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Abstract

The filariasis-specific cellular responsiveness was assessed in 109 adult individuals from a Wuchereria
bancrofti-endemic area in north-east Tanzania. There were 9 study groups. Five groups of individuals
were negative for microfilariae (mf) and specific circulating filarial antigen (CFA) and had leg
lymphoédema of varying severity ranging from early to more advanced grades (pathology groups 1-5).
Another group comprised individuals with mixed grades of lymphoedema and positive for mf and/or
CFA (mixed pathology group). Three asymptomatic groups consisted of individuals without leg
pathology but with different infection status: (i) CFA- and mf-negative individuals, (if) CFA-positive but
mf-negative individuals, and (iii) CFA- and mf-positive individuals. Peripheral blood mononuclear cells
were collected and proliferative responsiveness and secretion of interleukin (IL)-4, IL-10 and gamma
interferon (IFNY) were measured upon stimulation with a Brugia pahangi antigen. No distinct differences
in responses were observed between the 5 uninfected pathology groups. Instead, responses were
associated with infection status, with generally higher proliferative activity and higher levels of IL-4 and
IFNy in uninfected as compared to infected individuals. High levels of IL-10 were observed in
asymptomatic individuals without infection and in asymptomatic CFA-positive but mf-negative indivi-
duals. Asymptomatic individuals with mf had relatively low IL-10 levels. Groups presenting with chronic
pathology generally had low levels of IL-10 independently of infection status, The findings thus give no
immediate indication that the measured immunological parameters are related to progression of leg
pathology. However, alternative interpretations are presented which suggest a possible role of immuno-
logical reactions in development of pathology in lymphatic filariasis.
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Introduction

Lymphatic filariasis, resulting from infection with the
mosquito-borne filarial nematode Wuchereria bancrofti,
is a major cause of morbidity in many tropical, develop-
ing countries in Africa, Asia, America and the Pacific
(MICHAEL & BUNDY, 1997). One of the most overt
clinical manifestations related to lymphatic filariasis is
leg lymphoedema. It develops when lymph fluid accu-
mulates in the tissues following damage of lymphatic
vessels (OTTESEN, 1092). The pathogenesis of lym-
phoedema and elephantiasis in lymphatic filariasis re-
mains unclear but several hypotheses have been put
forward. Thus, direct influence of parasite excretory/
secretory products on the lymphatic tissues as well as
host immune responses against the parasite have been
suggested to play a role (OTTESEN, 1992; WHO,
1992). Studies on a mouse model of lymphatic filariasis
demonstrated 2 different pathogenic mechanisms, one
independent of the immune system but dependent on
the presence of the parasite and its products, and
another dependent on the immune response of the host
against the parasite (VINCENT et al., 1984; VICKERY et
al., 1991). More recent studies in humans have sug-
gested that lymphangiectasia caused by living adult
worms constitutes a major risk factor for development
of chronic lymphatic disease because of the lymphatic
dysfunction it causes (DREYER et al., 2000a, 2000b).
Secondary bacterial or fungal infections have been
blamed for aggravating development of chronic filarial
lymphoedema both in animal models (BOSWORTH &
EWERT, 1975; BARBEE et al.,, 1977) and in humans
(OTTESEN, 1994; OLSZEWSKI et al., 1997; DREYER et
al., 2000a, 2000b). :

Several studies have assessed the immunological re-
activity in individuals from filariasis-endemic areas pre-
senting with limb lymphoedema/elephantiasis and
compared it to that of asymptomatic individuals from
the same areas (NUTMAN et al., 1987; OTTESEN, 1992;
KING et al.,, 1993; KURNIAWAN et al., 1993, 1998;
DIMOCK et al.,, 1994; MAHANTY & NUTMAN, 1995;
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YAZDANBAKHSH et al., 1995; ALMEIDA et al., 1996,
1998; MAHANTY er al., 1996a, 1996b; STEEL er al.,
1996). These studies have pointed to interesting rela-
tionships between the immunological profile on the one
hand and the clinical and infection status on the other.
Thus, amicrofilaraemic individuals characteristically
have strong T helper cell type 1 (Th-1) anti-parasite
immune responses whereas microfilaraemic individuals
typically have high levels of Th-2 type responses to
filarial antigen (MAIZELS & LAWRENCE, 1991; MA-
HANTY & NUTMAN, 1995). Generally, lymphoedema
patients, who are most often amicrofilaraemic, had high
T-cell proliferative activity, low interleukin (IL)-10
levels and elevated secretion of pro-inflammatory cyto-
kines, i.e., gamma interferon (IFNY), granulocyte—
macrophage colony stimulating factor (GM-CSF) and
IL-2, as compared to asymptomatic microfilaraemic
individuals. The findings were more ambiguous for IL-
4 and IL-5. Thus, some studies failed to find differ-
ences in the levels of IL-4 and IL-5 secretion as well as
in the numbers of IL.-4 secreting lymphocytes between
lymphoedema patients and asymptomatic microfilarae-
mic individuals (KING et al., 1993; MAHANTY et al.,
1996a), whereas others found higher levels of I1-4 in
individuals with lymphoedema as compared to asymp-
tomatic microfilaraemic individuals (ALMEIDA er al.,
1998).

