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a b s t r a c t
Introduction: Currently, only 54% of the population of the Democratic Republic of the Congo (DRC) know
their HIV status. The aim of this study was to detect HIV misdiagnosis from rapid diagnostic tests (RDT)
and to evaluate serological immunoassays using dried blood spots (DBS) from patients in Kinshasa, DRC.
Methods: Between 2016 and 2018, 365 DBS samples were collected from 363 individuals and shipped
to Spain. The samples were from people with a new HIV positive (n = 123) or indeterminate (n = 23)
result, known HIV-positive patients (n = 157), and a negative control group (n = 62). HIV serology was
performed using Elecsys HIV combi PT (Roche), VIDAS HIV Duo Quick (BioMérieux), and Geenius (BioRad). In addition, HIV RNA detection was performed in all samples using the COBAS AmpliPrep/COBAS
Taqman HIV-1 Test 2.0 (Roche).
Results: Overall, 272 samples were found to be positive and 93 to be negative for HIV serology. The
sensitivity was 100% for both Elecsys and VIDAS techniques, but speciﬁcity was slightly higher for the
VIDAS test: 100% (96.1–100%) vs 98.9% (94.1–99.9%). Of the 23 indeterminate cases using RDT, only three
cases were true-positives with a detectable viral load. Eleven samples out of the 280 classiﬁed as positive
by RDT corresponded to nine patients who had received a false diagnosis of HIV through RDT (3.9%); six
of them had been on antiretroviral therapy for at least 2 years.
Conclusions: Elecsys HIV combi PT and VIDAS HIV Duo Quick immunoassays showed high sensitivity and
speciﬁcity when using DBS. RDT-based serological diagnosis can lead to HIV misdiagnosis with personal
and social consequences in sub-Saharan Africa.
© 2021 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction
The Joint United Nations Programme on HIV/AIDS (UNAIDS) 95–
95–95 targets to end the AIDS epidemic propose that 95% of all
people living with HIV should know their HIV status by 2030,
95% of those diagnosed should receive antiretroviral therapy (ART),
and 95% of them should be virally suppressed (Gisslén et al.,
∗
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2017, Guichet et al., 2016). Differences in treatment algorithms
and prevention strategies between different sub-Saharan Africa
(SSA) regions and risk groups has led to variable global and regional HIV incidence and prevalence (Hemelaar et al., 2019, RubioGarrido et al., 2020, Rubio-Garrido et al., 2019). Currently, 93% of
people infected with HIV live in low-income countries (De Mulder and Holguín, 2013, UNAIDS. UNAIDS 2020), almost 70% in SSA.
These countries harbour a high number of different circulating
HIV-1 variants and have limited access to routine HIV monitoring
(Guichet et al., 2016, Rubio-Garrido et al., 2019). The global number of new HIV infections declined between 2010 and 2017, and
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SSA had the leading role in this reduction in new HIV infections
(UNAIDS. UNAIDS 2020). However, the implementation of the previous 90–90–90 targets for 2020 in the West and Central Africa
regions has been slow, with 68% of people currently knowing their
HIV status, 85% of whom are on treatment and 45% of viral suppression among people living with HIV. In the Democratic Republic
of the Congo (DRC), 54% of people living with HIV know their HIV
status, 49% of them receive treatment, and there are no data about
the third target (viral suppression) (UNAIDS. UNAIDS 2020).
In the DRC, genetic variability of HIV is increasing, especially
the number of circulating complex recombinants (Hemelaar et al.,
2019), which could be associated with misdiagnosis (Vidal et al.,
20 0 0, Shanks et al., 2013, Kufa et al., 2017). The World Health Organization (WHO) has proposed a diagnosis algorithm based on
three consecutive HIV rapid diagnostic tests (RDTs) and/or enzyme
immunoassays (EIAs) in countries with a prevalence below 5% with
an affordable price. Three reactive tests are required for a positive diagnosis, but if the third RDT is negative, the patient is
classiﬁed as having HIV-inconclusive results (World Health Organization, 2019). This approach appears to be appropriate for use
in regions with minimal infrastructure and training, as no expensive equipment or laboratory facilities are required. In addition,
it enables HIV testing services to be delivered in non-laboratory
settings (World Health Organization 2019). However, some studies have suggested that data from local evaluations are important
for assessing diagnostic accuracy in the speciﬁc setting (Do Rosario
Augusto et al., 2020).
RDTs can use fourth-generation techniques, detecting both HIV
antibodies and p24 antigen simultaneously. The drawback of RDTs
is their subjective reading, which can raise doubts regarding the
interpretation of the results, and they do not appear to be as sensitive as the standard combined test (HIV Combo assay) performed
using automated high-throughput instruments. The ability of the
HIV Combo assay to detect HIV antigen empowers the test with
the capacity to detect recent HIV infections during the antibodynegative window period, increasing the sensitivity and reducing
the detection of false-negatives. RDT-based algorithms have enabled the implementation of HIV programmes and surveillance
in resource-limited settings and they have been crucial to scaling up access to life-saving treatment. However, there are also
cases of HIV misdiagnosis with these test algorithms. These false
diagnosis cases are a risk for the HIV programmes in resourcelimited countries. They have been reported and attributed to a
variety of factors, including cross-reactivity, misinterpretation, HIV
variability, administrative errors, RDT storage and transport conditions, lack of staff training, sample origin, the patient’s sex, comorbidities, and other factors associated with the geographic region (Hemelaar et al., 2019, Shanks et al., 2013, Kufa et al., 2017,
Kosack et al., 2017, Klarkowski et al., 2014). An alternative to the
traditional biological samples used for diagnosis (plasma or whole
blood) are dried blood spots (DBS). DBS are cheaper, simple to
store and transport, allow further molecular testing, and use a
minimum volume of blood, making them ideal for use in resourcelimited countries (De Mulder and Holguín, 2013). DBS have been
demonstrated to be an alternative for HIV diagnosis instead of
plasma and have been used with standard HIV immunoassays in
centralized facilities. Automated immunoassays performed on DBS
can be more eﬃcient than RDTs (Tuaillon et al., 2020). Nevertheless, they can have lower sensitivity than serum/plasma due to the
lower concentration of antigen/antibodies or a delay in diagnosis.
The aim of this study was to detect HIV misdiagnosed cases
by comparing the results of the RDT-based HIV testing algorithm
currently used in DRC with the analysis of collected DBS samples
tested on centralized HIV testing platforms.

