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Abstract

The development and verification of HIV-2 assays depends in part on the availability of well-characterized samples,
including those from reagent repositories. During the development of an HIV-2 RNA quantification assay, two HIV-2 viral
isolates (CDC 301340 and CDC 301342) obtained from the NIAID AIDS Reagent and Reference Repository were not detected
leading to an investigation. Two HIV-2 primers/probe sets of known performance in real-time viral RNA quantification
assays, targeting different regions of the virus, also failed to generate RT-PCR products for these two isolates. These isolates
were tested in the HIV-1 specific COBAS AmpliPrep/COBAS TaqMan HIV-1 Test v2.0 (Roche Molecular Diagnostics) and were
quantified at high copy number. Other HIV-2 isolates tested were not amplified in the COBAS HIV-1 TaqMan assay.
Furthermore, the discrepant isolates were highly reactive in an HIV-1 p24 antigen test while the other HIV-2 isolates showed
very weak, if any, cross-reactivity with the HIV-1 p24 assay. Phylogenetic tree analysis of sequences from the protease-
reverse transcriptase regions of the discrepant HIV-2 isolates mapped with HIV-1 Group M, Subtype CRF02_AG confirming
these isolates were of HIV-1 origin and had been misclassified as HIV-2. The use of misclassified isolates in the verification of
molecular and immunological assays can lead to misinterpretation of test results, misdirection of efforts into assay redesign
and increased development costs. The results of this study were shared with the NIAID AIDS Reagent Program, leading to
the reclassification of the two discrepant isolates as HIV-1.
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Introduction

Infection with Human Immunodeficiency Virus Type 2 (HIV-

2), as in the case of HIV-1, is associated with opportunistic

infections and AIDS. HIV-2 infections are mainly confined to

regions of West Africa where an estimated 1-2 million people are

infected [1,2]. However, infections have also been identified in

Europe, Asia, the Caribbean and the United States [3,4,5]. The

virus is characterized by a high degree of genetic diversity and has

been classified into at least eight groups, A and B being the most

common [6,7]. Serological diagnosis and differentiation of HIV-2

infection is difficult due to cross reactivity with HIV-1 antibodies

[8]. The BioRad Multispot HIV-1/HIV-2 Rapid Test is the only

U.S. Food and Drug Administration (FDA) test cleared for

detection/differentiation of HIV-1 and HIV-2 antibodies [2]. The

development of commercial HIV-2 plasma RNA assays has been

hampered by low HIV-2 prevalence, slower progression to AIDS,

lower viral load set points in HIV-2 infected individuals (as

compared to HIV-1) and limited sequence data from well-

characterized isolates. The availability of highly sensitive and

specific HIV-2 RNA assays would be useful to confirm or rule-out

HIV-2, assist in therapeutic management of infection, or, as

recommended by the proposed CDC algorithm, to confirm or

rule-out HIV-1/HIV-2 dual infection [3,9].

Several laboratory developed assays for HIV-2 RNA were

developed to address the need for detection and quantification of

HIV-2 nucleic acid in plasma, however, standardization, valida-

tion and regulatory approvals have been challenging

[8,10,11,12,13,14]. A significant challenge in HIV-2 assay

validation is the limited resources for diverse HIV-2 isolates for

nucleic acid source material. HIV-2 viral culture stocks are the

only readily available source of well-characterized material. This

study reports an investigation of discrepant results obtained in

reverse transcription HIV-2 quantitative real-time PCR assays

(RT-qPCR) for two HIV-2 viral stocks received from the NIAID

AIDS Reagent and Reference Repository.

Materials and Methods

Viral Stocks and EDTA Plasma Diluent
Twelve HIV-2 viral stocks were obtained from the NIAID

AIDS Reagent and Reference Repository (10 group A, 1 group B

and 1 unknown). Additional virus culture isolates tested included

the HIV-2 group B isolate (PB0012902206) obtained from

SeraCare, Inc. (Gaithersburg, MD). An HIV-1 isolate (91US_4)
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obtained from the Humoral Immunology Laboratory of the U.S.

Military HIV-1 Research Program (Drs. Bruce Brown and

Victoria Polonis) was used as a virus specificity control. Prior to

testing, all viral stocks were diluted one thousand fold in EDTA

plasma (Biological Specialty Corporation, Comar, PA).

HIV-2 Quantitative RT-qPCR Assays
HIV-2 Calibrator/Standard. An HIV-2 viral stock (NIH-Z,

group A) was purchased from Advance BioTechnologies, Inc.

