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The immunology of filariasis*

SCIENTIFIC WORKING GROUP ON FILARIASIS1

This report summarizes the available information on the immunology of
filariasis, and discusses immunodiagnosis and the immunologicalfactors influencing
the host-parasite relationship in lymphaticfilariasis and onchocerciasis. Several areas
that require further research are identifed, particularly concerning the development
of new serological techniques, and the fractionation of specific antigens. The
problems associated with vaccine development are considered and the importance of
finding better animal modelsfor research is stressed.

Lymphatic filariasis and onchocerciasis are recognized as important public health
problems in many tropical and subtropical areas. However, until recently, little was known
about the natural history of filariasis or the immune mechanisms involved. This report
summarizes current knowledge on various aspects of the immunology of the disease and
outlines areas for future research.

IMMUNODIAGNOSIS

Immunological methods have much to offer in epidemiological and immunopathological
studies and in clinical situations, especially where peculiarities of the filarial infection may
make a parasitological diagnosis difficult. For example, in bancroftian and brugian
filariasis, frequently a parasitological diagnosis cannot be made in the early inflammatory
or late obstructive stages, or in asymptomatic non-patent or pre-patent infections. Also the
nocturnal periodicity of Wuchereria bancrofti, Brugia malayi, and B. timori in most
regions makes diagnosis difficult. Detection of low levels of microfilaraemia can often be
achieved only by the use of concentration techniques. These are not well accepted since they
require collection of blood by venepuncture rather than by finger-prick. In addition,
microfilaraemia is absent in tropical pulmonary eosinophilia and in single sex infections.

Requests for reprints should be addressed to Chief, Filarial Infections, World Health Organization, 1211 Geneva 27,
Switzerland. A French translation of this article will be published in a future issue of the Bulletin.

I This article is based on the report of a meeting of the Scientific Working Group on Filariasis held in Geneva in November 1979
under the auspices of the UNDP/World Bank/WHO Special Programme on Research and Training in Tropical Diseases. The
participants are listed on pages 7-8.
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In onchocerciasis, similar difficulties are encountered, e.g., pre-patent infections will not
be detected, and light infections may not be recognized because of sampling errors in the
skin-snip technique. A particular requirement has been identified for the Onchocerciasis
Control Programme in the Volta River Basin. Early detection of any new infections occur-
ring in persons living in Simulium-controlled areas is essential in order that appropriate
measures may be instituted as soon as possible. Since the pre-patent period in Onchocerca
volvulus infection may be as long as 18-20 months, parasitological investigations are of
limited use. An immunological assay that could indicate early, pre-patent infection would
be of immense value. A similar situation could occur in Mexico where infection may spread
as a result of new population settlements in endemic areas.

Immunodiagnostic techniques

The requirements for an immunodiagnostic technique vary according to the filarial
species involved, the purpose of the test, and the geographical region in which it is applied.
In general, however, it should be sensitive, specific, quantitative, economical, and of
course, suitable for use in endemic areas. Currently available techniques fall into two broad
groups, i.e., skin testing and a variety of serological assays, each with similar limitations.
Adequate supplies of antigen prepared from the species under consideration are often

difficult to obtain. The use of related, more readily obtainable parasites as a source of
antigen introduces the possibility of cross-reactivity, which is frequently a considerable
problem, particularly in certain areas, e.g., West Africa, where multiple infections with
different filariae and other nematodes are often found. It has been suggested that cross-
reactions may be more prominent when assays are directed towards whole-worm (somatic)
antigens rather than against selected cuticulara or excretory/secretory antigens."

In many endemic areas, although a large proportion of the population is infected, many
people with lymphatic filarial infections do not manifest either microfilaraemia or disease.
It has been postulated that some of these poeple may have been exposed to infective larvae,
and may react immunologically to the parasite, even though an infection with adult worms
has never been established in them. Alternatively, they may be microfilaria-positive with no
disease. It is clearly desirable to detect early in the course of infection those who are going to
suffer later from clinical disease so that preventive treatment with diethylcarbamazine
citrate (DEC-C) can be given.
Most current immunodiagnostic tests are very sensitive and may thus detect some early

infections. However, since there appears to be no relationship between antibody titre and
worm burden, tests based on the detection of antibody cannot define the severity of the
disease.

