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Abstract .  A longitudinal, one-year survey of Loa loa infection was carried out in an endemic area of sou& 
Cameroon. Parasitologic samplings (calibrated thick blood smears) were performed every two mo 
evolution of loiasis infection at both the population and the individual level. The mean number of 
subject was 3.8 (range 1-6). At the population level, prevalence of infection and microfilarial loa 
very stable over time. This observation is consistent with the existence of an important reserve of 
available for vectors and the maintenance of high levels of transmission. At the individual level, bot 
status (microfilaremic/nonmicrofilaremic) and the level of parasitemia showed a remarkable stabi 
was the relevant factor that influenced the individual microfilarial status in the whole population. 
filaremic individuals were taken into account, age did not influence the level of microfilaremia, su 
could be considered as a noncumulative disease. The stability of individual microfilarial status and 
infection variations observed with age support the view that genetic factors might be involved in - - -  
mechanisms against loiasis infection. 

Loa loa filariasis is found only in the tropical rain forest 
of western and central Africa. More than 30 million people 
live in endemic areas.' Whereas the seriousness of the two 
characteristic clinical features of this disease are not very 
serious (Calabar swelling or subconjunctival migration of an 
adult worm),2 rare severe complications, including endocar- 
dial fibrosis and renal diseases, have been r e p ~ r t e d . ~ . ~  Within 
hyperendemic regions, exposure to L. loa may approach 
loo%?-' with approximately 30% of the population being 
microfilaremic.* This characteristic profile was reported by 
Kershaw in an hyperendemic area of central A f r i ~ a . ~  To ex- 
plain this relatively low rate of microfilaremic subjects, var- 
ious hypotheses, including the existence of a genetic influ- 
ence on the outcome of filarial infections, have been put 
forward.IO. I I  

Epidemiologic studies on loiasis are most often cross-sec- 
tional, and the infection status of an individual is determined 
from a single parasitologic examination of microfilariae in 
the peripheral blood. The present study is a longitudinal sur- 
vey of a population h i n g  in an endemic area. Several mea- 
surements of individual microfilarial density have been per- 
formed to describe the loiasis situation and its evolution in 
the village, and to study the long-term stability of individual 
microfilarial status. Both the quantitative (parasite density) 
and the qualitative (microfilaremic/nonmicrofilaremic) as- 
pects of individual microfilarial status have been studied. 
Furthermore, environmental, behavioral, and individual fac- 
tors have been investigated to isolate those that could influ- 
ence the individual microfilarial status. 

long trail across the forest. The village has been di 
four areas. All subjects of the village performed 
activities during the study. A physician with access 
treatment facilities was present every week to visit sic 
ple. Since no severe manifestation of loiasis was obs 
no treatment against filariasis was distributed duri 
vey. 

Laboratory methods. Parasitologic measureme 
made every two months during the follow-up (one- ye 
from calibrated thick blood smears (30 mm3) obtaige8 
fingerprick between 1O:OO AM and 3:OO PM. At each-me 
surement, a blood smear was taken from all per 
than one year of age present in the village. These 
thick blood smears were stained with Giemsa, an 
crofilariae were identified and counted. Parasitemia-ws-ë 
pressed as number of microfilariae/30 mm3 Additional 
yses on parasite density (PD) were conducted using 
logarithmic transformation based on log(PD I- 1) 
for zero counts. This log-transformed parasite den 
be denoted as the LPD. 

Variables of interest and strategy of analysis 
population level, loiasis infection was quantified at e 
by both the mean of the LPDs (quantitative) and 
portion of microfilaremic individuals (denoted as 
of infection) computed in present subjects. The e 
these two indicators was studied to describe th 
loiasis in the village. 
In this work, we were also interested in studying 

dividual microfilarial status (IMS). Each individual h 

SUBJECTS AND METHODS 

Subjects. The survey was conducted between April. 1992 
and April 1993 in a southern Cameroon village (region of 
Mbalmayo) located 70 km from Yaounde. Data on the pop- 
ulation (738 subjects from the Ewondo ethnic group) were 
recorded between February and March 1992. Habitations 
consist of small dwellings located on both sides of a 10-km- 

