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Abstract

Background: Until recently most testing algorithms in the United States (US) utilized Western 

blot (WB) as the supplemental test. CDC has proposed an algorithm for HIV diagnosis which 

includes an initial screen with a Combo Antigen/Antibody 4th generation-immunoassay (IA), 

followed by an HIV-1/2 discriminatory IA of initially reactive-IA specimens. Discordant results in 

the proposed algorithm are resolved by nucleic acid-amplification testing (NAAT).

Objectives: Evaluate the results obtained with the CDC proposed laboratory-based algorithm 

using specimens from men who have sex with men (MSM) obtained in five metropolitan statistical 

areas (MSAs).

Study design: Specimens from 992 MSM from five MSAs participating in the CDC’s National 

HIV Behavioral Surveillance System in 2011 were tested at local facilities and CDC. The five 

MSAs utilized algorithms of various screening assays and specimen types, and WB as the 

supplemental test. At the CDC, serum/plasma specimens were screened with 4th generation-IA 

and the Multispot HIV-1/HIV-2 discriminatory assay was used as the supplemental test. NAAT 
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was used to resolve discordant results and to further identify acute HIV infections from all 

screened-non-reactive missed by the proposed algorithm. Performance of the proposed algorithm 

was compared to site-specific WB-based algorithms.

Results: The proposed algorithm detected 254 infections. The WB-based algorithms detected 19 

fewer infections; 4 by oral fluid (OF) rapid testing and 15 by WB supplemental testing (12 OF and 

3 blood). One acute infection was identified by NAAT from all screened-non-reactive specimens.

Conclusions: The proposed algorithm identified more infections than the WB-based algorithms 

in a high-risk MSM population. OF testing was associated with most of the discordant results 

between algorithms. HIV testing with the proposed algorithm can increase diagnosis of infected 

individuals, including early infections.
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1. Background

Since 1989, the recommended HIV testing algorithm has consisted of screening with an 

HIV antibody immunoassay (IA) followed by Western blot (WB) or immunofluorescence 

assay (IFA) to confirm repeatedly reactive specimens [1]. The supplemental/confirmatory 

assays use viral lysate antigens and are designed for IgG detection only (1st generation 

IA). The latest FDA-approved laboratory-based screening assays can detect HIV p24 Ag 

and IgM and IgG antibodies against HIV-1/2 (4th generation IA) and have better sensitivity 

than other generation IAs, including WB, during early HIV-1 infection [2–8]. In early 

stages of infection, from the acute period to the appearance of IgG, WB fails to confirm 

infection detected by nucleic acid amplification testing (NAAT) or p24 or containing only 

IgM antibodies. In early HIV-1 infections, reports indicate that NAAT is positive 26 days 

before the WB becomes positive and 4th generation IAs detect infection approximately 19 

days before the WB becomes positive [2,6].

It is important to detect acute HIV infections as soon as possible when viral loads are known 

to be high and likelihood of transmission is increased [9–14]. In high-risk populations 

where the number of acute infections may be high, early detection would facilitate earlier 

initiation of care and potentially reduce HIV transmission. An alternative algorithm that 

involves screening with a sensitive 4th generation-IA, followed by HIV-1/HIV-2 antibody 

differentiation IA, has been proposed by the the Centers for Disease Control & Prevention 

[15–17]. Specimens reactive on a 4th generation IA are tested with a differentiation assay 

which has been shown to be more sensitive than WB during early HIV infection and allows 

discrimination of HIV-1 from HIV-2 infections [6,18,19]. Specimens testing negative or 

indeterminate (i.e., discordant results) in the differentiation assay are resolved by NAAT.

The proposed algorithm has detected more HIV-1 infections in different populations [6,20]. 

In addition, the sensitivity and specificity of the algorithm in established infections has 

been shown to be higher than 99% [6]. Initial screening with 3rd generation IA in the 

context of the proposed algorithm also showed high sensitivity and specificity in persons 
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with established infections, blood donors, high-risk populations, and has allowed correct 

classification of specimens [21,22]. The current study was initiated to obtain additional 

performance data for the CDC proposed algorithm in high risk individuals.

National HIV Behavioral Surveillance (NHBS) is a behavioral surveillance system used 

to monitor HIV-related risk, testing, and prevention behaviors and HIV prevalence among 

populations at high risk for acquiring HIV in different cycles: men who have sex with men 

(MSM), injection-drug users, and heterosexuals at increased risk for HIV infection [23]. 

In the 2008 and 2011 cycles, NHBS enrolled only MSM in metropolitan statistical areas 

(MSA) using a venue-based, time-space sampling approach [24]. HIV testing conducted 

in 2008 and 2011 showed stable overall prevalence of 19% and 18% respectively [25,26]. 

