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ABSTRACT

The immunity induced by radiation attenuated L of Brugia pahangi was studied in a mouse
model, with the aim of dissecting the mechanisms of immunity stimulated by irradiated parasites.

Mice immunised s.c. with 45 kRad attenuated L, on day 0 and day 7 were strongly immune (75-
100%) to a challenge infection administered on day 14. Challenge infection larvae were killed
by day 6 p.i. ie. as L;. Studies on the fate of irradiated L; administered i.p. in the mouse
demonstrated that there was a significant level of larval attrition (>90%), between days 7-14
corresponding to the Ly-L, moult.

Serum from immune mice recognised a limited subset of somatic antigens by immunoblotting
and immunoprecipitation of >>S metabolically labelled parasites. The majority of these antigens
were present in all life cycle stages, although immunoblotting revealed an L, specific component
at 33 kDa. The limited antigen recognition was shown not to be a strain dependant
phenomenon as serum from CBA/Ca mice revealed a similar limited antigen recognition.
Incubation of immune serum with phosphoryicholine revealed by ELISA that a significant
proportion of the immune response was directed to non PC epitopes. Larval surface antigens
were also strongly recognised by immune mouse serum, although immunochemical analysis
failed to reveal the nature of these antigens.

Analysis of the cellular response demonstrated that spleen cells from immune mice proliferated
briskly in vitro in response to both adult and larval antigen. Spleen cells from control, uninfected
mice showed minimal proliferation in response to parasite antigen. When stimulated in vitro with
adult antigen or the non specific T cell mitogen Con A at optimal concentrations, spleen cells
from immune mice secreted a profile of cytokines (IL-4, IL-5 and IL-9) which indicated that the
Th2 subset of CD4 cells had been expanded. Immune mice also exhibited a significant
peripheral eosinophilia and had a raised titre of parasite specifc IgE. Mice infected with normal
L; secreted a similar profile of cytokines raising the question of whether the induction of Th2
cells was a consequence of infection or immunity.

Neutralisation of CD4 and CD8 cells in vivo, demonstrated that CD4 cells were important in
conferring immunity, in this model system. /n vivo depletion of IL-5 failed to demonstrate that
IL-5 was the critical element of the Th2 immune response.

Attempts were made to analyse the enhanced immunogenicity of irradiated parasites using the
jird model. Protein synthesis in irradiated parasites did not differ from that in normal parasites.
The longevity of irradiated parasites was reduced, and those which survived were stunted.
Proliferative responses were compared in jirds given normal or irradiated L, and in contrast to
previous studies no immunosuppression was observed. The reason for the enhanced
immunogenicity of irradiated parasites remains unclear.
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CHAPTER ONE : INTRODUCTION

1.1 The parasite

The lymphatic filariae (superfamily Filarioidae) are the causative agents of lymphatic filariasis,
a serious disease of man. Three parasites belonging to two genera are responsible for the
disease, namely Wuchereria bancrofti, Brugia malayi and Brugia timori. Filarial worms, like other

nematodes, have five developmental stages in their life cycle (Fig. 1.1).

Infection of man is initiated by the deposition of infective third stage larvae (Ls) on the skin by
a blood feeding mosquito vector. Studies on cats and monkeys (Ewert & El Bilhari, 1971; Ewert
& Ho, 1967) have shown that L; enter the lymphatics within a few hours of infection. They
migrate with the flow of lymph to the perinodal lymph sinus of the nearest lymph node and
moult to the L,. They later migrate against the flow of lymph and return to the afferent
lymphatic where they remain for the rest of their life. After two months they become fifth stage
adult worms. The adults are long and thread-like in appearance, with females measuring 80-
100mm x 0.25mm. After mating, the viviparous females release microfilariae (mf) rather than
eggs, which migrate from the lymphatics to the bloodstream. If they are then ingested by a
blood feeding mosquito, they migrate to the thoracic muscles and moult twice to become L.
The L leave the muscles and are distributed throughout the body cavities of the mosquito, with
a preference for the mouthparts (Denham & McGreevy, 1974). When the mosquito next takes

a bloodmeal, the L; may be transmitted to a new host and the life cycle continued.

