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PREFACE

This manual has been designed as a guide to those who plan, manage
and carry out filariasis control programmes. It is in three parts. Part 1 deals
with the life cycle and vectors of filarial parasites and with the distribution,
clinical manifestations, diagnosis, and treatment of lymphatic filariasis.
Part 2 covers the basic concepts and general guidelines for controlling fil-
ariasis and describes a systematic approach to developing national strategies
for filariasis control programmes that are community-oriented, simple, and
economical. Part 3 contains specific methods and techniques for collecting
sound epidemiological data for assessment and evaluation of filariasis. The
names of the mosquito vectors of human lymphatic filarial parasites in the
major endemic zones of the world are listed in Annex 1.

Bibliographical references have not been included but a list of some key
works for further reading is given on page 81.

The manual takes full account of the primary health care and commu-
nity participation approaches to filariasis control, as well as describing the
methodology for vertically organized campaigns. It is not specifically di-
rected towards the primary health care worker but rather to those concerned
with health training and organization, pointing out the manner in which
the community health worker can become involved in filariasis control, and
the extent to which control measures may be implemented by means of
community participation.

The manual has been produced by the Filariasis Unit of the Parasitic
Diseases Programme of WHO, in response to a recommendation made
at a meeting of a WHO Bi-regional Working Group on Filariasis, held in
Kuala Lumpur, Malaysia, 18-21 June 1979. The text was approved and
recommended for publication by participants at a WHO Western Pacific
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Regional Seminar on Brugian Filariasis in 1985. The World Health Orga-
nization particularly wishes to thank the following people who contributed
to the preparation of the manual:

Dr U. K. Brinkman, Association for Technical Cooperation, Bamako,
Mali

Dr D. A. Denham, Department of Medical Helminthology, London School
of Hygiene and Tropical Medicine, London, England

Dr F. Partono, Department of Parasitology and General Pathology, Univer-
sity of Indonesia, Jakarta, Indonesia

Mr Purnomo, Faculty of Medicine, University of Indonesia, Jakarta,
Indonesia ) :

Dr E. Zielke, Bernhard Nocht Institute, Hamburg, Federal Republic of
Germany ‘



PART 1. GENERAL INFORMATION






PART 1

General information

1. Definition of lymphatic filariasis

Human lymphatic filariasis results from infection with the nematode
parasites Wuchereria bancrofti, Brugia malayi and/or B. timori. The ju-
venile and adult worms normally live in the lymph vessels and lymph nodes,
and the microfilariae are found in the blood. The adult parasites can live
for many years (probably up to 10 years, but a 40-year life-span has been
reported). The life-span of the microfilariae is about a year at the most.

2. Life cycle of the parasites (Fig. 1)

The parasite is transmitted by mosquitos which serve as intermediate
hosts in which microfilariae develop to the infective stage. In most
endemic areas, the highest level in the human circadian or 24-hour cycle
of peripheral microfilaraemia (periodicity) coincides with the biting activ-

ity of the local vector. Some of the microfilariae ingested by the mosquito
" shed their sheaths, penetrate the stomach wall, migrate to the muscles of
the thorax, and develop there without multiplication.

The slender active microfilaria transforms to the short thick inactive
sausage-stage or L, larva. The L, larva has a cuticle which forms a con-
spicuous slender tail, characteristic of this stage. In the genus Brugia one
or two nuclei are present inside the tail.

After the first moult, the larva grows rapidly in length and width and
becomes potentially more active, although usually it does not move. It has
a thin cuticle which can be seen at the caudal end forming a short tail.
This L, or pre-infective larva is recognized by its short tail and the pre-
sence of one or two papillae at the caudal end.

After a second moult the parasite no longer has a visible cuticle and is
known as an infective or L; larva. The L, larva grows further in length but
not in width, moving actively in the haemocoelic cavity of the mosquito,
first towards the abdomen and later to the head and proboscis (where
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Fig. 1. Life cycle of human lymphatic filarial parasites

Development from L3 to L4 larva to adult
worm in skin and lymphatic channels
(3-9 months)

Adult worms {male and female) in Infective larvae (L3) enter person’s
lymphatic channels (live for skin through wound made by
5-10 years) proboscis of mosquito
Females bring forth microfilariae - : Development in mosquito
into bloodstream, often showing (8-14 days) from microfilaria to
periodicity in peripheral blood sausage larva (L1) to preinfective
(live for up to 12 months if larva (L,) to infective
not ingested by mosquita) larva (Lg)
Microfilariae
ingested by female
mosquito along with WHO 86923
blood-meal

most of them are found upon dissection). The caudal end of Wuchereria
bancrofii is characterized by having three teat-like papillae of equal size.
In the genus Brugia, the central papilla at the caudal end is most promi-
nent, while the two ventrolateral ones are less conspicuous.

The duration of larval development is affected by the ambient temper-
ature; generally, the warmer it is the more rapid the development. It
usually takes 10-14 days for W. bancrofti to reach the infective stage, and
7-10 days for B. malayi and B. timori.

When the now infective mosquito. takes a blood-meal, some or all of
the infective larvae escape from the proboscis and actively enter the
human host through the wound made by the mosquito. The L; larva
develops in the lymphatic system to the L, stage, to the young adult stage,
and finally to the mature adult worm, male or female. After fertilization,
the female worms produce microfilariae, which find their way from the
lymphatic system to the bloodstream. The pre-patent period (from the
entrance of L; to the appearance of microfilariae in the peripheral blood)
is estimated at about 3 months for Brugia and ‘9 months for W. bancrofti.
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3. Distribution of filariasis

Geography

The distribution of the endemic areas of human lymphatic filariaris is
shown in Fig. 2, which also outlines the geographical zones of the vector
mosquitos listed in Annex 1.

Bancroftian filariasis (caused by Wuchereria bancrofti) is the most
widespread human lymphatic filarial infection. The largest number of peo-
ple both “at risk”, and infected, live in India, but the disease is a severe
problem in many other Asian countries, notably Bangladesh, Burma,
China, Indonesia, Malaysia, Papua New Guinea, the Philippines, Sri
Lanka, Thailand and Viet Nam. Localized foci of infection are also common
in: parts of East, Central and West Africa and Egypt; Madagascar and neigh-
bouring islands; the northern parts of South America, including two foci
in Brazil; parts of Central America, and some Caribbean islands; and
many of the Pacific islands.

Brugian filariasis (caused by Brugia spp.) has a more restricted distri-
bution which overlaps in places with bancroftian filariasis. Brugia malayi
infections are found in southern China, India, Indonesia, Malaysia, the
Philippines, the Republic of Korea, Thailand and Viet Nam. B. timori is
localized in the Lesser Sunda Islands of eastern Indonesia.

Ecotypes

Nocturnally periodic W. bancrofti is mainly found in the slum areas of
cities (urban type) and in rural areas (rural type). A nocturnally sub-
periodic strain of W. bancrofti is found locally in Thailand and Viet Nam.
The diurnally subperiodic type is rural, occurring in the eastern Pacific
islands.

B. malayi and B. timori are found only in rural areas. The subperiodic
type of B. malayi is mostly found in areas with irrigated rice fields.

Periodicity

In humans, the microfilariae show a characteristic periodicity in the
course of the circadian or 24-hour cycle. They live mainly in the pulmo-
nary capillaries, from whence a proportion of them escape into the
peripheral blood where they may be detected during the hours of
their periodicity.

The nocturnally periodic type shows a marked peak of microfilarial
density in the peripheral blood during the night hours; very few, if any,
microfilariae can be found during the day in the standard volume of blood
taken for routine examination. In the nocturnally subperiodic and
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Fig. 2. Distribution of lymphatic filariasis and vector zones (for explanation of
the numbered vector zones see Annex 1)
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diurnally subperiodic types, microfilariae can be found in the peripheral
blood at all hours but their density increases slightly during the night or
day respectively.

The practical reasons for determining microfilarial periodicity are to
know the best time to take blood samples to detect microfilaraemia and,
in the case of nocturnally subperiodic B. malayi, to be aware of the
possibility of animal reservoir hosts.

Vectors

Urban W. bancrofti is transmitted mainly by Culex quinquefasciatus
(formerly known as C. pipiens fatigans) in tropical regions and by C.
pipiens pallens and C. p. molestus in subtropical regions. The periodicity
of the microfilariae is nocturnal.

Rural W. bancrofti is nocturnally periodic over most of its range. It is
mainly transmitted by several species of Anopheles, occasionally by Aedes
spp., and rarely by Mansonia uniformis. The diurnally subperiodic type is
transmitted predominantly by several species of Aedes, and the noctur-
nally subperiodic type by mosquitos of the Aedes niveus group.

The nocturnally periodic type of B. malayi is transmitted in certain
regions by Mansonia spp., and in other regions by Anopheles barbirostris
or A. campestris. Aedes togoi is a vector in coastal parts of the Republic of
Korea, and parts of southern China. The nocturnally subperiodic type is
transmitted by Mansonia spp.

B. timori is transmitted by Anopheles barbirostris.

Reservoir hosts

The occurrence of zoonotic B. malayi in domestic cats and in Macaca
and Presbytis monkeys living close to human habitations, and the presence
of other, morphologically similar Brugia species (e.g., B. pahangi), in the
same or related animals, complicates the epidemiology of B. malayi,
and leads to difficulty in identifying the infective larvae found in wild
mosquitos.

The same applies to other Brugia species infecting animals, such as
B. patel, which is confined to Pate Island off Kenya where it is found in
cats, dogs and genet cats; B. ceylonensis, found in cats and dogs in India and
Sri Lanka; B. buckleyi in the wild hare in Sri Lanka; and B. {upaiae in the
tree shrew in Malaysia, Thailand and Viet Nam.

Whuchereria kalimantani, found in leaf monkeys (Presbytis cristata) in
South Kalimantan, Indonesia, poses similar problems in the epidemiology
of bancroftian filariasis.
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The relationship between periodicity and the animal reservoir in Brugia spp.

