a rapid diagnostic index for lymphatic filariasis.
Trans R Soc Trop Med Hyg 92: 40–43.

31. Michael E, Grenfell BT, Bundy DAP, 1994. The association be-
tween microfilaraemia and disease in lymphatic filariasis. Proc
R Soc Lond B Biol Sci 256: 33–40.

32. Gasarasi DB, Premji ZG, Mujinja PGM, Mpembeni R, 2000.
Acute adenolymphangitis due to bancroftian filariasis in Rufiji
district, south east Tanzania. Acta Trop 75: 19–28.

33. Gyapong JO, Gyapong M, Adjei S, 1996. The epidemiology of
acute adenolymphangitis due to lymphatic filariasis in North-
ern Ghana. Am J Trop Med Hyg 54: 591–595.

34. Ramayah KD, Ramu K, Kumar KN, Guyatt H, 1996. Epidemi-
ology of acute filarial episodes caused by Wuchereria bancrofti
infection in two rural villages in Tamil Nadu, South India.
Trans R Soc Trop Med Hyg 90: 639–643.

35. Alexander NDE, Perry RT, Dimber ZB, Hyun PJ, Alpers MP,
Kazura JW, 1999. Acute disease episodes in a Wuchereria ban-
crofti-endemic area of Papua New Guinea. Am J Trop Med
Hyg 61: 319–324.

36. Steel C, Guinea A, McCarthy J, Ottesen EA, 1994. Long-term
effect of prenatal exposure to maternal microfilaraemia on
immune responsiveness to filarial parasite antigens. Lancet
343: 890–893.

37. Das PK, Srividya A, Vanamail P, Ramaiah KD, Pani SP, Michael
E, Bundy DAP, 1997. Wuchereria bancrofti microfilaraemia in
children in relation to parental infection status. Trans R Soc
Trop Med Hyg 91: 677–679.

38. Weil GJ, Ramzy RM, El-Setouhy M, Kandil AM, Ahmed ES,
Faris R, 1999. A longitudinal study of bancroftian filariasis in
the Nile Delta of Egypt: baseline data and one-year follow-up.
Am J Trop Med Hyg 61: 53–58.

39. Meyrowitsch DW, Simonsen PE, Makunde WH, 1995. A 16-year
follow-up study on bancroftian filariasis in three communities
of north-eastern Tanzania. Ann Trop Med Parasitol 89: 665–
675.

40. Kwan-Lim GE, Forsyth KP, Maizels RM, 1990. Filarial-specific
IgG4 responses correlates with active Wuchereria bancrofti in-
fection. J Immunol 145: 4298–4305.

41. Kurniawan A, Yazdanbakhsh M, Van-Ree R, Aalberse R, Sel-
kirk ME, Partono F, Maizels RM, 1993. Differential expression
of IgE and IgG4 specific antibody responses in asymptomatic
and chronic human filariasis. J Immunol 150: 3941–3950.

42. Bailey JW, Hightower AW, Eberhard ML, Lammie PJ, 1995.
Acquisition and expression of humoral reactivity to antigens of
infective stages of filarial larvae. Parasite Immunol 17: 617–
623.

43. Yazdanbakhsh M, Paxton WA, Kruise YMC, Sartono E, Kur-
niawan A, Wuot A, Selkirk ME, Partono F, Maizels RM, 1993.
T cell responsiveness correlates differentially with antibody
isotype levels in clinical and asymptomatic filariasis. J Infect
Dis 167: 925–931.

44. Hagan P, Blumenthal UJ, Dunne D, Simpson AJ, Wilkins HA,
1991. Human IgE, IgG4 and resistance to reinfection with
Schistosoma haematobium. Nature 349: 243–245.

INTER-COMMUNITY VARIATION IN BANCROFTIAN FILARIASIS 559