Wuchereria and Brugia spp. may be categorised on the basis of natural host range, mf
periodicity and vector susceptibility. The nocturnal periodic form of W. bancrofti is the most
widespread form of the parasite (see 1.2.1) and transmitted mainly by Culex spp. of mosquito
but also to a lesser extent by Anopheles and Aedes spp. Man is the only natural host of W.
bancrofti which has made experimental studies difficult. A relatively new species of parasite, W.

kalimantani has been isolated from the silver leaf monkey (Presbytis cristata) in Indonesia.
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Presbytis spp. has since been experimentally infected with W. bancrofti (Cross et al, 1979;

Sucharit et al 1982; Palmieri et al, 1982) which has facilitated experimental studies on W.

bancrofti (eg. Morgan et al, 1986).

Mansonia spp. is the major vector of B. malayi with Anopheles and Coquillettidia spp. also
playing an important role. A variety of non-human primates, such as gibbons, leaf monkeys and
orang-utans, present in South East Asia play a significant role in the epidemiology of human
brugian filariasis (WHO, 1984). Of more importance in urban areas, domestic cats have been
shown to be a reservoir host for sub-periodic B. malayi, a zoonosis. Their infection rate in a
study in Malaysia (6.9%) is thought to correlate closely with the infection rate in the human
population and, due to their close association with man, may form an important reservoir of

infection.

B. pahangi, the animal relative of B. malayi, is common in wild and domestic animals in South
East Asia (eg. Laing et al, 1960; Mak et al, 1980; Mak, 1984). B. pahangi has been
experimentally transmitted to humans (Edeson et al, 1960). There have been reports of natural
human infection in South Kalimantan and Indonesia (Palmieri et a/, 1985) but these reports have
not been proven by subsequent passage to animals. A search for human B. pahangi infection
in Malaysia has not been successful. B. timori is nocturnally periodic, found only in man and

is transmitted by Anopheles barbirostris.

1.2 The disease
The disease is rarely fatal, although it can be debilitating and is responsible for significant
morbidity in parts of the developing world. Lymphatic filariasis is a disease of poverty, and

socio-economic and behavioural factors play an important part in transmission.



Figure 1.1 Life cycle of lymphatic filariae
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Figure 1.2 Distribution map of lymphatic filariasis
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1.2.1 Prevalence and distribution
The distribution of lymphatic filariasis is shown in Fig. 1.2. The disease is concentrated in
tropical and subtropical areas of the globe which facilitate mosquito breeding with two-thirds of

infected people being in China, India and Indonesia.

Of the estimated 90.2 million people infected, brugian filariasis accounts for 10% (8.6 million),
with the remaining 90% (81.6 million) due to bancroftian filariasis (WHO, 1984). When
determining prevalence, it is important to count those individuals with circulating mf plus those

with chronic disease symptoms who often have no circulating mf.

B. timori (not shown in Fig. 1.2) has a very small focus of infection and has been detected only
on the Indonesian islands of Timor, Flores, Rote and Alor (Oemijati & Lim, 1966; Kurihara &

Oemijati, 1975).

1.2.2 Diagnosis

Diagnosis is routinely made by staining blood films for the presence of mf. Light mf carriers
may be missed using this method and Nuclepore filtration is a more sensitive method. In a
study to compare different methods of detection of parasites, Nuclepore filtration was almost
twice as sensitive as conventional blood smears and counting chambers (Southgate, 1974).
Routinely 1-10ml of venous blood is filtered through a 5um filter which can then be stained with
Giemsa. The disadvantages of this technique are the expense, the requirement of personnel
who are skilled at venepuncture and the reluctance of people to subject themselves to
venepuncture (Denham & McGreevy, 1974). In areas where the infection is periodic, blood
should be obtained at night. This involves setting up night clinics and good cooperation with
local people is essential for the success of epidemiological studies. An additional problem is
occult infection, ie. where mf are not present in the circulation. Certain disease states, ie.
chronic pathology, are associated with a loss of mf from the circulation. Mf will also not be

present during the pre-patent stage or in single sex infections. The mf can be important in
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diagnosis. Lymphatic filariae mf are sheathed, whereas in other species of filariasis, such as
Onchocerca and Mansonella, the sheath is lost. The position of the nuclei in the mf is also

important in diagnosis.

