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Background.
adaptive immune responses; it is unclear the extent to which time from acquisition to antiretroviral therapy (ART) initiation and

Primary human immunodeficiency virus (HIV) is characterized by dynamic changes in viral load and innate and

substance use impact these immunologic changes.
Methods.
the Sabes primary infection study in Peru, who had been randomized to begin ART immediately after diagnosis vs 24 weeks later.

We studied plasma immune activation biomarkers, viral load, and CD4" and CD8" cell counts in participants from

We modeled influence of substance use and duration of HIV infection on biomarkers at baseline and over 24 weeks.

Results.  Compared to participants enrolled >30 days after HIV acquisition, participants enrolled during acute infection (<30
days) had higher mean interferon (IFN)-y and IFN-a2a (1.7-fold and 3.8-fold interquartile range [IQR] higher, respectively).
Participants enrolled >30 days after HIV acquisition had higher mean baseline CD8" cell count (2.7 times the IQR). Alcohol use
(positive phosphatidylethanol level) was associated with elevated IFN-y, tumor necrosis factor alpha (TNF-a), and interleukin 12p70
(IL-12p70), and smoking was associated with higher macrophage inflammatory protein 1a, TNF-a, and IL-12p70. Most biomarkers
declined more quickly in participants who initiated ART immediately; however, substance use and duration of HIV infection at en-

rollment had little influence on rate of decline.
Conclusions.

IFN-y and other biomarkers are elevated during early primary infection, when exposure to HIV antigens is high.

Immune activation decreased most quickly in those who started ART during acute/early primary infection. Higher CD8" cell counts

and a trend toward higher soluble CD163 levels during the 30 days after acquisition suggest the onset of compensatory responses

and immune exhaustion.
Keywords.
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Antiretroviral therapy (ART) reduces AIDS-related and non-
AIDS-related morbidity and mortality in people with human
immunodeficiency virus (PWH); better regimens and earlier
initiation have led to significant improvements in life ex-
pectancy [1]. Despite suppressive ART, however, both mor-
bidity and mortality remain elevated compared to the general
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population [2], and differences in health-related behaviors
such as alcohol and smoking are unlikely to fully explain the
mortality gap [3, 4].

Even when ART is initiated very early after acquisition—
within 6 months or less of documented infection—elevation
of inflammatory biomarkers over levels seen in human immu-
nodeficiency virus (HIV)-negative populations persists, even
when viral load (VL) is suppressed [5, 6]. One study from the
RV254 cohort suggested that there may be differences in sys-
temic inflammation and the balance of innate and adaptive im-
mune responses, even between those who differ by mere days in
stage of primary HIV infection [6]. It is unclear to what extent
these differences are due to incomplete adjustment for VL or
substance use. In addition, few studies have followed the trajec-
tory of these responses after ART initiation, and those that have,
such as the longitudinal analysis after ART initiation in the Thai
acute infection cohort, were limited by small size. Alcohol and
other substance use has also been associated with elevated levels
of HIV or simian immunodeficiency virus replication, which
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may be mediated by suppression of innate immune responses
in the gut and associated dysbiosis [7-11].

Relatively little is known about dynamic changes in inflam-
matory biomarkers when ART is initiated at different points in
primary infection, especially shortly after seroconversion, when
HIV infection is more likely to be detected [12]. We examined
this question using data from the Sabes study of Peruvian men
who have sex with men (MSM) and transgender women (TW).
Prior analyses of participants enrolled within 3 months of HIV
acquisition demonstrated clinical benefits of initiating ART im-
mediately (during early primary HIV) compared to deferring
ART initiation for just 6 months [13, 14]. In this analysis, we
assessed longitudinal data from a subset of Sabes study parti-
cipants to determine whether brief delays in initiation of ART
during primary infection result in persistent immunologic
changes, ramifications that could lead to higher risk of non-
AIDS outcomes [15].

