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1. INTRODUCTION

The twelfth meeting of the Scientific Working Group (SWG) on Filariasis
of the UNDP/WQRLD BANK/WHO Special Programme for Research and Training in
Tropical Diseases (TDR)} was held at Thanjavur Medical College Hospital,
Thanjavur, Tamilnadu, India, in ccoperation with the Fogarty International
Center, Bethesda, MD, USA, which sponsored the attendance of participants from
the USA, and with the Indian Council for Medical Research, which sponsored the
attendance of a number of observers from India.

The purpose of the meeting was to review the pathogenesis of lymphoedema
and other similar clinical manifestations of bancroftisn and bruglan filari-
asis. By drawing on the combined knowledge of surgeons, physlcians, epidemi-
ologists with fleld experience of filariasis, lymphologists, pathologists,
tmmanologists with specialized knowledge of the organ systens concerned, and
those working on experimental filarial infections in animal medels, it was
hoped to determine new ways of preventing or treating filarial lymphoedema and
what further research is needed,

The opening ceremony was presided over by the Dean of Thanjavur Medical
College, Major E.M. Saraswathi, and proceedings were opened by the Director of
Medical Education for Tamilnmadu State, Dy Lalitha Kameswaran, In her opening
address, Dr Kameswaran explained the absence of the Minister for Health and
Family Welfare, Dr H.V, Hande, and read a message from him (see Annex I). She
drew attention to the Iimportance of filariasis and elephantiasis as a disease
problem in India and emphasized the great advances made in the surglcal
treatment of filarial lymphoedema by Prof S. Jamal and his colleagues at the
Clinical Filaria Research Unit of Thanjavur Medjcal College. She looked
forward to the increasing use of medical and health education to help prevent
filariasis, and welcomed the news that at least two new filaricidal drugs
(ivermectin and CGP 20376) arve likely to go into c¢linical trials in India in
the near future,

Dr B.0.L. Duke then replied on behalf of TDR and WHO. On behalf of the
Director of TDR, Dr A,.0Q. Lucas, he expressed thanks to the Govermment of Indila
and to the Government of Tamilnadu State for allowing the meeting to take place
in Indiaj to the Dean of Thanjavur Medical College for hosting the meeting;
and to the Fogarty Internatiomal Center and the Indlan Council for Medical
Research for sponsoring some of the partlecipants. He pointed out that the
selection of Thanjavur as the site for the meeting was a reflection of the
widespread admiration for the work of PFrof Jamal in developing surgical
techniques for the relief of filarial lymphoedems. He thanked Frof Jamal and
his team of Thanjavur's leading cltizens, who had dene so much fo ensure the
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smooth running of the meeting and the sarrangements for the participants. It
should not be forgotten, he sald, that the meeting was taking place at a time
when 400 000 people in Tamilnadu State had been rendered homeless by a recent
cyelona,

Dr Duke noted that the ultimate aim of the meeting was to study the
pathogenesis ¢f filarial lymphoedema so as to develop means for relieving and
preventing fillarial elephantiasis., Present at the meeting were Ffromt-line
clinieal workers on filariasls from India, distinguished lymphologists with
experience in other diseases of the lymphatic system, together with patho-
logists, immunologists and other researchers working with experimeutal animal
wodels, who were studying the basic processes involved in the development of
disease. It was hoped that rhis interchange of knowledge would bear fruit,
that the laboratory workers would be able to see the human disease problem in
the field and that the elinical workers would be made aware of advances in the
basic seciences as applied to the lymphatic system,

Finally, Dr Duke pointed out the enormity of the problem of filarial
lymphoedema and elephantiasis in India, where at least three miliion paople
are already affected to the extent that they can only benefit from Surgery
and/or physiotherapy.* 1t has been caleulated that even if 600 SUrgeous Were
trained in the skills of Prof Jamal and each surgeon treated 500 cases a vear,
it would satill rake tem years to deal with the backlog of cases. It was
therefore vital that means should be found to prevent the development of
filarial lymphoedema in the coming generatiom, and this might well be done
glmply by ensuriag that diethylcarbamazine citrate (DEC) treatment 1s
available through the primary health care system for treatment of every person
suffering an acute attack of filarial fever and adenolymphangitis.

The Deputy Chairman of the Legislative Council of Tamilnadue, Mr G,
Swamlnathan, then welcomed the participants to the town, and Prof S. Jamal
proposed a vote of thanks to the Director of Medical Education for opeuing the
meating,

The technical sessions of the meeting were held in the Clinical Society
Hall of the Thanjavur Medical College Hospital and were chaired by Dr E.A.
Ottesen, Chairman of the Steering Committee of the Filariasis Scientifie
Working Group.

On 20 November, Prof Jamal gave a demonstration in the operating theatre
and in the wards of the techniques of lymphenodo-venous shunt operations, of
the physiotherapeutic drainage that is needed after the operation, and of tha
reconstructive plastic surgery needed to remove surplus tisgue. These
demonstrations were backed up by video tapes showing actual surgery and
physiotherapy.

The next day the participants were taken on & field trip to Vellam
village township, a community of some 12 000 persons about 7 km from Thanjavuer,
where banc¢roftian filariasis, transmitted by Culex quinquefasciatus, iz highly
endemic. They were able to see the conditions in which people 1ive, to talk
to many individuals suffering from different degrees of filarial lyvmphoedema
and to see the breeding sites of the vector mosquito.

On 22 November, the participants visited a filarial outpatient elinic at
Thanjavur Hespital. Thay were shown how patients are selected for and examined
after surgery.

* The figure of 14 million is given by the Indian Counclil for Medical
Research Task Force Proceedings, 5-6 May 1980,
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2. SUMMARY OF DISCUSSLONS

2.1 Pathogenesis of Human Lymphatie Filariasis

2.1.1 Clinical aspects

The ¢linfcal manifestations of lymphatic filarlasis associated with adulr
or developing adult worms ate characterized by acute adenolymphangltis, usually
accompanied by fever, and by chromic obstructive lesions that develop years
later, often after repeated acute attacks, These manifestations have been well
described in brugian and bancroftian filariasis, but the mechanisme underlying
them are poorly understood, In addition, the exact course of diseasze develop~
ment in lymphatie filariasis is not fully understood. It is not known whether
¢linical manifestations are alwaye preceded by an asymptomatic microfilaraemic
stage, Indeed, the terms "microfilaraemia™ and "asmicrofilaraemia” neead to be
used with caution, A patient who i3 amicrofilataemic on a 20 mm? bloed film
may well be revealed as mierofilaraemic if 1-3 ml of blood is examined by
Nucleopore filtratfon. Furthermore, it can never be entirely excluded that
gmicrofilarasmics (assessed on 1-3 ml blood fifltration) may harbour im thelr
lung capillaries a reservoir of microfilariae, which are not released into the
peripheral blood.

Differences in the anatomical distribution of the clinical manifestations
of brugian and bancroftian fllariasis may be due in part te differeunt tropisms
of the parasites for particular anatomical locatioms, which might gevern the
location of the adult worms in the human Lymphatice, However, pathologlcal
evidence supporting these presumptions is currently inadequate,

Clinical differentiation between lymphoedema and elephantiasis 1s often
difficult and the two are frequeatly grouped together, For clinical trials,
however, 1t is necessary to adopt a uniform scheme of classification for
lymphoedema. The classification given below is similar to that adepted by the
International Soclety of Lymphology at its meeting in Adelaide, Australia, in
1985, but itas uge in filariasis has not yet been tested.

Grade I lymphoedema: mostly pitting cedema; some flbrosis: spontaneously
revarsibhle on elevation.

Grade II lymphoedema: mostly non—pitting oedema; much fibrosis; not spon-
taneously reversible on elevation,

The adjectives “mild", "moderate” and “severe” can be applled to these
categories.

Grade II] lymphoedema (elephantiasis): a monstrous increase in volume in a
Grade I1 lymphoedema, with dermatosclerosis and papllilomatous outgrowths.

The WHO classification of disability is recommended when classificaticen
on this basie is necessary (e.g. in clinical trials).*

*  International Clagsification of Impairments, Disabilities, and Hepdicaps:
A Manual of CGClassification Relating to the Consequences of Disease.
Geneva: World Health Organization, 1980, 207 pp. ©Sw. Fr, 15. (Engliah
and Freach), This publication is available through the WHO network of
designated sales agents (listed in all WHQ publications) or may ba
obtained directly from the World Health Organization, Distribution and
Sales Service, 1211 Geneva 27, Switzerlaund.
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The three most compelling clinical issues that need to be investigated
in lymphatic filarial disease are: the aetiology of the acute episcdes of
adenolymphangitis with fever, the risk factorg that govern the acquisition of
any form of the disease and the factors that govern the progression of the
disease to Iits chronie form, Currently, our knowledge In these areas is
meagre: the problems could best be addressed by using a combination of
¢linical, epldemlological, microbiological and parasitolegical techmniques.

It 45 generally assumed that in bancroftisn or brugian filariasis the
microfilariae are in no way rvesponsible for the obstructive lesions In the
lymphatics and that the microfilarize delivered by fertile female worms in the
lymphaticas find their way into the blood by passing with the flow of lymph
through the thoracic duct, There is no direct evidence, however, for either
of these assumptions. Indeed, microfilariae may enter the blood by penetrating
the walls of the post-capillary venules in the Lymph nodes, thus possibly
contributing to lymphatic patholegy., The reoute by which miereofilariae enter
the blood could be readily determined from work on animal models, and such
experiments should be undertaken,

The obstructive and other lesions in the lymphatics and lymph neodes
which lead to lymphoedema in filariasis are attributed to developing and adult
worms (i,e, the L3 and L; stages), which are relatively short-lived but
which both updergo a woult, and to the voung adult stage developing up te and
including the fertile adult male and female worms. Evidence from animal
models, especially the nude mouse, sugpests that simple physical blockage by
adult filariase is not the cause of the lymphoedema, but that some factox(s)
produced by the living worms (and/or possibly the by-products of the L3-Ly
and Li~young adult moults), coupled perhaps with interaction with the host's
humoro=-cellular inflammatory response, may be responsible for lymph drainage
malfunction.,

Recommendations

To increase our understanding of the pathogenesis of the clinieal
gepacts of Lymphatic filariasis, the following recommendations are proposed:

{1) Long-term clinical and parasitological studies are needed t¢ under-
stand the course of infection of lymphatic filariasis in endemic
communities, as well as among uninfected people migrating to areas
where filariasis is endemic. Such studies should include infor-
mation on envirommental factors (e.g. seagsonal variation in
transmission and regicns of the body bitten preferentially by the
vector), other contributing factors (e.g. physical exertion and
nutritional status)} and sociologlcal aspects (e.g. socloeconomic
status, uwse of footwear, sleeping habits, etc., in relation to
exposure to mosquito bites).

