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Abstract

Background & objectives: Periodic monitoring of vector population for infection and infectivity rates
is central to the evaluation of the filariasis elimination strategies in endemic areas to monitor the success
of MDA and also to establish endpoints for intervention. The main objective of this study was to
develop a RT-PCR assay, based on L

3
 stage-specific primers to detect the presence of infective stage

larvae of filarial parasite, Wuchereria bancrofti in the vector Culex quinquefasciatus.

Material & Methods: Subtracted probe development technique was employed for the identification
of infective stage (L

3
) specific genes. The subtracted cDNA was labeled by non-radioisotopic method

and used for screening cDNA library of L
3
 stage larvae of W. bancrofti constructed in UniZap XR.

Recombinants were probed and identified from the library. The inserts of the recombinant clones were
purified and sequenced. Primers were designed based on the sequence information of three recombi-
nant clones for detecting L

3
 larvae of W. bancrofti in the vector by RT-PCR assay.  Preliminary labo-

ratory evaluation was carried out to assess the sensitivity and specificity of WbL31 RT-PCR assay.

Results: cDNA library of L
3
 stage of W. bancrofti constructed in UniZap XR vector, constituted 5×105

phages with 80–90% recombinant phages and the size of inserts varied from 0.1 to 1.0 kb. When sub-
tracted cDNA was random prime labeled and used for screening cDNA library of L

3
 stage of W.

bancrofti constructed in UniZap XR, 18 clones were identified from the library. Three genes were found
up-regulated in the L

3
 stage, out of which WbL31 (cuticular collagen) was found to be useful in de-

tecting L
3
 larvae of W. bancrofti in the vector by RT-PCR assay with high specificity and sensitivity

(98–100% ).

Conclusion: Present paper marks first report on the development of an infective stage-specific RT-
PCR assay (WbL31 RT-PCR assay) to detect L

3
 stage W. bancrofti in the vector. This assay will have

potential application in assessing the transmission of infection and hence in decision-making related
to elimination programme.
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Introduction

Lymphatic filariasis (LF) continues to be a major
public health problem in tropical countries, causing

severe morbidity and impediments to socioeconomic
development, in spite of recent advancements in the
vector control and chemotherapy. Globally, 1307
million people are at risk in 83 LF–endemic countries
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and territories1. India alone contributes 40% of the
global burden of this disease2 and there are approxi-
mately 21 million people with symptomatic filariasis
and 27 million who have asymptomatic microfila-
raemia3, 4. Further, the disease prevalence is alarm-
ingly the highest among the most productive age class
of 15–44 years, which will affect the productivity of
the affected communities5. WHO has identified filari-
asis as one of the eradicable diseases6 and programme
for elimination of this disease has been launched in
different endemic countries as in India. In this con-
text, the need to employ efficient tools to monitor the
programme as well as subsequent certification is
strongly felt7,8.

Xenomonitoring, viz. the tools that assess the infec-
tion in vectors and human are useful for monitoring
transmission of filarial infection. Vector infection and
infectivity rates are used in the assessment of trans-
mission and are conventionally determined by dissec-
tion and microscopic examination of vector mosqui-
toes for filarial parasites and their stages. This tech-
nique is cumbersome and hence not useful in large-
scale surveillance and monitoring. Molecular tools
(PCR assays) have been developed earlier for the
detection of Wuchereria bancrofti9–11, Brugia
malayi12–14 and Onchocerca volvulus15, 16. However,
these assays are species-specific and can only differ-
entiate the filarial species but not various stages of the
parasite, namely mf, L1, L2 and L3 (infective stage lar-
vae) in vectors. Xenomonitoring, particularly using
PCR to detect parasite DNA, is useful for assessing
the rate at which mosquitoes get infected with mf
through blood meal, while infective stage larvae (L3)
in the mosquito helps in defining the level of trans-
mission from mosquito to humans. All the infected
mosquitoes may not produce L3 and hence may not
be potentially infective. Knowing the level of infec-
tivity in mosquitoes is very important as it gives the
real time estimate of transmission. To withdraw or
continue the intervention measure such as mass drug
administration (MDA), an indicator of transmission
such as infective stage-specific assay is highly essen-

tial to verify the absence of transmission of infection
and to detect it if it reappears. Therefore, the present
study was carried out to develop a RT-PCR assay for
the stage-specific detection of infective stage larvae
(L3) of filarial parasite, W. bancrofti in vectors, which
will help to assess risk and intensity of  transmission.