Until recently, it used to be thought that the nocturnally subperiodic
form of B. malayi, which is zoonotic, could be distinguished from the
periodic form by the fact that most of the microfilariae in the latter shed
their sheaths in blood films. However, sheath shedding is not a feature of
the non-zoonotic periodic form found in India, and it has recently been
demonstrated that, in Indonesia, a number of zoonotic forms of the para-
site exist that are not necessarily subperiodic. The zoonotic types, what-
ever their periodicity pattern, are difficult to control.

The microfilariae of B. malayi are morphologically very similar to
those of other Brugia species of animal origin in standard stained blood
films, but are different from those of B. timori. The infective larvae of
B. malayi, of other Brugia species of animal origin, and of B. timori are
morphologically very similar, which may create confusion in the evalua-
tion of entomological data in places where these parasites occur together.
So far, B. timori has not been found in animals, and Brugia spp. from
animals have not been reported in areas where B. timori is endemic.

W. bancrofti

Although W. bancrofti has recently been transmitted experimentally to
leaf monkeys (Presbytis spp.), no natural infection with this parasite has
been reported in wild monkeys.

In wild mosquitos, the infective larvae of W. bancrofti may be con-
fused with those of W. kalimantani, a recently discovered natural parasite
of the leaf monkey.

Potential importance of non-human primate models

Non-human primates can be naturally or experimentally infected with
B. malayi and other Brugia species, and W. kalimantani occurs naturally
in the leaf monkey P. cristata. In the past few years, several non-human
primate species have been successfully infected with W. bancrofti. These
non-human primate models offer certain advantages for drug screening
and for immunological and pathological studies.

4. Vectors

The vectors of filariasis include a wide variety of mosquitos of the
genera Culex, Anopheles, Aedes and Mansonia (see Annex 1). The purpose
of this section is to provide concise information on the most important
and widespread vectors of filariasis, dealing mainly with the important
bionomic aspects that are relevant to the control of filariasis.
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Culex spp.

C. quinquefasciatus (formerly known as C. pipiens fatigans)
Distribution: widespread in tropical countries.

Vector of:. nocturnally periodic W. bancrofti, especially the urban
type.

Ecology: breeds in polluted waters, sullage water, drains, pit latrines,
etc.

C. pipiens pallens
Distribution: China, Japan.
Vector of: nocturnally periodic W. bancrofti, especially the urban
type.
Ecology: similar to C. quinquefasciatus.

C. p. molestus

Distribution . east Mediterranean.
Vector of: nocturnally periodic W. bancrofti, especially the urban
type.
Ecology: similar to C. quinquefasciatus.
Aedes spp.
A. poicilius
Distribution : Philippines.
Vector of nocturnally periodic W. bancrofti.

Ecology: Breeds in leaf axils, especially abaca and banana plants; rests
indoors and outdoors.
A. polynesiensis

Distribution: Polynesia and the eastern Pacific.
Vector of: diurnally subperiodic W. bancrofti.

Ecology: breeds in small natural and artificial containers; rests out-
doors; bites outdoors by day.

A. samoanus

Distribution: American Samoa and Samoa.
Vector of: diurnally subperiodic W. bancrofti.

Ecology: breeds in leaf axils; rests outdoors; bites outdoors at night.
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A. togoi

Distribution: coastal Japan, China and Republic of Korea.

Vector of: periodic B. malayi; also a vector of periodic W. bancrofii in
China and formerly in Japan.

Ecology: breeds in brackish rock-pools or artificial water containers;
rests indoors; bites indoors and outdoors after sunset.

Anopheles spp.

Many of the anopheline vectors of lymphatic filariasis in the western
part of the Pacific also transmit malaria, as do A. barbirostris in Indonesia
and A. gambiae in Africa.

Distribution and vector ability. Important filarial vectors include:
A. barbirostris for periodic B. malayi and B. timori in Indonesia;
A. campestris for periodic B. malayi in north-west Malaysia;
A. sinensis for periodic B. malayi in mainland China and the
Republic of Korea; A. farauti and A. koliensis for nocturnally peri-
odic W. bancrofti in Papua New Guinea, west Irian (Indonesia), and
the Solomon Islands; and other Anopheles species with focal distri-
bution in many areas.

Ecology. Anopheline mosquitos breed in a wide variety of water
bodies. They mostly rest indoors; and they bite at night, either
indoors or outdoors. Many are vulnerable to spraying of houses
with residual insecticide in conjunction with malaria control pro-
grammes. Larvicides are usually ineffective for their control. Mos-
quito nets, especially those impregnated with insecticide, and
improved housing, with mosquito-screened sleeping quarters, can
help to prevent human-vector contact.

Mansonia spp.

Distribution and vector ability. Vectors include M. annulifera for
_ periodic B. malayi in India and formerly in Sri Lanka; M. bonneae
and M. dives for subperiodic B. malayi in Indonesia, Malaysia and
the Philippines; and M. uniformis for periodic B. malayi in
India, Indonesia, and north-west Malaysia.

Ecology. The larval stages of Mansonia need to attach themselves to
aquatic host plants. The adults mainly rest outdoors and bite out-
doors by day.

At present, there is insufficient background. information concerning
operational control of Mansonia mosquitos. Reclamation of swamp land
may eliminate the breeding sites of some Mansonia species.
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5. Other filarial parasites of man

There are other filarial worms parasitic in man which may need to be
distinguished from the lymphatic filarial parasites. These are:

Onchocerca volvulus in tropical Africa, Central and South America,
and Yemen;

Loa loa in West and Central Africa;

Mansonella ozzardi in parts of Latin America and the Caribbean;
M. perstans in tropical Africa and Latin America; M. semiclarum in
Zaire; and M. streptocerca in West and Central Africa.

Onchocerca volvulus

This parasite is of very considerable public health importance because
of its ability to cause onchocerciasis (“river blindness™) and itching and
disfiguring skin lesions. Hanging groins and hydroceles may develop as a
result of onchocerciasis, and, in the Zaire River Basin, scrotal elephan-
tiasis has been observed in onchocerciasis patients. The adult worms of
O. volvulus live in subcutaneous or deep-lying nodules, and the microfilariae
(mf) occur normally in the upper layers of the skin. They have also been
demonstrated in the cornea and anterior chamber of the eye, in the urine,
and in various body fluids. They are rarely found in the blood except at
relatively low densities in heavily infected patients (up to 30 mf/ml
recorded) or for a few days after beginning treatment with diethyl-
carbamazine citrate (up to 300 mf/ml recorded). The infection is transmit-
ted by blackflies (Simulium spp.).

Loa loa

Loa loa causes fugitive “Calabar™ swellings, often in the hands or
arms. Migrating adult worms may occasionally be seen crossing the con-
junctiva or in the eyelids. The sheathed microfilariae are found in the
blood, and show a marked diurnal periodicity. Transmission is by tabanid
flies of the genus Chrysops, commonly known as “red flies”.

Mansonella ozzardi

Although sometimes held to be responsible for irritating skin erup-
tions, this is generally a harmless parasite. It is most common in Brazil
and the Caribbean. Its microfilariae occur mostly in the blood and
occasionally in the skin. They are non-periodic and are transmitted by
Simulium spp. blackflies in South America and by Culicoides spp. midges
in the West Indies.



20 CONTROL OF LYMPHATIC FILARIASIS

Mansonella perstans

M. perstans seems to be an almost harmless parasite. Its microfilariae
are found in the blood. They show no periodicity and are transmitted by
Culicoides spp., midges commonly but erroneously known as “sandflies™.
M. semiclarum is a very similar species confined to Zaire.

Mansonella streptocerca

This species is occasionally responsible for skin irritation but is gener-
ally non-pathogenic. The microfilariae have so far only been found in the
skin, It is transmitted by Culicoides spp.

6. The clinical manifestations of lymphatic filariasis

Lymphatic filariasis is characterized by a wide spectrum of clinical
manifestations with signs and symptoms often differing from one endemic
area to another. The clinical course of filariasis can be divided into
asymptomatic, acute, and chronic stages, generally progressing in that
order. However, in an endemic community the different stages of the dis-
ease are frequently interwoven with each other and, in certain groups of
people originating from non-endemic filarial areas, the disease may be
characterized by an acute initial stage followed directly by the chronic
stage within a relatively short period of time.

Exposure versus infection

In most areas where filariasis is endemic, there is always a certain
proportion of the population who, despite having been exposed to infec-
tive larvae, do not show any clinical manifestation of filariasis or any
microfilaraemia with the presently available diagnostic procedures. It is
impossible, in the absence of a reliable immunodiagnostic test, to deter-
mine whether people in this group have subthreshold microfilaraemia or
subclinical infection, or whether they are free from infection.

The asymptomatic stage

This is characterized by the presence of microfilariae in the peripheral
blood, although there are no clinical manifestations of filariasis. Some
individuals remain asymptomatic for years, while others progress more
rapidly to the acute and chronic stages.
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The acute stage

The acute clinical manifestations of filariasis are characterized by
recurrent attacks of fever associated with inflammation of the lymph
nodes (lymphadenitis) and lymph vessels (lymphangitis).

In bancroftian filariasis, recurrent attacks of fever associated with
lymphadenitis are less frequently seen than in brugian filariasis. In addi-
tion to the lymph nodes in the inguinal, axillary and epitrochlear regions,
the lymphatic system of the male genitalia is frequently affected, leading to
funiculitis, epididymitis or orchitis, or to a combination of these.

In brugian filariasis, the affected lymph nodes are mostly situated in
the inguinal and axillary regions, with inflammation along the course of
the distal lymphatic vessels. Quite often, an attack of lymphadenitis is
precipitated by hard physical work.

The course of infection

Typically, each attack of fever and lymphadenitis lasts for several days
and usually subsides spontaneously following bed-rest. However, it may
be followed by a more or less characteristic retrograde lymphangitis,
oedematous infiltration of the surrounding subcutaneous tissues, or even
formation of abscesses, which may in turn ulcerate and lead to scarring. In
contrast to bacterial infections, the ulcer in filariasis is relatively clean,
and produces a serosanguinous fluid. Lymphoedema is quite often present
in these fulminant episodes. Usually, the oedema subsides after each epi-
sodic attack, but with repeated attacks the oedema persists, leading to
chronic lymphoedema.

