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Abstract.  The antifilaricidal drugs ivermectin (IVM), diethylcarbamazine (DEC), and albendazole (ALB), used
alone or in combinations against infective third-stage larvae (L3) of nocturnally subperiodic (NSP) Brugia malayi
(Narathiwat strain), were tested in vitro for sensitivity, for 7 days.  IVM alone reduced larval motility at
concentrations of 10-7, 10-6, and 10-5 M on day 3.  DEC alone also had this effect at concentrations of 10-6, 10-5,
and 10-4 M on day 2.  ALB alone did not have this effect throughout the experiment, at various concentrations.
However, it had greater effect when used in combination with either DEC or IVM.  The result also indicated that
DEC or IVM, when used in combination with ALB at concentrations of 10-6 M/10-6 M, and 10-5 M/10-5 M was
effectively better than each drug used alone at those concentrations.  When both drug combinations were compared,
ALB/DEC seemed to be more effective than ALB/IVM at a concentration of 10-6 M/10-6 M on day 3.  Although
IVM and DEC can reduce larval motility when used alone or in combination with ALB, they cannot kill these
larvae in an in vitro cultivation, even at a high concentration (10-5 M).

µg/kg), is now recommended to interrupt the
transmission of lymphatic filariasis (WHO, 1994;
Ottesen et al, 1997).  Although several studies on the
effect of filaricidal drugs against both microfilariae
(Shenoy et al, 1999; 2000; 2002) and adult worms
(Noroes et al, 1997; Gayral et al, 1989; Figueredo-
Silva et al, 1996; Dreyer et al, 1998) have been carried
out, few studies have reported the effect of these drugs
against infective larvae, which are transmitted to
humans by mosquitos (Deverre et al, 1989; Gayral et
al, 1989).

Advanced and modernized studies of filariasis due
to B. malayi, particularly the nocturnally subperiodic
(NSP) strain from southern Thailand, are still hampered
by the lack of simple, practical systems.  The most
successful system has used Mongolian jirds, which was
a host model for NSP B. malayi (Narathiwat strain)
(Choochote et al, 1986; 1991).  However, an in vitro
cultivation system and drug sensitivity test should be
developed to achieve a practical and initial screening
system in which to carry out a variety of investigations,
ie biochemistry, pharmacology, physiology,
immunology, and molecular biology.  In addition, it is
important in the study of a possible site for filaricidal
drugs to kill the filarial larvae in vitro, where all direct
response and symptomatological and specific organs
can be observed.  This was the first study assessing
the in vitro drug sensitivity test against infective third-
stage larvae of NSP B. malayi (Narathiwat strain).  In
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INTRODUCTION

Filariasis is still a major public health problem
worldwide, particularly in tropical and sub-tropical
regions (WHO, 1992).  In Thailand, at least two
endemic areas of filariasis have been reported, ie
Malayan filariasis due to Brugia malayi in the south,
and Bancroftian filariasis due to Wuchereria bancrofti
in a limited area in the west (Harinasuta et al, 1970;
Guptavanij et al, 1977; Division of Filariasis, 1995).
Even though a control program for Malayan filariasis
has been established in Thailand for a long time, the
disease is still endemic year by year.

Chemotherapy is one of the strategic tools used
for reducing microfilaremia in humans. However, it is
currently known that no short chemotherapeutic
treatment will clear all adult parasites (McReynolds et
al, 1993).  Recently, several studies have shown the
efficacy and safety of a single dose of filaricidal drug
combinations, ALB+IVM or ALB+DEC (Dunyo et al,
2000; Horton et al, 2000; Ismail et al, 1998, 2001;
Shenoy et al, 1999, 2000, 2002; Supali et al, 2002).
The effective single dose of ALB (400 mg), given in
combination with either DEC (6 mg/kg) or IVM (200
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this study, we focused on the direct effect of filaricidal
drugs alone; ALB, DEC, and IVM, and their
combinations (ALB+IVM and ALB+DEC) against the
larvae of this parasite.  The morphological changes in
the treated larvae were observed under a dissecting
microscope.  All information from this study will
contribute to important basic and advanced knowledge.