1.2.2.1 Diagnosis in experimental studies

Serodiagnosis, using for example ELISA or IFAT, is unreliable as antibody responses in filariasis
persist after clearance of infection. It is therefore difficult to distinguish between past and
current infection. An additional problem is the cross-reactivity of antibody responses with
heterologous infections. In an attempt to improve the current state of serodiagnosis, studies
are in progress using a variety of different approaches. For example, several groups are
investigating the use of recombinant peptides prepared from gene libraries (Selkirk et al, 1989;
Werner et al, 1989). The identification of more specific antigen fractions should limit cross-

reactivity with other helminths.

Some success has been achieved by measuring a circulating antigen bearing the PC epitope
which has been shown to correlate with the level of worm burden (Day et al, 1991a, 1991b).
In these studies a McAb, Gib13, was used to measure the level of antigen in serum using a two-
site immuno-radiometric assay (IRMA) (Forsyth et al, 1985). The antigen bearing the PC epitope
was subsequently identified using immunoblotting as a 200 kDa component (Lal et al, 1987).
The justifications for using levels of PC as an indication of worm burden are many. Firstly, levels
of this molecule decline but do not completely clear after treatment of W. bancrofti-infected
individuals with DEC (Weil et al, 1988; Day et al, 1991c). This observation is consistent with the
view that DEC, when used in conventional doses, does not appear to kill all adult worms in an
infected host (Ottesen, 1985). Secondly, levels of PC-antigen correlate with total worm mass
and adult female worm burden in a density-dependent manner in B. malayi infected jirds

(Wenger et al, 1988).

However, PC is cross-reactive between different helminth, non-helminth and even non-parasitic
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infections. In an attempt to try and find a more specific indication of current infection, a study
was carried out which evaluated the IgG subclass response to surface and somatic antibodies
(Kwan-Lim et a/, 1991). In this study a comparison was made between two villages in Papua
New Guinea, one where filarial transmission was high and another where transmission has been
interrupted by a 20-year insecticide programme to control malaria. The results of this study
showed that residents of the village where transmission had been interrupted had a dramatically
reduced 1gG4 antibody response to both adult ES and adult somatic antigens. High levels of
IgG4 antibody to adult ES and adult somatic antigen therefore appeared to be an indicator of

current infection.

1.2.3 Control
Control of lymphatic filariasis is best effected when personal protective measures, vector control
and chemotherapy are used in conjunction. They should be integrated into a primary health

care system and involve the whole village.

Personal protection involves simple measures, such as use of screens, closing windows, burning

mosquito coils and the use of bednets sprayed with a pyrethroid insecticide.

Vector control depends on the species of mosquito involved. The spread of Culex spp., a
species of mosquito which thrives in poor urban sanitation, can be reduced by proper disposal
of sewage and water waste and covering sanitary and latrine pipes with mosquito gauze. Aedes
spp. can be reduced by filling in pools, drainage and the use of larvivourous fish (eg. Pirocilia
reticulata). Mansonia spp. can be limited by the removal of Pistia and other host plants using
salvina. Malaria control programmes, where houses have been sprayed with DDT, have also
reduced filarial transmission in the same areas. Where there are animal reservoirs of infection,
control is more difficult. When non-human primates are involved, removal of trees from around

the village lessens chances of transmission and reduces the vector level, (Mak, 1987).



8

DEC has proved the most effective form of chemotherapeutic control. It is routinely
administered as tablets, but can also be given as medicated salt on a mass scale. Its effects
on filarial infection are well described (Ottesen, 1985). The drug is an effective microfilaricide
but is less potent against adults. Mf are cleared rapidly and this effect is sustained for a period
of 1-6 months, followed by a gradual re-establishment of microfilaraemia. A longitudinal study
by Partono et al (1989) in Flores, Indonesia, where individuals were given repeated DEC
administration indicated there had been a macrofilaricidal effect. In that study, the assessment
made six years after chemotherapy had finished, showed that mf levels had been reduced to

zero and that there was a substantial reduction in elephantiasis and adenolymphangitic disease.