The social aspects of acute filariasis

The acute clinical course of filariasis may last for several days or up to
4-6 weeks with a fulminating episode, and may result in prolonged
inability to work. As filariasis is more prevalent in rural areas and in the
slums of cities, and as it affects predominantly the young and active work-
ing section of the population, it can result in significantly decreased
productivity of the poorer sectors of the community—those who can least
afford it.

The chronic stage

The chronic signs of filariasis do not usually develop before the age of
15 years and only a small proportion of the infected community is
affected. However, immigrants from areas where filariasis is not endemic
tend to develop elephantiasis more often and much sooner (sometimes
within 1-2 years) than do the indigenous populations of endemic areas.
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During the chronic stage, microfilariae are usually absent from the
blood.

In bancroftian filariasis, the occurrence of the major chronic signs—
hydrocele, chyluria, lymphoedema and elephantiasis—may differ from
one area to another. The most common are hydrocele and swelling of the
testis, followed by elephantiasis of the entire lower limb, the scrotum, the
entire arm, the vulva, and the breast, in descending order of frequency.

In brugian filariasis, the leg below the knee is characteristically
affected, and sometimes the arm below the elbow. Genital involvement has
not been reported, except in areas where brugian filariasis occurs together
with W. bancrofii.

The social aspects of chronic filariasis

The chronic clinical manifestations of filariasis are characterized by an
absence of physical pain and suffering when there is no associated adeno-
lymphangitis. However, patients with elephantiasis or hydrocele have
many social and marital problems. They have less chance of getting mar-
ried or, when the disease manifests itself during their married life, it may
lead to divorce. Moreover, persons with extremely large legs or hydrocele
are not able to work or even to take care of themselves. They are a burden
on the family and the community.

The chronic stage of elephantiasis is not a static condition. In an
endemic area, persons with elephantiasis are exposed to infective larvae in
a similar way to those who have no elephantiasis, although their bodies
appear to be counteracting these infections, most probably through immu-
nological mechanisms. It is therefore not unusual for patients with el-
ephantiasis to continue to have recurrent adenolymphangitis, leading to
incapacity and work loss. These attacks are known as acute-on-chronic
infections.

Tropical pulmonary eosinophilia of chronic filariasis

Tropical pulmonary eosinophilia may be caused by human or non-
human filarial parasites. It is characterized by immunological hyper-
responsiveness of the human host to the parasite, especially the micro-
filariae. There is a marked increase in the production of IgE and IgG
antiparasite antibodies and a pronounced hypereosinophilia. In some areas,
it is associated with paroxysmal nocturnal cough, breathlessness and
wheezing, occasionally accompanied by a radiological picture of diffuse
patchy infiltration of the lungs. In other areas, it is associated with lymphad-
enopathy, and sometimes hepatosplenomegaly. Microfilariae are almost
never present in the blood, but remnants of microfilariae surrounded by
aggregates of eosinophils are sometimes found in the spleen, liver, lymph
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nodes or lungs. The syndrome responds quite well to treatment with
diethylcarbamazine citrate (DEC).

Filarial granulomata

Painless lumps in the breasts, testicles or subcutaneous tissues, and a
“coin” shadow in the lung, can reflect granulomatous reactions around
adult or developing adult worms of human or animal filarial parasites.
They should be regarded as filarial infections in an unusual location or in
an abnormal host.

Other syndromes of uncertain relation to filariasis

In certain areas, arthritis has been suspected as being a sign of filaria-
sis. Typically it is described as a mono-arthritis, most commonly affecting
the knee, with soft tissue swelling and transudation, frequently painless
and appearing quite suddenly. It is reported that this syndrome responds
favourably to DEC. Its causal association with filariasis is not yet conclu-
sively established.

Similarly, a variety of other syndromes that coexist with filariasis or
are found in filarial-endemic areas, have been suspected as being manifes-
tations of filarial disease. These include endomyocardial fibrosis, teno-
synovitis, thrombophlebitis, dermatoses, lateral popliteal nerve palsy, and
others. In the absence of further evidence, such syndromes cannot as yet
be attributed to a filarial etiology.

Differentiation from.other syndromes
Lymphoedema versus elephantiasis

Lymphoedema and elephantiasis are often difficult to differentiate
clinically except when, in the former condition, the swelling proves to be
transient. Elephantiasis is characterized by hyperplasia and fibrosis of the
subcutaneous tissue and thickening of the skin. However, in barefoot
farming communities, skin thickening is quite common.

Other etiologies of elephantiasis, chyluria and hydrocele

Other conditions that cause compression of the lymphatic vessels may
reduce lymph flow and produce subsequent lvmphoedema or even el-
ephantiasis of the affected part of the body, distal to the compression.
These include tumours and fibrotic tissue formation as a result of burns,
irradiation, or surgical lymphadenectomy. Onchocerciasis may also cause
elephantiasis. In Africa, elephantiasis with a physicochemical etiology
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(absorption of silicate particles through the skin) has been reported in
certain areas where filariasis is not endemic.

Compression of the thoracic duct above the lymphatic vessels of the
kidneys may produce chyluria or chylocele. Acute trauma of the testicle
may produce haematocele; and chronic trauma may produce hydrocele, as
among the drivers of beca tricycles in Indonesia. The clinical history and
serological tests for the detection of antifilarial antibodies may aid in the
differentiation of these conditions from filariasis (see Section 7). The find-
ing of microfilariae in urine (in chyluria)-or hydrocele fluid is conclusive
support for the diagnosis of filariasis.

7. Diagnosis

Detectlon of mlcrofilarlae

Microfilariae can be detected in blood, urine (in chyluria), hydrocele
fluid, or tissues.

Microfilariae in blood

The time of blood collection should be as close as possible to the peak
of the microfilarial periodicity for the species and strain concerned. Meas-
ured fingerprick blood samples of 20-120 pl are used, depending upon the
purpose of the diagnostic test. For mass survey and treatment a blood
sample of 60 pl is recommended. To identify microfilaria-positive cases
in a selective treatment programme, a larger volume of blood (2 x 60 pul
blood films or 1ml for membrane filtration) should be taken for
diagnosis.

The blood slide (see page 58). The conventional thick blood film is still
the best method for field work. It is particularly important for correct
species identification in areas where mixed infections occur. It can be used
for malaria detection at the same time. The slide should be perfectly clean,
and the blood sample evenly spread, dried, carefully dehaemoglobinized,
fixed, stained, correctly labelled and stored for examination.

The counting chamber (see page 66). The counting chamber can be
used in areas where the parasite has been previously identified, but pref-
erably not in an area where mixed infections are found.

The diethylcarbamazine citrate (DEC) provocative test. In this test, an
adult is given 100 mg of DEC (50 mg for children, i.e., 1.5-2 mg/kg of
body weight) by mouth in the daytime, and the pen‘pheral blood is exam-
ined for microfilariae 30-45 minutes later. This test “provokes” micro-
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filariae in the lung capillaries to invade the peripheral blood. It should
only be used in areas where the microfilariae have a nocturnal periodicity
and where night-blood collection is impossible. It has a lower sensitivity
than the night-blood sample. Furthermore, DEC should not be used in
areas where Wuchereria bancrofti occurs together with Onchocerca volvu-
lus or Loa loa, since it may provoke a severe reaction (the “Mazzotti
reaction™).

Concentration techniques.

(@) Membrane filtration techniques (see pages 62 and 68) using Milli-
pore or Nuclepore membrane filters of 3-5-um porosity are the most sen-
sitive tools currently available for the detection of microfilariae. Venous
blood samples of 1-10 ml or even more have been used by various work-
ers. These methods are expensive and are normally reserved for special
purposes, such as for the diagnosis of individual cases, evaluation of treat-
ment, as a research tool or in pilot control studies.

(b) Knott’s concentration technique (see page 69) is an alternative con-
centration method when membrane filters are not available. It has a lower
sensitivity than membrane filtration, since microfilariae are more likely to
be missed in the viscous sediment.

Microfilariae in hydrocele fluid or urine (see page 69)

Microfilariae are sometimes absent from the blood but present in
hydrocele fluid or urine. The specimens should be processed and exam-
ined using one of the concentration techniques described above.

Clinical diagnosis
Acute adenolymphangitis in communities

A clinical history of recurrent fever associated with adenolymphangitis
is strongly indicative of filariasis and constitutes a syndrome that is
usually well known to the inhabitants of endemic areas. The presence of
scars at typical locations—e.g., over the inguinal and epitrochlear lymph
nodes—supports the diagnosis of filariasis. The presence of clinical cases
with acute and chronic manifestations of filariasis in the community pro-
vides more conclusive evidence.

Diagnosis of individual cases with clinical manifestations of filariasis

A history of having lived in an endemic area of filariasis should focus
attention on a possible filarial etiology of adenolymphangitis. The detec-
tion of filarial parasites or antifilarial antibodies provides supporting
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" evidence for the diagnosis, as does the presence of a mlcroﬁlarla -positive
individual 11v1ng in the same house as the patient.

Diagnosis of individual cases with bronchial asthma or lymphadenopathy

An eosinophil count of more than 3000 per pl of blood gives rise to a
suspicion of occult filariasis. Supportive evidence is a chest X-ray showing
suggestive shadowing or the presence of a high titre of antifilarial anti-
bodies of the IgE class. A favourable response to DEC provides additional
evidence.

Detection of adult or developing adult worms

Adult or developing adult worms are sometimes found in biopsy speci-
mens of lymph nodes. Knowledge of the microanatomy of adult filarial
worms in cross-section is essential for differentiation of human and ani-
mal filarial parasites. The presence of microfilariae around the adult worm
may help in establishing the species. :

Detection of filarial larvae in mosquito vectors

After parasite control with DEC, mass dissection of mosquito vectors
collected from the treated locality may aid in tracing microfilaria-positive
individuals. The presence of human filarial L, larvae in these mosquitos
indicates a need for examination of blood samples from that locality for
case detection.