MATERIALS AND METHODS

Preparation of NSP B. malayi infective third-stage
larvae

Infective third stage-larvae (L3) of NSP B. malayi
(Narathiwat strain) were obtained from laboratory-
reared Aedes togoi, which had been fed on
microfilaremic cats 12 days previously.  This mosquito
strain was proved highly susceptible to NSP B. malayi
(Choochote et al, 1987).  The whole bodies of 12-day
post-infection mosquitos were dissected using the
aseptic technique (Suwan et al, 1993).  Mass dissection
was carried out in Hank’s Balanced Salt Solution
(HBSS) with antimicrobial agents (10,000 units/ml of
penicillin G solution, 10,000 µg/ml of streptomycin
disulfate, and 25 µg/ml of amphotericin B) in a sterile
Petri dish (30 mm diameter).

Preparation of culture medium and filaricidal drugs
The culture medium used to support the growth

and development of the larvae consisted of a 1:1 (v/v)
mixture of NCTC-135 (Sigma) and Iscove’s Modified
Dulbecco’s Medium (IMDM; Sigma) supplemented
with 20% heat-inactivated fetal bovine serum (NI-FBS
medium), a mixture of antimicrobial agents (10,000
units/ml of penicillin G solution, 10,000 µg/ml of
streptomycin disulfate, and 25 µg/ml of amphoteracin
B) and 25 mM of HEPES (Sigma).

Preparation of filaricidal drugs
Diethylcarbamazine [N-2-Hydroxyethylpipera-

zine-N´-2-ethanesulfonic acid] citrate salt (DEC;
Sigma) was dissolved in distilled water, which was
diluted with culture media at various concentrations
(10-3 M to 10-11 M). Ivermectin B1a [N,N-Diethyl-4-
methyl-1-piperazinecarboxamide] (IVM; Sigma) and
albendazole [Methyl-5-(propylthio)-2-benzimida-
zolecarbamate] (ALB; Sigma) were dissolved in
absolute methanol, which was diluted with culture
media at appropriate concentrations (10-3M to 10-11M).

In vitro sensitivity test
The method for in vitro cultivation mainly followed

the method described by Tippawangkosol et al (2002).
Fresh L3 was washed by repeatedly transferring to
fresh media with a mixture of antimicrobial agents in

culture dishes.  Thirty L3 were pipetted into each well
of a 24-well culture dish, which contained 0.9 ml of
culture media (NI-FBS) and 0.1 ml of filaricidal drugs
alone, eg ALB, IVM, and DEC and their combinations
(ALB/IVM and ALB/DEC) at various concentrations
(10-3 M to 10-11 M).  Each experiment was performed
in four replicates.  The culture dishes were placed in a
candle jar and incubated at 37oC in an incubator for 7
days. The motility of the larvae was examined daily
under a dissecting microscopy.

Evaluation of the result
The larvicidal activity of the test drugs was

evaluated in terms of relative motility (RM) value
(Kiuchi et al, 1987).  A smaller RM value indicated
stronger larvicidal activity, and when all larvae died,
this value was 0.  A minimal lethal concentration
(MLC) was determined as the lowest concentration,
giving an RM of 0 after 24 hours’ incubation.  The
RM value was calculated using the motility score.  The
motility of the larvae was recorded using an arbitrary
score of 3 (highly active), 2 (moderately active), 1 (less
active), and 0 (immobile for at least 10 seconds).  The
results were expressed as the average motility score
with respect to the exposure time of motile parasites
in treated and untreated groups.  Reduction of larval
motility was used to evaluate the efficacy of DEC,
IVM, and ALB when used alone and in combination
against L3 of NSP B. malayi (Narathiwat strain) in an
in vitro cultivation with NI-FBS medium for 7 days.

Data analysis
Comparative morphometric measurement between

treated and untreated groups was evaluated by Mann-
Whitney U test.  The statistical analysis was interpreted
at a p-value of 0.05.