Lymphoedema generally develops over many years
and commonly gradually progresses from a mild and
reversible stage into the severe and chronic state known
as elephantiasis. So far, no attention has been paid to a
possible relationship between immunological responses
and the severity of chronic lymphoedema. To contri-
bute to the understanding of the pathogenesis from an
immunological perspective, the present study therefore
compared the secretion of cytokines (IL-4, IL.-10 and
IFNY) and the cell proliferation activity in individuals
with clinically well-characterized and graded leg lym-
phoedema (increasing from grade 1 to grade 5) from a
W. bancrofti-endemic area in north-eastern Tanzania.
The responses were furthermore compared with those
of asymptomatic individuals from the same area in
order to assess the differences between immune profiles
in symptomatic and asymptomatic individuals.
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Materials and Methods
Study groups

The study was conducted in 1997 in Muheza Dis-
trict, Tanga Region, Tanzania: 109 individuals (aged
19-77 years) were selected from 2 villages (Magoda
and Mpapayu) which are highly endemic for bancrof-
tian filariasis (SIMONSEN et al, 1996). These com-
prised 76 individuals presenting with leg lymphoedema
of different severity and 33 asymptomatic individuals
(Table). Among the lymphoedema patients, 69 were
negative for circulating filarial antigen (CFA) and mi-
crofilariae {mf), and these individuals were assigned to
5 pathology groups according to grading-criteria de-
fined previously (CASLEY-SMITH et al., 1993). For
some of the analyses, individuals with early lymphoede-
ma (pathology groups 1 and 2) were merged into a
lymphoedema group and individuals with more-
advanced lymphoedema (pathology groups 3-5) were
merged into an elephantiasis group. The remaining 7
lymphoedema patients were positive for CFA and/or
mf, and these formed a sixth pathology group consist-
ing of individuals with mixed grades of lymphoedema.
The 33 asymptomatic individuals were divided into 3
asymptomatic groups comprising individuals with dif-
ferent infection status: (i) CFA- and mf-negative indivi-
duals, (ii) CFA-positive and mf-negative individuals,
and (iii) CFA- and mf-positive individuals. The study
groups were reasonably age matched although the
mean age in the mixed pathology group was slightly
higher compared to the other groups. Characteristics of
the clinical study groups are summarized in the Table.
Informed oral consent to participate in the study was
obtained from all study individuals. The study was
reviewed and approved by the Scientific Council at the
Danish Bilharziasis Laboratory in Denmark and by the
Commission for Science and Technology in Tanzania.

Blood sampling and parasitological tests

Finger-prick (100 pL) and venous (30 mL) blood
samples were collected between 21:00 and 24:00 from
all study individuals. CFA was determined by the
TropBio test kit (TropBio Pty Ltd, Australia), using
plasma isolated from venous blood. Samples with a
mean optical density (OD) value > standard 3 (128
antigen units), i.e. samples belonging to titre group 4
and above, were considered antigen positive. The mf
status was determined by the nuclepore filtration meth-
od (MCMAHON er al., 1979) using 1 mL venous blood.
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Skin-snip examinations for mf indicated that all study
individuals were negative for onchocerciasis. Examina-
tion of stool and urine for helminth infections indicated
that all study individuals were infected with hookworm,
whereas infections with Trichuris trichiura (9-6%), As-
caris lumbricoides (3-8%) and Schistosoma haematobium
(10-2%) were less common. No study individual was
found positive for infection with 8. mansoni.