Immunodiagnostic tests

None of the immunodiagnostic tests currently available is able to
define accurately the presence of infection, either because of lack of speci-
ficity or because of inability to discriminate between present and past
infection. However, the absence of antifilarial antibodies in a patient
residing in a nonfilarial endemic area excludes the possibility of a filarial
etiology.

- Recent advances in immunodiagnosis offer encouraging leads, and it is
to be hoped that in the future these problems will be solved. Reagents
(antibody and antigen) with high degrees of stage- and species-specificity
are being sought and developed to detect the presence of active infection,
and to determine the intensity of infection (worm burden), to discriminate
between present and past infection, to assess the effects of antiparasite
control measures, to detect previous exposure to infective larvae, and to
solve other currently insoluble diagnostic problems.
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8. Treatment

Treatment of individual patients

The objective of treatment is to eliminate the parasite in order to
reduce or prevent morbidity. Diethylcarbamazine citrate (DEC) is cur-
rently the only drug available for the treatment of lymphatic filiarisis that
is effective, safe and relatively cheap. It kills almost all the microfilariae
and a good proportion of adult worms. It is probably also effective against
the L, and L, larval stages. DEC is generally very safe, but it is advisable
not to give the drug to pregnant women; care should also be taken when
treating people with chronic kidney or cardiac disorders.

Wuchereria bancrofii

Dosage. The recommended dose of DEC is 6 mg/kg of body weight
daily for 12 consecutive days (total dose, 72 mg/kg). Repeated courses of
treatment may be necessary to achieve radical cure. The drug is rapidly
excreted from the body, mainly through the kidneys and the possibility of
a cumulative effect is minimal. A repeat course may be initiated approx-
imately 2 weeks after the last dose of the previous course.

The excretion of DEC in urine is highly pH-dependent. Under acid
conditions (pH 35), some 70% of the given dose of DEC is excreted
unchanged in the urine, while under alkaline conditions (pH 7.5 and
above) only 5% of DEC is eliminated.

Side-reactions. There are two groups of side-reactions, general and
local, both with or without fever. It is generally agreed that side-reactions
are less likely to occur and are less severe in bancroftian filariasis than in
brugian filariasis. General reactions, in more or less decreasing order of
frequency, are: headache, body ache, dizziness, decreased appetite, mal-
aise, nausea, urticaria, vomiting, and sometimes bronchial asthma. Local
reactions are: lymphadenitis, funiculitis, epididymitis, orchitis, lymphan-
gitis, abscess formation, ulceration and transient lymphoedema.

General reactions and fever are positively associated with microfilar-
aemia and the density of microfilariae. They occur early during the treat-
ment and generally do not last more than 3 days. Local reactions occur
mainly in people who have histories of adenolymphangitis. They tend to
occur later and may last longer.

Both general and local reactions will disappear spontaneously and
usually it is not necessary to interrupt treatment. Symptomatic treatment
of side-reactions with antihistamines and analgesics may be helpful.
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Results of treatment. The following results can be expected from
treatment with DEC:

(a) elimination of, or great reduction in, the level of microfilar-
aemia;

(b) reduction in the frequency of, or complete prevention of, further
attacks of acute filariasis;

(c) reversal of early lymphoedema, some early chyluna some early
hydrocele and some chronic lymphoedema.

Brugia malayi and B. timori

Treatment is similar to that for W. bancrofti but with the following
differences.

(a) Treatment is associated with more severe side-reactions.

(b) There is little consistency in the daily and total doses of DEC com-
monly used in different countries where B. malayi is endemic. The daily
dose ranges from 3 to 6 mg/kg of body weight and the total dose from 18
to 72 mg/kg of body weight.

Treatment of communities
Objectives of treatment

The target population and the objective of treatment should be clearly
defined. The objective may be any of the following:

(a) to reduce morbidity by treating clinical cases of filariasis;

(b) to reduce transmission and consequently to reduce morbidity by
treating people with microfilaraemia;

(¢) a combination of (a) and (b);

(d) to interrupt transmission and thus, in favourable circumstances, to
eliminate the parasite from the human population.

Approach to community treatment

There is a basic difference in approach between individual and com-
munity treatment. In the first case, it is usually the patient who comes to
the doctor or to the community health worker. The patient realizes that he
or she is ill and needs help, and is therefore more likely to comply with the
treatment. This is particularly true in patients suffering from an acute
- attack of adenolymphangitis, who are likely to accept treatment with DEC
willingly, and in whom the treatment may be expected to prevent or delay
the development of chronic disfiguring or disabling lesions and to reduce
the chances of recurrent acute attacks in the future. In the community as a
whole, on the other hand, usually only a few people will ever have had
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clinical filariasis. Furthermore, at the time of mass or large-scale treat-
ment, not all of this group will actually be suffering from the disease. It
follows that the desire for help may be less.

Motivation to increase cooperation

The key to success is the ability of the team undertaking treatment to
communicate effectively with the community. Influential people in the
community should be approached for assistance. The help of local author-
ities and local health personnel is essential. They should all be involved
from the beginning. The general health needs of the community should be
identified and help given as far as possible. Once mutual understanding is
established, the objectives of treatment and the nature of anticipated side-
reactions should be explained.

The people should be taught to recognize acute and chronic signs of
filariasis by being shown actual cases selected from among the communi-
ty. Living microfilariae from night-blood samples of known carriers
should be demonstrated under a microscope. The significance of night-
blood collection and the association between disease manifestations and
the causative agent should be explained. Infective stage larvae from ex-
perimentally infected mosquitos should be shown and the role of mosquitos
as transmitters emphasized. The community should be involved as much
as possible in the treatment programme as a form of self-help.

Choice of treatment

(a) Mass treatment. This can be given as part of a vertically organized
filariasis control campaign, with a single full course of DEC being given to
all members of the community. Alternatively, repeated small doses of
DEC may be handed out by chosen villagers to the remainder of the
community. DEC can also be distributed in medicated salt in a mass
treatment regimen.

(b) Selective treatment. Only individuals with clinical manifestations
and/or microfilaraemia are treated. If the objective is to reduce morbidity
by treating all those with acute or acute-on-chronic attacks of adeno-
lymphangitis and/or filarial fever, this can be affected on a permanent
horizontal basis via the primary health care system. Each community
health worker is given a 2-day course of training in the recognition and
treatment of these symptoms and is ‘provided with a supply of DEC to
treat all such cases as they present themselves. Experience in India has
shown that a 6-day course of 500 mg of DEC per day is acceptable and
effective in these circumstances.
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If the objective is to select and treat all microfilaria-positive individu-
als in a community by means of a vertically organized campaign, then the
most sensitive technique for detection of microfilariae that is practicable
in the prevailing local conditions should be used. The microfilaria-positive
cases should then receive a full course of DEC.

Dosage

The total dose of DEC per person is similar to that given for individual
treatment. Whether the drug is given daily, weekly or monthly, similar
results can be expected as long as the total dosage over the whole period is
the same. :
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PART 2

Control of lymphatic filariasis

9. Objective of control

The objective of control should be clearly defined. It may be any of the
following, in increasing order of difficulty:

(a) reduction of morbidity;

(b) reduction of transmission;

(¢) reduction of morbidity and transmission;
(d) interruption of transmission.

Reduction of morbidity

If the objective is merely to reduce the existing filarial morbidity in the
community there may be no need for blood examination or determination
of microfilaria indices. What is needed is a team whose members are
knowledgeable in the clinical manifestations and treatment of filariasis.
The problem with this approach is that many early infections that will
eventually lead to morbidity may be missed.

In order to determine which strategy should be employed to achieve
the objective, as well as for subsequent evaluation of the campaign, it will
usually be necessary to make observations on the prevalence of micro-
filaraemia as well as of clinical manifestations. However, if this is not
feasible, a good practical solution is to make DEC available, through the
primary health care system, to all those suffering from an acute or
acute-on-chronic attack of filarial adenolymphangitis or fever.

Reduction of transmission

Transmission can be reduced by decreasing the microfilaria rate, the
vector density, or the contact between the vector and the human host; or
by any combination of these methods. Reducing transmission will also
bring about a decrease in the disease rate. The amount of transmission
may be assessed by studying both the numbers of infective larvae of
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human lymphatic filarial parasites in the mosquito population, and by
measuring the prevalence and intensity of microfilaraemia in the human
population.

Reduction of morbidity and transmission

This is the general approach to filariasis control in most endemic areas.
There are no definite criteria as to the level to which the morbidity, the
microfilaria rate and density, or the vector density and infectivity rate
should be decreased in order for filariasis to cease to be a public health
problem.

Interruption of transmission

Ideally this is the ultimate objective. However, owing to the longevity
of the adult worms, and the limited resources of manpower and finance in
most endemic countries, it is usually somewhat unrealistic to aim for
elimination of filariasis. So far only a few countries have achieved this
goal. However, once it is accomplished, and provided there is no risk of
reimportation or zoonotic transmission, there will be no need for con-
tinued costly maintenance or evaluation of the control programme.

10. Methods for the control of lymphatic filariasis

Control of any mosquito-borne disease should be directed against both
the parasite and the mosquito. The life cycle of the filarial parasite is
relatively long. In contrast to the malaria parasite, it does not multiply in
the mosquito vector, nor do the infective L5 larvae multiply in the human
host, where each develops to a single adult worm, male or female. The
parasite, therefore, does not cause explosive epidemics of disease, and
control is thus relatively easy to achieve.

Parasite control

Parasite control with diethylcarbamazine citrate (DEC) is relatively
cheap. The drug is safe and effective for human lymphatic filariasis.
Results are usually apparent within a relatively short period. Unfortun-
ately, when given in standard doses, DEC quite often produces side-
reactions—especially in brugian filariasis—which are frequently unac-
ceptable to the affected communities (see page 27).

It should be remembered that people who do not complete the entire
course of DEC will have their microfilarial densities substantially lowered,
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even if they have only received one or two doses of the drug, and will
therefore be less dangerous to the community. On the other hand, those
who are not covered during the distribution of DEC may have high micro-
filarial densities and remain a potential source of reinfection for the
community.

