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Abstract

Background—An accurate and rapid serologic method to differentiate HIV-2 from HIV-1
infection is required since the confirmatory HIV-1 Western Blot (WB) may demonstrate cross-
reactivity with HIV-2 antibodies.

Objectives—To evaluate the performance of the Bio-Rad Multispot HIV-1/HIV-2 rapid assay as
a supplemental test to correctly identify HIV-2 infection and identify HIV-1 WB cross-reactivity
with HIV-2 in clinical samples tested at an academic medical center.

Study design—Between August 2008 and July 2012, clinical samples were screened for HIV
using either 3rd-or 4th-generation HIV-1/2 antibody or combination antibody and HIV-1 p24
antigen assays, respectively. All repeatedly reactive samples were reflexed for Multispot rapid
testing. Multispot HIVV-2 and HIV-1 and HIV-2-reactive samples were further tested using an
HIV-2 immunoblot assay and HIV-1 or HIV-2 RNA assays when possible. The HIVV-1 WB was
performed routinely for additional confirmation and to assess for HIV-2 antibody cross-reactivity.

Results—Of 46,061 samples screened, 890 (89.6%) of 993 repeatedly reactive samples were also
Multispot-reactive: 882 for HIV-1; three for only HIV-2; and five for both HIV-1 and HIV-2. All
three HIV-2-only Multispot-positives along with a single dually reactive HIV-1/2 Multispot-
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positive were also HIV-2 immunoblot-positive; the latter was HIV-1 RNA negative and HIV-2
RNA positive.

Conclusions—The Multispot rapid test performed well as a supplemental test for HIV-1/2
diagnostic testing. Four new HIV-2 infections (0.45%) were identified from among 890 Multispot-
reactive tests. The use of HIV-1 WB alone to confirm HIV-1/2 screening assays may
underestimate the true prevalence of HIV-2 infection in the United States.
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1. Background

Cases of infection with Human Immunodeficiency Virus type 2 (HIV-2) are predominantly
found in West Africa [1-3]. However, an increasing number of HIV-2 cases have been
recognized worldwide and in the United States (US). Between 1987 and 2009, the Centers
for Disease Control and Prevention (CDC) confirmed 166 HIV-2 cases in the US,
representing only 0.01% of new HIV infections diagnosed over this time period [4]. An
update reported at the 2012 HIV Diagnostic Conference confirmed 33 more HIV-2 cases
between 2010 and 2011. However, given the large number of immigrants from HIV-2
endemic areas living in the US it is likely that the current number of cases is underestimated
[5]. Among the 166 confirmed HIV-2 cases, 97 (58.4%) were HIV-1 Western Blot (WB)
positive [4], explaining why HIV-2 infection is often diagnosed only after immunologic
deterioration occurs in patients with undetectable HIV-1 viral loads [6].

Currently available HIV-1/2 diagnostic 3rd-generation enzyme immunoassays (EIAS) or
4th-generation EIAs and chemiluminescence microparticle immunoassays (CMIAS) do not
distinguish between HIV-1 and HIV-2 antibodies and the confirmatory HIV-1 Western Blot
(WB) assay may misclassify HIV-2 infection as HIV-1 due to antibody cross-reactivity [7].
Thus, an efficient and rapid supplemental orthogonal serologic method is required to
differentiate HIV-2 from HIV-1 infection [8]. The only FDA-approved supplemental test
with the capacity to differentiate HIV-1 from HIV-2 is the Multispot HIVV-1/HIV-2 rapid test
(Bio-Rad Laboratories, Redmond, WA). As a single-use qualitative immunoconcentration
assay, the Multispot rapid test is designed to detect and differentiate circulating HIV 1gG
antibodies via two HIV-1 (gp41 recombinant and gp41 peptide) and one HIV-2 (gp36
peptide) antigen-containing spots. A reactive result for HIV-2 antibody should be confirmed
with an immunoblot assay or HIV-2 specific nucleic-acid amplification test or both [3,6].

