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Four HIV rapid tests were subjected to field validation in Panama and compared to an enzyme-linked immunosorbent assay/
Multispot-based testing algorithm. The sensitivities of Determine, Uni-Gold, SD Bioline, and INSTI were 99.8%. The specifici-
ties of Determine, SD-Bioline, and Uni-Gold were 100%, and the specificity of INSTI was 99.8%. On the basis of these data, we
determined that these rapid tests can be used in an appropriate algorithm to diagnose HIV infection and are suitable for use in
testing and counseling settings in Panama.

Early diagnosis of HIV infection is important for prevention
and patient management; delays in diagnosis of HIV infection

represent a loss of opportunities for improving individual health
and public health. The risk of transmitting the virus is higher if the
patient does not know his/her status, does not reduce risk behav-
iors, and has a high viral load. The late start of treatment adversely
affects the patient’s prognosis, increasing morbidity and mortality
(1). Several different assays are available for the detection of spe-
cific antibodies to diagnose HIV infection (2). Although the en-
zyme immunoassay (EIA) is most commonly used for diagnosis,
the disadvantages of EIA are the need for well-trained technicians,
appropriate equipment, laboratory infrastructure, and batch test-
ing (3). In developing countries, such as those in Central America,
technical support is not available in most of the peripheral pri-
mary care units (4–6). The number of samples screened per day is
usually small, and the infrastructure and facilities for performing
the EIA are not ideal or cost-effective. There is also a need to
establish voluntary counseling and testing (VCT) facilities as
part of the HIV infection prevention strategy. In these situa-
tions, tests need to be simple and rapid, reducing the time
between infection and diagnosis (7, 8). The development of
HIV rapid tests has facilitated the massive scale-up of HIV
testing and counseling at thousands of testing venues, allowing
millions of individuals to receive their HIV diagnosis outside of
a primary care facility (9, 10).

The purpose of this field validation was to evaluate the perfor-
mance of four rapid diagnostic tests: Determine HIV-1/2 (Alere
Medical Co., Ltd., Japan), SD Bioline HIV-1/2 (Standard Diag-
nostics, Inc., South Korea), INSTI HIV antibody test (Biolytical
Laboratories, Canada), and Uni-Gold HIV-1/2 (Trinity Biotech,
Ireland), to accurately diagnose HIV infection.

Venous whole-blood specimens were collected into EDTA
tubes from consenting patients who tested for HIV infection at
eight selected health facilities, representing five regions of Panama
(Western Panama, Colón, Gnobe Bugle, Chiriquí, and Guna Yala)
during May through August 2014. Eligible patients included men
and nonpregnant women �18 years of age and pregnant women
of any age recruited at these selected sites, which represented
�20% of the participants. All samples were tested onsite by the
four rapid tests listed above. Kit protocols were strictly followed in
carrying out the tests, and the technicians who performed these

tests were well trained in the testing procedures and quality assur-
ance principles, including the use of standardized registers (6).
Proficiency panels of dried tube samples were provided twice dur-
ing the study as external quality assessments for testers performing
the rapid testing (11). In addition, sites were provided with posi-
tive and negative controls to be used as quality control specimens,
which were routinely used to ensure kit performance. Additional
oversight included regular supervisory visits every 3 weeks. Blood
samples were subsequently processed into plasma and transported
to a central laboratory (Gorgas Memorial Institute) for further
testing (see below).

Reference testing was performed at the Gorgas Memorial In-
stitute using the third-generation anti-HIV-1/2 Vitros EIA, fol-
lowed by the Multispot HIV-1/2 rapid test (Bio-Rad) to confirm
EIA positive results (Fig. 1). The EIA plus Multispot algorithm is
recommended by the U.S. CDC and was used as a reference stan-
dard and to confirm HIV status. All specimens with EIA-nonre-
active results were classified negative, and all reactive specimens
were repeated in duplicate by the same EIA. EIA-reactive speci-
mens were further tested by Multispot to confirm HIV status. The
sensitivity and specificity of individual rapid tests were calculated
based on reference testing results with the EIA plus Multispot
algorithm. Ninety-five percent confidence intervals (95% CI)
were calculated for sensitivity and specificity with the Clopper-
Pearson method based on the exact binomial distribution.

