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Abstract

A double-blind placebo-controlled trial was carried out in 199498 to compare the effects of 4 cycles of
single-dose diethylcarbamazine (DEC) or ivermectin on prevalence and geometric mean intensity (GMI) of
microfilaraemia in the human population, infection rates in the vector population, and transmission
intensity of Culex-transmitted Wuchereria bancrofti in rural areas in Tamil Nadu state, south India. Fifteen
villages (population ~26800) were included in the study: 5 villages each were randomly assigned to
community-wide treatment with DEC or ivermectin or placebo. People over 14 kg bodyweight received
DEC 6 mg/kg, ivermectin 400 pg/kg or a placebo, all identically packaged. After 2 cycles of treatment at a
6-month interval, the code was broken and the study continued as an open trial, with third and fourth cycles
of treatment at a 12-month interval; 54-77% of eligible people (20 872) received treatment during the 4
cycles. Microfilaraemia prevalence and GMI fell by 48% and 65% with DEC and 60% and 80% with
ivermectin respectively after 4 cycles of treatment. There was no change in the incidence of acute
adenolymphangitis. Infection in resting mosquitoes fell significantly in all arms: 82%, 78% and 42% in the
ivermectin, DEC and placebo arm, respectively. Landing mosquitoes also showed the same trend. The
decline in infectivity was significant for resting (P <0-05) and landing mosquitoes (P < 0-05) with
ivermectin and DEC (P < 0-05), and for neither in the placebo group (P > 0-05). Transmission intensity
was reduced by 68% with ivermectin and 63% with DEC. Transmission was apparently interrupted in 1
village with ivermectin, but infected resting mosquitoes were consistently found in this village. Single-dose
community-level treatment with DEC or ivermectin is effective in reducing W. bancrofti infection in humans
and mosquitoes, and may result in total interruption of transmission after several years of control. There is
an immediate need to define the role of vector, parasite and community factors that influence the elimination
of lymphatic filariasis, particularly the duration of treatment vis-a-vis efficacy of drugs, treatment
compliance and efficiency of vectors.
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Introduction

Lymphatic filariasis has been targeted by WHO for
elimination as a public health problem (TDR, 1996).
Abour 1-1 billion people in 73 countries are at risk of
infection and 119 million are infected (MICHAEL er al.,
1996). The disease causes functional impairment and
economic loss to affected individuals (RAMAIAH et al.,
1997, 2000a) which may constrain the social and
economic development of endemic communities.

Diethylcarbamazine (DEC) has been widely used for
the treatment and control of filariasis since 1947 and is
the only drug used for this purpose in India, where 40%
of all cases of Wuchereria bancrofti infection are estimated
to occur (MICHAEL er al., 1996). Ivermectin, a semi-
synthetic macrolide compound is the drug of choice for
the control of onchocerciasis in Africa, and is also effec-
tive in clinical trials against lymphatic filariasis (CAO et
al., 1997). Both drugs clear microfilariaec (mf) from the
circulation and DEC has some effect also on adult worms
in the lymphatics (DREYER et al., 1995, 1996).

Community studies in India (BALAKRISHNAN et al.,
1992) and Papua New Guinea (BOCKARIE et al., 1998)
have indicated that treatment with DEC can simul-
taneously reduce microfilaraemia level in humans and
infection in mosquitoes. The latter study has shown that
the effect may be enhanced by concomitant administra-
tion of ivermectin with DEC. However, the latter study
had an open design without a control arm, and assessed
the impact of a single treatment.

Here we use a randomized, double-blind and placebo-
controlled community trial to evaluate the effects of 4
cycles of DEC or ivermectin treatment on prevalence and
geometric mean intensity (GMI) of W. bancrofti micro-
filaraemia in the human population and infection rates in
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the vector, Culex gquinguefasciarus, in India, and also
evaluate the prospects of achieving the WHO goal of
elimination.

Control of infection is dependent on reducing vector
infectivity and hence transmission, and is based on the
simplest assumption that there is a direct relationship
between transmission, infection and disease (BUNDY
etal., 1991; CHAN er al., 1998).

