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SUMMARY

This paper describes the structure of the microfilarial reservoir of Loa loa in an endemic population of central Cameroon.

The possible effects of age and sex on the prevalence and intensity of microfilaraemia have been explored. Logistic analysis

showed that the prevalence ofmicrofilaraemia increased significantly with age, reaching 60% in the oldestmales. This result

suggests that the figure commonly reported, according to which only one third of the infected individuals were micro-

filaraemic, should be reconsidered; in addition, as part of surveys of loiasis, crudemicrofilaraemia prevalence values should

be replaced by adjusted ones. The intensity of infection did not show any age-specific change. As a result, even if the oldest

members of the male population are clearly the most at risk of developing post-ivermectin serious adverse reactions,

especially Loa-encephalopathy, the other members of the population are not risk-free. Therefore, in those areas where the

African Programme for Onchocerciasis Control is undertaking regular mass distributions of ivermectin for onchocerciasis

control, and where loiasis is co-endemic, no subpopulation should be excluded from surveillance and monitoring during

community directed treatments with ivermectin.

Key words: Loa loa, microfilaraemia, infection age-profiles, ivermectin, serious adverse reactions, individuals at risk,

Cameroon.

INTRODUCTION

Loa loa is a filarial worm that parasitizes humans and

some species of monkey and which is transmitted by

tabanids belonging to the genus Chrysops. Studies

have shown that hybridization between the human

and simian ‘strains’ of Loa is possible (Duke, 1964).

However, as the microfilariae (mfs) of each of the

strains show opposite 24-hour periodicities (diurnal

in human and nocturnal in monkeys), and as the

vector species commonly biting these hosts are not

the same, the life-cycles of human and simian Loa

appear to be separated, and it has been suggested that

the two parasites may be in the process of speciation

(Duke &Wijers, 1958). The distribution of Loa loa is

mainly restricted to Central Africa (Rodhain &

Rodhain-Rebourg, 1973; Boussinesq & Gardon,

1997).

In humans, infection with Loa loa, or loiasis, is

usually revealed by episodic migration of the adult

worm under the conjunctiva of the eye (‘eye worm’),

and by transient, localized, itching, subcutaneous

oedematous swellings, known as ‘Calabar swellings’.

These signs and symptoms are mild, but still con-

stitute one of the main causes of consultation in

health structures in Central Africa (Boulesteix &

Carme, 1986; Pinder, 1988). More importantly, in-

dividuals harbouring high densities of Loamfs in the

blood may, after having received an antifilarial

treatment with diethylcarbamazine or ivermectin,

develop serious adverse effects (SAEs), particularly

encephalopathies, which may be fatal (Fain, 1978;

Carme et al. 1991; Gardon et al. 1997; Boussinesq

et al. 2003; Twum-Danso, 2003a, b). These events

are uncommon but, in areas where loiasis and

onchocerciasis are co-endemic, they may hamper the

activities of the African Programme for Oncho-

cerciasis Control (APOC), which is based on annual
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community-directed treatments with ivermectin.

Besides ethical issues (in the absence of a preliminary

diagnosis of onchocerciasis, the treatment may ex-

pose the individual to a risk, without any proven

benefit), the risk of occurrence of SAEs makes it

necessary to put in place specific monitoring pro-

cedures in those areas at risk, which in turn have to be

carefully delineated (Thomson et al. 2000; Obsomer

et al. 2002; Takougang et al. 2002). Lastly, the fear of

SAEs may clearly have a very negative impact on the

participation of communities in ivermectin distri-

bution campaigns.

As the probability of developing an SAE is closely

correlated with the intensity of any pre-treatment

Loa microfilaraemia, one might consider the possi-

bility of identifying, before the distribution of

ivermectin, those individuals at risk. Unfortunately,

the only means currently available of doing this

would be to perform systematic parasitological

examinations of calibrated blood smears on all

members of the population, which is not practical as a

routine. For lack of anything better, it is thus crucial

to identify those factors associated with the presence

of a high Loa microfilaraemia. The characterization

of a subpopulation in which the risk of SAEs is in-

creased would allow us to concentrate those activities

(recording, surveillance, etc.) aimed at limiting the

negative consequences of SAEs.

Before the present study, various surveys had

shown that levels of microfilaraemia tended to in-

crease with age, and were usually higher in males

than in females (e.g. for Cameroon: Kershaw et al.

1953; Ripert et al. 1977, 1980; Haumont et al. 1992),

but the numbers of communities and patients exam-

ined did not permit a detailed analysis of the factors

associated with the presence of microfilaraemia. Be-

sides this, it had been shown that, at the community

level, there is a close relationship between the

prevalence and intensity of Loa microfilaraemia

(Boussinesq et al. 2001; Takougang et al. 2002).