DEC has also been shown to have a partial macrofilaricidal effect in Papua New Guinea. Day
et al (1991) showed reduced levels of a 200 kDa PC antigen, a correlate of adult worm burden,
in a population treated with DEC. Dying worms can also be seen in histological examinations
of biopsy material after DEC treatment (Ottesen, 1985). It is essential that symptomless carriers
are included in chemotherapeutic control. They are often reluctant to take DEC as it may
provoke an unpleasant reaction as the mf are cleared from the circulaton. Trials are now

underway to evaluate the potential of ivermectin which is the drug of choice for Onchocerciasis.

1.3 Immunology and clinical symptoms
Infection with lymphatic filarial parasites provokes a wide range of clinical symptoms (Fig. 1.3),

the host-parasite interaction at an immunological level largely determining the clinical outcome

of infection.

Fig. 1.3 Spectrum of clinical manifestations of lymphatic filariasis in endemic
regions

A B C D E

None Asymptomatic Filarial Chronic Tropical

?Infected Microfilaraemia Fevers Pathology Pulmonary

?lmmune Eosinophilia

Adapted from Ottesen (1984).
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Each of the disease states will be discussed in detail below. The first clinical signs of disease
usually start 8-16 months after infection, although this period may be much longer for residents
of an endemic area and shorter for immigrants. There may be lymphangitis (inflammation of the
lymph ducts), in particular in the groin region, episodes of fever, nausea, headaches and
possibly a rash. Sometimes there is lymphadenitis (inflammation of the lymph nodes). People
infected with nocturnal, periodic W. bancrofti and B. malayi are only affected in the lower limbs,
whereas sub-periodic W. bancrofti affects the lymphatics of the upper limbs as well. The lymph
channels eventually become blocked by the infiltration of plasma cells and the surrounding
tissue is bathed in lymph. Eventually, calcification occurs and there is growth of several

kilograms of new tissue. This chronic disease may take 10-15 years to develop.

a. No clinical /parasitological symptoms

This group comprises individuals in endemic areas who are exposed to large numbers of

infective bites yet remain apparently clear of infection. These people are often termed "endemic
normals” and form a particularly interesting study group. Their immune responsiveness is
significantly greater than patients with lymphatic disease or asymptomatic microfilaraemics. This
is true whether cellular (Ottesen et al, 1977) or antibody (Ottesen et al, 1982) responses are
examined. A problem in studying this group has been the inability to distinguish between
individuals who are truly immune and those harbouring an occult infection, ie. this group is

probably heterogenous in nature.

In a study in the Cook Islands, an area hyper-endemic for W. bancrofti infection, Freedman et
al (1989) examined the serological response of two groups of individuals at opposite ends of
the clinical spectrum. One group was asymtomatic microfilaraemic (mf+ve) and the other was
a group of endemic normals. Strict measures were taken to ensure the latter group were not
infected. After a detailed clinical examination, 12 individuals were subejcted to seven separate
nucleopore filatrations at different times of the day. None of this group had a reaction to DEC,

indicative of filarial infections, but 5 out 12 of the group were subsequently eliminated on the
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basis that they were not completely negative in a circulating antigen assay (Lal et al, 1987).

All the serum from the endemic normal group was found to preferentially recognise a 43 kDa
L; specific antigen by immunoblotting and it was suggested this antigen may play a role in
protective immunity. One out of the twelve asymptomatic microfilaraemics also recognised this
antigen and it was hypothesised that this person may exhibit a state of concomittant immunity
seen in other infections (Smithers & Terry, 1976) and in experimental filarial infections in cats
(Denham et al, 1983). A striking feature of this study was that out of a sample survey of 459
only a very small number (7/459; 1.53%) were considered to be free of infection. The Cook
Islands is a hyper-endemic area and these resuits are in accordance with those of Day (1991)
who hypothesised that in another area hyper-endemic for W. bancrofti, Papua New Guinea, there
appeared to be no endemic normals. This was based on the results of a similar circulating

antigen assay.

b. Asymptomatic microfilaraemic

This group of individuals form the largest number of people in a filarial endemic area. They are
the least immunologically reactive to parasite antigens, although their response to unrelated
antigens remains intact. Immune responsiveness is restored after treatment with DEC (Francis
et al, 1985; Ackerman et al, 1990; Ramaprasad et al, 1988; Lal & Ottesen, 1989). This hypo-
responsiveness to parasite antigens can be shown by impaired B and T cell responses. T cell
responses are manifested by reduced proliferation in response to adult and mf antigen (Ottesen
et al, 1977; Piessens et al, 1980a, 1980b) as well as a reduced /n vitro IL-2 and IFN-y production
when compared to patients with chronic pathology (CP)or tropical pulmonary eosinophilia (TPE)

(Nutman et al, 1987a).