(i1} To understand the pathogenssis of the adenclymphangitis of filari-
asls, studies are required to assess: the role of possible
bacterial imfection; patterns of microfilaraemia and the lavels of
parasite-derived products during and between acute episodes; the
cells inveolved 4in parasite destruction or their constituant
Inflammatory products (e.g. macrophages, eosinophils and eesinophil-
derived products); and host responses to Ly antigens during such
eplsodes,

(iii) Examination of the role of circulating antipens, localized parasirte
products, immune complexes, products of T-c¢ells and macrophages,
ete,, ag8 the effector arm of recurrent adenolymphangitis should also
be encouraged,
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2.1.2 Lymphological aspects

Although details of the causes of the pathological conditions seem in
filariasis are largely unknown, studles based on the inrerruption of lymphatic
flow in other nonfilarial human digeases, as well as those in animal models of
lymphoedema, have indicated that the clinical spectrum of chronic filariasis
can be explained in part by the high protein nature of the fluid accumulating
in the tissues, Furthermore, the distributiom of the lymphoedema (e,g. distal
extremity versus the entire extremity) might be explained by the presumed
location of the lymphatic obstruction,

The lymphatics need not be physleally cobstructed in lymphoedeéma; many
factors ecan cause the collecting lymphatics efther to go 1nte spasm or ro
become widely dilated in flaceld paralysis. There 1s alse variation between
individuals in the number of the lymphatics and their anatomical arrangements,
the number and activities of the proteolytic macrophages, and the resistance
of the tissues to cedema,

Experimental work has indicated that changes in the architecture of the
lymphatic endothelium may play an important role in the pathogenesis of
lymphoedema, Also, from preliminary observations it would appear that the
immunocompetent cells im  the lymphaties have structural and funetional
characterfstics different from those of gimilar cells in peripheral blood. An
understanding of the importance of such differences is critical to the study
of the pathogeneais of lymphatic filarilasis, since all c¢ellular studles
conducted so far have been confined to the peripheral blood.

Recommendations

{1) Lymphoscintigraphic studies should be used to measure lymphatice
function and to determine the lavel of obstruction Iin the varilous
forme of lymphatic filariasis, such as limb oedema, hydrocoela or
chyturia, The same technique may be used to explain the differences
in cowmon ¢linlcal expression of brugian filariasis (involvement of
the leg below the knee;] no genital disease) and bancroftilan
filariasis (disease often invelving the entire limb; genltal
digease common, especially in males). Lymphoscintigraphic studles
of individuals with asymptomatic infection should be included,

{1i) The use of simple noninvasive procedures (e.g. inspectien, palpation
and skin~feld measurement) is recommended in order ro identify
individuals with abnormal lymph absorptien gyndromes in endemic
communities. These individuals should subsequently be examined by
tonometry and lymphoscintigraphy to determine the exzpression of the
developing disease,

(ii1) Studies on the constituents of lympharic fluid in patients under-—
going surgery for lymphatic obstruction are recommended, slnge they
would help resolve the issue of the existence of high protein oedema
in the “low—output” failure of filarial lymphoedema and would
provide valuable source material for immunological and pathological
studies, so that both the compartmemtalized immune response and the
possible lymphangiogenic and fibrogenic factors ecculd be examined
directly.

{iv) Training should be provided in clinical lymphological technlques to
pernit early detection of lymphatic changes,

(v) WHO ghould encourage universities to teach the elements of basic
and ¢linical lymphology, S0 ac to enable graduates to diagnose
lymphoedeme by inspection and palpation,
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2.1.3 Immunogenetic aspects

Differential susceptibilities to infection, and thereby diffevential
immune responses among pevsons with filariasis, are manifested in differing
clinical presentations. Thus, the genetic background of the endemic population
should be considered, particularly since filarial and other parasite antigens
must be presented t¢ the immune response in a fashion restricted by major
histocompatability complex (MHC) products, The only two studies which
addressed this issue direetly among endemic populations wused differing
experimental protecels and produced conflicting results, There is a need to
define the pgenetic bases for the varied immune responses seen in endemic
populations.

Recommendations

Family- and population-based studies should be carried out to define:

{i) The pgenetic background of patients with different eclinical
manifestations of filariasls (dncluding chyluria), with particular
reference to: HLA-A, -B, -C typing; HLA-Dr and minor diwmmune
responde loci} complement polymorphism; and other markers of
genetic susceptibility.

(11) The ability of each population to respond to externally administered
vaccines, novel antigens and recall antigens.

2.1.4 Modulatiopn of the immune responée

The wide variabjlity of clinical pathology seen among those living in
reglions endemic for the lymphatic forms of filariasis 1is thought to reflect
the immunological responsiveness of the human host, However, much of the
information on which this hypothesis is based comes from isolated cross-
sectional studies from reglong that differ beth in the causal parasite and in
the clinical manifestations of the disease. Comparative immunological studies
across regional and parasitological boundaries are therefore required,

Virtually all studies examining the immunclogical responsiveness (both
humoral and cell-mediated) of patients with filarial infections have used
crude extracts of parasite material containing hundreds of proteins and
glycoprotains. The particular antigenic determipnants in these extracts
responsible for rriggering the immune response in vitro or In vive are
unknown. Thus, until defined antigen preparations are available, the natute
of the immune response in filariasis will remain ill-defined and nonspecific.

Pata have accumulated on factors that modulate the immune response to
crude filarial antigens in vitre. However, these studies have focused on
patients without lymphatic obstruction, and Investigations need to be under-
taken on patients with adenolymphangitis and elephantiasis who characteris-—
tically respond to parasite antigens, in order to examine how such a response
mavy be modulated,

Since immune complexes and ecirculating parasite antigens have been
identified in experimental and human filarial infections, rheir effects must
be taken into account along with other regulatory factors, such as anti-
idiotype antibodies or prostaglandins.

Questions that need to be addressed include the following:

(a) Can the role of immune complexes and circulating parasite antigens
be elucidated with regard to immunoregulation?
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{b) Can the network theory be applied to the regulation of the immune
response in lymphatic filariasis?

{c) Can antlgen-specific B- and T-cell c¢loning be used to examine
immunomodulation?

{d) wWill the cloning of either the clrculating antigens or the molecules
responsible for altering the host immune responses to filarial parasltes
provide useful tools for modularing the immune response and thus alter the
subsequent pathologilcal reactions?

Recommendations

(1) The uge of methods to analyse qualitatively those antigens respon-
6ible for inducing both immune responses and immune - tolerance to
filarial parasites should be encouraged. ‘

(ii) Highly defined or molecularly cloned parasite antigens should be
used to obtain a clearer picture of the host immune response,

2.1,5 Parasitological aspects

While the host response plays a role in determining the pathology of
lymphatic filariasis, the parasite itself must also be implicated, at least in
part, in determining the varied pathology seen in human filarial infections,
Although there are clear—cut morphological distinctionz ameng the three
filarial parasites responsible for chronic lymphatic obstruction, the over—
lapplag of clinical syndromes between bancroftian and brugfae filariasis and
the difference in presentation within areas imply baslic parasitolegleal
differences, which may extend to different forms or strains within each species
complex. The fact that certain parasites seem to migrate to particular gites
in the human body and thus alter the expression of the clinical disease
requires investigation, In addition, the anatomical location of the parasites
in patients from most areas endemic for lymphatic filariasis has never been
adequately defined either in the human host or in animal models,

Another factor which needs to be considered in relation to the location
of adult worms in the body iz the influence which the preferred biting site of
the differaent mosquito vectors may have onm the site of inoculatien of infectlve
larvae,

The possibility that bouts of filarial fever and acute adenolymphangitie

are chronologically related to the previcus input of batches of infective
larvae also needs to be consldered.

Recommendations

{1) Charasterization 1s needed of the genetic and antigenic differences
among isolates of the same species and between specles. Are these
differences responsible for the varied clinical conditions seen?

{11) Complete post-mortem examinations are Iimperative in patients with
bancroftian and bruglan filariasis, with and withour lymphoedema or
elephantiasis, in order to determine the functional and anatomical
locallzation of adult parasites and microfilariae, as well as the
pathology (in situ) associated with rtheir deposition. Pathologlsts
with experience of the lymphatic system should be recruited to
areas endemic for filariasis so that these fssues can be examined,
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2.1.6 Environmental aspects

While "environmental™ factors may be less likely than genetic factors to
determine how the host regponds to the filarial parasite, they need to be
examlned, particularly in the light of work done on in utero sensitlzation and
on nutritional factors affecting the immune response, Examination of eunviron-—
mentsal factors acting during the perinatal and neonatal periods, with long~term
follow—up when appropriate, should be encouraged, such as:

{(a) cellular and antigen studies on cord blood;

{b)} the possibility of immune tolerance developing to filarial antigens
in infants of infected mothers:

{c) breast milk antrigen/antibody studies;

(d) the acquigition of parasite—specific iumune responses over time.