These results suggest that the distribution of the Loa

mfs in the human population could be described as it

is for many parasites (Crofton, 1971), including

helminths (Shaw &Dobson, 1995; Shaw, Grenfell &

Dobson, 1998), and especially filariae (Pichon et al.

1980; Grenfell et al. 1990; Das et al. 1990; Basañez &

Boussinesq, 1999), in the form of a negative binomial

distribution (NBD).

Although the population biology of L. loa prob-

ably shares many characteristics with those of other

helminth species, most authors who have studied this

parasite have emphasized its specific features. One of

the most striking is the fact that very high loads of

mfs, reaching 500 000 per ml of blood, are not un-

common. This feature contrasts with the values re-

ported for lymphatic filariasis, in which the mfs,

although of similar size to those of L. loa, rarely ex-

ceed concentrations of 20 000 mfs per ml (e.g.

Brengues, 1975). A second characteristic of L. loa is

that a high proportion of subjects, whose infection is

ascertained from a history of ‘eye worm’, do not

present mfs in their blood (Kershaw, 1950; Fain,

1978) ; and it is commonly said that two-thirds of the

individuals infected with L. loa are amicrofilaraemic

(Dupont, Zue-N’Dong & Pinder, 1988; Pinder,

1988; Noireau et al. 1990; Touré et al. 1997). It has

been suggested that this phenomenon of so-called

‘occult loiasis ’ is associated with immunological

mechanisms (Akué, Hommel & Devaney, 1997,

1998; Baize et al. 1997; Winkler et al. 1999; Akué &

Devaney, 2002; Akué et al. 2002) and that it is partly

related to familial genetic factors (Garcia et al. 1999).

However, the pattern of distribution of those in-

dividuals with occult loiasis within the global reser-

voir of the parasite has never been documented in

detail.

The present paper gives, for the first time, a

detailed description of the distribution of L. loa

microfilarial densities in a human population. The

study is based on extensive parasitological surveys

performed in central Cameroon, which have allowed

us to explore the effects of age and sex on the

prevalence and intensity of microfilaraemia.

PATIENTS AND METHODS

Study area, selection of subjects and parasitological

examinations

The study areas and the methods used for selecting

and examining subjects have been described in detail

elsewhere (Gardon et al. 1997; Boussinesq et al.

2001). Briefly, the data analysed in the present paper

were collected as part of 2 distinct studies. The first

set of data (study A) corresponds to epidemiological

surveys of filarial infections, conducted in 1991–1993

in 31 communities of the contiguous Lékié and

Mbam Divisions of the Central Province of

Cameroon, where 4307 subjects o5 years old were

examined. The second set of data was collected as

part of a trial conducted in 1995–1996 in the Lékié

Division to evaluate the incidence of Loa-related

post-ivermectin SAEs and to identify risk factors

associated with the latter. During this trial (study B),

4160 subjects o15 years old were examined in 36

communities. In both studies, the populations of the

villages had been informed, by an official notice

brought one week before, as well as by ameeting, that

a medical team would visit their village, and that all

volunteers to participate in the examination would

have to come at a given place and given day. They

were told that the examinations were free of charge

and aimed at measuring the microfilarial densities in

their blood, and they were informed that the results

would be provided to them.

From the total number of patients examined, and

the data of the last nation-wide census performed in

1987, one can calculate that the examinations covered
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in average 29% (range following the various villages:

4–71%) of the total population during study A, and

28% (range: 10–85%) during study B.

Each blood sample was collected by finger-prick,

between 10:00 and 16:00 h, in a non-heparinized

capillary tube, and calibrated thick blood films were

immediately prepared, using either 30 ml (study A) or

50 ml (study B) of blood. Each Giemsa-stained smear

was then examined under a low-power microscope

and all theLoamfs present on the slide were counted.

All the persons examined had been questioned as to

whether they had received any antifilarial treatment

previously, and the data from those few who had

been treated during the last 5 years were discarded

from analysis. Thus, 213 among the 4307 individuals

examined during study A, and 291 among the 4160

individuals examined during study B, were discarded

from statistical analysis.

Indicators of interest

Two main aspects of the structure of the L. loa

microfilarial reservoir have been analysed: the

prevalence of microfilaraemia and its intensity in

the human population.

The prevalence has been defined as the proportion

of patients presenting at least 1 Loa mf in their

thick blood smear. We assumed that the individual

microfilarial loads did not vary significantly between

10:00 and 16:00 h (Kershaw, 1950). The examin-

ations were done on blood smears of 30 ml during
study A, and blood smears of 50 ml during study B.

As the 5 to14 year-old age-group was only present

in study A, the mf reservoir corresponding to this

age-group was described, but not included in the

other parts of the analysis, for which we pooled the

data of all individuals aged o15 years old examined

during the two studies.