Material & Methods

Parasite material: Microfilariae (mf) of W. bancrofti
were purified from blood of mf positive patients re-
siding in Puducherry town, which is a known en-
demic area for bancroftian filariasis17. Blood smears
from 514 individuals were collected during 2100–
2300 hrs by finger prick method and examined for mf
after Giemsa’s staining. About 5 ml blood was drawn
from high-count (>100 mf/20 ml) mf carriers after
obtaining written consent as approved by the ethical
committee of the Centre. The mf were separated
through Percoll-gradient centrifugation technique18.
Around 6 × 105 mf of W. bancrofti were purified from
the blood samples of 24 microfilaraemic human vol-
unteers following this method.

Various developmental stages of W. bancrofti (L1, L2

and L3 stage larvae) were raised in the vector mos-
quito, Cx. quinquefasciatus, by employing artificial
membrane feeding technique19. Cx. quinquefasciatus
female mosquitoes were fed on a high-count micro-
filaraemic blood using this technique and dissected
at various intervals. The L1 and L2 stage larvae were
picked up after dissecting infected mosquitoes re-
spectively on four and seven days post-infection. The
infective stage larvae (L3) were harvested using
Bearman’s funnel technique on Day 14 post-infec-
tion19. About 150 mf, 100 L1, 200 L2 and 3000 L3

larvae were obtained through this method from a total
of 2000 fed female mosquitoes. The remaining mos-
quitoes with various stages of parasite and an equal
number of uninfected ones were preserved in TRIR

reagent (MRC, U.S.A.) for extraction of RNAs. The
parasite material was stored in TRIR reagent solution
at –150°C and used for cDNA library construction.
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Extraction of RNA: The mRNAs from different
stages of filarial parasites were extracted using
QuickPrep mRNA purification kit (Pharmacia
Biotech, U.S.A.) as per the procedure suggested by
the manufacturer. The mRNA pellet was dissolved in
DEPC treated water and used immediately for con-
struction of cDNA library or stored at –150°C for
other purposes. The total RNA from infected/
uninfected mosquitoes were purified by using TRIR

reagent (Invitrogen, U.S.A.) as follows: mosquitoes
were homogenized in 1 ml of TRIR reagent, the homo-
genate was added with 0.2 ml of chloroform, vortexed
briefly, stored at room temperature for 15 min and then
centrifuged at 12,000 g for 15 min. The aqueous layer
was transferred to a new tube for RNA extraction and
added with 0.5 ml of isopropanol, mixed briefly, spun
at 12,000 g for 15 min at room temperature and the
pellet was washed with 75% ethanol. The pellet was
dissolved in DEPC treated water and stored at –150°C
until further use.

Construction of L
3 cDNA library: The mRNA (3 μg)

purified by the above method was subjected to first
strand synthesis driven by the random hexamer and
cloned Murine Reverse Transcriptase using
TimeSaver cDNA synthesis kit (Pharmacia Biotech,
USA). The second strand was synthesized using sec-
ond strand mix, which contained both RNAase H and
DNA polymerase. The cDNA produced was ex-
tracted with phenol/chloroform and purified on a
spun-column. EcoR I/Not I adaptors were ligated to
the end of the cDNA, phosphorylated by Polynucle-
otide kinase and the unligated adaptors were removed
by passing through spun-column. The ligated cDNA
were precipitated, cloned into UniZAP XR (Strata-
gene) vector at EcoR I site and plated on XL1 Blue
cells in the presence of X-gal and IPTG.

