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Human immunodeficiency virus 2 (HIV-2) is
found predominantly in West Africa. It is not
unlikely, however, that HIV-2 may also be
found in South Africa, due to the influx of
immigrants into this country. It is important to
distinguish between HIV-1 and HIV-2 since the
clinical courses and treatment responses of
these viruses are different. Routine serological
methods for diagnosing HIV do not differenti-
ate between HIV-1 and -2 infections, while
rapid tests, viral load quantification and PCR
are HIV-type—specific. The objective of this
study was to describe the seroprevalence and
molecular epidemiology of HIV-2 in KwaZulu-
Natal, one of the regions with the highest HIV
prevalence in the world and home of the two
largest harbors in South Africa. HIV-1 positive
samples were screened for antibodies against
HIV-2, using a rapid test. The confirmation of
HIV-2 positive samples was done by PCR. Of
the 2,123 samples screened, 319 (15%) were
identified as positive by the rapid test. None of
these samples were confirmed positive by
PCR. To explore this discrepancy in the results,
a subset (n ¼ 52) of the rapid HIV-2 positive
samples was subjected to Western blotting.
Thirty-seven (71%) of these were positive,
yielding an overall HIV-2 seroprevalence of
10.6%. Three out of 28 (10.7%) Western blot
positive samples were positive by a Pepti-LAV
assay. This discrepancy between serological
and molecular confirmation may be attributed
to non-specific or cross-reacting antibodies.
The use of rapid tests and Western blots for
HIV-2 diagnosis in South Africa should be
interpreted with caution. J. Med. Virol.
# 2013 Wiley Periodicals, Inc.
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INTRODUCTION

While the human immunodeficiency virus (HIV)
type 1 is predominant worldwide, HIV-2 is concen-
trated mainly in West Africa [Zeh et al., 2005]. The
prominent cause of the global dissemination of HIV-2
is the population migration of infected individuals
[Quinn, 1994]. It is quite possible that HIV-2 is
present in South Africa in view of the high levels of
immigration to the country [Anonymous, 2011] and
the fact that approximately 3–4% of the total national
population is foreign [Polzer, 2010]. Furthermore,
KwaZulu-Natal hosts the two largest harbors in the
country (Durban and Richards Bay), which are the
point of entry for an increasing number of foreign
individuals [Young, 2012].
HIV-2 cases have been reported in Europe, India,

and the United States, as well as areas with histori-
cal and socio-economic ties to West Africa. For
instance, in Portugal, HIV-2 is responsible for 4.5% of
the AIDS cases, and in France, 1.8% of new infections
are due to HIV-2 [Campbell-Yesufu and Gandhi,
2011]. However, there is no information on the
prevalence of HIV-2 in South Africa which has the
highest prevalence of HIV-1 in the world, with
KwaZulu-Natal being the province which is affected
the worst [UNAIDS, 2010]. The epidemic in South
Africa is dominated by subtype C (i.e., more than
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95% of HIV-1 samples in KwaZulu-Natal are from
subtype C viruses [Gordon et al., 2003]).
Understanding the epidemiology of HIV-2 is impor-

tant because there are significant differences between
HIV-1 and HIV-2. The differences are reflected at the
genomic level [Bock and Markovitz, 2001], in the
progression of the disease and in the response to
treatment. HIV-2 infection can lead to immunosup-
pression and clinical AIDS, although disease progres-
sion is slower [Torian et al., 2010].
South Africa has the largest antiretroviral (ARV)

therapy program in the world, with approximately 2
million patients on treatment, nearly a quarter of
whom are in KwaZulu-Natal [WHO/UNAIDS/UNICEF,
2010]. HIV-1 and -2 require different treatment
regimens; HIV-2 is naturally resistant to most of the
non-nucleoside reverse transcriptase inhibitor
(NNRTI) drugs that are presently available [Rodes
et al., 2005]. Witvrouw et al. [1999] showed that in
order to inhibit HIV-2 in vitro, the concentration of
certain NNRTSs needs to be 50 times higher
than the concentration required to inhibit HIV-1
[Witvrouw et al., 1999]. In addition, certain protease
inhibitors (PIs) are intrinsically or partially resistant,
or work less effectively against HIV-2 compared to
HIV-1 [Kar and Knecht, 2012; Charpentier et al.,
2013]. This is relevant since patients infected with
HIV-2 are at risk of failing treatment and of the
clinical disease progressing [Costarelli et al., 2008].
If HIV-2 is found to be prevalent, it is imperative

that accurate and differential diagnostic algorithms
for HIV-1 and -2 be established. This will have
important epidemiological, diagnostic, clinical, and
treatment implications. The objective of this study
was to use available methods to differentiate between
HIV-1 and HIV-2 infections, and to determine the
prevalence of HIV-2 in KwaZulu-Natal.