No standard indicator has so far been rec-

ommended to define the intensity of infestation with

L. loa at a community level. In the literature, this

intensity is defined either by the arithmetic mean, or

the geometric mean, or the median of the individual

mf densities; and this either on those patients who

are microfilaraemic or on the totality of the patients

examined (Fain et al. 1974; Noireau et al. 1989;

Ufomadu et al. 1991; Boussinesq et al. 2001). We

have limited our calculations to geometric means of

the loads in microfilaraemic patients. In addition, as

one of the main objectives of this study was to

identify any groups particularly at risk of adverse

reactions to ivermectin treatment, we further ana-

lysed the prevalence of mf densities >8000 mfs per

ml (PMF8000) in the different strata of the population.

The latter value corresponds to the one above which

the risk of post-ivermectin serious adverse reactions

(defined as reactions requiring full time assistance by

the relatives during at least week), is significantly

increased (Gardon et al. 1997).

Possible explanatory variables

The structure of theL. loa reservoir, as defined above

(prevalence and intensity) has been analysed and

evaluated according to two individual intrinsic fac-

tors, namely sex and age.

As one of our objectives was to identify sub-

populations particularly at risk of developing SAEs,

we decided to include age as a categorical rather than

a continuous variable. The odds ratios (ORs) associ-

ated with continuous variables are often difficult to

interpret in logistic regression models. Thus the

following age classes were used for the analysis:

15–19, 20–29, 30–39, 40–49, 50–59 and o60 years.

Data analysis

As a first step, we defined 3 levels of endemicity,

according to the prevalence of microfilaraemia in the

population aged o15 years old. We restricted the

calculation to this age-group because the examin-

ations performed as part of study B were limited to

this subpopulation. The limits of the 3 classes of

prevalence were chosen arbitrarily, so that we could

obtain sufficient numbers of individuals in each

stratum. Thus the following classes of prevalence

were used for the descriptive analysis: <25%, 25–

35% and o35%.

The communities examined were regrouped, ac-

cording to the criteria of endemicity defined above;

the population was thus classified by prevalence

group.

Trends in mf prevalence were first studied on the

whole population by a logistic regression model with

mixed effect, accounting for any possible effect of

intra-community clustering. As preliminary analysis

suggested that there may be a significant interaction

between sex, age and that this latter may differ be-

tween the two surveys (see Table 1), the effect of age

on microfilaraemic status was then studied for each

sex and each survey.

Goodness-of-fit of the logistic models were evalu-

ated using the Hosmer and Lemeshow test (Hosmer

& Lemeshow, 1989) after grouping the data into 10

nearly equal-size groups. Odds ratios are given with

their 95% confidence intervals (95% CI).

Assuming that mf distribution would be over-

dispersed rather than normally distributed, negative

binomial regressions with mixed effect, accounting

for any possible effect of intra-community clustering,

were used to explore the relationship between mf

counts, age-group and sex.

Studies of trends in intensity of infection were then

restricted to that part of the population whose

phenotype was defined for sure: i.e. microfilaraemic

individuals. The effects of age and sex on the prob-

ability of harbouring mf densities>8000 mfs per ml

amongst microfilaraemic individuals were studied by

logistic regression in the same manner as the mf

prevalence.
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Statistical analysis was performed using STATA

version 6.0 (Stata Corporation, TX, USA).

RESULTS

Trends in prevalence of microfilaraemia

The numbers of males and females examined and the

prevalence of Loa microfilaraemia are presented

in Table 1 for each age-group and each endemicity

level.

Among male subjects, the prevalence tended to

increase with age up to 40–49 or 50–59 years, and

then tended to plateau. In communities with the

lowest levels of endemicity, the highest values

recorded were 20–35% but they reached values ex-

ceeding 60% in areas of high endemicity. For female

subjects, the prevalence seemed to be much more

stable between 15 and 50 years but, after this age, a

marked increase in prevalence was recorded in those

communities with high or intermediate levels of

endemicity, and, in both studies, more than 40% of

the females o60 years old were found to be micro-

filaraemic.

The logistic regression analysis performed on the

whole population showed that the interaction term

between age and sex was highly significantly associ-

ated with the microfilaraemic status and that the

probability of beingmicrofilaraemic was about 2-fold

higher during the study B (Fig. 1).

Logistic models performed on separate sex and

survey, confirmed that the pattern of acquisition of

the microfilaraemic status seemed to be sex-related,

with a plateau following an increasing phase for

males, and a plateau followed by a late increase in mf

prevalence for females (Fig. 2).

Intensity of infection

Figure 3 represents box plot diagrams showing the

quartiles, the median, and the range of the micro-

filaraemias for each given sex, age group, and level of

endemicity. It shows that very high mf loads can be

seen in patients of very young age, and suggests that

the levels of microfilaraemia did not increase with

age. The geometric means of the mf densities in

microfilaraemic patients, in relation to sex, age, and

level of endemicity, also did not show any particular

trend with age. This is confirmed by the results of the

negative binomial regression, performed to evaluate

the relationships between microfilaraemia, age, and

sex (Table 2).

