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SCIENTIFIC NOTE

SENSITIVITY OF THE VECTEST@ ANTIGEN ASSAY FOR EASTERN
EQUINE ENCEPHALITIS AND WESTERN EQUINE

ENCEPHALITIS VIRUSES
ROGER S. NASCI,I KRISTY L. GOTTFRIED,I KRISTEN L. BURKHALTER,' JEFFREY R. RYAN.'3

EVA EMMERICH4 AND KJRTI DAVE4

ABSTRACT. VecTest@ assays for detecting eastern equine encephalitis virus (EEE) and western equine
encephalitis virus (WEE) antigen in mosquito pools were evaluated to determine their sensitivity and specificity
by using a range of EEE, WEE, St. Louis encephalitis virus (SLE), and West Nile virus (WN) dilutions as well
as individual and pooled mosquitoes containing EEE or WEE. The EEE test produced reliable positive results
with samples containing >5.3 log,n plaque-forming units (PFU) of EEEiml, and the WEE test produced reliable
positive results with samples containing >4.7 log,o PFU WEE/ml. Both assays detected the respective viral
antigens in single virus-positive mosquitoes and in pools containing a single positive mosquito and 49 negative
specimens. The SLE and WN assays also contained on the dipsticks accurately detected their respective viruses.
No evidence was found of cross reaction or false positives in any of the tests. The VecTest assays were less
sensitive than the EEE- and WEE-specific ThqMan reverse transcriptase polymerase chain reaction and Vero
cell plaque assay, but appear to be useful for detecting arboviruses in mosquito-based arbovirus surveillance
programs.

KEY WORDS Eastern equine encephalitis, western equine encephalitis, surveillance, VecTest, reverse tran-
scriptase polymerase chain reaction, plaque assay, mosquito, vector

The VecTest@ antigen assays (Medical Analysis
Systems, Camarillo, CA) are commercially
available, 1-step, qualitative, dipstick-format,
immunochromatographic tests that use type-specifi c
monoclonal antibodies conjugated to colloidal gold
to demonstrate the presence of arbovirus antigen in
mosquito pools. VecTest assays that detect and
separately identify West Nile virus (WN) and St.
Louis encephalitis virus (SLE) on the same dipstick
(VecTest WNV/SLE assay) have been evaluated in
the laboratory and field (Nasci et al. 2OO2, Ryan et
al. 2OO3), and are similar in specificity and
sensitivity to antigen-capture enzyme-linked
immunosorbent assays (AC-ELISAs) for these
viruses (Tsai et al. 1987, Hunt et al. 2002). The
objective of this research was to determine the
sensitivity and specificity of VecTest antigen assays
for detecting eastern equine encephalitis virus
(EEE) and western equine encephalitis virus
(WEE), the primary alphaviruses of public health
importance in the United States.

The tests were provided by the manufacturer as
the VecTest WNV/SLE/EEE assay and the VecTest
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WNV/SLE/WEE assay ( lot number 030102),
incorporating WN and SLE tests on the same strip
as the EEE or WEE, tests. Because the sensitivity
and specificity of the WN and SLE assays have
been evaluated previously (Ryan et al. 2003), they
were not included in this test other than to verify
that they were present and functional on the
dipstick. The monoclonal antibodies (MAbs) used
in the EEE and WEE VecTest assays are well
characterized and have been described previously.
Monoclonal antibodies 1B5C-3 and 1,4.48-6 are
used in the EEE virus detection system; 1B5C-3 is
North American EEE specific and 144B-6 is
alphavirus group reactive (Roehrig et al. 1990,
Brown et al. 2001). Monoclonal antibodies 2BlC-
6 and 2A3D-5 are used in the WEE detection
system; 2B1C-6 is WEE specific and 2A3D-5 is
WEE subcomplex reactive (Hunt and Roehrig
1985). Although 1A'48-6 and 2A3D-5 react with
several alphaviruses, as paired with type-specific
MAbs in the VecTest assays the tests will only
produce positive results with the viruses detected
by the more specific MAbs of the pair. Therefore,
neither the WEE or EEE VecTest assay will detect
Highlands J virus, an alphavirus in the WEE
complex that is found in the eastern United States
(Karabatsos et al. 1963, Calisher et al. 1980).

