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Objectives:  To  evaluate  the  effect  of  multiple  rounds  of  annual  single  dose  of DEC  (6  mg/kg)  or  albendazole
(400  mg)  given  alone  or in  combination  on  Wuchereria  bancrofti  microfilaraemia,  anti-filarial  IgG1  and
IgG4  and  antigenaemia.
Methods:  A  total  of  170  participants  were  randomly  assigned  to albendazole  (n =  62),  DEC  (n  =  54),  and
DEC  plus  albendazole  (DEC/ALB)  combination  (n =  54).  Blood  samples  were  collected  at  pre-treatment  in
1998, at  1 week  and 6  months  after  the  first  treatment  and thereafter  before  subsequent  treatments  in
1999  and  2000.  Effects  of treatment  on W.  bancrofti  infection  were  determined  by  changes  in  levels of
microfilaraemia,  antifilarial  antibodies  and  circulating  filarial  antigen.
Results:  Comparison  of geometric  mean  microfilariae  intensities  between  DEC/ALB  combination  and  DEC
or albendazole  single  therapy  groups  after  two rounds  of  annual  treatment  and  24  months  follow-up
showed  that combination  therapy  resulted  in  a  greater  reduction  of microfilaraemia  than  single  therapy
with  either  albendazole  (p  <  0.001)  or  DEC  alone  (p  = 0.146).  The  overall  levels  of anti-filarial  antibodies
decreased  significantly  (p  = 0.028  for IgG1  and  p  <  0.043  for  IgG4)  in  all  treatment  groups  at  24 months

follow-up.  Additionally,  overall  reduction  in  geometric  mean  circulating  filarial  antigen  levels  at  24
months  was  44%,  60%  and  85%  for albendazole,  DEC  and  DEC/ALB  groups,  respectively.
Conclusions:  These  study  findings  suggest  that  albendazole  improved  efficacy  of  DEC  and  mass  adminis-
tration  of  a combination  of  the  two  drugs  would  therefore  enhance  the  interruption  of  transmission  of  W.
bancrofti  in  endemic  areas.  This  information  has  important  implications  for the  ongoing  Global  Program

atic  F
for  Elimination  of  Lymph

. Introduction

An estimated 120 million people living in the tropics are infected
ith Wuchereria bancrofti, a mosquito-transmitted nematode par-

site that causes a debilitating form of lymphatic filariasis (LF)
nd at least one billion people are at risk of this disease world-
ide (Michael et al., 1996; The Carter Center, 2002). In Kenya, the
isease is endemic in the Coast Province where approximately 3
illion people are estimated to be at risk of infection. Previous

pidemiological studies have reported microfilaraemia prevalence

f 15–25% in the coastal areas (Estambale et al., 1994; Wamae
t al., 1998; Njenga et al., 2000; Mukoko et al., 2004) and anti-
enaemia prevalence above 35% (Wamae  et al., 1998; Njenga and
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Wamae, 2001). For a long time the disease remained uncontrolled
in many endemic areas due to lack of suitable diagnostic tools
and treatment regimens. However, advances in chemotherapeu-
tic strategies, diagnostic tools and innovative interventions have
led to the optimism that LF can be eliminated as a public health
problem in all areas of endemicity.

Diethylcarbamazine (DEC) is an effective microfilaricide
(Florencio and Peixoto, 2003) and partially effective macrofilari-
cide (Noroes et al., 1997) which has led to its use as the standard
treatment for LF since mid  1940s. During the earlier days the
recommended treatment regimen consisted of a 12-day course
of DEC (6 mg/kg body weight). However, research has previously
demonstrated that single-dose treatment with DEC at 6 mg/kg
body weight has comparable long-term microfilaricidal efficacy
to the 12-day course of treatment which was  inconvenient for

community-wide chemotherapy campaigns (Ottesen, 2000).

Albendazole was  first shown to be effective against lymphatic
filariasis by a study conducted in laboratory animals infected with
Brugia malayi (Mak  et al., 1984). Subsequently, several clinical
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rials have reported persistently low-levels of microfilaraemia in
 majority of subjects one year following treatment with a sin-
le dose of albendazole combined with either DEC or ivermectin
Ismail et al., 1998, 2001; El Setouhy et al., 2004). The recogni-
ion that two-drug single dose treatment strategies are significantly

ore effective than treatment with either drug alone has been a
ajor advancement in the development of control strategies for

F (Moulia-Pelat et al., 1995; Gyapong et al., 2005; Molyneux and
agaria, 2002; Addiss et al., 1997). Another scientific advancement
as been the development of a drug delivery approach known
s community-directed treatment (Com-DT) where selected com-
unity members are trained to be Community Drug Distributors

CDDs). A multi-country study on validation of Com-DT approach,
rst developed for onchocerciasis, established that the strategy is
lso feasible for delivery of single-dose anti-filarial treatments to
F endemic communities in sub-Saharan Africa (Gyapong et al.,
001; Wamae  et al., 2006). Based on significant developments
rimarily in Com-DT approach against LF and a related filar-

al infection, onchocerciasis, the World Health Assembly (WHA)
n 1997 resolved to eliminate LF as a public health problem
Resolution WHA50.29, 1997). Following the WHA  resolution, the

HO  launched the global programme to eliminate lymphatic filar-
asis (GPELF) in 2000 (Molyneux and Zagaria, 2002). The GPELF
ses the WHO  recommended strategy of mass drug administra-
ion (MDA) of DEC plus albendazole, DEC-fortified salt or, where
nchocerciasis is co-endemic with LF, ivermectin plus albendazole
o interrupt transmission of infection so as to achieve the elimina-
ion goal (Ottesen, 2000).

