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/Abstract )

Diagnosis of HIV infections in resource-limited countries like Mali is based on Rapid Diagnostic Tests (RDTs). The
RDTs are diagnostic assays designed for use at the Point-Of-Care (POC), which is quick, cost-effective and easy to perform.
However, in these countries, the tests are commonly used without any initial evaluation or monitoring of their performance
despite high levels of HIV strain diversity and rapid evolution of the virus. In this study, the reliability and accuracy of HIV
RDTs (Determine™, Multispot™, SD Bioline™) used in Mali, where HIV-1 and HIV-2 co-exist, were evaluated from August
2004 to November 2017. A total of 1303 samples from new HIV-suspect patients in Bamako were tested for HIV-1 and HIV-2
using the RDT Determine™, followed by ELISA and Western Blot (WB). The Determine™ test showed a robust diagnostic
sensitivity of 98.7% [CI 95: 97.59-99.37] and a diagnostic specificity of 99.2% [CI 95: 98.22-99.67]. The Multispot™ assay
showed a diagnostic sensitivity of 98.77% [CI 95: 97.59-99.37] and a diagnostic specificity of 99.2% [CI 95: 98.22-99.67]. The
diagnostic sensitivity and specificity of SD Bioline™ HIV-1/2 were 100% [CI 95:72.25-100] and 88.89% [CI 95: 56.50- 98.71],
respectively. These data indicate excellent performance for HIV RDTs in Mali and we recommend the use of Determine™ HIV-

™

1/2 for HIV screening and Multispot™ for discriminating HIV-2 from HIV-1 infections.

Keywords: HIV Rapid Diagnostic Test; Mali; Performance;
Screening

Introduction

Human Immunodeficiency Virus (HIV), the causative agent
of Acquired Immunodeficiency Syndrome (AIDS), is a retrovirus
that was first isolated from men who had sex with men (MSM) in
the 1980s and it still represents a global public health threat [1].
HIV infection leads to strong immuno-depression that promotes
opportunistic infections in humans which could be prevented or
reduced by ecarly diagnosis and early treatment of the disease. In

June 2017, the United Nations HIV/AIDS Program (UNAIDS)
estimated that 36.7 million people live with HIV [2]. From 2010 to
2016, there was an 11% decrease in the number of new infections
among adults [2]. However, among people living with HIV/AIDS
(PLWHA), only 53% [39-65%)] have access to Antiretroviral
Therapy (ART). The West and Central Africa regions are the most
affected with 6.1 million cases. According to the last demographic
and health survey (EDSM-V) conducted in 2012, the prevalence of
HIV in Mali was 1.1% [3].

The current preventive measures against the disease and the
antiretroviral therapy are effective; however, achieving the 90-90-
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90 goals set by UNAIDS by 2020 remains challenging. The 90-
90-90 program seeks to achieve 90% of infected people to know
their status, 90% of those with HIV-positive results to have access
to antiretroviral treatment and 90% of those on medication to have
undetectable virus loads [4]. These goals are unachievable without
easy, cost-effective and accurate screening tools for the most
affected and under-resourced populations.

Diagnosis of HIV infections in Mali and most countries in
Africa and other low and middle income countries is based on
Rapid Diagnostic tests (RDTs) [5-7] which are based on immuno-
chromatography or immuno-filtration principles [8]. However,
the conventional gold standard diagnostic method (mostly used
in developed countries) for HIV infection combines a specific
antibody ELISA test followed by a confirmation test by Western
blot (WB) of the positive cases [9]. This later strategy is difficult to
implement in resource-limited countries as it requires well-trained
staff, sophisticated laboratory equipment, longer experimental
set-up and expensive reagents. These sophisticated tests may be
unnecessary as RDTs have shown continuous improvements in
diagnostic sensitivity and specificity and the current commercialized
versions compare favorably to ELISA tests [10,11]. The WHO
recommends the use of the RDTs in developing countries but they
need to be evaluated and validated in each country [12]. Validation
is important because of the inherent high genetic diversity of HIV
and the continuous emergence of recombinant forms that might
lead to serious diagnostic and therapeutic challenges. Also, the
niche of HIV-2 is in West Africa, including Mali [13-16] although
a few cases have also been found in Europe, India and the United
States [17]. Since both HIV-1 and HIV-2 circulate in West Africa
[15,18]. The diagnostic process in West Africa includes both HIV
screening and HIV type discrimination/HIV confirmation [19].

