LYMPHATIC RESEARCH AND BIOLOGY
Volume 11, Number 3, 2013

© Mary Ann Liebert, Inc.

DOI: 10.1089/Irb.2013.0021

Insights into the Pathogenesis of Disease in Human
Lymphatic Filariasis

Thomas B. Nutman, MD

Abstract

Although two thirds of the 120 million people infected with lymph-dwelling filarial parasites have subclinical
infections, ~40 million have lymphedema and/or other pathologic manifestations including hydroceles (and
other forms of urogenital disease), episodic adenolymphangitis, lymphedema, and (in its most severe form)
elephantiasis. Adult filarial worms reside in the lymphatics and lymph nodes and induce lymphatic dilatation.
Progressive lymphatic damage and pathology results primarily from the host inflammatory response to the
parasites but also perhaps from the host inflammatory response to the parasite’s Wolbachia endosymbiont and
as a consequence of superimposed bacterial or fungal infections. This review will attempt to shed light on

disease pathogenesis in lymphatic filariasis.

Introduction

NFECTION WITH THREE closely related filarial worms—

Wuchereria bancrofti, Brugia malayi and Brugia timori—each
causative agents of what is termed lymphatic filariasis (LF),
are vector (mosquito)-borne infections with similar life cycles
that involve the adult worms living in the afferent lymphatics
(and/or the lymph nodes) while their larval progeny, the
microfilariae, circulate in the peripheral blood where they are
available to infect mosquito vectors when they feed. Lym-
phatic filarial disease is the second leading parasitic cause of
disability with disability-adjusted life years (DALYs) esti-
mated to be 5.549 million."? Bancroftian filariasis, caused by
W. bancrofti, is responsible for 90% of those with lymphatic
filariasis® with the remaining 10% being caused by the two
Brugian species. As of mid-2013, it has been estimated that LF
is endemic in 72 countries in which 120-129 million are cur-
rently infected. Of these, ~40 million have overt disease
(hydrocele or lymphedema).

The clinical manifestations of LF are varied, but they most
commonly segregate between two major outcomes—those
with a subclinical condition associated with circulating mi-
crofilaremia and those with significant lymphatic compro-
mise and damage. With the availability of better imaging
techniques (e.g., ultrasound, lymphoscintigraphy, MRI, CT),
it has become apparent that almost everyone with active in-
fection (e.g., microfilarial positivity) has some degree of
lymphatic abnormality that may include: dilatation and tor-
tuosity of lymph vessels with collateralization, increased or

abnormal patterns of lymph flow*® and urogenital lym-
phangiectasia.®”

Overt (and clinically apparent) disease occurs in a signifi-
cant minority (about 30-40%) of the 120 million individuals
with LF. Lymphatic disease in LF is both acute and chronic.
The acute manifestations of LF are typically characterized by
retrograde adenolymphangitis (ADL)® with the inguinal, ax-
illary and epitrochlear nodes being most commonly involved.
In W. bancrofti infection the lymphatic system of the male
urogenital tract is frequently affected and is expressed clini-
cally as funiculitis, epididymitis and /or orchitis.” Filarial ADL
is distinct from what has more recently been termed acute
dermatotolymphangitis (DLA), a process characterized by
development of a plaque-like lesion of cutaneous or subcu-
taneous inflammation and accompanied by ascending lym-
phangitis and regional lymphadenitis. These pathological
features are accompanied by systemic signs of inflammation
including fever and chills and are thought to result primarily
from bacterial and fungal infections superimposed (or caused
by) compromised lymphatic function.'

The chronic and most debilitating sequelae of LF often
develop years after initial infection.® In Bancroftian filariasis,
the main clinical features are hydrocele, lymphedema, ele-
phantiasis and chyluria whereas for Brugian filariasis the
urogenital areas are commonly spared. The development of
pathology is thought to be dependent on the presence of the
adult worm. Histologically, the worm elicits little reaction as
long as it is alive; however, upon death of the worm, a
granulomatous reaction ensues.!"'? In addition, there is
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Pathogenesis of lymphatic filarial disease (lymphedema, hydrocele, elephantiasis). Live filarial parasites and/or

their products have a direct effect on lymphatic endothelial cells and on the cells of the innate and adaptive immune system.
The interplay among inflammatory/ immune mediators, attrition of the parasites, Wolbachia and other factors contribute to
pathogenesis and development of filarial disease. Secondary microbial infections further aggravate the pathology. A color
version of this figure is available in the online article at www .liebertpub.com/Irb

endothelial and connective tissue proliferation with tortuosity
of the lymphatics and damaged or incompetent valves. This
typically results in lymphatic dilatation and subsequently
lymphatic dysfunction and compromise, leading to lymphe-
dema. Secondary changes are: 1) associated brawny edema
with hardening of tissues; 2) later hyper-pigmentation and
hyper-keratosis with wart-like protuberances; 3) redundant
skin folds and skin fissuring providing pathways for entry of
microorganisms into the lymphatics."