Although WHO  recommends co-administration of albendazole
ith either diethylcarbamazine (DEC) or ivermectin for elimination

f LF (2000) (Ottesen, 2000; Molyneux and Zagaria, 2002), there
re contradicting views on the role of albendazole in enhancement
f the macrofilaricidal and microfilaricidal effects of DEC or iver-
ectin. For example, a meta-analysis done to assess the efficacy

nd safety of two-drug regimens used in LF elimination programs
oncluded that the suppression of microfilaraemia is significantly
nhanced by the addition of albendazole to DEC or ivermectin
ompared to either drug alone (Gyapong et al., 2005). However,

 Cochrane review that assessed the effectiveness of albendazole
lone or in combination with either DEC or ivermectin concluded
hat there is insufficient evidence to confirm or refute that alben-
azole alone, or co-administered with DEC or ivermectin, has an
ffect on LF (Critchley et al., 2005). We  thus analyzed data collected
n our 1998–2000 randomized controlled trial in Msambweni Dis-
rict, south coastal Kenya, to evaluate the effectiveness of multiple
EC/ALB while compared to single dose annual DEC (6 mg/kg) and
lbendazole (400 mg)  on multiple parameters; namely W.  bancrofti
icrofilaraemia, antigenaemia and anti-filarial IgG.

. Methods

.1. Study area

This study was conducted in Muhaka area in Msambweni dis-
rict, south coastal Kenya (the district was carved out of the greater
wale district in 2007). The study protocol was reviewed, cleared
nd given ethical approval by both the Scientific Steering Commit-
ee and Ethical Review Committees of the Kenya Medical Research
nstitute (KEMRI).

.2. Study design, sample collection and treatment
This study was a three treatment arms randomized–controlled
rial without a placebo arm. Preliminary screening of households
or microfilaraemia was done by collection of finger prick blood
a 120S (2011) S33– S38

samples from consenting persons between 20:30 and 00:00 h (con-
sent/assent of parents/guardians was sought for children). The
finger prick blood samples were examined for microfilariae (MF)
using the counting chamber method (McMahon et al., 1979). A
household was selected to participate in the study if at least one
member was found to be microfilaraemic. All consenting members
of the household who met  inclusion criteria (age 5 years or more
and not severely ill or pregnant) were requested to participate in
the study. A total of 64 households were randomly assigned to three
treatment groups, namely, DEC (6 mg/kg body weight) alone, alben-
dazole (400 mg)  alone (ALB), and DEC plus albendazole (DEC/ALB)
combination.

Three rounds of annual treatment were administered to con-
senting individuals in the study households in 1998, 1999, and
2000. After the pre-treatment blood sample collection for baseline
examinations, follow-up specimens were collected again at 2 weeks
and 6 months after the first treatment and before each subsequent
round of treatment at 12 months and 24 months. Examination of
finger prick blood specimens for MF  was  done using the counting
chamber method. Additionally, a random sub-sample of 110 (43
on ALB, 32 on DEC and 35 on DEC/ALB) of venous samples were
selected from the 170 stored sera and plasma specimens prepared
for assays of anti-filarial IgG1 and IgG4 assays (indicators of filarial
infection status and/or exposure to mosquito-borne larvae), and
circulating filarial antigen (CFA), a marker for adult filarial worm
infection intensity (Weil et al., 1991; Ramzy et al., 1991).

2.3. Anti-filarial IgG1 and IgG4 assays

Measurement of anti-filarial immunoglobulin G1 and G4
(IgG1 and IgG4) was done using previously described methods.
(Njenga et al., 2007; Hitch et al., 1991) Briefly, micro-titre plates
(Immunolon 2 HB, Dynex Technologies, VA, U.S.A.) were coated
with 50 �l/well of 2 �g/ml of B. malayi antigen. After blocking
and washing steps, 50 �l/well serum specimens diluted 1:50 were
added followed by a biotin-conjugated anti-human IgG monoclonal
antibody. After another washing step, streptavidin conjugated to
alkaline phosphatase was  added and finally the plate developed by
addition of p-nitro phenyl phosphate. In each ELISA plate, serum
standards with known anti-filarial IgG1 and IgG4 isotype levels
were included and used to determine antibody levels in the test
specimens. The plates were read using an ELISA reader (UVmax,
Molecular Devices, U.S.A.).

