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Abstract
Bancroftian filariasis, a mosquito-transmitted disease commonly known as elephantiasis, is caused by
infection with the parasite Wuchereria bancrofti. Infection with this parasite can induce a broad array of
chronic debilitating and socially stigmatizing conditions, but the pathogenesis of this morbidity remains
obscure. Recent evidence indicates that in filariasis-endemic areas the primary lesion is not lymphatic
vessel obstruction but, rather, dilatation. To determine the extent to which lymphatic dilatation occurs in
the presence of living adult W. bancrofti, we performed longitudinal ultrasonographic measurements in
80 men (mean age 24 years) in Brazil who had a total of 107 W. bancrofti nests detectable by ultrasound.
Initial mean lymphatic vessel diameter at the site of the worms was 3-4 mm (range, 0-7-11-3), and was
greater in men with 2 or more nests (3-9 mm) than in those with only one nest (30 mm, P = 0-003).
During the study period (2-35 months, mean, 13-7), lymphatic vessel diameter increased at the site of
92 (86:0%) adult worm nests. Mean rate of increase of lymphatic vessel diameter was 12 mm per
person-year (range, 0—0-93 mm per month). In a general linear model, no factors, including trearment
with antifilarial drugs, were significantly associated with rate of vessel diameter increase. Thus, lymphatic
vessel dilatation progresses in the presence of living adult W. bancrofti; the rate of this progression is
heterogeneous. These data suggest that lymphatic dilatation will continue to progress in most infected
persons even after mass treatment with currently recommended antifilarial drugs. In addition to
interrupting transmission, the global programme for elimination of lymphatic filariasis should address

the potential for disease progression in persons who remain infected with adult W. bancrofti.
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Introduction

Lymphatic filariasis is a mosquito-transmitted dis-
ease that affects an estimated 120 million persons in
tropical areas of the world (WHO, 1994) and is ranked
by the World Health Organization as the second lead-
ing cause of long-term disability worldwide (WHO,
1995). Approximately 90% of these infections are
caused by Wuchereria bancrofti. Infection with this para-
site can induce a broad array of debilitating and socially
stigmatizing conditions (DREYER et al., 1997), includ-
ing testicular hydrocoele, chyluria, acute episodes of
adenolymphangitis, and lymphoedema and elephantia-
sis of the extremities, breast, and male genitalia. Recent
advances in diagnosis and annual single-dose treatment
have led to new hope that lymphatic filariasis can be
eliminated globally as a public health problem (CDC,
1993; WHO, 1997).

In spite of these advances, the natural history and
pathogenesis of lymphatic filariasis and its sequelae
remain obscure. Studies of acute filariasis in US sol-
diers stationed in the South Pacific during World War
II led to the belief that hydrocoele and lymphoedema
were caused primarily by inflammation and obstruction
of the lymphatic vessels following death of the adult
worm (WARTMAN, 1944, 1947). In contrast, recent
clinical, surgical, and pathological evidence from stud-
ies of long-term residents of filariasis-endemic areas has
shown that the primary lesion in these populations is
not obstruction, but lymphatic vessel dilatation, with
no attendant inflammation (JUNGMANN er al., 1992;
FIGUEREDO-SILVA et al., 1994). It is now thought that
dilatation of the lymphatic vessels leads to lymphatic
dysfunction and, sometimes, rupture, both of which
lead directly or indirectly to clinical disease (DREYER
et al., 2000a). However, direct evidence for progression
of lymphatic dilatation in the presence of living adult
W. bancrofti has not been available heretofore.
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The recent use of ultrasound to visualize nests of
living adult W. bancrofti (AMARAL et al.,, 1994) has
provided a powerful non-invasive tool for monitoring
the effect of antifilarial drugs against the adult worm
(DREYER et al., 1995a, 1995b; NOROES et al., 1997)
and for studying the pathogenesis and clinical expres-
sion of filarial disease (INOROES er al., 1996b; DREYER
et al., 2000a). The characteristic pattern of adult worm
movement, known as the filaria dance sign (AMARAL
et al., 1994), is detectable in the scrotal area of at least
80% of microfilaraemic men (NOROES er al., 1996a).
The intrascrotal lymphatics appear to be the ‘preferred’
site for adult W. bancrofti in men, even if microfilarae-
mia or the filaria dance sign is not yet detectable by
ultrasound (DREYER et al., 1996b, 1999a). Living adult
worms have also been detected in lymphatic vessels of
the legs, arms, breast, inguinal cord, and crural area, as
well as in lymph nodes (DREYER et al., 1996a, 1999b).
A remarkably close relationship between host and para-
site is reflected by the long-term stability of the location
of adult worm nests in the human body (DREYER et al.,
1994). This stability has allowed for longitudinal stud-
ies that have shed light on the natural history of filarial
disease.