METHODS

Patient Specimens

The estimate of the sample size (n ¼ 2123, at a
95% confidence interval) was calculated using EpiInfo
2008 and the following statistics: the estimated
population size of KwaZulu-Natal is approximately
9.4 million people [Wilson and Blower, 2005]; an
estimated 39.1% of this population is HIV-infected
[Noble, 2009]; an expected HIV-2 frequency of 0.2%
[Zanchetta et al., 1990] together with a worst ex-
pected frequency of 0.01%.
Clinical specimens from the KwaZulu-Natal Com-

prehensive Care Management and Treatment Pro-
gram are submitted routinely to the Department of
Virology, Inkosi Albert Luthuli Central Hospital,
Durban, for HIV serological and viral load testing.
The 200 serum specimens that were HIV-1/2 antibody
ELISA positive and 1923 HIV-1 viral load plasma
samples were screened consecutively, based on the
sample size calculation. The algorithm for testing is
shown in Figure 1.

HIV-1 and -2 Screening

The samples were tested for antibodies to HIV-2
using the SD Bioline HIV1/2 3.0 rapid test (Standard
Diagnostics, Kyonggi-do, South Korea), which is a
rapid immunochromatographic test for the differen-
tial and qualitative detection of antibodies (IgG, IgM,
IgA) specific to HIV-1 and HIV-2. This third-genera-
tion assay is based on the use of recombinant gp36 as
the capture antigen for HIV-2.

HIV-2 Serology

The Western blot technique (New LAV Blot II,
Bio-Rad, Marnes La Coquette, France) was used to
confirm the rapid test findings. The Western blot was
used on a subset (subset 1, n ¼ 52) of HIV-2 rapid-
positive samples (Fig. 1) for practical reasons. This
assay was specifically designed to identify HIV-2
antibodies in serum or plasma samples by immuno-
blotting, in order to confirm the presence of positive
anti-HIV-2 antibody responses and to determine its
antigenic specificity.
The Western blot results were interpreted according

to the manufacturer’s criteria, which require the
presence of at least one env, gag, and pol band for a
positive result. A negative Western blot result is one
without the presence of any bands. Any band or
bands that do not qualify as positive, according to the
manufacturer’s criteria, are deemed as indeterminate.
In addition, a second random subset of samples

(subset 2, n ¼ 28) that showed HIV-2 positivity by
the Western blot, was further tested using a synthetic
peptide-based immunoassay (Pepti-LAV1-2; Bio-Rad,
Sanofi Diagnostics Pasteur).

HIV-2 Polymerase Chain Reaction

Polymerase Chain Reaction (PCR) was used on all
samples, which were HIV-2 antibody positive by the
SD Bioline Rapid test, to confirm HIV-2 infection.
The samples were extracted using the easyMAG
extraction system (bioMérieux, Marcy L’Etoile,
France). Real-time PCR amplification was then per-
formed using an HIV-2 Real-Time RT-PCR kit
(Shanghai ZJ Bio-tech, Shanghai, China), according
to the manufacturer’s instructions. The TaqMan
primers and probes provided in this kit were de-
signed to were designed to cover the genetic diversity
of HIV-2 isolates (including subtypes A–G), spanning
approximately 90 base pairs of the HIV-2 50-LTR
region. The following PCR parameters were followed
for confirmation on the 319 HIV-2 antibody positive
samples: reverse transcription at 45˚C for 10 min,
followed by 95˚C for 15 min. The amplification cycle
consisted of 40 of 95˚C for 5 sec followed by 60˚C for
30 sec.
Two additional in-house PCR protocols targeting

