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Abstract

Purpose: Gay, bisexual, and other cisgender men who have sex with men, and racial minority 

youth are at elevated risk of acquiring HIV infection. The Adolescent Trials Network 147 recruited 

youth with acute/recent HIV-infection for early antiretroviral treatment. The cohort make-up is 

described here.

Methods: Treatment-naïve, recently identified HIV + youth, aged 12–24 years, from Los 

Angeles and New Orleans were recruited from community centers, clinics, social media, and a 

high-risk seronegative cohort (n = 1,727, the Adolescent Trials Network 149) using point-of-care 

assays. Acute HIV infection was determined by Fiebig staging. HIV RNA viral load (VL) and 

CD4 cell counts, along with demographic and behavioral data were assessed at enrollment.

Results: Between July 2017 and July 2021, 103 newly diagnosed youth were enrolled, initiating 

antiretroviral treatment within a week. Mean age was 20.8 years (standard deviation: 2.4); 90.3% 

identified as cis male, 83.5% were single or in casual relationships, 71.8% were gay, bisexual, 
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and other cisgender men who have sex with men; 60.2% were Black. One-fourth (24.3%) reported 

homelessness ever; 10.7% within last 4 months. At enrollment, median plasma VL was 37,313 

HIV RNA copies/ml (interquartile range: 5,849–126,162) and median CD4 count 445.5 cells/mm3 

(interquartile range: 357–613). 40% of youth reported acute retroviral symptoms before or at 

enrollment. Acutely infected, seroconverting youth had the highest VL. Sexually transmitted 

coinfections were present at enrollment in 56% of the cohort, with syphilis being most frequent 

(39%).

Discussion: Early identification and treatment of HIV can increase positive HIV outcomes. 

A high sexually transmitted infection burden was present in recently HIV-infected youth. Acute 

retroviral symptoms were not reported by most participants, demonstrating that broad universal 

HIV screening is needed for identification of recent infection in youth.
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Adolescents who are displaced and living in shelters or in the streets constitute an 

extremely vulnerable population for acquisition of HIV infection worldwide. In the United 

States, homeless youth, particularly minorities and LGBTQ+ youth are very susceptible 

to substance abuse, juvenile justice contact, and acquisition of HIV and other sexually 

transmitted infections (STIs). The displaced adolescent population is not generally amenable 

to routine clinic follow-up and potentially could be more easily identified through mobile 

outreach efforts. HIV prevalence in this group can be as high as 5.3%, as indicated in an 

early study [1], while recent estimates fall between 2% and 4.5% in this population [2]. 

Although HIV incidence is unknown, high rates of concurrent exposures to other STIs, 

substance abuse, and survival sex suggest acute infection is high in this population.

As part of the Adolescent Trials Network (ATN) Comprehensive Adolescent Recruitment 

and Engagement Strategies initiative, we conducted a study of Acute HIV Infection in Youth 

(ATN 147). This study was developed to assess potential differences between adolescents 

with acute HIV infection (within 90 days of infection) or those with recent infection (>90 

days of infection) as measured by Fiebig staging [3]. Pediatric studies of HIV perinatally 

infected infants treated very early with potent antiretroviral therapy [4–7] as well as studies 

of adult cohorts treated during acute infection [8–12] demonstrate that very early treatment 

of HIV is associated with plasma viral suppression and decrease in viral reservoir burden 

[13–15]. Preservation of the immune system through early detection and treatment is likely 

predictive of long-term HIV control. In this paper, we examine the baseline differences of 

the acute versus the nonacute infected youth.

At the time ATN 147 was initiated in Los Angeles and New Orleans (July 2017), most 

HIV-infected adolescents between the ages of 13–24 living in the United States (youth 

living with HIV: YLHIV) were infected via sexual transmission. Among adolescent females, 

48% acquired infection via heterosexual contact, 42% perinatally, and 5% via injection 

drug use alone [16]. Among diagnosed adolescent males (who constitute the vast majority 

of adolescents with HIV), 82% acquired infection via male-to-male sexual contact, 10% 

perinatally, 3% via heterosexual contact, 3% via male-to-male contact and injection drug 
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use, and 1% via injection drug use alone [16]. Consequently, gay and bisexual adolescent 

males comprise the adolescent population at greatest risk of HIV infection [17]. In the 

present analysis we report demographics, social history, clinical characteristics, estimated 

duration of HIV infection (acute vs. nonacute) and coinfections at baseline for the 

population of youth enrolled in ATN 147.