The lymphatic vessels of the spermatic cord, which
are usually 1 mm in diameter (MOLLER, 1980), may
reach diameters of >20 mm in infected men. These
vessels are readily detected by ultrasound and can be
accurately measured at the site of the adult worm nests.
To determine the extent to which lymphatic dilatation
progresses in the presence of living adult W. bancrofti,
we performed serial measurements of lymphatic vessels
in men who were enrolled in studies of antifilarial drug
efficacy.

Materials and Methods

The study was conducted in the outpatient clinic at
Centro de Pesquisas Aggeu Magalhaes and Hospital
das Clinicas, Universidade Federal de Pernambuco,
Recife, Brazil, and was approved by the ethical review
board of the latter institution. Informed consent was
obtained from all participants. A total of 236 men
underwent initial clinical and parasitological examina-
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tions for lymphatic filariasis and had the filaria dance
sign sought on ultrasound examination. Each man was
enrolled in one of several studies of antifilarial drug
efficacy (described below). Follow-up clinical and ul-
trasound .examinations were scheduled for 24 h, 7 and
15 days, and 1, 3, 6, and 12 months after drug treat-
ment. At the end of each chemotherapy study, the men
were treated with diethylcarbamazine (DEC), which
has documented, albeit partial, efficacy against adult
W. bancrofti (NOROES et al., 1997). For men whose
filaria dance sign persisted after 12 months, periodic
ultrasound examinations were continued, but at less-
regular intervals.

At each observation point, 6 independent examina-
tions were performed using a Pio Medical Scanner 200
ultrasound machine (The Netherlands) with a 7-5-
MHz transducer. The location of the adult worm nests
and the diameter of the lymphatic vessels at the site of
the adult worm were recorded. Air-conditioning was
minimal and the ultrasound gel was kept at room tem-
perature to reduce interference from the cremasteric
muscle. Two investigators each performed ultrasound
examinations on the same patient on 3 separate days
during a single week. For each observation point,
the mean vessel diameter was calculated from the 6
measurements. The vast majority of lymphatic vessel
diameter measurements were identical; maximum var-
iation between the examiners was 0-1 mm and maxi-
mum variation between different days of the week was
0-2 mm.

Living adult worm nests were used to mark the exact
site for repeated measurements of lymphatic vessel dia-
meter. Therefore, if all of the adult worms in a particu-
lar nest died and the filaria dance sign disappeared, no
further measurements were taken at this nest site,
because accurate measurement of lymphatic vessel dia-
meter at that site was no longer possible. When some,
but not all, of the adult worms in a particular nest died,
a ‘mixed reaction’ was observed (NOROES et al., 1997):
the filaria dance sign persisted, but a palpable inflam-
matory nodule developed at the site. Because these
local inflammatory responses can alter the diameter of
the lymphatic vessels, physical examinations were per-
formed before each ultrasonographic examination to
detect nodules. Even if the filaria dance sign could still
be observed within the lymphatic vessels with nodules,
these nests were excluded from the analysis. To avoid
other factors that might influence the validity of lym-
phatic vessel measurements, men were excluded from
the study if they had abnormal physical findings such as
hydrocoele, enlargement of the scrotal sac, a history of
acute lymphangitis of the scrotum, or previous scrotal
surgery.

Of the 236 men, 52 completed the 12-month drug
study, continued to have W. bancrofti demonstrable by
ultrasound, were available for follow-up, and were not
excluded for any of the reasons listed above. Of these
52 men, 10 had been treated for 12 months with daily
ultra-low doses of DEC equivalent to 0-3% DEC-
fortified salt (unpublished). Nineteen received a single
6-mg/kg dose of DEC (NOROES et al., 1997); 5
received a single 400-mg dose of albendazole (unpu-
bished); 8 received a single combined dose of ivermec-
tin (200 pg/kg) and DEC (6 mg/kg) (DREYER et al.,
1998); 6 received a single combined dose of ivermectin
(400 pg/kg) and albendazole (400 mg) (unpublished);
and 4 received a single combined dose of DEC
(6 mg/kg) and albendazole (400 mg) (unpublished). In
addition, 28 (35%) men who had received no treatment
for W. bancrofti infection during the period of observa-
tion were enrolled in the current study. After their
initial ultrasonographic assessment, these men had not
returned to the clinic for treatment, despite efforts to
contact them and encourage them to do so. Eventually,
they did return to the clinic, where they were examined
by ultrasound and treated with DEC.
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At the time of the initial evaluation, all participants
had 1 mL of blood collected between 23:00 and 01:00.
The blood was passed through a 3-pm Nuclepore filter
(Nuclepore Corporation, Pleasanton, CA, USA) and
the filter was stained with Carrazzi-haematoxylin and
examined under the microscope for microfilariae. Men
who were microfilaria-negative in 1 mL of blood had
additional specimens of 5mL and 10 mL collected
before being considered microfilaria-negative (DREYER
eral., 1996b).