2.4. Circulating filarial antigen assays

Assays for CFA were done using the Og4C3 monoclonal
antibody-based commercial ELISA kit (TropBio Pty Ltd, Queensland,
Australia). The assays were performed using plasma specimens
diluted at 1:10 following the manufacturer’s instructions and plates
were read using an ELISA reader (UVmax, Molecular Devices,
U.S.A.). Standards provided in the kit were included in each ELISA
plate and the readings used to develop a standard curve that was
applied to assign arbitrary antigen units to the test specimens, as
previously described (Njenga et al., 2007).

2.5. Data analysis

Database management and statistical analyses were done using
STATATM statistical software program (College Station, TX). Micro-
filariae counts were expressed as MF/ml  by multiplying absolute
counts in 100 �l of finger prick blood by 10. Geometric mean inten-

sity (GMI) was  calculated by adding 1 to MF/ml  counts before log
transformation of the data and subtracting 1 from the antilog of the
mean of the log transformed data: ({antilog [

∑
log (x + 1)/n])}−1,

where x was  the count and n the number of persons included).
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Table 1
Baseline characteristics of the study population, Muhaka, south coastal Kenya, 1998–2000.

Treatment groups

Albendazole Diethylcarbamazine DEC/ALB All groups p

MF positive (n) 30 (62) 26 (54) 25 (54) 81 (170)
CFA  positive (n) 29 (43) 25 (32) 21 (35) 77 (110)
IgG1  positive (n) 41 (43) 30 (32) 34 (35) 105 (110)
IgG4  positive (n) 42 (43) 30 (32) 34 (35) 106 (110)
Households (%) 22 (34) 20 (31) 22(34) 64 (100)
Age,  median (Q1, Q3)a 23 (12, 35) 26 (15, 50) 19 (12, 38) 23 (12, 40) 0.148

Sex  N (%)
Males 33 (53) 31 (57) 30 (56) 94 (55) 0.597
Females 29 (47) 23 (43) 24 (44) 76 (45)

MFb (n = 81) 5.8 5.7 5.8 5.8 0.97
CFAc (n = 77) 6.3 7.0 6.9 6.7 0.52
IgG1d (n = 105) 6.3 6.1 5.9 6.1 0.27
IgG4e (n = 106) 5.5 6.2 5.5 5.7 0.19

a Q1, Q3: lower and upper quartiles.
b MF:  mean natural log microfilaria per millilitre of blood.
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c CFA: mean natural log CFA in arbitrary units per millilitre of plasma.
d IgG1: mean natural log IgG1 in �g per millilitre of plasma.
e IgG4: mean natural log IgG4 in �g per millilitre of plasma.

he same procedure was done for the antibody and CFA measure-
ents. Approximately normal distribution was achieved for the

our outcome variables. Relative reduction in the levels of MF,  IgG1,
gG4 and CFA (expressed as % of the pretreatment level) was calcu-
ated for the three treatment regimens. For comparison of baseline
ample characteristics between the three treatments groups, pro-
ortions were compared by chi-squared analysis (two-tailed) for
ategorical variables while baseline means were compared using
ne-way analysis of variance (ANOVA) for continuous variables
Table 1).

For the outcome analyses, an intention-to-treat basis was
sed as stipulated by our study protocol. Multilevel mixed-effects
egression models were used to compare changes in log MF,  log
gG1, log IgG4 and log CFA with time between the three treatments.
he mixed-effects model was chosen to accommodate the corre-
ation due to repeated measures of the outcome variables within
ach study subject and also clustering within each household. Sub-
ect and household were used as the random-effects variables in

he models. The models were also adjusted for age, sex and the
nteraction between follow-up visit and treatment regimen (the
xed-effects). Since the study subjects were randomized into the
hree treatments and the repeated measures were unevenly spaced
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ig. 1. The effects of ALB (N = 30), DEC (N = 26) and DEC/ALB combination treatment
N  = 25) in the clearance of W.  bancrofti microfilaraemia in Muhaka, south coastal
enya (1998–2000). [The levels of microfilaraemia at 24 months follow-up represent

he  effect of two rounds of annual treatment.]
in time the exchangeable correlation structure was  adopted when
developing the multilevel mixed-effects regression models.

3. Results

3.1. Treatment assignment and follow-up

Among 205 persons whose households were randomly assigned
to the three drug regimens, 176 (85.9%) gave a blood specimen at
pre-treatment. However, six persons did not meet the inclusion
criteria for treatment (pregnant females). For the 170 participants
that gave blood samples and met  the criteria for treatment 62, 54,
and 54 individuals were randomly assigned to ALB alone, DEC alone
and DEC/ALB combination arms, respectively. Out of these 170 par-
ticipants, 81(47.6%) were positive for MF  at baseline, 30 in the ALB
group, 26 in the DEC group and 25 in the DEC/ALB group. The three
groups were comparable in terms of age, sex, and infection intensity
at baseline (Table 1).

