AN ABSTRACT OF THE THESIS OF

Seeviga Saengtharatip for the degree of Doctor of Philosophy in Entomology presented

on March 15, 1995.
Title: Human Lymphatic Filariasis in Thailand: Analysis of Microfilaremia Distribution
in Human Populations
Redacted for privacy

Abstract approved:
Plfilippe A. Rossignol

Frequency distributions of bancroftian and brugian microfilaremia (mf) in human

populations were studied in six provinces of Thailand. Adult worm burden in human
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hypothesis that only a small proportion of the total mf zeros was due to sampling effect.
At least 90% of observed mf-negative counts were true mf zeros. Brugian microfilariae

showed a slightly higher proportion of true mf zeros than bancroftian microfilariae.

Frequency distributions of bancroftian and brugian microfilariae were assessed
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result.
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of microfilariae. For bancroftian filariasis, average numbers of microfilarial burden in

males are significantly higher than those in females.

This finding may reflect a
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two groups for brugian filariasis.
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HUMAN LYMPHATIC FILARIASIS IN THAILAND:
ANALYSIS OF MICROFILAREMIA DISTRIBUTION
IN HUMAN POPULATIONS

CHAPTER I
INTRODUCTION
Lymphatic filariasis is a mosquito-borne disease that results from infection with

certain nematode parasites. The filarial nematode causes blockages within the lymphatic

system of human hosts that lead to deformities of the arms and legs and produces the
disfiguring disease known as elephantiasis (Harwood and James, 1979; Chidchang, 1982;

Esch and Fernandez, 1993).
In Thailand, the human filarial parasites are Wuchereria bancrofti Cobbold and
Brugia malayi Brug (Suvannadabba, 1993). W. bancrofti causes bancroftian filariasis in

the northern and western regions of the country. However, individuals infected with
bancroftian microfilariae have also been reported in a few southern provinces. B. malayi

causes brugian filariasis which is confined to the southern region. Major vectors of

bancroftian and brugian filarises are certain mosquitoes of the genera Aedes and
Mansonia, respectively (Filariasis Division, 1988). However, Anopheles and Cu lex
mosquitoes can transmit these microfilariae also.

To control any mosquito-borne disease, the actions are often taken against both

the parasite and the mosquito. Mosquito control is generally expensive and requires a
skilled as well as an organized working force. In filariasis, drug treatment is effective,
safe and relatively inexpensive (Partono, 1984; WHO, 1987; Filariasis Division, 1993a)

compared to vector control measures. However, given limited funds and manpower, a
filariasis control program should carefully evaluate the options to either administer mass
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treatment or to selectively treat with therapeutic drugs.
Frequency distributions of lymphatic filariasis microfilariae in human populations

are of intrinsic epidemiological interest. In most endemic areas, a proportion of the
population shows no microfilaremia. Whether this proportion is free from infection or
is

not detected is difficult to determine (Partono, 1984).

Aggregated-frequency

distributions characteristically describe observed microfilarial abundance in the definitive

human hosts and reveal the unevenness of parasite distribution between hosts (Anderson

and May, 1985a). The "unevenness" of parasite distribution theoretically involves the
operations of non-linearities in host-parasite relationships such as density dependence and

acquired immunity (Anderson and Gordon, 1982; Anderson and May, 1985a; Pacala and
Dobson, 1988).

In biotic communities, many different types of patterns have been determined,
e.g., spatial dispersion of a species within a community, relationships between species
within a community and relationships among species between communities. Three basic
types of spatial patterns of species are recognized: random, clumped (overdispersed) and
uniform (Ludwig and Reynolds, 1988). Methods of spatial pattern analysis (SPA), using

statistical distributions and indices of dispersion, have been utilized to identify species
patterns before any underlying causal factors can be explained. Ecological data used for

SPA techniques can be obtained either from experimental or observational studies. In

the case of filariasis, which is a slow-developing disease, the only reliable means of
identifying infected persons is through blood tests.

Within a community, interest is

focused on dispersion of a filarial species across human hosts. If individuals of that
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filarial species are spatially dispersed over discrete sampling units of human population

and the number of individuals per sampling unit is taken, then, the data can be
summarized in terms of a frequency distribution. A number of studies have illustrated
that frequency distributions of microfilarial counts can be described by a mixed Poisson

or negative binomial distribution (Park, 1988; Das et al., 1990; Grenfell et al., 1990;
Srividya et al., 1991). A negative binomial distribution has two parameters, A, the mean
parasite burden, and k, an inverse measure of congregation (Dietz, 1982; Anderson and

May, 1985a; Pacala and Dobson, 1988). The distribution is best thought of as a Poisson
distribution where the mean is a random variable (with a Beta distribution). Adult worm

burden can be determined indirectly by microfilarial counts. Reducing the degree of
aggregation with host age (measured by an increase in the parameter k) may reflect the

impact of density-dependent constraints on the adult worm population such as host
acquired immunity (Das et al., 1990).

Objectives
For filariasis, determination of the severity of infection requires not only whether

individuals have parasites but also the number of parasites they harbor. In order to
achieve effective control of filariasis, the prevalence of infection and the patterns of
parasite distribution among host populations should be carefully estimated and

understood. Appropriate sampling processes are necessary to obtain such informations.
The specific objectives of this study are:

1. To analyze and compare the frequency distributions of microfilariae in
peripheral blood samples from human populations having
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1.1 Wuchereria bancrofti infections
1.2 Brugia malayi infections

2. To test the hypothesis that a proportion of observed microfilarial negatives is
false and is due to sampling processes.
3. To examine the effects of human age and sex on the frequency distribution of
bancroftian and brugian microfilariae.

4. To analyze and compare the microfilarial frequency distributions between the
nocturnal and the diurnal subperiodic types of brugian filariasis.

This study will be useful to the Thai Filariasis Control Program in two ways.
First, it will provide general information about the dynamics of human lymphatic

filariasis in various endemic areas, in areas infested with different types of periodicity,

and with host age and sex.

It will also determine whether acquired immunity is

indirectly reflected in microfilarial counts. This information may help improve the cost-

effectiveness of drug treatment. Secondly, testing the hypothesis that a proportion of
observed microfilarial negatives is due to sampling processes will generate more careful

survey procedures to avoid underestimating the prevalence of infection. An estimate of

true prevalence will, in turn, be helpful in planning drug treatment.

5

Literature Review

Human lymphatic filariases and the filarial parasites
Wuchereria bancrofti

Wuchereria bancrofti is a filarial nematode that belongs to the Family
Onchocercidae, Superfamily Filaroidea. In 1866, Wucherer, working in Brazil, found
this nematode in the urine of a patient. A few years later, in 1872, Bancroft discovered
female worms in a patient in Australia. Cobbold named the nematode as Filaria bancrof

in 1877. In 1878, Manson observed that Cu lex pipiens and Cx. quinquefasciatus were
the intermediate hosts of this parasite and in 1879 reported that the microfilariae showed

nocturnal periodicity (Chidchang, 1982).

W. bancrofti was thought to originate in Southeast Asia (Hawking, 1974);
spreading between the latitudes 40°N and 40°S. Bancroftian filariasis can be found in

Africa (Harwood and James, 1979), Indonesia (Partono, 1984), Japan, China, Korea,
Philippines, Myanmar (Burma), Thailand, Bangladesh, Sri Lanka, India, Pakistan and
the Pacific Islands (Harwood and James, 1979; Chidchang, 1982).

The only definitive host of W. bancrofti is human (Harwood and James, 1979;
Esch and Fernandez, 1993). The acute clinical manifestations are characterized by fever,

chills, and swollen lymphatics which occur in the inguinal regions or elsewhere.
Swelling of the male genitalia is typical of bancroftian filariasis (Partono, 1984). Many
years after exposure to infection, the chronic stage of filariasis, elephantiasis, develops.
The clinical feature is gross enlargement of organs such as the whole leg, arm, scrotum,
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vulva, and breast because of blockages to lymph drainage (Harwood and James, 1979;
Partono, 1984).

Bancroftian filariasis is transmitted by certain mosquitoes of the genera Aedes,

Anopheles, Cu lex, and Mansonia (Harwood and James, 1979; Shutidamrong and
Karnchanopas, 1988; Samarawickrema et al., 1992a; Vanamail et al., 1993). Fig. 1.1

shows a diagramatic life cycle of human lymphatic filarial nematode. The juvenile

worms, microfilariae, are ingested from the peripheral blood of infected individuals
during the act of mosquito feeding. They shed their sheaths and migrate through the

walls of the midgut into the thorax of the mosquito. Within the flight muscles, the
microfilariae then undergo development into infective third-stage larvae. The ambient
temperature affects the duration of larval development; the warmer the temperature the
more rapid the development. Usually, the development in the mosquito is 10-14 days

from microfilaria to infective larva (WHO, 1987). The infective larvae migrate to the

proboscis and emerge through the wall of the mosquito's labellum. When a filarialinfected mosquito feeds on a human host, the infective larvae enter human skin at the
biting site and go to the lymphatic system. They develop and mature to adult worms in
the lymphatic system where they mate and reproduce. Subsequently, the females produce

microfilariae that circulate in the peripheral blood (Harwood and James, 1979;
Chidchang, 1982). The development period from the entrance of infective larvae to the

appearance of microfilariae in the bloodstream is estimated to be 9 months. If not
ingested by the mosquito, the microfilariae can survive in the blood for up to 12 months.

The adult worms have a lifespan of about 5-10 years (WHO, 1987).
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Figure I.1. Life cycle of human lymphatic filarial nematode.
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Characteristics of W. bancrofti microfilaria
The microfilaria of W. bancrofti is 244-296 Am in length. Having no nucleus,
the ratio of the cephalic space width:length is 1:1. After staining with Giemsa, the body

sheath is colorless but the nuclear column is blue revealing well defined body nuclei.
If stained with haematoxylin, the sheath is pink. At the tapering tail, about seven body

nuclei lay singly without any terminal nuclei, leaving a space called a caudal space
(Phantana, 1993). Fig. 1.2 shows some important characteristics of W. bancrofti which
can be use in microfilarial identification and differentiation from B. malayi.

nerve ring

cephalic space
width:length 1:1

excretory pore
excretory cell

genital cells

caudal space

Figure 1.2. Morphological characteristics of W. bancrofti microfilaria. (Redrawn from
Filariasis Division, 1988)
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Brugia malayi

Brugia malayi is another filarial nematode in the Family Onchocercidae,
Superfamily Filaroidea. It causes brugian or malayan filariasis. This species was also

thought to originate in Southeast Asia but its distribution is more limited. The disease
infects rural populations between the longitudes 75°E and 140°E, including residents of

Japan, China, Korea, Southeast Asia, Indonesia, Philippines, India and Sri Lanka
(Harwood and James, 1979; Chidchang, 1982).
The acute clinical features of brugian filariasis are similar to those of bancroftian

filariasis but the chronic features are quite different. In brugian filariasis the leg below

the knee and the arm below the elbow are enlarged. Genital swelling is rare (Partono,
1984).

The main vectors of brugian filariasis are some mosquitoes of the genera
Anopheles and Mansonia (Chidchang, 1982; Chutidamrong and Karnchanopas, 1988;

Kumar et al., 1992).

However, Zahedi et al. (1992) reported that B. malayi

microfilariae can migrate and distribute in a susceptible strain of Armigeres subalbatus.

The life cycle and development of this parasite is similar to that of W. bancrofti except
the prepatent period of B. malayi (the period from when infective larvae enter the human

body until the detection of new microfilariae in the peripheral blood) is shorter. The
prepatent period is estimated at about 3 months for brugian and 9 months for bancroftian
parasites.

The larval development in mosquitoes is 7-10 days (WHO, 1987). The

occurrence of zoonotic B. malayi has been observed in domestic cats and leaf monkeys

(Phantana et al., 1987; WHO, 1987).
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Characteristics of B. malayi microfilaria
The body length of brugian microfilaria ranges from 170-230 µm. The cephalic
space, width:length is 1:2. The sheath is very long and kinky with many folds. It is

pink if stained with Giemsa.

Body nuclei are condensed and purple after Giemsa

staining. The pointed tail has two terminal nuclei, without a caudal space (Fig. 1.3).

Another species, B. timori, which causes human filariasis in some countries, has different

characteristics. The body length of B. timori is more than 300 Am. The cephalic space
is 1:3 and the sheath is colorless after Giemsa staining (Phantana, 1993).

cephalic space
width:length 1:2

nerve ring

excretory pore

excretory cell

terminal nuclei

Figure 1.3. Morphological characteristics of B. malayi microfilaria.
Filariasis Division, 1988)

(Redrawn from
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Epidemiology of human lymphatic filariasis in Thailand
Human lymphatic filariasis results from infection with the parasitic nematodes,
W. bancrofti, B. malayi, and B. timori (WHO, 1987; Filariasis Division, 1993a). The

infection is common in various regions of the world such as the northern portions of
South America, regions of Central America, as well as many of the Pacific Islands,
Madagascar and neighbouring islands. Parts of East, Central and West Africa, Egypt,

and Asia are also sites of infection (WHO, 1987).

The disease is a major health problem in Asian countries, including Thailand.

Fig. 1.4 is a map of Thailand showing filariasis endemic areas.

In 1993, 120,224

persons were examined by collecting blood from their finger tips and performing a thick

smear. A total of 725 persons were found to be infected with filariasis. Out of these
patients, 529 persons had microfilarial positive infection, 112 persons were diagnosed
with elephantiasis and 84 persons had swollen lymph nodes. The prevalence rate was

517.96 per 100,000 population and the microfilarial positive rate was 0.44%. Most

microfilarial positive cases were reported from Tak (141 cases), Maehongsorn (137

cases), Narathiwat (130 cases), Ranong (81 cases), Kanchanaburi (25 cases), and
Suratthani (11 cases).

Other reports originated from Samutsongkram, Nakorn-sri-

thammarat, Pattani, and Phang-nga provinces. Most cases were in patients 15-44 years

of age; the youngest was 4 years old and the oldest 50 years old. Fifty nine villages
throughout the country have a microfilarial positive rate above 1% (Filariasis Division,
19936).

12

Malaysia

111

Bancroftian transmission areas

filariasis cases,

IIHaving
non-transmission areas

II Brugian transmission areas
Figure 1.4 A map of Thailand showing filariasis endemic areas.
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Filariasis was first observed in Nakorn-sri-thammarat province, Southern Thailand

during 1949-1950. In 1951, World Health Organization (WHO) sent a survey team from

India to Thailand. They performed blood surveys in four southern provinces during the

night and found B. malayi a causal agent of brugian filariasis, which is a nocturnal
periodic type.

At that time the microfilaremia prevalence rate was 209.9 per 1000

population and the elephantiasis prevalence rate was 52.3 per 1000 population (Filariasis

Division, 1993a). Filariasis cases in Nakorn-sri-thammarat province gradually decreased

because of environmental changes, improved access to health facilities, and completedose coverage of chemotherapy. However, filariasis is still a problem, particularly along

the border between Thailand and Malaysia. B. malayi is a nocturnal subperiodic type
predominant in Narathiwat, a province adjacent to the border.
In Surat-thani, another southern province, microfilaria have been observed to be
a diurnal subperiodic type (Filariasis Division, 1986b). Guptavanij et al. (1971) reported

a microfilarial positive case from Chumporn province showing a peak count at noon.