MATERIALS AND METHODS

Study Design and Participants
We performed a subgroup analysis from participants in the
Sabes study [13, 14]. Between 2013 and 2017, the Sabes study
evaluated an HIV treatment-as-prevention intervention among
MSM and TW, the populations most affected by HIV in Lima,
Peru. This 3-step screen, rescreen, and treat study design has
been published [13]. In brief, of 2685 MSM and TW who re-
ported behaviors associated with high risk for HIV and who
were HIV uninfected at the screening visit, 2109 entered a lon-
gitudinal cohort. During the 2-year follow-up period, these par-
ticipants were tested monthly by point-of-care third-generation
HIV immunoassay and for HIV type 1 (HIV-1) RNA if negative.
Sabes participants with incident HIV infections were eligible for
the treatment phase of the study if at the time of diagnosis they
were HIV seronegative and plasma HIV-1 RNA positive, or HIV
seropositive with a negative HIV third-generation antibody test
or HIV RNA within the prior 3 months. Participants were ran-
domized 1:1 within strata defined by serostatus at diagnosis to
immediate (at a mean of <1 day [range, 0-6 days]) vs deferred
ART initiation (beginning at 24 weeks or when local criteria
were met) and followed for clinical events over 1 year. Of the
216 randomized participants, all participants with plasma bio-
markers assessed at baseline or longitudinally through 24 weeks
were included in this subanalysis. Participants were selected for
biomarker analysis if they were co-enrolled in a related obser-
vational study that evaluated neurologic or reservoir outcomes
[16, 17], had near-complete samples at the selected timepoints,
and started ART at the designated visit (either at enrollment in
the immediate arm or at week 24 in the deferred arm).
Self-reported demographic, risk behavior, and substance
use data were collected using computer-assisted self-interview.
Smoking status (current smoker or not) was collected using

the 2015 Spanish-language National Health and Nutrition
Examination Survey tobacco use questionnaire [18]. Substance
use (marijuana, cocaine [paste, powder, injection, crack], hal-
lucinogens, inhalants, heroin, methamphetamine, and tran-
quilizers) in the past 3 months was collected at baseline and
quarterly. Self-reported alcohol use in the past 30 days was
collected using the timeline follow-back questionnaire and the
Quick Drinking Screen at baseline [19-22].

Laboratory Measurements

We evaluated a panel of markers of immune activation at en-
rollment (week 0) and 1, 2, 4, 8, 12, and 24 weeks thereafter.
CD4, CD8, and VL were evaluated at the same timepoints. A
custom Meso Scale Discovery (MSD) U-PLEX chemilumines-
cent immunoassay panel (Meso Scale Diagnostics, Rockville,
Maryland) was used to test for tumor necrosis factor (TNF)-q,
TNE-B, interferon (IFN)-a2a, macrophage inflammatory pro-
tein (MIP)-1a, MIP-1B, IFN-y-inducible protein 10 (IP-10),
interleukin (IL)-4, IL-8, IL-7,1L-6,IL-2,IL-1a, IL-1p, IL-12p23,
IL-12p70, IL-16, IFN-y, IL-10, monocyte chemoattractant pro-
tein (MCP)-1, and stromal cell-derived factor (SDF)-1aq, in
plasma. We also quantified soluble CD163 (sCD163) and soluble
CD14 (sCD14) using an enzyme-linked immunosorbent assay
(Quantikine ELISA, R&D Systems, Minneapolis, Minnesota).
Vascular cell adhesion molecule 1 (VCAM-1) was quantified
with Luminex assay (Human Magnetic Luminex Assay, R&D
Systems). For the MSD and Luminex assays, we followed man-
ufacturer instructions [13]. Plasma was additionally analyzed
for levels of high-sensitivity C-reactive protein (CRP) (Siemens
Healthcare Diagnostics, Newark, Delaware) and D-dimer
with Diazyme reagents (Diazyme Laboratories, San Diego,
California) in the same specimens, as well as CD4" and CD8" T
cells (cells per microliter). Phosphatidylethanol (PEth, a direct
alcohol biomarker) was measured in dried blood spots (United
States Drug Testing Laboratories, Des Plaines, Illinois), using
the following cutoffs for PEth 16.0/18.1: negative (nondrinkers
or low drinkers) <8 ng/mL, positive >8 ng/mL [23]. Biomarker
data are available for 97 participants at the enrollment visit, of
which 57 participants had a smaller panel of biomarkers avail-
able for the multiple timepoints through 24 weeks.