3.2. Effects of treatment on microfilaraemia

Although there was  no significant difference in geometric
mean microfilaraemia among the three treatment groups at
pre-treatment (p = 0.97), none of the persons receiving DEC/ALB
combination had detectable microfilaraemia at 24 months follow-
up (Fig. 1). In general, at two years of follow-up the decrease in
geometric mean MF  count was  very high for all the 3 treatment
groups, 98%, 99% and 100% for ALB, DEC and DEC/ALB groups,
respectively. Microfilariae counts decreased dramatically in all
three treatment groups by one week after the start of treatment,
and these decreases were sustained throughout the following 12
months, after which the participants received a second dose of
treatment.

A multilevel mixed-effects regression model of log MF  count
per millilitre of blood over time was  constructed with subject and
household as the random-effects and adjusted for age, sex and the
interaction between follow-up visit and treatment regimen. The
model revealed significant reduction of MF  count with treatment
over time (p < 0.001) in all treatment groups and at all time points.
Age (p = 0.688) and sex (p = 0.163) were not significant factors influ-

encing the reduction of microfilaria levels with time. There was  a
significantly greater reduction in MF count in the DEC/ALB group
compared to the ALB group (geometric mean difference 17, 95%
confidence interval 3–81, p < 0.001). Similarly, there was greater
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Fig. 2. The effects of ALB (N = 30), DEC (N = 26) and DEC/ALB combination treatment
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N = 21) in the clearance of W.  bancrofti circulating filarial antigens (CFA) in Muhaka,
outh coastal Kenya (1998–2000). [The levels of CFA at 24 months follow-up repre-
ent  the effect of two rounds of annual treatment.]

eduction in MF  count in the DEC/ALB group compared to the DEC
roup although the difference was not statistically significant (geo-
etric mean difference 2.9, 95% confidence interval 1.5 to 12.9,

 = 0.146).

.3. Effects of treatment on anti-filarial antibodies

To evaluate the impact of the three treatment regimens on anti-
larial antibodies, we assessed changes in the levels of IgG1 and

gG4 during the study period in a total of 110 plasma specimens
ALB = 43; DEC = 32; DEC/ALB = 35). There was an initial increase
n anti-filarial IgG1 levels one week and six months after the first
reatment in the ALB group and at one week in the DEC/ALB group.
owever, all the treatment regimens resulted in an overall decrease

n IgG1 and IgG4 at 2 years. When compared to pre-treatment lev-
ls, the overall reduction in mean IgG1 levels at 2 years was  38%,
5% and 52% and that for IgG4 was 40%, 68% and 64% for ALB, DEC
nd DEC/ALB groups, respectively.

Multilevel mixed-effects regression models were constructed
or changes in both log IgG1 and log IgG4 levels over time with
ubject and household as the cluster variables. The models were
djusted for age, sex and the interaction between follow-up visit
nd treatment regimen. The first model revealed overall reduction
f anti-filarial IgG1 (p < 0.028) in all treatment groups at 2 years
f follow-up. However, there was no significant difference in the
eduction of IgG1 among the three treatment groups. The second
odel revealed overall reduction of anti-filarial IgG4 (p < 0.043) in

ll treatment groups at 2 years of follow-up. Similarly, there was
o significant difference in the reduction of IgG4 among the three
reatment groups.

.4. Effects of treatment on antigenaemia

To evaluate the impact of the three treatment regimens on anti-
enaemia, we assessed changes in the levels of CFA during the study
eriod in a total of 91 available plasma specimens, 77 of which were
ositive for CFA. All the treatment regimens resulted in an overall
ecrease in CFA. When compared to pre-treatment levels, the over-
ll reduction in mean CFA levels at 2 years was 34%, 60% and 85%
or ALB, DEC and DEC/ALB groups, respectively (Fig. 2).
A multilevel mixed-effects regression model of log CFA lev-
ls over time was constructed with subject and household as the
luster variables. The model was adjusted for age, sex and the inter-
ction between follow-up visit and treatment regimen. The model
a 120S (2011) S33– S38

revealed significant reduction of CFA (p < 0.001) in all treatment
groups at 2 years of follow-up. Age (p = 0.744) and sex (p = 0.700)
were not significant factors influencing the reduction of CFA lev-
els with time. We  also found that DEC/ALB combination treatment
reduced the CFA significantly more than ALB treatment alone on the
final follow-up visit (geometric mean difference 4.4, 95% confidence
interval 1.7–11.7, p = 0.003). DEC/ALB combination treatment was
also significantly more effective than DEC alone (geometric mean
difference 4.4, 95% confidence interval 0.6–9.67, p = 0.049).

3.5. Adverse events

The medication ALB, DEC and the combination of both were
all well tolerated. Of the 170 participants who received initial
treatment, none reported any complaints associated with the med-
ication. The patients were seen again after one week during blood
collection and they all remained in good condition.