Of 1,527 persons approached, 1,509 (98.8%) individuals con-
sented to be tested for HIV infection. The median age of the par-
ticipants was 31 years (interquartile range, 24 to 43 years), 66%
were women, and 31% were pregnant. Whole-blood samples were
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tested by using Determine HIV-1/2, SD Bioline HIV-1/2, INSTI
HIV antibody, and Uni-Gold HIV-1/2; of these, 1,503 specimens
for Determine HIV-1/2, 1,508 specimens for Uni-Gold HIV-1/2,
1,509 for SD Bioline HIV-1/2, and 1,505 for INSTI HIV antibody
with complete data were analyzed (Table 1). Two specimens with
likely mix-ups and specimens giving invalid rapid test results were
excluded from analysis for a given test. The performances of the
four rapid tests compared to the reference standard (EIA plus
Multispot) and EIA alone are summarized in Table 1. Overall, all

four rapid tests exhibited high sensitivities of 99.8%; only one
specimen showed a false negative, possibly being a recent HIV
infection. Low titer/low avidity antibody present in recent infec-
tions may be missed occasionally by the short antigen-antibody
interaction required by rapid tests. The specificities of three rapid
tests (Determine, SD Bioline, and Uni-Gold) were 100%, and that
of INSTI was 99.8% (kappa, �0.995). In comparison, EIA alone
had a sensitivity of 100%, but the specificity was 99.5%, with five
specimens falsely reactive. All five specimens had low signal/cutoff
ratios on EIA (�5.5), and Multispot confirmed that they were
negative. Some level of false positivity with EIAs is common as
these sensitive tests are developed for screening purposes, includ-
ing blood safety, and a positive result requires confirmation with
more specific tests for HIV diagnosis (12).

The operational characteristics (e.g., number of steps, reagent
preparation, and reading time) among the four rapid tests are
somewhat different, but the accuracy indices of these four rapid
tests were found to be satisfactory in comparison to reference test
results. In fact, three of the tests had specificities of 100%, which is
important when used in testing and counseling settings in rural
areas away from the central laboratory. In addition, the rapid tests
have advantages, such as ease of use, ease of interpretation, room
temperature storage, and a long shelf life. These tests can be done
with a short turnaround time, avoiding the delay incurred in
batching. Thus, rapid tests can be used as alternatives to EIAs in
small peripheral primary care units, and VCT centers, which lack
facilities and skilled laboratory technicians. None of the results
from the four rapid tests were given to the participants, since this
was a field validation exercise. There are several reports of evalu-
ations of rapid assays, often with a small panel of samples; only a
few are field studies. The accuracy indices of all those kits were
close to 100% (5, 13, 14). However, only a few reports were on
real-time evaluations with primary care unit-based samples (10).
No single false-positive result was observed with three rapid tests
(Determine, Uni-Gold, and SD Bioline). One rapid test (INSTI)
did identify one specimen as falsely reactive. Although not known,
the cause of this falsely reactive result could be due to tester error,
poor adherence to standard operating procedure, or other factors.
Note that the INSTI test has a different format (flowthrough de-
vice) than the other three tests evaluated here (lateral-flow de-
vices).

These results emphasize the importance of using two different
HIV rapid tests in order to minimize or eliminate the number of
false-positive or false-negative results. In conclusion, our results
demonstrate that HIV rapid tests can be used to provide reliable
HIV diagnoses and thus can increase patient access to testing and

FIG 1 Reference standard algorithm for HIV testing, Panama. EIA, enzyme-
linked immunosorbent assay.

TABLE 1 Summary of sensitivities, specificities, positive predictive values, and negative predictive values of HIV rapid tests in comparison to those
of EIA plus Multispot and EIA alone in Panama

Test Totala

Result (n)b

Sensitivity, (% [95% CI]) Specificity (% [95% CI])

Predictive value (%)c

TP FP TN FN Positive Negative

Determine 1,503 465 0 1,037 1 99.8 (98.81–99.99) 100.0 (99.64–100) 100.0 99.9
Uni-Gold 1,508 467 0 1,039 1 99.8 (98.47–99.95) 100.0 (99.65–100) 100.0 99.8
SD Bioline 1,509 468 0 1,040 1 99.8 (98.82–99.99) 100.0 (99.65–100) 100.0 99.9
INSTI 1,505 467 2 1,035 1 99.8 (98.82–99.99) 99.8 (98.30–99.98) 99.6 99.9
a Total numbers vary due to an inadequate volume of specimen or invalid results on a given rapid test.
b TP, true positive; FP, false positive; TN, true negative; FN, false negative.
c Predictive values are a function of HIV prevalence, so 95% CI are not included.
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counseling services in resource-limited settings, especially when
implemented with good training, quality assurance, and a moni-
toring program (15). HIV rapid tests should play an important
role as part of a national testing strategy and can facilitate early
diagnosis, prevention efforts, and linkage to care and treatment of
HIV-positive individuals.
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