Methods

Design

Adolescent Trials Network (ATN) 147 is a longitudinal strategic prospective treatment study 

that identifies, promptly treats, and follows a cohort of adolescent or young adults aged 

12–24 years with acute (Fiebig stage I–V, infection within the past 90 days), and recent/

established HIV (Fiebig Stage VI, more than 90 days since infection). All eligible study 

participants are treatment naive and recently diagnosed with HIV. The study measures the 

effects of early antiretroviral therapy on the achievement and durability of HIV plasma virus 

suppression, establishment and persistence of HIV-1 reservoirs and HIV antibody responses. 

Youth are treated according to the United States Department of Health and Human Services 

standard of care and followed for a period of 24 months. This analysis focuses on the 

demographics of the cohort at baseline, comparing differences between acutely infected and 

nonacutely infected participants.

Population

Treatment naïve youth, aged 12–24 years of age in Los Angeles and New Orleans, were 

recruited from direct referrals or through the complementary U19-funded study of high-risk 

HIV-seronegative youth: Cost-Efficient Interventions for Youth at Risk for HIV (ATN 149) 

[18].

Study sites and recruitment

Participating ATN 147 study sites include David Geffen University of California at Los 

Angeles School of Medicine, Department of Pediatrics, Division of Infectious Diseases, 

the Los Angeles LGBT Center, and Tulane University School of Medicine, Department of 

Adolescent Medicine. The study had two distinct methods of enrollment. One, potential 

participants in ATN 149 were screened at recruitment sites in Los Angeles and New Orleans 

for HIV high-risk behavior and tested for HIV using point of care testing including the Alere 

HIV-1/2 rapid test (Waltham, MA) every 4 months, which indicates the presence of HIV-1 

antibody and/or antigen [19]. HIV-positive youth were then referred to enroll in ATN 147 

upon evidence of acquisition of HIV infection [3,19]. Second, ATN 147 also enrolled any 

newly HIV diagnosed, treatment-naive youth referred for care to University of California at 

Los Angeles and LGBT in Los Angeles and Tulane University in New Orleans [3].

Study inclusion and exclusion criteria

Inclusion criteria included: (1) age of 12–24 years, (2) a positive HIV result (Alere rapid 

test and GeneXpert HIV qualitative polymerase chain reaction [PCR]), (3) ability and 

willingness to provide written informed consent, and (4) willingness to initiate ART. 

Exclusion criteria included (1) prior ART use (>1 week); (2) active drug or alcohol use 
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or dependence that would interfere with adherence to study requirements; (3) any acute, 

chronic, or recent and clinically significant medical condition that would interfere with 

adherence to study requirements or jeopardize the safety or rights of the participant; (4) 

chronic or recurrent use of medications that modify host immune response, for example, 

oral or parenteral steroids and cancer chemotherapy; (5) clinical treatment with an ART 

regimen less effective than those recommended by DHHS HIV clinical guidelines and; (6) 

enrollment in an experimental ART regimen. Other eligible youth were referred from urgent 

care sites, emergency departments, and other clinics.

Laboratory evaluations and assessments

Fiebig staging.—Acute HIV infection was determined using the Clinical Laboratory 

Improvement Amendments-waived Alere (Waltham, MA), an HIV-1 p24 antibody and 

antigen test, as well as with the Cepheid (Sunnyvale, CA) Xpert HIV-1 Qual Assay to 

detect HIV-1 total nucleic acids, and HIV-1 Western blot (BioRad, Hercules, CA). Based on 

the results of these tests, a Fiebig stage [20] was assigned to each participant. Fiebig stages 

1–5 were classified as acute, while Fiebig stage 6 (as defined by the presence of the p31 

band on Western blot) was classified as recent/established infection at baseline.

Laboratory testing at study entry.—Baseline testing has been previously described 

[3,18,19,21], but briefly, chlamydia and gonorrhea were tested using a Food and Drug 

Administration-approved Cepheid Xpert chlamydia/gonorrhea Assay PCR (Sunnyvale, 

CA) on throat and rectal specimens. Syphilis was tested using the Clinical Laboratory 

Improvement Amendments-waived Syphilis Health Check finger stick blood test to detect 

treponemal antibodies, and positive results were followed with rapid plasma regain in serum. 