Statistical Analysis

For cross-sectional analysis, the primary predictor of interest
was the time from estimated date of detectable HIV infec-
tion (EDDI) to enrollment (ENR). EDDI was estimated from
the published Consortium for Evaluation and Performance of
HIV Incidence Assays calculator that includes clinical and HIV
testing history for participants, as previously described [14, 24].
Multivariate linear regression analysis was used to assess dif-
ferences in plasma biomarkers between participants with
EDDI-to-ENR intervals of <30 vs >30 days (eg, acute infec-
tion vs later primary infection). Biomarkers (except D-dimer,
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high-sensitivity CRP, CD4, and CD8) were log, -transformed to
achieve constant variance assumptions and were normalized to
the cohort’s interquartile range (IQR) given variable dynamic
ranges of biomarkers. Viral load was considered a potential
confounder in all models. Additional covariates considered
were age, current smoking, and alcohol use. We evaluated
several measures of alcohol use given evidence that exposure
measurement is imperfect and different methods have vari-
able correlation with biologic outcomes [25]. These included
blood PEth, calculated drinks per day, reported alcohol use in
the past 30 days, and Alcohol Use Disorders Identification Test
(AUDIT) score. Additional covariates were included in models
if they changed estimates by 210%.

Biomarkers measured longitudinally (TNF-a, MIP-1a, IP-10,
IL-7, IL-6, IL-2, IL-1a, IL-12, IFN-y, IL-10, CD4, CD8, CD4/
CD8 ratio, and VL) were evaluated with generalized estimating
equations (GEEs) to capture differential time trend of each an-
alyte by immediate or deferred ART arm, including interaction
between treatment arm and time. Models were additionally ad-
justed for age, baseline VL, current smoking, and PEth. We used
the Benjamini-Hochberg procedure to correct P values for false
discovery [26]. Analyses were performed with SAS software,
version 9.4 (SAS Institute, Cary, North Carolina) and Stata soft-
ware, version 16 (StataCorp, College Station, Texas).

This study received Institutional Review Board approval at
the Fred Hutchinson Cancer Research Center and the Bioethics
Committee at Asociacion Civil Impacta Salud y Educacion. All
participants provided written informed consent for the Sabes
study, including consent for storage and future use of specimens.

RESULTS

Of 97 participants, 32 and 65 had EDDI-to-ENR intervals of
<30 or >30 days, respectively. Median age was 26 years (IQR,
21-40 years). Forty participants (44%) were current sometime
or daily smokers, 54 (48%) had detectable PEth levels, and 22
(23%) had AUDIT scores 215. Use of hallucinogens, opiates,
amphetamines, and tranquilizers was negligible in the cohort
(1 person reporting each) and therefore were not further elab-
orated. The median HIV VL was higher in the <30-day EDDI-
to-ENR group than in the >30-day group (6.7 [IQR, 6.2-7.0]
log, , copies/mL vs 5.4 [IQR, 4.7-6.0] log,, copies/mL; P < .001;
Table 1). No baseline covariates differed significantly between
ART initiation arms.