All the microfilaraemic males between 15 and 19

years old examined during study A in the villages

with a prevalenceo35% showedmore than 8000 mfs

per ml; this was probably due to the low number of

microfilaraemic patients (5 individuals) belonging to

this class (see Table 1). In most of the other ageT
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ié

d
iv
is
io
n
su
rv
ey
ed

in
1
9
9
5
–
1
9
9
6
(s
tu
d
y
B
)

E
n
d
em

ic
it
y

S
tu
d
y
A

S
tu
d
y
B

M
al
es

F
em

al
es

M
al
es

F
em

al
es

<
2
5
%

2
5
–
3
5
%

o
3
5
%

<
2
5
%

2
5
–
3
5
%

o
3
5
%

<
2
5
%

2
5
–
3
5
%

o
3
5
%

<
2
5
%

2
5
–
3
5
%

o
3
5
%

5
–
1
4
y
ea
rs

3
. 7

(4
3
6
)

1
1
. 7

(1
1
1
)

8
. 8

(1
0
2
)

1
. 9

(4
1
2
)

1
5
. 4

(1
1
7
)

9
. 8

(1
2
2
)

—
—

—
—

—
—

1
5
–
1
9
y
ea
rs

3
. 1

(1
2
8
)

9
. 5

(2
1
)

3
1
. 3

(1
6
)

5
. 0

(1
1
9
)

1
6
. 0

(2
5
)

2
8
. 6

(3
5
)

1
2
. 9

(2
1
0
)

1
6
. 5

(1
5
8
)

2
0
. 8

(1
0
1
)

1
6
. 1

(1
3
7
)

1
7
. 3

(1
5
0
)

2
4
. 8

(1
0
9
)

2
0
–
2
9
y
ea
rs

1
2
. 0

(1
0
8
)

3
6
. 9

(3
8
)

2
5
. 0

(1
6
)

7
. 3

(1
5
0
)

1
5
. 7

(5
1
)

2
4
. 3

(3
7
)

2
3
. 7

(1
1
8
)

2
9
. 3

(1
2
3
)

2
8
. 3

(1
0
6
)

1
6
. 3

(9
2
)

2
1
. 5

(1
5
8
)

3
1
. 0

(1
2
6
)

3
0
–
3
9
y
ea
rs

1
7
. 4

(1
3
2
)

4
2
. 6

(4
7
)

3
9
. 4

(3
3
)

9
. 5

(1
5
8
)

1
5
. 2

(4
6
)

2
9
. 9

(6
7
)

3
5
. 5

(6
2
)

4
2
. 6

(8
7
)

4
1
. 5

(8
2
)

1
5
. 0

(8
0
)

2
1
. 4

(1
1
7
)

3
4
. 5

(8
7
)

4
0
–
4
9
y
ea
rs

2
2
. 1

(1
4
0
)

4
1
. 0

(3
9
)

5
0
. 0

(2
4
)

7
. 6

(1
9
8
)

2
1
. 2

(5
2
)

2
5
. 7

(7
4
)

3
4
. 0

(4
7
)

5
4
. 8

(6
2
)

5
5
. 1

(4
9
)

1
6
. 0

(8
1
)

2
4
. 7

(1
5
8
)

3
3
. 6

(1
1
9
)

5
0
–
5
9
y
ea
rs

2
0
. 0

(1
8
0
)

5
4
. 2

(4
8
)

6
3
. 5

(5
2
)

6
. 4

(1
5
7
)

1
9
. 0

(4
2
)

1
9
. 6

(4
6
)

2
7
. 9

(6
1
)

4
6
. 4

(6
9
)

4
8
. 5

(9
7
)

2
1
. 4

(7
0
)

2
6
. 9

(1
5
6
)

4
5
. 6

(1
3
6
)

o
6
0
y
ea
rs

1
8
. 7

(1
8
2
)

5
1
. 5

(3
3
)

5
3
. 5

(4
3
)

8
. 3

(1
5
7
)

3
4
. 4

(3
2
)

4
5
. 6

(6
8
)

3
4
. 0

(4
0
)

5
0
. 8

(1
2
6
)

6
0
. 4

(9
6
)

2
1
. 8

(7
8
)

3
7
. 7

(1
5
9
)

4
3
. 2

(1
6
2
)

T
o
ta
l

1
2
. 0

(1
3
0
6
)

3
2
. 0

(3
3
7
)

3
4
. 6

(2
8
6
)

5
. 8

(1
3
5
1
)

1
8
. 4

(3
6
5
)

2
4
. 5

(4
4
9
)

2
3
. 0

(5
3
8
)

3
6
. 6

(6
2
5
)

4
0
. 9

(5
3
1
)

1
7
. 5
0
(5
3
8
)

2
5
. 2

(8
9
8
)

3
6
. 3

(7
3
9
)

S. D. S. Pion and others 616

https://doi.org/10.1017/S0031182004005694 Published online by Cambridge University Press

https://doi.org/10.1017/S0031182004005694


classes, and similarly in both sexes, the PMF8000 were

about 20% of the microfilaraemics in areas of low

endemicity and 35–40% in those of higher endem-

icity (Fig. 4).