(Columbia, MD) for use as a quantification standard in real-time

RT-qPCR assays (7.2 E+10 HIV-2 copies/ml by electron

microscopy particle count). The NIH-Z viral stock was diluted

in normal human EDTA plasma to obtain a working stock of

7.2E+09 HIV-2 copies/ml. Ten-fold serial dilutions were

performed in EDTA plasma to generate an HIV-2 panel of

quantification standards with concentrations ranging from 7.2 E+
06 to 7.2 E+01 copies/ml.

HIV-2 Primers and Probe Sets. Two HIV-2 primers/probe

sets of known or published performance were selected to confirm

discordant RT-qPCR test results. The HIV-2 primers/probe set

designated as SM, targeting the LTR region as defined in Delarue

et al [12], was selected based upon equivalent amplification of

HIV-2 groups A and B. SM primers and probe were synthesized

by Integrated DNA Technologies (Coralville, IA). A second

primers/probe set designated as PD targeting the HIV-2 gag gene

was selected for use in detecting and quantifying an alternative

region of the viral genome. The PD set is included in the Advance

Real-Time PCR HIV-2 Detection Kit from Primer Design LTD

(South Hampton, UK). The product insert claims equivalent

quantification of HIV-2 groups A and B.

RNA Extraction and Amplification. HIV-2 viral RNA was

extracted from 0.2 ml of diluted virus or NIH-Z standards and

eluted in 50 ml of kit diluent using the MinElute Viral Extraction

Kit (QIAGEN, Valencia, CA). Amplification reactions were

performed at 25 ml and contained 10 ml of purified RNA,

0.6 mM forward and reverse primers, 0.2 mM probe and

amplification reagents according to kit insert (Superscript III

Platinum One-Step Quantitative RT-PCR system: Life Technol-

ogies, Carlsbad, CA). Amplification was performed using a 7500

Fast Dx Real-Time PCR instrument (Life Technologies, Carlsbad,

CA). HIV-2 RNA amplification parameters were the same for all

RT-qPCR assays; 1) reverse transcription at 50uC for 30 minutes,

2) activation of the DNA polymerase at 95uC for 2 minutes, 3) 5

cycles of amplification at 95uC for 15 seconds, 52uC for 10 seconds

and 60uC for 1 minute and 4) 40 cycles of amplification at 95uC
for 15 seconds, 57uC for 10 seconds and 60uC for 1 minute with

fluorescent read. HIV-2 viral concentrations were extrapolated

from the NIH-Z standard curve.

Commercial Test Kits. A subset of viral isolates, including

the discrepant samples, was also tested in HIV-1 p24 Antigen and

RNA assays. The HIV-1 p24 Antigen assay from Perkin Elmer

(Waltham, MA) and the Roche COBAS AmpliPrep/COBAS

TaqMan HIV-1 Test v2.0 (Roche Diagnostics, Indianapolis, IN),

an FDA cleared HIV-1 RNA test that does not detect HIV-2, were

performed following the manufacturer’s recommendations. A 918

base pair sequence from the HIV-1 polymerase gene was

generated for each discrepant isolate using the TRUGENE

HIV-1 Genotyping Test (Siemens Healthcare Diagnostics, Valen-

cia, CA).

Results

Two HIV-2 primers/probe sets developed for use in quantifi-

cation of HIV-2 RNA, one by Delarue et al 2013 (SM) and a

commercially available set from Primer Design (PD) were selected

for amplification of HIV-2 RNA in real-time RT-qPCR assays.

Although optimization was not performed, both primers/probe

sets performed reasonably well using standard cycling parameters

and amplification reagents. Successful quantitation over a broad

dynamic range from two to six log10 was obtained for the NIH-Z

standard (Figure 1). The amplification plot showed parallel

performance for both primers/probe sets (Figure 1). The PD set

demonstrated lower cycle threshold values than the SM set

yielding a slope of -3.232 indicating good amplification efficiency

and a R2 value of 0.9774. The SM primers/probe set had a slope

of -3.758 indicating a lower efficiency of amplification and a R2

value of 0.997. The lower amplification efficiency of the SM

primers/probe set resulted in no amplification of the HIV-2 NIH-

Z standard at the lowest HIV-2 concentration. The PD primers/

probe set provided higher HIV-2 viral RNA concentrations for the

HIV-2 viral isolates tested than the SM primers/probe set (Table 1)

which is most likely due to the decreased amplification efficiency of

the SM set. Further optimization and validation of these primers/

probe sets would be required to allow for reliable quantification of

absolute copy number. However, based upon linearity and

quantitation relative to the NIH-Z standard, these primers/probe

sets showed that the HIV-2 viral stocks had high titers, indicating

that these stocks were suitable for use in assessing the performance

of laboratory developed assays.