different regions of the HIV-2 genome were used on
the HIV-2 antibody positive samples and HIV-2
plasmid DNA positive control material from the
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commercial kit (n ¼ 12), to verify the sensitivity of
the HIV-2 real-time PCR kit. The primer sequences
of these nested PCR assays are detailed in Table I.
Reverse transcription was performed using the Su-
perscript II reverse transcriptase protocol (Invitro-
gen, Life Technologies, Carlsbad, CA). The first in-
house protocol is from the Hospital Egas Moniz
Reference Laboratory in Portugal, the European
country with the largest number of HIV-2 infections
[Valadas et al., 2009]. The PCR parameters consisted
of denaturation at 94˚C for 2 min, 30 amplification
cycles of 95˚C for 30 sec, 58˚C for 20 sec, and 72˚C for
2 min, followed by 72˚C for 10 min. For the nested
PCR, 2ml of first-round product was used with the
same PCR parameters. The second in-house protocol
was performed according to Ciccaglione et al. [2010]
using the following PCR conditions: 93˚C for 10 min,
followed by 10 amplification cycles of denaturation at
93˚ for 10 sec, annealing at 55˚C for 30 sec, and
extension at 68˚C for 4 min. The subsequent 25 cycles

were performed under the same conditions, with an
incremental increase in extension time (2 sec/cycle),
and a last extension step of 72˚C for 7 min. Five
microliters of first-round PCR product was used in a
nested PCR according to the following PCR profile:
95˚C for 1 min, followed by 35 amplification cycles of
denaturation at 95˚C for 30 sec, annealing at 55˚C for
30 sec, and extension at 72˚C for 45 sec. A last
extension step was performed at 72˚C for 7 min. PCR
products were visualized on a 1.5% agarose gel. In
addition, in order to determine the suitability of
serum samples for PCR, an HIV-1 PCR was per-
formed on 20 randomly selected serum samples
[Manasa et al., 2012].

Ethical Considerations

This study was conducted in accordance with the
ethical principles for anonymous, unlinked surveil-
lance published by the South African Department of

Fig. 1. Flowchart of the testing algorithm used to determine the prevalence of HIV-2
infection.
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Health [Rees et al., 2002]. Approval was obtained
from the University of KwaZulu-Natal Biomedical
research ethics committee (BREC 264/09) and the
KwaZulu-Natal Provincial Department of Health.

RESULTS

Of the 2123 HIV-1 and -2 positive samples tested,
319 (15.0%) samples were HIV-2 antibody positive by
the rapid test. The first confirmatory serological
assay used was the Western blot. A subset of 52
Western blots was performed on randomly selected,
rapid-positive samples, 37 (71%) of which were HIV-2
antibody-positive. Selected HIV-2 Western blot re-
sults are shown in Figure 2, in which a clear
reactivity to both gp36 and gp125/gp105 env antigens
of HIV-2 was observed for sample 51. Given that 15%
(319/2123) of the samples were positive by the rapid
test and 71% of these were confirmed by the Western
blot, the HIV-2 seropositivity as identified by rapid
testing and Western Blot was 10.6%.
The second serological test, the Pepti-LAV1-2

assay, was conducted on 28 samples which were
positive by the rapid test and Western blot. Three of
the 28 (10.7%) were HIV-2 positive. The HIV-2
seroprevalence in this study would be 1.6%, if this
result were used to calculate the overall prevalence
of HIV-2 in KwaZulu-Natal. These 3 Pepti-LAV
samples were negative by the commercial PCR assay,
and negative or insufficient for the two nested PCR
assays.
All of 319 samples tested positive by the rapid test

were tested by PCR using a commercial method.
None of the 319 samples were positive by PCR. The
comparison of the different PCR methods using
the HIV-2 antibody positive samples and the positive
control material (HIV-2 plasmid DNA) all correlated
with each other, resulting in no PCR positive sam-
ples. The 20 randomly selected serum samples were
all amplified and detected by the HIV-1 PCR. The
detailed calculations of the overall prevalence per
serological assay, and the prevalence using results of

the HIV-2 PCR and serological assays are outlined in
Tables II and III.