2. Objectives

To correctly distinguish HIV-2 from HIV-1 infection, our study evaluated the clinical
laboratory performance of the Multispot HIV-1/HIV-2 rapid test as an orthogonal
supplemental test following 3rd- and 4th-generation HIV-1/2 assay screening in an academic
center clinical testing laboratory. We also assessed the level of HIV-antibody cross-
reactivity between HIV-1 and HIV-2 infection with the HIV-1 WB.
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3. Study design

A retrospective analysis of clinical HIV-1/2 test results obtained between August 2008 and
July 2012 was performed. All specimens were submitted for routine HIV diagnostic testing
at Harborview and University of Washington Medical Centers, Seattle, WA. Almost 99.6%
of the specimens were EDTA plasma. Between August 2008 and April 2011, all clinical
samples were screened using the 3rd-generation Genetic Systems HIV-1/2 plus O EIA assay
(Bio-Rad Laboratories, Redmond, WA); between May 2011 and July 2012, all clinical
samples were screened using the 4th-generation Abbott Architect HIVV Ag/Ab Combo assay
(Abbott Laboratories, Abbot Park, IL). The following algorithm was used: All repeatedly-
reactive samples using ether 3rd- or 4th-generation assays were reflexed to the Bio-Rad
Multispot HIV-1/2 rapid test to facilitate same-day reporting of “presumptive” results. All
Multispot HIV-1-reactive samples were tested using the Genetic Systems HIV-1 WB assay
(Bio-Rad Laboratories, Redmond, WA). All Multispot HIV-2-reactive samples were
forwarded for HIV-2 immunoblot (IB) testing (Focus Diagnostic). All Multispot HIV-1 and
HIV-2 dually-reactive samples were also tested with the Abbott m2000 HIV-1 RNA assay
and an HIVV-2 RNA real time in-house assay whenever possible [9]. The last two groups of
Multispot-reactive specimens were also tested using the HIV-1 WB assay to evaluate for
HIV-2 antibody cross-reactivity. All 4th-generation reactive and Multispot-negative
specimens were reflexed to HIVV-1 RNA testing to identify acute HIV-1 infection [10].

According to the Multispot rapid test insert, the appearance of any color in any of the spots,
regardless of intensity, was considered to be reactive. In addition, all samples that were
Multispot-reactive for both HIV-1 and HIV-2 were retested after being diluted 1:10 and then
1:100 to dilute out any cross-reactivity. If the 1:100 dilution of the sample still showed
reactivity for both HIV-1 and HIV-2, the sample was reported as “HIV undifferentiated”.

4. Results

A total of 46,061 clinical samples were screened for HIV: 30,885 samples were screened
using the 3rd-generation assay of which 599 (1.94%) were repeatedly-reactive and 15,076
samples were screened using the 4th-generation assay of which 394 (2.6%) were repeatedly-
reactive. Thus, 993 (2.15%) repeatedly-reactive samples were tested using the Multispot
rapid test, yielding 882 samples reactive for HIV-1 only, three samples reactive for HIV-2
only, five samples reactive for both HIV-1 and HIV-2 (HIV undifferentiated) and 103 non-
reactive samples (50 screened by the 3rd-generation assay and 53 screened by the 4th-
generation assay of which 10/53 (18.9%) were HIV-1 RNA positive for acute infection as
shown in Fig. 1.

Of the 882 samples Multispot-reactive for HIV-1, 871 were HIV-1 WB-positive and 11
were HIV-1 WB-indeterminate. Of the indeterminate samples, six patients were eventually
traced and found to have serologically confirmed HIV-1 infection. Of the five samples that
were Multispot-reactive for both HIV-1 and HIV-2 (HIV undifferentiated), three had strong
HIV-1 spots and weak HIV-2 spots, one had strong spots for both HIV-1 and HIV-2, and
one had weak spots for both HIV-1 and HIV-2 (Table 1). All three HIV-2 only positives and
the sample with strong reactive spots for both HIV-1 and HIV-2 were both IB-positive for
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HIV-2. This last sample also had 17 HIV-2 RNA copies/mL and no detectable HIV-1 RNA.
These four samples were reported as positive for HIVV-2 infection. To evaluate HIV-2
antibody cross-reactivity, the HIV-1 WB test was also performed on these four samples. All
had three or four HIV-1 bands: three samples (75%) were classified as HIV-1 WB-positive
and one sample (25%) as HIV-1 WB indeterminate (Table 1). The most commonly observed
HIV-1 WB bands were gag p24 and po/ p31 (100%), followed by envgpl160 (75%), gag p55
(50%), and envpl120 and gag p40 (25%).