The PD and SM primers/probe sets demonstrated robust

amplification in eleven HIV-2 viral isolates, but failed to amplify

either the CDC 310340 or CDC 310342 isolates (Table 1)

confirming the amplification results obtained in our laboratory

developed test. Repeat testing of these two discrepant HIV-2

isolates at 10 and 100 times greater concentration resulted in no

amplification, except for a single low-level detection (36.23 Ct) of

the highest CDC 310342 concentration tested in one out of three

replicates with the PD primers/probe set. To verify viral species

specificity, an HIV-1 subtype B isolate (91US_4) was tested and

was not amplified by the two HIV-2 primers/probe sets (Table 1).

Figure 1. Performance of two HIV-2 primers/probe sets in real-
time RT-qPCR assays. Two HIV-2 primers/probe sets were assessed
for amplification of serial dilutions of an HIV-2 isolate, NIH-Z, under
standard ampification conditions that were not optimized for each
primers/probe set. Primers/probe sets, designated as PD = Primer
Design LTD HIV-2 PCR Kit and SM = Delarue et al [12], showed linear
amplification profiles that were parallel. PD = N. SM = m.
doi:10.1371/journal.pone.0096554.g001
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Analysis of a subset of the HIV-2 isolates, including the

discrepant isolates by COBAS AmpliPrep/COBAS TaqMan

HIV-1 Test v2.0 (Roche TaqMan HIV-1 v2.0) resulted in

quantification at 5.34 and 5.22 log10 HIV-1 RNA copies/ml for

CDC 310340 and CDC 310342, respectively, while the HIV-1

91US_4 was quantified at 5.12 log10 HIV-1 RNA copies/ml

(Table 1). No amplification was observed for the other HIV-2

isolates tested: PB0012902206, CDC 310319 and CDC 77618.

These HIV-2 supernatants were tested in the HIV-1 p24

antigen assay. High titers of HIV-1 p24 antigen were observed for

the HIV-1 (91US_4) control stock as expected, but were also high

for the two discrepant HIV-2 stocks, CDC 310340 and CDC

310342. HIV-1 p24 antigen reactivity was low in the other HIV-2

viral stocks tested (Table 1).

HIV-1 sequences for the protease/reverse transcriptase gene

regions of the discrepant isolates, CDC 310342 and CDC 301342,

were generated in the TRUGENE HIV-1 Genotype Test. BLAST

analysis of the sequences against the HIV database (www.hiv.lanl.

gov) and phylogenetic tree analysis (DNASTAR Inc.; MegAlign;

Madison, WI) identified both sequences as HIV-1, subtype

CRF02_AG (Figure 2). Sequences were submitted to GenBank

with accession numbers KF031147 (CDC 310340) and KF031148

(CDC 310342). Sequence analysis indicates close homology

between the two isolates (98%; 0.3% divergence). To rule out

the possibility that these results may be due to a laboratory mix up

of samples a second source vial of the two discrepant HIV-2 stocks

(CDC 310340 and CDC 310342) was obtained from the NIAID

AIDS Reagent and Reference Repository. The HIV PCR and

sequence testing was repeated on the new vials, with comparable

results. Thus, the results of these studies indicate that the two

isolates are HIV-1, and not HIV-2.

Discussion

While worldwide prevalence of HIV-2 is very low, the lack of

commercial assays for accurate diagnosis, confirmation, and

clinical/therapeutic management of HIV-2 infection seriously

impedes care and treatment of HIV-2 infected individuals.

Reliable HIV-2 reference sources and standards are critical for

assay validation, platform verification, and comparative assess-

ment of HIV-2 nucleic acid assays. In the process of developing an

HIV-2 RNA qPCR assay, discrepant test results were obtained for

two HIV-2 viral culture stocks received from the NIAID AIDS

Reagent and Reference Repository. Comparative testing was

performed using HIV-2 primers/probe sets that have been

previously shown to be specific for HIV-2 RNA quantification.