Animal reservoirs for this type have been found to be cats, langurs, civets, and
pangolins.

B. malayi infected cats has been reported from Suratthani province. A

survey performed in Narathiwat province reported about 3% Brugia spp. positive in cats.

Swamp-breeding mosquitoes of the genus Mansonia, namely, Mn. bonneae, Mn. dives,

Mn. uniformis, Mn. annulata, Mn. annulifera, and Mn. indiana, are the main vectors of

brugian filariasis in Thailand. Moreover, there are two large swamp areas, Toh-dang

and Ba-jor, in Narathiwat province that are suitable for Mansonia breeding sites.
Prevalence of filariasis cases directly relates to the distance from these swamps, that is
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the prevalence decreases as the distance increases (Chunhaswasdikul, 1989).
Another lymphatic filariasis found in Thailand is bancroftian filariasis caused by
W. bancrofti.

The disease was first discovered in Kanchanaburi province, Western

Thailand in 1964. Microfilaremia prevalence rate was 131 per 1000 population and
elephantiasis prevalence rate was 80.7 per 1000 population (Filariasis Division, 1993a).

W. bancrofti found in Thailand is a rural and nocturnally subperiodic type. Peak counts

have been reported to be around 06.00 pm (Sitthai, 1988) and 08.00 pm (Harinasuta et

al., 1970b). Currently, most cases of bancroftian filariasis are reported from Tak, a
northern province border to Myanmar. Vectors of this parasite are Aedes niveus group,

Ae. desmotes and Ae. harinasuti. At present, filariasis infections have been reported
from 29 out of 73 provinces, mostly in the southern and northern parts of Thailand.

Control of human lymphatic filariasis
The control of mosquito-borne filariasis has been studied extensively. Several
attempts have been made to control this disease through reduction of morbidity, reduction

in transmission, and transmission interruption (WHO, 1987). Decreasing the vector

density, contact between the vector and human host, the microfilaria rate, or a
combination of these methods can reduce transmission. WHO (1974) reported that
reduced human-vector contact causes a natural decline in bancroftian filariasis. Specific

examples of reduced of human-vector contact are, for example, screened housing,
enclosed water systems, proper sewage disposal, and improved drainage of agricultural
lands. Reducing the vector populations to low levels has received particular attention as

well as the use of chemotherapy for radical treatment and reduction of microfilaria in
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peripheral blood to a subinfective level (Goodman and Gilman, 1975). Studies have
focused on biting density, resting density, survival rate, behavior, population density and
distribution, and control measures of major mosquito vectors (Gowda and Vijayan, 1992,

1993; Kumar et al., 1992; Ramaiah et al., 1992; Samarawickrema et al., 1992a,b;
Vijayan and Ningegowda, 1993). Brugian filariasis appears more difficult to control
because of zoonotic transmission and a reservoir in domestic and forest animals (Mak et

al., 1980).

Fig. 1.5 shows the organization chart of the Thai Filariasis Division.

The

Filariasis Control Program in Thailand consists of surveillance, monitoring, selective

drug administration (SDA), mass drug administration (MDA), and health education
(Filariasis Division, 1992). Drug treatment is an effective measure for the control of
filariasis. Diethylcarbamazine citrate (DEC) is the drug of choice.

In Thailand, the

recommended dose is 6 mg per 1 kg body weight per day. For effective treatments of

brugian and bancroftian filariasis, patients are advised to take the drug for 6 and 12
consecutive days, respectively (Filariasis Division, 1993a). Whether selective drug
administration (SDA) or mass drug administration (MDA) is employed depends on the
epidemiological survey data, i.e., SDA is administered where microfilarial positive rate

is less than 1%, MDA is recommended where microfilarial positive rate is equal to or
higher than 1%.

Recommended dose of DEC treatment may vary from country to country, and
may be composed of a long course with light doses or a short course with heavy doses.
Fan (1992) observed that the efficacy of the long course was much higher than the
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Figure 1.5. Organization chart of the Filariasis Division, Department of Communicable Disease Control, Ministry of Public
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efficacy of the short course, but the side effects developed following the heavy dose were

greater than that following the light dose. However, Kazura et al. (1993) reported the
clinical safety and parasitologic efficacy of single-dose regimen of DEC for treatment of

bancroftian filariasis in Papua New Guinea. Shenoy et al. (1993) observed similar
results of single-dose DEC treatment for brugian filariasis in Kerala, India. DEC
-medicated salt has been effective in interrupting B. malayi transmission in Kerala, India

(Kaul et al., 1992). Gelband (1994) reviewed the beneficial effects of DEC-medicated
salt and suggested its use in community filariasis control programs.

Microfilaria rates

in Hunan, China have dropped substantially after mass treatment with
hetrazan-medicated

salt containing 0.2 %-0.5 % DEC (Li et al., 1990).

Besides DEC, ivermectin and quinone analogues may be alternative drugs of
choice for the control of lymphatic filariasis. Individuals that received a single dose of
ivermectin had reduced levels of microfilaremia and had lower side effects compared to

individuals given DEC (WHO, 1992; Kazura et al., 1993; Moulia-Pelat et al., 1993;
Shenoy et al., 1993). In vitro studies of quinone analogues showed that these compounds
paralyse filarial worms in lower concentrations than does compared to DEC (Santhamma

and Raj, 1993). For individuals having filarial lymphoedema and elephantiasis, 5,6benzo-alpha-pyrone has been proved to reduce edema and many symptoms of the disease

(Casley-Smith et al., 1993).

Detection of human lymphatic filariasis
Reliable and accurate information on human infection rates has become important

in planning and administrating filariasis control programs. Because it is difficult to
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perform direct measures of adult parasite abundance in human hosts, an indirect measure

via microfilarial counts is usually taken. Various parasitological methods have been
developed for detection of microfilariae in human blood, such as the thick blood smear,
membrane filtration, counting chamber, Knott's concentration, and the DEC provocative

test (WHO, 1992). However, a rapid diagnosis of filarial parasites, using an acridine
orange-microhematocrit tube technique, has been proposed as an alternative diagnostic

method (Long et al., 1990; Freedman and Berry, 1993). Moreover, the feasibility of
using monoclonals against a circulating filarial antigen called Og4C3 (Chanteau et al.,

1994) and ultrasonography (Amaral et al., 1994) to detect bancroftian adult worms has

been demonstrated. Whether or not these techniques are practical in field surveillance

requires further study.

Some serodiagnostic tests for lymphatic filariasis are also

available with the specificity of newer tests being improved, for example, the avidinbiotin enzyme-linked immunosorbent assay (Murthy et al., 1993), using a recombinant

parasite antigen-recSXP1 (Dissanayake et al., 1994), and screening for filarial
antigenemia by means of a monoclonal antibody-based antigen detection assay (Ramzy

et al., 1994). Blood film is still an easy and useful detection method for evaluation of
microfilaremia in a population, although, microfilarial prevalence rate obtained from the

membrane filtration technique yields a higher result (Moulia-Pelat et al., 1992).
However, Faris et al. (1993) evaluated the sensitivities of clinical examination, thick
blood film, membrane filtration, and antigen testing for filariasis. They found that the
antigen testing technique had the highest sensitivity whereas clinical examination ranked

the lowest. The thick blood smear and membrane filtration techniques were insensitive
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indicators of clinical filariasis. As a result, they recommended a combination of clinical
examination and antigen testing for diagnosis of bancroftian filariasis in communities.
Recent understanding of the cytokine network may be a step toward the development of

effective vaccines for minimizing worm burdens (Wilson, 1993).
Prevalence and densities of microfilaremia in human populations have been widely

investigated (Southgate and Hamilton, 1974; Park, 1988; Das et al., 1990; Grenfell et

al., 1990; Srividya et al., 1991; Reid and Kimura, 1993; Michael et al., 1994) with
growing interest in the construction of mathematical models and statistical estimation
techniques.

Three population processes related to parasites that exhibit regulatory

influences on host population growth are aggregation of parasite numbers per host,
density dependence in parasite mortality or parasite reproduction and parasite-induced
host mortality. Parasites also have destabilizing influences on host population growth as

shown by three population mechanisms, namely, parasite-induced reduction in host

fecundity, direct parasite reproduction inside the host and time delays in parasite
reproduction and transmission (Anderson, 1978). The basic model assumes that parasites
distribute randomly within their host population. However, observations of natural host-

parasite associations reveal that a few hosts have high parasite burden (Crofton,1971;
Anderson, 1974; Randolph, 1975). Parasites will regulate host population growth in a
stable manner. Over time, damped oscillations may lead to a stable equilibrium given
a moderate degree of aggregation. The negative binomial model empirically describes
parasitic clumping patterns within host populations (Anderson, 1978).
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A number of workers such as Das et al. (1990), Grenfell et al. (1990), and
Srividya et al. (1991) pointed out that the observed frequency distributions of either
bancroftian or brugian microfilariae in peripheral blood samples from human populations

can be described by a negative binomial distribution.

Their analyses are based on

epidemiological data collected by the Vector Control Research Centre (VCRC) of the
Indian Council of Medical Research, namely, Pondicherry data for bancroftian filariasis

and Shertallai data for brugian filariasis.

In addition, two published mf frequency

distributions for bancroftian filariasis from the Amami Islands of Japan and from Fiji

were compared. However, two distinctive differences in the epidemiology of brugian
filariasis have been identified by Srividya et al. (1991). First, the decrease in the degree

of aggregation in microfilarial counts with host age was not evident and secondly, a
similar pattern for the infection and disease relationship in both sexes was observed.

These patterns of frequency distribution have never been investigated in Thailand.
Though the nematode parasites are the same species as in India, namely, W. bancrofti

and B. malayi, their periodicities are quite different. Moreover, two different types of
B. malayi, the nocturnal and the diurnal subperiodic types, have been found in Thailand.
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CHAPTER II
DISTRIBUTION OF MICROFILARIAE FROM RURAL POPULATIONS
IN THAILAND
Abstract

The distribution of bancroftian and brugian microfilariae in blood samples
collected from human populations in six provinces of Thailand are aggregated. Green's

index illustrated that bancroftian microfilariae exhibited less clumping than brugian
microfilariae in the human populations under study. The negative binomial distribution
is a good fit to the observed microfilarial counts. The zero-truncated negative binomial

distribution has been suggested to give a better fit when the observed data contains a
large number of zeros.

Introduction
Two filarial nematodes, Wuchereria bancrofti Cobbold and Brugia malayi Brug

have been known to cause lymphatic filariasis in Thailand (Harinasuta et al., 1970b;

Guptavanij et al., 1971; Suvannadabba, 1993). The adult parasites (macrofilariae)
accumulate in the lymphatic system and release juveniles (microfilariae) into the blood
stream.

The distribution of parasites within populations of hosts is usually aggregated or
clumped (Crofton, 1971; Begon et al., 1990; Scott and Smith, 1994), that is, many hosts

have no or a few parasites, and a few hosts have a large number of parasites. The
negative binomial model is used to describe the probability distribution for clumped
populations because of its variance-to-mean property. The variance of the number of
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parasites per host is strongly affected by the pattern of dispersal of the parasite
population.

In the clumped pattern, the variance, a2, is greater than the mean,

(Ludwig and Reynolds, 1988).

A

Aggregation occurs probably because hosts are

heterogeneous whether due to variation in their susceptibility to infection, age, behavior,
or immunity (Anderson and May, 1985b; Pacala and Dobson, 1988; Begon et al., 1990).

For filariasis, the severity of infection is related to the number of macroparasites
harbored in the population. Because adult worms are not easily sampled in humans,
abundance can be measured indirectly via microfilarial (mf) counts. The numbers of

microfilariae observed from blood samples follow a discrete frequency distribution
(Grenfell et a/., 1990).

A number of researchers have analyzed the frequency

distribution of microfilariae in human populations by fitting observed mf counts to
various statistical models, for example, the Poisson (Hairston and Jachowski, 1968),
lognormal (Sasa, 1976), and the negative binomial (Park, 1988; Grenfell et al., 1990;
Das et a/., 1990). However, the negative binomial appears to be a good model for mf

data in terms of the ease of parameter estimation (Grenfell et al., 1990).

The negative binomial model has two parameters, A, the mean number of mf
counts per human host, and k, a measure of the degree of clumping. The parameter k
is toward zero at maximum clumping (Ludwig and Reynolds, 1988)
The purpose of this study is to determine whether or not aggregation occurs and

to assess the likelihood fit of the negative binomial model to observed mf counts of
bancroftian and brugian filariases in Thailand.
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Materials and Methods
Blood surveys for filarial infections have been performed in Thailand since

(Filariasis Division, 1968). Approximately

20-60

1961

cubic mm. of finger-tip blood was

collected from each individual. Blood samples were examined by means of Giemsa-

stained thick blood smear technique (see Appendix in this Chapter). The number of
microfilariae obtained from each blood sample is tabulated as a frequency distribution

(i.e. the numbers of individuals with

0,1,2,3, ...,r

microfilariae). The probability of

observing x microfilariae in individuals, P(x), where

P(x)-[

1-1

(µ +k)

]X

x = 0,1,2,3,...,r

(k+x-1) !
[x! (k-i) ]

,

[1+

microfilariae, is

q) Pk

The parameter A is the mean number of mf counts per sampled individual and is

estimated from the sample mean (x). The parameter k is inversely a measure of the
degree of clumping (see Statistical models and methods in this Chapter)
Although, brugian and bancroftian cases were first discovered in Thailand in 1961
and

1978,

respectively, epidemiological information such as age and sex including

microfilarial counts are missing. Records can be traced from

1978 up

to the present.

However, most records deal only with positive cases. Because of this gap in data, only

six provinces, shown in Fig. II.1, were analyzed. Tak, Kanchanaburi, and Ranong data
represented bancroftian infections. For brugian infections, analysis was based on data

from Suratthani, Nakorn-sri-thammarat, and Narathiwat provinces.
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Figure II.1. A map of Thailand showing the six provinces of interest.
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Statistical models and methods
Grenfell et al. (1990) derived simple statistical models for the distribution of
microfilariae (mf) in peripheral blood samples from human populations. The negative
binomial distribution has been used to fit observed mf counts because its parameters, A

as the mean number of mf counts per human host and k as an inverse measure of
aggregation, can be interpreted biologically (Pichon et al., 1980; Das et al., 1990;

Grenfell et al., 1990). The hypothesis to be tested is that the mf counts from the six
provinces follow a negative binomial distribution, hence, aggregated or clumped patterns
exists in human populations in Thailand.

The main analyses were based on

epidemiological data sets collected by the Filariasis Division, Royal Thai Ministry of
Public Health. Data were analyzed by using the BASIC program NEGBINOM (Ludwig

and Reynolds, 1988). Observed mf counts ranged from zero to more than a hundred.
Unfortunately, the BASIC program NEGBINOM has a limitation of accepting frequency

classes no larger than 99. Therefore, the counts above a hundred were excluded from
the analysis.

However, the number of positive cases having more than a hundred

parasites were few, 31 cases (1.44%) for bancroftian and 3 cases (0.16%) for brugian.