Preparation of antigen

Frozen Brugia pahangi adult worms (obtained from
National Institutes of Health, Bethesda, USA) were the
source of filarial antigen. Preparation of a crude homo-
genate of the adult worms was carried out as follows.
Thawed worms were washed and homogenized in
2 mL phosphate-buffered saline (PBS) pH 7-4 contain-
ing protease inhibitors [phenylmethylsulphonylfluoride
(PMSF), 174 pg/mL; L-1-tosylamide-phenylchloro-
methylketone (TPCK), 50 pg/mL; and N,-p-tosyl-L-
lysinechloromethylketone (TLCK), 25 pg/mL; all
from Sigma, UK] and 1% w/v Chaps detergent (Sigma
C3023, UK) using a glass hand homogenizer at 0°C.
The suspension was ultrasound sonicated for 3 X 1 min
at 20 microns on a Soniprep 150 MSE (Branson, USA)
at 0°C and incubated overnight at 4°C. Incubation was
followed by additional homogenization and sonication
as above and the suspension was centrifuged at
15000 g for 15 min at 4°C. The supernatant was fil-
tered through a 0-45-um Sartorious Minisart filter
(Goerttingen, Germany), dialysed for 2 h against PBS
using a Slide-a-lyser (Pierce, USA) and filter sterilized
through a 0-2-pm DynaGard filter (Microgon, USA).
The protein content was measured by the Bio-Rad
Protein Assay (Bio-Rad, USA). The antigen was frozen
in 1-mL aliquots at —80°C until use. Tetanus toxoid
(TT) and purified protein derivative (PPD, both from
Statens Serum Institut, Denmark) were used as positive
non-filarial control antigens.

Lsolation and stimulation of peripheral blood mononuclear
cells (PBMC)

PBMC were separated from heparinized venous
blood by a density gradient centrifugation technique
(BoYUM, 1968) using Lymphoprep (Nycomed Phar-
ma, Norway) as separation medium. Isolated PBMC
were frozen in liquid nitrogen according to an opti-
mized controlled-gradient cryopreservation scheme
(HVIID et al., 1993) for transportation, and the studies

Table. Characteristics of the study groups from the W. bancrofti-endemic

area of north-east Tanzania

Number
(males/ Age in years
Clinical group CFA-status mf-status females) Mean (range)
Lymphoedema group
Pathology 1 - - 14 (5/9) 43-0 (20-75)
Pathology 2° - 22 (6/16) . 43-7 (19-75)
Elephantiasis group
Pathology 3 - - 15 (8/7) 49-5 (23-77)
Pathology 4 -~ - 13 (6/7) 46-2 (20-65)
Pathology 5 - — 5(3/2) 31-8 (20-55)
Mixed pathology® + +/— 7 (5/2) 59-6 (45-70)
Asymptomatic 1 - - 6 (3/3) 28-2 (27-38)
Asymptomatic 2° + - 16 (5/11) 387 (23-55)
Asymptomatic.3? + + 11 (6/5) 37:1 (22-67)

*Two of these individuals did not respond to stimulation with phytohaemagglutinin, B.
pahangi antigen, tetanus toxoid or purified protein derivative, and their data are therefore
excluded from the presentation and analyses of the cellular responses.

"Seven individuals who were all circulating filarial antigen (CFA)-positive (titre groups 5-7):
one pathology grade 1, one grade 2, four grade 3 and one grade 4. Four of these were also mf-
positive (173-400 mf/mL): one pathology grade 1, one grade 2 and two grade 3.

“CFA titre groups 4-5.

4CFA titre groups 7-8; mf density >400 mf/mL..
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were performed on thawed PBMC specimens accord-
ing to standard procedures in our laboratory. In brief,
the concentration of thawed PBMC was estimated and
adjusted to 0-67 X 10° cells/mL for culturing. The cell
suspension (150 pl) was cultured in RPMI 1640 with
HEPES (25 mM), penicillin (1 U/mL), streptomycin
(1 pg/mL) (Biological Industries, Israel) and 15% hu-
man normal serum (Statens Serum Institut, Denmark),
together with 20 uL of antigen (B. pahangi antigen at
5 pg/mL; TT at 29-4 pg/mL; or PPD at 100 pg/mL),
mitogen (phytohaemagglutinin (PHA) at 11-8 pg/mlL;
Sigma, UK), or medium alone in a CO,-humidified
incubator at 37°C for optimal periods of time. Non-
specific stimuli are needed to enhance the secretion of
IL-4 in cell cultures. For this purpose, 20 pL of a 1:1
mixrure of phorbol myristoyl acetate (PMA at
50 ng/mL, Sigma, UK) and Ca-ionophore (ionomycin
at 1 uM, Sigma, UK) was added the day before harvest-
ing of supernatant used for IL-4 measurements. After
culturing, supernatants (~ 150 uL. per well) from
duplicate wells were pooled and used for measurements
of cytokines.

