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INTRODUCTION
Lymphatic filariasis has been targeted for elimination by 20201–4

and India has set 2015 as the deadline for achieving this goal.5 The
availability of a good diagnostic test is essential to map areas
endemic for filariasis to delimit, stratify and prioritize them for
intervention, as well as for monitoring and evaluating the control/
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elimination programmes. The national programme uses the con-
ventional technique of microscopic examination of thick blood
smears collected during the night for microfilaria (mf).6 The key
constraints with this method are the need for blood sampling at
night and delay in processing in the laboratory.1,2,7–9 As this test is
not widely accepted in the community, it has not been possible to
delimit all the endemic areas in India, even after 50 years.10

Further, this test is not sensitive enough to detect all infected
individuals.7,11 Therefore, a more sensitive test based on daytime
blood samples which could provide immediate results would be
very useful.

The two diagnostic tests in use are Og4C3 ELISA12 and an
immunochromatographic card test (ICT),13 which detect circulat-
ing filarial antigens (CFA) of Wuchereria bancrofti (W. bancrofti)
in serum or whole blood samples collected during the day. These
tests have been shown to be good alternatives to the conventional
microscopic technique.11,14 ICT has a specificity of 100% and a
sensitivity of 95%.11,15–17 It is rapid, simple (requires no equip-
ment) and can be carried out at field sites during the day. The ICT
available at present (NOW® ICT Filariasis, Binax Inc., Portland,
USA) is reportedly more sensitive than the earlier versions.
However, the immunological reagents used are the same in all the
versions, namely W. bancrofti-specific monoclonal and polyclonal
antibodies.

We assessed the sensitivity of the NOW® ICT Filariasis test
(new format ICT test) in detecting W. bancrofti mf carriers and
compared it with the conventional microscopic technique. We
also compared the results with the Og4C3 ELISA (TropBio,
Queensland, Australia). As the new format ICT test was evaluated
for its suitability as a replacement for the conventional micro-
scopic technique, we did not compare it with the membrane
filtration technique.

METHODS
Study sites and sampling design
Two endemic villages, Puthagaram and Kattusithamur in the
Villupuram district of Tamil Nadu state in southern India, were
chosen as the study sites. For each village, the number of house-
holds was calculated based on the total population (taken from the
Census data) and an approximate average household size of 5 in
rural areas. A quota sampling of 100 was fixed for each village.
The houses in each village were numbered serially and, to attain
the target, the required number of houses was selected using
systematic sampling with a random selection of the first house-
hold. The new format ICT test was done on all available subjects
in each selected house till the quota of 100 was reached.

Collection of blood samples for detection of mf and CFA
Night blood smear (NBS) was collected by finger prick during
2000–2200 hours and for each sample 3 smears (20 cmm each)
were prepared. The blood smears were dehaemoglobinized, stained
with JSB stain and examined for mf in the laboratory.

From the same finger prick, 100 µl blood was drawn into a
capillary tube and used for the new format ICT test. The new format
ICT test was performed on site as per the instructions of the
manufacturer. For this, the blood collected in the capillary tube was
applied to the upper half of the pink and white pad after opening. On
ensuring complete wetting of the pink area of the pad with blood, the
card was closed and pressed along the edges to seal it. After 10
minutes, the card was opened to prevent further migration of blood
down the chromatographic strip and the appearance of the diagnos-
tic line was recorded as positive if there were two red lines, and

negative if there was a single line. According to the manufacturer’s
instructions, it is not necessary to open the two flaps after 10
minutes. However, to ensure a uniform reaction time of 10 minutes
(so that the elute does not migrate further), we opened the flaps.
The diagnostic lines of the positive sample are supposed to be
stable and permanent. Therefore, to validate these and to remove
bias, another observer read the cards on the next day using the
same criteria as the first reader. A sample was considered positive
if either the early or the next day reading was positive.

Immediately after testing for the new format ICT test, 1 ml of
venous blood was drawn from each subject, and transported to
the central laboratory. The next day, the serum was separated
and used for quantitative detection of CFA by Og4C3 ELISA as
per the instructions of the supplier.

Statistical analysis
Chi-square test was used to test the statistical difference in
proportion positivity between two groups and kappa statistic
was applied to measure the degree of agreement between any
two methods of diagnosis.

RESULTS
A total of 200 subjects (100 from each village) comprising 103
men and 97 women were included in the study. The mean (SD)
age was 35 (17.4) years for men and 38 (17.0) years for women.

Of the 200 night blood samples examined (in triplicate) by
microscopy, 34 (17%) were found to be mf positive with mf
counts of 1–635 (mean [SD] count 107.4 [139.2]). With the new
format ICT test, 74 (37%) were positive for CFA on reading at
10 minutes and 61 were positive (30.5%) on the next day (Table
I). The kappa for the two readings was 0.811 (p<0.05). All 34
samples, positive for mf by the conventional microscopic tech-
nique, were positive for CFA by the new format ICT test, both
at early and next day readings. Thus, the sensitivity of the new
format ICT test was 100% when compared to the conventional
microscopic technique. In addition, the new format ICT test also
detected another 42 samples as CFA positive from the 166
samples negative for mf (25.3%).