It was assumed this number would not affect the results. Clumping was based on a
number of indices such as:

1. Variance-to-mean ratio or the index of dispersion (ID).
2
ID= S

x
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When the variance is more than the mean, agreement with the negative binomial
distribution is achieved (Ludwig and Reynolds, 1988).

2. The d statistic is computed when sample sizes are large (N > 30).

d=12T2-1/2 (N-1) -1

If the d statistic is larger than 1.96, a clumped pattern is likely (Elliott, 1973).

3. Green's Index (GI)

GI- (s2/5a -1
n-1

As proposed by Green (1966), at maximum clumping, the GI value equals to 1.
GI is useful because its value is independent of n. Therefore, it can be used to compare

samples that have different total number of mf counts, sample means, and the number
of sampling individuals in the sample.
4. The parameter k inversely measures the degree of clumping which is estimated

using the following iterative equation:

login (N/No) =kloglo [1+ (Tak) ]

The parameter k tends toward zero at maximum clumping.
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5. Goodness-of-fit test statistic, X2

X2=

[ ( Fx-Ex) 2/Ex]
o

The chi-square test statistic values obtained from the previously mentioned
equation is compared to a table of chi-square probabilities with q-3 degrees of freedom,

where q = r + 1, representing a number of frequency classes. With the goodness-of-fit
test statistic, if the chi-square value is greater than the tabular chi-square, the null
hypothesis (agreement with negative binomial distribution) is rejected.
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Results
Table 11.1-2 summarizes the number of bancroftian and brugian filariases cases,

which were reported having microfilariae in peripheral blood during 1976-1994.

Table II.1. Bancroftian microfilaremia cases reported from six provinces of Thailand
during 1978-1994*. Data were collected and analyzed from "FS.4" report forms.
* Jan.-Jul. 1994.
Year

Tak

Kancha
naburi

Prachuab
kirikhun

Raja
buri

Petcha
buri

Ranong

Total

1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994

0
0
0
0

84
169
112
37

0
0

0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0

0
0
0
0

84
169
112
37
20

273
40
52
59
24
37

Total

963

1

19

0
0
30
124
162

57
84

161

46
144

27
29
61

70

0
0
0
0
0

0
0
0
0
1

31

0
0

36

1

7
25

0
0

1039

2

8

0
0
0

1

0

0
26
17

0
0
10

0
0
0
0
0

83
101

76
276
199
191

335

0

1

11

1

0
0
0
0

54

94
96
47
117

20

2

123

2149

0
0

16

111

The overall positive microfilaria (mf) infections by bancroftian and brugian
filariases, over a 17 year period were 0.64% and 0.23%, respectively (Fig. 11.2).
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Table 11.2. Brugian microfilaremia cases reported from five provinces of Thailand during

1976-1994*. Data were collected and analyzed from "FS.4" report forms.
* Jan.-Jul. 1994.
Year

Surat
thani

1976
1978
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990

0
0
0
0
0
66
46
26
48
24

Chumporn
0
0
0

0
0

1

0
0

1

1991

0

1992
1993
1994

10
3

0
0
0
0
0
0
0
0
0
0
0

Total

247

2

15
8
1

Pattani

Nakornsri
thammarat

Nara
thiwat

Total

6
34
33
33
38
97

0

2

109
198
135
127
123
82

1

0
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6
34
36
37
39
164
144
251
368
138
224
148
134
128
94
53

33

48

1668

1998

3

0
0
3

1

0
0

0

17

81

11

9
2

205
318

1

0
4
4

7

1

0
6

3

1

5

For bancroftian filariasis, Tak had the highest mean of mf infection (1.04%)
followed by Kanchanaburi (0.62%) and Ranong (0.31%).

Fig. 11.3 showed the mf-

positive rates by province and by year.

Narathiwat ranked first for brugian infection (0.58%), followed by Suratthani
(0.11%), Pattani (0.08%), and Nakorn-sri-thammarat (0.02%). The mf-positive rates
by year in these provinces are given in Fig. 11.4.
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Narathiwat
Nakornsrithammarat
Pattani
Chumporn

Suratthani
Ranong
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Figure 11.2. Positive microfilaria infections of bancroftian and brugian filariases in
Thailand (mean infections from 1978-1994 for bancroftian and from 1976-1994 for
brugian).
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Figure 11.3. Bancroftian microfilarial positive rates reported from six provinces in
Thailand during 1978-1994.
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Figure 11.4. Brugian microfilarial positive rates reported from five provinces in Thailand
during 1976-1994.
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Tables 11.3-8 summarize for each province the parameters and statistics resulting
from fitting the negative binomial model to observed mf count data. Following the above

mentioned criteria, the analysis revealed that observed mf frequency distribution
exhibited a clumped pattern in the human populations under study for both bancroftian

and brugian filariases. The parameter k was small in most data analyses (k= 0.000030.01) which suggested that the degree of overdispersion was high in certain populations

and moderately high in others. However, the k value was affected by the total number
of sampled individuals and the number of mf counts in the individuals. Therefore, the

value of k could not be compared either within the same type of filarial-infected
provinces or between bancroftian and brugian infected provinces.
Table 11.3. Parameters and statistics for Tak province resulting from fitting a negative
binomial model to the observed mf frequency distributions.

Year Sample Number
size

cases

Parameters
A

k

X2

1985
1986

2711
10473

30
124

0.12
0.14

0.003
0.0031

1.34
13.49

1987
1988

15698
13786

162

0.16
0.19

0.0025
0.0026

16.96a
18.52a

1989
1990

16103
11424

273

40

0.18
0.04

0.0045
0.0009

1991
1992

13015
11250

52
59

0.05
0.06

1993
1994

18886
12674

24

161

37

0.02
0.03

df

Statistics
ID
d

GI

7

28.19
29.86

317.24
646.14

0.08
0.02

9
9

42.23
40.41

974.22
889.41

0.02
0.02

23.99
3.80

15

34.10
40.23

868.52
807.57

0.01
0.08

0.001
0.0014

5.51
2.47

2

32.16
29.25

753.60
661.23

0.05
0.04

0.0003
0.0009

1.56
1.11

1

1167.22
569.20

0.15
0.06

1

2

3

1

49.08
20.93

a Reject null hypothesis at a=0.05
Otherwise accept the null hypothesis at both 1% and 5% significance levels.
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Table 11.4. Parameters and statistics for Kanchanaburi province resulting from fitting
a negative binomial model to the observed mf frequency distributions.
Year

Sample Number
size

1978
1979

4120

Parameters
k
A

cases

Statistics
ID
d

X2

df

11.24b
8.82

2

27.22

6

19.71

11785

84
169

0.25
0.11

1980
1981

16791
12179

112
37

0.05
0.02

0.003
0.001

6.15
3.37

5

13.01

1

1982
1983

26242
19166

19

0.01
0.02

0.0002
0.001

0.17

1

1.91

2

1984
1985

17322
13514

0.001
0.001

12.68

7

46

0.05
0.03

0.06

1

1986
1987

15526
18021

144
27

0.10
0.01

0.003
0.0005

26.65b
0.92

1988
1989

10397
16308

29

0.02
0.05

1990
1991

18381
10770

70

1992
1993

7018
8532

36

1994

11013

0.005
0.005

GI

382.79
527.97

0.03
0.02

20.58

477.67
551.96

0.02
0.10

25.20
20.77

920.85
696.53

0.14
0.05

31.35
29.70

856.05
731.55

0.03
0.06

1

29.50
28.49

780.93
823.51

0.02
0.14

0.001
0.001

2.77
1
22.38a 10

15.80
36.72

429.03
913.75

0.06
0.04

0.03
0.03

0.001
0.001

12.84a 4
3.36 1

27.35
27.94

811.02
628.97

0.04
0.08

7

0.03
0.01

0.002
0.0002

1.74
3.49

1

13.95
19.80

323.95
450.65

0.05
0.34

25

0.02

0.0006

0.37

1

23.36

568.88

0.10

57
84

61

31

5

1

a Reject null hypothesis at a=0.05
b Reject null hypothesis at a=0.01
Otherwise accept the null hypothesis at both 1% and 5% significance levels.
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Table 11.5. Parameters and statistics for Ranong province resulting from fitting a negative
binomial model to the observed mf frequency distributions.
Year Sample Number
size
cases

Parameters
k
A

X2

df
2

1983
1984

14407
16558

26
17

0.01
0.01

0.0005
0.0003

9.83b
2.84

1987
1993

1366
8425

10
16

0.14
0.02

0.001
0.0006

1.49
1.22

1994

11270

54

0.05

0.001

4.08a

1

1

1

1

Statistics
ID
d

GI

24.77
21.61

675.14
663.93

0.12
0.13

35.10
14.75

257.33
368.75

0.17
0.11

22.42

560.64

0.04

a Reject null hypothesis at a=0.05
b Reject null hypothesis at a=0.01
Otherwise accept the null hypothesis at both 1% and 5% significance levels.
Table 11.6. Parameters and statistics for Nakorn-sri-thammarat province resulting from
fitting a negative binomial model to the observed mf frequency distributions.
Year

Sample Number
size

cases

Parameters
A

k

X2

df

1.63

1

1982
1985

29689
14204

17

0.0001 0.0003
0.005 0.0005

1986
1987

15744
24828

9
2

0.005 0.0002
0.0005 0.0001

0.30
2.15

1988
1989

15896
9242

1

0.0004 0.0001
0.004 0.0003

1.25
1.98

1991
1992

15259
16070

6
1

0.01 0.0001
0.0003 0.0001

2.35
1.54

1993

14952

2

0.001

2.07

3

7

0.0001

Statistics
ID
d

GI

1.50
9.72

54.76
356.93

0.17
0.13

1

21.90
8.38

652.96
422.40

0.25
0.62

1

7.00

1

6.71

293.44
216.24

1.00
0.17

52.23 1087.82
5.00 221.59

0.23
1.00

1

1
1

1

8.33

326.25

Accept the null hypothesis at both 1% and 5% significance levels.
Frequency classes in 1982 were not sufficient to perform goodness-of-fit test.

0.52

42

Table 11.7. Parameters and statistics for Narathiwat province resulting from fitting a
negative binomial model to the observed mf frequency distributions.
Year

Sample Number

Parameters
k
A

X2

df

34

0.002 0.0002
0.04 0.001

2.86
1.86

1

8397
5065

33
33

0.01
0.03

0.002
0.003

0.04
0.23

1983
1984

10519
3735

38
97

0.01

0.002
0.01

3.75
3.64

1

0.20

1985
1986

10808
14522

81

0.002
0.005

1.81

205

0.06
0.10

24.29a

1987
1988

13379
33179

318
109

0.21
0.04

0.007
0.001

1989
1990

32702
38109

198
135

0.05
0.02

1991
1992

29281
41263

127
123

1993
1994

27002
24957

82

49

size

cases

1976
1978

11320
9777

6

1981
1982

Statistics
ID
d

GI

6.67 237.10
36.14 700.72

0.33
0.09

1

7.82

1

11.29

232.78
237.46

0.06
0.07

3

7.33
21.23

247.53
311.76

0.05
0.03

3
11

26.64
22.99

611.77
646.73

0.04
0.02

28.99b
7.28

13

23.20 624.37
39.37 1358.71

0.01
0.03

0.002
0.001

15.08a
17.54b

7
6

25.23
15.78

1028.80
820.73

0.02
0.02

0.02
0.01

0.002
0.001

16.89a
5.80

7

20.29
10.12

848.09
626.67

0.04
0.02

0.02
0.01

0.001
0.001

5.19

3

1.48

2

22.19
10.50

862.24
500.49

0.05
0.05

1

4

4

a Reject null hypothesis at a =0.05
b Reject null hypothesis at a=0.01
Otherwise accept the null hypothesis at both 1% and 5% significance levels.
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Table 11.8. Parameters and statistics for Suratthani province resulting from fitting a
negative binomial model to the observed mf frequency distributions.
Year

Sample Number
size

cases

Parameters
k

II

X2

df

1984
1985

9030
34686

66
46

0.05
0.01

0.002
0.0004

2.55
7.25

2

1986
1987

24335
20231

26
48

0.01
0.02

0.0004
0.001

13.53a
4.39a

5

1988
1989

17952
17522

24

0.01 0.0004 5.31a
0.003 0.0004 12.52b

1990
1992

8721
11405

8

1993
1994

11177
6541

10

15

1

3

0.004 0.0005
0.001 0.00003

2.08

0.01 0.0003
0.003 0.0002

0.21
1.54

3

1

1

3
1

1
1

Statistics
ID
d

GI

24.37 529.02
29.99 1179.05

0.05
0.07

7.53
21.59

384.64
733.52

0.05
0.04

26.45
6.34

784.95
284.25

0.14
0.10

8.09
11.00

243.52
349.87

0.22
1.00

12.81
13.73

385.55
309.35

0.61

0.16

a Reject null hypothesis at a=0.05
b Reject null hypothesis at a =0.01
Otherwise accept the null hypothesis at both 1% and 5% significance levels.
Frequency classes in 1992 were not sufficient to perform the goodness-of-fit test.

With the chi-square test statistic, most values of the test statistic were less than
the critical value at the 5% probability level, P>0.05 (Tables 11.3-8). Values followed

by the letter b indicate that the values of the test statistic were greater than the critical

value at the 1% probability level, 0.0001 <P <0.01 (Tables 11.3-7).

Because the

probability of obtaining the values of X2 were below the critical value, the null hypothesis

could not be rejected. The negative binomial model appears to be a good fit with the

observed data and, therefore, microfilariae exhibit a clumped distribution pattern in
human populations in Thailand.
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Further confirmation for clumping patterns was considered.

The index of

dispersion (ID) or the variance-to-mean ratio was greater than one in all data sets, hence,

aggregation was a reasonable conclusion. Because ID is influenced by the number of
sampled individuals, it could not be used as a good comparative index to measure the

degree of clumping in this study. Data analyses resulted in d > 1.96; agreement with
clumped dispersion was accepted. This test statistic was consistent with the goodness-of-

fit test determined previously. Green's index is useful as a comparative measure of the
degree of clumping. For bancroftian filariasis, the mean, median, and mode of GI values
were

0.073, 0.05,

and

0.02,

mode of GI values were

respectively. For brugian filariasis, the mean, median, and

0.213, 0.07,

and

0.05,

respectively. Although, these values

represented a relatively low degree of clumping, bancroftian filariasis exhibited less
degree of clumping in human populations than brugian filariasis.

45

Discussion

The distributions of bancroftian and brugian microfilariae in human populations

in Thailand appeared to be clumped, although, the overall degrees of clumping were
relatively low as determined by Green's index (GI). Paramaters and statistics used in
determining the clumped pattern were consistent for most data sets.
A major problem with these data sets was the difference in the number of sampled

individuals and the number of microfilariae observed from each individual that led to
variation in frequency classes. Therefore, the parameter k and the variance-to-mean ratio
(ID) were not useful as comparative measures of clumping. However, they were useful
in assessing the agreement of observed data with the negative binomial model. Because
this study utilized both observational and retrospective approaches, the data used for the

analysis were inconsistent in terms of comparable information over time. Despite data
from the same province, they could not be compared from year to year because the data

were not always collected from the same populations. The results of this study may be

viewed as a crude estimation over time. Careful data collection may be necessary to
achieve more definitive conclusions.