Materials and methods
Study design and participants
The OKAPI project (Observational Kinshasa AIDS Prevention Initiative) is a prospective cohort study designed to evaluate factors
associated with changes in HIV knowledge and sexual behaviours
after 6 and 12 months of follow-up. From April 2016 to April 2018,
people aged 15–59 years attending HIV voluntary counselling and
testing (VCT) at Monkole Hospital Centre in Kinshasa and patients
coming from Hospital Kalembelembe were invited to participate.
For this speciﬁc study, samples were collected from participants
who received a new HIV positive (n = 123) or indeterminate result (n = 23) within the OKAPI project, which were tested together with a group of samples from known HIV-positive patients
(n = 157) and an HIV-negative control group (n = 62).
Blood sample collection
Specimens from the OKAPI project (n = 146), all negative controls (n = 62), and samples from a subset of HIV-infected patients
not on ART (n = 23) were collected simultaneously for RDT and
DBS. Samples from HIV-positive individuals on ART (n = 134) were
exclusively collected to prepare DBS, since the patients had been
diagnosed previously.
Samples were collected by venipuncture for RDT analyses and
70 μl of whole blood was placed with a micropipette onto each
spot on a Whatman Paper 903 Protein Saver Card (Schleiche and
Schuell, USA). Each card contained ﬁve dots. Two or three cards
were collected for each participant. They were dried separately
on a drying-rack overnight at room temperature at Monkole and
Kalembelembe hospitals (Kinshasa, DRC), sealed in a zip-lock plastic bag with desiccant bags and stored at −20°C until shipped in
dry ice to Clínica Universidad de Navarra (Pamplona, Spain), where
they were stored at −80°C until further use. A total of 365 samples
were collected for this study and analysed in advance in Kinshasa.
Anti-HIV laboratory analysis
HIV serological diagnosis in Kinshasa (DRC) was performed using the following RDTs (immunoassays): Alere Determine HIV-1/2
Ag/Ab (Abbott), Double-Check Gold HIV 1&2 (Orgenics), and UniGold HIV (Trinity Biotech). The algorithm used for the diagnosis
of HIV infection in Kinshasa during 2016–2018 consisted of one
positive result with the Abbott test as screening and then two additional RDTs performed for conﬁrmation. If two RDT results are
positive, the sample is classiﬁed as positive. In the case of discordant results, where the initial Abbott screening test is positive, but
both conﬁrmatory RDTs are negative, the sample is classiﬁed as an
‘indeterminate’ result requiring further testing. In that case, after 2
weeks the patient is scheduled to return for a second conﬁrmatory
testing using RDT.
At the laboratory of the Clínica Universidad de Navarra in Spain,
the blood was extracted from one dot of DBS by elution in 1 ml
of phosphate buffered saline (PBS), for 60 minutes at 37°C. The
samples were analysed with two immunoassay tests: Elecsys HIV
combi PT (Roche) and VIDAS HIV Duo Quick (BioMérieux), both
fourth-generation assays. The Elecsys HIV combi PT (Roche) is an
in vitro electrochemiluminescence immunoassay test for qualitative detection of anti-HIV-1 and anti-HIV-2 antibodies and p24
HIV-1 antigen simultaneously, for which the cut-off index (COI) is
1.00. The VIDAS HIV Duo Quick (BioMérieux) is a test that combines also two enzyme immunoassay reactions for the detection
