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Abstract

Analysis of viral genetic linkage can reveal generalized transmission patterns within a population. The HIV Prevention
Trials Network 061 study evaluated HIV incidence among black men who have sex with men. HIV genotypes from 169
men who were HIV infected at enrollment and 23 men who seroconverted during the study were analyzed for genetic
linkage. This analysis showed some associations of viral linkage with income, study site, and timing of infection.
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HIV Prevention Trials Network 061 (HPTN 061)
study was a multisite randomized clinical trial that

evaluated strategies for reducing HIV transmission in black
men who have sex with men (MSM) and studied risk factors
for HIV infection.1,2 Black MSM account for >20% of inci-
dent HIV infections in the United States in recent years, al-
though only an estimated 12.7% of the American population
described themselves as black in 2016.3,4 The concentrated
HIV epidemic among black MSM highlights the importance
of identifying reasons for high HIV incidence in this popu-
lation, including sociobehavioral, structural, and biological
factors associated with HIV infection.

This report analyzed viral genetic linkage among partici-
pants in HPTN 061 to explore factors associated with linked
HIV infections in black MSM. We investigated the rela-
tionship of viral linkage (based on genetic similarity of viral
sequences) with income, study site, and timing of infection.
Although transmission networks cannot be inferred from
linkage analysis, such assessments can provide insights about
epidemic dynamics, because individuals whose HIV se-
quences are closely related are also likely to be more densely
connected in a transmission network.

To evaluate strategies for recruitment and engagement of
high-risk black MSM in HIV prevention research, HPTN 061
enrolled 1,553 self-identified black MSM in six U.S. cities:
Atlanta (19%), Boston (15%), New York (20%), Los Angeles
(19%), San Francisco (13%), and Washington, DC (14%).1,2

Participants were offered HIV testing, access to peer health
navigation, education about safer sex practices, condoms,
lubricants, and sexually transmitted infection testing. The
number of participants who reported that they had HIV in-
fection and were in care was capped at 10 per study site,
because of the study’s focus on HIV incidence. Participants
were classified as having recent HIV infection at enrollment
if either they had acute infection or ‘‘recent’’ infection ac-
cording to a multiassay algorithm.5 Twenty-eight partici-
pants seroconverted after enrollment and during 1 year of
follow-up. Participants infected at enrollment included both
acute and recent infection at the time of enrollment. Income
was classified as high (‡$30,000) or low (<$30,000).

Of 1,553 participants, 348 (22.4%) were HIV infected at
enrollment; 90 of the latter were classified as newly diag-
nosed or previously diagnosed, based on self-reported data
and retrospective testing for antiretroviral medication.6 HIV
genotypes were obtained for 169 of the 171 men who were
HIV infected at enrollment and had a viral load >400 cop-
ies/mL, and for 23 of the 28 men who acquired HIV infection
during the HPTN 061 study.7

A matrix of genetic distances between sequences was
generated using the APE package in R. Genetic distance was
defined as the proportion of nucleotide positions where the
nucleotides in the two sequences were different. Two se-
quences were considered to be linked if the genetic distance
between the two sequences was <0.04.
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Permutation tests were used to investigate the association
of income, study site, and timing of infection (participants
who were infected at enrollment vs. seroconverters) on
probability of linkage. The test statistic represented the pro-
portion of pairs of individuals in a given group who were
linked to other individuals belonging either to the same or to
different groups. The sampling distribution of the test sta-
tistic was obtained by repeatedly sampling from the observed
linkage matrices without replacement. All p values are
two-sided.

Participants in the low-income (LI) group were more likely
to be linked to others in this group than to participants in the
high-income (HI) group when information was combined
across all study sites ( p = .045). Three sites had a sufficient
number of participants who provided HIV genotype data to
be analyzed separately; the site-specific unadjusted analyses
showed greater linkage within the LI group ( p = .03 for New
York; .11 for Atlanta; and .79 for Los Angeles), but no p
values achieved significance at the .05 level after adjustment
for multiple comparisons.

We next investigated the degree of linkage within and
across study sites. Linkage was more likely within than
across sites ( p = .007). The unadjusted analyses for individ-
ual sites yielded the following results: for New York, Atlanta,
San Francisco, Los Angeles, Boston, and Washington, DC, p
values were .20, .75, .17, .07, .23, and .02, respectively. None
of the tests reached statistical significance after adjusting for
multiple comparisons, but the two sites with nominal p values

(<.1; Los Angeles and Washington, DC) had more linkage
within than across sites. In addition, linkage analysis dem-
onstrated that participants who seroconverted during the
study had sequences that were more likely to be linked to
sequences from participants who were infected at enrollment
than to other seroconverters ( p = .04).

A phylogenetic tree (Fig. 1) reveals the complex rela-
tionship of HIV sequences from different study sites. No
clustering pattern by site was revealed through visual in-
spection, although the greater probability of linkage within
compared with across sites was noted in the statistical anal-
ysis. The phylogenetic tree also shows the relationship be-
tween HIV sequences from seroconverters and participants
infected at enrollment. Participants who had recent infection
at enrollment and participants who had HIV drug-resistant
genotypes are also indicated.

Linkage analyses can reveal general patterns of transmis-
sion, even though they cannot be used to identify specific
transmission chains. We found that the participants in the LI
group tended to cluster more with each other than with those
in the HI group. This pattern was observed for the entire
cohort and among participants at sites with a large number of
virally sequenced participants. Clustering reflects sampling
of the study population and factors that affect probability of
transmission, as well as transmission chains themselves;
therefore, no direct inferences can be made about such
chains. Our findings are consistent with those from other
studies that describe the nature of income segregation, which

FIG. 1. Phylogenetic tree
of HIV sequences from HIV
Prevention Trials Network
061. The tree shows the re-
lationship among HIV se-
quences from participants
enrolled at different study
sites. Data from participants
who acquired HIV infection
during the study (ser-
oconverters) and from those
with HIV drug resistance are
noted in the figure.
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can limit comingling of different groups and can lead to ep-
idemics that are concentrated among subpopulations.8 Al-
though phylogenetic analyses did not reveal any clustering
within sites that was statistically significant, formal linkage
analysis did demonstrate such clustering across participants
in the entire study. We did not find any tendency for ser-
oconverter infections to be linked to other seroconverters;
instead, seroconverter infections were more likely to be
linked to participants who were infected at study enrollment.
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