4. Discussion

This study was  conducted to evaluate the effectiveness of
DEC/ALB combination in comparison to single dose annual DEC
(6 mg/kg) and albendazole (400 mg)  given alone on markers of W.
bancrofti infection namely microfilaraemia, filarial antigenaemia
and anti-filarial antibodies. When administered as single-dose
annual chemotherapy, all the three treatments showed a relatively
high effectiveness in reduction of microfilarial levels in the cur-
rent study. The implication of this finding is that all the three
treatments have anti-filarial effects and are useful in the current
global efforts to eliminate lymphatic filariasis. At the 24 months
follow-up, the reduction of microfilariae was  higher in the DEC/ALB
combination treatment group compared to ALB or DEC as sin-
gle drug therapy groups. Moreover, although the pre-treatment
microfilariae levels were similar for the 3 groups, DEC/ALB combi-
nation resulted in lower microfilarial densities at all the follow-up
time-points. This observation is similar to the findings of a com-
munity based study in Papua New Guinea (Weil et al., 2008) in
which two annual mass administrations of DEC/albendazole com-
bination led to over 90% reduction of microfilaria rates. DEC/ALB
combination mass administration in Egypt also demonstrated sig-
nificant reduction of microfilaraemia among treated communities
(Ramzy et al., 2006). However, these two  studies did not compare
the effects of each of the two  drugs in isolation and they were con-
ducted in areas with lower pretreatment microfilaria prevalence
unlike in the present study. A study involving school children in
Haiti, also showed that the combination chemotherapy of DEC/ALB
resulted in higher reduction of microfilarial density compared to
DEC alone (Fox et al., 2005). Thus in addition to the important
ancillary benefits of albendazole while in combination regimens in
decreasing the intensity of intestinal helminthes (Mani et al., 2004),
the results of our study demonstrated that addition of the drug to
DEC results in improved effectiveness on reduction of microfila-
raemia.

A review to assess the efficacy and safety of two-drug regimens
by Gyapong et al. (2005) concluded that suppression of microfi-
laraemia is enhanced by the addition of albendazole to DEC or
ivermectin compared to either drug alone. However, while a 2005
review (Critchley et al., 2005) concluded that there is insufficient
information to refute or confirm that albendazole alone or in com-
bination with DEC or ivermectin has an effect on LF, randomized
trials have continued to show significantly greater MF reduction in

DEC/ALB combination treatment groups compared to either drug
alone (Rajendran et al., 2004; Mani et al., 2004; El Setouhy et al.,
2004; Rizzo et al., 2007). Recent reports on the effectiveness of
DEC/ALB combination in filariasis elimination programs linked to
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he Global Program for Elimination of Lymphatic Filariasis (GPELF)
rom several regions including south Pacific, Indonesia, Egypt and
enya suggest that the combination treatment has relatively high
ffectiveness in reduction of microfilaraemia (Helmy et al., 2006;
queka et al., 2005; Njenga et al., 2008; El Setouhy et al., 2004).
urthermore, drug regimen has been listed as one of the most
mportant determinants affecting the outcome GPELF programs
Kyelem et al., 2008). Thus our study results not only appear to
upport the first review but also provide additional information
hat may  help in making of programmatic decisions regarding the
ole of albendazole in the interruption of transmission of W.  ban-
rofti infection within the context of GPELF in non LF-onchocerciasis
o-endemic settings.

In principle, anti-filarial antibody responses can serve as
ery sensitive markers of filarial exposure and transmission
Washington et al., 2004). Furthermore, monitoring of antibody
esponses provides an indication of transmission (Weil et al., 2008).
he initial increase in anti-filarial antibody levels observed in this
tudy after the first treatment is most likely due to filarial anti-
ens released from dying or dead microfilariae or adult worms.
ince the increase was observed in all the 3 treatment groups,
his further corroborates our conclusion that all the 3 treatments
ave an effect on clearance of W.  bancrofti infection. The significant
eduction in anti-filarial antibody levels by 24 months follow-up
upports the view that anti-filarial antibody-based tests may  have

 role in long-term monitoring of programs to eliminate LF, but
heir application to precise program monitoring still needs further
evelopment (Lammie et al., 2004; Tisch et al., 2008; Weil et al.,
008).

Although decrease in levels of CFA was generally observed in all
roups, only the DEC/ALB arm showed a significant decrease in anti-
enaemia at 24 months follow-up when paired comparisons were
one. Circulating filarial antigen is released by adult worms (Weil
t al., 1991), and may  thus be used as a proxy for assessing effect of
reatment on adult worms. In the current study, addition of alben-
azole to DEC showed significant improved effectiveness against
dult worms, the source of microfilariae. The combination therapy
f DEC/ALB was found to achieve a three fold higher reduction in the
revalence of antigenaemia compared to DEC alone in a study con-
ucted in Tamil Nadu, south India (Rajendran et al., 2006). Results
f a pilot filariasis elimination research project in Kenya indicate
hat the prevalence of parasite antigenaemia decreased by 43.5%
fter two annual mass drug administrations (MDA) of DEC/ALB
Njenga et al., 2008). Therefore, lack of clear improved effectiveness
f DEC/ALB combination compared to DEC alone in suppression
f microfilaraemia in our study may  suggest that combining DEC
ith albendazole is inconsequential. However, significant reduc-

ion of antigenaemia as observed in this study supports the use of
EC/ALB combination in GPELF. In addition, albendazole provides
e-worming benefits to endemic communities which may  improve
dherence to treatment and thus result in higher therapeutic cov-
rage, which is a critical factor in filariasis elimination (Oqueka
t al., 2005; Yongyuth et al., 2006; Fox et al., 2005). Moreover, co-
ccurrence of soil-transmitted helminthes in similar settings that
re currently targeted in the integrated control of neglected tropical
iseases get a cost effective “piggy-back ride” on GPELF.