of p24 antigen and anti-HIV-1 and anti-HIV-2 antibodies; the cut-
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(TDF) + 3TC + efavirenz (EFV), mainly as alternative treatment (25
patients).
As shown in Table 1, a total of 365 DBS samples were tested simultaneously with Elecsys and VIDAS serological assays. The Elecsys HIV combi PT (Roche) test was positive for 273 (74.8%) DBS
samples (median COI 268, IQR 112–763) and negative for 92 samples (25.2%) (median COI 0.234, IQR 0.203–0.287). The VIDAS HIV
Duo Quick (BioMérieux) resulted positive for 272 (74.5%) DBS samples (median VT 20.2, IQR 14.6–25-4), while 93 samples (25.5%)
were negative (median VT 0.16, IQR 0.15–0.17).
The diagnostic accuracy of the HIV serological screening assays and the total adjusted sensitivity and speciﬁcity of both immunoassays were close to 100%. However, the speciﬁcity of the
Elecsys HIV combi PT (Roche) was lower (98.9%) due to a falsepositive result. Regarding the Geenius HIV 1/2 conﬁrmatory assay (Geenius, Bio-Rad, USA), 135 (36.9%) out of the 365 collected
DBS were randomly selected and tested. Among them, 100 (74.1%)
gave a positive HIV-1 diagnosis mainly due to the presence of antibodies against gp-160 and gp-41 antigens, and 35 (25.9%) were
negative or indeterminate. Among the 100 HIV-1-positive samples, 100% were positive by Elecsys HIV combi PT (Roche) and VIDAS HIV Duo Quick (BioMérieux). However, among the 35 HIV-1negative/uncertain samples, nine (25.7%) were simultaneously HIV1-positive by Elecsys HIV combi PT (Roche) (COI range 3.35–45.54)
and VIDAS HIV Duo Quick (BioMérieux) (VT range 0.48–12.12); in
addition, two of them had detectable HIV-1 RNA. All of the indeterminate samples by Geenius testing (5) were found among these
nine samples, due to the unique presence of a low intensity band
in the gp-41 line in all of them. No HIV-2 infection was detected.
Table 2 shows in detail the data of the nine participants studied
in this series who had a corresponding HIV misdiagnosis in Kinshasa. One of them (CUN182), a 31-year-old male misdiagnosed
in 2016, was studied at three different points with three different DBS samples obtained. As shown, most patients were receiving
ART when the DBS sample collection was carried out. Among these
samples, only one demonstrated a positive result in one of the
three immunoassays (Elecsys); however, it tested HIV-negative by
VIDAS and Geenius, while the viral load was undetectable. Therefore, the Elecsys result was considered a false-positive, resulting in
a lower speciﬁcity than the remaining techniques (Table 2).
In addition, of 23 participants with inconclusive RDT HIV results, three had HIV RNA detected in DBS and were considered as
HIV-infected, and 20 participants were considered HIV-uninfected
(Table 3).
All samples were analysed by COBAS AmpliPrep/COBAS for the
detection and quantiﬁcation of HIV-1 RNA as an additional conﬁrmatory assay and to rule out acute infections. Viral load results
within the quantiﬁcation range of the assay were available for 232
(63.5%) of 365 samples, but HIV-1 RNA was not detected in 133
(36.4%) samples. The median viral load in the positive samples was
1225 copies/ml (IQR 562–33 916 copies/ml). After eliminating data
from individuals on ART or unknown therapy, the sensitivity and
speciﬁcity for HIV diagnosis by HIV RNA detection using DBS was
97.2% (95% CI 90.2–99.7%) and 98.9% (95% CI 92.3–99.9%), respectively.