In 2011, to improve HIV testing for future rounds of NHBS, a pilot was conducted in 

five MSAs (hereafter referred to as sites) with known high HIV prevalence that agree to 

participate in the study to evaluate the performance of the CDC proposed algorithm and to 

determine the feasibility of using blood-based testing in this type of survey.

2. Objective

This study used serum/plasma specimens collected from MSM during the 2011 NHBS 

cycle to evaluate the performance of the proposed laboratory-based algorithm and compared 

results to site-specific results that used WB as supplemental assay.

3. Study design

3.1. Specimen collection

In the 2011 cycle, MSM that agreed to participate were enrolled to collect specimens at five 

sites with historically high, but varying prevalence [24–26]. These sites were located in five 

states in different geographic areas. Table 1 describes the specimen types collected. At four 

sites, OF or whole blood was collected according to the package insert instructions for rapid 

testing with OraQuick Advance (OraSure Technologies, Inc., Bethlehem, PA). At these sites, 

whole blood, dried blood spot (DBS), or OF specimens were collected from individuals who 

screened preliminary positive and/or were self-reported HIV-positive per the site specific 

NHBS protocols and sent to a local laboratory for confirmation. At the remaining site, whole 

blood was collected in EDTA vacutainers and sent to a local laboratory for processing and 

testing. Informed consent was obtained for all HIV testing. If individuals consented for 

storage of samples for additional testing in the pilot study, blood was collected in EDTA 

vacutainers and shipped to CDC at ambient temperature for processing within 48 hours (n = 

304) or sent to a local laboratory for processing (n = 688). Remnant frozen specimens from 

local laboratories were also sent to CDC for testing. The sample size achieved at each site 

varied due to the timing of the implementation of the pilot, availability of a phlebotomist at 

the venue, and NHBS participants consent to enroll in the study.

HIV testing was offered to all NHBS participants and enrollment was anonymous so each 

individual was assigned a unique study identifier. Rapid tests results were returned to the 

participants at the testing site. Participants were able to obtain confirmatory results using 

their unique study identifier and a designated contact. IRB approval that included consent 
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for additional testing and storage was obtained by each of the five sites that participated in 

the pilot study. Information collected during the NHBS interviews about self-reported HIV 

status and current antiretroviral (ARV) therapy use were considered during interpretation of 

site-specific results. Self-reported HIV-positive (SRP) individuals were considered positive.

3.2. HIV testing

Each NHBS site performed a different diagnostic algorithm (Table 1). Briefly, preliminary 

positive or SRP participants were confirmed using a WB-based algorithm with either 

whole blood (2 sites), DBS (1 site), or OF (2 sites). Two laboratories used a validated 

protocol for screening with DBS and OF with the GS HIV-1/2 Plus O (Bio-Rad Laboratory, 

Redmond, WA) that showed comparable results to the original protocols. All other tests 

were performed as indicated in the manufacturer’s package insert.

To evaluate the proposed laboratory algorithm at CDC, 992 serum/plasma specimens were 

initially tested with GS HIV-1/2 Combo Ag/Ab IA (GS Combo; Bio-Rad Laboratories, 

Redmond, WA) as indicated in the package insert. IA-repeatedly reactive specimens were 

tested with Multispot HIV-1/HIV-2 rapid test (Multispot; Bio-Rad Laboratories, Redmond, 

WA) as supplemental test (Table 1). Specimens that were repeatedly reactive on the 4th 

generation IA GS Combo and non-reactive on the supplemental test were subjected to 

NAAT with APTIMA HIV-1 RNA Qualitative assay (Gen-Probe, Inc., San Diego, CA). In 

order to identify acute HIV-1 infections potentially missed by the proposed algorithm, all 

available specimens at CDC which screened-non-reactive were subjected to NAAT. All tests 

were performed according to the manufacturer’s package insert. Plasma specimens from 

individuals that were identified at the sites as negative using OF on the Oraquick Advance 

Rapid HIV-1/2 antibody test (OraQuick, OraSure Technologies, Inc., Bethlehem, PA) were 

tested on OraQuick at CDC.

3.3. Algorithm performance

After testing at CDC was completed, the final interpretation of HIV results from the testing 

performed at the local laboratories and CDC were compared overall and by site. Differences 

in the number of positive results obtained with the proposed laboratory-based algorithm and 

the site-specific WB-based algorithms were analyzed using the McNemar’s test with one 

degree of freedom and continuity correction (95% confidence interval) when the sample 

size was >50 pairs. Participant self-reported HIV status and antiretroviral (ARV) use were 

considered when interpreting the results.