There are several ways of distributing DEC to the population: mass
treatment with standard dosage; selective treatment with standard dosage;
intermittent low-dose treatment (selective or mass); or use of DEC-
medicated salt.

Since in many areas the elimination of the parasite from the commu-
nity is unlikely to be achieved in the foreseeable future, treatment cam-
paigns may have to be repeated. The selection of treatment regimen may
also change during a control programme, the change being based upon the
community’s acceptance of a specific regimen, the degree of success
obtained, and the cost-effectiveness of the regimen adopted.

Mass treatment with DEC

The concept behind this strategy is that, in an area of high endemicity,
everyone is more or less equally exposed to the infective bites of the
vector, and available methods are not sufficiently sensitive to diagnose
subpatent or subclinical infections. Therefore, in mass treatment, DEC is
given to almost everyone in the community irrespective of whether or not
they have microfilaraemia or disease manifestations. However, the drug
should not be given to infants, pregnant women, the elderly, or those with
obvious debilitating disorders, especially those with cardiac or kidney
disease.

The advantages of mass treatment are as follows:

(a) Tt is not necessary to examine every member of the community. If
the target population is large, examination of a statistically appropriate
sample will give a valid estimate of the filarial endemicity of the
community.

(b) It is not necessary to use a highly sensitive method to detect
microfilaria-positive individuals in the community.

(c) There is no need to worry about false negative results, which may
be due to the insensitivity of the method, inappropriate blood collection
or processing, or technical errors.

(d) In mass treatment, the chance of not giving DEC to a person
occurs only once, i.e., during the distribution of the drug. In selective
treatment, the chance of missing a person occurs twice: once during
selection of diseased and microfilaria-positive individuals and again dur-
ing the distribution of the drug.
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(e) Mass treatment avoids the problems of discrimination whereby
some microfilaria carriers, feeling themselves to be in perfect health, may
wonder why they have been selected for treatment, while amicrofilaraemic
people may wonder why they are excluded from receiving the medicine.

Selective treatment with DEC

In selective treatment, microfilaria carriers and/or people with clinical
manifestations of filariasis are first selected by large-scale screening of the
community. Subsequently DEC is given only to those who are micro-
filaria-positive. For reasons of economy and acceptability selective treat-
ment is more suitable in areas of low endemicity. The decision as to the
minimum level of microfilaria prevalence that justifies mass, as opposed
to selective, treatment has to be an empirical one based on the objectives
and the cost of the operation.

DEC-medicated salt

Common salt medicated with 1-3 g of DEC per kg can also be used for
filariasis control, and is particularly useful after an initial reduction in
prevalence has been achieved by mass DEC treatment or by large-scale
selective treatment of microfilaria carriers using the usual recommended
doses of the drug. This form of treatment is only feasible in filariasis areas
where adequate control of the salt supply can be achieved, and where the
people will accept medicated salt. Medicated salt treatment should be
continued for at least 6-9 months. : '

Low-dose DEC treatment given “by the people for the people”

The principle of distribution of DEC for low-dose treatment “by the
people for the people” is based on the following concepts.

(a) The use of medicated salt has shown that low-dose DEC sche-
dules are an effective means of controlling or even eradicating filariasis.

(b) All members of the affected community are involved, encouraging
them to participate in health care through informal health education.

(¢) The people derive great satisfaction and pride from their achleve-
ments, which boost their confidence and self-reliance.

(d) Distribution of the drug itself is more efficient than when using
DEC-medicated salt. '

(e) Side- effects are less hkely to occur than with the standard dose
regimen.

The dose of DEC in the low-dose schedule is 25 mg for those below 10
years of age and 50 mg for those aged 10 years and above. This dose is
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distributed on a weekly basis for at least 18 months. The total dose over
the 18 months is about 3900 mg of DEC for an adult, which is more or
less equivalent to the standard course of DEC treatment. The drug should
be distributed by motivated people in the community (such as the village
chief, schoolteachers, or people with elephantiasis) to the heads of all the
families in the village, and proper recordings of the distribution are made.
Each family head is in turn responsible for treating the members of his or
her family. Certain people should be excluded from treatment, as given on
page 27.

Annual single-dose treatment with DEC

Single doses of DEC of 6 mg/kg of body weight given once a year
have recently proved acceptable and reasonably effective against diurnally-
subperiodic Wuchereria bancrofii infections in lightlv-infected communities
in Samoa and Tahiti. The treatment reduced microfilaraemia prevalence
by 50% and mean microfilarial density by 90% in treated microfilaria-
positive cases. A large-scale trial with a population of 50 000 was also
successful in Tahiti, bringing the microfilaria rates down from 4.4% to
1.9% after 4 years, the average dose received during the 4 years being
2.76 mg/kg of body weight. This regimen merits further investigation in
other countries.

Yector control

Before vector control measures are started, the mosquito species re-
sponsible for transmission have to be determined and their breeding sites,
feeding habits, biting densities, resting habits, and infection and infective
rates investigated. Without confidence in the identification of the devel-
oping and infective larvae in the mosquitos, infection and infective rates
are of no value for epidemiological studies. Since the various mosquito
species involved in the transmission of different forms of filariasis have
different breeding and feeding habits, different approaches will have to be
made for their control.

The standard approaches are against the adults or the larvae of the
mosquito vectors, or both. In general, antilarval measures are conducted
in urban areas against Culex quinquefasciatus. Similarly, in rural areas,
measures may be directed against the larval stages of the vector species
(anophelines, certain species of Aedes such as A. polynesiensis, and
Mansonia spp.), provided that their breeding places are accessible and
relatively few in number, and that operations can be closely supervised.

Where there is little information about the breeding places of the vec-
tor mosquitos, or where they are very widespread or inaccessible, as often
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happens in rural areas (with Anopheles gambiae, for instance), measures
may have to be taken against adult mosquitos.

Tt should be remembered that the adult filarial worms have a long
life-span. Even if vector control measures are successful, the microfilaria
and disease rates may remain at the same level for several years in the
absence of drug treatment.

Antilarval measures

Before carrying out antilarval measures, a map should be prepared
showing all breeding places. The actual water surface area in each breeding
site should be measured at least twice a year, once during the rainy season
and once during the dry season.

Use of insecticide. As far as possible, breeding places should be cleared
of scum and vegetation before the larvicide is applied, so as to maximize
its efficiency. Larviciding is commonly used in urban areas, primarily
against C. quinquefasciatus: This species is generally resistant to organo-
chlorine insecticides. However, newer selective insecticides in the organo-
phosphorus, carbamate, and pyrethroid groups can provide effective
control for this vector.

Commonly used larvicides are the organophosphorus insecticides such
as temephos, fenthion, fenitrothion, chlorpyrifos, and pirimiphos-methyl.
Temephos is relatively non-toxic to mammals and rapidly biodegradable;
it can therefore be used in mosquito breeding sites that are also sources of
drinking-water. However, its residual effect is too short to be effective in
polluted water. Chlorpyrifos is relatively toxic but it remains active in
polluted water where C. quinquefasciatus normally breeds. Certain insect
development inhibitors, such as methoprene, have also been used for
C. quinquefasciatus control. -

The following dosages have been used against C. quinquefasciatus:

(@) chlorpyrifos: dosage 0.1-1.0 mg of active ingredient per litre of
water; remains highly active for 12-24 weeks;

(b) methoprene: dosage 1.0 mg of active ingredient per litre of water;
inhibits emergence of adults for some 21 days.

Biological control.

(@) Larvivorous fish. Although larvivorous fish have been used as
biological control agents for mosquitos for a long time, there has been no
proper assessment of their efficacy. Gambusia affinis and Poicilia
reticulata are the two fish most commonly used. G. affinis, being a tem-
perate-climate species, cannot reproduce successfully at temperatures
above 29°C. Hence it is not suitable for use in most tropical environ-
ments. At present it is considered environmentally unacceptable to import
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fish to any locality for mosquito control, and hence the use of local larvi-
vorous fish is to be encouraged.

(b) Microbial agents. With the rapid development of microbial agents
for mosquito control in general, these agents will soon become available
for filariasis vector control, and it is anticipated that they will have an
important role to play. Generally, Bacillus thuringiensis H-14, which pro-
duces a potent insecticidal exotoxin and is scarcely self-replicating in the
field, has been shown to be effective against larvae of mosquitos of the
genera Aedes and Anopheles. On the other hand, Bacillus sphaericus
(strains 1593 and 2362), which is self-replicating in the field and produces
an insecticidal endotoxin, is highly effective against Culex and Mansonia
mosquitos.

Environmental modification. Most mosquitos are quite fastidious in
their selection of breeding sites. They may prefer fresh water, polluted
water, brackish water, lakes, rivers, rock pools, rice fields, a certain degree
of shade and temperature, or particular velocities of flow, aquatic plants or
other factors necessary for the development of the larvae. Once a species
incriminated as a vector has been properly identified, and adequate knowl-
edge of its bionomics is available, it may be possible to modify the en-
vironment so as to make it unsuitable for that species. This concept of
“species sanitation” helps to narrow the public health objectives to attain-
able goals. Modifications may include the following.

(a) Drainage: good urban drainage systems help to control urban
bancroftian filariasis transmitted by C. gquinquefasciatus.

(b) Reclamation of swamp land and its conversion to rice fields
achieves the following goals:

(i) more food production;

(1) reduction or elimination of breeding sites of Mansonia and
consequently a decrease in the prevalence of brugian filaria-
sis;

(#ii) creation of new breeding sites of other mosquito species, which
may be less likely to transmit filariasis.

Destruction of swamp forest also eliminates the habitat of Macaca and
Presbytis monkeys, which are reservoir hosts for subperiodic Brugia
malayi.

(¢) Filling of land depressions that contain standing water is one of the
most satisfactory methods of eliminating mosquito breeding sites.

(d) Community efforts can reduce the number of man-made small-
container breeding sites of Aedes polynesiensis.

(e) Removal of aquatic plants (Pistia, etc.) helps to control Mansonia
spp.

