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Abstract

HIV RNA levels are usually high early in HIV infection. In the HPTN 061 study, men were tested 

for HIV infection every six months; six (21.4%) of 28 men who acquired HIV infection during the 

study had low or undetectable HIV RNA at the time of HIV diagnosis. Antiretroviral drugs were 

not detected at the time of HIV diagnosis. False-negative HIV test results were obtained for two 

men using multiple assays. Antiretroviral drug resistance mutations were detected in HIV from 

one man. Additional studies are needed to identify factors associated with low HIV RNA levels 

during early HIV infection.
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INTRODUCTION

HIV infection is classified into different stages by the presence of HIV RNA, viral antigens, 

and HIV-specific antibodies.1 HIV RNA levels tend to be high during acute HIV infection 

and then decline in response to the development of HIV-specific antibodies, eventually 

stabilizing at a viral load set point. Low-level viremia in the absence of antiretroviral (ARV) 

drugs has been observed in elite and viremic HIV controllers who are able to maintain 

undetectable (<50 copies/mL) or low (50-2,000 copies/mL) viral loads for at least one year 

without ARV therapy (ART).2 Studies suggest that elite controllers represent <1% of HIV-

infected individuals, while viremic controllers represent up to 7%.2-4 Other studies have 

shown that virologic suppression among HIV controllers is usually established within the 

first year of HIV infection.3,5,6 In a recent study, over half of the individuals identified as 

HIV controllers had undetectable viral loads at seroconversion, and 25% achieved viremic 

control within six months.6

Relatively little is known about the frequency of viral suppression early in HIV infection. 

Viral suppression may complicate HIV diagnosis, since some diagnostic testing algorithms 

include HIV RNA assays.7 Viral suppression has also been associated with false-negative 

results using serologic HIV assays.8-10 In this report, we describe six individuals who 

acquired HIV infection during a clinical study and had low or undetectable HIV RNA at 

their first HIV-positive study visit.

METHODS

Study Cohort

Individuals described in this report were enrolled in the HIV Prevention Trials Network 

(HPTN) 061 study (NCT 0095129). The HPTN 061 study enrolled Black men who have sex 

with men in six cities in the US.11,12 Men who were HIV uninfected at enrollment were 

tested for HIV infection 6 and 12 months after enrollment. HIV screening was performed at 

study sites using a single HIV rapid test; if the rapid test was reactive, a Western blot was 

performed at a local laboratory. Stored plasma samples were tested retrospectively at the 

HPTN Laboratory Center for quality assurance, to identify men who had acute or recent 

HIV infection at enrollment, to confirm cases of HIV seroconversion, and to characterize 

viral and host factors related to HIV acquisition.

Laboratory Methods

Test results presented in this report were obtained retrospectively at a centralized laboratory 

using plasma samples collected at study enrollment and at the 6- and 12-month follow-up 

visits. The following assays were included in these analyses: the OraQuick ADVANCE 

Rapid HIV-1/2 Antibody Test (OraSure Technologies, Bethlehem, PA); a third-generation 

enzyme immunoassay (EIA; VITROS Anti-HIV 1+2 Test, Ortho Clinical Diagnostics, 

Raritan, NJ); a fourth-generation chemiluminescent microparticle immunoassay 

(ARCHITECT HIV Ag/Ab Combo assay, Abbott Laboratories, Wiesbaden, Germany); a 

fourth-generation EIA (GS HIV Combo Ag/Ab EIA, Bio-Rad Laboratories, Redmond, 

WA), a discriminatory assay (the Multispot HIV-1/HIV-2 Rapid Test, Bio-Rad Laboratories, 
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Redmond, WA); and a Western blot assay (Genetics System HIV-1 Western Blot, Bio-Rad 

Laboratories, Redmond, WA). HIV RNA testing was performed using a qualitative HIV 

RNA assay (the APTIMA HIV-1 RNA Qualitative Assay, Gen-Probe Inc., San Diego, CA) 

and a viral load assay (the COBAS AmpliPrep/COBAS TaqMan HIV-1 Test, version 2.0, 

Roche Molecular Diagnostics, Indianapolis, IN). HIV genotyping was performed for 

samples with >400 copies/mL HIV RNA using the ViroSeq HIV-1 Genotyping System 

(Celera Corporation, Alameda, CA).