eral m"easurements, and to obtain a unique variabl 
ing for the degree of loiasis infection, a mea 
density (MPD) was defined. Before calculating the 
checked by one-way analysis of variance that the 
measurement had no significant effect on LPDs ( 
in the results). The MPD was then computed for 
vidual as the mean of their LPD values and thus, 
the quantitative aspect of the IMS. The MPD was ë 
O for more than 60% of the subjects (see details i 
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sultsr. i.e., the PD \va> (1 in a11 measurements for these in- 
dividuals. This observatinn had two consequences on the 
itrateg) tor the anaIlsis: I ) \tudie\ o n  SIPD nere performed 
both i n  the ivhole populatic>n and i n  the pc.ipulation nlth pos- 
iti\e hlPD values i positi\e population cmsisting in 195 in- 
diiiduals sampled at least twice,. anil 31 ;I binary variable 
w:iS al50 considered a h  accounting l'hr the qualitative aspect 
of  IhlS: each individual was classilied as either noninfected 
if  their LIPD \vas i1 i)r infected if their XIPD nas  positive. 
Both the quantitative and the qualitntive aspects of  IhlS were 
used to qtudy 11 the long-term stability of the IhlS and 21 
the factors that can influence the IhIS. 

The long-term stability ilf the quantitative IhlS \V:I~ 35- 

w5sc.d in the positive populntion by testing. using anal'si.; 
~f Xariance. that the \ariabilit)- of  the LPDs w:~s less im- 
port:int within indi\ i d d h  th:.ln between individuals. For the 
binary 1x1s. the follo\\ing inetlit id ;vas used to :is>e>s the 
indi\idual stabilit? of a ne!pti\t: PD x r o s  the measure- 
nient,. The computations x e  cleairly detailed in  Txhie I .  Let 
p,, be the observed proh:lhility of having a negative PD in 
the tt1t:il number of measurements [ p1. = number of negati\-e 
PD\/total number of PDsI. According to the h)pothesis that 
a negative PD t>ccurs at random iiithin indi\iduals (i.e.. SII 
measurements rire inciependent 1. the probabilit) for an  indi- 
\ idual \\ ho had j measurements that all their PD.; :ire equal 
to O is given by pt!: the expected number of such individuals 
(-;ampled j times and being always negative) is n,p.,'. Lvhere 
n, i3 the number of subjects sampled j times. Thew expected 
number4 were comp;ìred with the dxerved  ones by ;I chi- 
q u i r e  te5t for indi\ iduala having mare than two ineasiire- 
merits. Rejection of the nul l  hypothesis of independence of 
measurements means that individuals maintain their negative 
binary IhIS over time. 

The explanator) vx-iablea tested in this analysis SS poten- 
tially influencing the IhlS \vere 1 I ses: 21 habitation m a s  

RESL'LTS 
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TABLE 3 
Variation by date of visit of both the mean log parasite densities (LPDs) and the prevalence of infection with the corresponding number of 

sampled subjects 

visit 

Apr 1992 Jun 1992 Aug 1992 Oct 1992 Ian 1993 Apr 1993 P* 

469 430 448 <0.0001 No. of subjects 319 398 441 
(%It (48) (60) (66) (70) (64) (67) 

(SEM) (0.13) (O. 12) (0.11) (O. 1 1) (O. 11) (O. 11) 
Mean LPDs 1.323 1.438 1.329 1.322 1.184 1.374 NS 

Prevalence (%) 29.8 29.4 26.8 27.7 27.0 29.7 NS 
* NS = not significant. 
t Proportion from the whole population. 

subsample of the population (n = 430). The subsample con- 
sisted in families that accepted the presence of an investi- 
gator for several hours per day several days per week. There 
was no significant difference between the subsample and the 
whole population according to sex, activity, habitation area, 
and age. Both the mean MPD and the proportion of infected 
subjects observed in the subsample were not significantly 
different from the ones observed in the whole population. 
There was a significant (P  < 0.001) negative correlation (r 
= -0.16) between age and time spent indoors, indicating 
that the percentage of time spent inside houses decreased 
with age. 

Population results. Table 3 shows the variation by date 
of visit of the mean LPD and the prevalence in the popu- 
lation. The period of measurements had no significant effect 
either on the LPDs (P > 0.6) or on the prevalence of infec- 
tion (P  > 0.6). Annual prevalence of loiasis in this village 
was 28.3%. The number of blood smears carried out at each 
visit increased significantly (P < 0.0001) and stabilized 
around 450 (65%) at the third passage. Mean age was not 
significantly different by visit. 