Our study had several limitations. Firstly, it is possible that
ersistence of low level microfilaraemia undetectable by the con-
entional counting chamber technique used in this study may
ave affected our results, for example, by classifying the anti-
enaemia positives as “mf  true negatives”. However, this would
ave affected all the treatment groups and would therefore not

ave significantly affected our results. Secondly, this study was  not
esigned to directly detect the macrofilaricidal effects of DEC, ALB
r DEC/ALB combination particularly since there was no ultrasono-
raphic assessment of adult worms. However, all three treatment
a 120S (2011) S33– S38 S37

regimens demonstrated modest, but significant reductions in CFA
levels two  years post-treatment which is suggestive of a macrofi-
laricidal effect of the three treatment regimens.

In conclusion, our study results support the main strat-
egy of GPELF by suggesting that sustained annual MDA  with
repeated doses of DEC/ALB could enhance reduction of microfi-
laraemia in endemic communities in similar settings leading to
the interruption of LF transmission. In the WHO–AFRO Region, co-
administration of DEC/ALB is currently recommended for use in
countries such as the Comoros, Kenya, Madagascar, Zambia and
Zimbabwe where onchocerciasis is not co-endemic. To the best
of our knowledge our study presents the first unique data based
on multiple parameters of lymphatic filariasis infection from sub-
Saharan Africa. It would be interesting to see how results from
other non-ochocerciasis endemic countries and countries using
DEC alone such as Brazil compare to those from onchocerciasis
endemic countries where albendazole is used in combination with
ivermectin. Besides, to make general predictions, computer simu-
lations rely on data from various studies and different geographical
regions.

Acknowledgements

The authors are grateful to Dr. Patrick Lammie of CDC, Atlanta,
USA for generously providing reagents required for the serolog-
ical assays reported in this study. We  thank Njeri Kariuki and
Masudi Mwalisetso for their dedicated technical assistance in the
field. The village chairmen and communities in Muhaka area are
thanked for their cooperation in this study. We  are also deeply
indebted to Cosmos Ltd, Kenya for donating the DEC used in the
study. CNW received financial support for the study from the
UNICEF/UNDP/World Bank/WHO Special Programme for Research
and Training in Tropical Diseases (TDR), Grant No. 960756. BMN
is a fellow of the Infectious Disease Research Training Program
(IDRTP) an affiliate program of the University of California, San
Francisco, USA and the Kenya Medical Research Institute, Nairobi,
Kenya (NIH Fogarty International Center Grant #5 D43 TW007388).
This paper is published with the permission of the Director, KEMRI.
The authors dedicate this publication to the memory of the late
Wilfred Mutua and Mwangi Gatika for their diligent technical assis-
tance in the field.

References

Addiss, D.G., Beach, M.J., Streit, T.G., et al., 1997. Randomised placebo-controlled
comparison of ivermectin and albendazole alone and in combination for
Wuchereria bancrofti microfilaraemia in Haitian children. Lancet 350, 480–484.

Critchley, J., Addiss, D., Ejere, H., et al., 2005. Albendazole for the control and elim-
ination of lymphatic filariasis: systematic review. Trop. Med. Int. Health 10,
818–825.

El  Setouhy, M.,  Ramzy, R.M., Ahmed, E.S., et al., 2004. A randomized clinical trial com-
paring single- and multi-dose combination therapy with diethylcarbamazine
and albendazole for treatment of bancroftian filariasis. Am.  J. Trop. Med. Hyg.
70,  191–196.

Estambale, B.B., Simonsen, P.E., Knight, R., Bwayo, J.J., 1994. Bancroftian filariasis
in  Kwale District of Kenya. I. Clinical and parasitological survey in an endemic
community. Ann. Trop. Med. Parasitol. 88, 145–151.

Florencio, M.S., Peixoto, C.A., 2003. The effects of diethylcarbamazine on the ultra-
structure of microfilariae of Wuchereria bancrofti. Parasitology 126, 551–554.

Fox, L.M., Furness, B.W., Haser, J.K., et al., 2005. Tolerance and efficacy of combined
diethylcarbamazine and albendazole for treatment of Wuchereria bancrofti and
intestinal helminth infections in Haitian children. Am. J. Trop. Med. Hyg. 73,
115–121.

Gyapong, J.O., Kumaraswami, V., Biswas, G., Ottesen, E.A., 2005. Treatment strategies
underpinning the global programme to eliminate lymphatic filariasis. Expert.
Opin. Pharmacother. 6, 179–200.

Gyapong, M.,  Gyapong, J.O., Owusu-Banahene, G., 2001. Community-directed treat-

ment: the way forward to eliminating lymphatic filariasis as a public-health
problem in Ghana. Ann. Trop. Med. Parasitol. 95, 77–86.