This study was conducted in order to promote the screening
for HIV with validated tests as widely as possible, with the aims of
determining the performances of the rapid test Determine™ HIV-
1/2 (which is the most frequently used HIV RDT in Mali) and other
RDTs compared to ELISA and WB assays in the Laboratory of HIV
and Tuberculosis Research and Training Center of the University
Clinical Research Center (UCRC/SEREFO) of Bamako in Mali.

Materials and methods

Type of study and data collection

A cross-sectional study atthe UCRC/SEREFO was conducted
between June 2004 and November 2017. A total of 1303 patients
were recruited and tested using a diagnostic regime as described
in (Figure 1).

‘ Rapid test by Determine™, SD Bioline™ and Multispot™ ‘

\—ﬂ ELISA (Genscreen™)

Positive

Positive

¢
il

‘ ‘Western Blot (New Lav Blot I'II) |

|

Figure 1: HIV diagnostic testing algorithm at the UCRC-SEREFO
Laboratory.

Study population

The target study population comprised suspected cases of
HIV infection in the District of Bamako. The patients were aged
18 years or older who had consented to be tested for HIV and were
either referred by one of the six reference health centers of Bamako
or were from the HIV patient management center (CESAC) or the
University Teaching Hospital Point-G of Bamako.

RDTs, ELISA, Western blot and other assays

Whole blood was collected in 5 mL of blood separating tube
(BD Vacutainer®, Becton Dickinson, Franklin Lakes, NJ, USA).
HIV testing was performed as follows: A RDT was done on the
study population using the Determine™ HIV-1/2 test (Abbott
Laboratories, Matsudo-Shi, Chiba, Japan) (https://www.alere.
com/en/home/product-details/determine-hiv-1-2.html) on all the
participants (N=1303), on 56 patients using the Multispot™ HIV-1/
HIV-2 test (Bio-Rad Laboratories, Redmond, WA, U.S.A.) (https://
www.fda.gov/downloads/Biolog...remarketApprovalsPMAs/
ucm091384.pdf) (N=56) and on 19 patients using the SD Bioline
HIV-1/2 3.0 test (Standard Diagnostics, Inc 65, Borahagal-ro,
Giheung-gu, Yongin-si, GYEONGGI-DO Gyeonggi-do, South
Korea) (https://www.alere.com/en/home/product-details/sd-
bioline-hiv-1-2-3-0.html) (N=19), with all RDT tests followed by a
HIV ELISA test (Genscreen Ag-Ac Ultra HIV-1/2 version 2 Assay,
Bio-Rad Laboratories, Marnes, France) (http://www.bio-rad.com/
webroot/web/pdf/inserts/CDG/en/883605 EN.pdf). All the ELISA
positive tests were further subjected to confirmation by WB assays
(New Lav Blot I and Blot II, Bio-Rad Laboratories, Marnes,
France) (http://www.bio-rad.com/webroot/web/pdf/inserts/CDG/
en/883573 EN.pdf.). The diagnostic performances of all the RDTs
were compared to the ELISA results. Patients with HIV positive
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results were subjected to follow up confirmatory tests. CD4 and CD8 T lymphocyte counts were performed using a FacsCalibur flow
cytometer (FASCalibur, BD, Biosciences, San Jose, CA, USA). Virus load was measured using the Roche COBAS® TagMan® HIV-1
Test, v2.0. (Table 1) summarizes the properties of the HIV-1/2 RDTs, ELISA and WB assays that were used in this study.

