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Abstract

Lymphatic filariasis characterized by the dysfunction of the lymphatics can lead to severe (and often) irreversible
lymphedema and elephantiasis. Decades of research in the field shows that the establishment of the adult
parasites in the lymphatics triggers a cascade of events that ultimately results in tissue scarring and fibrosis. In this
minireview, we focus on the studies addressing the mechanisms underlying the parasite-induced lymphatic
dilatation that suggests parasite-induced lymphatic remodeling and lymphangiogenesis may be the prelude
towards developing chronic and irreversible filarial pathology.

The Lymphatics and Lymphatic Filariasis

The lymphatic system is a characteristic feature of
higher vertebrates required both for the maintenance of

tissue fluid balance and as a conduit for lymphocyte transport
to the lymph nodes. Lymphatic vessels are also involved in
tumor cell metastasis, wound healing, and chronic inflam-
mation. Impairment of the lymphatic function because of
physical damage or abnormal development can cause lym-
phedema, a progressive and often irreversible condition. Al-
though primary lymphedema has a genetic basis, secondary
lymphedema results most commonly from lymphatic filaria-
sis ([LF] a filarial infection occurring in the tropical and sub-
tropical regions of the world), or as a result of trauma,
surgery, radiation, or any other process that can disrupt=block
lymphatic flow.

Among the many parasitic nematodes that infect humans,
those that cause LF (Wuchereria bancrofti, Brugia malayi, Brugia
timori) cause considerable morbidity, in large part because of
their effects on the lymphatics. These lymph-dwelling filariae
have a complex life cycle that includes an infective larval stage
carried by mosquitoes and an adult worm stage that resides
either in the lymph nodes or adjacent lymphatics (typically
the afferent lymphatics). The offspring of the adults, the mi-
crofilariae (200–250 mm long and 5–7 mm wide) circulate in the
blood and can then be taken up by another mosquito during a
blood meal. These microfilariae develop over 1–2 weeks into
infective larvae that are capable of initiating the life cycle over
again.

In its most severe clinical manifestation, LF is associated
with hydrocele (in men), massive lymphedema, and ele-
phantiasis (Fig. 1). Although much research has helped elu-

cidate many aspects of filarial biology and immunology, its
natural history, and the approach to diagnosis and treatment,
there is a relative paucity of information on the mechanisms
underlying the pathology seen in these infections. While it
is known that the establishment of the adult filarial para-
site within human lymphatic vessels may trigger a cascade of
events that leads to abnormalities in lymphatic integrity and
function, there remains a significant gap in our understanding
of the pathogenesis of disease in lymphatic filariasis. In this
mini-review, we focus on the basis of the lymphatic dys-
function and lymphangiectasia that is likely to be the prelude
to irreversible lymphatic obstruction and=or elephantiasis.

Subclinical Lymphangiectasia and Inflammation

Lymphangiectasia and inflammatory reactions around
adult worms are two independent components of LF. No
direct evidence exists to demonstrate that adult filarial para-
sites are constrained by immune responses directed toward
them in vivo. While treatment with antifilarial drugs with
activity against the adult parasites (diethylcarbamazine
(DEC) and albendazole) can trigger inflammatory responses
against this stage of the parasite, clinically apparent lym-
phedema is rarely seen despite lymphangiectasia being a
common feature of patent infection.1 This argues for the
parasites having evolved mechanisms to both evade the host
response and perhaps create an anatomical niche that is hos-
pitable enough to ensure their own survival.

It is likely that host inflammatory responses contribute to
the development of pathology. Acute inflammatory reactions
to the living adult worms and their secretions have been ob-
served in limited studies of filarial infections in both humans
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and animals.2,3 Although triggering the immune reactions by
the death of adult worms and subsequent development of
tissue pathology has been documented in several animal
studies,4,5 it is also clear that even within an anatomical lo-
cation in which multiple worms may be present (so-called
‘‘nest’’) only some of the worms in any single nest may be
susceptible to immune attack.6

Lymphatic dysfunction caused by filarial infection has been
shown to predispose infected individuals to secondary bac-
terial infections 7,8 and to trigger inflammatory reactions in the
skin and subcutaneous tissue that may accelerate the devel-
opment of lymphedema and elephantiasis in patients from
filarial-endemic areas.9 The development of fibrosis and cel-
lular hyperplasia in and around the lymphatic walls in
chronically infected animals parallels that which has been
documented in humans.2

The marked differences observed in parasite-specific im-
mune responses seen in clinically asymptomatic individuals
and those with pathology (lymphedema, elephantiasis)10,11

however, fails to completely explain the presence of liv-
ing adult worms in dilated lymphatics in the absence of
inflammation. Recent studies have implicated lymphatic
endothelial-specific vascular endothelial growth factor
(VEGF)-induced responses felt to be mediated by the release
of the rickettsial-like endosymbiont (Wolbachia) found in-
tracellularly within the parasites that cause LF. The utility of
doxycycline to target the Wolbachia has been shown to both
alter plasma VEGF-C, VEGFR-3 levels, and to provide clinical
improvement in those with lymphedema secondary to LF.12,13

The role of Wolbachia in the induction of the VEGF-mediated
lymphatic damage in LF remains to be fully clarified, as other
studies suggest that the levels of soluble lymphangiogenic
factors are elevated in filaria-infected individuals, irrespective

of their clinical status and in some filarial infections (e.g.
Loa loa) in which there is no Wolbachia (Bennuru et al., un-
published).