Statistical methods

The %2 test was used to determine the significance of
differences between proportions. Pooled i-tests were
used to compare continuous variables such as age,
initial geometric mean microfilarial density, and
months followed. Mean monthly rate of lymphatic
vessel dilatation was calculated by dividing the total
change in vessel diameter at follow-up by the number
of months elapsed since initial assessment, Several pa-
tients had more than one nest of adult W. bancrofti
detected. A general linear model, using the SAS proce-
dure Genmod, which allows for intrapatient correla-
tion, was used to examine the effects of age, initial
vessel diameter and location, pre-treatment microfilar-
aemia, and drug treatment on change in lymphatic
vessel diameter, The Brown-Forsythe test was used to
compare the variability in rate of vessel diameter
change between persons with one adult worm nest and
those with more than one nest.

Results

A total of 80 men participated in the study, ranging
in age from 15 to 51 years (mean, 23-8). All but 7
(8-:8%) men were microfilaria-positive at the start of the
study; geometric mean pre-treatment microfilarial den-
sity was 114/mL (range, 0-15679). A total of 107
adult worm nests were detected by ultrasound (mean,
1-3 nests per patient; range, 1-3) and remained no-
dule-free during the study period. Palpable scrotal
nodules were detected in 20 (25%) men (including
some from each group) during follow-up. Appearance
of the nodules was not temporally associated with drug
treatment. The nests at the site of these nodules were
excluded from the present analysis.

Twenty-one (26-3%) men had =2 nests. One of
these men had a nest in the antecubital fossa as well as
one in the intrascrotal lymphatics. All the other nests
were found in the scrotal area. Of these, 60 nests were
located on the right side of the scrotum and 46 were on
the left. One nest was found in the lymphatic vessels of
the scrotal wall and the remainder were detected inside
the scrotal sac. Of the nests detected in the intrascrotal
lymphatics, 45 were supratesticular in location, 36 were
paratesticular, and 24 were infratesticular,

Mean initial vessel diameter at the site of the worms
was 3-4 mm (range, 0-7—11-3). Initial vessel diameter
at the site of the adult worm was not significantly
associated with patient age, microfilarial density, adult
worm location, or subsequent antifilarial drug treat-
ment. However, mean vessel diameter was greater in
men with =2 detectable adult worm nests (3-9 mm)
than in those with only one nest (3:0 mm, P = 0-003).

At the time of initial assessment, the 52 men who
were enrolled in the drug studies were similar to the 28
who did not receive treatment with respect to age,
microfilarial status, and number and location of adult
worm nests. The study participants were followed for
2-35 months (mean, 13-7), and were evaluated by
ultrasound on 2-6 separate occasions (mean, 2-7).
During the observation period, lymphatic vessel dia-
meter increased at the site of 92 (86%) adult worm
nests, remained the same for 14 nests, and decreased
(by 0-1 mm) at the site of one nest.

Of the 80 men participating, 71 (89%) had increases
in the diameter of one or more lymphatic vessel seg-
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ments; in 9 (11%) men, the lymphatic vessels de-
creased or did not change in diameter. These 2 groups
did not differ significantly with respect to age, number
of nests, nest location, microfilarial density, drug treat-
ment, or initial vessel diameter. However, men with an
increase in lymphatic vessel diameter were followed
for a mean duration of 13-9 months, compared with
9-3 months for those with no measurable increase
(P = 0-005). Of the 21 men who had more than one
adult worm nest, none had an increase in vessel dia-
meter in one nest and a decrease in another.

The rate of increase of lymphatic vessel diameter was
remarkably heterogeneous, ranging from 0 to 0:93 mm
per month (Figure, A and B). Overall mean rate of
vessel diameter increase was 1-2 mm per person-year.
The rate of change in lymphatic vessel diameter tended
to be lower if the men received antifilarial drugs (0-09
vs 0'15 per month), were followed for more than

12 months (0-08 vs 0:14 mm per month), or had =2

adult worm nests (0-08 mm vs 0-14 mm per month),
but in the general linear model these differences were
not statistically significant. Further, among the 50 men
who had one or more observations >12 months after
entry into the study, these non-significant trends dis-
appeared. For men with more than one adult worm
nest, the inter-nest variance in rate of vessel diameter
change (within the same man) tended to be lower
(standard deviation, 0:09 mm per month) than the
inter-nest variance among all men with only one nest
(standard deviation, 0-17 mm, P = 0-10). Figure A
and B shows the progression of lymphatic dilation over
time in treated and untreated individuals, respectively.