Studies of other factors, such as nutritional, environmental and socio—
logical conditions, as they relate to the immune response to filarial para-

sites, could alse be of great value,

2,2 Treatment and Prevention of Filarial Lymphoedema: Treatment of Chrenjc

Lymphatic Obstructien in Filariasis

2.2.1 General

The treatment of lymphatic disease assoclated with Wuchereria bancrofti,
Brugia malayi or B. timori infection in human subjects represents a major
therapeutic problem in endemiec areas of Africa, Asla and the Pacific reglon,
There i1s currently no unifora approach to the management of the chronic
disease manifestations of Ilymphatic filariasis, which include hydrocoele,
lymphoedena and elephantiasis of an  extremity, lymphatlie iInflammarion/
obstruction of the scrotum and its contents (epididymis, sgpermatic ¢ord,
resticles), and chyluria,

It is highly encouraging that there are now several treatment methods ——
physiotherapeutic, chemotherapeutic and surgical -— which held promise for
reverging the signs of chronic lymphatic obstruction previously thought to bhe
trreversible. The optimal modes of therapy for the various disease manifesta-
tiong remain unclear. The various methods of treatment that may be useful feor
managing each of these are summarized below and recommendations for research
needed to define the optimal method(s) of treatment are pregented,

The question of whether the live or the dead adult worms cause more
damage to host lymphatic drailnage is vital when filaricidal therapy with DEC
or other drugs is considered, In general, from regultfs of work on animal
models (including the nude mouse) and from experience with DEC chemotherapy in
human subjects, It appears that macrofilaricidal treatment has a beneficial
rather than a detrimental effect on acute adenolymphangltis and Llymphoedema.
This is certainly true I1n the early stages of infection, but in the later
stages, when gross cobstructive damage has led to f£ibrotic lymphoedema and
elephantiasis, macrofilaricidal treatment may be much less helpful, Treatment
then depends primarily on re—establishing lymphatic drainage by surgical and
physiotherapeutic means.

The best working hypothesis would appear to be that macrofilaricidal
treatment (currently with DEC as the only drug available) should be undertaken
as early and as often as acute or "acute-on~chronie" elinical manifestations
oceur, This approach appears more likely to prevent or delay the ouset of
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severe lymphoedema than a “non—filarieidal” policy based on the beliaf that
dead or dying adult worms are the cause of lymphatic malfunction.

2.2.2 Hydrocoele
(2) Definition and pathophysiology

This condition, extremely common 1in bancroftlan filariasis, manifests
¢linfcally as a swelling of the reflection of the peritoneal 1lining that
surrounds each of the testicles., Clear hydrocoele fluld accumulates in this
closed sac as a result of lymphatic blockage in draining lymphatics located in
the retroperitoneal and subdiaphragmatic areas, Hydrocoele is the most common
disease manifestation of W. bancrofti infection but has not been recorded in
Brugia sp. infections where W. bancrofti was not alse present,

(b) Treatment

Excislon or eversion of the hydrocoele sac, with or without drainage, is
currently the most common method of therapy, In male subjects with small
hydrocoeles (less than 50 ml fluid), sclerosing agents such as tetracyeline
may be injected loecally with some benefit, All subjects with hydrocoeles in
filarial endemic areas should receive treatment with DEC.

{¢) Recommendations

(1) The optimal surgical procedure for management of filarial
hydrocoele neads to be defined,

(11) The possible usefulness of DEC therapy in the management of filarial
hydrocoele needs to be examined, particularly in areas where gurgery
is unavailable,

2,2.3 Scrotal lymphoedema and lymphatic inflapmation/obstruction of scrotal
contents (epididymis, spermatic cord, testis)

{a) Definitions and pathophysiology

These conditions include fluid collection in the testis, epididymitis,
funiculitis (swelling of spermatic cord) and thickening of the scrotal skin.
In female subjects, no homologous lesions have been reported ifavolving the
ovary or fallopian tubes, although lymphoedema of the vulva may oceur,

(b) TIreatment

During the acute phase of a filarial "attack"” on these organs, a
conventional coutse of DEC should be given, followed by periodie adminis—
teation to prevent recurrent attacks. This approach may be helpful in
subjects without long-standing or severe disease. However, most subjects
present with severe disease that has been left untreated for a long time, In
this gituation, current experience in India supgests that DEC may not reduce
the swelling, although it may reduce the frequency of painful febrile episodes,
Surgical approaches, such as lymphovenous drainage in the inguinal region, are
then performed with variable degrees of success,

(¢} Recommendations

(i) The wutility of various DEC regimens in the reduction of genital
lymphoedema should be investigated.

(11) Standard surgical procedures for drainage should be established,
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2.2.4 Lymphoedema and elephantiasis of the extremities

(a) Deflnition and pathophysiclogy

Recurrent episodes of limb lyophoedema, resulting f£irst i1in pitcting
oedema and thean In non-pitting cedema with loss of skin elasticity and
fibrosig, are the result of anatomical and/or Ffunctional blockage of the
lymphatics, The legs are more commonly affected tham the arms.

In W. bancreoftd endemie areas, leg swellling may iavolve the thigh as
well as the lower leg, while in B. malayl infection o¢nly the portion of the
leg below the knee appears to be swollen. Secondary infections of the skin
(bacterial and fungal) are common in such subjects, particularly with those
who do not wear shoes,

Elephantiasis 1s often remarkably well tolerated by the patienr, provided
it is not excessive and there 1is no secondary iInfectlon or malodorous
lymphorrhoea,

{b) Treatment

Studies in areas of Indonesia where B, timori infections exist indicate
that DEC administered over a long period of time (more than one year) can
result in regression of lymphadenopathy and, wmore strikingly, complete
disappearance or significant regression of elephantiasis, Work on these lines
should be continued, as should the current trials of benzopyrones as a means
of reducing lymphoedema, ptresumably by stimulating macrophages teo rvemove
protein and produce ceollagenase that will dissolve fibrosis.

Similar observations using "bigh" dozes of DEC (i.e, a total dosage of
3.0 ro 4.2 g given over 3 to 7 days in W. bancrofti infectlons or 1.5 to 2.0 g
given over 3 to 10 days In B. malayk infections) have been made in Chinese
subjects. They suggest that this drug may be benefiecial, especially when usged
in conjunction with compressive dressings. Heat treatment and bandaging of
the extremity, as well as injection of mulberry leaf oxtract, have also been
reported to be beneficial in China.

Striking beneficial responses, with regression of elephantiasis, have
also been obsetrved with lymphovenous drainage procedures, followed by adequate
postural drainage and physiotherapy and, if necessary, the removal of excess
subcutaneous fatty and fibrous tissue in the lower extremities, As in all
surgical procedures for filariasis, this is accompanied by DEC therapy.
Although the shunt operation can be carried out under local anaesthesia, the
physictherapeutic after—care and any subsequent operations to remove excess
tissue require full hospital surgical facilities.

Finally, it should be emphasized that antibacterial or antifungal apgents
should be administered when these secondary infections occur, The specific
antibiotic to be used depends on the organisms involved.

{¢) Recommendations

(1) The efficacy of DEGC in reversing grade IL lymphoedema, with or with-
out elephantiasis (bancreftian and brugian), needs to be studied in
a controlled fashion. The optimal drug dose should be established.

{11) The possible utility of surgical approaches, such as lymphovenous
draimege, in large populations needs to be investigated. Studies
should consider the feasibility of this surgery in regional centres
where resources are limited and of the use of lymphatic massage and
other physical techniques to reduce the time spent in hospital
before surgery.
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(1i1) It should be ascertained whether complex decongestive physiotherapy,
which has proved highly effective in all forms of lymphoedema that
occur In the developed world, is equally effective in lymphoedema
due to filariasis. If seo, the training of physlotherapists to
treat this condition should be encouraged.

Efforts should be made ko promote the prevention of injuries to the
feet in cases of grade I lymphoedema of the lower limb {(e.g. by
providing low—cost shoes) and to lmprove the recognition of early
mycotic infection and erisypelas.

The possible efficacy of benzopyrones in regression of animal and
tuman filarial lymphoedema should be examined.

The possible role of stercids and anti-inflammatory agents ,in
reverging lymphoedema should be examined.

The mechanism of action of DEC in reversing lymphoedema in human
subjects and in experimental animal models needs to be defined,

The effect of DEC and other agents on the course and frequency of

attacks of filarial fever and adenolymphangitis in infected subjects

living in endemic aress needs to be investigated in order to sgsess

the influence of such treatment, repeated with each attack, on the

development of chronic lymphoedema and on the frequency with which
. agute eplsodes recur.

Controlled ¢linical trials should be undertaken to assess the ef-
fects of the Chinese methods of treatment for lymphoedema: (a) dry
heat and (b) mulberry leaf extract.

(x) The active pharmacological prineiple(s) 4in mulberry leaf extract,
used in the treatment of elephantiasis, should be investigated and
its mode of action defined.

2.2.5% Chyluria

(a) Definition and pathophysiology

Chyluria may be defined as the excretion of chyle in the urinary tract.
A wminority of affected subjects may also have haematuria, The basic patho-
physiology 1s related to blockage of the retroperitoneal lymph nodes below the
cisterna ¢hyli, with consequent efflux and flow of the intestinal lymphatics
directly into the renal lymphatice. The large amount of chyle in this site s
then passed into the urinary tract, producing a “milky"” urine, which contains
considerable quantities of foodetuffs originating from the gastrointestinal
tract. The condition 1s painless, but large amounts of dietary lipids,
proteins and possibly fat-soluble vitaming are excreted, leading to welght
loss or even inanicion,

(b) Treatment

Treatment is currently based on the clinlecal history of the findividual
patient, In subjects with short-rerm (less than six months) low-grade
chyluria, conservative approaches using DEC therapy and restriction of dietary
fate may be helpful. 1In the majority of subjects, in whom chyluria continues
despite these measureg, surgicsl approaches sasre indicated. These include
disconnection of the renal hilar lymphatics by nephropexy. Surgical procedures
to be avoided ineclude nephrectomy, renal capsular decorticatien and periure-
teric disconnection.
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Instillatrion of silver mnitrate iate the renal pelvis alse Induces
sclerosis and has been reported to "cure” chyluria in some endemic areas, How-
ever, as with all sclerosing agents, its use 1s not without danger,

(c¢) Recommendations

(1) The exact sites of blockage in the lymphatics in chylurila need to
be better defined.

(11) The effectiveness of DEC and dietary restriction in altering the
apount of urinary fat excretion should be investigated quantita—
tively.

(iii} Long-term follow—up of surgical lymphatic drainage procedures is
needed,

(iv) The effects of chyluria on fat and proteln metabolism and on lipid-
soluble vitamin balance need to be investigated in endemic areas
where clinical research centres are available,

(v) The prevalence of chyluria in various endemic areas needs to be

determined,

2.3 Animal Models of Fllariasis and Thelxry Relevance to the Pathogenesis snd
Treatment of Human Disease

2.3.1 General

Existing animal models are probably sufficlent for detailed clarification
of the pathogenesis of human lymphatic filariasis. Currently available models
include: Mongolian jird/Brugia SPPa} nude mouse/Brugia spp.; ferrets/B.
malayi; dogs and cats/Brugia spp.; and leaf monkeys B. malayi, W. bancrofti
and W. kalimantani. In all these systems, gross and histological changes seen
in lymphatice are gquantitatively similar to those described in  Thuman
infections with B. malayl and W. bancrofti.