(f) Polystyrene balls may be used in pit latrines, etc. to prevent access
of C. quinquefasciatus to the water for oviposition. and to interfere with
larval respiration and pupal emergence.
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Anti-adult measures

Insecticides. The usefulness of insecticides in the control of filariasis is
limited. This is because many important vectors do not rest indoors, and
therefore cannot be controlled by house-spraying. In addition, vector con-
trol by insecticide spraying requires long and continuous effort and is less
cost-beneficial against filariasis than against malaria.

It is therefore not surprising that the beneficial effects of insecticide
spraying in the control of filariasis are seen mostly in conjunction with
malaria control programmes, where the mosquito is a double vector for
malaria and filariasis or where the véctor of filariasis has the same habit of
invading human dwellings as the vector of malaria.

As with malaria control, the selection of insecticide, dosage, and the
scheduling of cycles and rounds should be developed from knowledge of
vector bionomics, human habits, housing conditions, weather patterns,
and the interrelationship of these variables with disease transmission by
the vector. Indoor biters and indoor resters are most vulnerable to residual
spraying. These include most of the anopheline vectors of filariasis.

Community measures. The frequency of human-vector contact can be
reduced by: the construction of better housing, with mosquito screens
and/or mosquito-proof bedrooms; the use of mosquito nets, with or with-
out insecticide impregnation, repellents, mosquito coils and proper cloth-
ing; the use of latrines; and the covering of breeding sites. In rural areas
cattle are often tethered in front of bedroom windows so as to attract the
mosquitos away from the human inhabitants:

A simple method of adult vector control—and one suitable for com-
munity use—is the treatment of mosquito nets with a residual pyrethroid
insecticide, such as permethrin or deltamethrin. The net is placed in a
plastic bag containing a dilute solution of insecticide. The exact quantity
of liquid needed to treat the net, with negligible run-off, should be used.
The dosage applied is about 0.5 g of active ingredient/m?. The treated net
is allowed to dry and the residual effect of the insecticide can last for 6
months or more. Mosquitos seeking a blood-meal will come into contact
with a lethal dose of insecticide while trying to pass through the net to feed
on the person inside.

Obtaining the active participation of the community is one means of
extending vector control coverage to communities that do not receive the
benefit of a routine and organized vector control service. There are no
hard and fast rules for effective development and implementation of com-
munity participation programmes in vector control. There are undoubt-
edly difficulties and obstacles to be overcome, but such programmes are a
long-term process which can be expected to produce meaningful results as
they progress year after year.
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11. General guidelines for filariasis control programmes

The problems of filariasis control differ from one country to another
and may not be similar even in different areas of the same country with
the same species of parasite and vector. It is therefore impossible to lay
down rigid guidelines for control that can be applied in all countries where
the disease is endemic. The purpose of this section is to provide general
guidelines to improve the approach to, and understanding of, the problem
of filariasis, and to promote a systematic procedure for achieving filariasis
control in the most practical, efficient and economical way.

General constraints

These are:

(@) lack of trained manpower;

(b) insufficient funds;

(¢) inadequate infrastructure for health care delivery;

(d) lack of proper epidemiological data and knowledge of the distribu-
tion of filariasis and/or vectors;

(e) low priority of the disease compared with other health problems.

Systematic approach
Preliminary data collection

Data on prevalence of elephantiasis or hydrocele can be obtained from
the following sources:
— in urban areas: from hospitals, private physicians and other health
services;
— in rural areas: from health services, private physicians or village
chiefs.

Spot surveys

On the basis of preliminary data on prevalence of elephantiasis and
hydrocele, spot surveys should be undertaken in various areas where cases
are prevalent in order to collect baseline data on:

(@) the characteristics of the human population;

(b) the prevalence of microfilariae and disease;

(¢) the species of parasite;

(d) the periodicity of the parasite in order to determine the optimal
time for blood collection, and the possibility of an animal reservoir in the
case of Brugia malayi,
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(e) the species, breeding sites and behaviour of the vectors;
(f) possible reservoir hosts;
(g) the characteristics of existing health care delivery services.

A good recording system is essential for epidemiological studies of
filariasis. '

Pilot control studies

These should be done on a small scale, using various strategies and
treatment regimens, applying the most sensitive evaluation methods, even
when they are expensive, and carefully evaluating the studies for a suffi-
cient period of time. This may appear to be a costly investmént but, in the
long run, it will indicate the best and most economical approach to the
control of filariasis in the prevailing circumstances.

Evaluation of control measures

The following are useful for evaluating control measures: microfilaria
rate; microfilarial density; clinical assessment; and entomological
assessment. ‘

(a) Microfilaria rate

The microfilaria rate is expressed simply as the percentage of micro-
filaria-positive people among the total number of people examined. The
people examined should be representative of the genefal population at
risk. It is recommended that quantitative blood samples are taken in order
to compare pre- and post-treatment values and to compare the results
from different areas. '

(b) Microfilarial density

The microfilarial density in the blood is the number of microfilariae
per unit volume of blood sample. This is also called the microfilaria
count, and the figures are usually analysed by means of a log-probit
analysis or as geometric means. ‘

Microfilarial density is important because it has been shown that in
some instances it has a better association with disease rate than has the
microfilaria rate. During the period after treatment of the population with
diethylcarbamazine citrate (DEC), individuals with high microfilarial den-
sities should be looked for particularly carefully, since they are most likely
to be sources of reinfection for the treated population. A high number of
such individuals during the post-treatment. period may indicate inade-
quate coverage, drug refusals or new immigrants.
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(¢) Clinical assessment

When possible, a clinical assessment of filariasis should always be
made. This includes the following observations on the acute and chronic
manifestations of the disease.

(i) Adenolymphangitis rate. This is expressed as the percentage of
people with either a clinical history of adenolymphangitis in a
defined period of time (usually 1 year) or with acute physical signs
of filariasis at the time of physical examination among the total
number of people examined. If possible, efforts should be made to
record the duration of each attack of adenolymphanigitis and the
frequency of attacks in the community. Knowing the total duration
of the adenolymphangitis attacks that each person has experienced
in a year and the total number of people with adenolymphangitis,
the number of working days lost per year in the community on
account of filariasis can be calculated.

(i) Elephantiasis rate, chyluria rate and others. These are calcu-
lated similarly to the adenolymphangitis rate.

The acute clinical manifestations should be the preferred parameter for
the early clinical evaluation of a control programme. The prevalence of
chronic manifestations takes a longer time to change and should only be
used in longer-term evaluation.

(d) Entomological assessment

Having established the identity of the local vectors and their biting
behaviour, and having acquired confidence in identifying infective larvae,
evaluation of changes in transmission should be based on the annual
transmission potential (ATP). The ATP is the total number of infective
larvae of human lymphatic filarial parasites that are found in the number
of mosquitos that would bite a person who was fully exposed during all
hours of biting for a full year.! The ATP is usually calculated by extrapo-
lation from data obtained during a number of mosquito catches made at a
particular catching point over the year. It is an index that is useful for
comparing the amount of transmission in different places, or in the same
place before, during, and after control. It does not represent the actual
degree of exposure to infective larvae undergone by any person in the
place concerned. This would be much lower and is almost impossible to
estimate.

It is recognized that it is not possible to distinguish the infective larvae
of different species of Brugia using morphological criteria. This fact must
be taken into account when assessing the infective rate of the vector

I The number of bites that would be received by one fully exposed person in a year is called
the annual biting rate.
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mosquitos (or the ATP) in endemic areas of brugian filariasis when other
Brugia species are present in domestic or peridomestic animals.

Large-scale control programmes

Objectives. The objectives of a control programme should be clearly
defined and spelled out. These could be:

(a) reduction in disease rate;

(b) reduction in microfilaria rate;

(¢) reduction in the annual transmission potential (ATP);
(d) a combination of (@), (b), and (c);

(e) elimination of the parasite from the human population.

Target population. If the control campaign does not include the whole
country, and if there are no natural boundaries confining the area of dis-
ease transmission, consideration must be given to where the boundaries of
the campaign should be set. Topographical boundaries should be preferred
to administrative ones.

National strategy. Each country will have to develop its own national
strategy to control filariasis based on:

(a) the magnitude of the public health problem presented by filariasis,
the estimated population at risk, and the degree of endemicity based on
microfilaria and disease rates;

(b) availability of resources;

(c) amenability to control.

Priorities should be set in relation to:

(a) other health problems in the country;

(b) the degree of endemicity that is considered as requiring immediate
action; :

(¢) protection of groups of people at high risk of developing disease
(e.g., immigrants to endemic areas).

Once the scope of the problem has been assessed and the target pop-
ulation delineated, a cost-benefit estimate should be made to determine
whether a vertically organized filariasis control programme should be
undertaken and, if so, what priority the programme should be given in
relation to other health problems, and in which areas control should begin.
Subsequently a cost-effectiveness analysis should be made, based on data
from pilot control studies, to select the least costly method of achieving
the central programme’s objectives. Alternatively, it may be more expe-
dient to set up a “horizontal” DEC delivery system, designed to reduce
morbidity and/or microfilaraemia, through the primary health care system
(see page 29).
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The objectives of the programme should be clearly defined and general
strategies should be developed to cope with various conditions and
situations in different endemic areas.

A training programme should be developed to train existing heailth
care personnel or, if necessary, to recruit and train new ones, at all levels
and in all aspects of the programme.

Health education and community participation should be an integral
part of the programme and gradual integration into the primary health
care system should be the ultimate aim.

Factors to be considered

(a) The strategy used should be acceptable to the target population.
(b) Health education and community participation should be an
integral part of the control programme.
(¢) Regarding chemotherapy with DEC, the following points must be
borne in mind:
() The cost of DEC is only a small fraction of the cost of drug
delivery. _
(if) Side-reactions occur only at the start of DEC, treatment and
are positively associated with the presence of microfilaraemia or
disease manifestations. They are of short duration and self-limiting
in nature. As the control programme proceeds, fewer people will
have side-reactions.
(iii) DEC is a very effective microfilaricidal drug. Even a single
dose produces a dramatic decrease in microfilarial density and con-
sequently a potential decrease in transmission.
(iv) Whatever treatment regimen is adopted, people with acute
clinical filariasis should be treated iminediately with DEC by the
local health personnel at village level or by motivated people in the
community (see page 29).
(v) Efforts should be made to integrate the filariasis control pro-
gramme into the primary health care system.
(d) The use of other control measures, e.g., vector control and reduc-
tion of human/mosquito contact, should be considered.

