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Abstract. The reacting pattern of circulating filarial antigen fraction-2 from Wuchereria
bancrofti and soluble antigen from adult Brugia malayi with bancroftian filarial sera were
analysed by immunoblotting technique and enzyme linked immunosorbent assay.
Microfilaraemic sera reacted specifically with proteins of molecular weight 200, 120, 97, 56,
54, 43, 26 and 17 kDa of circulating Filarial antigen fraction-2 and 44, 40, 38, 31, 22 and 18
kDa of Brugia malayi adult soluble antigen. Clinical filarial sera identified protein
molecules of 56, 54 and 42 kDa of circulating filarial antigen fraction-2 and 19, 16 and 14
kDa of Brugia malayi adult soluble antigen. Some components of both the antigen
preparation were also identified by endemic normal sera i.e .proteins 120, 97, 62, 43 and 33
kDa of circulating filarial antigen fraction-2 and 170, 120, 43, 31 and 12 kDa of Brugia
malayi adult soluble antigen. One of the sodium dodecyl sulphate-polyacrylamide gel
electropherosis fractions of circulating filarial antigen fraction-2 (CFA2-8) and Brugia
malayi adult soluble antigen fraction-6 when used in enzyme linked immunosorbent assay
could differentiate microfilaraemic sera from endemic normal and clinical filarial sera. The
other antigen fractions (CFA2-2, 6 and 7 and BmA-2) showed a high geometric mean titre
of filarial immunoglobulin G antibodies in endemic normal sera when compared to
microfilaraemia and clinical filarial sera. These proteins need to be further studied to assess
their involvement in protecting from filarial infection in an endemic area.
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Introduction

Bancroftian filariasis is characterized by a wide spectrum of responses to the
causative organism Wuchereria bancrofti. In an endemic area, a majority of the
population does not have microfilariae or clinical symptoms of the disease. This
group which has more or less the same degree of exposure to infection as the other
infected groups is apparently immune. A small proportion are microfilaraemic; the
majority of this group are asymptomatic. Some individuals develop clinical
manifestations viz., elephantiasis of limbs, hydrocele etc. Since this clinical spectrum
may reflect the diversity in the host’s immune response to the infection, analysis of
sera of endemic population for filarial antibodies will be useful for stage specific
diagnosis and for recognizing immune protective antigens.
Circulating filarial antigen fraction-2 (CFA2) isolated from microfilaraemic
plasma has been demonstrated to be a candidate antigen for use in the diagnosis of
*Corresponding author.
Abbreviations used: CFA2, Circulating filarial antigen fraction-2; BmA SDS-S Ag, Brugia malayi adult
SDS soluble antigen; ELISA, enzyme linked immunosorbent assay; NCP, nitrocellulose paper; SMP,
skimmed milk powder; CAM, cellulose acetate membrane; GMT, geometrical mean titre.
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filariasis (Reddy et al 1986). Parkhe et al (1990) further fractionated CFA2 and
evaluated different fractions for their diagnostic utility.
In view of the general limitations in obtaining W. bancrofti antigens due to the
lack of suitable animal model and since there is extensive sharing of antigens
between W. bancrofti and Brugia malayi, several investigators explored the use of B.
malayi antigens to study the immune response in bancroftian filarial infection
(Kazura et al 1986; Maizels et al 1985; Freedman et al 1989; Parab et al 1990).
Among B. malayi antigens, adult worm antigen appeared to be more discriminatory
and more specific than antigens from other stages for the detection of filarial
antibody (Kaushal et al 1984). Lammie et al (1990) reported that the humoral
immune response was significantly greater to detergent extracted antigens of B.
pahangi adult worms than to soluble antigenic preparation. Moreover, the surface
components may be recovered by sodium dodecyl sulphate (SDS) solublization. The
use of surface antigens in serology is logical, since they are the first antigens
encountered by the host during infection and the host immune mechanisms
probably operate primarily at the parasite surface. Earlier studies showed that
antibody raised against B. malayi adult SDS extracted antigen proved to be more
sensitive in the detection of circulating filarial antigen in bancroftian filarial sera
than the antibody to saline-extracted antigen of B. malayi (Cheirmaraj et al 1990).
The present communication reports a comparative study on the reactive patterns
of different groups of filarial endemic sera with CFA2 and B. malayi adult SDSsoluble antigen using the techniques of western blotting analysis and enzyme linked
immunosorbent assay (ELISA).
2. Materials and methods
2.1 Sera samples
Human sera belonging to different groups viz., normal (endemic and non-endemic)
and filarial (microfilaraemia and clinical filariasis) were screened. Filarial blood
samples were collected from Sevagram and surrounding villages, which are endemic
for nocturnally periodic W. bancrofti. The presence of microfilariae was tested by
night blood (wet smear) examination. Clinical filarial samples were from individuals
with manifestations such as hydrocele, swelling of limbs and elephantiasis. Endemic
normal samples were from the healthy individuals living in endemic region for over
5 years having no history of filariasis. Non-endemic normal samples were collected
from students coming to this Institute from places like Chandigarh and Kashmir
where there is no filariasis. Sera were separated from blood samples and stored at
– 20°C with sodium azide as preservative.
2.2