Several researchers illustrated the effect of varying blood volume and efficiency
on the distribution of observed mf counts (Denham et al., 1971; Southgate and Hamilton,

1974; Grenfell et al., 1990). Increasing the blood sampling volume and efficiency for
mf detection decreases the proportion of observed zeros. Larger volumes of blood are
obtained from veins which may have different concentrations of microfilariae (Southgate

and Hamilton, 1974). As a result, a question concerning the reliability of data sets under

46

this study may be posed. Although, blood sampling volumes in Thailand vary between
20-60 cubic mm. , the data sets comprise samples using the same mf-detection method

within the same blood volume range (20-60 cubic mm.). Future research should be
performed by evaluating multiple samples of a consistent blood volume from the same
individual.

Most observed mf frequency distribution exhibited the characteristic number of

zero parasites in the sampled population. Several researchers adopted a zero-truncated
negative binomial distribution and found that the full (non-truncated) negative binomial
distribution was a poorer fit with the observed distribution (Pichon et al., 1980; Grenfell

et al., 1990; Das et al., 1990; Srividya et al., 1991). Grenfell et al. (1990) analyzed
data sets from Pondicherry in South India, the Amami Islands of Japan, and Fiji. They
found that the parameter k was much lower for the full distribution fit than for the zero-

truncated negative binomial. Park (1988) found that the non-truncated distribution was
more clumped than the truncated estimate because it was influenced by the large number

of observed zeros. Srividya et al. (1991) analyzed the data from Shertallai in South India

and also observed the fit for the zero-truncated distribution was improved.

These

researchers suggested that the full negative binomial distribution did not adequately

represent the non-zero mf counts because it overestimated the counts of observed
distribution.

Because the distributions in present study included observed zeros and

resulted in values of parameters and statistics that were not satisfied by the observed
data, the zero-truncated negative binomial will be tested in Chapter III.
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Parasite aggregation in the hosts reflects heterogeneity within and between hosts

(Park, 1988). Individuals within a population differ in their susceptibility to parasitic
infections.

The heterogeneity may result from environmental factors, behavioral and

cultural differences, genetic variability, age, sex, or acquired immunity (Riji, 1983;
Anderson and May, 1985b,c; Haswell-Elkins et al., 1987; Das et al., 1990). A better

understanding of the human host and microfilaria interactions and the dynamics of
parasite transmission may lead to more effective control.

aggregates in human populations is not sufficient.

Knowing that microfilariae

Moreover, the prevalence and

intensity of infection, as measured by microfilarial counts in human blood, should be

quantified in order to determine the potential transmission rate to the population of
mosquito vectors (Hairston and Jachowski, 1968). The severity of filarial infections

depends on the prevalence of adult worm burden. Although ultrasonography has been
used to detect adult W. bancrofti in the human lymphatic system (Bradley and Medeiros,

1994), this technique is not yet practical in the field Apart from this technique, adult
worm burdens can be assessed indirectly via the levels of microfilariae (mf) in peripheral
blood. However, reproductive rate of female worms is necessary in estimating adult

worm burden. This information requires further investigation.

The results obtained from the present study provide fundamental information
about the frequency distribution of lymphatic filariasis microfilariae in human populations

in Thailand.
chapters.

Various analyses of observed mf counts are presented in subsequent
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Appendix
The following is a detailed description of filariasis blood surveillance as conducted

by the Filariasis Division, Royal Thai Ministry of Public Health.

1. Timing of blood collection
At night, usually from 06.00 pm.
2. Blood collection (Filariasis Division, 1990)
1. Clean the middle or ring fingers with a cotton ball soaked with 70% alcohol.
2. With a sterile blood lancet, puncture the finger tip approximately 1-2 mm. in
depth.

3. Wipe away the first drop of blood with a new cotton ball soaked with 70%
alcohol.

4. Let the blood droplets fall on the center of a slide for 3 drops which is
approximately 60 cubic mm.
Though large volumes of blood from each individual would increase the chance
of detecting microfilariae (Desowitz and Southgate, 1973; Grenfell et al., 1990), it is not

practical to do so in the field. Therefore, in our routine blood collection, only 20-60
cubic mm. of blood is obtained from each individual.

3. Thick blood smear technique
1. Hold the slide containing three drops of blood horizontally.

2. Using a corner of another clean slide smear the blood to yield an oval
shape of about 2 cm. in width and 3 cm. in length.
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3. Keep the smeared slide horizon in safe place to avoid dust and insects; let it
air-dry completely before staining.

Several techniques have been developed for the detection of microfilariae in
blood. These diagnostics include innenkorper, Giemsa staining, capillary tube technique,

wet film, and Knott's technique. Filariasis surveillance in Thailand utilizes the Giemsa
staining methods predominantly.

4. Giemsa staining techniques
1. Giemsa staining at 1:20 concentration

1.1 One part of Giemsa stock solution mixes with 19 parts of buffer.
1.2 Pour Giemsa solution on blood-smeared slide.

1.3 Let it set for 10 minutes.
1.4 Rinse with water and examine the slide under a compound microscope.
2. Rapid Giemsa staining
2.1 Dehaemoglobinize the blood-smeared slide in water for 2 minutes.

2.2 Pour Giemsa solution (as above) on the slide, let it set for 30 seconds.
2.3 Rinse with water.

2.4 Dip the slide in methanol for 30 seconds.
2.5 Rinse with water.

2.6 Pour Giemsa solution on the slide again for 80-90 seconds.

2.7 Rinse with water and let it dry before examining under a compound
microscope.
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CHAPTER III
MICROFILARIAL COUNTS AND SAMPLING ERRORS:
FITTING ZERO-TRUNCATED NEGATIVE BINOMIAL DISTRIBUTION
TO OBSERVED DATA

Abstract
Frequency distributions for bancroftian and brugian filariases in human
populations in Thailand have been analyzed and compared by fitting the non-truncated

and the zero-truncated negative binomial models to microfilarial counts.

The zero-

truncated distribution fits the observed microfilarial count data very well. Over 90% of
the total negatives are true negatives and less than 10% are due to sampling effects. The

results are similar for bancroftian and brugian microfilariae.

Introduction
The prevalence and intensity of lymphatic filariasis infection can be assessed and

measured by microfilarial counts in humans (Southgate, 1984; WHO, 1987; WHO,
1992). Southgate (1984) suggested that the examination of mf in human peripheral blood

is the most practical procedure for large-scale field surveys. Blood samples may be
obtained from finger-punctures (Edeson, 1959; Tawil, 1979; Raccurt et al., 1984, 1988;

Sabry, 1988; Schultz, 1988), from ear-lobes (Sasa, 1967), or from veins (Desowitz et

al., 1976; Weller and Ottesen, 1978; Lammie et al., 1988) depending on the purposes
of blood collections.

The numbers of mf in peripheral blood sampled from human

populations are summarized as mf frequency distribution. Most observed data exhibit
the clumped pattern, that is, many human hosts have no or a few mf, and a few

individuals harbor a large number of mf. The variation in observed mf counts between

I
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human hosts has been examined by a number of researchers (Hairston and Jachowski,
1968; Southgate and Hamilton, 1974; Pacala and Dobson, 1988; Park, 1988; Das et al.,

1990; Grenfell et al., 1990; Srividya et al., 1991). Various statistical models such as
lognormal (Sasa, 1976), Poisson (Hairston and Jachowski, 1968), Sichel (Grenfell et al.,

1990), and negative binomial (Park, 1988; Das et al., 1990; Grenfell et al., 1990) have
been fitted to the observed mf frequency distribution. The negative binomial distribution
is considered to be a good model for mf-count data because its parameters provide some

biological meaning and can be estimated with ease.

However, the observed mf-positive data may underestimate actual infection
prevalence due to sampling process error, that is, failure to detect very low levels of

microfilaremia (Vanamail et al., 1989). On the other hand, observed mf-negative data

may overestimate the true figure unless the proportion of true mf-zeros is partitioned
from the sampling zeros. Observed mf-negatives can be divided into mf-zeros due to the

sampling process and true mf-zeros, arising from certain conditions. These conditions
include no adult worms, single-sex infection, unmated or mating female worms, and the

balance between recruitment and death processes of the microfilariae (Grenfell et al.,
1990). Therefore, the zero-truncated negative binomial distribution has been proposed
which gives a much better fit to the observed data (Pichon et al., 1980; Das et al., 1990;

Grenfell et al., 1990).
This study will 1) test the hypothesis that a proportion of observed microfilarial
negatives is due to sampling process and 2) determine whether or not the zero-truncated

negative binomial distribution fits observed mf counts of filariasis in Thailand.
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Materials and Methods
Data
The analysis is based on epidemiological records for bancroftian and brugian

filariases collected by the Filariasis Division, Department of Communicable Disease

Control, Royal Thai Ministry of Public Health during 1978-1994 (see Appendix in
Chapter II for blood collection). Available human lymphatic filariasis records have been

collected and pooled for all ages and sexes in order to increase the number of sampling
individuals and to obtain the most frequency classes. The four provinces that had the

highest epidemiological records were included in this study. For bancroftian filariasis,
data originated from two provinces, Tak and Kanchanaburi. Data from Suratthani and
Narathiwat provinces were used to explore the distribution of brugian filariasis.

Statistical models and methods
The analysis follows the procedure described by Grenfell et al. (1990). The

numbers of mf observed from peripheral night-blood sampling are arranged as a
frequency distribution (i.e. the numbers of individuals with 0,1,2,3,..., 00 microfilariae).

The probability of observing x mf (x = 0,1,2,3,... 00) is denoted as P(x). Therefore,
P(0) which is the probability of observing zero mf is due to the random nature of the
blood sampling and may include the true mf-zeros. Given a(0) as a proportion of true
mf-zeros, a proportion of the population with mf-positives is represented as 1 -a(0).
Thus, P(0) and P(x) become

P(0) = a(0) + [1-o(0)]P'(0)
when x > 0: P(x) = [1- a(0)]P'(x)

(1)
(2)
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where [1-a(0)]P'(0) is the expected proportion of mf-zeros due only to the sampling
process. The equation (1) is rearranged to give
Q(0) = [P(0)-P'(0)]/[1-131(0)]

(3)

The P'(x) is the probability of observing x mf in the proportion of the population having
mf-positives, 1-a(0),

with x=0,1,2,... co
and with x> 0

E P1(x) = 1

(4)

E P'(x) = 1-P'(0)

(5)

From equation (5), the series is

{1/[1-P'(0)]}[P1(1)+P'(2)+P'(3)+

]=1

(6)

The equation (6), therefore, represents a zero-truncated probability distribution for mfpositives.

In order to test the hypothesis that a proportion of observed mf-negatives is due

to sampling process, the fit of a zero-truncated distribution to observed mf counts is
compared to a non-truncated distribution. The two parameters,

and k, of the negative

binomial distribution and X2 the goodness-of-fit tests are obtained from the analyses of

data using the BASIC program NEGBINOM (Ludwig and Reynolds, 1988).
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Results

All the observed frequency distributions depicted a skewed pattern with large
numbers of zero microfilarial (mf) counts (Fig. 111.1-4).

Table III.1 depicts the results using the negative binomial model and zerotruncated probability distribution with the Tak, Kanchanaburi, Suratthani, and Narathiwat

data. For each distribution, parameters A and k were summarized as well as estimates
of the proportion of true mf zeros, a(0), and X2 for the goodness-of-fit tests.

Table III.1. Parameters and statistics for the non-truncated and the zero-truncated
negative binomial distributions using the Tak, Kanchanaburi, Suratthani, and Narathiwat
data.
Negative
binomial
distribution

Non-truncated

Parameters/
statistics

Data
Kanchanaburi

Suratthani

Narathiwat

0.012
0.0005
36.25

0.039
0.0018
70.25

X2

0.097
0.0019
61.30

0.040
0.0012
60.96

df

16

11

13

P

<10-3

<10'

<10-3

A

1.191

k

0.0301
0.90
13.63

0.652
0.0225
0.93
5.60

0.358
0.0169
0.95
3.95

15

14

13

il
k

Zero-truncated

Tak

a(0)
X2

df
P

> 0.50

> 0.975

> 0.99

13

< 10'
0.441
0.0221
0.94

4.69
13

>0.975

Regardless of the data set, the results indicated by X2 values show that the zero-

truncated negative binomial distribution gives a better fit for all data sets.

The

proportions of true mf-zeros varied from 0.90 to 0.94 which indicate that a large
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proportion of the observed mf-negatives are true mf-zeros rather than the result of
sampling process error.
Fig. 111.5-8 present the expected mf frequency distributions arising from the fits

of the non-truncated and the zero-truncated negative binomial distributions to the Tak,
Kanchanaburi, Suratthani, and Narathiwat data.

The non-truncated distributions have higher skews than the zero-truncated
distributions. These results are confirmed by the parameter k, an inverse measure of the
degree of clumping, that tend toward zero at maximum clumping. For the non-truncated
distributions, k values were much lower than for the zero-truncated distributions (Table
Ill. 1).
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Figure III.1. Observed frequency distribution of bancroftian microfilarial (mf) counts in blood samples obtained from the Tak
data during 1978-1994; mf frequencies were transformed by logarithm before plotting.
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Figure 111.2. Observed frequency distribution of bancroftian microfilarial (mf) counts in blood samples obtained from the
Kanchanaburi data during 1978-1994; mf frequencies were transformed by logarithm before plotting.
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Figure 111.3. Observed frequency distribution of brugian microfilarial (mf) counts in blood samples obtained from the
Suratthani data during 1978-1994; mf frequencies were transformed by logarithm before plotting.
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Figure 111.4. Observed frequency distribution of brugian microfilarial (mf) counts in blood samples obtained from the
Narathiwat data during 1978-1994; mf frequencies were transformed by logarithm before plotting.

63

(A) Non-truncated
250
200

e 150 4N

E 100

\

50
0

N

(mot

rt

kr)

0

N.

00

a

C>

cs1

11

en

11

11

1
"0

Mf count
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Figure 111.5 Observed and expected frequency of bancroftian microfilariae resulting from
the fit of (A) non-truncated and (B) zero-truncated negative binomial distributions to the
Tak data.
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Figure 111.6 Observed and expected frequency of bancroftian microfilariae resulting from
the fit of (A) non-truncated and (B) zero-truncated negative binomial distributions to the
Kanchanaburi data.
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Figure 111.7 Observed and expected frequency of brugian microfilariae resulting from the

fit of (A) non-truncated and (B) zero-truncated negative binomial distributions to the
Suratthani data.
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Figure 111.8 Observed and expected frequency of brugian microfilariae resulting from the

fit of (A) non-truncated and (B) zero-truncated negative binomial distributions to the
Narathiwat data.
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Discussion

Over 99% of the Tak, Kanchanaburi, Suratthani, and Narathiwat data were
observed to be zero mf counts. This highly skewed frequency distribution of zero
samples is typical of filariasis (Park, 1988). Grenfell et al. (1990) reported 92% of zero

counts using the Vector Control Research Center (VCRC) data in Pondicherry, South
India. The authors suggested that the observed distribution was too skewed to represent

the spread of positive mf counts. As a result, a zero-truncated estimate was proposed
to give a better description of the mf density distribution in human populations.