2.3.2 Models for acute and chronic filarial disease

Lysphatic diseases and the lesions assocliated with filarial infections
wmay be either acute or chroniec.

2.3.2.1 Acute filarial dizease

Acute human filarial disease is characterized by recurrent eplsodes of
lymphadenitis and lymphangitis, accoupanied by systemic symptoms of fever and
malaise. Tt is the most common presentation of filarial infection and is a
serious cause of morbidity in endemic regions. Even so, its pathogenesis
remalng undefined and little work omn this topic has been performed in animal
models, More emphasis should be placed on such research.

The systems and experimental designs used should be capable of defining
and characterizing the causal host and parasite factors responsible for acute
filariasis. There is some evidence that episodes of transient lymphadenitris,
lymphangitis and lymphoedema occur in the Brugia spp./cat or dog model
systems. Nude mice reconstituted with splenic lymphocytes from heterozygous
littermates alsoc show an acute lymphangitis and should be uszed to study the
condition, It would also be useful to study acute reactions in animals with
different immune states: 1.e, those made resistant by the use of irradiated
infective larvae; those d{mounized, but not made resistant, by passive
sensfitization with antigen; and nonimmune individuals,
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The introduction of speclfic parasite factory into the lymphatic system
of experimental animals would be useful. Potential candidates for injection
inelude both soluble and particulate parasite products related to the periodic
production of microfilariae, as well as reproductive products, larvae and
culture fluids of larvae or adult worms, Sampling of lymph from the lymphatics
of iIinjected animalg, before and after  induction of reactions to parasite
factors, would be useful.

Recommendation

{14) Animal models should be used for research into the pathogenesis of
acutre filarial disease.

2,3,2.2 Chronfe obstructive lymphatic disease

Lymphoedema and resulting elephantiasis are considered to bhe the con-—
sequences of obstructive inflammatory reactions induced by filarial infections.
The sites of these obstructive lesions, which may o¢cur with or without
agcompanying lymphoedema, should be studied and compared with obstructions
that occur in nonfilarial lymphoedema, In degs and rats which have vndergone
artificial ligature of the lymphatics together with c¢ertaln ancillary inter-
ventlons, there 1s first a short-lived ocedema, which then clears and 1is
followed, enly after a year or more, by chroniec oedema. During the latent
phase there may be striking lymphographic and histopatholeogical changes despite
the laeck of oedema, These findings indicate that a very long follow-up is
often needed to detect the development of chronie clinical Jymphoedema.

Chronic obstructive disease, and the host and parasite factors ilnvolved
in its development, can be considered in two stages: (i) mechanisms associated
with the induction, maintenance and rvegulation of the lymphatle Iinflammatory
Tresponse; and (i1) facters and physiological condirions associated with
filarial lymphoedema which have shared features with nonfilarial lymphoedema,
Stgnificant initial data exist on these states in several animal model systems,
but some models are more sultable than others for particular stages of disease
development, owing to thelr lower costs and the availability of preliminary
data. The rodent systems (Mongoliam jird/Brugiz spp. and nude mouse/
Brugia spp.) are particularly well suited £for detailed studies of initlal
lesion formation and regulation. These studies should be expanded to include
characterization of the host and parasite factors involved in leslon genesis,
including the effect on subsequent lesion development of in utero and/or
neonatal exposure to parasite factors. Studies of lymphatic function in
chronic obstructive disease should employ techniques which do not further
damage affected lymphatics.

The pathogenesis of filarial lymphoedema has been less well studled,
However, several models are sultable for this purpose, including the Brugia
spp./dog or cat systems; the B. malayi/ferret medel system, only recently
described; and the E, malayi/nude mouse system. Of particular interest is
the further investigation of the B. malayi/ferret model for obstructive
lymphoedema and elephantiasis in a permissive host. Studies should concentrate
on physiological mechanisms of lymphatic dysfunction that are distinctlve for
filariasis and yet common to obstructive lymphoesdema. Contemporary lympho-
logical methods should be used but attempts should alse be made to develop new
quantitative methods. Further basic ianformation on the workings of the
obstructed (filarial and nonfilarial) lymphatle system is mneeded. An animal
model for filarial ehyluria should alse be sought. Experiments conducted
in vivo and in vitro should be encouraged te study the apparent angiogenic and
fibrogenic atimuli assoclated with filarial lymphoedema, as well as the
participation of endothelial cells and lymphocytes.
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In consultation with scientists experienced in defining functional and
mechanical lesions of the lymphatic system, the features of wmorbid anatomical
studies in animal model systems should be compared closely with those of
detalled autopsies of patients with elephantiasis.

Research on the developmant of B, malayi and W. bancrofti lesions in
human subjects should examine the role which the site of vector feeding may
have on subsequent lesion development. Studies on the site of infection and
on possible regional lymph tropisms of filariae should be conducted., Useful
models for this study would include Brugls spp. in cats, dogs, Jjirds and
monkeys.

Recommendation

{i) Animal meodels should be used to study the pathogenesis and treatr-
ment of filarial lymphoedema,

2.3.3 Recently discovered, specialized models

2.3.3.1 The leaf monkey (Presbytis spp.)/W. bancrofti and W. kalimantani
model

The use of W. kalimantani and W. bancrofti in Presbytis spp. should be
continued and furrther encouraged. This would be more practicable in areas
where leaf monkeys are found naturally, for there are many difficulties with
their exportation and maintenance,

The prepatent interval in this infection is between 53 and 11 months,
most commonly 7 to 8 months, and the best laboratory vector has been found to
be Aedes togol.

The histopathological lesions seen in the W, bancrofti/Presbytis spp.
model are sgsimilar to those 1o human baneroftian filariasis. Studies using
this model should give insights into the pathogenesis of human disease. The
potential of the W. kalimantani/Presbytis spp. model has not yet been fully
realized, and workers in endemic areas should be encouraged to study the
inducrion of acute filarial disease in this model, together with experimental
chemotherapeutic studles,

Recommendation

(i) The Presbytis/Wuchereria model should be used to investigate the
action of new filaricildes and to study the pathogenesis of filarial
disease,

2,3.3,2 The nude mouse as a new model for pathogenesis of filarial
’ lymphatic diseage

The congenitally athymie and immunodeficient nude (nu/nu) mouSe/E: malayl
model of lymphatic filariasis is a valuable new system. whieh provides several
advantages over current models, and further research using filarial parasites
in the nude mouse should be encouraged, Thus far, B. malayl appears to be
significantly more pathogenic in the mouse than B. patei or R. pahangl, a
difference perhaps masked in conventional models by host Immune responses to
the parasite.

The nude trait is available on a wide wvariety of inbred strain
backgrounds, the mouse is immunclogically well-defined and immunoclogical
reagents are readily available. Furthermore, the ability to manipulate the
aude animal’s lmmonological responses to parasite antigens allows character—
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tzation of protective responses to infective larvae, as well as those responses
involved in the pathogenesis of filarial lesions and worm killing. Work to
date has shown that clinical signs of B. malayi infection in nude mice resemble
those seean In human subjects, with dilatation and tortunsity of parasitized
lymphatics, lymphoedema of limbs and skin changes,

Immunelogical reconstitution of nude mice, chronically parasitized by
B. malayi, kills adult worms and produces lymphatiec pathology which elosely
regsembles that seen in human Iafecticn, but this is followed by clinical
resolution of the lymphoedema and skin changes, Dilated subcutaneous
lymphatics can readily be cannulated in infected nude mice and physiological
meagurements using modern lymphological techniques can be made.

The immunodeficient status of the nude mouse allows examination of the
direct effects of the parasite and its metabolic products on the development
of filarial lesions, Nude mice harbouring adult B. malayi have massively
dilated lymphatics, which provide a valuable source of large quantities of
lymph contailning potentially active metabolic products and excretory—secretory
(E3) antigens produced by worms living in a physiological environment. The
analysls and charecterization of these products, which are free of products of
the host's immune response, are simpler tham with conventional hosts, Exam-
Ination of the direct effects of purified worm products on lymphatics of
animals in vitro and on lymphatic explants of cells in vitro is recommended.
The effects of DEC and of macrofilaricidal arsenicals on adult B, malayl worms
in nude mice need investigation and the effects of haemolytic streptococcal
infection in producing lymphoedema in these animals should be studied. Com—
parison with normal mice should also be made and the possibility explored of
infecting with B. malayl other strains of mice which have different callular
immunological deficiencies.

The nude mouse/B. malayi model should also be investigated as a potential
screen for micro~ and macrofllaricidal drugs and for detalled examination of
the mechanisme of drug action. Drug action studies would be facilitatad by
comparison of drug activity and clearance in immunodeficient mice with drug
activity in Impunocompeteat c<onventional models. Large numbersz of small,
inbred animals harbouring reproducible 'B malayi infections would provide
consistent and reproducible results. For this putpese, the establishment is
recommended of colonies of nude mice parasirized with B, malayi or other
televant filariids for the purpose of drug studies,

Other Important filariid species which develop in man or animals should
be screened systematically for their ability to develop in nude mice. The
nude mouse might allow the development of Onchocerca volvulus, for which thers
is currently no suvitable animal model, thus providing an opportunity for
detailed characterization of the parasite, study of larval tropisms and of
pathogenicity im the host, and investigations into 1its susceptibility ta
chemotherapeutic agents.

Recommendations

(1) The nude mouse model should be usaed to study the pathogenesis of
filarial lymphatic obstruction, especially the endothelial cell
proliferative response induced by the parasite and the inflammatory
obliterative resction induced by the transfer of immunocompetaent
lymphocytes to these immunodeficient animals.

{(i1) The model should also be developed for its potential in chemothera-
peutic screening and for its abiliry to support the development of
9, volvulug and other human filarial parasites,
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ANNEX I

OPENING MESSAGE FROM DE H.V. HANDE
MINISTER FOR HEALTH AND FAMILY WELFARE FOR
THE STATE OF TAMILNADU, INDTA

I am glad to learn that distinguished scientists from various parts of
the world have devoted their time and energy te the study of a disecase ——
namely filariasis -~ which has affected hundreds of thousands of people in
several tropical countries, Knowing the Importance ¢f the disease and 1ts
affliction of the poor, the Government, under the able and far-sighted leader-
ship of the Chief Minister, the Hongurable Dr M,G, Ramachandran, 'established
in 1981 the Clinical Filaria Research Unit at Thanjavur Medical College, the
venue for this Sclentific Working Group meeting.