RESULTS

Efficacy of drugs alone
Fig 1 shows the motility of treated larvae reduced

in a concentration- and time-dependent pattern after
being cultured with IVM and DEC alone.  None of the
L3 was completely immobile after being cultured with
these drugs throughout the experiment.  In the control
wells of all drugs, larvae showed highly active
movement in the culture medium by Day 7.  Both DEC
and IVM alone, at concentrations of 10-10 M and 10-8

M, had no effect against larval motility.  IVM alone, at
concentrations of 10-7 M, 10-6 M, and 10-5 M, gradually
reduced larval motility on Day 3, and the larvae had
less active movement on Day 6 at IVM concentrations
of 10-6 M and 10-5 M (Fig 1a).  DEC, at concentrations
of 10-6 M, 10-5 M, and 10-4 M, gradually reduced larval
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Fig 1- Motility score of NSP Brugia malayi L3 after being
cultured with single drugs; (a) IVM; (b) DEC; (c) ALB
at various concentrations (M) in NI-FBS medium for
7 days.

motility on Day 2, and the larvae had less active
movement on Day 5 at concentrations of 10-5 M and
10-4 M (Fig 1b).  ALB alone, at various concentrations
(10-4 M to 10-9 M), had no effect against L3 and all of
the larvae had highly active movement throughout the
experiment (Fig 1c).

Efficacy of combined drugs
ALB/IVM, at concentrations of 10-6/10-6

M, and 10-5/10-5 M, seemed to reduce larval
motility more than ALB 10-5 M, IVM 10-6

M, and IVM 10-5 M on Day 3 and Day 2 (Fig
2a).  ALB/DEC, at concentrations of 10-6/
10-6 M and 10-5/10-5 M, seemed to reduce
larval motility more than  ALB 10-5 M, DEC
10-6 M, and DEC 10-5 M on Day 3 and Day 1
(Fig 2b).  ALB/DEC seemed to have more
effect than ALB/IVM at a concentration of
10-6/10-6 M on Day 3 (Fig 2c).

Effect of drugs against larvae morphology
after culture for 7 days

In the control group, the mean body
length and width of the B. malayi larvae after
cultivation (Day 7) increased significantly
(p<0.05) more than L3 before cultivation
(Day 0) (2,019 and 32.2 vs 1,518 and 23.4
µm).  The larvae treated with both drugs alone
and in combination, at a concentration of
10-6 M, had a mean body length shorter than
the untreated larvae.  The mean body width
of the treated larvae was not significantly
different compared with that of the untreated
larvae.

DISCUSSION

In vitro sensitivity was tested to assess
the efficacy of ALB, DEC, and IVM, using
either the drugs alone or in combination,
against NSP B. malayi (Narathiwat strain),
which is endemic in southern Thailand.  The
concentrations of ALB, DEC, and IVM used
in this study were similar to the con-
centrations achieved in human plasma with a
therapeutic dose (Edwards et al, 1981;
Marriner et al, 1986; Chiou et al, 1987).

It is currently known that no short chemo-
therapeutic treatment will clear all adult parasites (Mc
Reynolds et al, 1993).  However, many studies have
assessed the efficacy of filaricidal drugs in vivo, eg
human and animal models, to observe microfilaricidal
or adulticidal activity (Nicholas et al, 1997; Ottensen
et al, 1997; Bockarie et al, 1998; Dunyo et al, 2000;
Shenoy et al, 1999, 2000, 2002).  The results have
shown that ALB+IVM and ALB+DEC are superior
to either drug alone for reducing microfilaremia
in humans.  Similary, the effect of both drug
combinaitations in this study was superior to either
drug alone, by rapidly reducing larval motility.  IVM
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Fig 2- Motility score of NSP Brugia malayi L3 after being
cultured with drugs combination, compared with each
drug alone in NI-FBS medium for 7 days; (a) ALB/
IVM (A/I); (b) ALB/DEC (A/D); (c) comparision
between ALB/IVM and ALB/DEC at various
concentrations (M).

and DEC alone, but not ALB, also had this effect
against the larvae.  Few studies reported the direct
effect of filaricidal drugs against larval stage of human
lymphatic filariasis in in vitro cultivation because of
the lack of a reservior, or laboratory-animal host, which
is difficult to maintain, particularly in a small space
and with concerns about animal ethics.  However, the

results of an in vivo study showed that both
DEC and IVM, when used alone or in
combination, were effective against micro-
filariae, and ALB had some effect against the
adult stage (Jayakody et al, 1993; WHO,
1996; Ismail et al, 1998).