Discussion

Despite more than a century of scientific study, the
pathogenesis of lymphatic filariasis is incompletely un-
derstood. It is increasingly recognized, however, that
lymphatic vessel dilatation, and not obstruction, is the
central lesion in the development of chronic filarial
morbidity in filariasis~endemic areas (INOROES er al.,
1996b; DREYER et al., 2000a). For years, dilatation of
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Figure. Rate of lymphatic vessel diameter change since initial
€Xamination (in mm), by month, for men with bancroftian
filariasis who received antifilarial drugs during the study period
(A) and those who did not (B).
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lymphatic vessels has been recognized in surgical and
autopsy specimens from persons with clinical mani-
festations of lymphatic filariasis (WARTMAN, 1947;
LICHTENBERG, 1957). However, the cause(s) of this
dilatation, the rate at which it develops, and its relation-
ship to chronic filarial disease have remained elusive.
Using ultrasound, we were able to monitor lymphatic
vessel diameter at the site of adult W. bancrofii nests in
80 men for periods of 2—-35 months. In 71 (89%) men,
the diameter of the lymphatic vessel increased, showing
the progression of subclinical pathology. These men
were followed significantly longer (mean, 13-9 months)
than the 9 men who had no observed increase in
lymphatic vessel diameter (mean, 9-3 months), suggest-
ing that an increase in lymphatic vessel diameter might
have been observed in at least some of these other men
had they had been followed longer.

A high degree of variability was observed among
individuals, and even among different nests within the
same individual. These observations support the notion
that bancroftian filariasis is a multifactorial disease, as-,
suggested recently by DREYER er al. (2000a). None of
the factors we examined, including patient age, adult
worm location, number of nests, or treatment with
antifilarial drugs, appeared to influence significantly the
rate of lymphatic vessel dilatation in this relatively small
study. However, at the beginning of the study, a signifi-
cant association was observed between the number ‘of
adult worm nests and baseline lymphatic vessel dia-
meter. These findings are consistent with the hypoth-
esis that both the lymphatic vessel diameter and the
number of nests may be associated with duration of
time since initial W. bancrofti infection and adult worm
load. Within a given individual, however, the factors
that determine the rate of progression of lymphangiec-
tasia appear to be more complex.

The basic mechanism of vessel dilatation in lympha-
tic filariasis is unknown. Several lines of evidence sup-
port the notion, recently advanced by DREYER et al.
(2000a), that lymphangiectasia is initiated not by the
mechanical effect of continuous adult worm move-
ment, but by a substance released by the adult worm,
which interacts with receptors on the endothelium of
the lymphatic vessels. The concentration and distri-
bution of these receptors in the lymphatic vessel endo-
thelium are likely determinants of the rate, pattern, and
extent of lymphatic vessel dilatation. Recent studies
indicate that dilatation of the lymphatic vessel occurs
not only at the site of the adult worm nest, but also
more diffusely, in the general vicinity of the worm
(AMARAL er al., 1994; J. Nordes, personal communica-
tion). Further, dilatation is exceedingly heterogeneous
within a given segment of lymphatic vessel (AMARAL
et al.,, 1994); sections of almost normal vessel are
interspersed with areas of massive lymphangiectasia.
This observation is consistent with the authors’ hypoth-
esis that the endothelial receptors are irregularly dis-
tributed along the lymphatic vessel. :

Lymphatic vessel diameter seems to increase drama-
tically in young men at the time of puberty, when the
‘preferred’ location of adult worms shifts from the
lymph nodes or the inguinal cord lymphatic vessels to
the intrascrotal lymphatic vessels (DREYER er al.,
1999b, 2000b). These findings suggest that reproduc-
tive hormones, or their receptors, may be involved both
in the anatomical localization of the adult worm and in
the process of lymphangiectasia. A ‘permissive’ role for
testosterone is supported by numerous studies docu-
menting an increased risk of both W. bancrofii infection
and chronic morbidity in men compared to women,
particularly during reproductive age (BRABIN, 1990). It
is not until puberty, when the production of testoster-
one increases, that the testicular lymphatics fully deve-
lop and establish an extensive network with the other
intrascrotal lymphartic vessels (FASANA, 1983). Host
pro-inflammatory mechanisms do not appear to be