Preparation of subtracted cDNA: To identify infec-
tive stage (L3) specific genes, the use of subtracted
probe development technique was followed. In this
method, mRNA was isolated from about 1000 L3 lar-
vae of W. bancrofti and the first strand of cDNA was

synthesized using Subtractor kit (Invitrogen, La Jolla,
California). The mRNA from 5000 mf of the same
parasite were isolated and allowed to hybridize to the
first strand cDNA of L3 stages. The cDNA-RNA
hybrids of L3 stage were alkali treated to remove the
template mRNA and then hybridized to the excess of
photobiotinylated mRNA of mf stages. The resulting
photobiotinylated mRNA-cDNA hybrids were
complexed with free streptavidin and extracted from
the hybridization mixture by selective phenol-chlo-
roform mixture, leaving behind the unhybridized
cDNA, which was the ‘subtracted cDNA’.

Probe preparation and labeling: The subtracted
cDNA was labeled by non-radioisotopic method us-
ing ECL random-prime labeling-detection system
version II (Amersham Life Science, U.S.A.). The
non-radioactive probes were prepared by labeling
with fluorescein-11-dUTP. The cDNA was denatured
by heating for 5 min and then chilling, followed by
labeling using a reaction mix containing Klenow
fragment, dNTPs, random primers, at 37°C for 1 h.
After terminating the reaction, the labeled probes
were used for screening.

Screening of the L3 cDNA library of W. bancrofti:
The cDNA libraries were plated using Escherichia
coli (XL1 Blue) following the standard procedures20.
Nitrocellulose membranes were placed on the top of
the agar surface and the orientation was marked us-
ing a sterile needle and removed after 1 min and
placed with the colony side up, on a pad of absorbent
filter paper soaked in denaturing solution (1.5 M
NaCl, 0.5M NaOH) for 7 min. Then the filter was
placed in neutralizing solution (1.5 M NaCl, 0.5 M
Tris-HCL pH 7.2, 0.001 M EDTA) for 3 min and re-
peated thrice with fresh neutralizing solution ab-
sorbed paper. Finally, the membranes were washed
in 2x SSC, air-dried and UV cross-linked at 312 nm
wave length for 2 min. Then the membranes were
used for non-radioisotope hybridization using fluo-
rescein-11-dUTP labeled probes, following the in-
struction of ECL kit (Amersham Life Science,
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U.S.A.). Briefly, the membranes were pre-hybridized
(5 x SSC, 0.1% SDS, 5% Dextran sulphate, 20 fold
dilution of Liquid Block supplied, 100 μg/ml of de-
natured sperm DNA) and then hybridized with the
probe for at 60°C over night. Hybridization and
washing were carried out in bottles using a hybridiza-
tion oven (Techne, U.K.). The membranes were
washed as described earlier, blocked and then incu-
bated with anti-fluorescein-HRP conjugate (1:1000
dilution) for one hour at room temperature. The mem-
branes were washed and the detection of the signal
was carried out using ECL detection reagents and
subsequently exposing to blue light sensitive films.
The films were developed using Kodak developer
and fixer.

Insert size analysis of recombinants and sequencing:
The phagemids of the 18 UniZap XR clones were
excised in vivo and the insert size was checked by
PCR amplification using T3 and T7 primers. The
inserts of the clones were purified and sequenced by
dideoxy chain terminator method in an automated
sequencer (Applied Biosystems, U.S.A.). Sequences
of the clones obtained were blasted and matched with
those of known ESTs of B. malayi or Caenorhabditis
elegans, available in the genome database (GenBank).
Primers were designed based on the sequence infor-
mation of the recombinant clones using Primer 3
computer software programme.

Stage-specificity of the primers: In order to ascertain
their stage-specificity, the three primer pairs were
tested for amplification of the cDNA generated from
50 mf, two each of L1 and L2, and one L3 stage lar-
vae. The PCR mix (50 μl) contained Buffer
(Promega), 2.5–3.5 mM MgCl2, 2 mM dNTP mix, 100
pM primers and two units of Taq DNA Polymerase.
The PCR amplification cycles was: 95°C for 5 min,
94°C for 1 min, 54–62°C for 1 min, 72°C for 1 min,
for 35 cycles with final extension at 72°C for 10 min.
After PCR, 10 μl of products were run on 1.5% agar-
ose gel and the bands were visualized after staining
with Ethidium bromide followed by destaining.