off test value (VT) of this test is 0.25. The assay takes 80 minutes,
compared to 27 minutes for the Elecsys HIV combi PT (Roche). The
sample volume used is 200 μl for VIDAS and 40 μl for Elecsys.
Finally, 135 randomly selected samples were subjected to further serological testing and differentiation of either HIV-1 or HIV2 antibodies. For this purpose, 40 μl of the previous DBS eluted
product was used to perform the Geenius HIV 1/2 conﬁrmatory
assay (Geenius, Bio-Rad, USA), according to previous reports using DBS (Fernández McPhee et al., 2015). For the interpretation of
the results, the intensity of the band of each antigen that appeared
in the assay was classiﬁed into three categories: non-reactive (no
band appeared), low intensity (band appeared with low intensity
or colour), high intensity (clear colour of the band appeared).
HIV seropositive patients (true-positive) were considered those
with at least two positive tests among the three techniques used
from DBS (Elecsys, VIDAS, and Geenius). This criterion was used
for sensitivity and speciﬁcity calculation.
HIV-1 viral load
The HIV-1 viral load was analysed in all samples (n = 365)
using the COBAS AmpliPrep/COBAS Taqman HIV-1 (Roche). A new
DBS dot was eluted with 1.2 ml of specimen pre-extraction reagent
(SPEX; Roche, Mannheim, Germany) for 10 minutes at 56°C. The
number of HIV-1 RNA copies per dot and per millilitre of plasma
was obtained, after considering the patient’s haematocrit, assuming a haematocrit of 42% for females and 47% for males according to previous studies from SSA (Rubio-Garrido et al., 2019, MiriDashe et al., 2014). This led to plasma volumes of 40.6 μl and 37.1
μl, respectively, in 70 μl blood collected per dot.
Ethical issues
The project was approved by the human subjects review committees at Monkole Hospital/University of Kinshasa (Kinshasa, DRC)
and University of Navarra (Pamplona, Spain). Informed consent was
obtained from the enrolled participants. All methods were performed in accordance with relevant guidelines and regulations.
Statistical analysis
All statistical analyses were conducted in Stata 15.0 statistical
program. A descriptive analysis was performed to examine demographic and clinical characteristics and ART data. The mean, median, and interquartile range (IQR) were calculated for quantitative
variables and percentages were analysed for qualitative variables.
Results
From April 2016 to April 2018, a total of 365 DBS specimens
were collected. Out of the 365 study samples, 303 (83%) yielded a
positive (n = 280) or indeterminate (n = 23) result using RDTs in
the DRC and 62 (17%) were negative (Figure 1).
The majority of patients enrolled in the study were female (64%
female, 36% male). The mean age of participants was 41.4 years
(range 15–59 years) and the median CD4 count was 264/μl (IQR
152–427/μl).
Regarding antiretroviral treatment, among 280 HIV-positive patients locally, 157 (56%) were receiving ART, 108 (39%) had never
received treatment, and no data were available for the remaining 15 (5%) patients due to loss to follow-up. The regimens
were based almost exclusively on nucleoside reverse-transcriptase
inhibitors (NRTIs) and non-nucleoside reverse-transcriptase inhibitors (NNRTIs); the most commonly used combination was
zidovudine (AZT) + lamivudine (3TC) + nevirapine (NVP) as
ﬁrst-line therapy (76 patients) and tenofovir disoproxil fumarate