In recent years, the in vitro antifilarial
activity of extracts from the medicinal plant,
Cardiospermum halicacabum, against B.
pahangi was performed in a culture medium
for 7 days (Khunkitti et al, 2000).  The result
demonstrated that a higher concentration of
ethanol extract (2 mg/ml) inhibited both the
motility of adult worms and the release of
microfilaria by the females, and rapidly
reduced the motility of microfilaria on Day 2
with an ethanol extract of 500 µg/ml.  Shenoy
et al (1999, 2000) reported that ALB+DEC
seemed to have more effect than ALB+IVM
with brugian microfilariae.  This result was
the same as this study, at a concentration of
10-6 M/ 10-6 M, on Day 3.  The concentrations
of DEC (3.91 ng/ml to 391 ng/ml) used in
this study were less than the maximum (800-
1,000 ng/ml) which is believed to be required
for antifilarial activity (Stephenson and
Wiselka, 2000). Since the drug had a direct
effect against the parasite in the in vitro study,
the drug concentration might be less than that
of an in vivo study.  Although the result in
this study indicated that there was a
synergistic pharmacodynamic adverse effect
of ALB+DEC in vitro, no pharmacokinetic
adverse effect of this drug combination has
been reported in vivo (Shenoy et al, 2002).
ALB sulphoxide is a pharmacologically
active substance with strong antiparasite
action (Dollery, 1991).  ALB did not
biotransform to ALB sulphoxide in the in

vitro test. Therefore, it had no effect against the larval
stage in this study.  ALB alone also had no effect in
this study, but it had more when combined with either
DEC or IVM.  This result may be the synergistic
adverse effect of ALB with either IVM or DEC,
because these drug combinations have greater effect
than each drug alone. Morphology of the larvae was
also performed to observe the effects of all drugs.  The
result showed that larvae treated with each drug alone
or in combination at a concentration of 10-6 M, had a
shorter mean body length than untreated larvae.  The
result indicated that IVM and DEC, at a concentration
of 10-6 M, had an effect against B. malayi in both larval
morphology and motility.  However, the parasite cannot
be killed, even at a high concentration (10-5 M).
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Although concentrations of all drugs used in vitro in
this study were less than in vivo, the results showed
similar effects of the drugs in both studies. Further
study of the effect of the drugs on target parasite organs,
using scanning or transmission electron microscopy,
to observe the surface or intra-organelle of the parasite
should be conducted.

ACKNOWLEDGEMENTS

The authors thank Professor Dr Supot Wudhikarn,
Dean of the Faculty of Medicine, Chiang Mai
University, for his interest in this research.  The authors
are also grateful to the Thailand Research Fund (Post-
Doctoral Fellowship) for financial support and the
Faculty of Medicine Endowment Fund for Research
Publication, for helping defray the publication cost.

REFERENCES

Bockarie MJ, Alexander ND, Hyun P, et al.
Randomised community-based trial of annual
single-dose diethylcarbamazine with or without
ivermectin against Wuchereria bancrofti infection
in human beings and mosquitoes.  Lancet
1998;351:162-8.

Chiou R, Stubb RJ, Bayne WF.  Determination of
ivermectin in human plasma and milk by high-
performance liquid chromatography with
fluorescence detection.  J Chromatogr 1987;416:
196-202.

Choochote W, Chaithong U, Soomboon P, et al.  Small
laboratory animal for nocturnally subperiodic
Brugia malayi (Narathiwat province, southern
Thailand strain).  J Trop Med Parasitol 1991;14:
51-8.

Choochote W, Keha P, Sukhavat K, Khamboonruang
C, Sukontason K.  Aedes (Finlaya) togoi Theobald
1907, Chantaburi strain, a laboratory vector in
studies of filariasis in Thailand.  Southeast Asian
J Trop Med Public Health 1987;18:259-60.

Choochote W, Sukhavat K, Somboon P, Khamboonruang
C, Maleewong W, Suwanpanit P.  The susceptibility
of small laboratory animals to nocturnally
subperiodic Brugia malayi in Thailand.  J Parasitol
Trop Med Assoc Thai 1986;9:35-7.

Deverre JR, Loiseau P, Couvreur P, Letourneux Y,
Gayral P, Benoit JP.  In vitro evaluation of
filaricidal activity of GABA and 1,3-dipalmitoyl-
2-(4-aminobutyryl)glycerol HCl: a diglyceride

IN VITRO SENSITIVITY OF B. MALAYI L3 TO ANTIFILARIAL DRUGS

Table 1
Comparative morphometric measurements (mean±SD/range) of untreated and drug-treated nocturnally-

subperiodic Brugia malayi larvae cultured from infective third-stage larvae (L3) in
NI-FBS medium for 7 days; n 20.