CFA2

CFA was prepared from pooled plasma of microfilaraemic patients (after separation
of microfilariae) by 36–75% saturation with ammonium sulphate and further
fractionated on ultrogel ACA 34 gel column as described by Reddy et al (1986). The
fractions of the second protein peak showing filarial antigen were pooled,
concentrated by membrane filtration and labelled as CFA 2.

Sero-reactivity of filarial antigens
2.3

201

Β. malayi adult soluble antigen

Soluble antigen from adult worms of B. malayi was prepared as described elsewhere
(Cheirmaraj et al 1990). Briefly, freeze dried adult worms of B. malayi, recovered
from the peritoneal cavity of jirds, Meriones unguiculatus, were homogenized and
extracted with phosphate buffer saline (PBS, 0·05 M, pH 7·2) overnight at 4°C.
Proteins soluble in PBS were recovered by centrifugation and the pellets were
suspended in 5% SDS, 5% 2-mercaptoethanol and 8 Μ urea in 0·01 Μ sodium
phosphate buffer (SPB, pH 7·2) and extracted overnight at 4°C. The SDS soluble
fraction was recovered by centrifugation (15,000 g) at 4°C for 30 min and the
supernatant was separated, dialysed and labelled as SDS soluble antigen (BmA SDS-S
Ag). The protein was estimated by the method of Lowry et al (1951).
2.4

Western blot analysis

The reactivity of filarial antigens with different groups of sera was analysed by
immunoblotting technique. In brief, the filarial antigens CFA2 and BmA SDS-S Ag
(200 µg each) were resolved by SDS-polyacrylamide gel electrophoresis (PAGE) on
10% non-gradient slab gel (12 × 12 cm) as described earlier (Kharat et al 1989). The
antigen components were electrophoretically transferred onto nitrocellulose paper
(BA 85 of Scleicher and Schuell AG, Switzerland) with 0·6 amps current for 90
min at 4°C as described by Towbin et al (1979). The nitrocellulose sheet was then
blocked with 5% skimmed milk powder in 0·05 Μ PBS, pH 7·2 for 1 h at 37°C
followed by washing with 2% SMP in PBS for 5 times. The blot was then cut into
strips of 5 mm width. The strips were incubated separately with optimally diluted
(1:100) sera of different groups and the bound antibodies were probed with anti
human IgG-peroxidase conjugate. The substrate consisted of 3, 3'-diamino
benzidine (0·05%) in 0·25 Μ PBS, pH 7·2 and hydrogen peroxide (0·003%). The
standard molecular weight proteins (Sigma Chemical Co., USA) were used in SDSPAGE to determine the molecular weights of reactive proteins in the antigens.
2.5 Gel elution
In another experiment, the SDS-PAGE gels were sliced horizontally (into 12 slices)
at 1 cm intervals and each slice was subjected to mechanical grinding to elute
protein into 5 ml of 0·05 Μ SPB, pH 7·2 (Guellaen et al 1984). The eluates of 12
fractions were dialyzed against excess buffer, concentrated and protein concentration
was estimated (Lowry et al 1951). These fractions were used in indirect ELISA to
analyse their reactivity with different groups of filarial sera.
2.6 Indirect stick ELISA
The assay was done as described earlier (Parkhe et al 1990) using cellulose acetate
membrane fixed plastic sticks coated with optimal concentrations (5 ng) of antigen
fractions as sorbent material. Optimal (1:300) and serial two-fold dilutions of sera
of different groups were analysed for filarial antibodies. Anti human IgG (Lupin
Laboratories, India) was conjugated to enzyme penicillinase (Sigma Chemical Co.,
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USA) following the method of Avrameas (1969) and used as probe. The substrate
consisted of 150 mg of soluble starch in 27·5 ml of 0·25 Μ SPB, pH 7·2 and added
with 10·64 mg penicillin V and 100 μl of 0·08 Μ iodine in 3·2 Μ potassium iodide.
3. Results
In SDS-PAGE, under reduction conditions, CFA2 showed 21 protein bands
(Parkhe et al 1990) and BmA SDS-S Ag showed 22 protein bands with molecular
weights ranging from 12 kDa to ≥ 160 kDa (figure 1). Immunoblot analysis of
CFA2 and BmA SDS-S Ag with sera of different groups of endemic residents
showed polydispersed nature of both antigenic preparations. In this technique, none
of the proteins were recognized by pooled non-endemic normal serum. The sera of
endemic residents identified proteins of Mr 160, 140, 78, 66, 37 and 35 kDa of CFA2
and 200, 140, 100, 80, 63 and 55 kDa of BmA SDS-S Ag. In addition to these,
microfilaraemic sera recognized proteins of Mr 200, 120, 97, 56, 54, 43, 26 and 17
kDa of CFA2 and 44, 40, 38, 31, 22 and 18 kDa of BmA SDS-S Ag (figure 2).

