TRANSACTIONS OF THE ROYAL SOCIETY OF TROPICAL MEDICINE AND HYGIENE (2002) 96, 60-63

Evaluation of the ICT whole-blood antigen card test to detect infection due to

Wuchereria bancroftiin Sri Lanka

T. G. A. N. Chandrasena!, R. Premaratna’, W. Abeyewickrema' and N. R. de Silva! Departments of
! Parasitology and * Medicine, Faculty of Medicine, University of Kelaniya, Sri Lanka

. Abstract

The sensitivity, specificity and cost effectiveness of an immunochromatographic card test (ICT,
AMRAD) for the diagnosis of bancroftian filariasis were estimated against 2 standard parasitological
techniques: thick blood film (TBF) and Nuclepore® membrane filtration (INMF). Individuals were
selected from endemic localities in the Western Province (n = 213) and from the non-endemic Central
Province (n = 29) of Sri Lanka. Blood was collected between 21:00 and midnight. Sixty microlitre of
non-heparinized blood, and 1 mL and 100 pL of heparinized blood were used in TBF, NMF and ICT,
respectively. NMF was positive in 31:5% (67/213) of the endemic group, with a mean microfilaria (mf)
count of 343/mL (range 8-1782, SD 422). All 67 were positive by ICT (sensitivity 100%), but only 63
by TBF (sensitivity 94%). Among the endemic population there were 12 who were mf negative but
antigen positive by ICT. There were, however, no false positives among the non-endemic controls,
indicating the possibility that the ICT may in fact be more sensitive and 100% specific. Thus, ICT
filariasis test appears to be more effective (both sensitive and specific) than TBF or NMF in diagnosing
infection in lymphatic filariasis. The direct unit recurrent costs of the 2 survey tools, TBF and ICT, were
US$ 0.30 (Rs. 27/=) and US$ 2.75 (Rs. 248/=), respectively. The high cost of the ICT may be offset by
other factors that are difficult to cost.
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Introduction

In keeping with the new global strategy for the con-
trol of lymphatic filariasis, Sri Lanka introduced a mass
chemotherapy programme with single-dose diethylcar-
bamazine citrate (DEC) in all endemic areas in 1999.
Lymphatic filariasis due to Wuchereria bancrofti is en-
demic in the western, southern and north-western
provinces of Sri Lanka, with an estimated population of
9-5 million at risk of infection (ANONYMOUS, 1997).
Although the new strategy avoids the need for routine
night blood surveys which cover all at-risk individuals,
it 1s still essential to monitor infection rates in order to
assess the effectiveness of the control programme.

Parasitological methods of diagnosing lymphatic fila-
riasis are time consuming, cumbersome and insensitive
(DENHAM et al., 1971; MCMAHON et al., 1979; LAM-
MIE er al., 1994; WEIL et al., 1996). Tests that detect
circulating filarial antigen (CFA) are now considered
the method of choice in detection of W. bancrofti infec-
tion (WEIL ez al., 1996). They are now commercially
available and can be performed on fingerprick blood
specimens obtained at any time of the day (WHO,
1997). The whole-blood version of the ICT filariasis
test could be an ideal tool as it can identify circulating
antigens of W. bancrofti in microfilaraemic and as well
in non-microfilaraemic individuals with hidden infec-
tions (CHANTEAU et al., 1994; WHO, 1997). Further-
more, this test can easily be performed in community
settings.

Field trials to validate the performance of the whole-
blood version of the ICT filariasis test have not been
reported extensively. We therefore compared the sensi-
tivity and specificity of the ICT filariasis test with those
of conventional parasitological methods. The compara-
tive costs of carrying out the thick bloed film (TBF)
and the ICT in the field in Sri Lanka were also
analysed.

Methods

A number of microfilaria (mf)-positive individuals
were identified during routine night blood surveys
carried out by the National Anti-Filariasis Campaign in
the Western Province, during the period June—October
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1999. All members aged =14 years in households
where mf-positive individuals were identified were re-
cruited and included as the study sample. A control
group with no history of exposure to bancroftian fila-
riasis was selected from a non-endemic area in the
Central Province. Ethical clearance was obtained from
the Ethics Committee, University of Kelaniya.