Day culture (drug) Body length (µm) Body width (µm)

0 (control)  1,518±116 23.4±1.6
(1,320-1,760)  (21.6-27.0)

7 (control) 2,019±105a 32.2±6.9 a

(1,850-2,250) (22.0-50.0)

7 (ALB, 10-6 M) 1,525±118b 32.6±1.8 a

(1,320-1,750) (29.7-35.1)

7 (IVM, 10-6 M) 1,537±160b 32.0±2.7 a

(1,210-1,760) (27.0-37.8)

7 (DEC, 10-6 M) 1,534±176b 32.4±3.4 a

(1,100-1,760) (27.0-37.8)

7 (ALB/DEC, 10-6 M/10-6 M) 1,539±148b 32.4±2.0 a

(1,300-1,760) (29.7-35.1)

7 (ALB/IVM, 10-6 M/10-6 M) 1,527±185b 32.4±2.8 a

(1,210-1,760) (27.0-35.1)

aSignificant difference from Day 0 in control group, p<0.05; bSignificant difference from Day 7 in control group, p<0.05



SOUTHEAST ASIAN J TROP MED PUBLIC HEALTH

20 Vol 35  (Suppl 2)  2004

prodrug.  J Pharm Pharmacol 1989;41:191-3.

Division of Filariasis.   Department of Communicable
Disease Control, Ministry of Public Health,
1995:46.

Dollery C.  Therapeutic drugs.  Edinburgh: Churchill
Livingstone, 1991.

Dreyer G, Addiss D, Santos A, Figueredo-Silva J,
Noroes J.  Direct assessment in vivo of the efficacy
of combined single-dose ivermectin and diethylcar-
bamazine against adult Wuchereria bancrofti.
Trans R Soc Trop Med Hyg 1998;92:219-22.

Dunyo SK, Nkrumah FK, Simonsen PE.  A randomized
double-blind placebo-controlled field trial of
ivermectin and albendazole alone and in
combination for the treatment of lymphatic
filariasis in Ghana.  Trans R Soc Trop Med Hyg
2000;94:205-11.

Edwards G, Breckenridge AM, Adjepon-Yamoah KK,
Orme ML, Ward SA.  The effect of variation in
urinary pH on pharmacokinetics of diethylcar-
bamazine.  Br J Clin Pharmacol 1981;12:807-12.

Figueredo-Silva J, Jungmann P, Noroes J, et al.
Histological evidence for adulticidal effect of low
doses of diethylcarbamazine in bancroftian
filariasis. Trans R Soc Trop Med Hyg 1996;90:192-
4.

Gayral P, Gueyouche C, Bories C, et al.  Macro-
filaricidal activity of metabolites of diethlycar-
bamazine.  Arzneimittelforschung 1989;39:226-30.

Guptavanij P, Harinasuta C, Surathin K, Vutikes S,
Deesin T.  Studies on the prevalence of Malayan
filariasis in southern Thailand. Southeast Asian J
Trop Med Public Health 1977;8:42-52.

Harinasuta C, Charoenlarp P, Sucharit S, Deesin T,
Surathin K, Vutikes S.  Studies on Malayan
filariasis in Thailand.  Southeast Asian J Trop Med
Public Health 1970;1:29-30.

Horton J, Witt C, Ottesen EA, et al.  An analysis of the
safety of the single dose, two drug regimens used
in programmes to eliminate lymphatic filariasis.
Parasitology 2000;121(suppl):147-60.

Ismail MM, Jayakody RL, Weil GJ, et al.  Long-term
efficacy of single-dose combinations of
albendazole, ivermectin and diethylcarbamazine
for the treatment of bancroftian filariasis.  Trans R
Soc Trop Med Hyg 2001;95:332-5.

Ismail MM, Jayakody RL, Weil GJ, et al.  Efficacy of
single dose combinations of albendazole,

ivermectin and diethylcarbamazine for the
treatment of bancroftian filariasis. Trans R Soc
Trop Med Hyg 1998;92: 94-7.

Jayakody RL, Desilva CSS, Weerasinghe WI.
Treatment of bancroftian filariasis with
albendazole: evaluation of efficacy and adverse
reactions.  Trop Biomed 1993;10:19-24.