The logistic regression analysis, restricted to the

microfilaraemics, showed that independently of the

data set, neither age nor sex were significantly associ-

ated with such high loads (Fig. 5).
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Fig. 1. Odds ratio and 95% confidence intervals (95%CI) for logistic regression withmixed effect (accounting for potential

intra-community clustering) of microfilaraemic status on sex, age and survey (study group), estimated on the population

aged 15 years and more, never treated with any antifilarial drug, and examined during study A and study B (N=6663).

Baselines are categories female sex, 15–19 year age-group, and study A (volume of blood sampling=30 ml). Goodness-of-fit

was tested using the Hosmer and Lemeshow test : x2=4.12, degree of freedom (D.F.)=8, P=0.846.
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Fig. 2. Odds ratios and 95% confidence intervals (95% CI) for logistic regression of microfilaraemic status on age for (A)

males (N=1280) and (C) females (N=1514) examined during study A, and (B) males (1694) and (D) females (2175)

examined during study B.
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Fig. 3. Distribution pattern with median and quartiles (boxplots) and geometric mean (2) of the positive microfilarial counts by age-group and sex (% females; males), in the

communities grouped according to their level of endemicity: (A), (D) endemicity <25%, (B), (E) endemicity 25–35% and (C), (F) endemicity o35%. (A), (B), (C), and (D),

(E), (F) correspond to the communities surveyed as part of study A and study B, respectively.
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Table 2. Coefficients and significance levels for negative binomial

regression with mixed effect (accounting for potential intra-community

clustering) of Loa loa microfilarial densities on sex, age and

survey, estimated on the population aged 15 years and more, never

treated, and examined during study A and study B (N=6663)

Variable Coefficient 95% CI P

Sex x0.14¡0.60 x0.74–0.46 0.642
Age-group 20–29 0.24¡1.09 x0.85–1.33 0.658
Age-group 30–39 x0.08¡0.78 x0.86–0.69 0.829
Age-group 40–49 0.34¡1.01 x0.66–1.35 0.503
Age-group 50–59 0.34¡1.07 x0.73–1.41 0.535
Age-group o60 0.88¡0.89 x0.01–1.77 0.054
Study group 0.98¡1.01 x0.02–1.99 0.056
Age-group 20–29rSex 0.51¡0.73 x0.22–1.24 0.171
Age-group 30–39rSex 1.25¡0.79 0.46–2.04 0.002
Age-group 40–49rSex 0.74¡0.68 0.06–1.43 0.034
Age-group 50–59rSex 0.72¡0.76 x0.04–1.48 0.062
Age-group o60rSex 0.47¡0.64 x0.17–1.13 0.153
Age-group 20–29rStudy group 0.18¡1.09 x0.91–1.27 0.752
Age-group 30–39rStudy group 0.31¡0.87 x0.56–1.19 0.484
Age-group 40–49rStudy group 0.14¡1.02 x0.88–1.17 0.796
Age-group 50–59rStudy group 0.29¡1.05 x0.76–1.34 0.587
Age-group o60rStudy group x0.17¡0.91 x1.08–0.72 0.6982
Constant 3.38¡0.96 2.42–4.34 <0.001
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Fig. 4. Proportion of patients harbouring mf densities >8000 mf per ml of blood among (A) male and (C) female
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DISCUSSION

Recently, some methods have become available

for identifying and delimiting those areas where

there is a risk of Loa-related SAEs after ivermectin

treatment (Thomson et al. 2000; Boussinesq et al.

2001; Obsomer et al. 2002; Takougang et al. 2002).

But still little is known about the structure of the mf

reservoir in the human population within a com-

munity, and thus which subpopulations of this

community are particularly at risk of developing an

SAE. To document this, we undertook this detailed

analysis, based on extensive parasitological surveys

performed in the Mbam and the Lékié divisions, in

the Central province of Cameroon, where most of

SAEs have been recorded so far (Twum-Danso,

2003a).