Suggested approaches to control

Where the available funds, manpower, and health system infrastruc-
ture are inadequate to support a large-scale control programme, and where
epidemiological and pilot control data are not available, the following
guidelines may be useful.

The target population should be divided into small sectors, and appro-
priate measures taken in each sector, step by step, with consolidation of
the areas controlled. The definition of “small” cannot be given here as an
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absolute number; it will depend on the ability of the filariasis control
programme to deal with a population of a certain size using a specified set
of strategies. It will therefore differ from one country to another, depend-
" ing upon the prevailing circumstances and resources.

The following strategies may be adopted in particular circumstances.
“Small” population with high endemicity (microfilaria rate >10%)

(a) Do a total population survey.
(b) Give mass treatment with DEC.
(c) Follow by yearly re-treatment for two consecutive years of:
— newcomers;
— people who had microfilaraemia before mass treatment; and
— people still suffering from acute filariasis during the post-treat-
ment period. -
(d) In the third year, give a second mass treatment with DEC.
(e) 5-10'years after the first mass treatment, make a filariasis survey of
the population for evaluation purposes and plan the future strategy on the
basis of the results. ‘ C

Alternative procedures might be as follows :

(f) Do a total population survey.

(g) Follow by treatment with DEC-medicated salt for 6-9 months.

(h) As in (¢)-(e) above. -
or

(i) Do a total population survey.

(/) Give low-dosage DEC “by the people for the people” for at least
18 months. ' ‘ , ‘

(k) As in (c)-(¢e) above.

“Small”’ population with low endemicity (microfilaria rate <5%)

The same methods and strategies may be used as for small populations
with high endemicity, with two exceptions: (1) the second mass treatment
is unnecessary; and (2) re-evaluation of the control programme may be
delayed until 10-15 years after the first mass treatment.

Alternatively, where the microfilaria rate is low, as in areas that have
been treated in the past, a filariasis survey of the whole population may be
done, followed by selective treatment of microfilaria carriers and people
with acute lesions. :

“Small” population with medium endemicity (microfilaria rate 5-10%)

The procedures given above may be used, depending on resources and
the objectives of the programme.
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“Large” population with high endemicity (microfilaria rate >10%)
The following approaches may be considered.

1. (@) Divide the population into small sectors.
(b) Follow the same approach as for a “small” population with high
endemicity (page 46).

2. (a) Do a sample survey.

(b) Follow by two consecutive mass treatments with DEC, 3-5 years
apart.

(¢) Re-evaluate the programme 10-15 years later.

3. (@) Do a sample survey.

(b) Follow by treatment with DEC-medicated salt for 69 months.

(c) Repeat treatment with DEC-medicated salt twice at intervals of
3-5 years; or give mass treatment with standard dosage at the same
intervals.

(d) Re-evaluate the programme 10-15 years later.

4. (a) Do a sample survey.

(b) Give low-dosage DEC “by the people for the people”, for at least
18 months.

(¢) Repeat low-dosage DEC twice at intervals of 3-5 years; or give
mass treatment with standard dosage at the same intervals.

(d) Re-evaluate the programme 10-15 years later.

“Large” population with low endemicity (microfilaria rate <5%)
The following approaches may be considered.

1. (a) Divide the population into small sectors.
(b) Follow the same approach as for a “small” population with low
endemicity (page 46).

2. (a) Do a sample survey.
(b) Follow this by one mass treatment.
(¢) Re-evaluate the programme 10-15 vyears later.

3. (a) Do a sample survey.
(b) Follow by treatment with DEC-medicated salt for 6-9 months.
(¢) Repeat treatment 3-5 years later, either with DEC-medicated salt
or by mass treatment with standard dosage.
(d) Re-evaluate the programme 10-15 years later.

4. (@) Do a sample survey.

(b) Give low-dosage DEC “by the people for the people” for at least
18 months. Repeat treatment with low-dosage DEC or give mass treat-
ment with standard dosage, at intervals of 3-5 years.

(¢) Re-evaluate the programme 10-15 years later.
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5. (@) Do a full population filariasis survey.

(b) Treat all microfilaria carriers and people with active lesions with
standard DEC dosage.

(¢) Re-evaluate the programme 10-15 years later.

Other effective measures (see also page 37).

Besides parasite control using DEC, other methods, based on vector
control or reduction of human-mosquito contact, are known to be effec-
tive and may be used either alone or as a supplement to DEC treatment.
Among these are the following:

(a) reclamation of swamp land suitable for agriculture with subsequent
control of Brugia malayi, ‘

(b) reduction in the number of breeding places for Aedes polynesiensis
through community efforts to reduce man-made breeding sites;

(c) filling of land depressions for the permanent elimination of
mosquito breeding sites;

(d) removal of aquatic plants to control Mansonia spp. and certain
Anopheles mosquitos; » :

(e) construction of better housing with mosquito screens, or mosquito-
proof bedrooms; proper clothing or the use of mosquito nets, with or
without impregnation of insecticides (these measures are especially impor-
tant where the vectors feed at night); provision of proper lighting and
ventilation;

(/) good urban drainage, particularly important to decrease the vector
population of Culex quinquefasciatus; protection of pit latrines from
mosquito breeding by means of traps or treatment with insecticide.
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PART 3

Survey methods

12. Preparation and organization of a medical
epidemiological baseline survey

This part is intended for field workers involved in surveys and control
programmes for lymphatic filariasis. It describes simple and efficient sur-
vey methods for use in the field in order to obtain reliable results in a
relatively short time. Elaborate techniques have been omitted.

Preparation and selection of study sites

Before initiating any programme, a study site has to be selected. This is
usually done through a preliminary visit to known endemic areas of filar-
iasis or through correspondence with local contacts who are well informed
on the filariasis situation in the areas concerned. Once the site of opera-
tions has been selected, official letters have to be sent by the ministry of
health, or its equivalent, informing the local administrative and health
authorities about the scope and purpose of the programme and asking
them to give permission for the programme and all available support. At least
one person from the local administrative or health office should be
appointed to serve as a local contact to help the programme team. This
person should be assigned responsibility for helping to cope with local
practical arrangements, such as finding transportation for the team, iden-
tifying local people who are able to serve as guides, field technicians or
nurses, informing local communities about the scope and purpose of the
programme, identifying motivated people at the village level to help the
team, finding a suitable place for the team to stay, etc.

The significance of night-blood collection and the relationship between
the parasite, the vector and the disease manifestations should be explained
to the people. After each community has been well briefed and its cooper-
ation with the team is assured, a date can be selected for the initiation of
the programme in that community.,
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Sampling techniques and the selection of clusters as working units!

In some countries it may be essential and feasible to examine all peo-
ple in the communities that will be subjected to filariasis control meas-
ures. In many cases, however, it will suffice to examine only a sample of
the total community. Funds and manpower will thereby be conserved and
a sufficiently precise estimate may be achieved. In many circumstances it
may be necessary to obtain advice on the design of the sample.

Generally, some form of cluster sampling will be necessary. The basic
sampling units, referred to here as clusters, should be villages, settlements,
compounds, or blocks in urban areas, of about 300 inhabitants each. They
may be chosen randomly, or they may be selected as giving adequate dis-
tributional coverage of the whole area or as providing examples of differ-
ent conditions of transmission, etc. Every effort should be made to exam-
ine each person in the selected cluster for filariasis. If the village has more
than 300 inhabitants, a cluster sample of approximately 300 inhabitants
should be selected as a working unit.

Baseline data collection
Registration of the population

The registration of the population should be done by house-to-house
visiting. Some person of dignity and authority, appointed by the village
chief or local community leader, should be present and involved in the
registration. Each house in the village should be numbered sequentially,
starting with the house of the chief or community leader. A schematic
map of the village should be drawn on the spot, showing the location of
the houses and of all water bodies in the area.

All people living in each house are registered, starting with the head of
the family, spouse, children, and other people living in the house. The
numbering system has to be as simple as possible so as to avoid errors. As
there will probably be several teams working simultaneously and indepen-
dently, the simplest system is to number consecutively all communities to
be examined. Then, within the cluster, the people to be examined are
numbered consecutively. The census number of a person will thus consist
of two parts, the first being the community number, and the second the
personal number within the community (e.g., 7/133 indicates the 133rd
person in community number 7). '

The following information should be collected during the registration:
name, age, sex, family relationship to the head of the household, place of
origin, and duration of residency. Each registered person should receive a
census card on which census number, name, age and sex are recorded. The

- 1 These theoretical guidelines should be adapted to local conditions.
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census card should be kept by the individual while the team is present in
the community and throughout the duration of the filariasis control pro-
gramme.

The census registration form

Fig. 3 shows an example of a census registration form. At the top are
recorded entries of a general nature on the family and its living conditions.
This is followed by a list of the members of the household. Each sheet is
designed to cover one household, with space for information on up to 20
people. If more people are present in one household, an additional form is
used. If computer facilities are likely to be available, it is recommended
that a data collection form like the one shown in Annex 2 be used,
together with a codesheet.

Night-blood collection

In each village a suitable house should be selected where the people
can come for blood collection. The timing of blood collection should be in
accordance with the periodicity of the microfilariae. For the nocturnally
periodic and nocturnally subperiodic forms of lymphatic filariasis blood
collection should be after 20h00; for diurnally subperiodic parasites, blood
may be taken at any time during daylight hours. With low-density carriers,
it is preferable to take blood as close as possible to the peak hour.