The three samples with strong HIV-1 spots and weak HIV-2 spots were HIV-2 IB-negative
and were positive for all HIV-1 WB bands; these samples were reported as positive for
HIV-1 infection. Upon dilution, the sample with weak spots for HIV-1 and HIV-2 was
reactive in both the HIV-2 spot and the HIV-1 peptide spot and nonreactive in the HIV-1
recombinant spot, HIV-2 IB-negative and HIV-1 WB indeterminate with only one weak
band at gp160. This sample lacked sufficient volume for HIV-1 nucleic acid testing and was
reported as “indeterminate, HIV-1 infection not confirmed”.

5. Discussion

The results of this study show that the Multispot rapid test performed well as an orthogonal
supplemental antibody test to correctly classify HIV-2 from HIV-1 infection in diagnostic
testing algorithms that used either 3rd- or 4th-generation HIV-1/2 assays. In order to assess
the performance of the Multispot rapid test for detecting HIV-2 infection, it is important to
first discuss the performance of this test for classifying HIV-1 infection. Of the Multispot
HIV-1-reactive samples, 877/882 (99.4%) were confirmed by HIVV-1 WB and reported as
HIV-1 infection (including the six initially WB-indeterminate patients who were later
documented to have HIV-1 infection). The Multispot rapid test demonstrated slightly more
sensitivity and faster turnaround time than the WB, which is in agreement with previous
studies [7,11,12]. More Multispot rapid test negative results (0.35% vs. 0.16%) were found
with the 4th-generation compared to 3rd-generation assays, which would be expected since
only the 4th generation assay can detect HIV-1 p24 antigen; thus, all discordant results
should go to a viral load assay according to the algorithm proposed by the CDC to determine
probable acute infection [8]. Finally, the Multispot rapid test correctly identified four HIV-2
infections: three samples were Multispot rapid test reactive for HIV-2 only and were
confirmed with HIV-2 immunoblot (http://www.uptodate.com/contents/clinical-
manifestations-and-diagnosis-of-hiv-2-infection; last accessed on July 23, 2013), while one
sample demonstrated cross-reactivity with HIV-1 (HIV undifferentiated) and was confirmed
as HIV-2 infection with an HIV-2 RNA of 17 copies/mL.

The availability of a reliable HIV-2 viral nucleic acid assay is necessary for supplemental
diagnostic testing and monitoring of known HIV-2 infections. The main Multispot rapid test
reactivity characteristic of this group of samples was the strong spot for HIV-2 antibody.
The purple color developed is proportional with the amount of HIV-2 antibody circulating in
plasma (package insert), which is associated with the longer asymptomatic phase and slower
progression of HIV-2 infection; thus, many of these patients were chronically infected at the
time of the HIV-2 diagnosis [6]. Three of these HIV-2 infected samples had positive HIV-1
WB profiles (including the undifferentiated sample), which would have resulted in an
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incorrect diagnosis of HIV-1 infection had only the HIV-1 WB been used for the
confirmatory test. One sample was HIV-1 WB indeterminate and cross-reactive with four
HIV-1 bands (Table 1). Samples reactive for all WB bands reflected HIV-1 infection and not
dual infection as determined by subsequent HIV nucleic acid testing [7,13]. Four samples
were classified by the Multispot rapid test as “HIV undifferentiated”. Upon dilution, three of
these “undifferentiated” samples had both weakly-reactive HIV-2 spots and strongly-
reactive HIV-1 spots, which likely reflected cross-reactivity with HIV-1 antibody; two of
these three samples had detectable HIV-1 viral RNA and both were HIV-1 WB-positive
with all bands present and negative confirmatory HIV-2 immunoblots. The remaining
sample with only a weakly reactive HIV-1 Multispot test and a concomitant HIV-2 spot had
insufficient volume for further HIV NAAT confirmation and was reported as “HIV-infection
not confirmed.”