We are grateful to the UNDP/WORLD BANK/WHO Special Programme for Research
and Training in Tropical Diseases (TDR) for devoting the twalfth meetring of
its Sclentific Working Group on Filariasis te lymphatic pathology and Immuno-
pathalogy 1in filariasis; teo the Fogarty International Center for supporting
the attendance of specialists from the United States of America; and to the
Indian Council for Medical Research for supporting the attendance of our
national experts., I hope the five-day deliberations will help to provide
theaper and more effective methods for the prevention and treatment of
lymphatic filariasis.
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ANNEX 1T

SUMMARIES OF WORKING PAPERS

Most participants presented working papers at the meating, Each presen-—
tation was followed by a discussion, Summaries of these papers are gilven
below, under three main headings: anatomy and physiolegy of the lywmphatic
system}; «clinical and pathological aspects of filarial infection in man;
pathology and immunopathoelogy in experimental animals.

ANATOMY AND PHYSIOLOGY OF THE LYMPHATIC SYSTEM

Physiolegy and Pathophysiolopgy of the Lymph Circulation in Man, with a Note on
Lymphangiogenesis and Lymphological Syndromes
Marlys H. Witte and C.W. Witte

Two concepts were introduced to put filariasis into the perspective of
the broad discipline of lymphelogy (the study of rhe Integrated workings of
lymphatics, lymph nedez, lymph and lymphocytes in health and digsease):

(a) A unifying concept termed the "lymph imbalance theory"” views oedema
or effusion as a disturbance in the circulation of extracellular fluid, where
lymph formation exceeds lymph absorption. In some instances, the underlying
nature of the disturbance (i.e. whether high— or low-output failure of lymph
flow) 1s readily ascertained by simple examination. At other times, it may
require sophisticated measurements of the forces on both sides of the micro-
vagcular barrier, consideration of microvascular permeabillty and surface area,
examination of organs distant from the oedematous site, or assecsment of the
capacity of tissue fluid or lymphatic drainage. Once the nature of the
imbalance is understood, appropriate treatment is devised to reduce lymph
formaticon or enhance absorption, and this is then evaluazted 1in terms of
rastoring the balance.

{(b) Lymphoedena, lymphangiectasia, lymphatic tumour formation
(lymphangioma and lymphangiosarcoma) and lymph nodal dysfunction are generally
classified as separate entities, Yepr two or more of these phenomena may
coexist in a single patient, Based on genetlc and hormonal iInfluences in
congenital and =zcquired lymphological syndromes (e.g. lymphengiomatosis and
AIDS), as well as the pathophysiological Sequelae of lymphatic obstruction
{(oedema, ectasia, Infection breakdown of tissue Ilwsnunity, and neoplasia),
proliferating endothelium or lymphangiogenesis emerges as a key process
limitiang these diverse phenomens and governing both the clinical manifestations
and biglogical indolence or aggressiveness, Recent advances in in vive and
in vitro techniques make this process amenable to study.

Clasgification of Lywmphoedema and Elephantiasis
M. Fuldi

The classification of a disease has Lo serve practical purposes, It has
to enable differential diagnesis and, a5 the second step, getlological
disgnosis. Diagnosls is not a final goal in Atself but the conditic sina qua
non of therapy. This means that:

{a) an established classification of a disease should be reconsidered
and, if necessary, modified i1f there are changes in the princlples of therapy;
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{b) there should be a sound equilibrium between the invasiveness of the
tools of diagnosis, on the one hand, and the risks and results of therapeutic
methods, on the other,

Benign lymphoedemas of the limbs, if not complicated by a reflux of
iympgh or chyle, can be treated most successfully by decongestive
physiotherapy, even in the elephantiasis stage. They should not necesgarily
be regarded as “surglcal diseases”.

If therapy is conservative, diagnostic methods have to be noninvasive
(maximal restraint with lymphography). However, decongestive physictherapy of
lymphoedema requires the full facilities of a lymphology c¢linic with sapecial-
ized medical lympholeogists and physiotherapists.

Tt is proposed that Brunner's classification of lymphoedema into three
stages, irrespective of its aetiology, should be generally accepted. Lymph-
oedema arises as a consequence of a low—output failure of the lymph vascular
gystem, charscterized by reduetion of lymphatic transport capacity to a level
which makes the reabsorption and tramnspert of the normal lymphatic proteln
load impossible. As a consequence, protein-rich Fluid starts to accumulate in
the tissues. In the first stage, lymphoedema is pitting and 1s designated by
Brunner as reversible; secondary tissue alterations are not yet present. The
second stage has been called irreversible by Brunner; due to fibrosis and/ox
the deposition of fat, the oedema has lost iLts pitting character, A further
increase in volume is by no means an obligatory compenent of this stage, which
1 uyself call “spontaneously” Irreversible becsuse adequate consexvative
therapy abolishes first the oedema fluid and later the proliferated tissue asg
wall, The third stage, lymphostatic elephantiasis, arises as a consequence of
repeated iInflammatory attacks, whieh eause tissue prolifevation to reach
monstrous dimensions.

Elephantiasis can be lobular or nonlobular, black or pale, hut as a
typical alteration dermal tissues become thick and as hard as cartilage. Even
at this stage there still remains wuch protein-tich fluid in the depth of the
tissues, perhaps encapsulated. This is by no means a pure pathological
curiosity: quite the contrary, decongestive physiotherapy is based on the
possibility that, in its first phase, the fluid can be evacuated, and this
results in a rapid dectease of volume, This enables us to achleve a zlow but
continuous reduction of the size of the 1imb in the second phase of mainten—
ance: continuous compression induces a remodelling of the limb: proliferated
tissues become slowly stripped. If empty skin sacs remain, they may be removed
by plastic surgery without hospltalization.

Aetiological classification of lymphoedema is congruent with the needs
of therapy. Lymphoedema has to be classified into benign and malignant forms.
A lymphoedema of the malignant type arises if the tramsport capacity of the
lymph vascular system has been reduced by malignancy. Malignant lymphoedemas,
of gourse, necessitate oncological treatment and the lymphoedema 1s only of
secondary importance.

Every lymphoedema, in which transport capacity of the lymph vascular
system has been reduced by any pathological alteration other than malignancy,
belongs to the benign type. In these cases, aetiologieal diagnesis must
determine whether filariasis is present or not. If the answer ies yes, the
firet step in therapy should be eradication of the parasite. T do not see any
reason why, after adequate parasitological therapy, these lymphoedemas should
react in a different manner from the nonparasitic forms, but of course thera-
peutlc trials are necessary,
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Lymphosdemas of the limbs, complicated by reflux of lymph or chyle, and
those of the genitalia, often necessitate surgical therapy.

Lymphatic Obstruetion; Physiological and Therapeutic Aspects
W.L. Olszewski

Normal pre-~ and postnodal 1lymph vessels in man are characterized by
large, metabelically active, endothelial cells, subintimal c¢ollagen fibres,
multiple muscular fibres and competent wvalves, As the vessel wall stretches
with inflowing lymph, segments of vessel between two unidirectional wvalwves
contract spontaneously and rhythmically, This is the basic mechanism for
propelling lymph inte the epllecting lymphatics. Normal lymph contains
cellular elements, such as T-lymphocytes, a few monocytes and natural killer
cells, and migrating Langerhans cells. TImmunoglobulin congentrationm in lymph
is evidently lower than in serum, Concentration of antiblotics or chemothera—
peutics administered orally or intravenously is lower in lymph than in serum
and its peak is always delayed,

Post~inflammatory obstructive changes in lymphatics and Lymph nodes are
characterized by obstruction of the lumen with thrombus, proliferation of
fibroblasts, deposition of hyaline under trhe intima and destruction of muscle
cells.  Lymphatics lose their contraetility. The flow is decreased and
tragnsudation of proteins through the wall ocecurs, The traffic of cells from
the tissues to the regional lymph nodes is stopped and lymphangitis develops.
The time of equilibration of antibiotic concentration between serum and lymph
iz significantly prolonged. '

Observations on the pathophysiclogy of lymphatic obstruction, as well as
clinigal experience in conservative and surgleal treatment, were praesented.
The results of trials of lymph vessel grafting and the reaction of lymphoid
tissue to suture material were discussed.

CLINLICAL AND PATHOLOGICAL ASPECTS OF FILARIAL INFECTION IN MAN

Tissue Changes in High-Frotein Qedemas
J.R. Casley-Smith

Oademage have many deleterious effects on the tissues, They cause
swelling, pain, loss of function (both at the gross and cellular levels), poor
oxygenation of the tissues and delayed wound healing., When the tissues are
swollen in oedema, initial lymphatics are dilated and do not collapse. High-
protein ocedemas show all the effects of low-protein ocedemas, together with
others additionally caused by the excessive amounts of protein in rhe rissues.

T

. The effects of simple plasma protein excess have been demonstrared
experimentally, Tmmunologically tolerant rats were given a pure high-protein
vedema, via a subcutanecus injection of plasma from littermates (every 4 days
for 64 days), care being taken not to cause the production of any mediators ,of
inflammation, Polyvinylpyrrolidone (PVP), & non-metabolizable molecnle of
similar size, and saline were used as contrels, When plasma was used,
haemorrhage was frequent from about day 4 to day 32: it was not seen in rhe
controls given PVF or saline. There were many open post—capillary vepular
junctions after plasma, a few after PVP, but none after saline., The blood
caplllaries contained many more vesicles and vacuoles 1n the groups treated
with plasma and with PVP, although not in the group treated with saline. The
number of blood capillaries was greatly increased in the plasma-treated group,
less 50 in the PVP-treated one and unaltered in the saline group.
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The macrophage population did not alter with saline; it was Llncreased
20~fold with PVP and 40-fold with plasma, (The monocytes paralleled these to
day 32, then declined again.,) The use of a benzopyrone increased the numbers
of macrophages even more -- to 40-fold with PVP and 150-fold with plasma --
and these macrophages were activated.