Sample
Vol-
Storage Tem- ume HIV typing Presenta-
er%l ture Principle of the Test Sample Type (nL) detecting antigen tested tion of
P Used antibody Results
for the
Test
Serum, Plas- Recombinant and
Determine™ . Immunochromato- ’ HIV-1 and . .
+2 to +
HIV-1/2 2 to +30°C araphic ma, Whole 50 HIV-2 synthetl.c peptide Band
blood antigens
HIV-1 gp41 and
Alere Serum, HIV-2 gp36,
Determine™ +2 to +30°C Immunr(;cliric():mato- Plasma, 50 HIHVI-\llznd recombinants, Band
HIV-1/2 grap Whole blood surface antigens
synthetic peptides
HIV-1 gp41 and
Alere Deter- Immunochromato Serum, HIV-1 and rg;;iﬁﬁfé
mine™ HIV-1/2 +2 to +30°C u caphic ) Plasma, 50 HI-V N surface anti eI;s Band
Ag/Ab Combo grap Whole blood - T act &
synthetic peptides;
p24 antigen
HIV-1 recom-
- Serum binant, antigen
T™M _ > _ )
SDHI;"‘;_I;'/‘; +2t0 +30°C Imm““r(;‘:l;lri‘émat" Plasma, 10; 20 HIHVI\I/_*;“d (gp41, p24) and Band
grap Whole blood HIV-2 (gp36);
HIV-1 antigen p24
. Transmembrane
1 TM _ _
M:Illtijﬂ(;; +2 to +30°C Immur;(;sfltratlon Sle;:;ln; 30 HIHVI\ILa;nd antigens of HIV-1 Spot
Y and / or HIV-2
HIV-1 p24 antigen
Enzyme immunoassay and detection
ELISA (Gen- o based on the principle Serum, HIV-1 and of epvel(.)p ¢ Absorbance
screen Ultra +2 to +8°C : 75 antibodies
of the sandwich tech- Plasma HIV-2 . . measured
Ag-Ab) nique associated with
qu HIV-1 and/or
HIV-2 virus
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The band cor-
responding to the
Indirect ELISA tech- 1?523?21;02:(:}11:
Western Blot nique on a nitrocellu- strip end with-
I (New Lav +2 to +8°C lose strip contaln} ng all Serum, 20 HIV-1 out any number, Band
Blot I) the ﬂlV—l consptuent Plasma before the p16
proteins and an internal .
anti-IgG control reaction anfi al-
lows to validate
the addition of the
sample
The band
corresponding
indirect ELISA tech- cofl('zr:)}}eisnﬁ)ecr;l?led
Western Blot IT nique on a nitrocellu- on the strip end
(New Lav Blot | +2t0+g°C | 105¢strip containing all Serum, 20 HIV-2 without any Band
m) the HIV—Z cons.tltuent Plasma number. before the
proteins and an internal T
anti-IeG control pl6 reactlon.and
allows to validate
the addition of the
sample

Table 1: Properties of the HIV-1/2 RDTs, ELISA and WB assays used in the study.

It should be noted that since 2005, our UCRC/SEREFO
laboratory has been participating in External Quality Control
(EQC) by the American College of Pathologists (CAP-Viral
Marker) and showed satisfactory performance.

Data analysis

Patient records were entered into an electronic database in an
Excel Sheet before being transferred and analyzed using the Epi-
Info™ Statistical Software version 7.2. Frequency comparisons
were done by the Chi-square and Fischer’s tests. The diagnostic
sensitivity, diagnostic specificity, and positive and negative
predictive values were calculated to evaluate the performance of
the three RDTs. Confidence Intervals (CI) at 95% were calculated
for each of these estimates, assuming a binomial distribution for
the values. A p value lower than 0.05 with an alpha risk of 5% was
used to indicate statistical significance.

Ethical considerations

The study protocol was approved by the ethics committee
of the Faculty of Medicine and Odonto-stomatology of the
University of Sciences, Technics and Technologies of Bamako and
the Institutional Review Board (IRB) of NIH-NIAID in the United
States of America. Written informed consent was obtained from
each subject before their participation in the study.

Results
Diagnostic performance of the HIV RDT Determine™

Of the 1303 participants in the study, demographic data
were available for 1165 individuals and biological data for 336.
Most of the patients were male (60.6%) and most of them (36.8%)
were between 30 and 35 years old. A total of 649 patients were
confirmed to be HIV infected. (Table 2) summarized these and
other data for all the participants.
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Determine™ test failed to detect 1.23% of the ELISA HIV-

HIV-1 and HIV-2 coinfections 6.4 (42/649)

CD4 absolute count (cells/pL)

336 355 (164-572)

CD8 absolute count (cells/pL)

36 860 (500-1232)

HIV Viral load absolute count

(copies/mL) n=336 76281 (18991-175346)

"Median (interquartile range)

Table 2: Demographic and biological characteristics of the study
participants.