ARV drug testing was performed using a modified version of a qualitative multi-drug 

assay.13 This assay uses high resolution mass spectrometry (HRMS) to screen for 15 ARV 

drugs (non-nucleoside reverse transcriptase inhibitors [NNRTIs], nucleoside reverse 

transcriptase inhibitors [NRTIs], and protease inhibitors [PIs]). The modified version of the 

assay is faster and has higher resolution; the lower limit of identification for all 15 ARV 

drugs is 10 ng/mL. Briefly, samples were processed and injected into a liquid 

chromatography system equipped with Accela 1250 pumps. Drugs were then separated 

using a Hypersil Gold PFP ultra performance liquid chromatography column (50x2.1 mm, 

1.9 μm) and detected using the QExactive mass analyzer in full scan mode. HRMS 

equipment was obtained from Thermo Fisher Scientific (Pittsburgh, PA).

Ethical Considerations

The institutional review boards of the participating institutions approved the HPTN 061 

study, and study participants provided written informed consent.

RESULTS

In HPTN 061, 28 (2.4%) of the 1,164 men who were HIV uninfected at enrollment acquired 

HIV infection during the study.11 The median HIV viral load for these 28 men at the time of 

HIV diagnosis (6 or 12 months after enrollment) was 25,680 copies/mL (interquartile range: 

5,165-153,794 copies/mL). Six (21.4%) of the 28 men had a HIV viral load <1,000 

copies/mL at their first HIV-positive visit. The six men were enrolled in Atlanta, Los 

Angeles, and New York City and had a mean age of 28.2 years (range: 18 to 43 years).

Additional testing was performed retrospectively using a panel of assays (see Methods, 

Table). In all six cases, HIV tests were non-reactive or negative at study enrollment. These 

tests included an HIV rapid test, a third-generation EIA (Vitros EIA), two fourth-generation 

immunoassays (Abbott and Bio-Rad Combo assays), and a qualitative HIV RNA assay 

(Aptima HIV RNA assay). In Cases #1-4, all of the serologic assays were reactive or 

positive at the 6-and 12-month visits, including a Western blot assay and an HIV-1/HIV-2 

discriminatory assay (Multispot assay). In Case #5, the Vitros EIA and the Multispot assay 

were reactive at the 6-month visit; other serologic assays were non-reactive and a Western 

blot was indeterminate. At the 12-month visit, the Abbott Combo assay was reactive and a 

Western blot was positive. In Case #6, the Vitros EIA and the Abbott Combo assay were 

reactive at the 6-month visit; other serologic assays were non-reactive and a Western blot 

was indeterminate. At the 12-month visit, a Western blot was positive and the Multispot 

assay was reactive.
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HIV RNA was detected at the 6-month visit in Cases #2-4 and at the 12-month visit in Cases 

#1-4. In Cases #5 and #6, the Aptima HIV RNA assay was non-reactive and the viral load 

was undetectable (<20 copies/mL) at both follow-up visits. In these two cases, the signal-to-

cutoff (S/CO) ratios for the Vitros EIA and the Abbott Combo assay increased between the 

6-and 12-month visits and the Western blots evolved from indeterminate to positive. In 

contrast, the S/CO ratios remained similar for the Bio-Rad Combo assay and the Aptima 

HIV RNA assay at these two visits.

In all six cases, ARV drugs (NNRTIs, NRTIs, and PIs) were not detected at the 6- or 12-

month visits. In one case (Case #1), darunavir and tipranavir were detected at the enrollment 

visit when the participant was HIV uninfected. HIV drug resistance mutations (K103N and 

P225H) were detected in one case (Case #4) at the 6- and 12-month visits; these mutations 

are associated with reduced susceptibility to nevirapine and efavirenz.14,15

DISCUSSION

HIV controllers are thought to comprise a small proportion of HIV-infected individuals.2-4 

However, in the HPTN 061 study, six (21.4%) of the 28 men who seroconverted during the 

study had low or undetectable HIV RNA levels at their first HIV-positive visit (six months 

after a negative HIV test). HIV RNA levels were still low six months after the first positive 