Materials and Methods
Study area and population

The study was conducted in 15 villages in Villupuram
district in Tamil Nadu state, south India. The total
population of these villages was around 26 800 (range,
739-3321). They were selected to provide independent
transmission zones, separated from one another at least
by 1 km. All the villages are within a radius of 50 km and
are ecologically similar. The climate in the region is dry
and hot with moderate rainfall during September-
December. Agriculture and weaving are the predomi-
nant occupations of the study communities. Most of the
houses have mud walls and thatched roofs. The waste
water from the households creates the main breeding
place for the vector of bancroftian filariasis, Cx. quingue-
fasciarus, People depend upon Primary Health Centres
(PHCs) or private practitioners in nearby towns for
health care. No organized anti-filarial measures were
implemented in the study villages before this study.

Study design

Every household was visited to enumerate the popu-
lation, and 7% of households were randomly selected for
parasitological assessment of peripheral blood. Since the
villages are ecologically homogeneous they were
matched into 3 blocks of 5 villages each, so that the
population distribution and mean microfilaraemia pre-
valence were comparable. The 3 blocks were randomly
allocated to 3 intervention groups: DEC 6 mg/kg (Le-
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derle, India); ivermectin 400 pg/kg (Merck & Co.,
USA); and casein placebo.

The study design was reviewed by our institutional
ethics committee and that of WHO, All 3 formulations
were re-packaged by Merck & Co. to provide identical
tablets. Treatment was offered to all inhabitants over
14 kg bodyweight, except for women who suspected they
were pregnant. Urine-based pregnancy tests were made
available to allow women an informed choice regarding
treatment. Treatment programmes were preceded by an
information, education and communication campaign,
and treatment was delivered by a team which visited
every household in each community, and which observed
individual treatment.

Four cycles of intervention were given: the first in
November 1994, the second 6 months later, the third in
September 1996 and the fourth in December 1997, The
irregular intervals reflect the logistic difficulty in achiev-
ing more frequent than annual treatment. After the first 2
cycles the clinical monitor broke the code to assess
benefit, and the third intervention was single blind.

All members of a 7% random sample of households
were screened parasitologically 1-2 weeks before each
treatment and 1 year after the fourth treatment. All
sampled individuals diagnosed as infected during the
course of the study were offered by the study team a single
dose of DEC 6 mg/kg.

Monthly entomological monitoring was begun 1 year
before the first treatment and continued for 1 year after
the last.

Entomological monitoring

In each village, resting mosquitoes were collected from
12 houses (total, 180 houses per month) using mechani-
cal aspirators. In addition, human-landing mosquitoes
were caught on volunteers in 2 villages in each block by
the all-night landing catch method. These collections
were carried out at monthly intervals. Mosquitoes were
transported to the laboratory and female Cx. quinquefas-
ciarus were dissected to derermine infection status
(RAMAIAH & Das, 1992).

Parasitological and clinical monitoring of study communities

The prevalence and GMI of microfilaraemia in com-
munities were assessed by examination of peripheral
blood. The blood samples were collected between 20:00
and 24:00. Fingerprick blood (~60 mm?®) was made into
3 separate smears (3 X 20 mm?) on clean glass slides

(SAsA, 1976). The blood smears were processed in the
laboratory the next morning and examined for presence
of mf. The number of mfin the positive blood smears was
counted and recorded. The sum of the mf present in all 3
smears was considered for the calculation of GMI for the
community. Only fingerprick blood collection was ac-
ceptable in these communities.

Five to 6 days after each treatment, a subsample of
15% of the population were questioned to determine the
occurrence of adverse reactions and/or side-effects
(DREYER et al., 1994) such as fever, headache or myalgia
associated with treatment. Logistic problems con-
strained us from monitoring the adverse reactions/side-
effects within 24—48 h of treatment, when their occur-
rence and intensity are high. From 12 months before the
first treatment to 1 year after the third round of treatment
the occurrence of adenolymphangitis (ADL) and filarial
fever was assessed (RAMAIAH et al., 1996) in the
inhabitants of 30% of the randomly selected households
in all villages.

Entomological measures of transmission

Monthly biting rate, the estimated number of mosqui-
toes caught landing on volunteers every night per
calendar month, and monthly transmission potential
(MTP), the number of infective-stage larvae of W,
bancrofti to which that person would be exposed, were
calculated according to WHO formulae (WHO, 1977).
The transmission intensity index (TII) was calculated
from the product of the density of resting mosquitoes,
proportion of infective mosquitoes and their mean
intensity of infection with infective-stage larvae (KKRISH-
NA RAO eral., 1981).

Statistical analysts

The significance of reduction in mf prevalence, and in
mosquito infectivity, was examined using y? tests for
2 X 2 tables. Student’s 7 test was used to compare
reductions in GMI of microfilaraemia.