Motivated people in the community should be assigned the responsi-
bility for organizing the villagers in such a way that blood samples can be
collected in an orderly manner. Two members of the team should be
assigned to collect blood samples, each one assisted by one or two
villagers. Usually, one team member is able to collect approximately 150
blood samples per night, so that the whole collection from a cluster of 300
people can be carried out in one night.

A measured volume of fingerprick blood is collected from each person
to make a thick smear on a glass slide. Each blood film is labelled with
the corresponding census number using a diamond pencil (or a black pen-
cil when frosted-end microscope slides are used). The blood films should
be dried in a horizontal position and then stored in a plastic slide box.

For certain purposes, venous blood may have to be collected using a
disposable syringe. The blood sample may be divided into three portions.
The first portion is used to make the standard thick smear; the second
may be mixed with anticoagulant in a vacuum tube for subsequent exam-
ination by a filtration method; and the last portion may be drawn into a
plain vacuum tube for collection of serum. Care should be taken that the
second portion of the blood sample is mixed well with the anticoagulant.
This will prevent clot formation which may otherwise interfere with sub-
sequent filtration. The tube containing the blood sample with anti-
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Fig. 3. Sample census registration form and coding instructions
{Adapted, with permission, from: SAsA, M. Human filariasis : a global survey of
epidemiology and control. Baltimore, London, Tokyo, University Park Press,

1976.)
Community ......ccccceeeeenn. No: .......... Section no.: .......... Date: ........ccocovvneenn.
Investigator: ......... et eeeeeeeeeteeeeeeseeeeeeieeeeeesaaeeeeni it eerieeeees D et eeaea e e e e
Household no.: ......c.......... Type of housing: ......... SR UUP USSP PUPUPPOON
Protection against MOSQUITOS : ........cccooumiiiiiirrieeeeee e e
Source of water: .......... Sewage disposal: .......... Latrines: ....ccoooooeeeeiieeenes
Number Name Sex | Age | Relation | Status | Profession | Migrations
1
-2
3
4
5
6 |
7
8
9
10
11
12
13
14
15
16
17
18
19
20
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coagulant should be tightly fixed to the corresponding disposable syringe
with a rubber band, in order to ensure that the same syringe is used for the
filtration (see below). Each blood sample should be Jabelled with the cor-
responding census number.

Processing blood samples

The blood samples should be processed the following morning. Blood
samples for filtration should be processed first, using the corresponding
syringe to filter the blood sample through a 3-5-pm Nuclepore filter (see
page 62). The same syringe should not be used for filtering more than one
blood sample, otherwise there is a risk of contaminating the filters with
microfilariae from other carriers, thereby creating false positives. If possi-
ble, the filters should be stained with Giemsa stain the same day. If time is
short, the filters may be fixed with pure methanol after they are properly
dry and stored in a plastic slide box.

By the time all the blood samples have been filtered, the blood films
should be dry enough for further processing (see also page 58). It is always
advisable to dehaemoglobinize one blood film first, by itself, to test
whether it is dry enough. Half-dried blood films may dissolve in the water,
and there is a danger of losing precious specimens. Blood films should be
processed in lots of 50-100 at a time, making every effort to screen them
on the same day for the following reasons: (i) to identify people with
microfilariae; further blood samples can be taken from them later if it is
desired to demonstrate living microfilariae under a microscope to the vil-
lage people; (ii) to select suitable carriers for any periodicity studies that
may be needed; and (ii/) to identify microfilaria carriers who would be
suitable as volunteers for entomological studies. Blood samples for serum
collection should also be processed on the same dayv.

Clinical examination

The village people should be requested to come for clinical examina-
tion on the morning following night-blood collection. It is recommended
that a polyclinic be opened providing free medication to the village people
for simple and common health problems. In most communities, this may
be the only incentive that will motivate the people to cooperate at all
stages of the programme. Demonstration of living microfilariae may also
be done at this stage.

To obtain reliable results, clinical examination should always be done
in a well-lit room. The following information should be collected from
each person.

Adenolymphangitis. Recurrent attacks of Iymphadenitis, most fre-
quently in the inguinal region, and at times associated with a retrograde
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lymphangitis, without any concomitant injury or wound on the corres-
ponding foot; are typical of the history of actute filariasis.’

The number of attacks and' the duration of each attack over the past
year should be recorded. In many communities where filariasis is en-
demic, the village people are familiar with this clinical entity. An enlarged
lymph node by itself is not a good indicator of filariasis, since barefoot
communities are constantly exposed to mechanical trauma that may pre-
cipitate lymph node enlargement.

For longitudinal studies, motivated people in the community should
be assigned the responsability for recording all cases of adenolymphangitis
in the community and for treating them immediately with diethyl-
carbamazine citrate (DEC).

Scarring. The presence of scar tissue, around the groin or elbow result-
ing from ruptured abscesses, is a reliable sign supporting the accuracy of
the clinical history. It should therefore be looked for carefully, the patient
being examined in a well-lit room. Once formed, the scar will remain
visible for a long time.

Chyluria. Chyluria (the presence of chyle in the urine, giving it a milky
appearance) is more frequently observed after a heavy meal. It should be
differentiated from pyuria (pus in the urine) by the absence of pain on
urinating and the absence of white blood cells from the sediment of the
urine. : :

Hydrocele. Small hydroceles are difficult to diagnose. Transillumin-
ation with a pen-torch in a dark room is characteristic and quite often
very helpful. It enables a distinction to be made from chyloceles which do
not give a positive transillumination test, but on palpation give a positive
ballottement test. It should be noted that the two testicles are seldom
equal in size; one may be considerably larger than the other, simulating a
small hydrocele. ‘

For field purposes, the following grading is recommended for
hydroceles:

grade I — smaller than the patient’s fist;

grade II — in between grades grades I and III;

grade III — bigger than the patient’s head.

Lymphoedema and/or elephantiasis. Clinical differentiation between
lymphoedema and elephantiasis is not easy (see page 23). For practical
reasons the condition of the affected extremities should be observed care-
fully. When pitting oedema is present, the affected extremity has a better
chance of returning to its original size when treated with DEC, while those
with gross deformities are less likely to benefit from any conventional
treatment procedures. The following grading system is recommended:
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grade I — lymphoedema with slight increase in limb size; mostly
pitting oedema; some fibrosis; spontaneously reversible
on clevation;

grade II — lymphoedema with obvious increase in limb size but
without deformities; mostly non-pitting oedema; much
fibrosis; not spontaneously reversible on elevation;

grade III — elephantiasis, the affected limb being deformed, with
local bulging and with chronic skin abnormalities; or
grade II lymphoedema with much dermatosclerosis.

Potential and natural vectors of filariasis

Entomological surveys involving precise assessment of the seasonal
abundance, and feeding, resting, and breeding habits of vectors are de-
scribed in detail on pages 69-72. The objective of this section is to describe a
simple way of determining the potential and natural vectors of filariasis
in any area within a relatively short period.

Potential vectors. Microfilaria carriers, identified through screening
of blood films for microfilariae, can be asked to volunteer for vector
studies. The more carriers who participate, the greater the chance of suc-
cess. Each carrier is requested to sleep under a mosquito net, held partially
open. All blood-fed mosquitos resting inside the net are collected the fol-
lowing morning and placed in clean paper cups, each covered with a piece
of gauze, in lots of 25-30. The cups containing the mosquitos should be
kept in an insulated box along with a bottle of sugar solution for feeding.
The mosquitos should be carefully maintained ative for 10-14 days in the
box, well protected against the extremes of ambient temperature and humid-
ity. The mosquito boxes should be kept closed most of the time to mini-
mize evaporation, and must be protected from ants, cockroaches, etc.

The mosquitos should be allowed to feed on a cotton wool pad placed
on the gauze and partially soaked with 30-100 g/litre sugar solution. The
sugar solution should be renewed twice a day and the cotton pad changed
for a fresh one once every 2-3 days. This will prevent fermentation and
mould formation, which may kill the mosquitos.

After 10-14 days, depending upon the species of the parasite and the
temperature, the surviving mosquitos should be killed, identified by spe-
cies, and dissected for filarial larvae. All species of mosquitos capable of
supporting the development of the ingested microfilariae to the infective
stage can be considered to be potential vectors. The living infective larvae
should be shown to the village people and the role of mosquitos as trans-
mitters emphasized.

Natural vectors. Once the potential vectors have been identified, efforts
should be concentrated on collecting as many specimens of these species
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as possible, making use of light traps, hand or spray capture of resting
mosquitos, and human or animal baits. Often children in the village are
very keen and interested in helping with the collection of mosquitos, and
many of them can quickly be taught to capture mosquitos effectively. All
the captured mosquitos should be killed on the day of capture, separated
into species, and the potential vectors should then be examined for infec-
tive larvae using a mass-dissection method. The infective larvae should be
preserved and correctly identified. ‘

For comparison of catches before and after a control programme, it is
necessary to standardize the sampling procedures by having: (a) fixed
catching stations; (b) fixed numbers of collectors; (¢) fixed intervals of
time over which each collection is made; and (d) a fixed frequency of
collection.

Reservoir hosts and filarial parasites in animals

Efforts should be made to examine domestic and peridomestic animals
for filarial parasites for the following reasons.

(a) There is a need to identify reservoir hosts which, in some areas,
may have epidemiological significance in subsequent control of filariasis.

(b) Animal filarial parasites can be transmitted by the same mosquito
species that bite human subjects. Therefore, findings on the infected
and infective rates of the local vectors have to be evaluated with care.

(¢) Humans may have been infected with filarial larvae of animal
origin that may provoke immune responses in the human host. Seroepid-
emiological surveys in such an area have to be evaluated with care.

13. Recommended techniques for field surveys

Parasitological techniques
Blood films

The examination of blood films is the method most widely used for
field surveys. If properly done, it is a reliable method for qualitative and
quantitative microfilarial studies. It is recommended that a measured
amount of blood (at least 20 ul and preferably 60 pl, to be smeared in 3
rows of 20 pl each on the same slide) be used.

Cleaning the slides

(a) Wash with a watery solution of detergent or soap.
(b) Rinse thoroughly in running water.

(¢) Immerse in 96% alcohol.