Informed consent was obtained from the study parti-
cipants for collection and testing of venous blood for
filariasis. The selected houses were revisited between
21:00 and midnight and 2 mL of venous blood was
collected from each participant, using sterile disposable
needles and syringes. A 60-pl. TBF (coin-shaped
smear) was prepared, using a micropipette, immedi-
ately after collection of blood. The remainder was put
into bijou bottles containing 30 units of heparin, and
refrigerated overnight. Membrane filtration was carried
out next morning on 1 mL of the heparinized blood,
diluted with 9 mL of normal saline, using a Nuclepore®
polycarbonate membrane (pore size 3 pm, diameter
25 mm) as described by GARCIA & BRUCKNER (1993).
The TBFs were treated with Giemsa’s stain (WHO,
1980).

The stained TBFs and filter membranes were exam-
ined under low-power microscopy for the presence of
mf. mf density (mf count) was assessed by 2 experi-
enced investigators in each of the positive films and
membranes.

An ICT filariasis test (AMRAD, Australia) was per-
formed, using 100 pL. of heparinized venous blood,
on membrane filtration-positive cases and also on a
minimum of 2 membrane filtration-negative cases, ran-
domly selected from the household of each positive
case. To assess the reproducibility of the test, 10
membrane filter-positive and 10 membrane filter-nega-
tive individuals were ICT tested in duplicate by 2
different observers. These 20 individuals were also re-
tested on capillary blood obtained during daytime to
assess the consistency of results. All cases identified as
filariasis positive by any of the 3 tests were given a
standard course of DEC 6 mg/kg bodyweight for 12
days and referred to a filariasis clinic for follow-up.

The recurrent costs of carrying out a TBF were
calculated considering the cost of personnel, consum-
ables and maintenance. Personnel involved in prepara-
tion and examination of the TBF were identified and
their wages per day were calculated assuming 290
working days per year. The costs of allowances and
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overtime were averaged to a day and added to the daily
wage. The cost of personnel per slide was calculated by
dividing this amount by the average number of slides
examined per day (60 slides per microscopist). Simi-
larly, the unit maintenance cost was calculated by
dividing the daily maintenance cost by the average
number of slides processed per day.

The capital expenditure involved in establishing a
small laboratory capable of reporting on a TBF was
calculated and annualized based on the approach des-
cribed by CREESE & PARKER (1994). The relevant data
for these calculations were obtained from the Ministry
of Health, Sri Lanka (Health Ministry payroll and
Medical Supplies Division) and local agents for AM-
RAD ICT.

Results

A total of 242 individuals were examined by the 3
tests [TBF, Nuclepore membrane filtration (NMF)
and ICT]: 140 (57-9%) from the Colombo district, 73
(30:2%) from Gampaha district (both in Western Pro-
vince) and 29 (12:0%) from the non-endemic Central
Province. The mean age of the study population was
34-8 years (range 14—76 years, SD 16-78); 43:3% were
males.

The results of each of the 3 tests are shown in Table
1. The mf counts by NMF ranged from 8 to 1782/mL
with an arithmetic mean count of 343/mL of blood.
Nine individuals had mf counts >750 mf/mL, includ-
ing 2 with counts > 1500/mL. The TBF failed to
detect 4 individuals with mf counts <12 mf/mL of
blood (low density microfilaraemics).

The ICT was positive in all mf-positive individuals,
including those with mf counts <12 mf/mL of venous
blood. In addition, 12 of the 146 endemic amicrofila-
raemics (8-2%) were positive by the antigen test, but
none of the 29 non-endemics. Thus in the endemic
population, when compared with NMF, the ICT had a
sensitivity of 100% (67/67 X 100) and a specificity of
91:8% (134/146 X 100), while the TBF had a sensitiv-
ity of 94-0% (63/67 X 100) and a specificity of 100%
(146/146 X 100). The lower specificity of the ICT is
probably due to the failure of the reference test INMF)
to detect all cases of infection rather than a true lack
of 100% specificity. This is further supported by the
absence of any false-positive results among the non-
endemic controls. Twenty samples tested in duplicate
by the ICT gave similar responses, indicating good test
reproducibility. ICTs done on daytime capillary blood
detected only the 10 positives, indicating that, unlike
microfilaraemia, the antigenaemia can be detected in
both night and daytime blood samples.