A positive result in any of the tests was classified as a positive STI result. Hepatitis panel 

was performed with hepatitis A, B, and C serologies and tuberculosis-Gold quanti-FERON 

(Quiagen, Germantown, MD) testing. Clinical laboratories included a complete blood count 

with differential and platelets and a chemistry panel, including liver and kidney function 

tests. Entry clinical forms noted self-reported symptoms at enrollment, before enrollment, or 

no symptoms of acute retroviral infection noticed.

HIV RNA PCR and CD4/CD8 T cell subsets.—Quantitative plasma HIV RNA limit of 

detection < 40cp/ml (Abbot) and CD4/CD8 T cell counts were collected at baseline, before 

ART initiation. ART was started within a week of initial baseline visit for all patients.

Antiretroviral treatment.—At the ATN 147 enrollment visit, following provision of 

written informed consent, youth were prescribed ART, and clinically treated according to 

standard of care HIV-1 management as defined in US DHHS guidelines [22]. Geno-typic 

drug resistance testing was performed at the baseline visit. Fixed-dose combination regimens 

were generally preferred favoring once-daily integrase inhibitor-based regimens (Gilead 

Sciences, Foster City, CA), specifically Genvoya, (elvitegravir, cobicistat, emtricitabine, 

tenofovir alafenamide), Biktarvy (bictegravir, emtricitabine, tenofovir alafenamide), and 

Odefsey (emtricitabine, rilpivirine, tenofovir alafenamide). Prompt access to antiretroviral 

therapy was made possible through assistance with enrollment into public HIV antiretroviral 

treatment programs.
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Behavioral assessments.—Behavioral interviews were administered at baseline from 

a detailed questionnaire. Demographic details including race/ethnicity, gender, sexual 

orientation, education, and employment were collected along with additional behavioral 

and psychological assessments of stress, anxiety, drug and alcohol use, sexual partners, and 

sexual activities.

Study visits.—Enrollment visits occurred on day 0, and subsequent study visits occurred 

on day 7 postenrollment, weeks 2 and 4, and at 4, 8, 12, 18, and 24 months following 

enrollment. The present analysis is restricted to the enrollment period.

Data and analysis

Clinical data were extracted from medical records and behavioral data were collected 

from in-person visits using the CommCare software (Dimagi Inc, Cambridge, MA) as 

previously described [23]. Categorical comparisons between acutely infected and nonacutely 

infected participants were performed using Chi-square analysis or fisher’s exact test when 

appropriate. Between-group comparisons of continuous variables was achieved using t-tests 

or Wilcoxon Rank-Sum test for nonparametric variables. Analysis was done using R [24].

Human subjects approval and ethical considerations.—Adolescent Trials Network 

(ATN) 147 was reviewed and approved by the institutional review board of all participating 

institutions. Study participants were paired with counselors and interviewers. Detailed 

assessments were made at each study visit of the patient’s mental status and outside 

activities, including the presence of other STIs and substance abuse. Participants were 

referred to mental health care, and resources for housing and employment were made 

available as needed. Study participants were screened for depression at each visit, and if 

needed were referred to a mental health provider for further assessment.

Results

Study enrollment began in July 2017 and concluded in July 2021. An average of two 

participants a month were enrolled during the study over 4 years, with half of the 

participants enrolled in Los Angeles (N = 51) and the other half in New Orleans (N = 

52) (Table 1). The cohort had an average age of 20.8 years, and the majority identified 

as cis male (90.3%), single or in one or more casual relationships (83.5%), same gender 

sexual orientation (71.8%) and Black or African-American (60.2%). More than half of 

the participants had some higher education past high school (52.4%) and most where 

either employed (49.5%) or attending school (29.1%). However, almost one fourth (24.3%) 

reported that they had once been homeless, and 10.7% were homeless within the last 4 

months. Clinically, the participants presented a median plasma viral load (VL) of 37,313 

HIV RNA cp/ml (interquartile range (IQR): 5,849–126,162), median CD4 count of 445.5 

cells/cc (IQR: 357–613), 54% had an additional STI diagnosis at enrollment, and almost 