Khunkitti W, Fujimaki Y, Aoki Y.  In vitro antifilarial
activity of extracts of the medical plant
Cardiospermum halicacabum against Brugia
pahangi. J Helminthol 2000;74:241-6.

Kiuchi F, Miyashita N, Tsuda Y, Kondo R, Yoshimura
H.  Studies on crude drugs effective on visceral
larva migrans. Identification of larvicidal principles
in betel nuts.  Chem Pharm Bull (Tokyo) 1987:35:
2880-6.

Marriner SE, Morris DL, Dickson B, Bogan JA.
Pharmacokinetics of albendazole in man.  Eur J
Clin Pharmacol 1986;30:705-8.

McReynolds LA, Poole C, Hong Y, William SA,
Partono F, Bradley J.  Recent advances in the
application of molecular biology in filariasis.
Southeast Asian J Trop Med Public Health 1993;24
(suppl):55-63.

Nicolas L, Plichart C, Nguyen LN, Moulin-Pelat JP.
Reduction of Wuchereria bancrofti adult worm
circulating antigen after annual treatments of
diethycarbamazine combined with ivermectin in
French Polynesia.  J Infect Dis 1997:175:489-92.

Noroes J, Dreyer G, Santos A, Mendes VG, Medeiros
Z, Addis D.  Assessment of the efficacy of diethyl-
carbamazine on adult Wuchereria bancrofti in vivo.
Trans R Soc Trop Med Hyg 1997;91:78-81.

Ottesen EA, Duke BO, Karam M, Behbehani K.
Strategies and tools for the control/elimination of
lymphatic filariasis.  Bull WHO 1997;75:491-503.

Shenoy RK, Dalia S, John A, Suma TK, Kumaraswami
V.  Treatment of the microfilaraemia of
asymptomatic brugian filariasis with a single doses
of ivermectin, diethylcarbamazine or albendazole,
in various combinations.  Ann Trop Med Parasitol
1999;93:643-51.

Shenoy RK, John A, Babu BS, Suma TK,
Kumaraswamai V.  Two-year follow-up of the
microfilaraemia of asymptomatic brugian
filariasis, after treatment with two, annual, single
doses of ivermectin, diethylcarbamazine and
albendazole, in various combinations.  Ann Trop
Med Parasitol 2000;94:607-14.



Vol 35  (Suppl 2)  2004 21

IN VITRO SENSITIVITY OF B. MALAYI L3 TO ANTIFILARIAL DRUGS

Shenoy RK, Suma TK, John A, et al.   The pharmaco-
kinetics, safety and tolerability of the co-admi-
nistration of diethylcarbamazine and albendazole.
Ann Trop Med Parasitol 2002;96:603-14.

Stephenson I, Wiselka M.  Drug treatment of tropical
parasitic infections: recent achievements and
developments.  Drugs 2000;60:985-95.

Supali T, Ismid IS, Ruckert P, Fischer P.  Treatment of
Brugia timori and Wuchereria bancrofti infections
in Indonesia using DEC or a combination of DEC
and albendazole: adverse reactions and short-term
effects on microfilariae.  Trop Med Int Health
2002;7:894-901.

Suwan N, Rongsriyam Y, Tippawangkosol P,
Choochote W.  A suitable technique for in vitro
development of Dirofilaria immitis from the
second stage larvae to the infective larvae.  Mosq
Borne Dis Bull 1993;10:83-90.

Tippawangkosol P, Choochote W, Riyong D, Jitpakdi
A, Pitasawat B.  A simple technique for the in vitro
cultivation of nocturnally subperiodic Brugia
malayi infective lavae.  Southeast Asian J Trop Med
Public Health 2002;33 (suppl 3):16-22.

World Health Organization.  Lymphatic filariasis.  The
disease and its control. WHO Techn Rep Ser
1992;821.

World Health Organization.  Strategies for control of
lymphatic filariasis infection and disease: Report
of a WHO/CTD/TDR consultative meeting held
at the University Sains, Penang, Malaysia, 22-24
August, Geneva: WHO.  WHO TDR/CTD/FIL/
PENANG/94.1. 1994.

World Health Organization.  Report from the WHO
Informal Consultation on Albendazole Research
Findings in Lymphatic Filariasis. Geneva: WHO.
WHO/FIL.194. 1996.