Dot-blot hybridization to check the stage-specificity:
The stage-specificity of WbL31 primer pair was
tested further by dot-blot hybridization. These experi-
ments were carried out on RNA of various mosquito
stages of the parasite and their cDNAs, as well as
mosquito and human RNA, using non-radioisotopic
probes. The probe was prepared from the PCR prod-
ucts of the gene amplified using WbL31 primer and
L3 stage cDNA as template. The hybridization proto-
cols followed were according to the ECL-Random
prime labeling and detection system version II
(Amersham Life Science, USA).

Preliminary evaluation of the infective (L3
) stage-

specific RT-PCR assay:  The preliminary evalua-
tion of the specificity and sensitivity of the WbL31
primers in the specific detection of infective larvae
in vectors was carried out by RT-PCR on the vector
mosquito samples harbouring larvae of any of the
developmental stages of W. bancrofti. Total RNA
isolation carried out in mosquito samples using TRIR

reagent was utilized for reverse transcription using
RT kit (Sensiscript, Qiagen, Germany), followed by
PCR assay with specific primers as described earlier.
Ten micro litre of the PCR products were run on 1.5%
agarose gel and the bands were visualized after staining
with Ethidium bromide and followed by destaining.

The evaluation of the RT-PCR assay was carried out
in three phases: (i) for assessing the specificity of the
assay, duplicate samples of mosquitoes with 50 mf or
2 each of L1 or L2 or  1 L3 stage larvae were prepared
and subjected to RT-PCR. The experiment was re-
peated five times; (ii) for determining the sensitivity
of the assay, 10 samples containing mosquito spiked
with 1 or 2 L3 stage larvae and assayed along with 10
samples of uninfected mosquitoes; and (iii) to make the
assay cost-effective RT-PCR assay was done with pools
of mosquitoes. The size of the pools tested ranged from
10–100 each containing 1 or 2 L3 stage larvae.

Standardization of a protocol for simultaneous ex-
traction of RNA and DNA: After removing the aque-
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ous layer for RNA extraction from the extraction
mixture of the samples mentioned above, underlying
interphase was separated for DNA extraction using
TRIR reagent as per the instruction of the manufac-
turer. DNA pellet was air dried for 5–15 min, dis-
solved in 8 mM NaOH, stored overnight at 4°C and
used as template DNA for Ssp I PCR assay for deter-
mining infection as reported by Chanteau et al9.

Results

cDNA library of L3 stage of W. bancrofti was con-
structed in UniZap XR vector. The library was am-
plified and the titre checked. The library constituted
5 ×105 phages with 80–90% recombinant phages.

In order to get enriched copies of stage-specific genes
(particularly, infective stage-specific genes) the sub-
tracted probe development technique was employed.
Approximately, 2×105 recombinants were probed
and 18 clones were identified from the library. The
insert size of the phagemids of the 18 UniZap XR
clones ranged from 100–1000 bp. The inserts were
sequenced and matched with those of known ESTs of
B. malayi or Caenorhabditis elegans available in the
genome database. Out of 18 clones, inserts of seven
clones matched with cuticular collagen gene
(U16030), five of them showed homology to enolase
gene (EF190446) and six clones contained inserts
showing homology with alt 3 gene (U80974) of B.
malayi. Primer pairs were designed based on the se-
quence information of these three genes and desig-
nated as WbL31, WbL32 and WbL33 respectively.

When the stage-specificity of three primers was as-
sessed, primer pair WbL31 could amplify the cDNA
generated from L3 stage larvae only resulting in a
product size of 203 bp. Similarly, the primer pair
WbL33 also amplified the cDNA generated from the
L3 stage larva alone yielding an amplicon of 111 bp.
Both the primer pairs failed to amplify the cDNA of
as many as 50 mf or two larvae each of L1 and L2

stages. The remaining primer (WbL32) did not am-

plify cDNA of any of the stages (Fig. 1). These results
indicated that the primer pairs WbL31 and WbL33
specifically detected L3 stage larva of W. bancrofti
and their respective mRNA might occur as abundant
messages while other primer pair although specific to
L3 stage, their mRNA might not occur as abundant
species and hence did not amplify the respective
cDNA from the minimum number of larvae tested.
The primer pair WbL31 as shown below was de-
signed based on the cuticular collagen gene and was
taken up for further studies, as cuticular collagen gene
has been studied extensively and reported to be highly
expressed in mosquito derived L3

21. Amplified prod-
uct of 203 bp was sequenced (Applied Biosystems,
USA) and the sequence information was deposited in
the GenBank (Acc. No. EU370160) (Fig. 2).