Long-term stability of the IMS. For the quantitative as- 
pect of the IMS, the variance of the LPDs, computed for the 
positive population of 195 subjects sampled at least twice, 
was significantly greater (more than 25 times) between in- 
dividuals than within individuals (P < indicating the 
long-term stability of the quantitative IMS. Considering the 
binary IMS in the whole population, the probability (p,,) of 
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a- whole population 7 1  b- positive popdation 

age age 

FIGURE 1. Influence of age (in ye&) on-the mean parasite den- 
sity (MPD). Plots represent the mean, with 95% confidence inter- 
vals, of MPD n h e s  observed within seven age groups in the whole 
population (a) and in the positive population @). 

having a negative PD in the total number of measurements 
was 0.717. Table 1 shows, by number of measurements, the 
observed numbers of subjects having all their PDs equal to 
O and the expected numbers computed under the hypothesis 
of independence, as described in the methods. The test was 
highly significant ( P  < IOeg), leading to a strong rejection 
of the hypothesis of random occurrence of negative PDs 
within individuals. 

Factors influencing the quantitative aspect of the IMS 
(MPD). There was no significant effect of sex or habitation 
area on the MPD in both the whole population (n = 667) 
and the positive population (n = 224). The mean MPD 
(SEM) was 1.325 (0.13) for men and 1.185 (0.12) for wom- 
en in the whole population: among positive subjects, the 
mean MPD was 3.916 (0.24) for men and 3.875 (0.23) for 
women. 

In the whole population, the Spearman rank correlation 
coefficient between age and MPD (r = 0.31) was highly 
significant (P  < O.OOOl), indicating that the older individuals 
were the most infected (Figure la). In the positive popula- 
tion (Figure lb), the correlation between age and MPD (r = 
0.13) was not significant (P  > 0.06) suggesting that among 
infected people, age did not influence the MPD levels. As 
mentioned previously, age was also correlated with activity 
and indoor time, and may be a confounding factor in eval- 
uating the relationships between 1) MPD and activity and 2) 
MPD and indoor time described in the following paragraphs. 
Consequently, age was also considered as a binary variable 
to study both these relationships for two levels of the age 
factor. Two cutoff points could be used in view of the results 
in Figure la: 30 or 40 years. The results were similar using 
either one, and will be presented using the 30-year cutoff 
point. The mean MPD (SEM) of people younger than 30, 
0.724 (0.10), was significantly lower (P < 0.00001) than the 
mean MPD (SEM) of the older people, 1.971 (0.16). 

In the whole population, the mean MPD (SEM) was sig- 
nificantly higher (P  < 0.0001) for field workers, 1.893 
(0.18), than for others, 1.016 (0.10). In the positive popu- 
lation, the activity factor was borderline nonsignificant (P > 
0.05) with a mean MPD (SEM) of 4.346 (0.24) for the field 
workers and 3.616 (0.23) for the others. However, age may 
be considered as a confounding variable since field workers 
are older than the others. In the whole population, the effect 
of activity on the MPD was no longer significant among 
subjects younger than 30 (P  > 0.6) and among subjects older 
than 30 (P  > 0.57). The same pattern was observed when 
the positive population was studied. 
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iindoor time was considered only in the subsamplei. When 
age reither as a quantitative or a binary variable). was en- 
tered in the logistic model. activity and indoor time were n o  
longer qignificant variables. predicting the probability of in- 
fection rP > 0.50. and P > 0.20. respectively). The varia- 
tions of the prohability of infection with age predicted hy 
the logistic model including age as a quantitative variable 
(model Q, is ,shown in Figure 2 (bold line). When age was 
considered as a binary variable (model BI. the regression 
coefficient \vas easily interpretable in terms of odds ratio. 
The odds of infection between the subjects older than 30 and 
those younger than 30 was 3.57, 9 5 5  confidence interTal 
ICI )  = 2.71. 5.53. Model Q and model B were not nested 
and could not be directly tested by standard procedures (like- 
lihood ratio test). Hoivever, we noted that the goodness of 
fit provided by the model B was more satisfactory than the 
one provided by the model Q according to the Hosmer-Le- 
meshow test iP = 0.h7 and P = 0.14. respectively). 