HIV test. The follow-up period in the HPTN 061 study was too short to determine whether 

these men were HIV controllers, since the criteria used to identify HIV controllers usually 

include having viremic control for at least one year.2

It is not clear why the frequency of low-level viremia in early infection was high in this 

cohort. Recent studies of viral load dynamics early in infection have focused on small 

numbers of well-characterized elite or viremic HIV controllers,3-6,16 and most reports from 

longitudinal cohort studies do not provide detailed information about viremia early in 

infection. Some studies have suggested that certain HLA alleles (e.g., HLA-B57) have a 

protective effect that may contribute to lower viral load set points in HIV controllers.17-19 

The HPTN 061 study did not seek consent for human genetic testing; therefore, it was not 

possible to perform HLA typing in this study. Viral factors could also contribute to viral 

suppression in early HIV infection. Viruses from some HIV controllers during acute or early 

HIV infection have been shown to have reduced replication capacity.5 In addition, some 

ARV drug resistance mutations are known to have viral fitness costs;20 therefore, 

individuals who are infected with drug-resistant HIV strains might also have lower viral 

loads early in infection. Drug resistance mutations were detected in HIV from one man in 

this study (K103N and P225H), but these mutations are associated with little to moderate 

effects on viral replication capacity.20

In this report, we used a qualitative multi-drug assay to assess ARV drug use. Use of an 

objective biomedical measure of ARV drug use is important, since self-report of ARV drug 

use may be unreliable.21-23 ARV drug testing indicated that none of the men were taking 

ARV drugs at the 6- or 12-month visits; however, PIs were detected in one man at study 

enrollment (prior to infection). Those drugs may have been used for pre- or post-exposure 

prophylaxis (PrEP or PEP). The HPTN 061 study collected data on the use of ARV drugs 
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for PrEP, PEP, and ART; all six men described in this report denied previous or current 

ARV drug use. However, some men may have previously used PrEP or PEP but chose not to 

disclose this to study staff. We recently analyzed enrollment samples from HIV-infected 

men in the HPTN 061 study who denied both knowledge of their HIV status and ARV drug 

use but had low or undetectable HIV RNA.22 ARV drugs were detected in enrollment 

samples from 85% of those men; in some cases, unusual patterns of ARV drugs were 

detected. The use of ARV drugs in the HPTN 061 study cohort, including the use of non-

suppressive regimens, use of unusual drug combinations, and likely use of ARV drugs for 

other indications (e.g., PrEP or PEP), may be related to our finding of viral suppression early 

in infection among many of the men who seroconverted during the study. A limitation of 

this study is that we only tested for NRTIs, NNRTIs, and PIs. Some of the men may have 

been taking another class of ARV drug (e.g., an integrase strand-transfer inhibitor).

Finally, we note that viral suppression early in HIV infection can complicate HIV diagnosis. 

In this report, HIV infection would have been missed in two cases (Cases 5 and 6) by testing 

algorithms recently proposed by the US Centers for Disease Control.7 In Case 5, both 

fourth-generation assays (the Abbott and Bio-Rad Combo assays) were non-reactive at the 

6-month visit; HIV infection would have been missed if either test was used as the first step 

in the HIV testing algorithm. HIV infection would also have been missed in this case at the 

12-month visit using the Bio-Rad Combo assay. In Case 6, the Bio-Rad Combo assay was 

non-reactive at the 6- and 12-month visits; even if a different fourth-generation test were 

used for screening (e.g., the Abbott Combo assay, which was reactive), this infection would 

have been missed at the 6-month visit, since the Multispot assay was non-reactive and HIV 

RNA was undetectable. It is not possible to draw conclusions about the relative sensitivities 

of the Abbott and Bio-Rad Combo assays in this report due to the small number of cases 

evaluated. In a previous report, we described two other cases from the HPTN 061 study 

where HIV infection was missed at all three study visits when a single HIV rapid test was 

used for screening at study sites; one of those men was likely an elite controller, and the 

other was virally suppressed on ART.10 In one case, HIV infection was also missed using 

other HIV rapid tests and the Abbott Combo assay. Taken together, our findings indicate 

that low-level viremia in early HIV infection should be considered when HIV RNA assays 

are included in algorithms for HIV diagnosis. In addition, it is important to recognize that 

serologic assays, including fourth-generation assays, may also fail to detect HIV infection in 

this setting. Further studies are needed to identify factors associated with low HIV RNA 

levels in early HIV infection.
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