WbL31F:  5’- TGG TGT TTC GAT TGT CCA GA - 3’
WbL31R:  5’- ATC ACA GTT CCA GGC ACT CC - 3’

The stage specificity of WbL31 primer pair was

Fig. 1: Specific amplification of cDNA of infective stage lar-
vae (L

3
) of W. bancrofti by the L

3 
stage-specific prim-

ers. Lane 1: 100 bp molecular weight marker; Lane 2:
Primer WbL31; Lane 3: Primer WbL32; Lane 4: Primer
WbL33; Lane 5 & 6: RT negative; and Lane 7: PCR
control

203 bp

111 bp

    1 2 3 4 5 6 7





VASUKI et al: RT-PCR ASSAY TO DETECT W. BANCROFTI L
3
 IN VECTORS  213

tested further by dot-blot hybridization. The results
showed that the probe hybridized only to the mRNA
and cDNA of L3 stage larvae but not to mRNA and
cDNA of other stages of the parasite, RNA of the
vector Cx. quinquefasciatus and human.

When stage-specificity of the RT-PCR assay was
determined by preliminary evaluation, positive sig-
nal with an amplicon of 203 bp was obtained in
mosquito samples spiked with L3 stage larvae alone
and not in those containing either 50 mf or 2 L1 or 2
L2 (Fig. 3). All the 10 samples of mosquitoes spiked
with either 1 or 2 L3 stage larvae were found to be
positive with 203 bp product. Results indicated that
the assay was highly sensitive detecting even a single
L3 stage larva in the vector mosquito. While sensitiv-
ity of the RT-PCR assay on pools of mosquitoes rang-
ing from 10–100 was assessed, pools of 10 with
either 1 or 2 L3 gave a strong positive signal, whereas
pool size of 25 resulted in a faint signal. However,
pool size of 50 and above did not give any meaning-
ful result and hence needs to be optimized further for
sensitivity (Table 1) (Fig. 4).

Table 1. Sensitivity of the WbL31-RT-PCR in detecting
L3 stage W. bancrofti in mosquitoes

Sample No. of No. of
 samples positive

tested samples

Individual mosquito with 2 L
3

10 10

Individual mosquito with 1 L
3

10 10

Mosquito pool of 10 with  2 L
3

10 10

Mosquito pool of 10  with  1 L
3

10 10

Mosquito pool of 25 with  2 L
3

10 10

Mosquito pool of 25 with  1 L3 10 10

Mosquito pool of 50 with  2 L
3

10 0

Mosquito pool of 50 with  1 L
3

10 0

Mosquito pool of  75 with 2 L
3

10 0

Mosquito pool of 75 with 1 L
3

10 0

Mosquito pool of 100 with 2 L
3

10 0

Mosquito pool of 100 with 1 L
3

10 0

RNA and DNA were extracted from the same
samples of mosquitoes with any stage of the parasite
either mf, L1, L2 or L3, simultaneously. When the
DNA was subjected to Ssp1 PCR assay, mosquito
samples with any stage parasite gave positive signal
with an amplicon of 188 bp (Fig. 5). The RNA ex-
tracted simultaneously, was tested for WbL31 RT-
PCR assay as stated above and found to yield posi-
tive signal only to L3. Thus, RNA and DNA extracted
simultaneously from the same sample were suitable
for the stage-specific RT-PCR and species-specific
Ssp I PCR assays, respectively.

Discussion

This is the first report on the development of a stage-
specific RT-PCR assay to detect the presence of
infective (L3) stage larvae of filarial parasite, W.
bancrofti in the vector Cx. quinquefasciatus. It may

         1    2   3   4    5   6   7    8   9  10

188 bp

Fig. 5: DNA extracted simultaneously from the same mosquito
samples containing any stage of the parasite, W.
bancrofti, after isolating RNA, was amplified by Ssp I
PCR. Lane 1: 100 bp molecular weight marker; Lane 2–
5 & 7: Cx. quinquefasciatus containing any stage of the
parasite; Lane 6: Uninfected mosquito; Lane 7:  Posi-
tive control (L

3
 larva); Lane 8: Negative (Mosquito)

control; and Lane 9: PCR control
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be noted that though PCR-based methods have been
developed for the diagnosis of several species of
filarial parasites, namely Onchocerca volvulus22, B.
malayi14, B.  pahangi23, W. bancrofti24 and Dirofilaria
immitis25, no report is available on the existence of
specific assay for the detection of infective stage lar-
vae of these filarial parasites.