Circulating antigens may be an indicator of worm burden, but worm burden is not the
only factor that determines clinical manifestations. Intensity of transmission, host
response, and duration of infection may also be involved. It is thus quite possible to have
intense transmission coupled with severe host response, so that a low worm burden
produces severe clinical disease.

Sources of antigen

In the light of recent advances, for example recombinant DNA techniques, the use of
non-human filarial antigens should eventually be unnecessary. The nodulectomy

a MACKENZIE, C. D. ET AL. Immunological properties of the surface of parasitic nematodes. Nature (London), 276: 826.828
(1978).

b DE SAVIGNY, D. ET AL. Toxocariasis: serological diagnosis by enzyme immunoassay. Journal of clinical pathology, 32:
284.288 (1979).
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campaigns carried out by the Mexican and Guatemalan governments provide the potential
for the preparation of large quantities of 0. volvulus antigen, and it is hoped that other
affected countries will establish similar schemes. Work is still needed to evaluate the best
methods of collecting, preserving, and transporting the nodules.
The development of an animal model of malayan filariasis has permitted the production

of large quantities of B. malayi antigen which appears to be sufficiently closely related to
W. bancrofti to be used in immunoassays of bancroftian filariasis. The newly described
W. kalimantani and the in vitro nematode cell lines should also be assessed as potential
sources of antigen.

In view of the need to detect early infection, the production of infective larvae as a source
of antigen should also be encouraged.

Future developments

There is increasing evidence that species- and stage-specific antigens occur on the surfaces
of worms. Fractionation of such material in order to isolate these antigens is likely to
improve greatly the specificity of immunodiagnostic tests. The development of improved in
vitro culture methods for the various filarial stages should provide superior sources of
somatic, cuticular, and secretory antigens with less contamination by host antigens and
mediators of the host's immune response. In addition to their use in standard assays, such
secretory antigens can be used to immunize mice or to develop antibodies using hybridoma
techniques.
Hybridoma technology offers the potential for major advances in serodiagnosis but for

hybridoma antibody to be useful as a diagnostic agent, it must fulfil the following two
criteria:

(a) The antigenic determinant against which the antibody is directed should be species-
and, if possible, stage-specific. Such antibodies can be screened for activity against
radiolabelled worm surface antigens or against worm secretions by radioimmunoassay or
the ELISA technique.

(b) If the assay is to be used to detect antibody as opposed to antigen, then the antigenic
determinant must be one against which there is an antibody response in the infected host.

Value of assaysfor circulating antigen

The lack of correlation between antibody titres and clinical status has already been
mentioned. It seems probable that levels of antigen circulating in the blood or excreted in
the urine may indicate the presence of active infection, reflect the worm burden, and
provide an indication of death of parasites after treatment. These hypotheses still need to be
tested. Assays for antigen, either free or bound in immune complexes, have been well
established in schistosomiasis and malaria, but there appear to have been few attempts to
apply these techniques to filarial infections.

Improvements for skin testing

The assessment of immediate hypersensitivity reactions by the prick test method is
recommended. The usefulness of skin tests will depend upon the development of suitable
specific antigens, which will need to be carefully evaluated. Delayed hypersensitivity
reactions after intradermal injections of antigen may be useful in discriminating between
various clinical patterns of onchocerciasis.

Because antibodies of the IgE class can be detected by very sensitive techniques and often
have greater specificity than those of the IgG or IgM classes, the potential use of parasite
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allergens in immediate hypersensitivity tests should be investigated.c The analysis of sera
from different types of filarial infection by crossed radioimmunoelectrophoresis might
allow the characterization of specific allergens for each filarial species.d

IMMUNE RECOGNITION AND RESISTANCE TO INFECTION

Recent evidence suggests that in experimental animals deficiencies in proteins and certain
vitamins may have a profound effect on the development of filarial infection. Pyridoxine
deficiency in particular seems to prevent establishment of filarial infection, but the precise
mechanisms involved are unknown.

Furthermore, in areas endemic for W. bancrofti, B. malayi, or B. timori, some
individuals who are bitten repeatedly by infective vectors do not develop clinical evidence of
infection (i.e., recurrent filarial fevers with lymphadenitis and/or lymphangitis, elephan-
tiasis, genital manifestations, or tropical pulmonary eosinophilia) or microfilaraemia.
Also, in areas endemic for 0. volvulus, clinically silent infections showing microfilariae in
the skin are not uncommon, while other persons may show clinical manifestations in the
skin but have very few microfilariae.
Some of these findings may be interpreted as manifestations of host resistance, a

phenomenon that may not necessarily be immunological. Moreover, some studies have
revealed an association between the occurrence of certain cellular and humoral immune
reactions to microfilarial antigens and a stage of amicrofilaraemia in the lymphatic
filariases or lower levels of skin-dwelling microfilariae in onchocerciasis.