40% reported acute HIV symptoms, such as fever, fatigue, headache, sore throat, muscle 

pain, lymphadenopathy, and skin rash, before (12.6%) or at (27.2%) enrollment. No 

participants reported AIDS defining conditions, but one participant had a CD4 count of 

less than 200, and seven others had absolute CD4 counts under 250. Tuberculosis was 
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reported in one patient (data not shown) While some participants enrolled already having 

private healthcare (17.5%), most participants either had, or were linked to at the time 

of enrollment, to a government assisted healthcare plan (Table 1). Almost all patients 

were prescribed regimens which included nucleoside reverse transcriptase inhibitor (NRTI)/

integrase strand transfer inhibitor combinations at baseline, apart from three participants 

prescribed a non-nucleoside reverse transcriptase inhibitor/NRTI combination. Over two 

thirds (68%) of participants reported starting ART within 24 hours of enrollment into the 

study, 10 more (9.7%) started within 48 hours of enrollment, and the remaining participants 

started ART within the first week. Although all participants were ART-naïve, 16 youth 

(15.5%) had pre-existing non-nucleoside reverse transcriptase inhibitor, NRTI, and/or major 

protease inhibitor resistance mutations at enrollment.

Participants were stratified by Fiebig Stage in Table 2 as either acutely infected (Fiebig 

Stage I-V, N = 36) or as recently infected, but more than 90 days before enrollment 

(Nonacute, Fiebig VI, N = 67). No significant difference in age, race/ethnicity, gender, 

sexual orientation, or insurance could be seen between acutely and recent/established HIV 

infection groups. There was a significant difference in median plasma VL between acutely 

infected participants (86,900 cp/ml, IQR: (9,741–559,230) and recent/established infections 

(32,334, IQR: (3,755–76,552), p = .006); median CD4 count (acute: 517 (IQR: 418–686), 

recent/established: 424, (IQR 344–570), p = .02), and more acutely infected participants 

reporting symptoms around enrollment (p = .008). Significant differences by study site were 

seen by recruitment source (p < .001), as the New Orleans site enrolled more participants 

from the high-risk seronegative ATN 149 study (77.4%). Stratification by recruitment source 

showed significant differences between age groups, with ATN 149 enrollees being younger 

(p = .03) and identifying more as Black or African-American (p = .04) than patients not 

initially enrolled in ATN 149. No differences were observed in STIs at baseline, gender or 

sexual orientation, or insurance (Table 2).

Table 3 shows behavioral variables stratified by participant Fiebig stage. No differences 

in employment or education were noted across groups. Additionally, no difference was 

seen between any groups regarding homelessness (recent or ever), sex in exchange for 

money or services (recent or ever) or having an HIV positive partner in the last 4 months. 

Almost a third of participants reported a suicide attempt in their lifetime (N = .30), and six 

reported an attempt in the last 4 months. There were no differences by recruitment or Fiebig 

stage for recent suicide attempts, but acutely infected participants reported more suicide 

attempts in their lifetime than those with recent/established infections (p = .03). Regarding 

mental health treatment, five participants had been hospitalized for mental health care in 

their lifetime, with two reporting a hospital stay in the last 4 months. Lifetime outpatient 

services for mental health (including therapy, counselor, social worker or psychiatrist) were 

reported by 25 participants, with 18 reporting services in the last 4 months (Table 3). Of 

the 25 participants who sought outpatient mental health services, only 5 (20%) had private 

insurance, although there was no significant difference in insurance type and outpatient 

services (data not shown).

Examining recent drug and alcohol use, marijuana was the most-reported drug taken in the 

last 4 months by all participants (N = 76, 74%). No significant difference in self-reported 
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use in the last 4 months by Fiebig stage for any drug was evident (Table 3). Lifetime drug 

use illustrated heavier use of all drugs in all participants; however, only opiates (p = .04) and 

phencyclidine (PCP) use differed by Fiebig stage (p = .01), but there were few users of these 

drugs (opiates = 9, PCP = 18), compared to other drugs (ex., poppers = 56, marijuana = 92). 

Only about one third of participants reported having a weekly alcoholic drink in the past 4 

months, and less than 10% reported any recent binge drinking (Table 3).