Cost analysis

Table 2 shows the recurrent expenditure of a TBF,
and Table 3 shows the recurrent expenditure of an ICT
filariasis card test. From these Tables it appears that
the unit recurrent cost of a TBF is Rs. 27.08 (US$
0.30) and the unit cost of an ICT filariasis card test is
Rs. 248.25 (US$ 2.75). Thus, the unit recurrent cost of
the ICT filariasis card test is about 10 times that of the
standard survey tool, the TBE.

The capital expenditure involved in the establish-

Table 2. Recurrent expenditure for a thick blood

film (Sri Lanka, 2001 rates)

Cost per slide
Item (Rs.)
‘Microscopist® 5.83
Laboratory orderly* 4.80
Laboratory labourer® 4.80
Public health inspector®/field assistant® 0.50
Glass slides 2.90
Blood lancets 1.50
Stains + glassware 5.70
Maintenance (gas/electricity/building) 1.05
Total 27.08

(US$ 0.30)

(US$ 1 = Rs. 90.37).
*Salary.
"Allowance for blood filming.

,'<

Table 3. Recurrent expenditure for an immuno-
chromatographic test (ICT) for bancroftian filar-
iasis

Expenditure
Item (Rs.) =
Unit cost of an ICT filariasis card test 244.00
) (US$ 2.70)*
Heparinized capillary tube 3.75
Public health inspector®/field 0.50
assistant®
Total 248.25
(US$ 2.75)
*Price quoted in May 2001.

tAllowance for ICT card testing and recording of results.

ment of a small laboratory with a microscope, balance
and other consumables was calculated and annualized
(Table 4). The capital cost of a microscope (Rs.
160 000, US$ 1770.5) annualized over 10 years using a
discount rate of 10% is equivalent to Rs. 26037.42
(US$ 288.12) per year. The capital cost of a balance
(Rs. 60000, US$ 663.9) annualized over 8 years at a
discount rate of 10% is equivalent to Rs. 11257.03
(US$ 124.57) per year. Thus the capital expenditure
involved in establishing a small laboratory capable of
reporting on a TBF would be Rs. 39156.45 (US$
433.29) (excluding the cost of building and space) per
year (Table 4). The use of the ICT card test would not
require these expenses. '

Discussion

We found the ICT to have a sensitivity of 100% and
a specificity of 91-8% when compared with membrane
filtration. Although Nuclepore filtration is an extremely
sensitive diagnostic tool, it is capable of picking up only
patent microfilaraemic infections. However, asympto-
matic amicrofilaraemic infections have been well docu-
mented (WEIL et al., 1996). Moreover, the ICT did not
react positively in the non-endemic control group.

Table 1. Filariasis status in endemic and control populations in the studied

parts of Sri Lanka (June-October 1999)

Number examined

Number TBF Number ICT

Category (males/females) positive positive
Endemic mf positive® 67 (42/25) 63 67
Endemic mf negative® 146 (48/98) 0 12
Non-endemic controls 29 (16/13) 0 0

*By Nuclepore filtration. TBF, thick blood film; ICT, immunochromatographic card test; mf,

microfilaria.
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Table 4. Capital expenditure for the establishment of a small laboratory
capable of examining thick blood films (TBFs)

Cost per year Cost per day Cost per slide
Rs.

Equipment (Rs.) (Rs.)

Microscope, Olympus (Japan) 26037.42 89.78 1.49
Balance 11257.03 38.81 0.64
Glassware and consumables 1862.00 6.42 0.10
(immersion oil) :
Total 39156.45 135.01 2.23

(US$ 433.29) (US$ 1.49) (US$ 0.02)

Capital expenditure per day was calculated assuming 290 working days per year; the capital
expenditure per slide was calculated assuming 60 TBFs are processed per day in a laboratory

by a single microscopist.