Results

Compliance was similar in all 3 treatment groups
(Table 1). In each treatment arm, compliance started
at about 75% and declined thereafter. The frequency of
adverse reactions and/or side-effects also declined during
the course of the programme, and was significantly
higher in the ivermectin arm, but only during the first
round of treatment (Table 1).

Table 1. Treatment coverage, adverse reactions and impact of four cycles of mass treatment on prevalence
and geometric mean intensity (GMI) of W. bancrofti microfilaraemia (Tamil Nadu, India, 1994-98)

Compliance Microfil-
with Adverse araemia
Treatment Target treatment reactions Sample  prevalence GMI* for
Trearment cycle population (%) (%) n (%)* community
Ivermectin Baseline - - 614 14-5 0-62
1 6688 766 12-3 611 10-1 0-29
2 6829 71-4 56 601 9-0 0-26
3 6941 572 6-4 603 8-8 0-26
4 7450 69-2 3-8 603 58 0-12
Diethylcarbamazine  Baseline - - - 711 13:2 0-66
1 7577 75-1 8-1 715 14-0 0-51
2 7802 71-4 6:6 668 10-6 0-32
3 7942 539 4-0 695 7-6 0-20
4 8543 68-5 3.2 692 68 0-23
Placebo Baseline - - - 605 12-9 0-58
1 6607 767 2-8 592 9-0 0-38
2 6738 73-0 35 608 9:5 0-38
3 N/A N/A N/A 592 11-0 0-45
4 N/A N/A N/A 592 9-3 0-38

*After each treatment cycle.
N/A, not applicable.
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The pre-intervention prevalence and GMI of micro-
filaraemia did not differ significantly amongst the treat-
ment groups (Table 1). Four rounds of community
treatment reduced prevalence significantly, by 60% in
the ivermectin block (P < 0-05) and 48% in the DEC
block (P < 0-05). There was also a decline (of 28%) in
the placebo group but this was not statistically significant
(P> 0-05). The GMI also fell significantly (P <0-05)
after 4 rounds of treatment, and the reduction was again
greater in the ivermectin treatment group (80%) than in
the DEC group (65%). The 35% decline in the placebo
group was not significant (P > 0-05). While the decline
in microfilaraemia prevalence and GMI was gradual with
each cycle of treatment in the ivermectin and DEC
treatment groups, it was apparent only from the pre-
treatment period to the post cycle 1 treatment period in
the placebo group (Table 1).

Monthly incidence of reported ADL showed a slight
decline in all groups, including placebo, after the first
treatment (Fig. 1). There was no significant further
decline with subsequent treatments.

A decline in infection rates in mosquitoes was observed
during the course of the study (Table 2). This decline
occurred in both the resting mosquitoes which had
already fed and those collected upon landing on humans
which were about to bite. The decline was greatest in the
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Fig. 1. Impact of three cycles of treatment with ivermectin,
diethylcarbamazine (DEC) or placebo on monthly incidence of
adenolymphangitis (Tamil Nadu, India, 1994—98).

ivermectin treatment group. In resting mosquitoes the
infection rate fell by 82% with ivermectin (P < 0-05) and
78% with DEC (P <0-05). The equivalent rates in
landing catches were 59% (P <0-05) and 82%
(P <0-05).

Mosquitoes collected from the placebo villages also

Table 2. Changes in vector infection and infectivity rates after four cycles of human mass treatment for

bancroftian filariasis (Tamil Nadu, India, 1994-98)

Treatment Sample Infection rate® Infectivity rate®

Treatment cycle (n) (%) P-value (%) P-value

(a) Resting collections: based on monthly collections from 60 households per treatment block

Ivermectin Baseline (0) 2689 187 - 17 -
1 1040 5-48 Owvs1© 0-29 Ovs 1P
2 2735 4-50 0vs 2° 0-3Q 0 vs 2°
3 2536 4-10 0wvs 3¢ 0-50 0vs 3¢
4 2546 3-38 0vs 4° 0-60 0vs 4¢
Reduction 82% 65%

Diethylcarbamazine Baseline (0) 3520 18-4 - 1-00 -
1 1710 15-85 Ovs1® 0-82 Ovs 1™
2 3181 9-90 0wvs2° 0-90 0vs 2™
3 2373 6-90 0wvs 3¢ 0-50 0vs 3®
+ 3051 4-03 0vs 4° 0-30 0 vs 4°
Reduction 78% 70%