Helmy, H., Weil, G.J., Ellethy, A.S., et al., 2006. Bancroftian filariasis: effect of repeated
treatment with diethylcarbamazine and albendazole on microfilaraemia, anti-
genaemia and antifilarial antibodies. Trans. R. Soc. Trop. Med. Hyg. 100, 656–662.



S  Tropic

H

I

I

K

L

M

M

M

M

M

M

M

N

N

N

N

N

38 C.N. Wamae  et al. / Acta

itch, W.L., Hightower, A.W., Eberhard, M.L., Lammie, P.J., 1991. Analysis of isotype-
specific antifilarial antibody levels in a Haitian pediatric population. Am.  J. Trop.
Med. Hyg. 44, 161–167.

smail, M.M., Jayakody, R.L., Weil, G.J., et al., 2001. Long-term efficacy of single-
dose combinations of albendazole, ivermectin and diethylcarbamazine for
the  treatment of bancroftian filariasis. Trans. R. Soc. Trop. Med. Hyg. 95,
332–335.

smail, M.M.,  Jayakody, R.L., Weil, G.J., et al., 1998. Efficacy of single dose combina-
tions of albendazole, ivermectin and diethylcarbamazine for the treatment of
bancroftian filariasis. Trans. R. Soc. Trop. Med. Hyg. 92, 94–97.

yelem, D., Biswas, G., Bockarie, M.J., et al., 2008. Determinants of success in national
programs to eliminate lymphatic filariasis: a perspective identifying essential
elements and research needs. Am.  J. Trop. Med. Hyg. 79, 480–484.

ammie, P.J., Weil, G., Noordin, R., et al., 2004. Recombinant antigen-based antibody
assays for the diagnosis and surveillance of lymphatic filariasis—a multicenter
trial. Filaria J. 3, 9.

ak, J.W., Lam, P.L.W., Choong, M.F., Suresh, K., 1984. Filaricidal effect of albenda-
zole against Brugia malayi infection in the leaf-monkey, Presbytis melalophos. J.
Helminthol. 44, 96–99.

ani, T.R., Rajendran, R., Sunish, I.P., et al., 2004. Effectiveness of two annual, single-
dose mass drug administrations of diethylcarbamazine alone or in combination
with albendazole on soil-transmitted helminthiasis in filariasis elimination pro-
gramme. Trop. Med. Int. Health 9, 1030–1035.

cMahon, J.E., Marshall, T.F., Vaughan, J.P., Abaru, D.E., 1979. Bancroftian filariasis: a
comparison of microfilariae counting techniques using counting chamber, stan-
dard slide and membrane (nuclepore) filtration. Ann. Trop. Med. Parasitol. 73,
457–464.

ichael, E., Bundy, D.A., Grenfell, B.T., 1996. Re-assessing the global prevalence and
distribution of lymphatic filariasis. Parasitology 112, 409–428.

olyneux, D.H., Zagaria, N., 2002. Lymphatic filariasis elimination: progress in global
programme development. Ann. Trop. Med. Parasitol. 96 (Suppl 2), S15–S40.

oulia-Pelat, J.P., Glaziou, P., Weil, G.J., et al., 1995. Combination ivermectin plus
diethylcarbamazine, a new effective tool for control of lymphatic filariasis. Trop.
Med. Parasitol. 46, 9–12.

ukoko, D.A., Pedersen, E.M., Masese, N.N., Estambale, B.B., Ouma, J.H., 2004.
Bancroftian filariasis in 12 villages in Kwale district, Coast province,
Kenya—variation in clinical and parasitological patterns. Ann. Trop. Med. Para-
sitol. 98, 801–815.

jenga, S.M., Muita, M.,  Kirigi, G., et al., 2000. Bancroftian filariasis in Kwale district,
Kenya. East Afr. Med. J. 77, 245–249.

jenga, S.M., Wamae, C.N., 2001. Evaluation of ICT filariasis card test using whole
capillary blood: comparison with Knott’s concentration and counting chamber
methods. J. Parasitol. 87, 1140–1143.

jenga, S.M., Wamae, C.N., Mwandawiro, C.S., Molyneux, D.H., 2007. Immuno-
parasitological assessment of bancroftian filariasis in a highly endemic area
along the river Sabaki, in Malindi district, Kenya. Ann. Trop. Med. Parasitol. 101,
161–172.

jenga, S.M., Wamae, C.N., Njomo, D.W., Mwandawiro, C.S., Molyneux, D.H.,
2008. Impact of two  rounds of mass treatment with diethylcarbamazine
plus albendazole on Wuchereria bancrofti infection and the sensitivity of

immunochromatographic test in Malindi, Kenya. Trans. R. Soc. Trop. Med. Hyg.
102,  1017–1024.

oroes, J., Dreyer, G., Santos, A., et al., 1997. Assessment of the efficacy of diethyl-
carbamazine on adult Wuchereria bancrofti in vivo. Trans. R. Soc. Trop. Med. Hyg.
91, 78–81.
a 120S (2011) S33– S38

Oqueka, T., Supali, T., Ismid, I.S., et al., 2005. Impact of two rounds of mass drug
administration using diethylcarbamazine combined with albendazole on the
prevalence of Brugia timori and of intestinal helminths on Alor Island, Indonesia.
Filaria J. 4 (5), 5.