Analyses of all data sets in this study confirmed the hypothesis that a large
proportion of observed mf-negatives are true mf-zeros. This proportion of human hosts
may be free from mf infection or possess either single-sex adult worms or reproducing

female worms (Grenfell et al., 1990). Less than 10% of the observed zero samples are

attributable to the sampling process.

For bancroftian filariasis, 7% (Kanchanaburi

province) and 10% (Tak province) of the total negatives appear related to sampling error.

For brugian filariasis, sampling errors were found to be 5% (Suratthani province) and

6% (Narathiwat province), respectively.

Das et al. (1990) analyzed bancroftian

distribution in Pondicherry, South India and reported that approximately 5% of the
observed zeros were identified as negative due to sampling process.

Srividya et al.

(1991) performed an equivalent test with brugian filariasis in Shertallai, Kerala, India and

found similar results (3 %-5%) for sampling effects.

However, the estimated percentage of sampling error is not an absolute number

and should be interpreted with caution because different models may give different
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results. In one study, the zero-truncated negative binomial model was found to give a

higher expected proportion of zeros due to sampling process than the Sichel distribution

(Grenfell et al., 1990). The negative binomial model may be a better model for fitting
mf-count data because it is relatively easy to estimate the parameters.

Varied sampling blood volumes have been found to confound the results.
Increasing sampling volume and sampling efficiency decreases the proportion of observed

mf-zeros (Denham et al., 1971; Southgate and Hamilton, 1974). Grenfell et al. (1990)
demonstrated that increased sampling volumes, in conjunction with increased A and k,
have a greater impact on decreasing sampling zeros than increased sampling efficiency
that only increases A. Large blood volumes are obtained from venous blood which may

have different concentrations of mf (Southgate and Hamilton, 1974; Sasa, 1976).
However, blood film based on finger-puncture blood is the most widely used and
recommended technique for field surveys (WHO, 1987).

The results from this study support the hypothesis proposed by Grenfell et al.

(1990) that only a small proportion of observed mf-negatives is attributable to blood
sampling process. These results should be borne in mind when epidemiological situations

are evaluated.

That is, observed mf-positives underestimate the figure.

The zero-

truncated probability distribution has proved to be suitable for calculating corrected age-

prevalence curves. Assessment of mf clumping with host age may be used as indirect

evidence of the operation of acquired immunity in human populations (Srividya et al.,

1991). The zero-truncated model is useful for data sets in which zero-counts are not
observed or are missing (Wyshak, 1974). Frequency distributions of bancroftian and
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brugian microfilariae in relation to human age and sex in Thailand were investigated and

are reported in the Chapter IV.
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CHAPTER IV
RELATIONSHIPS OF MICROFILARIAL COUNTS
WITH HUMAN AGE AND SEX IN THAILAND

Abstract
The effects of human age and sex on frequency distributions of bancroftian and

brugian microfilariae (mf) were assessed based on epidemiological data sets from

Thailand. A decrease in the degree of clumping of mf counts with human age was
evident for bancroftian infection.

This pattern suggests the existence of density-

dependent constraints on mf population. No such evidence was observed for brugian
microfilariae.

The analyses show no significant difference in indices of dispersion

between males and females in human populations.

Introduction
Human lymphatic filariasis is caused by the infection of certain filarial nematodes.

Adult worms reside in the lymphatic system and release their juveniles or microfilariae

(mf) into the blood stream.

The course of infection of lymphatic filariasis can be

divided, in the order of progressing disease development, into asymptomatic, acute, and

chronic stages (WHO, 1987). The asymptomatic stage shows no sign or symptom but

can be characterized by the presence of microfilaremia. The assessment of infection
prevalence and intensity (the number of mf per individual host) is of epidemiological
interest.

This information is useful for evaluating the success of a filariasis control

program (Southgate, 1984).
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The distribution of adult filarial worms, as indicated by the frequency distribution

of microfilariae in peripheral blood, is aggregated. The distribution is well described by

a negative binomial model (Das et al., 1990; Grenfell et al., 1990; Srividya et al.,
1991). As pointed out by Park (1988), the frequency distribution of mf counts can be
described statistically by a compound Poisson distribution, in other words, the negative
binomial distribution. The mf count data reflect the Poisson sampling procedure and the

underlying gamma distribution of mf density in the blood of human population.
Although, the measurement of mf counts in blood samples indirectly describes the adult

worm abundance (Southgate and Hamilton, 1974; Sasa, 1976), the result may
underestimate the actual infection prevalence. Observed mf-negative individuals can be

partitioned into those who are really free from filarial infection and those who are mf
positives but have been considered as mf negatives due to error in sampling procedure
(Grenfell et al., 1990). Blood sampling may not detect individuals having very low level
of microfilaremia and those who harbor single-sex adult worms or reproducing females.

Therefore, Grenfell et al. (1990) proposed the use of zero-truncated negative binomial

model to fit observed data in order to estimate the proportions of negative mf-counts
arising from sampling error and 'true' zeros.
Parasites exhibit aggregated distribution because hosts are heterogenous.

Variation in host susceptibilities to infection may be due to immunological, behavioral,
or microhabitat differences among hosts (Pacala and Dobson, 1988). Host age is a factor

that causes different patterns of parasite dispersion within a host population. Increasing

mean number of parasites per host and variance-to-mean ratio with host age is obvious
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in one study (Pacala and Dobson, 1988) while other studies (Das et al., 1990; Srividya

et al., 1991) exhibit contrary evidence. Several researchers found that the prevalence
and intensity of filariasis infection increase in the younger age classes, and then decline

in the adults (Vanamail et al., 1989; Das et al., 1990; Srividya et al., 1991). Anderson
and May (1985b) described the development of acquired immunity to helminth infection

within human populations using a simple mathematical model. Acquired immunity is
dependent on the accumulated experience of infection over time and an ability of host to
establish protective response against reinfection. In filariasis endemic areas, human hosts

continually acquire infection throughout their lives. Host immune responses, though,

provide only partial protection against reinfection, act to decrease the rate of filarial
worm establishment within host (Anderson and May, 1985b). Heterogeneity in exposure

to infection interacts with the rate of acquisition of immunity. The result can generate
changes in the degree of microfilarial clumping within age classes.
Controversial sex distributions in filariasis have been reported. Schultz (1988)

and Srividya et al. (1991) found that males and females show similar prevalence of
microfilaremia whereas Grove et al. (1978), Yangco et al. (1984) and Rajagopalan et al.

(1989) reported higher mf rates and infection intensity among males.

Cultural

differences such as clothings and occupations between males and females have been
considered to contribute to the transmission and maintenance of filariasis in a community

(Riji, 1983; Schultz, 1988; Rajagopalan et al., 1989).
In this study, frequency distributions of bancroftian and brugian microfilariae in

Thailand were analysed regarding to human age and sex.

The analyses aimed to

76

determine whether the frequency distributions change with human age and sex. If the

effect of host age on mf frequency distribution occurs, as suggested by Anderson and
May

(1985b),

it may indicate the evidence of acquired immunity in human hosts or of

density-dependent constraint on parasite population.

Materials and Methods
Data
The main analyses were based on epidemiological data sets collected by the
Filariasis Division, Royal Thai Ministry of Public Health. Because positive sample sizes
were very small for statistical comparisons among age-specific intensities of

microfilaremia, pooled data sets during

1978-1994

were used in this study. Representing

the analysis for bancroftian filariasis as a whole, data sets from Tak, Kanchanaburi,
Prachuab-kirikhun, Rajaburi, Petchaburi and Ranong provinces were combined. For
brugian filariasis, data sets from Suratthani, Nakorn-sri-thammarat, Chumporn, Pattani,

and Narathiwat provinces were included in the analysis.

Statistical analysis
Human hosts were grouped into age classes. The mean number of mf (m) and
the variance (s2) for each age class were calculated. The m values were estimated from

sample means and denoted as x. The parameters x and s2, according to Ludwig and
Reynolds

(1988),

were used for the estimations of two indices of dispersion and the

parameter k as follows:

ID= s2 jx
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GI= (s2 5E) -1/ (n-1)
where n = total number of mf in the sample

k =x/ (ID-1)
For small number of individuals (N <30), X2 test statistic was computed to test
for significant departures of ID value from 1.

x2=ID(N-1)
where N = total number of sampling individuals in the sample

For large sample size (N=30 or more), d statistic was computed as:
d=115(2-112 (N-1) -1

Differences in mf intensities and degree of clumping between sexes were
considered using t statistics.
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Results

For bancroftian filariasis, a total of 444,184 individuals (82.48% of the total
population in surveyed areas) were examined for microfilaremia during 1978-1994. Out

of the total examined individuals 2,152 persons were microfilarial (mf) positive which

resulted in the overall prevalence of 0.48%. However, 2,151 individuals (1,434 males
and 717 females) were evaluated for correlation of mf intensity with age. One individual

must be excluded from the study because the sex was not reported.

Table IV.1

summarizes mf-positive individuals by sex and age-class.

Table IV.1. Observed bancroftian mf-positive individuals found in six provinces of
Thailand during 1978-1994.
Age-class

Sex

Male
0-5
6-10
11-15
16-20
21-25

12
33
41
154

Total

Female
11

35

40
65

79

23
68
81

200
238
306
242
263
202

> 50

159
213
167
186
138
110
238

121

359

Total

1434

717

2151

26-30
31-35
36-40
41-45
46-50

93
75
77
64
59

169
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For brugian filariasis, blood examinations for microfilariae were performed
among 709,013 individuals (46.61% of the total population in surveyed areas).

overall prevalence of infection was 0.28% (1,998 mf-positive individuals).

The

Gender

identifications were missing in 6 mf-positive individuals and ages were not specified in

59 individuals. As a result, data on 1,933 individuals (1,262 males and 671 females)
were available for further analysis. Mf-positive individuals by sex and age-class are
summarized in Table IV.2.

Table IV.2. Observed brugian mf-positive individuals found in five provinces of Thailand
during 1978-1994.
Age-class

Sex

Total

Male

Female

0-5
6-10
11-15
16-20
21-25
26-30
31-35
36-40
41-45
46-50

65
179

122

> 50
Total

98

163
301

244

94
69
45
32
25
28
35
27
96

340

1262

671

1933

121
136

104
95
63
86
78
91

215
205
149
127
88
114
113
118

The distributions of bancroftian and brugian microfilariae in human populations

in Thailand are aggregated. The relationship between the mean and the variance of the
number of mf per human host confirmed the clumped dispersions (variance > mean as

indicated by the index of dispersion, ID). The X2 statistics, of specified age-classes,
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showed significant departures of ID values from 1 which suggested a clumped pattern.

The d statistics, d> 1.96, also agree with clumped dispersions (Table IV.3-4). Table
IV.5-6 present a comparison of two indices of dispersion, namely, the index of dispersion

(ID) and the Green's index (GI) across age-classes for each sex of bancroftian and
brugian filariases.

Table IV.3. The X2 and the d statistics computed by age-classes and sexes for bancroftian
data.
Age-class
0-5
6-10
11-15
16-20
21-25

26-30
31-35
36-40
41-45
46-50

> 50

X2*

d*

Male

Female

335.61

376.50

Male

Female

58.64
52.68
91.73
137.37
99.95
110.19
97.60
125.00
71.32
100.75

11.33

34.94
60.68
52.99
50.20
58.53
92.40
35.64
51.82
84.82

* For small sample sizes (N <30), X2 were used. For N=30 or more, d statistics were
computed.
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Table IV.4. The X2 and the d statistics computed by age-classes and sexes for brugian
data.

Age-class

X2*

Male

d*

Female

0-5
6-10
11-15
16-20
21-25

26-30
31-35
36-40
41-45
46-50

232.80
766.26

48.88

> 50

Male

Female

30.48
70.12
42.84
45.85
40.22
54.47
38.13
36.46
38.18
37.94
87.81

33.65
48.24
32.89
30.89
41.52
15.84

27.48
51.66

* For small sample sizes (N<30), X2 were used. For N=30 or more, d statistics were
computed.

Table IV.5. The index of dispersion (ID) and the Green's index (GI) estimated by ageclasses and sexes for bancroftian data.
Age-class

ID

Male
0-5
6-10
11-15
16-20
21-25
26-30
31-35
36-40
41-45
46-50

> 50

30.51
65.68

47.39
43.58
76.15
34.26
49.64
36.88
73.09
33.97
31.66

GI

Female

Male

Female

37.65

0.135
0.118
0.058
0.021
0.030
0.012
0.018
0.014
0.036
0.025
0.010

0.241
0.024
0.069
0.075
0.034
0.020
0.036
0.070
0.025
0.043
0.031

5.80
24.49
40.44
27.45
22.07
33.73
72.10
17.40
33.72
41.90
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For bancroftian filariasis, degree of clumping, as indicated by GI values,
decreases with human age. This finding may reflect the role of density dependence such

as acquired immunity.

Clumping is slightly higher in females than in males.

No

significant difference in GI values was observed between males and females (t=0.75,

df=20, P=0.460). Fig. IV.1 presents estimates for each age-class of the parameter m
for bancroftian filariasis. The overall mf intensity for males and females were 15.10 and
10.62, respectively.

The analysis showed that there was significant difference in mf

intensity between males and females (t=4.48, df=20, P=0.00023).

However, the

degree of clumping (k) in mf counts between males and females was not significantly

different (t=0.97, df=20, P=0.343).

That is, no significant heterogeneity in the

parameter k is obvious (Table IV.7). The mf intensity showed a peak in the younger
age-class and thereafter a slight fall in the adults. The result represents the role of
density-dependent factors. The k pattern was irregular and was contrary to GI values.

For brugian filariasis, females also had a slightly higher degree of clumping as
indicated by GI values (Table IV.6). However, the difference in GI values for males and

females was not significant (t = 2.05, df=20, P=0.053). No significant difference in mf

intensity between males and females was observed (t=1.13, df=20, P=0.270). Fig.
IV.2 shows estimates for each age-class of the parameter m for brugian filariasis. The
overall mf intensities in males and females were 7.08 and 6.40, respectively. Similar mf
intensities were observed across age-classes for both sexes. The parameter k were not

significantly different between males and females (t=1.06, df =20, P=0.302). No
significant trend with human age was observed in either m or k. In other words, there
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Figure IV.1. Comparison across age-classes of the mean numbers of bancroftian mf (m) between infections in males and
females.
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was no evidence of a decrease in the degree of clumping of mf counts with age (Table
IV.7).