An STI coinfection of Chlamydia, Gonorrhea, and/or Syphilis was seen in 56 (54%) of 

participants (Figure 1). An STI coinfection did not differ by site or recruitment source 

nor correlated with VL, CD4 count, Fiebig stage, reported symptoms at enrollment, or 

relationship status (Table 4). Syphilis was the most frequent coinfection, with 33% (N = 34) 

testing positive at baseline, followed by Gonorrhea (N = 23, 22%), and Chlamydia (N = 

18, 14%). Sixteen (17%) participants had more than one STI coinfection at baseline (Figure 

1). When syphilis infection at baseline was examined, there were no significant differences 

in variables; however, there was a larger median VL in the participants with a syphilis 

coinfection (data not shown).

Discussion

Adolescent Trials Network (ATN) 147 successfully enrolled youth at the time of HIV 

diagnosis followed by prompt ART initiation. While some participants were referred to the 

study from outside sources, most participants were either recruited after diagnosis of HIV-

infection during screening for enrollment to ATN 149 or another study or were ATN 149 

participants (30% of ATN 147 enrollees) who seroconverted during follow-up. Participants 

in the ATN 149 cohort were comprised of youth at a high risk for contracting HIV and were 

tested for HIV approximately every 4 months [19]. However, even with this high frequency 

of screening, almost half of the participants who contracted HIV while followed in the ATN 

149 study were found to be Fiebig Stage VI, suggesting that even more frequent screening is 

necessary to capture acute infections. Additionally, acute retroviral symptoms were reported 

by less than half of the recruited youth, demonstrating that broad universal HIV screening 

is needed for better identification of recent infection in youth. However, while capturing 

acute HIV infection withing the first 3 months of infection is most likely to have the biggest 

effects of suppressing plasma VL and reducing HIV cellular viral reservoirs, individuals in 

this cohort were young and recently infected even if greater than 3 months. Intervening even 

after 3 months of infection may still greatly favor reduction in VL burden and preservation 

of normal immunity. Rapid and persistent suppression of viremia to levels below detection 

during the first year of infection can be highly beneficial by limit viral spread.

The demographics of our study population mirrored that of national health statistics for 

HIV-infected youth [17], once again highlighting health inequities pervasively prevalent 

in YLHIV. Transwomen comprised 4% of our population, which is twice the national 

incidence of HIV acquisition in transwomen [25], suggesting this may be an overlooked 

prevailing group in YLHIV. Additionally, few participants were IV drug users indicating that 

most HIV transmissions likely came from sexual contact. We did not observe associations 

between acute or established HIV infection status and demographic parameters, except that 

most acutely HIV-infected participants were enrolled in Los Angeles as compared to New 
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Orleans. This most likely reflects slightly different recruitment practices at individual study 

sites although geographic variation in the timing of identification of HIV infection in youth 

could also play a role.

A high STI burden was present in most of the HIV-infected youth at the time of HIV 

diagnosis. Sexually transmitted infections (STIs), particularly syphilis, have been shown to 

facilitate HIV acquisition both sexually and perinatally, with a two to 5-fold HIV acquisition 

risk. [26–30]. In our cohort, no differences were seen in STI prevalence between the acutely 

infected youths, and those who had been infected for over 90 days. In the latter group, we 

do not have information linking syphilis infection to HIV infection, as we were not able 

to pinpoint the exact timing of both infections. For this reason, it is difficult to assess to 

what extent STIs facilitated HIV acquisition, given their high prevalence overall. At the 

time of HIV diagnosis, differences in HIV viral burden or absolute CD4 cell counts were 

not observed in patients with or without STIs, but it remains to be seen whether STIs 

could influence HIV viral kinetics over time. Drug use, which has been associated with STI 

acquisition [31] tended to be higher in acutely infected HIV participants, particularly PCP 

and opiates, but no significant differences were noted in other drug or alcohol use.

Thirty participants attempted suicide in their lifetime, and an additional six participants 

attempted suicide 4 months before enrollment which is much higher than the 1.9% national 

average of reported suicide attempts for the 18–25 age group [32]. Even with this high rate 

of mental health crisis in this population, only a quarter ever received outpatient services for 

mental health. Poor mental health has not only been associated with sexual risk behaviors 

[33] that could enhance acquisition risk, but is also detrimental to long term HIV health 

outcomes [34]. These statistics display a clear need for further integration of mental health 

services for young people at risk of and already living with HIV.