Asymptomatic microfilaraemics also have the lowest levels of serum antibody to parasite
antigens (Ottesen et al, 1982; McGreevy et al/, 1980). Nutman et a/ (1984) showed that people

in this group infected with W. bancrofti had impaired Ig production to parasite antigens in vitro.
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A subsequent study (Nutman et al, 1978b) using pokeweed mitogen (PWM), a T cell dependent
B cell mitogen, failed to stimulate parasite specific Ig production in vitro from microfilaraemics
although PBMC from patients with TPE and CP produced significant amounts of parasite specific
antibody.

Initially a number of factors were proposed to account for this apparent B and T cell tolerance,
such as suppressor T cells, suppression by monocytes or soluble suppressive parasite products.
One study found that microfilaraemics had an abnormally low ratio of CD4 : CD8 cells, a
phenomenon which returned to normal after treatment with DEC (Piessens et al, 1983).
However, this contrasts with studies by Nutman (1984) who failed to show an
immunomodulatory role for CD8 cells or monocytes. Removal of one or both groups of cells

from the PBMC of W. bancrofti infected patients failed to restore the low level of proliferation.

As both parasites and circulating parasite antigens can be detected in asymptomatic mf+ve's
it is possible that parasite antigens may play a part in suppression. Indeed, serum from this
group can selectively suppress the parasite antigen induced lymphocyte proliferation from

amicrofilaraemics with chronic pathology (Piessens et al, 1980b).

High levels of polyclonal and parasite specific IgE are characteristic of filarial infection although
allergic reactions are rarely seen. High levels of parasite specific IgG4 are also characteristic
of filarial infection (Ottesen et al/, 1985) and it has been proposed that IgG4 acts as a blocking
antibody, modulating the hypersensitivity reaction normally induced by IgE (Ottesen et al, 1981,
Ottesen, 1985). It is thought that IgG4 acts by inhibiting the release of histamine from mast and
basophil cells sensitised with parasite antigen (Ottesen et al, 1981). Indeed, it has been shown
that IgE and 1gG4 recognise similar filarial antigens on a blot (Hussain & Ottesen, 1985). IgG4
has also been shown to bind to human basophils and primate mast cells (eg. Stanworth &
Smith, 1973). A mechanism of co-expression of IgE and IgG4 has also been suggested due to

their close association on the human CH gene (Hussain & Ottesen, 1986). Hussain and Ottesen
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(1985) suggested that the ratio of IgG4 : IgE may be an important factor in the modulation of
hypersensitivity reactions. The levels of blocking antibody (IgG4) are though to be up to 10-100
times greater in microfilaraemics than in those patients with TPE. It is also interesting to note
that IgG4 responses are known to depend on prolonged or chronic antigen exposure (Aalberse

et al, 1983) as would occur in those people.

Using a filter spot ELISA (ELISPOT), King et al (1992) showed that microfilaraemics had a
reduced frequency of antigen reactive lymphocytes. Parasite specific IgE secreting B cells were
found in 14% of microfilaraemics compared to 65% with chronic pathology. The percentage of
parasite specific B cells (expressed as a percentage of B cells secreting polyclonal 1gG) was
0.3% in asymptomatic mf +ve’s compared to 1.8% in those with chronic pathology. It was
suggested that the low frequency of parasite specific B cells in microfilaraemics probably reflects
areduced number of parasite antigen reactive T lymphocytes. The immune hyporesponsiveness
of asymptomatic mf +ve's may be expressed by a state of tolerance. Exposure of immature
T or B cells to filarial antigens may result in the deletion of an antigen reactive T cell clone, ie.

clonal deletion.