Table IV.6. The index of dispersion (ID) and the Green's index (GI) estimated by ageclasses and sexes for brugian data.
Age-class

ID
Male

0-5
6-10
11-15
16-20
21-25

26-30
31-35
36-40
41-45
46-50

> 50

13.62
22.23
14.16
14.35
14.44
24.70
19.54
14.39
16.59
14.63
24.82

GI

Female

Male

11.65
16.80
11.62
13.29

0.026
0.016
0.015
0.014
0.020
0.046
0.034
0.025
0.031
0.021
0.012

29.38
9.02
9.70
28.38
18.71
1.88

22.52

Female

0.016
0.015
0.021
0.027
0.089
0.043
0.080
0.132
0.089
0.010
0.025

Table IV.7. The negative binomial parameter (k) estimated by age-classes and sexes for
bancroftian and brugian data.
Age-class
0-5
6-10
11-15
16-20
21-25
26-30
31-35
36-40
41-45

46-50

>50

Bancroftian
Male
Female

0.618
0.243
0.419
0.361
0.209
0.396
0.325
0.373
0.201
0.369
0.408

0.380
1.263

0.362
0.205
0.370
0.533
0.368
0.186
0.630
0.393
0.266

Brugian
Male
Female

0.589
0.355
0.565
0.513
0.475
0.231
0.471
0.458
0.420
0.530
0.342

0.623
0.562
0.500
0.543
0.251
0.728
0.506
0.272
0.324
3.750
0.422

10 T
9
8

7
6 1
5

4
3
2
1

0

4

0-5

6-10

-+
-H

11-15

16-20

21-25

26-30

31-35

36-40

41-45

46-50

>50

age-class
male

female

Figure IV.2. Comparison across age-classes of the mean numbers of brugian mf (m) between infections in males and females.
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Discussion
Bancroftian and brugian microfilarial distributions exhibit clumped dispersions in

human populations in Thailand. Pooled bancroftian data in six provinces and brugian

data in five provinces during 1978-1994 were analyzed by age-classes and sexes. All
statistics agree well with aggregated distributions where a few numbers of human hosts
harbor many microfilariae.

For bancroftian filariasis, the parameter k which inversely measures the degree
of clumping shows no increase trend with human age. This finding is opposite to a study

in Pondicherry, India where k increased linearly with age (Das et al., 1990). One reason

may be due to the estimation method used in this study. Because mf-negative counts are

missing, the parameter k, thus, was computed from the arithmetic mean of sample and
the sample estimate of variance. The obtained value of k is an initial estimate which
should be substituted into the following iterative equation:

logio (N/ No)

[1+ (Tc/k)

Therefore, k values obtained in this study may be higher or lower than they
should be. However, the parameter k is affected by the total number of individuals and
the number of mf counts (Ludwig and Reynolds, 1988). As a result, Green's index (GI)

was estimated in assessing the degree of clumping. GI values demonstrate the decrease
in the degree of clumping of mf counts with human age. This result corresponded to that

found by Das et al. (1990).

The finding may indicate the heterogeneity in mf

distributions with human age. The occurence of acquired immunity in human population
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and density-dependent factors on mf were suggested (Grenfell et al., 1990; Das et al.,
1990).

It should be noted that in this study mf intensities in males decrease with
increasing human age. This finding may also reflect the operation of acquired immunity

in older age-classes. However, the result was controversial in females which suggested
a heterogeneity between sexes. Other influences, such as behavioral and cultural factors,

should be taken into account and investigated further before any conclusions can be
drawn. Moreover, observed mf counts in this study may underestimate the true figure,
thus, may affect the results. A few studies demonstrated the effect of sampling mf zeros
which will increase the estimated proportion of mf-positive individuals (Das et al., 1990;

Grenfell et al., 1990; Srividya et al., 1991).

The results presented in this study,

therefore, should be viewed as rough estimates.

For brugian filariasis, the problems in the estimation of k were the same as for
bancroftian filariasis. Estimations of GI values indicated no decrease in the degree of

clumping of mf counts with human age for both sexes. The results were similar to a

study performed in Shertalli, India (Srividya et al., 1991). The authors suggested the
low mf prevalence in Shertalli was probably due to the long history of filariasis control.
Similarly, brugian filariasis in Thailand has been the subject of control efforts for a much

longer time than bancroftian filariasis. During 1978-1994, the average brugian infection

is 0.28% compared to 0.48% for bancroftian infection. The analyses in this study show
that the mean numbers of brugian mf counts were lower than those of bancroftian counts.
The average brugian mf counts were 7.08 and 6.40 for males and females compared with
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15.10 and 10.62 for bancroftian mf counts in males and females.

Similar

epidemiological studies in high infection areas should be carried out to clarify the results.

So far, the effects of human age on the frequency distributions of bancroftian and
brugian microfilariae are quite different. However, the results of both filarial infections
reflect heterogeneities among human hosts. Age-specific prevalences of infection have
not been analyzed under this study because the total number of surveyed individuals can

not be divided into age-classes. Moreover, observed mf-negative individuals can not be
stratified either into age-class or sex. Limitations in data analysis found in this study

have suggested a more careful data collection of future work in Thailand. Parameter
estimation to avoid underestimating of mf infection is of concern as well.
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CHAPTER V
DISTRIBUTION OF DIFFERENT PERIODICITY TYPE
BRUGIA MALAYI MICROFILARIAE
IN HUMAN POPULATIONS IN THAILAND

Abstract
The frequency distributions of brugian microfilariae in human populations in

Thailand have been analyzed and compared between the diurnal and the nocturnal
subperiodic types. Aggregation was observed for microfilariae of both periodicities. No

significant differences in parameters and statistics used in determining the clumped
pattern were apparent between the two types. Analyses confirmed that the negative
binomial model fits the observed microfilarial counts.

Introduction
In humans, most lymphatic microfilariae (mf) reside in the pulmonary capillaries

(WHO, 1987). A proportion of mf enters the blood stream where they can be detected
during the time of day which characterizes their periodicity. World Health Organization

Expert Committee on Filariasis (WHO, 1974) has suggested the term "periodic" to
describe the presence of mf in blood at some point in 24-hour cycle. Beyond that time,
mf are very few or absent. The nocturnal and the diurnal periodic types, therefore, show

a pronounced peak in mf density in blood taken during the night and the day hours,
respectively.

The term "subperiodic" characterizes mf that can be found in blood

throughout the 24-hour period with a regular minor peak during certain hours. The
density of the nocturnal subperiodic microfilariae increases slightly during the night
whereas the diurnal subperiodic type increases during the day.
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The human lymphatic microfilariae, Brugia malayi and Wuchereria bancrofti,
exhibit various periodicities in different geographic areas. The nocturnal subperiodic

type B. malayi occurs in Ralawan, Philippines (Cabrera and Rozeboom, 1965), in
Maluku, Indonesia (Oemijati et. al., 1986), in Sumatra and Kalimantan, Indonesia
(Palmieri et. al., 1985), and in Malaysia (Mak et. al., 1982). Turner and Edeson (1957)

reported the nocturnal periodic B. malayi in Penang, Malaysia. This type also occurs
in Sulawesi, Indonesia (Palmieri et. al., 1985). For W. bancrofti, the nocturnal periodic
type has been observed in Bukit Lanjan, Malaysia (Ramachandran, 1964), the nocturnal

subperiodic type in west Thailand (Harinasuta et. al., 1970a) and in Vietnam (WHO,
1987), and the diurnal subperiodic type in the East and South Pacific islands (Rosen,
1955; Hairston and Jachowski, 1968; WHO, 1987).
The distribution of B. malayi microfilariae in peripheral blood samples collected

from human populations in India were found to be aggregated (Srividya et. al., 1991).
Individuals within a population differ in their susceptibility to filarial infection. Thus,
aggregation of the parasitic nematodes in human hosts reflects heterogeneity within and

between individuals (Park, 1988). The heterogeneity may result from environmental

factors, behavioral and cultural differences, genetic variability, age, sex, or acquired
immunity (Riji, 1983; Anderson and May, 1985b,c; Haswell-Elkins et. al., 1987; Das

et al., 1990).
In Thailand, the nocturnal subperiodic type, B. malayi, has been the main cause
of brugian filariasis with Mansonia dives and Mn. bonneae being the major vectors. The

nocturnal periodic type has been found in some areas with Mn. uniformis, Mn. indiana,
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and Mn. annulata playing an important role in disease transmission (Suvannadabba,
1993). In 1985, the diurnal subperiodic type B. malayi was observed for the first time
in one district of Suratthani province (Filariasis Division, 1986b). Other endemic areas
within the same province and in adjacent provinces are still infested with the nocturnally
subperiodic type.

This study, therefore, investigates whether or not the frequency distributions of
brugian microfilariae, collected from human populations in Thailand, differ according to

nocturnal and diurnal subperiodic types.

Materials and Methods
The analyses were based on published data of Tambon Sci-kueng, Suratthani
province where the diurnal subperiodic B. malayi was discovered in 1985 (Filariasis
Division, 1986b). Observed mf counts of Tambon Su-ngai-padi, Narathiwat province
obtained from the same source represented the nocturnal subperiodic type. Possible mf-

count records of both Tambons after the year 1985 were also analyzed to determine if
the changes in frequency distribution of microfilariae occur over time.
The data were analyzed by using the BASIC program NEGBINOM (Ludwig and

Reynolds, 1988). Aggregation was based on a number of indices, namely, the index of

dispersion (ID), Green's Index (GI), the d statistics, the parameter k, and the goodnessof-fit test statistics (X2) (see Statistical models and methods in Chapter II).
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Results
The positive microfilaria (mf) infections of the diurnal subperiodic Brugia malayi

in Tambon Sci-kueng, Suratthani province and that of the nocturnal subperiodic type in

Tambon Su-ngai-padi, Narathiwat province are given in Table V.1. The infection level

of the nocturnal type is slightly higher than that of the diurnal type during the years
selected for study. No significant difference in the percentage of infection was apparent

at a=0.05 (t=0.65, df=2).
Table V.1. Positive microfilaria (mf) infections observed in Tambon Sci-kueng,
Suratthani province (the diurnal subperiodic type) and in Tambon Su-ngai-padi,
Narathiwat province (the nocturnal subperiodic type) in 1985, 1987, and 1993.
Year

Tambon Sci-kueng
No. examined % mf infection

Tambon Su-ngai-padi
No. examined % mf infection

1985

418

2.39

527

2.47

1987

3971

0.68

4735

1.63

1993

3907

0.08

4299

0.72

Tables V.2-3 summarize the parameters and statistics of Tambon Sci- kueng,
Suratthani province (the diurnal subperiodic type) and Tambon Su-ngai-padi, Narathiwat

province (the nocturnal subperiodic type) resulting from fitting the negative binomial
model to observed mf count data. The distributions of microfilariae exhibited clumped
pattern in human populations for both brugian types of periodicity. Each parameter and
statistical values fell well within the criteria used to determine the clumping distribution.

The variance-to-mean ratio or index of dispersion (ID) was much greater than one in all
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data sets.

The d statistics were also much higher than 1.96 which established that

aggregation of microfilariae exists in human populations in both areas studied.

Table V.2. Parameters and statistics of Tambon Sci- kueng, Suratthani province after
fitting a negative binomial model to observed mf frequency distributions.
Year

Sample
size

Parameters
m
k

X2

Statistics
df
ID

1985

418

0.37

0.005

4.62*

1

1987

3971

0.06

0.002

10.95

1993

3907

0.005

0.0003

NS

d

GI

29.41

127.75

0.18

5

15.71

264.10

0.07

NS

10.33

195.71

0.55

* Reject null hypothesis at a=0.05
Otherwise accept the null hypothesis at both 1% and 5% significance levels.
NS =Not sufficient frequency classes to perform the X2 test statistics.

Table V.3. Parameters and statistics of Tambon Su-ngai-padi, Narathiwat province after
fitting a negative binomial model to observed mf frequency distributions.
Year

Sample
size

Parameters
m
k

X2

df

Statistics
ID

d

GI

1985

527

0.57

0.005

3.50

1

27.37

165.85

0.12

1987

4735

0.16

0.005

8.54

5

25.00

389.24

0.03

1993

4299

0.03

0.003

5.12

2

19.23

313.85

0.14

All X2values accept the null hypothesis at both 1% and 5% significance levels.
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The parameter k was small in all data analyses (k = 0.0003-0.005) which suggested

that the degree of aggregation was high in both areas studied. The k value could not be

compared because it was affected by the total number of sampling individuals and the

number of mf counts in each individual. For a comparative measure of the degree of

clumping, Green's index (GI) was used. All GI values obtained from the analysis
represented a relatively low degree of clumping. Although, the nocturnal type exhibited
less aggregation (GI =0.03-0.14) in human populations than the diurnal type (GI --=0.07-

0.55), the difference was not significant at a=0.05 (t= 1.14, df =2).

Most chi-square test statistics were less than the critical values at the 5%
probability level, P > 0.05. Exception was the X2 value of the diurnal type in 1985 which

was less than the critical value only at the 1% probability level, 0.025 <P <0.05. The
negative binomial model, therefore, fits the observed data well.

Considering the mean number of mf per host (m) , individuals infected with the

diurnal type harbor less mf (m=0.005-0.37) than the ones infected with the nocturnal
type (m=0.03-0.57). Again, no significant difference was observed at a =0.05 (t = 0.89,

df=21).

Although, the prevalence of infection and the mean number of mf per

individual dropped from 1985 to 1993; changes in the degree of clumping as indicated

by Green's Index computed in this study are different.

For the diurnal type, GI

increased from 0.18 in 1985 to 0.55 in 1993. GI of the nocturnal type during the same
period also increased, though very slightly, from 0.12 to 0.14.
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Discussion

Frequency distribution of brugian microfilariae in human populations has been
studied widely in India (Srividya et al., 1991). This study compared, for the first time,
the frequency distributions of brugian microfilariae between the diurnal and the nocturnal

subperiodic types. The distributions of brugian microfilariae in human populations were
compared between Tambon Sci- kueng, Suratthani province and Tambon Su-ngai-padi,
Narathiwat province. Results suggested that the distributions were clumped. The diurnal

type exhibited slightly higher degree of clumping than the nocturnal type. However,

significant differences in parameters and statistics used in determining the clumped
pattern were not observed between the two types of periodicity.
Individuals within Tambon Sci -kueng and Tambon Su-ngai-padi may differ in
their susceptibility to filarial infection because a parasitic aggregation in the hosts reflects

heterogeneity within and between hosts (Park, 1988). Increased values for Green's Index

over the time period reflects a decreased degree of clumping. Decreased clumping may
be an indicator of acquired immunity in the communities (Anderson and May, 1985b).

If a population has no or little immunity to filarial infection, a large number of
individuals may be infected and show at least a few microfilariae.

As a result, this

population exhibits a certain degree of clumping. After acquired immunity is established,

less number of individuals are being infected. Hence, a lower degree of clumping is

observed. On the other hand, assuming that emigration does not occur in the infested
communities, the decrease in clumping over time may provide evidence for density-

dependent constraints on the parasite population (Anderson and Gordon, 1982).
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However, the results are not conclusive since the microfilariae have been analyzed rather

than the adult worms. Whether heterogeneity results from acquired immunity, genetic

variability of microfilarial strains, human behavior, or human cultural differences
requires further investigation.
Although nocturnal subperiodic microfilariae showed less degree of aggregation,
the prevalence of the infection was higher than that of diurnal subperiodic infection. The

mean number of microfilariae (mf) per individual infected with the nocturnal type was
also higher. Several assumptions may be made from these findings: 1) the nocturnal B.
malayi has more virulence or a higher reproductive rate, 2) hosts in nocturnal B. malayi
endemic areas are less heterogenous, and 3) nocturnal microfilariae survive and develop

to infective stage in mosquito vectors at a higher rate. Future works in these areas are
needed.

