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Filarial nematodes are parasitic worms that cause some of the most devastating of all trop-
ical diseases such as elephantiasis and river blindness. Studies on the inflammatory patho-
genesis of filarial disease have shown that endotoxin-like activity derived from endosym-
biotic Wolbachia bacteria is the major inflammatory stimulus of filarial nematodes.
Wolbachia appear to have evolved as essential symbionts of their filarial nematode hosts.
Antibiotic depletion of bacteria shows that they are required for normal fertility and devel-
opment of the worm and may even protect the parasites from host immunity. In addition to
the uncovering of a fascinating symbiotic relationship, this discovery means we can now
consider using antibiotics as a new approach to the treatment of filarial diseases. © 2002

IMSS. Published by Elsevier Science Inc.
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Introduction

Filariasis is recognized as one of the world’s most disabling
diseases. More than 150 million people throughout some of the
poorest communities in the world are infected with the filarial
nematodes Wuchereria bancrofti, Brugia malayi, and On-
chocerca volvulus, which are responsible for the majority of
human filarial disease (1,2). Pathology of filariasis is associated
with a diverse range of inflammatory conditions. In lymphatic
filariasis, inflammatory pathology can present as acute inflam-
mation characterized by recurrent attacks of adenolymphangitis
associated with death of adult worms, or chronic inflammation
associated with hydrocele, lymphedema, and elephantiasis (1)
(Figure 1A). In onchocerciasis, pathogenesis is principally
caused by the death of microfilariae and subsequent inflamma-
tion in the skin and eye (2). Inflammatory responses are also a
feature of the adverse reactions to filarial chemotherapy.

Wolbachia in the Inflammatory Pathogenesis of
Filarial Disease

Recent studies have shown that the potent inflammatory ac-
tivity of filarial nematodes is mediated by a bacterial endo-
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toxin-like activity derived from intracellular symbiotic bac-
teria (3,4) (Figure 1B). All pathogenic human filarial
nematodes are infected with Wolbachia endosymbionts,
which appear to have evolved a mutualistic association with
their nematode host (5,6). Activation of innate inflamma-
tory responses involves the pattern recognition receptors
CD14 and TLR4 and can be inhibited by antagonists of lipid
A (3,4). Endotoxin-like activity from these bacteria is the
critical mediator of systemic inflammation following iver-
mectin treatment (3) and is also responsible for the inflam-
matory pathogenesis of ocular keratitis in a mouse model of
onchocerciasis (7). In human filariasis, release of bacteria
into the blood following anti-filarial treatment of worms is
strongly associated with severe systemic inflammatory re-
actions in persons infected with B. malayi (8,9). This pro-
vides direct evidence that on death of the nematode, Wolba-
chia is liberated into the blood and exposed to the immune
systems of the host. Bacterial products also appear to be ex-
ported from living worms and are responsible for the re-
cruitment of neutrophils surrounding adult O. volvulus (10).
Studies in animals infected with B. malayi have shown a
further link between immune responses to Wolbachia and
development of filarial pathology. Antibody responses to a
Wolbachia surface protein (WSP) coincide with onset and
duration of episodes of inflammatory lymphedema (11).
This finding confirms that endosymbiont antigens are rec-
ognized by the acquired immune response and lends support
to the idea that both innate and acquired immune responses
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Figure 1. A) Elephantiasis caused by Brugia malayi. (photograph, AE Bianco); B) Wolbachia distributed throughout the median and lateral cords of
Onchocerca volvulus. Bacteria can be seen as numerous black particles scattered throughout the cord cells. Stained using Warthin-Starry method (photograph,

BO Duke and the American Registry of Pathology).

to Wolbachia may contribute to filarial disease pathogene-
sis (12).

Wolbachia as a Target for Antibiotic Therapy

Another major area of research to emerge from the discov-
ery of the symbiosis of Wolbachia bacteria and filarial nem-
atodes is the targeting of endosymbionts with antibiotic
therapy as a novel strategy for the control of filarial para-
sites and disease. A number of studies in a variety of animal
models of filariasis have shown that antibiotic targeting of
Wolbachia with tetracyclines can have profound effects on
the development, viability, and fertility of filarial parasites
(13-15). Several weeks of treatment are required to clear
bacterial infection although, once eliminated, worms appear
unable to regain fertility and viability (16). The major ef-
fects of antibiotic treatment are 1) inhibition of development
of infective larvae through to adult worms, 2) complete and
long-term inhibition of embryogenesis with cytotoxicity of
developing embryos and inhibition of transovarial transmis-
sion, and 3) eventual loss of viability, including adulticidal
activity (13). Evidence to suggest that Wolbachia are targets
of antibiotic therapy comes from experiments using Acan-
thocheilonema viteae, one of only two species of filarial
parasites that appears to be free of Wolbachia infection. An-
tibiotic treatment fails to have any effect on A. viteae (14).
Also, use of antibiotics known to be ineffective against rick-
ettsial bacteria fail to clear Wolbachia and have no effect on
filarial parasites (17). The recent finding that long-term an-
tibiotic treatment can result in complete adulticidal activity
in the cattle parasite Onchocerca ochengi under field condi-
tions is an important observation that may hold promise for
a safe and effective macrofilaricide (18). Recent trials in hu-

man onchocerciasis have also shown that doxycycline treat-
ment can eliminate Wolbachia for long periods, leading to
complete and long-term block of embryogenesis and sus-
tained reductions in skin microfilariae following ivermectin
treatment (19,20). In comparison with the tetracycline
group of antibiotics, rifampicin treatment has been shown as
more active in reducing worm motility, viability, and clear-
ance of microfilaria (21). These studies have established the
principle of targeting Wolbachia as a future control strategy.
In addition to anti-filarial activity of antibiotics, it may be
possible through clearance of endosymbionts to reduce or
eliminate severe adverse reactions to anti-filarial chemo-
therapy. Should Wolbachia also contribute to the pathogen-
esis of acute or chronic filarial pathology, antibiotic therapy
may then prevent or delay the onset of filarial disease.

The Nature of Wolbachia and Nematode Symbiosis

Although Wolbachia have been implicated in disease patho-
genesis and hold promise as a new target for treatment, we
know almost nothing of the molecular interaction between
the bacteria and nematode. One example of a bacterial mol-
ecule, which may be important in the symbiotic relation-
ship, is Wolbachia catalase, an enzyme that may protect
both bacteria and nematode from oxidative damage (22).
Evasion of immune-mediated damage would enable long-
term survival of filarial nematodes in mammalian host. In-
terestingly, within the genus Onchocerca a single species,
O. flexuosa, appears free of bacterial symbionts (11). The
adult worm is unusually short-lived, surviving only 1 to 2
years in its red deer host (23) in contrast to 10 years or more
for symbiont infected species (24).
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Further studies on the molecular interaction in Wolba-
chia nematode symbiosis will be accelerated by the com-
plete genome sequencing of bacteria from B. malayi and O.
volvulus, currently underway. Together with on-going filar-
ial genome projects (25), this will provide a framework with
which to dissect molecular interaction between bacteria and
nematode, which may eventually lead to the discovery of
new drug targets. In the meantime, further studies are re-
quired to define optimal antibiotic and treatment regimes
for different filarial infections. The benefits of using exist-
ing antibiotics include their relative inexpense and avail-
ability in many endemic areas, a crucial factor in developing
countries where filariasis exists.
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