The prevalence of HIV detected by the Determine™ test
was 49.42% (644/1303) while 49.8% (649/1303) were confirmed
HIV-positive by the Genscreen™ ELISA test (Figure 2). The

Parameter % (n/N) positive cases (8/649) and these were deemed to be false negatives
of the Determine™ test. From the 646 Determine™ positives, 0.77%
Sex (5/649) were deemed false positives when retested by ELISA.
Testing the eight Determine™ false negatives by WB produced
Mal . only three HIV-positives, two of which were positive for HIV-1
ae 60.6 (706/1163) and one of which was positive for HIV-2, two indeterminate
results and three negatives. Among all the 649 ELISA-positive
Age (Years) samples, WB analysis determined that 90.75% (589/649) were of
HIV-1 infections, 2% (13/649) HIV-2 and 6.47% (42/649) HIV-1/2
18-24 19.4 (226/1165) .co-infectﬁons. In gddition, 0.77% (5/649) of these WB tests were
indeterminate (Figure 2). Among these five WB-indeterminate
samples, three were positive and the two were negative when
30-35 36.8 (429/1165) tested with Determine™. ‘
35-44 24.8 (289/1165) fﬂT“"
45-54 13.3 (155/1165)
Determine™ Negative Determine™ Positive
(n=06371 30.42% (=646 49.58%
55-64 3.7 (44/1165) l l
ELISA Negative ELISA Positive ELISA Negative ELISA Positive
> 65 1.8 (22/1 165) (n=640) 40.81% (n=8] ﬂ 61% (n=5) 0.39% (n=641) 49.19%
HIV-1 positive only 90.7 (589/649) ] Wesian Sl
(n=049) 40.81%
HIV-2 positive only 2.0 (13/649) | |
HIV-1 LY HIV-1 & 2 Inconclusive
(n=589) 800.76% || (n-13) 2% | (n=42) 6.47 | (0=3) 0.77%

Figure 2: Flow Chart showing the diagnostic performance of the
Determine™ HIV-1/2 RDT after confirmation using the ELISA and
Western blot assays.

Comparative diagnostic performances of the different HIV
RDTs

Taken together the Determine™ HIV test were positives for
49.19% (641/1303) of the samples tested, with apparent 0.77%
(5/646) false-positives and 1.22% (8/657) apparent false-negatives
according to the results obtained by the ELISA test. Also, on the
basis of the ELISA results, the Determine™ test showed a diagnostic
sensitivity of 98.77 % (641 ELISA-confirmed Determine™
positives/649 ELISA positives) and a diagnostic specificity of
99.23% (649 ELISA-confirmed Determine™ negatives/654 ELISA
negatives). The predictive positive and negative values were
99.23% [CI 95: 98.20-99.67] and 98.78% [CI 95: 97.62-99.38],
respectively (Table 3).
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_ Determine™ HIV-1/2 Test . o
Parameter (N=1303) % (/N) Confidence interval 95%
Diagnostic Sensitivity (%) 98.7 (641/649) 97.6-99.4
Diagnostic specificity (%) 99.2 (649/654) 99.2-99.7
Positive predictive value (%) 99.2 (641/646) 98.2-99.7
Negative predictive value (%) 98.7 (649/657) 97.6-99.4
Diagnostic accuracy (%) 99.0 98.3-99.4
Kappa 0.9 0.9-1.0

Table 3: Performance of the Determine™ HIV-1/2 test compared to the HIV ELISA Genscreen™ test.

Of'the 1303 samples, the Determine™ test and the Genscreen™ test detected 646 and 649 positive samples, respectively. There were
no significant differences between Determine™ HIV-1/2 and Genscreen™ ELISA (p = 0.933 and 0.934) (Table 4).

Determine™ HIV-1/2 Test ELISA (Genscreen™ HIV-1/2)
HIV Result P value
% (n/N) % (n/N)
Positive 49.58 (646/1303) 49.81 (649/1303) 0.933
Negative 50.42 (657/1303) 50.19 (654/103) 0.934
Total 100.00 100.00

Table 4: Comparative diagnostic performances of the Determine™ HIV-1/2 test and the HIV ELISA Genscreen™ test.