Thus the ‘false positives’ obtained by the ICT could
well be true positives which the standard reference test
failed to detect. Thus, the main reason for the seem-
ingly less than 100% specificity of the ICT may be the
failure of the reference test to detect all cases of infec-
tion.

The ICT for filariasis thus seems to be an effective
tool in the diagnosis of bancroftian filariasis. The ICT
was capable of detecting all the endemic mf-positive
cases (including the low-density microfilaraemics,
which were missed by the TBF, the standard survey
tool). The ICT probably detected some amicrofilarae-
mic infections as well. The low sensitivity of the whole-
blood ICT card test previously reported from India
(98:5% compared with TBF and 71:9% compared
to NMF) (PANI er al, 2000) was perhaps due to
the higher number of low-density microfilaraemics in
their study population (30 persons with mf density
<10 mf/mL; only 10 were positive by ICT). In our
study this degree of microfilaraemia was seen in only 4
persons. Therefore, the sensitivity of the ICT in detect-
ing low-density microfilaraemia needs further study.

The 2 field studies carried out in Brazil and Ghana
using the serum version of the ICT filariasis card test
showed similar results to ours (FREEDMAN et al., 1997;
SIMONSEN & DUNYO, 1999), with 100% sensitivity for
detection of microfilaraemics in both studies. In addi-
tion, about one-third of the mf-negative endemic study
population in Ghana were positive for filarial antigen
(SIMONSEN & DUNYO, 1999). The study carried out in
Brazil found that the proportion of individuals who
were positive only for filarial antigen was equal to the
number positive for both mf (by NMF) and filarial
antigen (FREEDMAN et al., 1997).

A higher prevalence of CFA positivity than mf posi-
tivity has similarly been reported from other endemic
areas using a different antigen-detecting test (Og4C3
ELISA) (LAMMIE er al., 1994; ITOH er al., 1998, 1999;
LALITHA et al., 1998).

There are several possible explanations for the
amicrofilaraemic status of these infections. Some infec-
tions may be in the prepatent stage (harbouring juvenile
worms). Another possibility is that a low level of adult
worm infection (few reproducing female worms) pro-
duces antigenaemia but no detectable microfilaraemia
(LAMMIE et al., 1994; ITOH et al., 1998, 1999). An-
other explanation for amicrofilaraemic infections is
male worm only or female worm only infections.

The possibility that the sensitivity of the ICT fila-
riasis test is greater than that of membrane filtration in
the detection of W. bancrofti infection would have to be
confirmed by the inclusion of a second CFA test such
as Ogd4C3 ELISA, or the ultrasonic demonstration of
the ‘filaria dance sign’ (AMARAL et al., 1994).

The present study indicates that the ICT could be an
effective screening tool for bancroftian filariasis, to
detect hitherto unidentified areas with filariasis trans-
mission activity.

Because of the comparatively higher cost of the ICT,

selective screening of high-risk groups in a population
may be a more economical option rather than mass
screening for countries endemic for bancroftian filaria-
sis with scarce resources. Such selective screening will
enable the rapid identification of communities with
filariasis transmission, in order to implement the mass
treatment strategy. The results of 2 recent studies have
shown that treatment with DEC or ivermectin does not
significantly reduce the CFA levels (SCHUETZ et al.,
2000; FREEDMAN et al., 2001). Therefore, the ICT
filariasis kit may not be of use for monitoring the mass
treatment campaign.

The high cost of the ICT compared with the TBF
(which is the standard survey tool in Sri Lanka and
India) may be partially offset by the fact that it does not
require highly trained staff, or the laboratory facilities
essential for even basic staining and microscopy. Thus,
in a situation where good laboratory facilities and
trained staff are not readily available, the ICT would be
the obvious choice, provided sufficient funds are avail-
able. Even where laboratory facilities and trained staff
are available, the use of daytime blood, the likelihood
of higher sensitivity and the rapidity of the test could
still make it an attractive alternative to the standard
TBF as a mass survey tool.
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