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Abstract

New HIV infections among younger men who have sex with men (MSM) in the United States are escalating.
Data on HIV infections in college students are limited. In 2010, three MSM college students presented to our
clinic with primary HIV infection (PHI) in a single month. To determine the number of college students among
new HIV diagnoses, we reviewed clinical characteristics and molecular epidemiology of HIV-diagnosed indi-
viduals from January to December 2010 at the largest HIV clinic in Southern New England. PHI was defined as
acute HIV infection or seroconversion within the last 6 months. Of 66 individuals diagnosed with HIV in 2010,
62% were MSM and 17% were academic students (12% college or university, 5% other). Seventy-three percent of
students were MSM. Compared to nonstudents, students were more likely to be younger (24 versus 39 years),
born in the United States (91% versus 56%), have another sexually transmitted disease (45% versus 11%), and
present with PHI (73% versus 16%, all p-values < 0.05). Thirty percent of individuals formed eight transmission
clusters including four students. MSM were more likely to be part of clusters. Department of Health contact
tracing of cluster participants allowed further identification of epidemiological linkages. Given these high rates
of PHI in recently diagnosed students, institutions of higher education should be aware of acute HIV presen-
tation and the need for rapid diagnosis. Prevention strategies should focus on younger MSM, specifically college-
age students who may be at increased risk of HIV infection.

HIV infection continues to increase in the United
States, disproportionally affecting younger men who

have sex with men (MSM) and minority populations.1 In-
dividuals less than 30 years old account for up to 35% of new
infections, more than any other age group.2 College students
represent a young, understudied population with multiple
HIV risk factors. Approximately 18.2 million students are
enrolled in higher education in the United States, of whom
75% are less than 30 years old.3 Students are at increased HIV
risk because of multiple sexual partners, low condom use, and
drug and alcohol use.3–5 Despite these behaviors, earlier and
more recent reports suggested low HIV prevalence in college
students compared to the general population,5–7 while higher
rates have been observed in subpopulations such as MSM
who frequently engage in risky behaviors.8–10 Sexual net-
works may extend outside campuses and involve groups of

MSM with higher infection prevalence.11 Recent data on epi-
demiology and transmission of HIV among college students
in the United States are lacking.

Previous reports,12,13 including here in Rhode Island,14

demonstrated transmission networks and their role in HIV
spread. In a single month during 2010, three Southern New
England college students (‘‘index’’ patients) presented to our
clinic with primary HIV infection (PHI).15,16 Concerned for
an acute HIV epidemic, we reviewed all newly diagnosed
individuals at our clinic during 2010 with a focus on college
and other academic students, PHI, HIV transmission clus-
ters, and drug resistance. We hypothesized that the three
index cases were representative of a larger HIV-infected
student population, and that their identification and char-
acterization would provide information for prevention
opportunities.
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The Samuel and Esther Chester Immunology Center in
Providence, Rhode Island was the main study site and is the
largest HIV outpatient clinic in the state providing compre-
hensive care to over 1,500 patients. The clinic does not spe-
cifically serve college students. Patients were included if they
were (1) HIV positive, (2) ‡ 18 years old, and (3) diagnosed
during 2010. Demographic, clinical, and laboratory data were
collected from patient records. Acute infection was defined as
a negative enzyme-linked immunosorbent assay (ELISA) and
detectable RNA at presentation, or positive ELISA and inde-
terminate Western blot.16 Recent, nonacute HIV infection was
defined as seroconversion within 6 months as evidenced by a
current positive ELISA and negative, 6 month prior ELISA,
or patient-reported clinical syndrome consistent with acute
retroviral syndrome in the prior 6 months15,16 (including fe-
ver, lymphadenopathy, pharyngitis, rash, myalgias, and/or
arthralgias17–20). PHI was defined as acute or recent infection.
The study was approved by the Lifespan institutional review
board.

HIV pol genotyping was performed with ViroSeq v2.0
(Celera Corporation, Alameda, CA) at Quest Diagnostics,
Department of Molecular Diagnostics, Chantilly, VA. Se-
quences were handled using ClustalW,21 Bioedit,22 and
SQUAT.23 Neighbor-joining phylogenetic analysis was with
Phylip24 and MEGA,25 using the F84 evolution model, trans-
version/transition ratio 2:1, and 1000 replicate bootstraps.
Genetic distances were measured using SynScan.26 Clustering
was defined as high ( > 99%) bootstraps and small ( < 0.05)
genetic distances. Subtyping and resistance interpretation
were performed using REGA,27 Stanford Database tools,28

and the International AIDS Society mutation list.29 Statistical
significance ( p < 0.05) was determined by Fisher’s exact test
for categorical variables and the Mann–Whitney nonpara-
metric test for continuous variables.