4. Results

4.1. Test results from CDC laboratory testing

A total of 992 serum/plasma specimens were tested at CDC (169 from site 1, 98 from site 

2, 32 from site 3, 332 from site 4 and 361 from site 5). Fig. 1 shows the flow of testing 

and results for the alternative algorithm (solid line) and additional testing by NAAT (dotted 

line). Multispot was performed on 254 4th generation IA-repeatedly reactive specimens: 250 

were reactive on the HIV-1 peptide and HIV-1 recombinant protein, 3 were reactive only 

on the HIV-1 recombinant protein (all SRP individuals currently taking ARV drugs), and 
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one was non-reactive. Five specimens from 2 sites also showed reactivity against the HIV-2 

peptide initially, but were not confirmed when performing the dilution protocol described in 

the Multispot package insert, therefore no HIV-2 infections were detected in this sample set. 

NAAT resolved the IA-repeatedly reactive/Multispot-non-reactive discordant specimen as 

HIV acute infection. Among 738 screened-non-reactive plasma specimens, NAAT detected 

one acute infection. The prevalence of acute infection in this population was 0.2% (2/992) 

and the alternative algorithm failed to detect one specimen that was only reactive by NAAT.

The overall positivity in the specimens tested at CDC from the 5 sites in this high-risk 

population was 25.7% (255/992), including two acute HIV-1 infections. However, the 

number of specimens collected and the number of HIV infections detected varied by site. 

Positivity for each site was 6.5% (11/169), 12.2% (12/98), 18.8% (6/32), 23.2% (77/332), 

and 41.3% (149/361) for sites 1, 2, 3, 4, and 5, respectively.

4.2. Comparison of the CDC proposed laboratory algorithm and site-specific WB-based 
algorithms

At site 1 eight participants were preliminary positive by OF-OraQuick and confirmed 

by blood-WB, whereas 11 participants were classified as HIV-positive with the proposed 

algorithm (Table 2). Three HIV-1 infections were missed during the OF screening. However, 

the plasma specimens from these three individuals who were unaware of their HIV 

status were reactive using plasma on OraQuick at CDC (data not shown). No statistically 

significant differences were observed between algorithms (p = 0.2482).

At site 2 rapid testing was only done for participants unaware of their HIV status, but OF 

was collected from all self-reported HIV-positive and OF-OraQuick preliminary-positive 

participants for HIV WB testing at a local laboratory (Table 1). A total of 10 infections 

were identified, seven were self-reported positive with positive OF-WB and three were 

preliminary positive and confirmed by OF-WB. One plasma specimen from an individual 

unaware of their status was non-reactive with OF screening, but was classified as HIV-

positive by the proposed algorithm (Table 2). Plasma from this individual was also reactive 

by OraQuick at CDC (data not shown). No statistically significant differences were observed 

between algorithms (p = 1). One acute infection was identified at CDC by NAAT screening 

of IA non-reactive specimens and was missed by both algorithms.

At site 3 all participants were screened by blood-OraQuick regardless of their self-reported 

status and DBS were collected from all SRP and blood-OraQuick preliminary-positive 

participants for HIV supplemental testing at a local laboratory (Table 1). Six participants 

were confirmed positive by DBS-WB at the site and were also detected by the proposed 

algorithm (Table 2). No differences were observed between the final interpretation from the 

site and CDC (no statistical analysis was performed due to the limited sample size).

At site 4 initial screening was performed by OF-OraQuick and confirmation in the 

laboratory was done on OF (validated protocol with 3rd generation IA + OraSure HIV-1 

WB) (Table 1). Sixty-five infections were confirmed by the site-specific WB-based 

algorithm, but 77 infections were identified by the proposed algorithm. Of 12 infections 

with inconsistent results between the testing algorithms, the OF-HIV-1 WBs were either 
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WB-negative (n = 2) or WB-indeterminate (n = 10). Of the WB-indeterminate specimens, 

two were among participants who were unaware of their HIV status and eight were among 

SRP individuals who reported currently taking ARVs. The proposed algorithm detected 

statistically significant (p = 0.0015) more HIV-positive infections than the WB-based 

algorithm.

At site 5 plasma specimens were tested in the laboratory by a 3rd generation IA and 

HIV-1 WB (Table 1). One hundred forty-six specimens were identified as HIV WB-positive, 

two were WB-indeterminate and one was WB-negative, whereas 149 HIV infections were 

identified by the proposed algorithm (one HIV-negative specimen was not available for 

comparison). The three discordant results between site specific testing and CDC testing were 

among individuals unaware of their HIV status. The WB-negative specimen was from one 

HIV acute infection identified by the proposed algorithm as 4th generation IA-repeatedly 

reactive/Multispot-non-reactive and NAAT-positive. The two WB-indeterminate specimens 

identified by site specific testing were Multispot-reactive at CDC. While three additional 

infections were identified by the proposed algorithm the difference was not statistically 

significant (p = 0.2482).