DISCUSSION

The findings of this study demonstrate an unex-
pectedly high HIV-2 seroprevalence with the use of
the rapid antibody test. PCR assays to detect the
HIV-2 genome were conducted to ascertain the true
infection status of the seropositive samples. None of
the HIV-2 seropositive samples were amplified by
PCR, even though the commercial PCR is able to
detect all HIV-2 subtypes. All the internal positive
controls from the commercial kit were confirmed as
positive by the commercial and in-house PCR meth-
ods, which suggest that the non-amplification of the
positive rapid test samples was not due to PCR
factors.
The ideal sample for molecular confirmation of

HIV-2 proviral DNA by PCR is a whole blood sample
of peripheral blood mononuclear cells (PBMCs) to
detect HIV-2 proviral DNA. Plasma and serum
samples, routinely collected as part of the national
HIV program in South Africa, were used in this study
for RT-PCR. However, the use of serum and plasma
samples has also yielded accurate results. For exam-
ple, Damond et al. [2002], showed HIV-2 PCR
sensitivities of 100% at viral loads of 250 copies/ml
and 66% of patients with viral loads of 125 copies/ml,
in plasma samples [Damond et al., 2002]. Gilleece
et al. [2010] reports a median HIV-2 viral load in the
plasma compartment as documented to be 3 log 10
RNA copies/ml [Gilleece et al., 2010]. In addition, the
HIV-1 PCR conducted on the 20 randomly selected
serum samples were all successfully amplified thereby
excluding poor serum suitability for PCR. However,
due to the limitations of the available sample types
(serum and plasma) used in this study, the possibility
of HIV-2 infection cannot be completely excluded. The
HIV-2 Real-Time RT-PCR Kit (Shanghai ZJ Bio-tech
Co.) used in this study can be used for quantitative
and qualitative purposes. The PCR assay used for

TABLE I. Alternative Nested PCR Amplification Assays Used to Confirm HIV-2 Infection in a Subset of
Rapid-Positive Samples

HIV-2
Target region Primer (Tm) Nucleotide sequence Reference

env, gp36 1st round PDF1 (52˚C 50-GGTCTATTWCAGAGAAGGCAG-30 Ciccaglione
et al. [2010]

LTR9574 (53˚C) 50-TGGTGAGAGTCTAGCAGGG-30
2nd round ENVA (68˚C) 50-GCTAGGGTTCTTGGGTTTTCTCGCGACAGCAGG-30

ENVB (66˚C) 50-CAAGAGGCGTATCAGCTGGCGGATCAGGAA-30
pola 1st round JA218 (56˚C) 50-GAAAGAAGCCCCGCAACTTCC-30 Brandin

et al. [2003]
JA221 (58˚C) 50-GCTCTGCTTCTGCTAATTCTGTCCA-30

2nd round JA219 (59˚C) 50-AGGGGCT(A/G)ACACCAACAGCAC-30
JA220mod (53˚C) 50-GTCTTTATICCTGGGTAGAITTGTG-30

aProtocol from Hospital Egas Moniz reference laboratory in Portugal.
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molecular confirmation was applied as a qualitative
assay for the purposes of this study.
Western blots were done on selected samples to

explore the discrepancy between rapid test results
and PCR. It is likely that more than half of the
patients who show seropositivity for HIV-2 are, in
reality, infected by HIV-1 alone [Peeters et al., 1992].
The results from this study are a reflection of Qui
et al. [2008], who also demonstrated the decreased
specificity of Western blots [Qiu et al., 2009]. There
are problems interpreting HIV-2 Western blot [WHO,
1990], even when the CDC and WHO criteria for
HIV-1 are used [Mortimer, 1991; Nasrullah et al.,
2011].

Dual seropositivity to HIV-1 and HIV-2 may be due
to (i) infection with both virus types, (ii) dual
exposure to both virus types with mono-infection, or
(iii) mono-infection with cross-reacting antibodies
directed at common epitopes [George et al., 1992].
Alternatively, dual seropositivity may be due to
infection with a third unique virus with epitopes
common to both viruses [Peeters et al., 1992]. The
Pepti-LAV was used as an additional assay to further
investigate the discordant serological and PCR
results. This assay showed greater specificity (1.6%
vs. 10.7%) when compared to the Western blot
results. A more specific immunoassay will eliminate
false-positive reactivity, and be able to distinguish

Fig. 2. Western blot profiles of a subset of rapid-positive samples showing reactivity to the
major HIV-2 proteins (IC, internal control; PC, positive control; NC, negative control).