It is increasingly evident that filarial parasites elicit a wide variety of immune responses,
and the relationship between the natural history of filariasis and the immune responses
developed during the course of infection requires examination. Ideally, such studies should
be longitudinal and should take account of all parameters of immunity. Particular
emphasis should be placed on responses to infective third-stage larvae, the prime target for
immunological intervention. Furthermore, the effects of treatment with antifilarial drugs
on the immunological component of host-parasite interactions needs to be re-evaluated in
the light of recent advances in the immunology of filarial infections.
These objectives could be achieved by making an epidemiological and immunological

study of migrants from non-endemic areas who settle in endemic areas, by longitudinal
studies on persons living in endemic areas, and by long-term follow-up studies of patients
treated with antifilarial drugs.

Similar studies should be carried out in animal models, together with experiments
involving trickle infections (repeated exposures to small numbers of infective larvae), since
they mimic natural infections in man. There is an urgent need to develop a small animal
model for human onchocerciasis.

Antibodies and filarial antigens transferred from mother to fetus across the placenta may
influence the infant's initial resistance and subsequent immune responses to parasite
antigens. This subject requires investigation because it may influence vaccination strategies
in filariasis. Similarly, the occurrence and effects of transplacental transfer of microfilariae
need to be evaluated in animal models.
Although there is no apparent clinical evidence for a relationship between susceptibility

to filarial infections and genetic background in man, evidence should be sought for
associations between HLA haplotypes and (1) susceptibility to infection with filarial
worms, and (2) disease manifestations associated with such infection.

c OrTESEN, E. A. ET AL. Specific allergic sensitisation to filarial antigens in tropical eosinophilia syndrome. Lancet, 1:
1158-1161 (1979).

d WEEKE, B. & LOEWENSTEIN, H. Allergens identified in crossed radioimmunoelectrophoresis. Scandinavian journal of
immunology, 2 (Suppl. 1): 149-153 (1973).
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Experimental infections in animals provide the opportunity to explore the nature and the
mechanisms of acquired immunity. Inbred rodents infected with Litomosoides carinii,
Dipetalonema viteae or Brugia spp., or cats that have become amicrofilaraemic after
infection with B. pahangi, would be especially useful in this context. A murine model would
be useful in assessing stage-specific immunity, even with filarial species that do not develop
from third stage larvae in mice, since the transplantation of adult worms and survival of the
microfilariae have been successfully achieved for several parasite species.e f

Studies on the differences in immune reactions to filarial parasites between resistant and
susceptible host species could also be a useful approach to defining the nature of acquired
immunity and the developmental stages of filarial parasites that can induce acquired
immunity in the definitive host or act as the target for immune effector mechanisms should
be identified in all models. Antigens that elicit protective immunity should be identified and
characterized.

IMMUNOPATHOLOGY

During recent years some laboratory evidence has been obtained to support the widely-
held view that many of the clinical manifestations of filarial disease are the result of
immunological reactions to parasite antigens. Recent studies suggest that immediate and
delayed hypersensitivity reactions to microfilarial antigens play a role in the pathogenesis of
tropical pulmonary eosinophilia and some laboratory evidence supports the idea that
elephantiasis may occur as a consequence of cell-mediated immune responses to adult worm
antigens of Brugia spp. In human onchocerciasis, immune-complex vasculitis may account
for the joint and renal tissue damage, as well as for the lesions in the anterior segment of the
eye, while immediate hypersensitivity reactions to microfilariae are most likely to be
involved in some reactions to drug therapy, particularly with diethylcarbamazine.
However, in most instances, neither the type of putative immune reaction nor the identity

of the eliciting antigens has been clearly established. For example, very little is known about
the nature of the antigens and immunological processes that cause the most common
manifestations of lymphatic filariasis, i.e., recurrent lymphadenitis and lymphangitis. The
factors that initiate and terminate these episodes of acute lymphatic inflammation are also
unknown.