One hypothesis which may explain this apparent tolerance is the possibility of in utero prenatal
sensitisation to filarial antigens. This has been supported by the observation that antibodies of
isotypes that do not cross the placenta (ie. IgE and IgM) have been found in the cord blood of
a proportion of babies born of infected mothers (Weil et al, 1983) or in the cord sera of a
number of babies born in a region endemic for W. bancrofti (Dissanayke et al, 1980).

Unfortunately there have been no longitudinal studies of these babies.

Another mechanism of tolerance discussed by King et a/ (1992) was peripheral tolerance caused
by clonal anergy. This was initially proposed by Maizels and Lawrence (1991) who described
clonal anergy as lymphocytes being exposed to antigen but failing to respond due to the lack

of an accessory signal. This may be a result of a "defect" in antigen presentation. Once
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anergised, T cells are unresponsive to specific antigen, even if subsequently presented together
with additional co-stimulatory signals. Maizels and Lawrence also suggested that this tolerance
may be stage specific. Hyporesponsiveness to one life cycle stage does not rule out immune
responsiveness to another. Both groups implied that differing ratios of cross-regulatory T cell

subsets may play a role in tolerance; this issue will be addressed later.

It has also been suggested that genetic factors may play a role in predisposition to infection,
as they do in other helminth infections. Binding to major histocompatible (MHC) antigens may
form part of the co-stimulatory signal required for antigen presentation (Maizels & Lawrence,

1991). However, relatively few studies have examined the role of the MHC in filariasis.

. Filarial fevers and chronic pathology

Although some individuals in endemic areas remain asymptomatic for many years and even life,
others develop intermittent episodes of lymphatic or lymphangitic inflammation known as filarial
fevers. The cause of these fevers has not been well explained, although they clearly play a role

in promoting lymphatic damage and pathology characteristic of chronic filarial disease.

The group with filarial fevers has not been extensively studied as they are commonly grouped
together with patients suffering from chronic pathology. Both groups show a greater cellular
and humoral immune responsiveness to parasite antigens than asymptomatic microfilaraemics
(Ottesen et al, 1977; Piessens et al, 1980b; Ottesen et al, 1982). Ottesen (1984) speculated that
increased immune recognition of parasite antigens brought not only clearance of mf from the
blood but also increased local inflammatory reactions leading to subsequent pathology. Nutman
et al (1987a) showed the PBMC from patients with chronic pathology secreted increased levels
of IL-2 and IFN-y, compared to symptomless carriers when stimulated in vitro with parasite
antigens. Similar levels of both cytokines were produced in response to mitogen stimulation.
Much higher levels of parasite specific IgG and IgM were also produced in vitro by PBMCs from

chronic pathology patients (Nutman et a/, 1984).
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d. Tropical pulmonary eosinophilia (TPE

Occasionally a hypersensitivity reaction occurs in some individuals (< 1%). Symptoms include
chest pain, cough, fever and difficulty in breathing, with up to 35% eosinophil levels in the blood.
Symptoms are rapidly resolved with DEC although, if untreated, chronic pulmonary fibrosis can
occur. This group are the most immunologically reactive to parasite antigens, especially mf
antigens (Ottesen, 1979). The lymphocyte response of these individuals is uncharacteristically
elevated. The role of IgG4 in modulating hypersensitivity reactions has been previously
mentioned, with the possibility that the ratio of IgG4 : IgE is the important factor in whether
allergic reactions are observed (Hussain & Ottesen, 1985). In that study relative IgE : IgG levels

were higher in patients with TPE than those with chronic pathology and microfilaraemics.

1.4 Protective immunity in man : the evidence for its existence
Few epidemiological studies have directly addressed the question of immunity to filarial infection

in man, although a number of observations support its existence.

Patent infection increases in frequency until about 20-30 and then remains constant or declines.
In addition, a proportion of an endemic community remain amicrofilaraemic and without clinical

symptoms of infection, despite constant exposure to infective mosquitoes (WHO, 1987).