TABLE II. Detailed Calculations of the Overall Prevalence
Per Serological Assay

New LAV Blot II Pepti-LAV

Total number
of assay done

52 (16% of all
rapid positives)

28 (8.7% of all
rapid positives)

Percentage of
rapids confirmed
to be HIV-2 positive

37/52 (71%) 3/28 (10.7%)

HIV-2 seroprevalence 71% of
319 ¼ 226

10.7% of
319 ¼ 34

226/2,123 ¼ 10.6% 34/2,123 ¼ 1.6%

TABLE III. Results of the Various Serological and Genomic
HIV-2 Assays Used to Establish the Prevalence of HIV-2

n
HIV-1/2 dual positive

(prevalence % by assay)

HIV-1/2 positive
samples screened

2,123 319 (15.0%)

HIV-2 real-time PCR 319 Nil (0)
NewLAV Western blots 52 37 (71.2%)
Pepti-LAV1-2a 28 3 (10.7%)

aAdditional immunoassay used to confirm HIV-2 seropositivity, not
used in the seroprevalence calculation.
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between HIV-1 and -2 infections with more certainty.
Maximal sensitivity and specificity in enzyme immu-
noassays can be achieved by using short synthetic
peptides [Alcaro et al., 2003], as evidenced by the
results of the Pepti-LAV assays.
HIV-2 is associated with a lower plasma viral load

compared to HIV-1 despite similar proviral DNA viral
loads in both infections [Reeves and Doms, 2002]
suggesting that HIV-2 replication is restricted in vivo
[MacNeil et al., 2007]. This may account for the
discordance between serological and PCR results.
The results of this study demonstrate that HIV-2 is

most probably not prevalent in KwaZulu-Natal. The
clinical observation of discordant CD-4 cell counts and
HIV-1 viral load results of patients on treatment are,
therefore, most likely not a result of infection with
HIV-2. Furthermore, these results show that rapid
tests and serology alone may grossly overestimate the
true prevalence of HIV-2. Consequently, it is important
to employ more specific, yet sensitive methods, like
PCR for example, for genetic definition of the infecting
HIV type. In addition, PBMCs and whole blood should
be collected from patients that test positive for HIV-2
using rapid tests. Alternatively, synthetic peptide-
based enzyme immunoassays may provide a more
accurate and differential diagnosis. HIV-2 Western
blots should be interpreted with caution, and the
diagnostic utility of this assay is an avenue for further
research. Future surveillance is needed to detect
whether HIV-2 is present or not in this region.

POSTSCRIPT

The choice of rapid test was SD Bioline HIV-1/2
3.0; used routinely for screening at most HIV clinics
in South Africa. These tests have recently been
recalled by the World Health Organization (WHO),
due to the large number of invalid results obtained
by certain batches of these tests [WHO, 2012]. The
rapid tests used for this study, however, were not
part of the problematic test lots. No similar problems
relating to the quality of these tests were experienced
during the course of this study.
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MacNeil A, Sarr AD, Sankalé JL, Meloni ST, Mboup S, Kanki P.
2007. Direct evidence of lower viral replication rates in vivo in
human immunodeficiency virus type 2 (HIV-2) infection than in
HIV-1 infection. J Virol 81:5325.

Manasa J, Katzenstein D, Cassol S, Newell M-L, de Oliveira T.
2012. Primary drug resistance in South Africa: Data from 10
years of surveys. AIDS Res Hum Retroviruses 28:558–5565.

Mortimer P. 1991. The fallibility of HIV Western blot. Lancet
337:286.

Nasrullah M, Ethridge SF, Delaney KP, Wesolowski LG, Granade
TC, Schwendemann J, Boromisa RD, Heffelfinger JD, Owen SM,
Branson BM. 2011. Comparison of alternative interpretive
criteria for the HIV-1 Western blot and results of the Multispot
HIV-1/HIV-2 rapid test for classifying HIV-1 and HIV-2 infec-
tions. J Clin Virol 52:23–227.

Noble R. 2009. South Africa HIV and AIDS statistics. AVERT
http://www.avert.org/safricastats.htm

Peeters M, Fransen K, Piot P. 1992. Virological and polymerase
chain reaction studies of HIV-1/HIV-2 dual infection in Cote
d’Ivoire. Lancet 340:339–340.