Ottesen, E.A., 2000. The global programme to eliminate lymphatic filariasis. Trop.
Med. Int. Health 5, 591–594.

Rajendran, R., Sunish, I.P., Mani, T.R., et al., 2004. Impact of two annual single-dose
mass drug administrations with diethylcarbamazine alone or in combination
with albendazole on Wuchereria bancrofti microfilaraemia and antigenaemia in
south India. Trans. R. Soc. Trop. Med. Hyg. 98, 174–181.

Rajendran, R., Sunish, I.P., Mani, T.R., et al., 2006. Community-based study to assess
the efficacy of DEC plus ALB against DEC alone on bancroftian filarial infection
in  endemic areas in Tamil Nadu, South India. Trop. Med. Int. Health 11, 851–
861.

Ramzy, R.M., Gad, A.M., Faris, R., Weil, G.J., 1991. Evaluation of a monoclonal-
antibody based antigen assay for diagnosis of Wuchereria bancrofti infection in
Egypt. Am.  J. Trop. Med. Hyg. 44, 691–695.

Ramzy, R.M., El Setouhy, M.,  Helmy, H., et al., 2006. Effect of yearly mass drug admin-
istration with diethylcarbamazine and albendazole on bancroftian filariasis in
Egypt: a comprehensive assessment. Lancet 367, 992–999.

Resolution WHA50.29, 1997. Elimination of lymphatic filariasis as a public health
problem. In: Fiftieth World health Assembly, Resolutions and Decisions, World
Health Organization, Geneva, May  5–14, pp. 27–28 (WHA50/1997/REC/1).

Rizzo, J.A., Belo, C., Lins, R., Dreyer, G., 2007. Children and adolescents
infected with Wuchereria bancrofti in Greater Recife, Brazil: a random-
ized, year-long clinical trial of single treatments with diethylcarbamazine or
diethylcarbamazine–albendazole. Ann. Trop. Med. Parasitol. 101, 423–433.

The Carter Center, 2002. The status of global efforts to eliminate lymphatic filariasis.
In:  Summary of the Third Meeting of the International Task Force for Disease
Eradication (ITFDE).

Tisch, D.J., Bockarie, M.J., Dimber, Z., et al., 2008. Mass drug administration trial to
eliminate lymphatic filariasis in Papua New Guinea: changes in microfilaremia,
filarial antigen, and Bm14 antibody after cessation. Am. J. Trop. Med. Hyg. 78,
289–293.

Wamae, C.N., Gatika, S.M., Roberts, J.M., Lammie, P.J., 1998. Wuchereria bancrofti in
Kwale District, Coastal Kenya: patterns of focal distribution of infection, clini-
cal manifestations and anti-filarial IgG responsiveness. Parasitology 116, 173–
182.

Wamae, N., Njenga, S.M., Kisingu, W.M., Muthigani, P.W., Kiiru, K., 2006. Community-
directed treatment of lymphatic filariasis in Kenya and its role in the national
programmes for elimination of lymphatic filariasis. Afr. J. Health Sci. 13, 69–79.

Washington, C.H., Radday, J., Streit, T.G., et al., 2004. Spatial clustering of filarial
transmission before and after a mass drug administration in a setting of low
infection prevalence. Filaria J. 3, 3.

Weil, G.J., Lammie, P.J., Richards Jr., F.O., Eberhard, M.L., 1991. Changes in circulating
parasite antigen levels after treatment of bancroftian filariasis with diethylcar-
bamazine and ivermectin. J. Infect. Dis. 164, 814–816.

Weil, G.J., Kastens, W.,  Susapu, M.,  et al., 2008. The impact of repeated rounds of mass
drug administration with diethylcarbamazine plus albendazole on bancroftian
filariasis in Papua New Guinea. PLoS Negl. Trop. Dis. 2 (12), e344.
Yongyuth, P., Koyadun, S., Jaturabundit, N., Sampuch, A., Bhumiratana, A., 2006.
Efficacy of a single-dose treatment with 300 mg diethylcarbamazine and a com-
bination of 400 mg  albendazole in reduction of Wuchereria bancrofti antigenemia
and concomitant geohelminths in Myanmar migrants in Southern Thailand. J.
Med. Assoc. Thai. 89, 1237–1248.


	Evaluation of effectiveness of diethylcarbamazine/albendazole combination in reduction of Wuchereria bancrofti infection u...
	1 Introduction
	2 Methods
	2.1 Study area
	2.2 Study design, sample collection and treatment
	2.3 Anti-filarial IgG1 and IgG4 assays
	2.4 Circulating filarial antigen assays
	2.5 Data analysis

	3 Results
	3.1 Treatment assignment and follow-up
	3.2 Effects of treatment on microfilaraemia
	3.3 Effects of treatment on anti-filarial antibodies
	3.4 Effects of treatment on antigenaemia
	3.5 Adverse events

	4 Discussion
	Acknowledgements
	References