Placebo Baseline (0) 1941 18-9 - 1-90 -
1 1144 19-23 Ovs 1™ 1:31 Ovs 1™
2 2195 15-2 0wvs 2¢ 1-70 0vs 2™
3 1853 132 0 wvs 3¢ 1-20 0 vs 3™
4 1823 11-0 0 vs 4° 1-2 0 vs 4™
Reduction 42% 37%

(b) Human-landing collections: based on monthly catches in two villages per treatment block

Ivermectin Baseline (0) 1313 10-50 — 2:10 -
1 761 4-50 OvsI° 0-80 Ovs1°
2 362 5-20 0vs 2° 0-60 0vs2®
3 669 2-40 0vs 3¢ 010 0vs 3°
4 831 4-33 0vs 4¢ 0-80 0 vs 4°
Reduction 59% 62%

Diethylcarbamazine Baseline (0) 2059 14-3 - 2:40 -
1 1472 9-00 Ovs 1© 1-20 Ovs1®
2 1241 5-80 0wvs 2° 1-00 0vs 2°
3 784 4-30 0 vs 3¢ 0-50 0vs 3¢
- 1119 2:60 0vs 4° 0-10 0vs4°
Reduction 82% 96%

Placebo Baseline (0) 1824 14-3 - 1-70 -
1 451 14-0 Owvs 1™ 1-60 Owvs 1™
2 1437 12-9 0 vs 2 1-50 0vs 2™
3 675 9-30 0vs 3° 1-20 0vs 3™
4 1161 9:00 0vs 4° 1-30 0 vs 4™
Reduction 37% 24%

*After each treatment cycle.
b P < 0-05; P < 0-001; ™not significant.
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showed a significant decline in infection rate (P < 0-05)
although this decline (of around one-third) was much
smaller than that in the 2 anthelmintic treatment areas.
The running 3-month average infection rates (Fig. 2) of
vector mosquitoes show a clear declining trend in both
anthelmintic treatment groups, but infection did not
reach zero in any one month.

The infectivity rates of the mosquitoes showed similar,
but not identical, trends. The decline in infectivity was
significant for both resting and landing collections in the
ivermectin and DEC groups (P < 0-05). The decline
observed in the placebo group was not significant
(P >0-05).

The TII declined appreciably in the anthelmintic
treatment groups (Fig. 3). The decline was most rapid
in the ivermectin group, but after 4 rounds of treatment
the reduction was similar: 68% with ivermectin, 63%
with DEC. Comparison between the MTP before and
after 4 cycles of treatment (Fig. 4) indicates much lower
transmission after intervention in all villages, including
those in the placebo group.

Discussion

We show here that repeated community-wide treat-
ment with single-dose ivermectin or DEC can reduce
levels of W. bancrofti microfilaraemia and, most impor-
tantly, reduce the infectivity of culicine vectors and
presumably transmission. This is the first study to show
this effect for ivermectin in lymphatic filariasis, and the
first from India, the major global focus of the disease
(MICHAEL et al., 1996). Our previous study had sug-
gested a similar effect of DEC on culicines (BALAKRISH-
NAN er al., 1992), and work in Papua New Guinea has
shown the effect of DEC alone and in a combination dose
with ivermectin on anophelines (BOCKARIE et al., 1998).
No studies have been conducted in Africa, where 40% of
the disease burden occurs (MICHAEL et al., 1996).

Efficacy trials of both ivermectin and DEC suggest
that a reduction in mf intensity in humans of =90% can
be achieved a year after treatment (CAO et al., 1997).
Results of large-scale community trials with DEC sug-
gest a lower impact, of the order of about 60% (BALA-
KRISHNAN et al., 1992; MEYROWITSCH et al., 1996) as
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Fig. 3. Changes in transmission intensity index for Wuchereria
bancrofti after four cycles of human mass treatment with
ivermectin (IVER), diethylcarbamazine (DEC) or placebo in
Tamil Nadu, India, 1994-98,
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Fig. 4. Changes in mean monthly transmission potential for
Wuchereria bancrofti after four cycles of human mass treatment
with ivermectin (IVER), diethylcarbamazine (DEC) or placebo
in Tamil Nadu, India, 1994-98.
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Fig. 2. Changes in moving average of infection rate of vector mosquitoes with Wuchereria bancrofti after four cycles of human mass

treatment (T'1-T4) with ivermectin,

diethylcarbamazine (DEC) or placebo in Tamil Nadu, India, 1994-98.