Figure 1 and 2. 1. SDS-PAGE pattern of B. malayi adult soluble antigen (BmA SDS-S
Ag) (B) and molecular weight markers (A). 2. Recognition of CFA2 and BmA SDS-S Ag
by microfilaraemic sera. Lanes 1-5 individual microfilaraemic sera with CFA2 and lane 6
pooled microfilaraemic serum with BmA SDS-S Ag.
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Clinical filarial sera reacted specifically with proteins of Mr 56, 54 and 42 kDa of
CFA2 and 19, 16 and 14 kDa of BmA SDS-S Ag (figure 3). Sera from endemic
normal individuals recognized additional proteins of Mr 120, 97, 62, 43 and 33 kDa
of CFA2 and 170, 120, 43, 31 and 12 kDa of BmA SDS-S Ag (figure 4).
Indirect ELISA was carried out to see the reactivity of SDS-PAGE fractions of
CFA2 (CFA2-2, 6, 7, 8 and 10) and BmA SDS-S Ag (BmA-2, 6, 9 and 11) which bear
the antigenic molecules recognized selectively by the endemic normal, microfilaraemic or clinical filarial sera in blotting studies and the results are shown in
figures 5 and 6 respectively. The three SDS-PAGE fractions of CFA2 viz., CFA2-2.
6 and 7 (bearing the antigenic molecules of 120, 97, 43 and 33 kDa) showed a higher
geometric mean titres of filarial IgG antibodies in endemic normal sera (476,
648 and 688 respectively) compared to microfilaraemic (300, 344 and 300
respectively) and clinical filarial sera (280, 424 and 321 respectively, table 1).
CFA2-8 fraction (with antigenic molecule of 26 kDa) showed higher titres of filarial
IgG antibodies (791) in microfilaraemic sera compared to endemic normal

(3)

(4)

Figures 3 and 4. Recognition of CFA2 and BmA SDS-S Ag by clinical filarial sera (3) and
sera of endemic normals (4). Lanes 1-5 individual clinical filarial sera (3) and endemic
normal sera (4) with CFA2 and lane 6 pooled clinical filarial (3) and endemic normal (4)
serum with BmA SDS-S Ag.
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Figures 5 and 6. Filarial antibody levels in sera samples of endemic normals (A),
microfilaraemics (B) and clinical filarial (C) patients against CFA2 (5) and BmA SDS-S Ag
(6) fractions. Sera dilution at 1:300 was the threshold level for positivity. Horizontal bars
represent geometrical mean titre of antibody.