These comparative HIV-2 primers/probe sets showed good

linearity (R2 values .0.97) over a broad dynamic range when

evaluated on the NIH-Z standards (Figure 1). The PD and SM

primers/probe sets detected and quantified HIV-2 RNA in eleven

of the thirteen HIV-2 isolates tested but failed to amplify the CDC

301340 and CDC 310342 HIV-2 viral stocks, or the HIV-1

isolate. In contrast, the Roche TaqMan HIV-1 v2.0 assay, which

claims specificity for HIV-1 only, detected very high viral RNA

concentrations in CDC 301340 and CDC 310342 as well as the

HIV-1 91US_4 isolate. Additional evidence that the two

discrepant HIV-2 viral isolates were actually of HIV-1 origin is

the high HIV-1 p24 antigen titers observed as compared to the

other HIV-2 isolates tested. The nucleic acid sequences generated

for the discrepant HIV-2 viral isolates in the TRUGENE HIV-1

Genotype Test were identified by phylogenetic tree analysis as

HIV-1 Group M, subtype CRF02_AG sequences. As both isolates

were obtained from Cote d9Ivoire, a homology of 98% although

high, can be observed in transmission clusters [15].

The CDC 310340 and CDC 310342 viral stocks were isolated

from blood donors in Cote d9Ivoire in 1997 and 1998, and several

publications since have reported their use in co-receptor and

infectivity studies. In one study, both of the discrepant HIV-2

isolates were omitted from a phylogenetic tree constructed from

partial env sequences in the C2/V3 region for twelve new HIV-2

isolates [16]. No discussion was provided as to why the sequences

for these two viral isolates along with a third were omitted. In

another study, CDC 310342 was used to assess inhibition of HIV

replication in human cells by Debio-025 [17]. This viral isolate

was found to be sensitive to inhibition with an IC50 value similar to

HIV-1, whereas the other HIV-2 isolate, CDC 310319, was

insensitive. Six of 15 amino acid sequence within the CypA

binding domains of the CA protein of CDC 310342 differed from

the other HIV-2 isolates tested, but was identical to the sequence

of HIV-1 subtype A. In a third paper describing a co-receptor

targeted inhibitor study, CDC 310340 failed to replicate in D32-

Figure 2. Phylogenetic Tree Analysis of Protease/Reverse Transcriptase Sequences for CDC 310340 and CDC 310342 Viral Stocks.
HIV-1 sequences were obtained using the Siemens’ TRUGENE HIV-1 Genotype Test, analyzed using MegAlign version 9.0.4 (DNASTAR, Inc) and
subtyped against the HIV Sequence Database using BLAST (www.hiv.lanl.gov/content/sequence/BASIC_BLAST.html). Both sequences were found to
align with HIV-1 Group M, subtype CRF02_AG. The homology between the two sequences was 98% with 0.3% divergence. Both sequences are
designated in the tree with a N. The dotted line indicates a negative branch length, which is a result of averaging.
doi:10.1371/journal.pone.0096554.g002
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CCR5 PBMC and in CEMx174 cells whereas, the other four

HIV-2 isolates were able to replicate in these cells [18]. The results

of these studies are consistent with our analysis that CDC 310340

and CDC 310342 are not HIV-2.

The performance of CDC 310340 and CDC 310342 isolates in

laboratory developed HIV-2 RT-qPCR assays were not consistent

with the performance of the other eleven HIV-2 isolates tested.

The lack of amplification using HIV-2 specific primers/probe sets,

high titers demonstrated with the HIV-1 p24 antigen test, high

HIV-1 viral load test results obtained by the Roche TaqMan HIV-

1 v2.0 test, and performance in an HIV-1 specific genotype test

confirm that both source vials received for each isolate were HIV-

1. Contamination and mishandling of the viral stocks within the

laboratory were ruled out as comparable test results were obtained

on second source vials for CDC 310340 and CDC 310342.

However, an earlier contamination event or dual infection with

HIV-1/HIV-2 with HIV-1 out growth in culture cannot be ruled

out. As assays increase in sensitivity and specificity, resource

materials can benefit from reevaluation, as shown in this case, with

the reclassification of two HIV-2 NIAID stocks as HIV-1 subtype

CRF02_AG based on the sequence of the protease/reverse

transcriptase gene regions. This report provides a cautionary note

to researchers of ensuring that reagents are properly identified and

classified and underscores the importance of the availability of

properly classified and well-characterized reagents for use as

reference material.
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