Discussion
This study revealed 32 patients who had received an incorrect
HIV diagnosis on site and had even started ART. In addition, the
utility of DBS for serological and molecular analysis to conﬁrm or
rule out HIV infection was evaluated. HIV misdiagnosis can give
rise to serious public health and individual consequences, not only
in low-income countries (LICs) but also in high-income countries
(Kosack et al., 2017, Lasry et al., 2019). These errors in diagnosis can decrease the validity of HIV diagnostic techniques, test255
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Figure 1. Summary of HIV diagnosis through RDT and DBS analysis for patients seen in Kinshasa (DRC).

ing programs and strategies, and increase the cost in patients who
do not need ART. Currently, the WHO recommends retesting each
patient to verify HIV infection before ART initiation (Lasry et al.,
2019, Eaton et al., 2017). Thus, in LICs there is an imperative need
to improve correct diagnosis. Moreover, the effects of an error in
HIV testing, misclassiﬁcation, and treatment of HIV-negative people has important health system consequences mainly in these
countries. The use of DBS has been proposed as an alternative sample to plasma/serum that is easier to collect, store, and ship, and is
very convenient in limited resource countries (Rubio-Garrido et al.,
2019, De Mulder and Holguín, 2013, Fernández McPhee et al., 2015,
WHO. Implementing HIV Viral Load Testing. 2014) for HIV testing
and surveillance (Steﬁc et al., 2020). In this study, all samples were
sent on DBS cards, allowing a cheap and easy way to transport
them from DRC to Spain. The results obtained from RDT and DBS

samples from HIV-infected patients were compared in virological
failure, naïve subjects, and non-infected individuals.
RDTs have been proposed and recommended by the WHO for
LICs due to their cost and the non-availability of other techniques;
they recommend three consecutive positive RDTs in low prevalence
settings (Eaton et al., 2017) like DRC with an estimated prevalence
below 1%. The performance of RDTs within a WHO-recommended
testing strategy and a validated testing algorithm has been shown
to be highly reliable in different countries and settings in Africa
(Dupwa et al., 2019), but there is a need to design accurate testing algorithms speciﬁc for the region. In addition, countries and
administrations should strongly consider routine retesting before
ART initiation (WHO recommendation) to avoid misdiagnosis and
unnecessary treatment (Kosack et al., 2017), as well as the psychological trauma and stigmatization associated with HIV infection
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Positive
RDT (n = 363)

Positive (n = 278)
Indeterminate (n = 23)
Negative (n = 62)