Comparing the performance results obtained from the different versions of the Determine™ HIV-1/2 tests released over a period of
time showed that the Determine™ test had improved with each new version. As shown in Table 5, the time periods shown represent when
the tests were performed. All the versions were compared to the ELISA test The original Determine™ HIV-1/2 test, performed from
2004 to 2010, had a diagnostic sensitivity of 98.4 % [CI 95: 97.04-99.23] and a diagnostic specificity of 99.6 % [CI 95: 98.15- 99.94]
(Table 5)., while the diagnostic sensitivity and specificity of the Alere Determine™ HIV-1/2 test, obtained from 2011 to 2014, were 100%
[CI 95: 96.53-100] and 99% [CI 95: 97.10-99.66], respectively; and from 2015 to 2017, the Alere Determine™ HIV-1/2 Combo Assay
produced 100% diagnostic sensitivity and specificity.
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Rapid diagnostic test

Performance parameters

Sensitivity (%) (95% CI)

Specificity (%) (95% CI)

PPV (%) (95% CI) NPV (%) (95% CI)

Determine™ HIV-1/2

(=831) 98.4 (97.04-99.23)

99.6 (98.15-99.94)

99.8 (98.92-99.97) 97.4 (94.99-98.69)

Alere Determine™ HIV-1/2

(=407) 100.0 (96.53-100)

99.0 (97.10-99.66)

97.2 (92.29-99.07) 100.0 (98.72-100)

Alere Determine™ HIV-1/2

Combo (1=65) 100.0 (79.61-100)

100.0 (92.86-100)

100.0 (79.61-100) 100.0 (92.86-100)

SD Bioline™HIV1/2

(@=19) 100.0 (72.25-100)

88.8 (56.50- 98.71)

90.9 (62.26-98) 100.0 (67.56-100)

Multispot™ HIV-1/HIV-2

(n=95) 98.2 (90.55-99.68)

100.00 (91.03-100)

100.0 (93.47-100) 97.5 (87.12-99.56)

PPV= Positive predictive value; NPV: Negative predictive value; CI= Confidence Interval

Table 5: Comparative performances of the RDTs Determine™
HIV-1/2, Alere Determine™ HIV-1/2, Alere Determine™ HIV-1/2
Combo, SD Bioline™ HIV-1/2 and Multispot™ HIV-1/HIV-2.

Of the 1303 samples, 19 were also tested by the SD
Bioline™ RDT and another 56 by the Multispot™ RDT (Table
4). These samples were also tested using the Determine™ tests.
The diagnostic sensitivity and specificity of the SD Bioline™ HIV-
1/2 test were 100% [CI 95:72.25-100] and 88.9% [CI 95: 56.50-
98.71], respectively, compared to the benchmark ELISA test. The
Multispot™ test had a diagnostic sensitivity of 98.2 % [CI 95:
90.55-99.68] and a diagnostic specificity of 100% [CI 95: 91.03-
100] compared to the ELISA test. The ability of the Multispot™
HIV-1/2 test to discriminate between HIV-1 and HIV-2 infections
was also evaluated using the WB New Lav Blot I and II assays as
the gold standard. This resulted with a diagnostic sensitivity of
98.2 % [CI 95: 90.55-99.68] and a diagnostic specificity of 100%
[C195:43.85-100]. The 55 HIV positive samples identified by the
Multispot™ HIV-1/2 RDT were all HIV-1. Positive and negative
predictive values observed with the Multispot™ HIV-1/2 RDT were
robust at 100% and 75%, respectively, with only one false negative
for HIV-1 and no false positive was obtained when compared to
the results of the Western Blot I benchmark (Table 6).

_ Multispot™ HIV-1/2 Confidence
Parameter (N=59) test Interval 95%
Diagnostic sensitivity
%) 98.2 (55/56) 90.6-99.7
Diagnostic specificity
%) 100.0 (3/3) 43.9-100
Positive predictive
value (%) 100.0 (55/55) 93.5-100
Negative predictive
value (%) 75.0 (3/4) 30.1-95.44
Diagnostic accuracy
%) 98.3 91.0-99.7
Kappa 0.8

Table 6: Performance of the Multispot™ HIV-1/2 test compared to
the WB HIV-1 test.