The median level of viremia of an acutely HIV-infected youth was 2.6 times higher than 

the median value of someone with nonacute infection. Higher levels of viremia associated 

with acute HIV infection have important implications for HIV transmission and disease 

prognosis [35–37]. The ability to recruit and initiate ART when viral burden is highest 

during early/acute phase in YLHIV likely results in more favorable HIV disease prognosis in 

youth who traditionally may have more pliable HIV reservoirs than adults due to an active 

thymus [38–40], as compared to youth who initiate treatment later after immune disruption 

[41]. Early ART after diagnosis has resulted in improved HIV control and outcomes in both 

adults [42] and in children under the age of 17 [43], however how early ART affects HIV 

progression in young adults (16–24) has not been thoroughly investigated. Our cohort also 

has a unique advantage of knowing Fiebig stage at the time of ART initiation, allowing for 

further investigation into how early detection may be important to improving HIV outcomes.

In summary, ATN 147 successfully recruited newly diagnosed YLHIV followed by prompt 

initiation of ART, with a high proportion of acutely HIV infections identified. Few 

demographic or behavioral differences were seen by infection duration; however, biological 

differences seen between the groups might suggest that early identification of HIV may 

contribute to improved disease outcomes [43]. Youth living with HIV (YLHIV) reflect the 

pervasive health disparities in our society, with the vast majority being of non-White race/
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ethnicity and often reporting experiences such as suicide attempts that may be reflective 

of social, economic and health inequities, and early detection could help prevent further 

spread and better outcomes. Acute retroviral syndrome was not identified in nearly 2/3 of 

participants which limits its usefulness in identifying novel infections. We hope that the 

early diagnoses and intervention of our participants will provide beneficial HIV outcomes.
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IMPLICATIONS AND CONTRIBUTION

This intervention successfully recruited newly diagnosed youth living with HIV with a 

high proportion of acutely HIV infections identified. Acute retroviral syndrome was not 

identified in 2/3 of participants limiting usefulness in identifying novel infections, but 

high incidence of sexually transmitted coinfections. Participants reflect the pervasive 

health disparities in society, reporting experiences of social, economic and health 

inequities.
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Figure 1. 
Sexually transmitted coinfections at baseline.
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Table 1

Population demographics (N = 103)

Median IQR

RNA viral load (copies/ml) 37,313 (5,849–126,162)

CD4 count (N = 100)  445.5  (357–613)

Age N %

Average (sd) 20.8 2.3

16–18 years 21 20.4%

19–21 years 39 37.9%

22–24 years 43 41.7%

Coinfection STI at baseline

 Yes 56 54.3%

Race/Ethnicity

 Black or African-American 62 60.2%

 Asian/Native American/Alaska Native/Pacific Islander 7 6.8%

 Latino 26 25.2%

 White 8 7.8%

Gender identifying

 Cis male 93 90.3%

 Cis female 2 1.9%

 Trans female 5 4.9%

 Gender nonconforming 3 2.9%

Sexual orientation

 Gay/Same gender 74 71.8%

 Heterosexual 5 4.9%

 Bisexual 19 18.4%

 Other 5 4.9%

Housing

 Recently homeless 11 10.7%

 Ever homeless 25 24.3%

Relationship

 Monogamous 12 11.7%

 Single or one of more casual relationships 86 83.5%

 Other/Did not Answer 5 4.9%

Employment

 Student 30 29.1%

 Full/Part/Self-employed 51 49.5%

 Unemployed 18 17.5%

 Did not answer 4 3.9%

Education

 Below high school 17 16.5%

 High-school diploma/equivalent 26 25.2%
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Age N %

 Some higher education 54 52.4%

 Completed higher education 4 3.9%

 Missing 2 1.9%

Site

 Los Angeles 51 49.5%

 New Orleans 52 50.5%

Symptoms at enrollment

 Before 13 12.6%

 At enrollment 28 27.2%

 None reported 62 60.2%

Insurance

 Private 18 17.5%

 MediCal, Medicare, ADAP or other assistance 77 74.8%

 Other or unknown 8 7.8%

ART start date

 Within 24 hours of enrollment 70 68.0%

 Within 48 hours of enrollment 10 9.7%

 Within one week of enrollment 10 9.7%

 More than one week/unknown 13 12.6%

ART = antiretroviral treatment; IQR = interquartile range; STI = sexually transmitted infection.
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