Sensitivity
Speciﬁcity
PPV
NPV

Elecsys HIV combi PT (Roche) (n = 363)
Negative
Positive

VIDAS HIV Duo Quick (BioMérieux) (n = 363)
Negative
Positive

Geenius HIV 1/2 conﬁrmatory assay (Geenius, Bio-Rad, USA) (n = 135)a
Negative

270
3
0
100% (98.6–100%)
98.9% (94.0–99.9%)
99.6% (97.9–99.9%)
100% (96.0–100%)

269
3
0
100%
100%
100%
100%

97
3
0
91.7% (84.9–96.1%)
100% (86.8–100%)
100% (96.4–100%)
74.3% (56.7–87.5%)

8
20
62

9
20
62
(98.6–100%)
(96.0–100%)
(98.6–100%)
(96.0–100%)

15
20
0
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Table 1
Summarized results for HIV diagnosis in Spain on Kinshasa (DRC) samples, through analytical assays for HIV diagnosis on dried blood spots. Sensitivity, speciﬁcity, PPV, and NPV (with 95% conﬁdence interval) for Elecsys
HIV combi PT, VIDAS HIV Duo Quick, and Geenius HIV 1/2 conﬁrmatory assay.

NPV, negative predictive value; PPV, positive predictive value; RDT, rapid diagnostic test.
a
Geenius HIV 1/2 assay evaluated using a random selection of 135 samples (see Figure 1).
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Table 2
Characteristics and detailed testing results of participants with a false-positive local misdiagnosis by local RDT (n = 9).
Subject data
Date of HIV diagnosis

Age (years)

Sex

CD4 (cells/μl)

ART

ART duration (years)

Serology
HIV serology
Elecsys Roche

HIV serology
VIDAS BioMérieux

Geenius HIV 1/2
Bio-Rad

CUN41
CUN84

2007
1992

Unknown
27

Unknown
M

Unknown
234

Yes
Yes

11.9
19.2

Neg
Positive (COI: 2.05)

Neg
Neg (VT: 0.17)

CUN99
CUN117
CUN130
CUN136
CUN182
CUN200
CUN345

Unknown
2016
Unknown
2017
2016
2012
2012

Unknown
30
45
69
31
62
32

Unknown
M
M
F
M
F
F

Unknown
669
268
898
1029
436
Unknown

Unknown
Yes
Yes
Unknown
Yes
Yes
Unknown

Unknown
4.5
5.3
Unknown
4.4
4.2
3.2

Neg
Neg
Neg
Neg
Neg
Neg
Neg

Neg
Neg
Neg
Neg
Neg
Neg
Neg

Not done
Neg
(no bands)
Neg
Not done
Not done
Not done
Neg
Not done
Neg

ART, antiretroviral therapy; COI, cut-off index; F, female; M, male; RDT, rapid diagnostic test; VT, test value.

RNA
Viral load Roche
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
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ID