According to the package instruct ions,
mosquito pools containing up to 50 individuals
are homogenized in 2.5 rnl of VecTest grinding
solution, centrifuged (optional step), and 25O p.l
of the supernatant is placed into a 1.7-ml conical
tube with a single dipstick. After 15 min, the
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Fig. 1. The VecTest assay dipstick showing the loca-
tion of the three virus detection sites and the control site
on the stick.

dipstick is examined for presence of a pink band
in the control region of the dipstick indicating
that the test material passed through the test
region and presence of a pink band in the test
region. The position of the pink band in the test
region is compared to a key that identifies the
position of the WN, SLE, and EEE or WEE
i n d i c a t o r  s p o t s  ( F i g .  l ) .

The virus strains used in this study (EEE [NJ-
601, 

.WEE 
[Flemming], SLE [TBH-28], and WN

[NY-99-6922]) were derived from suckling mouse
brain using standard techniques (Beaty et al.
1995). To test the sensitivity and specificity of the
assays we made dilutions of EEE and WEE in
VecTest grinding solution. All titers are expressed
as log,o plaque-forming units per milliliter (log,,,
PFU/ml) as determined in a Vero cell plaque assay
(Beaty et al.  1995). A 250-pl al iquot ofthe di luted

material was transferred to a 1.7-ml conical tube.

One dipstick was placed in the tube' After 15 min,

the dipstick was removed from the tube, allowed
to dry for several minutes, and examined for a
pink band at the control spot and for any
discernible pink band at the test spots. The
dipsticks were also tested against high-t i ter
solutions of SLE (5.9 log,o PFU/ml) and WN (6.1

log,,, PFU/ml).
We also tested the assays against individual

virus-positive Aedes aegypti (L.), against pools

containing a single virus-positive specimen of
Ae. aegypti and 49 negative specimens, and
against 10-fold dilutions of the positive mosquito
pool. Positive mosquitoes were inoculated with
the viruses listed above and incubated for 7-10
days at 27"C before being used in these
experiments (Rosen and Gubler 7974, Brown et
al. 2001). Supernatant from negative mosquito
pools was used as the medium for diluting the
positive pools. Although the VecTest assays are
designed to be qualitative tests indicating only
presence or absence of virus, we assigned a value
(l-3) to visible color bands subjectively
reflecting the relative intensity of the positive
reaction. This allowed us to compare strength of
reaction to titer. We called a test positive only if
a discernible pink to red band extended across the
entire width of the str ip.

Results from the VecTest WNV/SLE/EEE assay
evaluation are shown in Table l. Dilutions
containing 5.3 log,o PFU EEE/ml produced a
detectable positive band at the EEE site and
produced markedly more intense bands at higher
titers. A positive band also was produced by the
single EEE-positive mosquito (6.4 log,o PFU/ml)
and the EEE-positive pool (5.6 log,o PFU/ml), but
not from the diluted pool material that contained
<4.6 log,o PFU/ml. The EEE band did not cross
with WEE at 6. I log,o PFU/ml. The SLE and WN
produced strong positive reactions at the
appropriate locations on the strip, and did not
show any evidence of cross-reactions or of
nonspecific binding at the EEE site.

Results from the VecTest WNV/SLE/WEE
evaluation are shown in Table 2. TIl.e sample
containing 4.7 log,o PFU WEE/ml produced a
detectable positive band at the WEE site and more
intense bands were observed at higher titers. A
positive band also was observed from the single
WEE-positive mosquito (5.7 log,o PFU/ml) and the
WEE-positive pool (5.2 log,o PFU/ml), but not from
the pool dilutions that contained <4.2 log,n PFU/
ml. The WEE band did not cross with EE�E at 7.3
Iog,u PFU/ml. The SLE and WN produced strong
positive reactions at the appropriate locations on the
strip, and did not show any evidence of cross-
reactions or of nonspecific binding at the WEE site.

Optimally, procedures to detect viruses in
mosquito-based arbovirus surveillance programs
should be sensitive, specific, rapid, and economical.
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Table 1. Sensitivity of VecTest eastern equine encephalitis virus (EEE) assay.