Among all sites, the CDC proposed algorithm identified a total of 19 more specimens as 

HIV-positive that were either negative or indeterminate by the site-specific algorithms that 

relied on WB (p < 0.0001) (Table 2). Nine were among individuals who were unaware of 

their HIV status.

5. Discussion

NHBS is a behavioral surveillance system used to monitor prevalence and trends in HIV-

related risk behaviors, HIV testing, and use of HIV prevention services among populations 

at high risk of acquiring HIV. Individual high-risk groups, MSM, injection-drug users, 

and heterosexuals at increased risk for HIV infection, are monitored in cycles [23–26]. 

The focus of this study was to evaluate the performance of the CDC proposed laboratory 

algorithm [15,16] for diagnostic yield in a subset of MSM from five NHBS sites with 

different HIV prevalence [26]. Factors such as return of results, or result turn-around time, 

were not assessed even though it has been shown that the proposed algorithm can reduce 

turn-around time compared to laboratory algorithms that use WB [27]. By applying the 

proposed algorithm, the number of individuals identified as HIV positive (including one 

acute HIV infection not detected by the WB-based site-specific algorithm) was significantly 

higher than the total at the five sites. In addition to one acute infection, the WB-based 

algorithms confirmed 19 fewer HIV infections with on-site screening by OF testing (n = 

4) or by laboratory confirmation using WB with OF (n = 12) and blood (n = 3). For site 

4, where the most differences were observed between a site algorithm and the proposed 

algorithm, testing was performed regardless of self-reported HIV status. Our findings from 

this site show that 10 SRP individuals currently taking ARV had negative or indeterminate 

results by the OF-WB in the laboratory. Furthermore, four individuals who were unaware 

of their HIV status and negative by screening with the OF-OraQuick rapid test were found 

to be HIV-positive using plasma on OraQuick and in the proposed algorithm. These results 
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are consistent with previous studies that demonstrated limitations of testing with OF, during 

early infections and while taking ARV [28–32].

The use of CLIA waived rapid tests outside the laboratory accelerates turn around-time of 

results to individuals, allowing for an immediate referral to care, but does not currently 

maximize detection of individuals likely to be highly infectious. Conversely, the CDC 

proposed laboratory algorithm improves detection of infection during a highly infectious 

period, but the implementation of a laboratory-based algorithm in field settings presents 

several challenges, including requiring trained personnel for blood draws, sample handling 

and processing, and easy access to a laboratory for supplemental testing. So, in field settings 

such as the NHBS survey, the selection of sample type, HIV tests, and testing algorithms 

need careful consideration to balance the competing factors of maximized return of results 

and detection of individuals during a highly infectious period.

It has been demonstrated that HIV acute infections often constitute a significant proportion 

of the new diagnoses in high-risk populations [33–35]. In this study, two acute HIV 

infections were identified. One acute infection was detected by the proposed laboratory 

algorithm and one was identified by NAAT testing of all screened IA-non-reactive 

specimens. Since this was not a random, cross-sectional sampling of all MSM in the five 

sites, it is not possible to estimate the true number of acute infections that might have been 

present at the time of the survey. However, identifying early HIV infections is beneficial 

not only for the individual, but also from a public health perspective. Individuals accessing 

care and treatment sooner would substantially reduce adverse health outcomes, increase 

life expectancy, and reduce risk of forward transmission. Data indicate that transmission 

is greater during acute HIV infection, therefore early diagnosis and rapid initiation of 

treatment are key for successful prevention strategies and emphasize the need for early 

and accurate diagnosis [14,36]. This study demonstrated that the proposed laboratory-based 

algorithm performs well in high-risk populations and the incorporation of NAAT improved 

the detection of acute infections. These data add to several previous studies [6,20–22] 

to further support the use of the CDC proposed algorithm. The results also substantiate 

previous findings regarding reduced sensitivity of OF testing during acute infection and in 

the presence ARVs [28–33] and highlight the importance of selecting the right sample type 

and diagnostic tests when choosing testing strategies in populations with high rates of acute 

infection and potential confounding effects of ARVs.
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Fig. 1. 
HIV test results from the NHBS pilot study at CDC. Solid line represents the flow of the 

CDC proposed algorithm for laboratory HIV diagnostics, the assays were performed as 

indicated in the package insert. Dotted line represents the flow of testing to identify acute 

infections that would be missed by the CDC proposed algorithm. IA: immunoassay; NAAT: 

nucleic acid amplification test; R: reactive; RR: repeatedly reactive; NR: non-reactive; AHI: 

acute, HIV infection.
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