B 
+ A  

0; 
O 1 0  2 0  30  40 5 0  6 0  7 0  

age 
FiciJp,F 2. InRuence of age i in !ear>) on  the probahiliry of heing 

microfilaremis. Plot A represents the observed proportion, with Y5% 
confidence intervnlh, nf micrntiluremic suhjests u i th in  \even age 
groups (i.e., 1-10. 11-30. 31-?¡1. 31-41?. 41-50, 51-hi). and hl-'0 
years]. Plot B reprezents the prohahilit? of beins microtilaremic iPi 
predicted u.ith ihc following logistic model including age in yearb 
¡.Al ;is a quantitative i.uriahle: Itig ¡PII - Pi = -1.633 h.02cT7.A. 

The effect o f  indoor tirne ;vas srutlied in the subsample of 
430 subjects. There \vas ;i negative i r  = -0.17, .;ignificant 
correlation hetueen the percentage ~f indoor time and the 
LIPD t P  .C: 0.001 1. indicating that the intensity of individual 
infections decreased with the percentage of time spent inside 
houses. Considering the positive population i I20 individu- 
als) of this subsample, the same ccsrrelution \vas borderline 
nonsignificant cP :> 0.051. .Age may be again considered as 
:i confounding \wiable sincl: age and indoor time were 4g- 
nificantly correlated. In both the whole lind the positive pop- 
ulation. the correlation between hlPD and indoor time u'as 
clearly not significant \vhen computed separately among 
people younger and older than 30. 

Factors influencing the binary IhIS. Using univariate 
methods. neither sex nor habitation area had a significant 
effect on the binary IhIS. The effect of age on the proba- 
bility of being infected i s  presented in Figure ?. Infected 
subjects were significantly older than noninfected ones. with 
a mean age [SEM, of 37.9 years tl.541 and 23.9 years 
11.01 ), respectively tP < 0.0001 1. The proportion of infected 
subject was 21% among people younger than 30 and 49% 
among people older than 30 ( P  < 0.0001). Field workers 
were significantly tP *: 0.0001 ) more infected 1 than 
the others (28%). In the subsample. the proportion of in- 
fected people was .;ignificantly higher I P -. 0.02)  in the pop- 
ulation spending less than 50% of the time inside houses. 

Multivariate analysis was then performed hy means of lo- 
gistic regression using the three variables found signilicant 
by the univariate analysis. i.e.. age. activity. and indoor time 

DISCUSSION 

This Lv-ork represents. to our knowledge. the first longi- 
tudinal epidemiologic survey of loiasis including several 
measurements for each individual and studying the long- 
term stability of loiasis infection at both the population and 
the individual level. At the population level. both the qual- 
itative (prevalence of microtilaremic subjects) and the quan- 
titative (mean LPDs) aspects of loiasis infection were found 
stable over time. The5e results confirm those of cross-sec- 
tional studies, showing a remarkable stability of the micro- 
tilarial density in different age groups of an adult popula- 
tion.'? A practical implication of this result is that the 
epidemitlngic situation in a region may be assessed hy a 
one-time survey. without important loss of information. .A 
direct consequence of this long-term stability is the existence 
of an important reserve of parasitic material available for the 
vectnrs. and thus. the persistence over time of high trans- 
mission levels in populations living in endemic areas. as it 
had been shown in the Congo and Gabon on the basis of 
both entomologic observations'? and immunologic or clinical 
data.' However. this high transmission does not explain our 
observations that only 2E-c of the population have circulat- 
ing microfilariae, and that microfilariae camers are generally 
the same individuals over time. Among the 12s subject sam- 
pled sis times. 615  were never microfilaremic whereas the 
expected figure would have been 13% according to the hy- 
pothesis of random occurrence of negative PDs within in- 
dividuals (Table I) .  Furthermore, microfilariae carriers pre- 
sented a very low variability of their microfilaremia over 
time, confirming the long-term stability of both the qualita- 
tive and quantitative aspects of individual microfilarial sta- 
tus. Similar results concerning the stability of the individual 
microtilarial status have been found in subjects sampled 
t\vice. hoth in Gabon" and the Congo,i" Lvith a one-year and 
a three-year interval betlbeen the two measurements, respec- 
tively. 