Poynton and Hodgkin (1938) suggested that different microfilarial periodicity may

be related with the biting habits of the vectors. A direct correlation has been observed
to occur between the biting habits of the mosquito vectors and the density of microfilariae

(Cabrera and Rozeboom, 1965). Several species of Mansonia mosquitoes have been
known to transmit B. malayi, the nocturnal type, in Thailand. These mosquitoes feed

at night with a peak density during 6.00-7.00 pm. (Filariasis Division, 1986a). An
entomological study in Tambon Sci-kueng, Suratthani province in 1985 revealed that
Mansonia mosquitoes were abundant in the same area that the diurnally subperiodic B.

malayi had been discovered (Filariasis Division, 1985). Unfortunately, the species of
those Mansonia mosquitoes were not reported. However, another entomological survey
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was done in that area in 1986 and it was found that Mn. bonneae were collected
throughout a 24-hour period.

The highest density occurred between 6.00-7.00 pm.

Some moderate peaks were observed from 2.00-3.00 am., 7.00-8.00 am., 10.00-11.00

am., and 3.00-4.00 pm. (Filariasis Division, 1986a). Therefore, Mn. bonneae may be
the vector of the diurnal B. malayi in Tambon Sci-kueng. Nevertheless, Mn. bonneae

collected from other brugian endemic areas showed a similar density pattern.

The

infective stage of B. malayi has been dissected from Mn. bonneae wherever it has been

collected. This information is not sufficient to answer specific questions, such as, what
has made the diurnal B. malayi different from the nocturnal type, how is the diurnal type

developed, what mosquito is actually the main vector of the diurnal brugian filariasis,
does the diurnal type persist in localities or how can periodicity be modified temporarily

due to the effect of human activities? Future studies on population dynamics of the
diurnal B. malayi and its mosquito vector and on factors related to disease transmission
should be conducted and compared to those of the nocturnal type.

A number of limitations was observed in present study. A major problem with
the data sets was the difference in the number of sampling individuals and the number

of mf counts observed from each individual that led to variation in frequency classes.
The sample sizes were quite small especially in 1985. Despite Green's index can be used

as a comparative index for data sets with different numbers of sampling individuals and

mf counts, the estimates are rough and cannot be used as absolute indicators. Erratic
surveillance has made these data sets difficult to analyze. A study about the periodicity
of brugian microfilariae in Tambon Sci-kueng and Tambon Su-ngai-padi was performed
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only once in 1985.

Although, blood samplings were conducted and mf positive

individuals were observed in 1987 and in 1993, no further confirmation on the periodicity

has been done. Therefore, the data of Tambon Sci -kueng in 1987 and in 1993 were

assumed to represent the infection of diurnal subperiodic type.
surveillance is necessary for this type of investigation.

Careful longitudinal
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SUMMARY
Human lymphatic filariasis has been a major health problem in Thailand for over

40 years. At its chronic stage, the disease causes not only abnormalities in the infected
organs but causes economic loss through inability to work. Two filarial parasites have

been found in the country, Wuchereria bancrofti Cobbold causing bancroftian filariasis
and Brugia malayi Brug causing brugian filariasis.
Host-parasite associations have been of particular interest because parasites may

play an important role in regulating the growth of their host population. It has been
suggested that the parasite's influence on the host's intrinsic growth rate is related to the

average parasite burden per host. Because adult worms can not be easily localized and

quantified in human hosts, the microfilariae (mf) reproductive stage can only be
indirectly measured. The vast majority of observed frequency distributions of parasites
in natural populations are clumped, that is, quite a few numbers of the host population
harbor the large numbers of the total parasite population. This evidence is also true for

mf frequency distributions in human populations in Thailand.

The distributions of

bancroftian and brugian microfilariae have been demonstrated to be aggregated in the six

studied provinces, although, the degree of clumping are slightly different. The negative
binomial probability model has proved to fit the observed data well. In this study, low

values of k, parasites that are highly aggregated, suggest that microfilariae do not play
a major regulatory role in natural populations of human hosts. However, the values of
other population parameters are missing, such as the instantaneous death rate of hosts due

to parasites and the instantaneous birth rate of the parasite transmission stage. These
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parameters are difficult to estimate in the field from natural populations. Nevertheless,
clumping distribution of filarial worms may indicate the operation of heterogeneity and

acquired immunity in human populations.

The design of selective chemotherapy

programs should focus on the heavily infected proportion of human populations.
Observed frequencies of microfilariae exhibited a large proportion of mf negatives

which may arise from a few possibilities.

First, that a proportion of the human

population is actually free from mf infection. Secondly, that infected hosts contain
reproducing or single-sex female worms. Finally, that sampling process affects the mfnegative samples. This study demonstrated that approximately 10% or less of observed
mf negatives was attributable to sampling process. Therefore, the observed mf positives
underestimate the true figure. The findings can help by providing a corrected estimation

of infected proportions of the human population.

Corrected estimation of infected

populations, in turn, will lead budget and resource plannings to its best effectiveness.
A density-dependent constraint, acquired immunity to filariasis infection, has been

suggested to operate on microfilarial populations.

An indirect assessment for the

operation of such evidence is to examine mf frequency distribution with human age.
Analysis for bancroftian data indicates a decreasing aggregation of mf dispersion with
human age. The result, thus, shows a heterogeneity in mf distributions which may
reflect the occurence of acquired immunity among individuals in a population. However,

whether the decreasing mf dispersion is caused by acquired immunity alone or in
combination with other factors is unclear. Besides, brugian microfilariae exhibit no such

trend in this study.

Future works are needed to clarify the differences of the
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observations.

Bancroftian data analyses show a significant difference in mf intensities across
human age-classes between males and females. The finding may suggest a heterogeneity

between sexes. Again, brugian data analyses exhibit a different pattern. No significant
difference in mf burden is observed between the two groups. Average mf intensities in

bancroftian cases are higher than those in brugian cases. A long history of brugian
filariasis control is suggested to cause this implications.

Brugian microfilariae in Thailand have exhibited two distinct patterns of
periodicity.

Although, the nocturnally subperiodic type has infested most brugian

endemic areas, the diurnal subperiodic type has only been found in one endemic area.

The distributions of both types of mf periodicity patterns were aggregated.

The

occurrence of microfilariae in peripheral blood corresponds to the blood feeding time of
their mosquito vectors.

This aspect should be studied more extensively because epidemiological records

are insufficient at present. The results of this study may be helpful in the designs of
vector control and evaluation of filariasis control programs.

107

BIBLIOGRAPHY

Amaral, F., G. Dreyer, S.J. Figueredo, J. Noroes, A. Cavalcanti, S.C. Samico, A.
Santos, and A. Coutinho. 1994. Live adult worms detected by ultrasonography
in human bancroftian filariasis. Am. J. Trop. Med. Hyg. 50:753-757.
Anderson, R.M. 1974. Population dynamics of the cestode Caryophyllaeus laticeps
(Pallas, 1781) in the bream (Abramis brama L.). J. Anim. Ecol. 43:305-321.

Anderson, R.M. 1978. The regulation of host population growth by parasitic species.
Parasitology 76:119-157.
Anderson, R.M. and D.M. Gordon. 1982. The regulation of host population growth by
parasite species. Parasitology 76:119-157.

Anderson, R.M. and R.M. May. 1985a. Helminth infections of humans: mathematical
models, population dynamics and control. Adv. Parasit. 24:1-101.
Anderson, R.M. and R.M. May. 1985b. Herd immunity to helminth infections and
implications for parasite control. Nature, 315:493-496.

Anderson, R.M. and R.M. May. 1985c. Age-related changes in the rate of disease
transmission: implications for the design of vaccination programmes. J. Hyg.
Camb. 94:365-436.

Begon, M., J.L. Harper and C.R. Townsend. 1990. Ecology: Individuals, Populations
and Communities, 2nd ed., Blackwell Scientific Publications, Boston, 945 pp.
Bradley, J.E. and F. Medeiros. 1994. Filariasis from the Lab to the Field. Parasitology
Today 10:87-89.

Cabrera, B.D. and L.E. Rozeboom. 1965. The periodicity characteristics of the filaria
parasites of man in the Republic of the Philippines. Am. J. Epid. 81:192-199.
Casley-Smith, J.R., C.T. Wang, and C. Zi-hai. 1993. Treatment of filarial lymphoedema

and elephantiasis with 5,6-benzo-alpha-pyrone (coumarin). British Med. J.
307:1037-1041.

Chanteau, S., J.P. Moulia-Pelat, P. Glaziou, N.L. Nguyen, P. Luquiaud, C. Plichart,
P.M. Martin, and J.L. Cartel. 1994. Og4C3 circulating antigen: a marker of
infection and adult worm burden in Wuchereria bancrofti filariasis. J. Infect. Dis.
170:247-250.

108

Chidchang, S. 1982. Medical Helminthology. Medarts Company Limited, Bangkok, 274
pp. (in Thai)

Chunhaswasdikul, B., J. Ketkaew, and P. Panard. 1989. Swamp area and filariasis
prevalence. Com. Dis. J. 15:23-37. (in Thai)
Crofton, H.D. 1971. A model of host-parasite relationships. Parasitology 63:343-364.

Das, P.K., A. Manoharan, A. Srividya, B.T. Grenfell, and D.A.P. Bundy. 1990.
Frequency distribution of Wuchereria bancrofti microfilariae in human populations
and its relationships with age and sex. Parasitology 101:429-434.

Denham, D.A., D.T. Dennis, T. Ponnudurai, G.S. Nelson, and F. Guy. 1971.
Comparison of a counting chamber and thick smear methods of counting
microfilariae. Trans. R. Soc. Trop. Med. Hyg. 65:521-526.

Desowitz, R.S. and B.A. Southgate. 1973. Studies on filariasis in the Pacific. 2. The
persistence of microfilaremia in diethylcarbamazine-treated populations of Fiji and
Western Samoa: diagnostic application of the membrane-filtration technique. S.E.

Asian J. Trop. Med. Pub. Hlth. 4:179-183.

Desowitz, R.S., S.J. Berman, and T. Puloka. 1976. Hyperendemic subperiodic
bancroftian filariasis: A search for clinical and immunological correlates of
microfilaraemia. Bull. Wld. Hlth. Org. 54:565-571.
Dietz, K. 1982. Overall population patterns in the transmission cycle of infectious disease

agents. In Population Biology of Infectious Diseases (ed. Anderson, R.M. and
R.M. May), Berlin: Springer Verlag, 87-102.

Dissanayake, S., H. Zheng, G. Dreyer, M. Xu, L. Watawana, G. Cheng, S. Wang, P.
Morin, B. Deng, and L. Kurniawan. 1994. Evaluation of a recombinant parasite
antigen for the diagnosis of lymphatic filariasis. Am. J. Trop. Med. Hyg. 50:727734.

Edeson, J.F.B. 1959. Studies on filariasis in Malaya: The accuracy of blood surveys.
Ann. Trop. Med. Parasit. 53:388-393.
Elliott, J.M. 1973. Some Methods for the Statistical Analysis of Samples of Benthic
Invertebrates. Scientific Publication No.25, Freshwater Biological Association,
Ambleside, Westmorland, Great Britain.

Esch, G.W. and J.C. Fernandez. 1993. A Functional Biology of Parasitism: Ecological
and evolutionary implications. Chapman & Hall, New York, 337 pp.

109

Fan, P.C. 1992. Diethylcarbamazine treatment of bancroftian and malayan filariasis with
emphasis on side effects. Ann. Trop. Med. Parasit. 86:399-405.

Faris, R., R.M. Ramzy, A.M. Gad, G.J. Weil, and A.A. Buck. 1993. Community
diagnosis of bancroftian filariasis. Trans. R. Soc. Trop. Med. Hyg. 87:659-661.
Filariasis Division. 1968. Report on Filariasis Control Project Jan.-Sep. 1961.
Department of medical and Hygiene, Royal Thai Ministry of Public Health,
Bangkok, 13 pp. (in Thai)
Filariasis Division. 1985. Annual Report. Department of Communicable Disease Control,
Royal Thai Ministry of Public Health, Bangkok, 84 pp. (in Thai)

Filariasis Division. 1986a. Annual Report. Department of Communicable Disease
Control, Royal Thai Ministry of Public Health, Bangkok, 98 pp. (in Thai)
Filariasis Division. 1986b. The periodicity of microfilaria in Thailand. Department of
Communicable Disease Control, Royal Thai Ministry of Public Health, Bangkok,
12 pp. (in Thai)
Filariasis Division. 1988. Knowing Filariasis. Veterans Authority publishing, Bangkok,
16 pp. (in Thai)

Filariasis Division. 1990. Control of Filariasis. A manual for local health personnels.
Royal Thai Ministry of Public Health, Bangkok, 14 pp. (in Thai)
Filariasis Division. 1992. Annual Report. Department of Communicable Disease Control,
Royal Thai Ministry of Public Health, Bangkok, 101 pp. (in Thai)

Filariasis Division. 1993a. Epidemiology of Lymphatic Filariasis. A paper distributed at
the Workshop on Filariasis Control for Provincial Health Personnel, Royal Thai
Ministry of Public Health, Bangkok, 18 pp. (in Thai)

Filariasis Division. 1993b. Annual Report. Department of Communicable Disease
Control, Royal Thai Ministry of Public Health, Bangkok, 96 pp. (in Thai)

Freedman, D.O. and R.S. Berry. 1993. Rapid diagnosis of bancroftian filariasis by
acridine orange staining of centrifuged parasites. Am. J. Trop. Med. Hyg.
47:787-793.

Gelband, H. 1994. Diethylcarbamazine salt in the control of lymphatic filariasis. Am.
J. Trop. Med. Hyg. 50:655-662.

110

Goodman, L.S. and A. Gilman. (eds.). 1975. The Pharmacological Basis of
Therapeutics, 5th ed. Macmillan Publishing Co., Inc., New York, 1704 pp.

Gowda, N.N. and V.A. Vijayan. 1992. Indoor resting density, survival rate and host
preference of Cu lex quinquefasciatus Say (Diptera: Culicidae) in Mysore City. J.
Comm. Dis. 24:20-28.

Gowda, N.N. and V.A. Vijayan. 1993. Biting density, behavior and age distribution of
Cu lex quinquefasciatus Say in Mysore City, India. S.E. Asian J. Trop. Med. Pub.
Hlth. 24:152-156.
Green, R.H. 1966. Measurement of non-randomness in spatial distributions. Res.
Pop. Ecol. 8:1-7.

Grenfell, B.T., P.K. Das, P.K. Rajagopalan, and D.A.P. Bundy. 1990. Frequency
distribution of lymphatic filariasis microfilariae in human populations: population
processes and statistical estimation. Parasitology 101:417-427.

Grove, D.I., F.S. Valeza, and B.D. Cabrera. 1978. Bancroftian filariasis in a Philippine
village: clinical, parasitological, immunological, and social aspects. Bull. WHO.
56:975 pp.
Guptavanij, P., C. Harinasuta, S. Sucharit, and S. Vutikes. 1971. Studies on subperiodic
Brugia malayi in Southern Thailand. S.E. Asian J. Trop. Med. Pub. Hlth.
2:44-50.