Neither saline nor PVP altered fibroblast numbers; protein increased
them 125-fald; collagen fibres paralleled these alterations., With plaswma,
and to a lesser extent with PVP, there was a moderate lymphocytosis of small
lymphoeytes, but there were very few medium lymphocytes, T-lymphoecytes, plasma
calls or polymorphs.

These alterations (including those of blood vessels, tissues and initial
lymphatics) show all the features of chrouic Inflammation. They strongly
gupport the hypothesis that one mediator for chronfc iInflammationm s the
accumulation of plasma proteins, perhaps somewhat altered by thelr stagnation
in the oedematous tissues, The simple accumulation of plasma proteins, without
any other mediators or immunological reactions, provides an adequate explana-
tion for almost all the tissue changes found in chronie lymphostatic disorders,

In chronic lymphostatic disorders there are considerable alterations in
the collecting lymphatics, smooth muscular hyperplasla, fibromuscular alter-
atlons and excessive fibrosis.

An acute lymphostatic disorder subsides after a few weeks and the region
appears clinically normal. In both humans and experimental animals, chronic
lymphostatic disorder occurs some weeks to years after the acute phase, often
as a result of a very minor injury. It has been found that the tissues are
clinically normal during this latent peried but far from normal In thelr fine
structure. The collecting lymphatics are dilated and very tortupus, with much
oedema in their walls and around them, and with much protein and fibrosis in
these regioms. Tt is likely that the excess fibrosis contracts and obstructs
the new collateral vessels. Probably the macrophages also become exhausted.
Thus both paths of excess-protein removal fail. The effects of secondary
infection might be added to the effects of protein accumulation.

The Life—Cycle of Lymphatie Fillarial Parasites
A.5. Disszanaike

A brief outline of this subject was presented in order to remlnd the
participants of the various stages of the pavasites involved, as well as thelr
location and duration. Four larval stages occur, with four months between
them: twe in the mosguito vector and two in the human heost tissues. The
third larval stage {(L3), or infective stage, enters the tissue from the
probosgls of the mosquito, and its subsequent migrarions and moults may
partially explain the early pathogenic features of infection.

Clinieal Differences in the Lymphatic Manifestations of Banecroftian and
Brugian Filariasis
F. Partono

The clinical course of lymphatic filariasis begins with an scute stage,
followed 10 to 15 years later by the chronle stage. The acute stage 1is
characterized by eplsodic occurrence of adenolymphangitis and the chronic stage
by obstructive lesions in the lymphatics. During the chronic stage, episodic
adenolymphangitis indicates active infection. The c¢linical manifestations of
malayan filariasis and rtimeriar filarlasis are similar, but they differ from
those of bancroftian filariasis.
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In brugian filarlasis, episodic lymphadenitis occurs most frequently in
the inguinal region, followed by a characteristic retrograde lymphangitis,
abscess, ulceration and cicatrization. The disease may evolve completely, but
may alse heal spontanecusly at different stages of the clinical course.
Elephantiasis is usually located at the lower extremities below the knee but
occasionally affects the arm below the elbow. Genitel 1lesions are not
observed.

The ¢linical manifestations of bancroftian filariasis are more exteasive.
1o most endemic areas, the lymphatics of the male genitals are most commonly
affected, leading to funiculitis, epididymitis and orchitis. Hydrocoele is
the most common chronie lesion. Elephantlasis affects the whole leg, arm,
scrotum, vulva and breast, in order of decreasing frequency. Chyluria is
observed in most endemic areas but its prevalence 1s low.

Clinical Aspects of Bancroftian Filariasis: An Appraisal of Some Issues
V., Kumaraswami

Banecroftian filariassis ean manifest itself clinically in several ways.
Patients with the chrenic form of the Illness usuvally present with a grossly
swollen extremity, the lower limbs being more frequently involved than the
upper. The clinical course of the illness ls usually punctuated by zeveral
episodes of “fever” with accompanying adenclymphangitis, The cause of these
fevers is unknown.

Genital involvement is a frequent accompaniment of the disease. A large
majority of affected males have hydrocoele, while others may have acute
apisodez of epididymo-orchitis, In some cases the peris may be grossly
distorted. TFemale external genital disease is less well documented, although
the female breasst has been known to be a site of filarial disease. Other
manifestations include chyluria and tropical pulmonary eosinophilia.

One of the most compelling issues in clinical filaviasis 1= the aetiology
of filarial "fevers", Studies to identify bacteria in cultures or, alter—
natively, to provide indirect evidence of bacterial involvement may help to
egtablish the role of bacterial infectior in this condition. Monltoring
levels of eosinophils or their products, such as eosinophil catienic protein
(ECP), may resolve the issue of the possible parasitological origin of these
fevers.

Since we do not understand why some individuals have a silent onset of
the disease or why it is guiescent for a long period, it may be advantageous
to undertake clinical epldemiological studies. $Such studies could throw light
on the reazons for the low prevalence of female external genital disease.

Lymphographic studies to define the architecture of the lymphatics may
be useful to delineate the existence of alternative pathways that could be
used when planning reconstructive surgery, awd also to explain the
preferential involvement of certain sites in this disease,

Immunological approaches to the problem should clarify several of the
clinical issues raised. They would he directed to wnderstanding the factors
that modify the clinical expression of the disease by such means as blocking
antibodies or prenatal sensitization,

Pathology of Filarial Elephantiasis and Hydrocoele
D.H, Conner

During World War 1%, 38 000 American troops were exposed to bancreftian
filariasis. Of these, 12 000 were infected and studies on this cohort
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revealed that: (a) the incubation perfod was at least three months, with peak
manifestations at eight months; (b) the main clinicopathological £features
ware lymphangitis, lymphadenopathy and inflammarion of scrotal contents;
(¢) patients had complete regression of gymptome after being removed from the
endemic area.

The most common pathological lesion is lymphangitis of the spermatic
cord, characteristically beginning near the faguinal ring and moving down the
cord, Lymphangitis of the epididymis, tunica, female breast, and major
lymphatic channels of the thigh and inguinofemoral reglons and axillae may
also be involved. Of special importance is lymphangitis of the lymphatics of
lymph node capsules and of the connective tissues around the lymph nodes.
This 1s the first level of invelvement,

The second level of involvement is 4inm the lymph node proper. Adult
filariame in the capsule and subcapsular sinusoids of the nede provoke a
pyogranulomatous response, which heals by hyalinized scar tissue, thus
obstructing afferent lymphaties, Other changes in the nodes include dilation
of sinuseids which contain many histiocytes and wusually at least a few
eosinophils; capsular fibrosis with the capsule traversed by dilated
lymphatics; fibrosis and thickening of the trabeculae; follicular hyper-
plasia followed by follicular atrophy; and increased numbers of pavacortical
lymphocytes and plasma cells,

Lymphatics become dilated, pgreatly thickened, inflamed and occcluded.
Obstruction may also develop in the afferent lymphatics entering the nodes and
in the cortex of the lymph nodes proper.

The predisposition of the parasites for lymphatic channels of the
inguinofemoral regions, pelvis and abdomen causes elephantlasis of the lower
limbs and genitalia.

Pathophysiology and.-Treatment of Fillarial Chyluria
V.N.F. Tripathi

Chyluria 1s a chroni¢ filarial legacy. 1f severe and persistent, it may
lead not only to 1lipid but also Lymphocyte depletion, with resultant
debilitation and even mortality. In a study ¢f more than 500 patients managed
over a decade and a half, mortaliry was 1%.

Alterations have been detected in biochemical, haematological and immune
system profiles, in addition to symptomatology and werbid anatomy. Seventy=
five percent of patients are between 20 and 50 years of age, two-thirds being
men. Seasonal preponderance is in April/May and August/September; 66.7% have
chyluria, 26,7% haematochyluriz and 6,6% predominantly haematuria. While a
third of patieats with chyluria of six months' or less duratien may show
spontansous rellef, in 10% of patients it lasts for ten years Or more. Thare
is 3 singular absence of lymphoedema im chyluries. Fatalitles are mostly 1n
short—duration ¢hylurics,

The average body weight in chyluries 1s 50 kg with depleted fat
deposits. VUrinalysis, apart from being positive for chyle and lymphocytes,
may  show microfilariae. Peripheral blood may show lymphocytepenla,
eosinophilia or microfilariae. Excretory urograms wmay show vascular
impressicns and ureteric daviation, which is displaced away from the spine in
the upper part and towards it at the sacral promontery and results from gross
lymphangiectasia along large vessels., Cystoscopy shows a "milky™ wureteric
reflux on the left eide in 70% of patients, on the right side in 10% and on
both sides in 207. Retrograde pyelography demonstrates a pelvilymphatic




TOR/FIL=-SWG(12)/85.3
ANNEX II
page 27

fistula in 43% of ¢ases. Lymphangiography shows pelvilymphatic fistulae in
907% of cases and has the added advantage of depicting bilaterality,

Urinary losses over 24 hours are: triglyecerides, 3607 wg; phospho-—
lipids, 341 wg; cholesterel, 155 mg; proteins, 10.5 g {albumin (48.6%) and
globuling (31.4%Z)]. The serum profile is: triglycerides, 87 mg%; phospho—
lipids, 127 wmg¥; cholesterol, 151 mgh; proteins, 5.42 mg% [albumin (49.8%)
and glebulins (50,2%)].

The Immune system shows diminished responses, deplcted by purified
protein derivative, Candida albicans and 2,4-dinitrochlorobenzene reactivity
tests, further supported by blastogenic and other tests for cell-mediated
immunity., IgG and XgM levels are low., The haematological proflle revesals
lymphocytopenia, Many chylurics show erythrocytosis with raised haemoglobin,
packed cell volume and RBC count,

A histopathological study of 30 operative specimens showed simultaneous
evidence of lymphatic obstruction in the form of dilated, thick-walled
lymphatics and also neolymphangiogenesis in the form of capillary spaces lined
by immature endothelial cells, Lymph nodes, cbtained from the renal hilum and
groin of 22 of the same patients, showed a variety of changes from follicular
hyperplasia to¢ follicular atrophy with glandular fibrosis, While 1fver,
spleen and kidneys studied in ten open blopsies were normal, biopsies of the
small lotestine demonstrated gross lactesl dilatations in the villi and
submucosa, which were also lymphoedematous.