Factors contributing to the stability of parasitemia may he 
inherent both to the parasite (dynamics of production of mi- 
crofilariae by adult worms) and to the host (immune defense 
mechanisms 1. In hyperendemic regions, individuals may be 
espnsed to  an infective bite every five days" and thus re- 
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peatedly inoculated with L loa infective larvae (L3). As de- 
scribed for other filarial  infection^,'^ the host may, by an 
immune defense reaction, control the level of infective L3 
larvae and thus the number of adult worms able to produce 
microfilariae. The dynamics of production of microfilariae 
by adult worms in a host is not well-documented, and no 
clear correlation between the number of gravid females and 
the intensity of microfilaremia have been shown in loiasis 
infection.15-17 To account for the heterogeneity between in- 
dividuals (60% never infected versus 40% always infected), 
several arguments suggest the role of genetic factors in- 
volved in host defense mechanisms. Experimental studies 
have shown that an important component involved in the 
control of microfilaremia after experimental infection with 
Dipetalonema vitae is a genetically determined capacity to 
produce cuticle-specific IgM.I8 In human pathology, various 
possible explanations for familial clustering in Bancroftian 
filariasis have been reported. In utero exposure to filarial 
antigens might lead to a lower filarial-specific cellular re- 
sponse and thus, influence the individual microfilarial sta- 
t u ~ . ~ ~ . ~ ~  In a study of a large Polynesian population, a seg- 
regation analysis was found to be consistent with a genetic 
involvement in the predisposition to filarial susceptibility, 
whereas no linkage was observed with the HLA-A or B 
loci.*I An association between HLA-B 15 and predisposition 
to elephantiasis was reported in Sri Lanka and west Malaysia 
by Chan and others.22 Furthermore, the role of a major gene 
controlling resistance/susceptibility to other parasitic infec- 
tions, such as schistosomiasis or malaria, has been already 
found by means of specific statistical meth0ds.2~.*~ Further 
familial studies using segregation and linkage analyses are 
now needed to determine the nature of the genetic compo- 
nent potentially involved in filariasis infection. 

In the whole population, the results of univariate analysis 
showed that forest-related activities, time spent outside, and 
age increased the risk of infection and the level of r@icrofi- 
laremia. The effects of activity and indoor time were no 
longer significant after adjustment for age. Logistic regres- 
sion results confirm p a t  activity and indoor time have no 
significant effect on the probability of infection when age is 
entered in the model. Transmission of loiasis caused by the 
bite of an infected vector (Chrysops dimidiata or Chrysops 
silacea) occurs during the day. Entomologic studies have 
shown a seasonal pattem of host-seeking activity for both 
C. silacea and C. d i n ~ i d i a t a . ~ . ~ ~ * ~ ~  However, Noireau and oth- 
ersz5 have shown in the Congo that landing densities of C. 
dimidiata were greatest in the fields than in the village, 
whereas these densities were similar in all sites for C. sila- 
cea. The pattem of our results observed in 'an endemic area 
suggests that even if forest-related activities and time spent 
outside represent an increase of exposure, these factors do 
not increase the probability of being infected and the level 
of. microfilaremia. However, in areas of low transmission, 
these factors may increase the risk of infection. 

In the whole population, age was found to be the relevant 
factor influencing both the qualitative (microfilaremic/non- 
microfilaremic) and the quantitative (MPD) aspect of indi- 
vidual microfilarial status, indicating that the probability of 
infection and the level of microfilaremia increase with age. 
In view of Figures l a  and 2, this increase seems to present 
a plateau around 30 years, consistent with the pattem ob- 

OTHERS 

served by Noireau and othersi3 on the basis of 
surement with a plateau around 20 years. This r 

microfilaremia is very low. In the positive 
subjects with positive MPD), the effect of age on t 
filaremia is borderline nonsignificant. This pattem 
suggests that among infected subjects, the quantita 
of the individual infection status has no significa 
with age (Figure Ib) and is consistent with a very long 
stability of this infection status. Furthermore, it indicate 
loiasis could be considered as a noncumulative diseas' 

occur in children as well as in adults. 
Finally, the stability of individual microfilarial s 

the varied Dattem of infection variations observed 
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