It is generally assumed that the diverse clinical and pathological manifestations of the
lymphatic filariases and onchocerciasis reflect the existence of a spectrum of immune
responses that are probably initiated by antigens associated with various developmental
stages of the infecting parasite. It is also possible that autoimmune phenomena, i.e.,
immunological reactions to host components, contribute to the pathogenesis of filarial
diseases.
There is an urgent need to identify the immune reactions that contribute to pathogenesis,

and to determine the nature of the antigens that elicit these reactions. In onchocerciasis
there is a particular need for a better understanding of the short-term as well as the long-
term immunological consequences of chemotherapy. This should lead to a more rational
and effective use of drugs and drug combinations. Specifically, such studies would serve as
the basis on which to select effective anti-inflammatory agents that could reduce or prevent
the well known side-effects of conventional chemotherapeutic agents.
Model systems for the study of the immunopathology of filariasis and onchocerciasis are

e WONG, M. M. ET AL. Transplantation of adult Brugiapahangi from a domestic cat into laboratory mice. Medicaljournal of
Malaya, 21: 384-385 (1967)

f HAQUE, A. ET AL. Dipetalonema viteae in hamsters: effect of antiserum or immunization with parasite extracts on production
of microfilariae. Parasitology, 76: 61-75 (1978).
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urgently needed. These could then be used to examine the role of autoimmune reactions in
the pathology of filarial diseases. The consequences of repeated intralymphatic
administration of antigens should also be examined in these models, as this procedure is
more likely to mimic the conditions that exist in lymphatic filariasis.

IMMUNOLOGICAL INTERVENTION

The development of a vaccine for mass control of filarial diseases is a desirable goal, but
its practicability is, as yet, unknown. An ideal vaccine should increase resistance to infective
third-stage larvae. Such a vaccine would prevent the development of pathological effects
due to later stages of the parasite and would prevent further transmission. In
onchocerciasis, vaccines aimed at aborting the development of adult parasites or inhibiting
embryogenesis would be an acceptable alternative, because in this disease most of the
effects can be attributed to microfilariae.

Development of vaccines

Irradiated larval vaccines have been shown to produce high levels of protection in host-
parasite systems that show little naturally-acquired resistance.,h Although they cannot be
used in man, these vaccines will be useful as research tools in animal models for
investigating the immunological mechanisms involved in artificially-induced protection.

Microfilariae will probably continue to be the most accessible and practical source of
antigens for human immunization against lymphatic filariasis, and microfilariae or adult
worms from nodules against onchocerciasis. Studies on experimental vaccines should
therefore include an analysis of the stage-specificity of the protective effect.
Mechanisms of immune evasion by filarial parasites are obviously relevant to vaccination

strategies and should therefore be investigated further.

Other approaches to immunological intervention

One novel approach that could be explored initially in experimental animals is the
possibility that infective larvae killed by chemotherapy at various stages between first
inoculation into the host and their maturation to the adult stage may protect against
subsequent challenge infections. It is also possible that exposure to larvae or microfilariae
of one species may convey resistance to other species or modify the natural course of the
second infection. This concept, referred to as zooprophylaxis, deserves further attention, as
antigens from heterologous filarial species may be suitable for vaccines against human
filariae.

Clinical and epidemiological evidence should be sought for the possible modulating
influences of other parasitoses on the course and manifestations of filarial infections in
man. This should include immunological assessments as outlined above (pages 4-5) and
could be carried out in areas where mixed filarial infections occur naturally. For example,
clinical and epidemiological studies on the modifying influence of Loa loa on 0. volvulus
infections are feasible. Similar studies should be made with experimental animal models, in
which the range of cross-protective species and the stage-specificity of the effect can be
more readily examined.

g MILLER, T. A. Vaccination against canine hookworm disease. Advances in parasitology, 9: 153-183 (1971).
h TAYLOR, M. G. ET AL. Vaccination in schistosomiasis. Colloquede 'lInstitut nationaldela SanteetdelaRecherchemedicale,

72: 291-306 (1977).
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Another form of immunological intervention that should be considered would be aimed
at inhibiting the specific immunological reactions that result in injury to the host. Such
interventions, for example desensitizing procedures analogous to those practised by clinical
allergists, are especially relevant for relieving side-effects of treatment with antifilarial
drugs in onchocerciasis. For this, as for much of the research suggested in this article, better
animal models are necessary, and their development should receive high priority.

* *
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