Discussion

All the HIV RDTs studied demonstrated an excellent
performance with the Mali samples and are comparable to the
performance of the complex and expensive ELISA and WB HIV
assays when used in an area where HIV-1 and HIV-2 co-existed.
This study with a large sample size that took place over a long
period of time showed that the performance of the Determine™
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HIV-1/2 RDTs improved over time. This proved the validity and the
usefulness of these relatively cost-effective tests in low-resource
settings, despite that the development of these assays were usually
based on HIV strains circulating in high-income countries.

The Determine™ HIV-1/2 test and the Alere Determine™
HIV-1/2 test results obtained in this study are comparable to the
100% diagnostic sensitivity and 98.93% diagnostic specificity
reported by the WHO for the recent version of Alere Determine
HIV-1/2, version RoW [20]. The diagnostic sensitivity and
specificity of the Alere Determine™ HIV-1/2 Combo test obtained
are also consistent with those reported for other populations
in similar studies [21,22]. However, discordant results on the
diagnostic sensitivity of the Determine™ HIV-1/2 Combo test
were also reported by other authors [23-25]. Additionally, some
studies showed that the Alere Determine™ HIV-1/2 Combo could
diagnose HIV-1 infection at earlier disease phases using plasma
or serum than in whole blood [26,27]. The positive and negative
predictive values obtained with the Determine™ test (average of all
versions) were 99.23% [CI 95 : 98.20-99.67] and 98.78% [CI 95 :
97.62-99.38], respectively. These results are comparable to those
reported in Cameroon [28] and Tanzania [29,30] surveys. A total
of thirteen discordant samples, comprising eight false negatives
and five false-positives, between the Determine™ tests (total of all
versions) and the ELISA Genscreen™ test were observed. These
results were lower than those of other studies from sub-Saharan
Africa [31,32]. It is important to note that the performance of
Determine™ had improved with the latest version as compared to
HIV ELISA assay.

For the SD Bioline™ HIV-1/2 test, the diagnostic sensitivity
obtained in this study (100%) is comparable to that reported in
a Cameroon study (100%) [30,33,34]. However, the diagnostic
specificity (88.89%) is lower than that reported in a study in the
United States in 2017 (100%) [24]. In this study, only 19 samples
were tested with the SD Bioline™ test which was not enough to
provide an accurate diagnostic sensitivity and specificity for the
assay. However, the results provided some preliminary data to be
confirmed by a larger study. The SD Bioline™ test was reported
by others to have a poor discrimination power of the HIV types
[35,36]. Likewise, only 56 samples were tested by the Multispot™
HIV-1/2 test which was not enough to draw a strong conclusion
on performance of the assay. The diagnostic sensitivity of the
Multispot™ HIV-1/2 test compared to WB for HIV-1 detection
observed in this study was 98.21% [CI 95: 90.55-99.68]. This data
is comparable to the 99.9% reported by Lucia V. Torian et al. in
the USA [37]. These apparent differences between populations
may suggest a need to evaluate these assays for each specific
area where they will be used. The high levels of genetic diversity
and high mutation rates of the virus may also require continuous
evaluation of these assays for each specific population. Further

molecular tests (sequencing) on the five indeterminate WB test
results revealed two HIV-1 cases.

All the samples were tested by Determine™ but only a
few were tested by Multispot™ and SD Bioline™, depending on
their availability. In addition, PCR was not performed to further
evaluate the indeterminate test results. It would be interesting to
employ PCR followed by sequencing in the indeterminate samples
in order to identify and characterize any HIV strains present, since
these HIV RDTs were typically designed to detect HIV strains
circulating in high-income countries. There were more HIV-1/2
dual positive samples in this study than HIV-2 only cases. This
could be specific to this population or could indicate false HIV-1/2
dual positives. Problems with false HIV-1/2 dual positives were
described in several studies, including a recent report from Guinea-
Bissau [38]. A relevant future study would be to further analyze
this type of samples by HIV PCR. Nevertheless, our study proved
that RDTs have a very high diagnostic sensitivity and specificity
for HIV diagnosis in our settings and should be used.

Conclusion

Following the WHO’s recommendation, the diagnostic
performance of three rapid diagnostic tests for HIV detection in
Mali were evaluated. All these tests showed excellent performance
with the Alere Determine™ HIV-1/2 Combo assay scoring the
highest detection rate. Also, the Multispot™ test had a good
concordance with WB in discriminating HIV-1 from HIV-2 and
could be used as an alternative to WB. Regular routine evaluation
of these tests is also highly recommended.
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