Effect of age on the presence/absence of

Loa loa microfilaraemia

In the first part of the analysis, we have shown that

the prevalence of the Loa microfilaraemia tended to

increase with age. This result confirms observations

made by a number of authors who performed de-

scriptive surveys (e.g. Kershaw et al. 1953; Ripert

et al. 1977, 1980), and the detailed analysis done by

Garcia et al. (1999), who found, in a village of

southern Cameroon where the level of endemicity

was particularly high, that among several factors

(sex, age, occupation, and duration of time spent

outdoors), age was the only one related to the pres-

ence of the Loa microfilaraemia.

Two issues should be raised regarding the age

profiles of microfilaraemia observed in central

Cameroon. The first one is that in themost highly en-

demic villages, the prevalence of Loamicrofilaraemia

in the oldest males (o50 years old in study A and

o60 years old in study B) reached, or even exceeded

60%. This result, as well as those presented in other

studies (Takougang et al. 2002), seems to contradict

the common statement that whatever the level of

endemicity and whatever the age, two-thirds of the

infected population have an occult loiasis, i.e. har-

bour adult worms but will be permanently amicro-

filaraemic (Pinder, 1988; Dupont et al. 1988; Akué,

Dubreuil &Moukana, 2001;Wahl &Georges, 1995).

Clearly, this is not the case for the elderly living in

hyperendemic villages in central Cameroon. The

marked increase in the prevalence of Loamf with age

should lead investigators to analyse prevalence data

cautiously, to avoid using crude prevalences of Loa

microfilaraemia, but instead to calculate sex- and

age-adjusted prevalences, as for onchocerciasis

(Moreau, Prost & Prod’hon, 1978). To illustrate

this point, we have represented in Fig. 6, for each

community surveyed in this study, its crude and

standardizedmf prevalence, according to the Oncho-

cerciasis Control Programme (OCP) standard

population. It appears that the prevalence of Loa

microfilaraemia in some communities would have

been significantly overestimated (e.g. Guientsing

and Boyabissoumbi, surveyed during study A) or,

with possible serious implications in terms of moni-

toring SAEs, largely underestimated (e.g. Nkolme-

banga and Nkolangoun, surveyed during study B).
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Fig. 5. Odds ratios and 95% confidence intervals (95% CI) for logistic regression with mixed effect (accounting for

potential intra-community clustering) of high microfilarial densities (>8000 mf per ml of blood) on sex, age and survey

(study group), estimated on the microfilaraemic population aged 15 years and over examined during study A and study B

(N=1707). Baseline category are female sex, 15–19 year age-group, and study A (volume of blood sampling=30 ml).
Goodness-of-fit was tested using the Hosmer and Lemeshow test: x2=4.12, degree of freedom (D.F.)=8, P=0.846.
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In addition, our results should be discussed in the

light of the genetic study on the predisposition to be

microfilaraemic for Loa presented by Garcia et al.

(1999). These authors performed a segregation

analysis on 74 nuclear families living in an endemic

village, and their results indicated that about 59%

of the exposed population were predisposed to

be microfilaraemic, whereas 41% had a very low

life-time risk of harbouring mf. When comparing

this finding with ours, we may assume that the

totality of the subpopulation ofmales agedo60 years

had been exposed to such a degree of transmission,

that they should all have become infected, and that

all the susceptible individuals should have become

microfilaraemic whereas the others were presumably

resistant.

Another issue concerns the mechanisms associated

with the increase in the prevalence of microfilaraemia

with age. It might be supposed that the increase in

prevalence of microfilaraemia would simply be the

consequence of an increase in the proportion of

persons infected, and that, after several infective

bites by Chrysops, the probability of becoming

microfilaraemic would increase progressively. How-

ever, it has been shown that, in areas hyperendemic

for loiasis, a high proportion of very young children

(2 years old) showed Loa-specific antibodies,

although nomfs were found in their blood (Goussard

et al. 1984). This result suggests that some mech-

anisms, possibly immunological, regulate the appear-

ance of microfilaraemia, and that these mechanisms

are already active in the first years of life. Then, one

may assume that, maybe because of the progressive

increase in the number of parasites in the organism,

the mechanisms preventing or limiting the appear-

ance of mfs in the peripheral blood become
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Fig. 6. Crude (&) and standardized (%) microfilarial prevalence (A) in the 31 communities of the Mbam and Lékié

divisions surveyed during study A and (B) in the 36 communities of the Lékié division surveyed during study B.
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progressively inefficient during the host’s life-time,

and that this may vary between individuals (Pinder,

1988).

Recent advances in immunology have demon-

strated the implication of different immunological

factors and their presumed respective rôles in

filariasis establishment. Thus, a high level of parasite

transmission would lead to a depression in the pro-

liferation of T cells of infected hosts (Akué et al.

2002). This immunodepression would facilitate the

adult worms’ establishment which in turn, would

promote the circulation of mfs (Hoffmann et al.

2001). The persistence of those mfs would be facili-

tated by the IL-10 cytokine (Hoffmann et al. 2001).