The confirmation of chronic HIV-2 infection using HIV-2 RNA is problematic given that
25-35% of HIV-2-infected persons will have very low (as was the case here) or
undetectable HIV-2 RNA [9]. As such, the optimal confirmatory test for an HIV-2 reactive
Multispot is either the HIV-2 specific immunaoblot assay or a total blood HIVV-2 NAAT that
includes both viral RNA and cell-associated HIV-2 DNA, or both.

6. Conclusion

The Multispot performed well as a supplemental test for screening algorithms that used
either 3rd or 4th-generation HIV-1/2 assays. Importantly, there were four (0.46%) HIV-2
infections detected by the Multispot test and confirmed with HIV-2 IB and HIV-2 viral load
assay from among 879 reactive and rapid tests; one HIV-2 sample was HIV-1 WB-
indeterminate and three HIV-2 samples were also HIV-1 WB-positive. These samples would
have been reported as either HIV-1 infection or probable HIV-1 infection based on the
HIV-1 WB result alone without further information from the supplemental Multispot rapid
test. As such, current HIV-1 WB confirmation of HIV-1/2 screening assays may
underestimate the true prevalence of HIV-2 infection in the United States by up to 46-fold as
shown by our current HIV screening algorithm.
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46,061 Clinical Samples Study Period:
were screened for HIV 1 & 2 August 2008 - July 2012
Between I Between
Aug 2008 - Apr 2011 I I May 2011 - Jul 2012
30,985 were screened 15,076 were screened
using HIV 1 & 2 plus using Architect HIV
O EIA Ag/Ab Combo
Non-reactive Reactive Non- Reactive Reactive
30,386 599 14,682 394
Multispot Immunoassay (MS) Multispot Immunoassay (MS)
HIV-1/ HIV-2 differentation HIV-1/ HIV-2 differentation
545 lag 52 337
MS Reactive ) M ) MS Reactive
HIV-1 Non-reactive Non-reactive HIV-1
WB Pos ~ WB Ind HIV-1 VL 4J WBPos  WB Ind
541 4 330 7
10 Pos
1 3 4
MS Reactive MS Reactive MS Reactive
HIV-1 & HIV-2 HIV-2 HIV-1 & HIV-2
HIV-1 HIV-2 HIV-1 HIV-2
WB Bands: WB, VL 1B WB, VL 1B, VL WB Bands:
HIV-1 HIV-2 | 55 40, 31, 24 Ind, TND Pos Ind, NA Neg, NA 160 (+/-)
WB, VL 1B 160, 55, 31, 24 Pos, TND  Pos Pos, TND  Pos, 17 160, 120,31,24
160, 31, 24 Pos, NA Pos Pos, TND  Neg, NA All
Pos, 1600 Neg +— All Pos, 5,589 Neg, NA All
WB: Western Blot All: All WB bands were present
Neg: Negative Pos: Positive
Ind: Indeterminate 1B: Immunoblot
VL: Viral load, RNA copies/mL NA: Specimen not available

TND: Target non-detected

Fig. 1.
Schematic diagram of the HIV testing algorithms that used the Multispot rapid assay.

HIV-1/2 RNA and Western Blot bands results for the Multispot dual-reactive HIV-1 and
HIV-2 and HIV-2-reactive only samples are also shown. The 15,076 specimens screened
using the Architect HIV-1/2 Ag/Ab Combo assay comprised a subset of the 21,317
specimen test results reported elsewhere [10].
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