In recent years considerable efforts have been made
to develop specific and sensitive PCR methods for the
diagnosis of W. bancrofti26, 27. Earlier studies detected
PCR-amplified DNA with subsequent DNA probe
hybridization condition with increased sensitivity and
species specificity28. Further, simpler PCR methods,
developed based on the repeat sequence of 188 bp and
designated as Ssp I, were sensitive and specific9. This
assay was adapted by groups working in different
geographical areas11, 25, 29,30 as a potentially useful di-
agnostic tool for estimation of filarial endemicity
in villages with high and low prevalence of filari-
asis31. Additionally, rapid and simple DNA extraction
protocol was developed to make Ssp I PCR assay cost
effective32. Such findings provide indication for the
possible use of molecular approach in monitoring
transmission as a means for evaluation of large-scale
control programmes. However, to withdraw or con-
tinue the intervention measure (MDA), an indicator
of transmission such as infective stage-specific assay
is highly essential to verify the absence of transmis-
sion of infection and to detect it if it reappears.

In the present study, cuticular collagen gene was
found to be up-regulated in L3 stage larva of W. ban-
crofti through subtracted hybridization protocol. This
gene was reported to be highly expressed in the
mosquito derived L3 of B. pahangi by differential
screening approach. The mRNA for the collagen
genes was found to be abundant in the mosquito de-
rived L3 and up-regulated21. A similar collagen gene
(Bm-col-2) was also shown to be transcribed at
higher levels in the vector derived L3 stage in B.
malayi33. It has been demonstrated that many L3 spe-
cific proteins in filarial nematodes are synthesized

during parasite development in the mosquito, in
readiness for the transfer to the mammalian host34.
Recently, in the initial analysis of the genome of the
human filarial parasite, B. malayi, collagens and col-
lagen processing, have been identified as one of the
several systems likely to be fruitful targets for the
discovery of additional drugs. It has also been re-
ported that B. malayi has ~82 genes that encode for
a collagen repeat including cuticular collagens and
basement membrane collagens35.

The present investigation has led to the development
of an assay using reverse transcriptase PCR (RT-
PCR) to amplify RNA for the cuticular collagen gene
preferentially expressed by infective (L3) stage W.
bancrofti. The results of the laboratory evaluation of
the RT-PCR assay demonstrated high specificity and
sensitivity in detecting  even a single infective stage
larva in vector mosquitoes. The assay could detect
single infective stage larvae in a pool of 10–25 mos-
quitoes, which would be a cost-effective approach to
assess the ongoing transmission in an endemic area.
There is need, however, to carry out further optimi-
zation of the assay for mosquito pool size of 25 and
above.

In this study, a protocol was also developed to assess
infection and infectivity simultaneously. The proto-
col involved extraction of DNA and RNA of the
parasite simultaneously from the same vector sample,
followed by Ssp I PCR and then WbL31 RT-PCR,
respectively. The protocol could identify the mosqui-
toes, which were infected as well as infective in
stepwise manner. The advantages of the protocol are
twosome. Firstly, by carrying out Ssp IPCR, one can
map and monitor the LF control programme such as
MDA, and then by WbL31 RT-PCR, one can decide
whether to withdraw the MDA, based on the absence
and presence of infective stage larvae (indicator of
active transmission) in vectors. Secondly, since RT-
PCR is expensive, infection can be assessed initially
in mosquitoes and then infectivity in those mosqui-
toes found to be infected, will economize the diagno-
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sis. In conclusion, the success of this assay in specifi-
cally identifying the infective (L3) stage larvae of W.
bancrofti will be of great value in assessing the trans-
mission of infection and hence in decision-making
related to elimination programme.
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