Positive COI: 53.47
Unknown
Unknown
Unknown
Unknown
Indeterminate
1

44.1

Positive, COI: 118.7
Unknown
Unknown
Unknown
Unknown
Indeterminate
1

38.1

Positive, COI: 131
Unknown
TDF+3TC+EFV
50
Unknown
Indeterminate
1

and the loss of credibility of the HIV testing program (Kufa et al.,
2017). The misdiagnosis at some HIV testing sites in sub-Saharan
Africa, and inconsistent ﬁndings regarding the accuracy of widely
used simple diagnostic tests, have highlighted the urgent need for
a comprehensive evaluation of these tests and the algorithm applied, with special emphasis on their performance by geographical location and other characteristics. The algorithm used in Kinshasa (DRC) includes the use of three RDTs for the diagnosis and
conﬁrmation of HIV. However, the RDTs are not the optimal option for conﬁrmation of the diagnosis, although this algorithm is
better than others used in many countries as the tie-breaker algorithm, which have been shown to have more false-positive results
(Shanks et al., 2015).
Twenty-three DBS samples from the study population belonged
to individuals who had received an indeterminate RDT-based HIV
diagnosis in DRC. Among them, three patients were actually infected with HIV and had detectable RNA according to the DBS
analysis, but only one (a 25-year-old female) was receiving ART
with TDF/EFV/3TC. The remaining two patients showed a low level
viremia and a reduced level of antibody based on the chemiluminescence signal and the Geenius intensity bands, probably related
to an asymptomatic stage of HIV infection or clinical latency that
could lead to indeterminate RDT results (Table 3). On the other
hand, 11 samples (3.6%, 11/303; from nine different patients) initially classiﬁed as positive in the origin, resulted negative after DBS
serological and molecular analysis. These nine cases of HIV misdiagnosis corresponded to three persons newly diagnosed during the
study period (2016–2018) and six individuals who had received an
RDT-based diagnosis years before, conﬁrming the need for conﬁrmatory testing prior to initiating ART, either by conducting a conﬁrmatory test locally if available, or by studying samples such as
DBS at an external laboratory where additional serological and/or
molecular analysis can be performed. Up to three false-positive
samples corresponded to a patient misdiagnosed in 2016 with a
high CD4 level (925–1029 CD4/μl), whose ART was withdrawn after 2 years of unnecessary treatment. These ﬁndings could be explained either by poor performance of the RDT algorithm, or by
poor performance of the DBS samples.
Rapid immunochromatographic tests for HIV are recommended
in low resource settings due to poor infrastructure and geographic limitations, but the low HIV prevalence among the general population in DRC (0.7%) may be associated with a lower
positive predictive value for these methods (Rubio-Garrido et al.,
2019, UNAIDS. UNAIDS 2020, Lasry et al., 2019, Eaton et al., 2017,
Dupwa et al., 2019, Tan et al., 2016). Misdiagnosis can also be inﬂuenced by subjective reading of tests, not respecting the incubation time, or incorrect labelling (Tuaillon et al., 2020). Even fourthgeneration RDTs used in HIV diagnosis algorithms have led to a
signiﬁcant number of false-positive results delivered. Several authors have evaluated RDT-based diagnosis using the Determine HIV
1/2 (Abbott) assay and have detected a false positivity rate of up
to 31.5% (Kosack et al., 2017, Kosack et al., 2017). Most HIV RDT
kits available in SSA have been evaluated as individual assays and
not as testing algorithms; therefore, each country must choose and
standardize its own testing algorithm based on local costs, storage
issues, human resources, available facilities and infrastructure, service demand, and local geography (Kaleebu et al., 2018, Plate and
Wiktor, 2007).
On the other hand, DBS analysis cannot give an immediate result but can be performed with centralized laboratory technology.
Both serological and molecular analysis can be implemented successively in different steps for HIV diagnosis and typing; even drug
levels can be measured to assess patient adherence. A number of
authors have reported adequate sensitivity and speciﬁcity for HIV
diagnosis through DBS analysis (Rubio-Garrido et al., 2019, De Mulder and Holguín, 2013, Tuaillon et al., 2020, Fernández McPhee

ART, antiretroviral therapy; COI, cut-off index; DBS, dried blood spots; EFV, efavirenz; RDT, rapid diagnostic test; SD, standard deviation; 3TC, lamivudine; TDF, tenofovir disoproxil fumarate; VT, test value.
a
Result interpretation of Geenius assay: no line (−), low intensity line (+), and high intensity line (++).

HIV-1 positive
2.75 log

HIV-1 positive

HIV-1 positive
2.93 log

2.75 log

HIV-1 negative
Not detected

gp36: − gp140: −
p31: − gp160: −
p24: − gp41: −
gp36: − gp140: −
p31: − gp160: ++
p24: − gp41: ++
Positive, VT: 17.28 gp36: −gp140: −
p31: − gp160: +
p24: + gp41: ++
Positive VT: 16.85 gp36: − gp140: −
p31: − gp160: +
p24: − gp41: +
Negative Median
VT: 0.16 (IQR
0.15–0.172)
Positive VT: 19.85
Negative Median COI:
0.291 (IQR 0.24–0.31)
Unknown
None
Unknown
2016–2018
Indeterminate
20

39.1
(SD
13.01)
24.9

DBS serology
Elecsys Roche (COI)
ART
duration
(months)
Date of HIV
diagnosis

Age
CD4 (units) ART
(years)
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Subject data
Number
RDT-based HIV
diagnosis

Table 3
Characteristics and detailed testing results of participants with an HIV indeterminate result by local RDT (n = 23).