Baize et al. (1997) demonstrated that microfilaraemic

individuals were characterized by an absence of Th1

and Th2 response (except interleukin-10 (IL-10)),

which was induced or maintained by the presence of

mfs. It has also been shown that lymphocytes of

L. loa infected patients could produce antibodies

in response to low concentrations of Brugia malayi

adult antigens but not to high concentrations

(Nutman, Withers & Ottesen, 1985). These results

suggest that a heavy adult worm burden may thus

suppress immunity against incoming infective lar-

vae, like it has recently been suggested for the para-

site density regulation in onchocerciasis (Duerr et al.

2003), or against the other stages of the parasite in

the human host. Nomethod allowing for quantifying

the Loa adult worm burden in the human host is yet

available and it seems technically very difficult to test

for these hypotheses in vivo, but mathematical

modelling approaches as proposed by Duerr et al.

(2003, 2004) for onchocerciasis may contribute to the

clarification of this point.

Effect of sex on the presence/absence of Loa loa

microfilaraemia

For both data-sets A and B, the prevalence values

recorded in males were generally higher than in

females. This phenomenon was also reported inmost

the surveys on loiasis (e.g. Kershaw et al. 1953;

Ripert et al. 1977, 1980), and may be explained, on

the one hand, by differences in the everyday activi-

ties, and thus in exposure to infective bites of the

Chrysops or, on the other hand, by physiological

differences related to sex. Two studies have been

conducted in Cameroon to evaluate whether ex-

posure to the vectors was associated with the pres-

ence of aLoamicrofilaraemia. One of them suggested

that neither sex, nor the type of activity (i.e. agri-

culture in the forest versus other activities), nor the

duration of time spent outdoors between 6:00 and

22:00 h (o50% versus <50%) were significantly as-

sociated with the presence of mfs, and that the only

factor significantly associated with the presence of

microfilaraemia was age (Garcia et al. 1995).We have

also studied the respective effects of sex, age, and

degree of exposure to Chrysops bites (o versus

<15000 L3 received within the last 10 years, cal-

culated using a formula including the Chrysops

infection rates in areas of different vegetational types,

and the respective durations of time spent by

the individuals in the latter), on the presence of

microfilaraemia. The results showed that high levels

of exposure to Loa infective larvae had no effect on

the presence of microfilaraemia, but that age and sex

did so (Pion et al. 2000). These two studies thus led to

contradictory results, and we have no explanation for

this finding.

Besides this, experimental infections performed

using animal models have shown that the establish-

ment and development of filarial parasites may be

different between males and females (Ash, 1971;

Denham, 1974), and that hormonal factors may ac-

count for these differences (Reynouard et al. 1984;

Nakanishi et al. 1989; Rajan et al. 1994). In the hu-

man host, it has also been shown that there were sex-

related differences in the immunological responses

against infections due to protozoa (Roberts, Walker

& Alexander, 2001), Schistosoma (Remoué et al.

2001), and Wuchereria bancrofti (Dutta & Diesfeld,

1994) ; but, to our knowledge, no such phenomenon

has been reported so far for L. loa.

The increase in the prevalence of L. loa micro-

filaraemia seems to follow different patterns formales

and females. In females, the trend in the prevalence

to increase occurred particularly late in life (after 50

years of age). A study of the distribution of the mf

loads of W. bancrofti had shown that these tended to

be lower in those females of reproductive age; and

the authors conclude that this reduction may result

from hormonal changes associated with female

reproduction, possibly in combination with other

factors (Alexander & Grenfell, 1999). Besides this, it

has been shown that, in a mouse model, the presence

and persistence of mfs of Litomosoides sigmodontis

strongly depended on the production of IL-10

(Hoffmann et al. 2001), and that production of IL-

10 was augmented in post-menopausal females

(Deguchi et al. 2001). The late increase in the

prevalence of Loa microfilaraemia in the female

population could be explained by changes in the

hormonal balance, which might be related to the

production of IL-10 after the menopause.

Intensity of infection

Although the mfs of L. loa are of similar size to those

ofW. bancrofti, both the mean intensities of infection

and the maximal densities observed in the present

study were much higher. This discrepancy in abun-

dance may be explained by a particularly important

shedding activity of L. loa (Eberhard & Orihel,

1986), and is probably maintained because the hu-

man host shows a good tolerance to the parasite due

to the generally low pathogenic characteristic of the
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latter. Higher levels of mf infection may compensate

for a less important vector/host contact (because of

lower densities of Chrysops silacea and C. dimidiata,

the two main vectors of L. loa, compared to the

mosquito vectors of lymphatic filariasis) and for the

fact that, in general, the majority of human hosts do

not show Loa mfs in their peripheral blood and thus

only few bloodmeals are infective for the vectors.