It is clear that with patent infection and under circumstances
of sufficient chronicity, individuals who harbor adult W. ban-
crofti or the two Brugia spp. will develop lymphangiectasia in
the vicinity of the worm nests.1 Individuals carrying adult
worms may be microfilaremic or amicrofilaremic, but typi-
cally have demonstrable lymphangiectasia.14,15 Subclinical
lymphangiectasia of the vessels containing structurally intact
worms have been shown to be distended with no apparent
inflammatory responses in the wall,16 little response to living
adult worms, with only a fleeting acute inflammatory reaction
associated with the living parasites.17,18 Mice without an
adaptive immune system such as nude or SCID mice infected
with Brugia spp. have been observed to exhibit marked lym-
phatic dilatation,19,20 a dilatation that can be reversed by the
removal or killing of the adult worms.5,21 Further, the general
lack of adult translocation (i.e., the worms appear to remain in
a particular anatomical location for their lifespan)6,14,22–24 and
with the lymphangiectasia not being restricted entirely to the
exact segment of lymphatics where the worms reside suggests
that this process is mediated by soluble products excreted or
secreted by the parasite that act on the lymphatic endothe-
lial cells. All the available evidence suggest that the lym-
phatic dilatation is due to the parasite and its related products,
whereas the more severe lymphatic obstruction may well be a
consequence of immunologically mediated inflammation.1,25

Living or Dead Parasites

The role of the living adult worms in the pathological
changes in the lymphatics of humans and animals has been
much debated.2,3,21,25 Several reviews have suggested that the
differences in clinical manifestations related to the lymphatics
(clinically asymptomatic with lymphangiectasia vs. obstruc-
tive lymphedema and=or elephantiasis) are associated with
the presence of live or dead parasites, respectively.25–27 A
characteristic feature of chronic infections in both humans
and animals with lymphatic disease is fibrosis and cellular
hyperplasia in and around the lymphatic walls. Studies by
Sakamoto et al. have shown that the endothelial cells from
filarial-infected animals had a decreased number of vesicles
(that presumably transport fluid) and an increase in the
number of vacuoles (that presumably results from cell dam-
age), suggesting alterations by the filarial parasites of the
endothelial cells lining the lymphatics.28,29 Similarly, endo-
thelial cells with bulging nuclei and many pinocytic vesicles
and abundant collagen bundles aligned in multiple directions
have also been observed30 in human lymph node specimens.
These changes have been postulated to render these endo-
thelial cells less effective in transporting interstitial fluid,
thereby contributing to the edema and collagen accumulation
seen in the disease processes associated with LF.

Several studies suggest that the responses leading to lym-
phatic blockage and gross pathological lesions are elicited by
the dead and decalcifying adult worms (reviewed in Ref. 25).
When coupled with pre-existing lymphatic dilatations, these
lesions may lead to damage of the lymphatic valves that
may in turn induce lymphatic backflow and lymphedema.31

However, animal studies in cats permissive to Brugia malayi
indicate that the dilatations, valvular thickening, and in-

FIG. 1. Patient with severe lymphedema and secondary
skin changes (elephantiasis).
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flammatory responses can be induced by both living and
dead worms.2 Irrespective of the cause, collaterization of the
lymphatics affected in filarial infections in humans and
the presence of accessory lymphatics in cats suggests that
lymphangiogenesis is a cardinal feature of lymphatic fila-
riasis.32–34

Because the endothelium (be it vascular or lymphatic) is
closely associated with cells mediating immune responses
and inflammation, efforts have been targeted at understand-
ing the interaction between lymphatic endothelial cells and
the filarial parasites. The sequential alterations in the archi-
tecture of the lymphatics during the course of lymphatic-
dwelling filarial infections occur along a continuum—from
lymphangiectasia to granulomatous responses to develop-
ment of collaterals—indicate that active lymphatic remodel-
ing occurs that involve endothelial cell growth, migration,
proliferation, and alterations of the extracellular matrix.35

Though initial in vitro studies using blood vascular human
endothelial cells failed to demonstrate an effect of the filarial
antigens36 on human umbilical vein endothelial cells, the

ability to purify and culture primary human lymphatic en-
dothelial cells has allowed the discovery that live filarial
parasites (and their excretory=secretory products) induce
the activation, proliferation and tube formation in lymphatic
endothelial cells specifically.37 This lymphatic remodeling
(that can occur in the absence of other cells) provides insight
into the processes that occur early in infection and recon-
ciles the disparate observations seen in immunodeficient
mice5,19–21 and those seen in patients with subclinical patent
infection.14,15

In summary, although several lines of evidence implicate
Wolbachia and the host inflammatory responses in the
development and aggravation of pathology in LF, it is also
very likely that the filarial parasites (and their excreted and
secreted products) cause lymphangiectasia and lymphatic
remodeling that may be the prelude to lymphedema for-
mation (Fig. 2). Recent advances in the biology of lym-
phatic endothelial cells associated with the availability of
the filarial (and Wolbachia) genome and proteome should
help us to delineate more clearly the molecules involved in
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FIG. 2. Establishment of filarial infection results in live adult parasites lodged in the lymphatics that result in lymphatic
abnormalities. The transition from the asymptomatic microfilaremic state to chronic lymphatic obstructions varies widely in
infected individuals. Lymphatic dilatation is, however, a prominent feature irrespective of the clinical manifestations. The
interplay between the immune=inflammatory mediators, slow attrition of the parasites coupled with other factors affect the
development of lymphedema. The death of the parasites stimulates strong inflammatory responses to the parasite and to
the products of their Wolbachia endosymbionts, leading to tissue fibrosis. Secondary microbial infections further aggravate
the pathology.
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those host-parasite interactions that lead first lymphatic
dysfunction in LF and then to the more serious conse-
quences of lymphatic filarial infections.
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