Hairston, N.A. and L.A. Jachowski. 1968. Analysis of the W. bancrofti population in
people of Western Samoa. WHO Bulletin 38:29-59.

Harinasuta, C., P. Guptavanij, D.K. Bell, T. Wilson, C.P. Ramachandran, and S.
Silvanandam. 1970a. Studies on the nocturnally subperiodic strain of Wuchereria
bancrofti from West Thailand. S.E. Asian J. Trop. Med. Pub. Hlth. 1:152-154.

Harinasuta, C., S. Sucharit, T. Deesin, K. Surathin, and S. Vutises. 1970b. Bancroftian
filariasis in Thailand: a new endemic area. S.E. Asian J. Trop. Med. Pub. Hlth.
1: 233-245.
Harwood, R.F. and M.T. James. 1979. Entomology in Human and Animal Health, 7th
ed., Macmillan Publishing Co., Inc., New York, 548 pp.

Haswell-Elkins, M.R., D.B. Elkins and R.M. Anderson. 1987. The distribution and
abundance of Enterobius vermicularis in a South Indian fishing community.
Parasitology 95:339-354.

111

Hawking, F. 1974. Filariasis in India. Prog. Drug Res. 18:173-190.

Kaul, S.M., V.K. Raina, R.D. Joshi, C.N.S.M. Koya, A. Kumar, and T. Verghese.
1992. Efficacy of diethylcarbamazine medicated salt in interrupting Brugia malayi
transmission in hill tribe settlements in Kerala State. J. Com. Dis. 24:16-19.

Kazura, J., J. Greenburg, R. Perry, G. Weil, K. Day, and M. Alpers. 1993.
Comparison of single-dose diethylcarbamazine and ivermectin for treatment of
bancroftian filariasis in Papua New Guinea. Am. J. Trop. Med. Hyg. 49:804-811.
Kumar, N.P., S. Sabesan, and K.N. Panicker. 1992. The resting and house frequenting
behavior of Mansonia annulifera, Mansonia uniformis and Mansonia Indiana, the
vectors of Malayan filariasis in Kerala State, India. S.E. Asian J. Trop. Med.
Pub. Hlth. 23:324-327.
Lammie, P.J. , M.L. Eberhard, L.E. Leiva, R.C. Lowrie Jr., and S.P. Katz. 1988. The
effect of diethylcarbamazine treatment of bancroftian filariasis on the
immunological reactivity of microfilaraemic individuals. Trans. R. Soc. Trop.
Med. Hyg. 82:726-729.

Li, Q.J., J.H. Duan, G.L. Hu, L.R. Yu, W.Q. Yang, L.Z. Li, and H.K. Ouyang. 1990.
Chung Kuo Chi Sheng Chung Hsueh Yu Chi Sheng Chung Ping Tsa Chih. 8:134137. (in Chinese)

Long, G.W., L.S. Rickman, and J.H. Cross. 1990. Rapid diagnosis of Brugia malayi
and Wuchereria bancrofti filariasis by an acridine orange/microhematocrit tube
technique. Parasitology 76:278-281.

Ludwig, J.A. and J.F. Reynolds. 1988. Statistical Ecology: A Primer on Methods and
Computing. A Wiley-Interscience Publication, New York, 337 pp.
Mak, J.W., P.K.F. Yen, K.C. Lim, and N. Ramiah. 1980. Zoonotic implications of cats
and dogs in filarial transmission in Peninsular Malaysia. Trop. Geogr. Med. 32:
259-264.

Mak, J.W., W.H. Cheong, P.K.F. Yen, P.K.C. Lim., and W.C. Chan. 1982. Studies
on the epidemiology of subperiodic Brugia malayi in Malaysia: problems in its
control. Acta Tropica 39:237-245.
Michael, E., B.T. Grenfell, and D.A. Bundy. 1994. The association between

microfilaraemia and disease in lymphatic filariasis. Proc. R. Soc. Lond. B. Biol.
Sci. 256:33-40.

112

Moulia-Pelat, J.P., P. Glaziou, N.L. Nguyen, D. Cardines, A. Spiegel, and J.L. Cartel.
1992. A comparative study of detection methods for evaluation of microfilaremia
in lymphatic filariasis control programmes. Trop. Med. Parasit. 43:146-148.

Moulia-Pelat, J.P., P. Glaziou, N.L. Nguyen, S. Chanteau, P.M. Martin, and J.L.

Cartel. 1993. Long-term efficacy of single-dose treatment with 400
micrograms.kg-1 of ivermectin in bancroftian filariasis: results at one year. Trop.

Med. Parasit. 44:333-334.

Murthy, P.K., A.M. Khan, A. Kapil, A.R. Sircar, J.C. Katiyar, and K.C. Saxena. 1993.
Avidin-biotin enzyme-linked immunosorbent assay (AB-ELISA) for the detection
of bancroftian filariasis. Ann. Trop. Med. Parasit. 87:299-302.

Oemijati, S., S. Djakaria, D. Ramschie, E. Sugiarto, M. Yasin, and Zulhasril. 1986.
The importance of communication with the foci of infection in the transmission
of filariasis in Indonesia. S.E. Asian J. Trop. Med. Pub. Hlth. 17:451-455.
Pacala, S.W. and A.P. Dobson. 1988. The relation between the number of parasites/host
and host age: population dynamic causes and maximum likelihood estimation.
Parasitology 96:197-210.

Palmier, J.R., S. Ratiwayanto, S. Masbar, S. Tirtokusumo, J. Rusch, and H.A.
Marwoto. 1985. Evidence of possible natural infections of man with Brugia
pahangi in South Kalimantan (Borneo), Indonesia. Trop. Geogr. Med. 37:239244.

Park, C.B. 1988. Microfilaria density distribution in the human population and its
infectivity index for the mosquito population. Parasitology 96:265-271.
Partono, F. 1984. Filariasis in Indonesia: Clinical manifestations and basic concepts of
treatment and control. Trans. R. Soc. Trop. Med. Hyg. 78:9-12.

Phantana, S., C. Shutidamrong, and W. Chusattayanond. 1987. Brugia malayi in a cat
from southern Thailand. Trans. R. Soc. Trop. Med. Hyg. 81:173-174.
Phantana, S. 1993. Parasitology of Filariasis. Filariasis Division, Department of
Communicable Disease Control, Royal Thai Ministry of Public Health, Bangkok,
18 pp. (in Thai)

Pichon, G., M. Merlin, G. Fagneaux, F. Riviere and J. Laigret. 1980. Etude de la

distribution des numerations microfilariennes dans les foyers de filariose
lymphatique. Tropenmedizin and Parasitologie 31:165-180.

113

Poynton, J.O. and E.P. Hodgkin. 1938. Endemic filariasis in the Federated Malay States.

cited from Turner, L.H. and J.F.B. Edeson. 1957. Studies on filariasis in
Malaya: the periodicity of the microfilariae of Wuchereria malayi. Ann. Trop.
Med. Parasitol. 51:271-277.

Raccurt, C.P., M. Mojon, and W.H. Hodges. 1984. Parasitological, serological, and
clinical studies of Wuchereria bancrofti in Limbe, Haiti. Am. J. Trop. Med. Hyg.
33:1124-1129.

Raccurt, C.P., R.C. Lowrie Jr., S.P. Katz, and Y.T. Duverseau. 1988. Epidemiology
of Wuchereria bancrofti in Leogane, Haiti. Trans. R. Soc. Trop. Med. Hyg.
82:721-725.

Rajagopalan, P.K., P.K. Das, S. Subramanian, P. Vanamail, and K.D. Ramaiah. 1989.
Bancroftian filariasis in Pondicherry, South India: 1. Pre-control epidemiological
observations. Epidem. Inf. 103:685-692.
Ramachandran, C.P. 1964. Nocturnally periodic W. bancrofti in Bukit Lanjan, Malaysia.
cited from WHO. 1987. Control of Lymphatic Filariasis: A Manual for Health
Personnel. Geneva, 91 pp.

Ramaiah, K.D., P.K. Das, N. Arunachalam, A.R. Rajavel, and K.P. Paily. 1992.
Observations on population density of Cu lex quinquefasciatus and transmission
indices of Bancroftian filariasis during and after Integrated Vector Management
strategy. J. Corn. Dis. 24:173-184.

Ramzy, R.M., O.N. Hafez, A.M. Gad, R. Faris, M. Harb, A.A. Buck, and G.J. Weil.
1994. Efficient assessment of filariasis endemicity by screening for filarial
antigenaemia in a sentinel population. Trans. R. Soc. Trop. Med. Hyg. 88:41-44.
Randolph, S.E. 1975. Patterns of distribution of the tick Ixodes trianguliceps Birula on
its hosts. J. Anim. Ecol. 44:451-474.

Reid, E.C. and E. Kimura. 1993. Microfilaria prevalence of diurnally subperiodic
Wuchereria bancrofti among people having a medical checkup in American Samoa

in the past 17 years. J. Trop. Med. Hyg. 96:118-123.
Riji, H.B.M. 1983. Cultural factors in the epidemiology of filariasis due to Brugia
malayi in an endemic community in Malaysia. S.E. Asian J. Trop. Med. Pub.
Hlth. 14:34-39.

Rosen, L. 1955. Observations on the epidemiology of human filariasis in French
Oceania. Am. J. Hyg. 61:219-248.

114

Sabry, M. 1988. A quantitative analysis of the diagnostic value of diethylcarbamazine
provocation in endemic Wuchereria bancrofti infection. Trans. R. Soc. Trop.
Med. Hyg. 82:117-121.

Samarawickrema, W.A., F. Sone, G.S. Paulson, E. Kimura, K. Uchida, and R.F.

Cummings. 1992a. Observations on Cu lex quinquefasciatus Say in relation to
transmission of filariasis due to subperiodic Wuchereria bancrofti in Samoa. Ann.
Trop. Med. Parasit. 86:517-522.

Samarawickrema, W.A., F. Sone, L.S. Self, R.F. Cummings, and G.S. Paulson. 1992b.
Distribution of breeding and control of the filariasis vector Aedes samoanus in leaf
axils of Pandanus in Samoa. Med. Vet. Entomol. 6:367-370.

Santhamma, K.R. and R.K. Raj. 1993. Quinone analogues: a drug of choice for the
control of filariasis. Biochem. Biophys. Res. Commun. 190:201-206.

Sasa, M. 1967. Microfilaria survey methods and analysis of survey data in Filariasis
Control Programmes. Bull. Wld. Hlth. Org. 37:629-650.
Sasa, M. 1976. Human Filariasis: a Global Survey of Epidemiology and Control.
University of Tokyo Press, Tokyo.
Schultz, G.W. 1988. A study of bancroftian filariasis on the islands of Batan and Rapu
Rapu, Philippines. S.E. Asian J. Trop. Med. Pub. Hlth. 19:207-214.

Scott, M.E. and G. Smith. 1994. Parasitic and Infectious Diseases: Epidemiology and
Ecology. Academic Press, San Diego, 398 pp.

Shenoy, R.K., V. Kumaraswami, K. Rajan, S. Thankom, and Jalajakumari. 1993. A
comparative study of the efficacy and tolerability of single and split doses of
ivermectin and diethylcarbamazine in periodic brugian filariasis. Ann. Trop. Med.
Parasit. 87:459-467.

Shutidamrong, C. and K. Karnchanopas. 1988. Mosquito vectors of Filariasis. Corn.
Dis. J. 14:1-8.
Sitthai, V. 1988. Studies on the relationship between periodicity of microfilariae of
Wuchereria bancrofti and the biting cycle of mosquito vectors in Tak province,
Thailand. Corn. Dis. J. 14:120-130. (in Thai)
Southgate, B.A. and P.J.S. Hamilton. 1974. Problems of clinical and biological
measurements in the epidemiology and control of filarial infections. Trans. R.
Soc. Trop. Med. Hyg. 68:177-186.

115

Southgate, B.A. 1984. Recent advances in the epidemiology and control of filarial
infections including entomological aspects of transmission. Trans. R. Soc. Trop.
Med. Hyg. 78:19-28.

Srividya, A., K. Krishnamoorthy, S. Sabesan, K.N. Panicker, B.T. Grenfell, and
D.A.P. Bundy. 1991. Frequency distribution of Brugia malayi microfilariae in
human populations. Parasitology 102:207-212.
Suvannadabba, S. 1993. Filariasis in Thailand. Filariasis Division, Department of
Communicable Disease Control, Royal Thai Ministry of Public Health, Bangkok,
11 pp.

Tawil, N.A. 1979. Microfilaraemia survey in Vientiane, Laos. S.E. Asian J. Trop. Med.
Pub. 11 lth. 10:483-485.

Turner, L.H. and J.F.B. Edeson. 1957. Studies on filariasis in Malaya: the periodicity
of the microfilariae of Wuchereria malayi. Ann. Trop. Med. Parasit. 51:271277.

Vanamail, P., S. Subramanian, P.K. Das, S.P. Pani, P.K. Rajagopalan, D.A.P. Bundy,
and B.T. Grenfell. 1989. Estimation of age-specific rates of acquisition and loss
of Wuchereria bancrofti infection. Trans. R. Soc. Trop. Med. Hyg. 83:689-693.

Vanamail, P., K.D. Ramaiah, and P.K. Das. 1993. Risk of infection of Wuchereria
bancrofti to humans by Cu lex quinquefasciatus in Pondicherry and its relationship
with microfilaria prevalence. Acta Tropica 55:237-247.

Vijayan, V.A. and N. Ningegowda. 1993. Susceptibility difference in two populations
of Cu lex quinquefasciatus Say (Diptera: Culicidae) to three synthetic pyrethroids.
S.E. Asian J. Trop. Med. Pub. 11 1th. 24:540-543.
Weller, P.F. and E.A. Ottesen. 1978. Failure of diethylcarbamazine as a provocative test
in subperiodic Wuchereria bancrofti filariasis. Trans. R. Soc. Trop. Med. Hyg.
71:31-32.

WHO. 1974. WHO Expert Committee on Filariasis, Third Report. Tech. Rep. Ser. No.
542, 54 pp.
WHO. 1987. Control of Lymphatic Filariasis: A Manual for Health Personnel. Geneva,
91 pp.

WHO. 1992. Lymphatic Filariasis: The Disease and Its Control. Geneva, 75 pp.

116

Wilson, R.A. 1993. Immunity and immunoregulation in helminth infections. Curr. Opin.
Immunol. 5:538-547.

Wyshak, G. 1974. A program for estimating the parameters of the truncated negative
binomial distribution. Appl. Stat. 23:87-91.

Yangco, B.G., A.L. Vincent, A.C. Vickery, J.K. Nayar, and D.M. Sauerman. 1984.
A survey of filariasis among refugees in South Florida. Am. J. Trop. Med. Hyg.
33:246-251.

Zahedi, M., J. Jeffery, and W.O. Abdullah. 1992. The migration and distribution of
Brugia malayi microfilariae in a susceptible strain of Armigeres subalbatus. Mosq.

Borne Dis. Bull. 9:81-85.