While microfilariae were demonstrated variably in blood and urine,
serodiagnostic procedures with the enzyme-linked immunosorbent aasay (ELISA),
indirect haemagglutinatiom (IHA) and counterimmunoelectrophoresis (CIEP) tests
were of little use in diagnosis, owlag to the low immune profile in chylurizss,

Management of short-duration chyluries, not exceeding six mouths, is
congervative. It includes restriction of fat in the diet and repeated courses
of DEC. In patients with persistent or savere chyluria and progressive weight
loss, a reusl hilar lymphatic disconnection with nephropaxy is performed. The
oparative vesults in more than 100 patients, followed up to a maximum of 15
years, show =satisfactory results with no "true" recurrences. Bilateral
ureteric efflux or & subsequent contralateral efflux of chyle calls for the
same operation on the opposite slde. Operative mortality was nll but post—
operative moxbidity was 2% from renal loss due to vascular complications —=
venous thrombesis in one case and arterial spasm in another,

Lymphatic Noduleg in Human Filariasis
5.K, Kar

A 'study on lymphatic filariasis carried out in twe villages of Orissa
{India) endemic for W, bancrofii revealed nodules in the extremities of S0 of
1926 subjects examined, Clinical manifestations, microfilaraemia and filarial
abscesses were observed im 37.2, 15.8 and 11.8% of the subjects, respectively,
The nodules in the extYemities appearing along the lymphatic channels showed
movement. These nodules were 1-3 em in diameter, subcutaneous, freely mobile
and found at the mid-arm, medial aspeet of the thigh and belew the knee joint
region, In a few cases, the nodules appeared in the axillae or groin ss =
painful mass assoclated with lymphangitis of the extremity, The nodules
descended distally to the wmid-arm, epitrochlear reglion and thigh, where they
persisted for a long time in uatreated cases. Of 50 subjects prasenting with
nodules, 23 were found to be microfilaraemic, Such nodules were also observed
in 6 of 163 asymptomatic microfilaria carriers during follow-up examinations,
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Following DEC therapy, the nodules diminished iIn size and gradually
disappeared,  None of the subjects had received previous antifilarial therapy.
Nodules removed sutgically revealed lymph node structures with granuloma
formation and the presence of an adult parasite on histopathological examina~
tion, Seven persons with clinical filarial disease developed mulriple bead-
like swellings in their arms following chemotherapy (DEC). These tiny nodules
also moved along the line of the lymphatic and disappesared near the wrist in a
two-week period. Similar nodules were alsc observed in a third village 1n
Orissa which was endemic for Brugla malayi. These nodules result £rom
granuloms forwation in lymphatic filariasis. Further studies are needed to
understand the host's immunological response to the occurrence, persistence
and descent of these nodules.

Methods of Treatment for Filarial Elephantiasis Used in China
Zheng Hui jun

Four different metheds of therapy for filarial elephantiasis ave applied
in China: heat and bandage treatment; mulberry leaf extract imjection and
bandage treatment; audiofrequency electrotherapy (i.e. the application of s0
cvcles alternating electriec current) and handage treatment; and surgery. The
effective cure rates of these treatments ranged from 30.6 to 77.4%Z. In order
to verify the mechanism of heat and bandage treatment, lymphangiography, the
131I-HSA clearance test and radioactive Iisotope scanning of regional lymph
nodes were carried out in a few patients before and after treatment. They
demonstrated recovery of the damaged lymphatics and rte—establishment of
lymphatic drainage.

On the basis of our practice, it is suggested that combined therapy,
including bandaging, the softening of the tissues of the affected legs,
filaricidal treatment, and the control of bacterial and fungal secondary
infection, 15 necessary in order to bring about more effective results. Most
patients have received DEC therapy at some stage before remedial treatment for
elephantiasis is bagun.

Indicatfons and Success of a Surgical Approach to Filarial Elephantiasis
5. Jamal

Inguinal nodo—venous shunt (NVS) has given 90% success in 300 cases of
filarial oedema of grade Il and above in the ilmmediate post—operative period.
For grade 111 and IV elephantiasis, excisional procedures are required to
sustaln the reduction. In over 15 years of follow-up, the NVE has maintained
patency, as shown by clinlcal observation of rapid reduction in the size of
recurrent swelling after simple elevation of the limb for a day. There remains
a fold of loose skin for further excisien. Charles' procedure {i.e. excision
of lymphoedematous tissue, including deep fasciaz up to muscle and periosternum
and covering of the raw area with thick split-skin graft taken from the
involved, ocedematous skin) should be avoided for filarilal elephantiasis in
Tndia.

Relationship of Microfilaraemic Status to Lymphatic Disease in Papua New Guinea
J.W, Kagura and K. Forsyth

The objective of this analysis was first to determine whether amicro-
filaraemia Ls associated with obstructive lymphatic disease and second to
assess the utility of the Gib 13 monoclonal antibody-based immuinoradiometric
assay in predicting the development of disease.

In & total population of 472 individuals residing in East Sepik
Province, an area where Wuchereria bancrofti infectlon 1s endemle, there was a
microfilarial (mf) carrler rate of D33%; the age-specific prevalence of
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microfilaraemia increased from 36% in subjects aged 10 years or less to over
70% in those older than 31 years, There were 45 subjects with elephantiasis
of an extremity and/or hydrocoele, The mf carrier rate in these “diseazed”
individuals was 85% (38 of 45 mwf+); a group of 45 age—matched (median age
40=42 years) subjects without lymphatie disease had a similar microfilarial
carrier rate (874 or 39/45). It thus appsars that microfilaraemic statrus does
not correlate with the development of severe lymphatic discase in a population
of W. bangrofti-infected subjects.

In preliminary studies with the Gib 13 assay, we determined that
(1) immature and mature female or wale worms of B. malayi release the Gib 13
epiteope Inte excretory-secretory products in vitro; and (ii) there iz a
quantitative relationship between the amount of Gib 13 released and the number
of parasites present in the culture medium. We then found that the Gib 13
antigen index (AI} in infected subjects is stable over a ong-year period (mean
AL of 4.0 in 30 subjects examined initially in 1984 and again in 1983).

When the sge-specific Al in amicrofilaraemic, “nondiseased” subjects was
examined, the level increased from 2,9 in subjects 10 years old ar less to 4.3
in 11-20 year olds; the value roge progresgively in the 20-30 and 31-40 year
age—groups (5.8 and 7.0, respectively). In subjects aged 41 years or older,
the mean AL was 5.5. These data indlcate that the Gib 13 level increases with
age, as might be expected if adult parasites accumulare with longer periods of
exposure to infeective larvae. We finally compared the Gib 13 AI in 25 subjects
with severe lymphatfic disease with 23 age-matched controls without disease.
The mean + SE in the former "disessed” group was 3.6 £ 1.1 vs. 6.7 + 1.1 in
the "nondiseased” group. ‘These results guggest that the Gib 13 lavel i3 low
in digessed subjects, perhaps as a manifestation of relatively low adult wornm
burdens in subjects with severe lymphatic disease. Extensive cross—sectional
and, more importantly, longitudinal studies are needed to verify this.

Host Tmmune Reactions During the Early Stages of Infection with Brugia malayi
W.F. Piessens, L. Kurniawan and I, Koiman

The thesis that variation in immune tesponses to parasite antigens among
exposed Individuals detetmines the clinfeal outcome of infections with Lymph-
dwelling filariae is based on cross—seectional studies of native residents of
endemic areas, This interpretation of available dara impiieg that all individ-
uvals reach a given clinical status via rhe same antecedent pathway, Not
enough is known about the long-term natural course of lymphatic filariasis to
accept this premise without further study. Progpective studies on natives of
endemic areas or on previously unexposed ‘immigrants into such areas would
allow evaluation of host-parasite interactions during the early phase of
infection and the establishment of causal relationships betwsen immune
Tresponses and clinical ocutcomes.

The early results of a study on transmigrant populations can be
summarized as follows. Antibodies to mierofilarial somatic antigens can be
detected 6-12 months before it is possible to demonstrate sensitization to
T-lymphocytes by the in vitro assay of antigen—induced lymphocyte prolifera—
tion, Microfilarial extracts suppress mitogen-induced lymphocyte proliferation
in recent immigrants, but the prevalence of this nongpecific type of immune
suppression decreases with increasing duration of exposure, By contrasg,
filarial antigen—specific immune Suppression {5 quite common among indigencus
residents of endemic areas but is difficult to demonstrate im recenr
immigrants. Whether or net ir will be possible to correlate thaese
obgervations with the ultimate outcome of filarial infection remains to be
deternined,




TDR/FIL-5WG(12)/85.3
ANNEX IT
page 30

Immunoregulation in Man and its Relationship to Lymphatic Pathology in
Filariasis

T.B, Nutman

The manner in which the human host responds immuneloglecally to filarial
parasites 1is clearly critical in determining the wlde range of clinleal
pathology seen among those living in regions endemic for the lymphatic forms
of filarizsis. The immunoregulatory determinants of this response are myriad,
although genetic, environmental, cell-mediated, humoral and parasite-derived
factors have been variously implicated. While filarial and other paraaite
antigens have been shown to be major histocompatibiliry ecomplex {MHC)
restricted and evidence of prematal sensitizatlon in filariasis has been
demonstrated, large-scale studies examining the interaction of environmental
and genetic factors are needed.

The regulation of B~ and T-cell responses has been studied extensively;
the evidence suggests that patients with chronic lymphatie chatruction are
immunalogleally competent with respect to in vitre B-, T-cell and T-cell-
subset responsiveness Lo parasite antigen, whereas those with the agymptomatic
infection show parasite—specific anergy in vitre. This lends further credence
to the hypothesis that the host immune response must be implicated in the
pathogenesis of the chronic lymphatic form of fllariasis. Finally, the levels
of circulating immune complexes were shown to be elevated and the levels of
circulating parasite antigen negligible in patilents with chronic Lymphatic
obstruction., This agein suggests that the Immune response, manlfested by
increased antigen—antibody complexes and thus the inability to eclear parasite
antigen effectively, is in part responsible for the chrenic Yobstruction” seen
in lymphatic filariasls.