Measurements of cytokine secretion by PBMC

Cytokine concentrations in response to B. pahangt
antigen were measured in supernatants from 3-day cell
cultures for IL-4, in 5-day cultures for IL-10 and in 7-
day cultures for IFNY. The concentrations of IL-4, IL-
10 and IFNy in response to PHA were all measured in
3-day cell cultures. IL-4 and IFNY concentrations were
determined using commercial Duosets for detection of
human IL-4 and IFNy (80-3549-00 and 80-3932-00,
respectively; Genzyme Diagnostics, USA), and Opteia
human IL-10 sets (2633KK and 2517KK, respectively;
Pharmingen, USA) were used for IL-10 measurements.
All measurements were carried out according to proce-
dures recommended by the manufacturers. The values
from unstimulated cell culture supernatants were sub-
tracted from values obtained for cell cultures stimulated
with antigen or mitogen. Two individuals (pathology
group 2) did not respond to PHA stimulation or to the
specific filarial (B. pahangi adult worm) or non-filarial
control antigens (TT and PPD), and data from these
individuals were therefore excluded from the presenta-
tion and analyses of the cellular response data.

Cell proliferation

Cell proliferation was measured on PBMC cultured
for 7 days together with 20 uL. B. pahangi antigen, TT,
PPD, PHA (concentrations as above) or medium
alone. The level of proliferative activity was measured
by adding 20 pL. (1 pCi per well) tritiated thymidine
(Dupont de Nemours, Belgium) to the cell cultures the
day before harvesting. PBMC were harvested on to
glass fibre filters using a Matrix 96 Filtermate harvester
(Packard Instruments, USA) and the filters were read
by a scintillation counter (Packard Instruments). The
.proliferative activity was expressed as stimulation in-
dices [SI = mean counts per minute (cpm) of stimu-
lated cell cultures/cpm of unstimulated (medium
alone) cell cultures].

Data analysis

All means were calculated as arithmetric means of
data obtained from individual specimens. Non-para-
metric tests (Mann—Whitney 2-sample U-test and
Kruskal-Wallis one-factor analysis of variance, as ap-
propriate) were used to determine the significance of
differences in cytokine production (pg/mL) between
the groups. For probability values (P-values) less than
0-05, observed differences were considered statistically
significant.

Results
The mean cytokine responses to stimulation with B.
pahangi adult worm antigen are shown in Figures 1 and
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Fig. 1. Mean concentrations (+SE) of IL-4 (a), IL-10 (b) and
IFNy (c) in response to B. pahangi adult worm antigen.
Lymph, the uninfected lymphoedema group (pathology
groups 1-2); Eleph, the uninfected elephantiasis group
(pathology groups 3-5); Mix path, the infected mixed pathol-
ogy group; Asymp 1, the uninfected asymptomatic group;
Asymp 2, the circulating filarial antigen (CFA)-positive but
mf-negative asymptomatic group; Asymp 3, the CFA- and mf-
positive asymptomatic group.

2 and the mean stimulation index levels are shown in
Figure 3.

Cytokine responses in the symptomatic groups

Comparison of the cytokine levels in the 5 uninfected
pathology groups (i.e. pathology groups 1-5) indicated
no statistically significant differences, neither for IL-4,
IL-10 nor for IFNy (Kruskal-Wallis; > = 0-05 for all
tests). However, the lymphoedema group (pathology
groups 1-2) had a higher level of IL-4 and IFNy than
the elephantiasis group (pathology groups 3-5) and
this difference was statistically significant for IL-4
(Mann—-Whitney; P < 0-05) (Figs la and 1c¢). For IL-
10, the levels were equal in the lymphoedema group
and the elephantiasis group (Fig. 1b).

When the lymphoedema and elephantiasis groups
were combined and compared with the uninfected
asymptomatic group 1, no statistically significant differ-
ences were observed for any of the cytokines measured.
Nor were any significant differences observed between
the lymphoedema or elephantiasis groups individually
on the one hand and the uninfected asymptomatic
group 1 on the other (Figs 1a—c).

The infected mixed pathology group had a signifi-
cantly higher level of IL-4 (Mann—Whitney; P < 0-05)
compared to the infected asymptomatic groups 2 and 3
combined. In contrast, the mixed pathology group had