Of the 40 samples that were positive for CFA by the new
format ICT test at the 10 minute reading in mf-negative individu-
als, only 25 (62.5%) were positive in the next day reading,
indicating that the diagnostic lines were not stable.

Forty-eight subjects (24%) were positive for CFA by the
Og4C3 ELISA. Of the 34 mf-positive samples, 31 were positive
for CFA by Og4C3 ELISA. Thus, the sensitivity of the Og4C3
ELISA assay was 91.2% compared to the conventional micro-
scopic technique (Table I). Although the proportion positive
by Og4C3 was significantly higher than that with the conven-
tional technique (p<0.05), it was significantly lower than the
proportion positive by the new format ICT test (p<0.05). Og4C3
detected only 45 samples (59.2%) as CFA positive out of 76

TABLE I. Comparison of conventional microscopic technique (mf),
the new format test and Og4C3 (CFA)

Method Positive (%) Negative

Conventional microscopic examination 34 (17) 166
of night blood smear (60 cmm)*

New format test (early, 10 minutes)† 74 (37) 126
New format test (late, next day)† 61 (30.5) 139
Og4C3† 48 (24) 152

* for microfilaria † for CFA
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samples detected by the new format ICT test (either at 10
minutes or the next day). There was an overall agreement
between the two tests (kappa=0.612; p<0.05).

DISCUSSION

A sensitive, rapid and simple diagnostic test for lymphatic
filariasis is required for implementing the global lymphatic
filariasis elimination programme. The conventional technique
of microscopic examination for mf in thick smears of blood
collected during the night is neither suitable for rapid diagnosis
and mapping of endemic areas nor for monitoring the impact of
the programme or certification of elimination. ICT, which is
simple and rapid, has been reformatted to a new design to make
it more sensitive, necessitating another evaluation of its sensi-
tivity. The earlier version of ICT had a specificity of 100% and
a sensitivity of 95%.11,15–17

Our study shows that the new format ICT test is highly sensitive
in detecting mf carriers in endemic communities in comparison
with conventional night blood (60 cmm) microscopic examination,
as all the mf-positive samples were also positive for CFA by the new
format ICT test. Further, there was an overall agreement between
the new format ICT test and Og4C3 ELISA with respect to sensi-
tivity. In an earlier study, we found the specificity of ICT to be 100%
in a known unexposed population in Udagamandalam, Tamil
Nadu.11 Since specificity is most likely a function of the nature of the
monoclonal antibody used, and this has not been changed in the new
format ICT test, we did not test the specificity again. This is a
limitation of our study. However, before replacing conventional
blood smear examination with the new format ICT test on a large
scale, the following issues need consideration.

1. In addition to mf carriers, the new format ICT test detected 42
mf-negative persons as CFA positive. This could be due to the
difference in the type of test, i.e. while night blood smear
examination detects mf at a detectable level, the new format
ICT test detects CFA of the adult parasite as well as mf.9 Some
infected individuals harbouring low levels of mf (not detect-
able by night blood smear), growing worms or non-fecund
adults or adults of a single sex may be antigen positive.18,19

Therefore, it is not surprising that a large proportion of micro-
scopically mf-negative individuals were positive by the new
format ICT test (25%, 42 of 166).

2. Detection by the new format ICT test is influenced by the
timing of the reading. Of the 40 detected as positive in the
‘early’ 10 minute reading, only 25 were positive in the ‘late’
next day reading. The reason for the difference is not clear. It is
possible that with the changed format the reaction lines fade by
the next day. The manufacturer has recommended only early
observation at 10 minutes. Late reading was taken in accor-
dance with a multicentre evaluation protocol to study the
stability of the lines on the card and verify if the tested cards can
be preserved as a permanent record for future checking. The
new format ICT test does not claim that the lines of positive
samples are stable. However, from the time the ICT card test
has been introduced, it has been claimed that the positive lines
remain a permanent record11 and are stable at least for a period
of 6 months with no significant difference in interobserver
variation. Our results suggest that the diagnostic lines are
stable only in cases that are mf positive by microscopy but

are not stable in mf-negative samples. Therefore, we feel that
the format of the new format ICT test needs to be improved
to provide stable diagnostic lines for large-scale use.

Our study shows that the sensitivity of the Og4C3 test was
less (91.2%) than that of the new format ICT test (100%) in
detecting mf carriers. However, the difference was not statisti-
cally significant (p>0.05). Og4C3 remains a research tool as the
results cannot be read instantly and blood samples require
processing and laboratory support.
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