VIDAS BioMérieux Geenius HIV 1/2
(VT)
conﬁrmatory assay
Bio-Rada

DBS molecular test
Viral load
Roche (log)

Final diagnosis

D. Barquín, A. Ndarabu, S. Carlos et al.

258

D. Barquín, A. Ndarabu, S. Carlos et al.

International Journal of Infectious Diseases 111 (2021) 253–260

et al., 2015, Steﬁc et al., 2020), and both chronic and acute infections can be diagnosed reliably (Dupwa et al., 2019). The study
data showed high sensitivity and speciﬁcity for both chemiluminescent assays used with DBS samples (Elecsys and VIDAS), similar
to the result reported recently by Steﬁc et al. (98.8%) (Steﬁc et al.,
2020).
The implementation of DBS for viral load determination is considered one of the most necessary immediate measures to reduce
the HIV-related mortality rate in Africa (Phillips et al., 2016). In
the present study, all of the samples were analysed by COBAS
AmpliPrep/COBAS Taqman HIV-1 (Roche) to conﬁrm the diagnosis and monitor infection and transmissibility (Powers et al., 2011).
This viral load platform has been reported to be a reliable method
to detect and quantify the wide variety of subtypes and recombinants currently circulating in DRC from DBS samples (RubioGarrido et al., 2019).
Based on the study results, the Geenius HIV 1/2 conﬁrmatory
assay can be a reliable tool to avoid misdiagnosis. It offered excellent speciﬁcity for HIV diagnosis working with DBS samples.
However, the sensitivity of the Geenius assay on DBS was 91.7%
in this series, since up to nine samples from true HIV-1 patients
showed a negative result by Geenius. Therefore, this test may be
very suitable as a conﬁrmatory test, but not as a screening test.
Other authors have reported that it exhibits better sensitivity and
better performance in detecting HIV-1 infections than other conﬁrmatory immunoassays (Serhir et al., 2019, Hallen et al., 2014,
Mor et al., 2014). In the current series, no HIV-2 infection was detected among the participants. Studies have mainly described HIV2 infections in West African countries (Visseaux et al., 2016).
This study has a number of limitations. First, DBS were not
compared to plasma due to the lack of paired plasma/DBS specimens collected from each subject in the study population. Second,
only 135 out of the 365 samples could be tested with the Geenius HIV 1/2 assay. However, this random selection coupled with
RNA detection from all DBS samples allowed discrepant results to
be resolved and acute infections to be ruled out. Regarding the viral load and serology evaluation, among adults diagnosed as HIVpositive or indeterminate by RDTs, 36% had received ART before
sampling and their RDT diagnosis had been conducted prior to DBS
collection for this study. Finally, storage conditions could inﬂuence
the DBS analysis; however, specimens were transported on dry ice
and preserved at −80°C until use.
In conclusion, the main strength of this study is showing the
usefulness of DBS testing to conﬁrm or rule out HIV infection in
low-income countries. Assessing HIV misdiagnosis in SSA is a public health priority, as an incorrect diagnosis can lead to unnecessary treatment and spreads discriminatory attitudes and stigma in
these regions. The results of this study may have a direct clinical impact on the global diagnosis and follow-up of HIV infection,
since the use of RDT-based HIV diagnostic algorithms with suboptimal reliability, in areas with very limited resources, may further delay the achievement of the 95–95–95 objectives proposed
for 2030.
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