PATHOLOGY AND IMMUNOPATHOLOGY IN EXPERIMENTAL ANIMALS

Pathogenesis of Lymphatic Lesions in Brugia pahangi-Infected Jirds
T.R. Klei

The kinetic mechanisms of the granulomatous inflammatory response within
the lymphatics of B. pahangi-infected jirds were measured over a 180-day
period 1in animals receiving single inoculations of 50 B. pahangi Ly and
compared to those of jirds receiving four or eight similar ingculations over
the same rime period. Antibody respenses, lymphocyte transformation responges
and preliminary granwlomatous responses to such B. Eahangi antigen extracts
were measured. The results indicate that eight multiple infections do not
produce a protective resistance to Infection in jirds; in gemeral, peak
numbers of lymph thrombi and maximal wenal lymph node sizes oceur between 48
and 118 days post infection and decrease after that time, Modularion of the
intralymphatic granulomatous response cotrresponds to the pulmonary granuloma=
tous response and to trends in lymphocyte transformation responses seen, but
not to circulating antibody titres, These findings indicate that a distinct
sequence of responaive states oceurs In jirds and the time intervals of these
were determined, The modulatory response dees not sppear to be overcome by
multiple iInfections. Thus single subcutaneous induced infections at appro~
priately selected times will be useful for studying details of the pathogenesis
of these lesions.

Observations of Lymphatic Pathology in Nude Mice Parasitized by Brugla app.
A.GC, Vigkery, K,H. Albertine and J.K. Nayar

Congenitally athymic and immunodeficient nude (nu/ou) mice, chronfcally
parasitized by adult subperiodic Brugia malayi, develop grossly apparent and
progressive lymphangiectasis of subcutaneous lympharies. Persistent lymph-
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cedema and skin changes consisting of ulcers, fissures or hyperpigmentation
are observed in some mice examined more than 200 days after subcutaneous
inoculation with B. malayi-infective larvae., Viable adult worms and not
microfilariae appear to be responsible for the development of this elephantoid
appearance, Comparable changes are not observed when mice are chronieally
paragitized by similar numbers of B. pahangi or B, patei.

Histological examination of parasitized lymphatics raveals dilatation
and tortuogity in the absence of luminal or intersritrial infiltrates, and
rhysical blockage 1s not apparent, However, immunological reconstitution of
nude mice harbouring adult B. malayi results in an episode of acute 1ym-
phangitis and lymphadenitis, sometimes with lymphatie obstruction. Reconsti-
tuted mice produce B. malayi-specific antibodies, exhibit eosinophilia and
kill the majority of their adult worm burden. Levels of circulating micro-
filariae are not affected,

Lymph aspirated from dilated lymphatics of nude mice harbouring adult
B. malayi contains soluble worm products, 1s free of bacterial sepsis and
endotoxin, and has a total protein content more than double normal wvalues,
Thus, it appears that adulr B. malayl produce seluble factors which ecan
directly affect parasitized lymphatics in the absence of thymus—dependent
hypersensitivity. Furthermore, the gsusceptlbility of nudée mice to selective
adoptive i{wmunological reconstitution suggests that mechgnisms of adult worm
killing could be characterized.
Pathogenesis of Limb Oedema in Brugia-Infected Dogs
B. Hammerherg

All of the 18 dogs in this study sustained moderate to high nicro-
filaraemia for 18 months or more after a tingle large Infective doge of B,
pahangl. Upon reinfection of five dogs with very low or no microfilarsemia
(at 24 to 66 wmonths after the original Infection), three did not develop a
sustained microfilaraemia and two of these three developed limb oedema. These
three dogs had markedly increased antibody reactions with two bands of antigens
(52 000 and 58 000 Mr on SDS-PAGE) from Bruglia adult products and adult homo-
genate extracts, This antibody respouse was not detected in dogs with high
microfilaraemia st the time of reinfection.

Heither the chronic nor the transient limb cedema In reinfected dogs was
assoclated with oecclusion of lymph ducts in the infecred limb, as chown by
xeroradicographic lymphanglography. This suggests that loczal pathophysic—
logical mechanisms, in addition to lymph duct ocelusion, play a role in the
development of oedema in these reinfected dogs.

By contrast, one of five dogs given very large doses of infective larvae
in the paw developed chronic 1imb oedema starting 12 months after infectiom,
which was asgociated with lymph duct occlusion. Thisg dog had the highest
mlcrofilaraemia of all the dogs under study. Other dogs given large distal
limb infections showed transient episodes of limb oedema, which were associated
with duet oceclusion but appeared to be resolved by the appearance of "new"
lymph ducts bypassing the nenfiltering popliteal node.

The possible aetiology of lymph duet occlusion suggested by the results
from these five dogs may be complicated by findings of a high sntibody titre
in the dog with limb oedema against two antigens (30 Q00-55 000 Mr) from
microfilarial products, Preliminary results at this time indicate that the
only other dog with a response to these antigens is the wmicrofilaraemic
reinfected dog that developed chronic limb cedema, :
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These ¢onclusions, drawn from in-depth lengitudinal studles on
experimental infections, are necessarily preliminary, because of the limited
number of dogs being monitored, However, it is obvious that the pathogenesis
of filarial oedema is the ragult of more than one factor, We have 1llustrated
the unique usefulness of the dog model in investigating some of these factors.
Although we have not reporred on recently begun studles of monocyte/macrophage
and lymphocyte function, the size and accessibility of infected and noninfected
limb lymph ducts for cannularion can be exploited in studies on local pro—
ducticon and action of monokines and lymphokines,

Bxperimental Lymphatic Dysfunction Caused by Brugia malayi
A, Ewert

Domestic cats and patas monkeys can be Infected with B, malayi in such =
way that the developing and mature filarial nemarodes are localized in regional
Lymphatics of the hind legs. Reaction to. the parasites results In visible
local oedema in cats and lymph node enlargement, Inflammation of lymph vessels
and digruption of normal lymph flow in both cats and wonkeys.

Lymph flow patterns can be examined by direct observation following
injection of lymph-staining dye and reflection of the skin, by X-ray following
injection of radio-opaque contrast wedia and by lymphoscintigraphy. Changes
In the lymphatlc valves and walls of the vessels can he observed by direct
observation, light wicroscopy, scamning electron microscopy and rransmizsion
electron microscopy. Thrombi that form in parasitized vessels can be examined
using the same techniques.

Within 24 hours after infective Brugia larvae were placed in a drep of
saline over artificial puncture wounds on the hind foot of experimental
animals, the larvae had migrated to the periphery of the first intervening
lymph node, namely the popliteal. As the parasites matured and lncreased in
size, the vessels dilated, valves of the infected lymph vessels became
incompetent and the worms migrvated back towards the site of infection. The
filariae remained within the reglomal lymph vessels of the hind legs. Oedema
developed within a month of infection and persisted up to three months after
the last infection. The contralateral uninfected hind legs remained normal in
appearance.

Collagen accumulated arcund infected lymph vessels in cats and persisted
for variable periods of time. Thrombus formation and changes in the vessels
hindared normal 1ymph flow. Preliminary ultrastructural studies suggest that
vesicles in the cytoplasm of endothelial cells lialng the lymph vessels may
play a role in lymph transport. Although gross oedema 1&g not evident 1in
infected monkeys, lymph flow alteration is demonstrated by lymphoscintigraphy.

Lymphatic and Splenic Pathology of Brugia malayi Infeections im the Leaf Monkey

{Presbytis spp.)
Joon Wah Mak

The primates Presbytis melalophos and P. cristata are highly susceptible
to experimental infection with subperiodie B. malayi, All animals infected
with 200-~300 infeetive larvae subcutaneously over the ventromedial aspect of
the thigh and followed up for more than six weeks becawme patent for micyro-
filaraemia. Geomettric mean wicrofilarial counts rose rapidly during the flrst
month of patency and then tended to level off by the fourth wmonth. Peak
counts achieved were in excess of 1600 mf/ml. Developing worms were mainly
found in the sacral or para—aortic lymph nodes and vessels and in the thoracic
duct (90%), while 10% were found in the inguinal or popliteal lymph nodes and
vessels and iIn other places. Adult worms were evenly distributed in the
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sacral, para—aortic lymph nodes and vessels and in the thoracic duct (45%),
and in the inguinal lymph nodes and assocliated vessels (45X), with the
remaining 10Z being seen in other areas. Live worms induced less pathology
and were mainly assoclated with dilatation of the lymphatie chaunels, while
marked inflammatory response and thrombosis were ssen around dead worms. In
90% of microfilaraemic animals, gross and migrogscopic granulomatous changes
were seen in the spleen; the intensity of these reactions was related to the
rate of de¢line of microfilaraemia, indicating the vole of the spleen in the
destruction of microfilariae,

Immunology of Bancroftian Filariasis in the Leaf Monkey (Presbytis cristata)
J.R. Campbell

This three-year project studied cellular and humoral imsune responses in
Presbytis ¢ristata monkeys experimentally infected with Wuchereria bancrofti.
Animals were given subcutaneous injections in the left inguinal region of 250
third-stage infective larvae (L3) of W, bancrofti., The L3 were injected
either as a single dose of 250 parasites or as ten injections of 25 parasites
each, Blood was taken for examinarion of sera and cells at various times
before infection, during the prepatent period and after patency wag achieved,

During the first six monthe of infection the animals showed no
significant change either in total serum IgG or IgM concentrations, or in
gpecific anti-W. bancrofti antibedy titres. Specific antibody titres were
measured by ELISA, wusing excretory-secretory (ES) antigens from cultured
La=ES antigens, and vavious other fractions from L3 and adult worms are
currently belng tested. While all lymphocyte transformation assays (LTA)
revealed uormal concanavalin A and pokeweed mitogen responses, lymphocytes
from only 25% of the infected animals were stimulated to proliferate in vitro
In response to a variety of W. bancroftl antigens. Cellular responses were
not enhanced by vemoval of suppressor T-lymphocytes with OKTS monoclonal
antibody plus complement.

If the immune responge to W. bancroeftli antigens is in fact minimal in
these animals, there are several possible explanationa. Fivst, the filarial
worms may be capable of molecular mimiery, as has been demonstrated with
schistosomes. Alternatively, the parasite may cover itz surface with actual
host proteins, such as albumin, to avoid immune recognition. A third
possibility is specific ilmmune suppression, as suggested by our LTA data.

These findings suggest that the jmmune responge to W, bancrofii may also
be subverted by the parasite or its products, Therafore the production of any
vaccine based on parasite antipgens, whether naturally derived from an infected
animal model such as Preabytls or produced by recombinant DNA technology,
should be approached with caution and only with a thorough understanding of
the host response to these antigens.
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