During 2010, 66 individuals presented with a new diagnosis
of HIV (Table 1). Major HIV risk factors were MSM (41/66,
62%) followed by heterosexual behaviors (23/66, 35%). Sixty-
two percent (41/66) were born in the United States. Mean CD4

counts and viral load on presentation were 457 cells/ll (24%)
and 161,827 copies/ml, respectively. Twenty-six percent
(17/66) presented with PHI and 17% (11/66) had another
sexually transmitted disease (STD) at diagnosis.

Seventeen percent (11/66) of the cohort were students of
higher education (eight college/university students, three
high-school equivalency students). Ten students were born in
the United States and one was from the Caribbean. Of United
States born individuals, 24% (10/41) were students. Seventy-
three percent of students (8/11) were males, all MSM. Eighty
percent of students (8/10) were nonwhite (four African-
Americans, three Hispanics, one Asian; missing information
on race/ethnicity for one student). Four students were from
the same institution and all were MSM. Student status was not
associated with sexual orientation or other HIV risk factors.
Students were significantly more likely to be born in the
United States (91% versus 56%, p = 0.04), have another STD on
presentation (45% versus 11%, p < 0.05), and present with PHI
(73% versus 16%, p < 0.05) than nonstudents. Of the three in-
dex students, two presented with acute infection, one had a
positive ELISA but indeterminate Western blot, and one had a
high viral load and acute retroviral syndrome in the past
month. Seven of the eight students with PHI (88%) reported
recent symptoms consistent with acute retroviral syndrome
including the three index students.

Of the eight MSM students, six reported meeting partners
online and one reported visiting a bathhouse. In contrast, 52%
(17/33) of MSM nonstudents reported visiting a bathhouse
( p = 0.06). There was no difference between student and
nonstudent MSM in drug use, mental illness, or internet use to
meet partners.

Sixty-one of the 66 patients (92%) had available genotypes
(three were unsuccessful including one student, one had HIV-
2, and one was not requested). Seven of 61 (11%) patients had
a non-B subtype (subtype G: 1, G/B: 2, CRF02_AG: 1, AG/
AE: 1, A/AE: 1). None of the patients infected with a non-B
subtype reported being a student. Of patients with a non-B
subtype, two were from the United States and the other five
were from Africa. Of 61 available sequences, transmitted drug
resistance was 16% (10/61; 95% CI 0.090–0.28; Fig. 1). Student
status was not associated with drug resistance ( p = 0.66).
There was no transmitted drug resistance observed in non-B
subtypes.

Thirty percent (18/61) of individuals formed eight distinct
transmission clusters, two with three individuals and six with
two individuals (Fig. 1). Clusters remained similar after
removal of drug resistance positions to avoid convergent
evolution. Mean genetic distance among clusters was 1.7%.
Four students were included in clusters. This was not signif-
icantly different from nonstudents ( p = 0.43). One cluster was
composed of two index students. This association was con-
firmed by epidemiologic contact tracing conducted by the
Rhode Island Department of Health, and led to identification
of other contacts. Being part of a cluster was not associated
with being male, place of birth, PHI, STDs, drug resistance, or
student status. MSM were significantly more likely to be part
of a cluster compared to other risk groups ( p = 0.02). Four
individuals within clusters had drug resistance mutations, all
nonnucleoside reverse transcriptase inhibitor (NNRTI) asso-
ciated. Three were in the same cluster (F) with some over-
lapping resistance mutations, and one was in a two-patient
cluster (C) with no resistance overlap.

Table 1. Characteristics of HIV-1-Infected

Individuals Diagnosed in 2010

All Students Nonstudents
N = 66a N = 11 N = 55 p-value

Age (average) 37 years 24 years 39 years < 0.01
Male 51 (77%) 8 (73%) 43 (78%) 0.70
MSM 41 (62%) 8 (73%) 33 (60%) 0.51
PHI 17 (26%) 8 (73%) 9 (16%) < 0.01
TDRa 10 (16%) 2 (20.0%) 8 (16%) 0.66
Non-Subtype Ba 7 (12%) 0 (0%) 7 (14%) 0.59
Foreign born 25 (38%) 1 (9%) 24 (44%) 0.041
CD4 (average) 457 759 397 < 0.01
PVL (average) 161,827 93,998 175,393 < 0.01
STD 11 (17%) 5 (46) 6 (11%) 0.014
Clustera 16 (26%) 4 (40%) 12 (24%) 0.43

aSequence data were available for 61 of the 66 patients. For
categories that are based on sequence data (TDR, Subtype, Cluster),
the total number is based on 61 available sequences.

MSM, men who have sex with men; PHI, primary HIV-1 infection;
TDR, transmitted drug resistance; STD, sexually transmitted dis-
eases, other than HIV; CD4 units, cells/ll; PVL, HIV plasma viral
load (copies/ml).