(121) and clinical filarial sera (161) and the difference was statistically
significant (Ρ<0·01) by student's t test. CFA2-10 fraction (with antigenic molecule
of 17 kDa) showed higher titres of filarial IgG antibodies in microfilaraemic and
clinical filarial sera (642 in each group) compared to endemic normal sera
(150) and the difference was significant (P < 0·01 for Mf vs EN and Ρ < 0·05
for Ch vs EN) by student's t test.
With BmA SDS-S Ag fraction, BmA-2 fraction (bearing the antigenic molecule of
120 kDa) showed higher titres of filarial IgG antibodies in endemic normal sera
(522) compared to microfilaraemic (344) and clinical filarial sera (300,
table 2). 5mA 6 and 9 fractions (having the antigenic molecules of 44, 40, 38
and 22 kDa) showed higher titres of filarial IgG antibodies in microfilaraemic sera
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Table 1. Geometric mean of filarial IgG antibody titres in different groups of endemic sera
using CFA, SDS-PAGE fractions by indirect FLISA.

a

Molecular weight range in kDa.
The percentage of positivity in each group is given in parenthesis (the sera dilution at 1:300 was taken as
the threshold level for positivity).
Table 2. Geometric mean of filarial IgG antibody titres in different groups of endemic
sera using BmA SDS-S Ag —SDS-PAGE fractions.

α

Molecular weight range in kDa.
The percentage of positivity in each group is given in parenthesis (the sera dilution at
1:300 was taken as the threshold level for positivity).