Relationship between age and the mean of positive

microfilarial loads

One of themost unexpected and interesting results of

the present study concerns the changes, with age, in

the intensity of infection among the microfilaraemic

individuals. The mean mf densities appear to be

more or less constant from very young ages, and the

figures presented in this paper suggest that, in those

patients who become microfilaraemic, the mf loads

increase steadily in a few months or years, to reach a

given level, which can be very high. It is well known

that the Loa microfilaraemia in any individual re-

mains more or less constant over time (Noireau &

Pichon, 1992; Garcia et al. 1995), and that there is a

genetic predisposition to be microfilaraemic (Garcia

et al. 1999). One may therefore assume that those

predisposed persons show a rapid increase in their

microfilaraemia, and that, once a given level is

reached, they keep it all through their lives. This

phenomenon is very similar to the pattern observed

in West Africa with W. bancrofti (Brengues, 1975)

but differs completely from the pattern observed

with other filariae such as Onchocerca volvulus,

for which both the prevalence and the mf loads in

positive individuals increase with age (Basañez &

Boussinesq, 1999). The phenomenon observed with

L. loa raises a number of questions. The first one is

to know whether, similarly to those associated with

the presence/absence of microfilaraemia, there are

genetically-related mechanisms governing the ‘op-

timal ’ level of microfilaraemia reached in any indi-

vidual, and thus whether there is a predisposition to

develop a high, moderate, or low Loa mf density.

Several studies have shown that some individuals are

predisposed to harbour high infections with such and

such a helminth parasite (Schad & Anderson, 1985;

Bundy et al. 1985). Unfortunately, as there is cur-

rently no drug which has a complete macrofilaricidal

activity againstL. loa, it would be difficult to perform

longitudinal studies, following up the effects of the

re-infections (and the level to which the micro-

filaraemia re-increases) after the parasite has been

eliminated from the organism. The second question

concerns the mechanisms allowing the patient to

keep such stability in their microfilaraemia, in spite

of the repeated infective bites by the Chrysops.

The parasite stage (adult or mfs) which triggers the

regulating mechanisms, and the level at which

the latter acts remains unknown. These issues should

certainly lead investigators to continue studies

on the immunological responses to L. loa, some of

which may need to be done on the Loa-primate

models.

Finally, from a practical point of view, the fact that

very young children may present important Loa

microfilaraemia should be emphasized. Although the

prevalence of microfilaraemia in the younger chil-

dren is usually low, and thus, in the total sub-

population of children, the number of those with

high mf loads is still low, our study shows that SAEs

can indeed occur in children and thus that young age

should not be considered as an argument against a

diagnosis of Loa-related SAE.

Identification of the subpopulation which is most at

risk of developing marked adverse reactions

post-ivermectin

The results of our analysis have shown that, whatever

the age class and the sex, about one third of the

persons who were found microfilaraemic harboured

densities exceeding 8000 mfs per ml, and were thus

at increased risk of developing marked adverse re-

actions after ivermectin treatment. From the figures

observed in the various strata studied, it appears that,

in those areas hyperendemic for loiasis, more than

20% of the males more than 50 years old present such

a risk of marked reactions.

In conclusion, the present study demonstrated

that age and sex had important effects on the pres-

ence of Loa microfilaraemia in the individuals, and

that this should lead to the replacement of crude

prevalences by adjusted ones as part of the surveys of

loiasis. We have shown that the figure according to

which only one third of the infected individuals were

microfilaraemic was not so clear-cut. Our analysis

on the intensity of infection has provided results

strongly suggesting that the passage from the status

of amicrofilaraemia to the ‘cruising’ Loa micro-

filaraemia is fairly rapid, and occurs within several

months; and that young children may present high

microfilaraemias similar to those recorded in adults.

From this result, we conclude that, even though the

oldest members of the male population, which

present the highest prevalence values, are clearly the

most at risk of developing post-ivermectin SAEs, no

subpopulation should be excluded from surveillance

and monitoring during community-directed treat-

ments with ivermectin.
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le Développement (IRD). Some of the data were collected as
part of surveys supported by Helen Keller International,
and theUNDP/World Bank/WHOSpecial Programme for
Research and Training in Tropical Diseases (TDR).
S. D. S. Pion is deeply grateful to Dr F. Lacoste for his
financial support. We wish to thank Dr J. Owona, former
Minister of Public Health, who provided ethical clearance
for study B. We are grateful to Drs F. J. Louis and

Structure of the microfilarial reservoir of Loa loa 623

https://doi.org/10.1017/S0031182004005694 Published online by Cambridge University Press

https://doi.org/10.1017/S0031182004005694


P. Richard, to Demanga-Ngangue, V. Foumane, and
T. Nyiama, and to the personnel of the Laboratoire Mixte
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