26 CHAN ET AL.



In summary, we demonstrate a high prevalence of college
and other academic students among patients diagnosed
with HIV in 2010 at the largest HIV clinic in Southern New
England: 17% of all, and 24% of United States born, patients.
Twelve percent attended a college or university. Students
were mostly younger, born in the United States, and likely to
present with PHI and another STD. The prevalence of United
States academic students among new HIV diagnoses has not
been widely studied. HIV among college students was pre-
viously described in North Carolina11,30 in 2000–2003 during
which time 11% of new HIV diagnoses in men 18–30 years old
were college students. HIV infection rates were especially
high among African-Americans (87%) and MSM (92%), with
14% presenting with PHI.11 The number of students here is
higher and supports high rates of nonwhite (82%) and MSM

status (73%) as HIV risk factors in college and other academic
students. A considerably larger proportion of college students
in our series (73%) also presented with PHI. These combined
data suggest that MSM college students are at higher risk for
HIV infection then the general college population, especially
MSM who are Hispanic or African-American.31

The prevalence of students among new HIV diagnoses may
be increasing in Southern New England. In our previous 2007
study, college and other academic students consisted of only
6% (2/35) of the cohort.14 These data likely underrepresent true
HIV prevalence among high-risk students. Of the almost 25%
of undiagnosed HIV infections in the United States,32 it is
possible that many individuals are infected in college or other
academic settings and diagnosed later in life. Low rates of re-
ported HIV testing by institutions and individuals may account

FIG. 1. Phylogenetic analysis of newly HIV
diagnosed individuals. A pol neighbor-
joining phylogenetic tree of patients included
in the study rooted by HIV-1 subtype C
(accession number U46016.1). A 1% distance
scale is shown on the bottom left. Numbers
to the right of tree branches represent patient
samples. Numbers on top of tree branches
represent percent bootstrap support (1000
replicates). C1 through C8 identify the eight
transmission clusters. Letters in parentheses
represent non-B subtypes. Resistance muta-
tions are shown to the right of the sample
number. Diamonds indicate students. Iden-
tical sequences in cluster A were investigated
and verified.
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for missed HIV diagnosis opportunities. College health ser-
vices should be educated regarding presentation and diagnosis
of acute HIV, which may mimic other nonspecific presenta-
tions. Given that such services are already present at many
higher learning institutions and the active involvement of
MSM and lesbian/gay/bisexual/transgender (LGBT) student
groups on campuses, implementation of focused HIV screen-
ing may offer feasible and important interventions that can
prevent HIV infections both during college and later in life.

The molecular epidemiology of HIV can suggest the exis-
tence of sexual transmission networks among students. HIV
pol sequences contain enough genetic diversity to reconstruct
phylogenetic clusters,14,33 however, they cannot and do not
intend to reflect epidemiologic linkages and do not neces-
sarily indicate direct HIV transmission among its members.
Evaluation of transmission clusters within our patient sample
demonstrated some clustering, similar to our prior study in
2007.14 MSM students did form clusters, but not with students
from other schools. This is in contrast to previous epidemio-
logic investigations of HIV transmission clusters on college
campuses in the Southeastern United States, which showed
diffuse networks across numerous colleges.34 In larger
studies, sexual networks among MSM included many more
individuals and found significant clustering in this popula-
tion.13,35 Given the limited time frame, the observed clusters
here likely underrepresent larger MSM sexual networks
present on academic campuses. Sexual networks are respon-
sible for transmission of HIV and propagation of the epi-
demic.13 A larger molecular and contact tracing analysis is
needed to further evaluate these networks in our community.

The main limitation of this study is the small sample size.
However, our observation is concerning and warrants further
attention. A second limitation relates to the retrospective na-
ture of data collection, which limits the ability to define spe-
cific behaviors or perform detailed risk assessments. The
study is also limited by the self-reporting of sexual contacts
and risk behaviors associated with HIV transmission. There is
the potential underreporting of sexual contacts or other be-
haviors due to social desirability bias. This may limit our
understanding of transmission clusters, but these biases are
noted to be a barrier across all studies of this type.

Our study demonstrates that college and other adult edu-
cation students comprise a significant percentage of new HIV
diagnoses at our clinic, higher than in previous years. This
trend parallels a national concern of rising HIV rates among
younger MSM and suggests targeting this population in
prevention strategies. Propagation of HIV infection is occur-
ring in specific MSM sexual networks and may differ between
students and nonstudents. Characterization of these trans-
mission networks can lead to targeted prevention inter-
ventions to disrupt HIV transmission among high-risk
populations. College and other academic students, particu-
larly MSM, are an understudied population that represents a
significant proportion of recent and acute infections in
Southern New England. Students are a potentially captive
audience in which HIV and other STD prevention interven-
tions could be useful, especially given the focus of academic
institutions on education. Health services at colleges and
other academic institutions should consider implementing
HIV prevention programs, as well as education on recogni-
tion of acute HIV symptoms for the general student popula-
tion and targeted high-risk groups such as MSM.
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