Pathogenesis of Disease in Lymphatic Filariasis

The most severe clinical manifestations of LF are lymphe-
dema and elephantiasis. Although the immune responses to
filarial parasites have been well studied with respect to natural
history, diagnosis, and treatment, there is a relative paucity of
information in terms of the mechanisms underlying develop-
ment of pathology. The two major independent components of
lymphatic filarial disease are lymphangiectasia and inflam-
matory reactions around the adult worms (Fig. 1). While most
infected individuals exhibit lymphangiectasia, clinically ap-
parent lymphedema is not common.>*! It is also clear that with
patent infection, lymphangiectasia develops in the vicinity of
adult worm nests."" Subclinical lymphangiectasia of the lym-
phatic vessels containing live adult worms have been shown
to exhibit distention with no apparent inflammatory reactions
in the vessel wall, with little or only a fleeting inflammatory
response to living adult parasites.'* Further, that lym-
phangiectasia is not restricted to the exact segment of lym-
phatics where the worms reside'>'® suggests that this process is
mediated by soluble products excreted or secreted by the
parasite that act on the lymphatic endothelial cells. It is also
clear that with the advent of adaptive immunity, the host in-
flammatory response against the dead or dying worm and the

subsequent release of parasite products and inflammatory
mediators, a stage of irreversible lymphatic dysfunction en-
sues.>'”'8 In addition, lymphatic dysfunction has been shown
to predispose infected individuals to secondary bacterial and
fungal infections and trigger inflammatory reactions in the skin
and subcutaneous tissue that accelerates the progression of
lymphedema and precipitates the development of elephantia-
sis."”?” This two-step model of pathogenesis is mirrored in
immunodeficient chronically infected and/or immune recon-
stituted animals in which the development of reversible pa-
thology initially occurs in the absence of immune reconstitution
but where fibrosis and cellular hyperplasia occurs once the
adaptive immune system is established.”* >

The importance of pro-inflammatory cytokines, possibly of
innate origin, in the pathogenesis of lymphedema, has been
strengthened by a series of studies in humans with chronic
pathology, either in early or late stages of lymphedema. Stu-
dies have shown that individuals with chronic lymphatic
pathology have elevated levels of C-reactive protein,* pro-
inflammatory cytokines such as TNF-¢, IL-6 and soluble TNF
receptor,ZS’26 endothelin-1 and 1L-2,%” as well as IL-8, MIP-1g,
MIP-1$3, MCP-1, TARC and IP-10*® in the peripheral circula-
tion. Very few studies have actually examined the inflam-
matory milieu within the affected lymphatics; one study has
described elevated levels of gamma-globulins, «-1 acid gly-
coprotein and IL-18 in the lymph fluid.*

Since the endothelium appears to be closely associated with
pathogenesis of lymphatic disease, studies targeting the in-
teraction between endothelial cells (vascular or lymphatic)
and filarial parasites have been performed. The anatomical
changes in the architecture of lymphatics that range
from lymphangiectasia and granulomatous responses to the
development of collaterals suggests that active lymphatic re-
modeling involving endothelial cell growth, migration and
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proliferation is an important feature of early disease.’**! In-
deed, although earlier studies using blood vascular endothelial
cells failed to demonstrate an effect of soluble somatic filarial
antigens,” a more recent study suggests that live filarial par-
asites (and their excretory/ secretory products) induce activa-
tion, proliferation and tube formation in lymphatic endothelial
cells.>* Moreover, only serum from patently infected or dis-
eased individuals was shown to induce significant lymphatic
endothelial cell (LEC) proliferation.

Differentiation of LEC into tube-like networks was found to
be associated with significantly increased levels of matrix
metalloproteinases (MMPs) and inhibition of their endoge-
nous inhibitors—TIMPs (tissue inhibitors of MMPs).*® Global
gene expression analysis revealed alterations in genes in-
volved in junction adherence pathways that decreased trans-
endothelial transport, implicating parasite induced alterations
in normal physiology of the lymphatic endothelium.>® Other
studies have implicated the vascular endothelial growth factor
(VEGF) family in lymphangiogenesis.*** Other angiogenic
factors such as angiopoietins-1 and -2 are also found at elevated
levels in individuals with filarial-induced pathology.>®