A study by Vanamail et al (1989) in Pondicherry, South India, endemic for W. bancrofti, aimed
to directly confront the enigma of protective immunity using a mathematical model. From the
results of a longitudinal study, the model was applied to evaluate the rate of loss of infection in
one village where there had been significant vector reduction, and the rate of gain of infection
in a village where vector reduction had not been carried out. It was shown using the model that
the rate of loss of infection was independent of age, whereas the rate of gain of infection
exhibited a convex age-profile peaking in the 16-20 year age class. It was hypothesised that
the reduced rate of gain of infection in adults was largely attributable to the increasing

proportion of potentially resistant individuals with clinical disease.



15

A subsequent study by Day et al (1991b) used the presence of a circulating 200 kDa antigen
bearing the PC epitope to examine the population dynamics of adult worm burden. This study
was carried out in Papua New Guinea, an area hyperendemic for W. bancrofti infection at two
time points prior to chemotherapeutic control. The results indicated that adult worm burden
increased with time in individuals under 20 but remained static in individuals >20 years of age.
It was proposed that parasite burden was controlled and resistance to new infection was host-
age dependent and directed towards the early larval stages of the parasite. It also suggested
that a state of concommittant immunity may exist as seen in other helminth infections (Smithers
& Terry, 1976) and in some filarial infected cats (Denham et al, 1983). In immune cats,
vaccinated by repeated Ly inoculations, it was suggested that incoming L; were killed within 24

hours.

Day et al (1991a) next examined antibodies reactive with the L; surface in serum from
individuals in both age groups. The results showed that there were few individuals in the age
group < 20 years (2/10) who had antibodies to the L; surface, whereas all individuals over 20
years had antibodies to the L; surface, irrespective of whether they had circulating microfilaria.
It was proposed that these antibodies, acquired after prolonged exposure to Ly may correlate

with resistance to new infection.

In fact, Day (1991) summised that on the basis of a circulating antigen assay, which correlates
with the presence of aduit worms, that there were no endemic normals totally immune to filarial
infection in the communities they studied in Papua New Guinea. In the study of Freedman et
al (1989) the endemic normal was also very rare (7/459). Both these studies were carried out
in hyperendemic areas and it is unknown whether endemic normals would be more common

in a less endemic region.

As noted previously immune unresponsiveness to one stage in the life cycle (adult/mf) does not

rule out strong immune responses to another (L;). The possibility that immunity to lymphatic
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filariasis is dependent upon a state of concommittant immunity is gaining credence. Peripheral
tolerance to mf as proposed by Maizels and Lawrence (1991) and supported by King et al
(1992) may be stage specific allowing the host to mount a protective response against a

different life cycle stage.

1.5 Laboratory hosts of filariasis

As noted previously, man is the only natural host of W. bancrofti but experimental infections
have been successfully carried out with Presbytis spp. following the isolation of a closely related
parasite, W. kalimantani, from the silver leaf monkey, P. cristata in Indonesia. The high degree
of antigenic cross reactivity between different filarial species has been advantageous as Brugia
malayi, which is maintained more easily in laboratory hosts, is commonly used as an antigen

in place of W. bancrofti (eg. Kazura et al, 1986a; Day et al, 1991a & b).

Cats, dogs and monkeys are natural hosts of Brugia sp. and have all proved useful in a large
number of experimental studies. The cat in particular is a good clinical model of infection and
experiences lymphangitis and lymphoedema (Rogers & Denham, 1974; Schaecher et al, 1969).
Lymphoedema in cats is usually transitory, does not progress to elephantiasis and is often also
associated with the loss of microfilaria from the circulation. However, studies on immunity in
cats and dogs are expensive and the availability of a small rodent model has proved a
considerable advantage for studies on immunity to other helminth infections, eg.
schistosomiasis. In 1970 (a & b) Ash and Riley successfully infected the Mongolian jird
(Meriones unguiculatus) with B. malayi and B. pahangi. L; injected s.c. develop into aduit
worms in the heart, pulmonary arteries, lymphatics and testes. However, if injected i.p. the
majority of parasites remain in the peritoneal cavity and develop into adults producing large
numbers of mf (McCall, 1973). Together with a susceptible vector, the jird can be used to
maintain the parasite life cycle. The cost of maintaining these animals is considerably less than
for cats and dogs and animal unit breeding plans can readily supply the large numbers of age

and sex matched animals necessary for comparative studies.

















































































































































































































































































































































































































































