Polzer T. 2010. Population movements in and to South Africa.
Forced Migration Studies Programme. http://www.cormsa.org.za/
wp-content/uploads/2010/07/fmsp-fact-sheet-migration-in-sa-
june-2010doc.pdf

Qiu M, Liu X, Jiang Y, Nkengasong JN, Xing W, Pei L, Parekh BS.
2009. Current HIV-2 diagnostic strategy overestimates HIV-2
prevalence in China. J Med Virol 81:790–797.

Quinn TC. 1994. Population migration and the spread of types 1
and 2 human immunodeficiency viruses. Proc Natl Acad Sci
USA 91:2407–2414.

Rees H, Barret-Grant K, Benatar SR, Allen DM, Gray G, Evian C,
Schoub B, Maartens G, Neilson G, Jentsch U, Sanne I. 2002.
Guidelines for good practice in the conduct of clinical trials in
human participants in South Africa. National Department of
Health, South Africa. http://www.nus.edu.sg/irb/Articles/SA%
20DoH%20Good%20Clinical%20Research%20Practice%20Guide-
line.pdf

Reeves JD, Doms RW. 2002. Human immunodeficiency virus type 2.
J Gen Virol 83:1253.

Rodes B, Toro C, Jimenez V, Soriano V. 2005. Viral response to
antiretroviral therapy in a patient coinfected with HIV type 1
and type 2. Clin Infect Dis 41:19–21.

Torian LV, Eavey JJ, Punsalang AP, Pirillo RE, Forgione LA, Kent
SA, Oleszko WR. 2010. HIV type 2 in New York City, 2000–
2008. Clin Infect Dis 51:1334.

UNAIDS. 2010. UNAIDS report on the Global AIDS Epidemic 2010.

Valadas E, Sousa S, Antunes F. 2009. 20 years of HIV-2 infection in
Portugal: Trends and changes in epidemiology. Clin Infect Dis
48:1166.

J. Med. Virol. DOI 10.1002/jmv

6 Singh et al.

http://www.statssa.gov.za/publications/P0351/P0351June2011.pdf
http://www.avert.org/safricastats.htm
http://www.cormsa.org.za/wp-content/uploads/2010/07/fmsp-fact-sheet-migration-in-sa-june-2010doc.pdf
http://www.cormsa.org.za/wp-content/uploads/2010/07/fmsp-fact-sheet-migration-in-sa-june-2010doc.pdf
http://www.cormsa.org.za/wp-content/uploads/2010/07/fmsp-fact-sheet-migration-in-sa-june-2010doc.pdf
http://www.nus.edu.sg/irb/Articles/SA&x0025;20DoH&x0025;20Good&x0025;20Clinical&x0025;20Research&x0025;20Practice&x0025;20Guideline.pdf
http://www.nus.edu.sg/irb/Articles/SA&x0025;20DoH&x0025;20Good&x0025;20Clinical&x0025;20Research&x0025;20Practice&x0025;20Guideline.pdf
http://www.nus.edu.sg/irb/Articles/SA&x0025;20DoH&x0025;20Good&x0025;20Clinical&x0025;20Research&x0025;20Practice&x0025;20Guideline.pdf


WHO. 1990. Proposed WHO criteria for interpreting results from
Western blot assays for HIV-1, HIV-2, and HTLV-I/HTLV-II.
Wkly Epidemiol Rec 65:281–288.

WHO/UNAIDS/UNICEF. 2010. Towards universal access: Scaling
up priority HIV/AIDS interventions in the health sector. Prog-
ress Report WHO/UNAIDS/UNICEF http://whqlibdoc.who.int/
publications/2010/9789241500395_eng.pdf

WHO. 2012. Update information on the SD Bioline HIV-1/2 v3.0.
http://www.who.int/diagnostics_laboratory/procurement/
120106_final_update_info_sd_bioline_hiv_rtd.pdf

Wilson DP, Blower SM. 2005. Designing equitable antiretroviral
allocation strategies in resource-constrained countries. PLoS
Med 2:50.

Witvrouw M, Pannecouque C, Van Laethem K, Desmyter J, De Clercq
E, Vandamme A-M. 1999. Activity of non-nucleoside reverse
transcriptase inhibitors against HIV-2 and SIV. AIDS 13:1477.

Young J. 2012. Regional overview of KwaZulu-Natal. KwaZulu-
Natal Business 2012/13: 10–15.
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