A major factor involved in the initiation of the pro-
inflammatory response and the increased production of
VEGF-A and -C might be the endosymbiont, Wolbachia,
present in most filarial nematodes (including W. bancrofti and
the 2 Brugia spp).>* It has been known for several decades that
filarial parasites harbor the intracellular rickettsial-like endo-
symbiotic bacteria.>” Indeed, the interaction of Wolbachia and
its products with the pattern-recognition receptor TLR4 was
thought to be responsible for the production of cytokines such
as TNF-o and IL-1 /3.38 More recently, it has been demonstrated
that the increased levels of VEGF-C and sVEGF-R3 (observed
in lymphedema patients) were reduced following doxycy-
cline treatment (a regimen that eliminates Wolbachia) and
that there was improvement in lymphedema.*® Not all stud-
ies, however, favor a role for Wolbachia in inducing lym-
phangiogenesis®®® Tt is however clear that the interaction
between the filariae and TLR does play an important role in
the pathogenesis of filarial disease.*”*' These data strongly
suggest an important association between pattern recognition
pathway signaling and lymphangiogenesis.

Persistent immune activation is associated with elevations
of circulating microbial products, acute-phase proteins, and
the so-called microbial translocation molecules.** Transloca-
tion of microbial products from the lumen of the intestine into
the periphery is thought to contribute to induction of in-
flammation by stimulating immune effector cells directly
through their pattern recognition receptors**; however, intra-
and peri-lymphatic damage—an underlying feature of filarial
disease—might also contribute to the presence of microbial
translocation products in the bloodstream. Indeed, we have
shown that increased circulating levels of LPS (which serves
as a marker for microbial translocation) and decreased levels
of LPS-binding protein (LBP) are characteristic features of
filarial lymphatic pathology® that in turn appear to cause
immune activation. Since filarial lymphedema is known to be
associated with increased bacterial and fungal loads in the
lymphatics, our studies reveal that these damaged lymphatics
may serve as a potential nidus for bacterial translocation
through leaky lymphatic endothelium.

Apart from systemic immune activation, progressive fi-
brosis and extracellular matrix remodeling is another salient
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feature of filarial pathology. Recent data suggest that an in-
crease in circulating levels of MMPs and TIMPs is character-
istic of the filarial disease process and that that altered ratios of
MMP/TIMP are an important underlying factor in the path-
ogenesis of tissue fibrosis in filarial lymphatic disease.** Thus,
filarial pathology arises out of a complex early interplay be-
tween the parasite and the host’s innate responses and its
tissue homeostasis.

There have been a large number of studies that have im-
plicated a role for the adaptive immune systems in mediating
pathology in LE.**°* Although beyond the scope of this re-
view the current hypothesis related to patholgenesis of dis-
ease in LF focuses on the failure to regulate (through IL-10,
regulatory T cells) the antigen specific pro-inflammatory re-
sponses that may mediate pathology in LF.*

Host genetics are known to play an important role in sus-
ceptibility to infection and disease in a variety of infectious
diseases. Similarly, in lymphatic filariasis, the pathogenesis of
lymphedema and hydrocele might be influenced by host ge-
netic factors. Although the cause of differential susceptibility
to clinical expression of filarial infection has been only ad-
dressed in a few studies, early studies implicated the major
histocompatibility complex (MHC).”**° However, analysis of
class II HLA loci, namely, DQA, DQB and DRB failed to
identify an association with filarial infection nor outcomes
within the infected group.”® Two studies in Haiti examining
genetic associations within families have suggested a genetic
basis for developing pathology in LF.”*® A case-control
study examining the role of VEGF-A SNPs in hydrocele re-
vealed that a VEGF-A gene polymorphism in —460C/T was
significantly associated with higher levels of plasma VEGF-A
as well as the development of hydrocele.”® A recent study has
implicated polymorphisms of endothelin-1 and TNFR II with
the development of chronic disease.®’ Future studies utilizing
genome-wide scans as well as candidate gene approaches to
identify loci and genes associated with pathogenesis should
shed more light on the role of genetic factors in development
of disease.

Conclusions

A characteristic feature of all parasite infections is that
complete elimination of all parasites is rarely achieved,
presumably since sterilizing immunity might necessitate
host deleterious immune responses. Therefore, immune-
mediated pathology is often associated with disease mani-
festation in many parasitic infections. The optimal host
response is one that balances parasite control at levels at
which the parasite load can be tolerated and leads to main-
tenance of immune homeostasis without irreparable tissue
damage. Filarial infections are a classical example of host-
parasite interactions resulting in an immune system-parasite
homeostatic balance, which can fail (albeit rarely). However,
in the rare instances of failure, the effects are of a debilitating
and devastating nature, in large part due to exuberant host
immune responses.
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