VecTbst assay results3

Virusr Titer2 EEE band WN band SLE band
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EEE

WEE
SLE
WN
EEE * mosquito
Negative mosquito
EEE + pool, undiluted
EEE * pool I
EEE * pool-'�
EEE + pool r
EEE t pool a
Negative pool

rWEE, westem equine encephalitis virus; SLE, St. Louis encephalitis virus; WN, West Nile virus.
2log,o plaque forming uniVml.
I Discemible bands were assigned a subjective score of l-3 (1 = lowest intensity; 3 : highest intensity) relative to the intensity of

the color reaction.

Table 2. Sensitivity of VecTest western equine encephalitis virus (WEE) assay.

VecTest assay results3

Virusl Titer2 WEE band WN band SLE band

WEE J
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2
2

EEE
SLE
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Negative mosquito
WEE + pool, undiluted
WEE f pool-t
WEE * pool '�
WEE t pool-l
WEE * pool a
Negative pool

'WEE, westem equine encephalitis virus; SLE, St. Louis encephalitis virus; WN, West Nile virus.
'�log,o plaque foming unit/ml.
3 Discernible bands were assigned a subjective score of l-3 (1 : lowest intensity; 3 : highest intensity) relative to the intensity of

the color reaction.
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The concentration of virus varies among virus-
positive field-collected mosquito pools (Nasci and

Mitchell 1996); therefore, more sensitive tests
detect a greater proportion of the positive pools
present in a collection than less sensitive assays can
detect (Kramer et al. 2002). Tests with a high
degree of specificity eliminate the need for multiple
steps to identify the target pathogen after it is
detected, but reduce the potential for detecting
unexpected or introduced pathogens. Short
laboratory turnaround times are essential if public
health protection measures are to be put in place
before disease risk increases. Relatively low cost is
critical because the ability of the surveillance
system to detect virus, particularly when
transmission rates are low, is dependent upon a
large sample size (Chiang and Reeves 1962,
Wyshak 1973). Of the techniques currently used in
arbovirus surveillance programs-isolation and
identification of infectious virus in cell culture or
other living systems; recognition and amplification
of virus-speciflc RNA by using a reverse
transcriptase polymerase chain reaction procedure;
or identification of virus-specific antigen by using
AC-ELISA (Beaty et al. 1995, Brown et al. 2001,
Kramer et al. 2oo2)-none is ideal. Reverse
transcriptase polymerase chain reaction is rapid,
specific, and sensitive, but requires expensive
equipment and experienced personnel. Cell culture
is sensitive but slow and costly. Although AC-
ELISA procedures are not as sensitive as other
techniques, their specificity, ease of use, and
relatively low cost makes them attractive options
and several protocols have been developed for use
in surveillance programs (Hildreth and Beaty 1984,
Tsai et al. 1987, Brown et al. 2001, Hunt et al.
2OO2). Incorporation of MAbs has increased
sensitivity and standardized several aspects of AC-
ELISA procedures (Brown et al. 2OOl), but AC-
ELISA test kits are not commercially available and
each laboratory that uses these procedures must
prepare and optimize many of the reagents.

The VecTest assays for EEE and WEE use well-
deflned MAbs, are type-specif ic, and with
sensitivities of approximately 5.3 log,o PFU/ml
and 4.'l log,o PFU/ml for EEE and WEE,
respectively, approximate the sensitivity of AC-
ELISA procedures that require 4.0-5.0 log,o PFU
EEE or WEE/ml (Brown et al. 2001; CDC,
unpublished data). When using the VecTest assays,
results may be obtained in as little as 15 min after
the specimens are sorted into pools and ground,
and are easy to interpret. The kits do not require
special equipment, reagents, or training beyond
standard microbiological and biosafety
knowledge. All materials required are included in
the kits and are stable at room temperature for 24
months. The current cost for the VecTest is $8.00,
$l0.OO, and $12.00 per strip for strips with l, 2,
and 3 antigen assays per strip, respectively. These
attributes, and the ability to test for multiple

agents on a single dipstick, make the VecTest

assays an attractive alternative to the AC-ELISA

for surveillance programs without facilities to

conduct more expensive or complex testing.
Because the VecTest assays have not been widely
used in field situations, they should be considered
experimental until more extensive evaluations are
conducted and a good background of experience
comparing VecTest results to other assays is
accumulated.

The VecTest assays were developed under Small
Business Innovative Research grant, Wicking
Assays for the Rapid Detection of Arthropod-borne
Pathogens, DAMD 17 -97 -C-7O2O.
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