(522 and 487 respectively) compared to endemic normal (243 and 344
respectively) and clinical filarial sera (261 and 424 respectively). BmA-11
fraction (with the antigenic molecules of 16 and 14 kDa) showed higher titres of
filarial IgG antibodies in clinical filarial sera (791) compared to endemic
normal (261) and microfilaraemic sera (321). Unfractionated whole BmA
SDS-S Ag detected high titres of filarial IgG antibodies in microfilaraemic sera
(3393) compared to clinical filarial (700) and endemic normal sera (300).
4. Discussion
In an endemic area for bancroftian filariasis a majority of inhabitants are
apparently immune to infection; while a few carry microfilariae in circulation, still
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smaller group develops clinical symptoms. Determination of immune responses in
these groups to antigens of different sources will be useful in identifying the antigens
having protective and diagnostic importance. This communication reports analysis
of different groups of sera for filarial antibodies using an in vivo released filarial
antigen (CFA2) and a heterologous antigen (BmA SDS-S Ag) having extensive
antigen sharing with W. bancrofti.
In western blot analysis of CFA2, while the non-endemic normal sera did not
show any reactivity, the sera of endemic region identified in common several
antigenic molecules with the molecular weight in the range of 12 to
160 kDa.
This is expected as all the endemic population is repeatedly exposed to parasitic
antigens (Ottesen et al 1982). In addition, each of the 3 groups of endemic sera i. e.,
microfilaraemic, clinical filarial and normal sera identified specifically some proteins.
The microfilaraemic sera reacted with bands of M, 200, 120, 97, 56, 54, 43, 26 and
17 kDa whereas clinical filarial sera reacted with 56, 54 and 42 kDa. Forsyth et al
(1985) demonstrated filarial antigens of Mr 140, 62, 56 and 52 kDa in sera of filarial
patients reacting with Gib 13 monoclonal antibody. Lal et al (1987) demonstrated 3
bands with apparent Mr 200, 160 and 78 kDa as the target antigens of CA 101
monoclonal antibody in the circulation of infected filarial patients. Using rabbit
anti BmA antibodies a high molecular weight antigen (~200 kDa) was recognized
in bancroftian filarial sera (Paranjape et al 1986; Lunde et al 1988). Two protein
bands of Mr 67 and 52 kDa was recognized by Gib 13 monoclonal antibody in W.
bancrofti infected patients (Dissanayake et al 1984). Antibodies from human cases of
W. bancrofti recognized antigens of apparent Mr 59, 51, 34 and 17 kDa in W.
bancrofti L3 somatic antigens and 51, 21 and 17 kDa antigen in Wb L3 ES antigens
(Maizels et al 1986).
With BmA SDS-S Ag, microfilaraemic sera reacted with proteins of Mr 44, 40, 38,
31, 22 and 18 kDa and clinical filarial sera reacted with proteins of 19, 16 and 14
kDa. Parab et al (1990) showed that microfilaraemic sera reacted with 22, 43, 50, 54,
56, 66, 73, 79 and 88 kDa proteins and chronic sera reacted with 25, 38, 43, 56, 58,
62, 68, 79, 86 and 92 kDa proteins of B. malayi mf soluble antigens.
The antigens recognized by microfilaraemic sera particularly 26 and 17 kDa of
CFA2 and 44, 40 and 38 kDa of BmA SDS-S Ag may be used as a candidate
antigen to differentiate active infection. To confirm this indirect ELISA was carried
out to detect the antibodies in all the 3 categories of endemic sera using nonendemic normal sera as a control. The CFA2-8 fraction (Mr range 25–31 kDa) and
BmA-6 fraction (Mr range 37–45 kDa) detected antibodies in all the 10
microfilaraemic samples (100%) with high antibody titre when compared to chronic
and endemic normal samples. Earlier studies from our laboratory reported that
whole CFA2 detects IgG antibodies in 50% of microfilaraemic samples and 70% of
clinical filarial cases (Reddy et al 1986) and CFA2-9 fraction detects IgG antibodies
in 60% of microfilaraemics and 73% of clinical filarial cases (Parkhe et al 1990).
In immunoblots, endemic normal sera identified antigens of 120, 97, 62, 43 and 33
kDa of CFA2 and 170, 120, 43, 31 and 12 kDa proteins of BmA soluble antigens.
The antigens recognized by these putatively immune, infection free individuals
(Freedman et al 1989) may be involved in the induction of immunity to filarial
infection. There is no significant study to demonstrate the existence of protective
immunity in 80–90% of endemic normal population except the reports on the
presence of cytotoxic antibodies against microfilariae and infective larvae
demonstrated by in vitro serum dependent cell-mediated cytotoxicity (Subrahmanyam
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et al 1978; Sim et al 1982). To see whether the antigens recognized by these endemic
normals are able to differentiate the endemic normal population from those of
microfilaraemic and clinical filarial cases, we carried out indirect ELISA with the
fractionated antigens such as CFA2-2, 6 and 7 and BmA-2. All these fractions
detected high antibody levels with 80–100% positivity in endemic normal sera
compared to microfilaraemic and chronic sera. Freedman et al (1989) showed that a
43 kDa antigen derived from B. malayi infective larvae was recognized by endemic
normal sera. Amicrofilaraemic human sera had a significantly higher mean
antibody titre to 25 kDa antigen of B. malayi microfilariae extract (Kazura et al
1986). Parab et al (1990) suggested that the proteins of Mr 25, 58 and 68 kDa of
B. malayi mf which reacts with EN and chronic sera may be the candidate antigens
to be analysed as protective immunogens. A major antigen of 97 kDa shared by
both microfilariae and adult worms of B. malayi induced partial resistance to
B. malayi microfilariae in mice and it was found to be paramyosin the invertebrate
muscle protein (Nanduri and Kazura 1989). SDS-extraction of B. malayi adult
worms yielded antigens at the molecular mass of >200, 170 to 200, 40 to 44, 33 to
36, 23 to 28, 20 to 22 and 17 to 19 kDa which induced protection in Balb/c mice
against challenge with B. malayi infective larvae (Hammerberg et al 1989). Aggarwal
et al (1985) identified a microfilarial surface antigen of Mr 110 kDa, reacting with a
monoclonal antibody which induce the clearance of microfilariae from circulation
in mice on passive immunization. This study reports the usefulness of the antigens
(26 kDa of CFA2 and 44, 40 and 38 kDa of BmA S-Ag) in differentiating
microfilaraemics from clinical filarial and endemic normal individuals. Further,
antigen recognized by endemic normal sera (120, 97, 43 and 33 kDa of CFA2 and
120 kDa of BmA-S Ag) may be the candidate antigens requiring further purification
and testing as protective immunogens in animal models and by the appropriate
cellular immunological studies.
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