Despite Overall Similarity, Some Biomarkers Differ by EDDI-to-ENR Group
While several biomarkers were higher in the EDDI-to-ENR
<30-day group in unadjusted analysis, adjusting for VL atten-
uated many of these associations (Figure 1). CD4/CD8 ratio,
VCAM-1, IL-10, and IP-10 were most attenuated by VL ad-
justment. After adjustment for both VL and smoking, most
biomarkers were similar between the 2 EDDI-to-ENR groups
(Supplementary Table 1). Mean CD8" cell count in the >30-day
group was higher by 2.7 times (95% confidence interval [CI],
1.7-4.4) the IQR (P = .015). Similarly, sCD163 in the >30-day
group was higher by 1.4 (95% CI, .96-2.11) times the IQR,
but the difference was no longer significant after adjustment
(P =.25). Those in the <30-day group had mean 1.7-fold (95%
CIL, 1.2-2.4) and 3.8-fold (95% CI, 1.6-9.1) IQR higher IFN-y
and IFN-a2a levels than the >30-day group (both P = .028).

Table 1.
Randomized Within the Sabes Clinical Study

Demographics of the 92 Participants Who Contributed Cross-Sectional and Longitudinal (n = 57) Data, a Subset of the Total 216 Participants

Variable Enrolled Within 30 Days of EDDI (n = 32) Enrolled 31-100 Days From EDDI (n = 65) PValue
Male sex at birth 32 (100) 65 (100) 1.00
Gender identity 29 (91) 57 (88) .25

Male

Transgender female 2 (6) 8(12)

Other/not reported 1(3) 0(0)
Age, y, mean (IQR) 26.4 (22.8-29.7) 270 (21.3-30.2) .63
PEth results at ENR?, ng/mL 43

<8 (negative) 14 (44) 28 (43)

8-111 14 (44) 24 (37)

>112 0(0) 3(5)

Not available 4(12)
Current smoking 16 (50) 25 (38) .28
Cocaine use (any form) 1(3) 3(5) 73
Marijuana 3(9) 6(9) .98
CD4 at ENR?, median (IQR) 406 (276-543) 428 (284-571) .96
HIVVL at ENR?, log,, median (IQR) 6.7 (6.2-7.0) 5.4 (4.7-6.0) <.0001

Data are presented as No. (%) unless otherwise indicated. Few, if any, participants (1 or none each) reported any use of inhalants, amphetamines, opioids, or hallucinogens and are there-

fore omitted from these tables.

Abbreviations: EDDI, estimated date of detectable infection; ENR, enroliment; HIV, human immunodeficiency virus; IQR, interquartile range; PEth, phosphatidylethanol, a long-lived alcohol

metabolite; VL, viral load.
®ENR was generally within 6 days of diagnosis of acute or primary HIV.
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Figure 1. Relative mean fold difference in soluble biomarkers at the time of study enrollment in people with human immunodeficiency virus (HIV) who were enrolled >30
days vs within 30 days of estimated date of detectable HIV infection. Results are presented unadjusted (gray circles) and adjusted for viral load at baseline and smoking
status (black squares). Biomarkers for which the confidence interval does not cross 1.0 are additionally bolded. Results higher in people with EDDI to ENR >30 days are to
the right, while results higher in people with EDDI to ENR within 30 days extend to the left. Several markers were attenuated after adjustment (eg, interferon-vy), but other
associations strengthened after adjustment (eg, CD4/CD8, CD8, and interleukin 12p70). Mean fold change and Benjamini-Hochberg—adjusted P values are presented in
Supplementary Table 1. Abbreviations: Cl, confidence interval; CRP, C-reactive protein; EDDI, estimated date of detectable infection; ENR, enrollment; IFN, interferon; IL, in-
terleukin; IP. interferon-y—inducible protein; IQR, interquartile range; MCP. monocyte chemoattractant protein; MIP, macrophage inflammatory protein; sCD14, soluble CD14;
sCD163, soluble CD163; SDF, stromal cell-derived factor; TNF, tumor necrosis factor; VCAM, vascular cell adhesion molecule.

Changes in Biomarkers Over Time

Time of ART initiation was significantly associated with de-
cline in levels of TNF-a, MIP-1a, IP-10, IL-7, IL-12, IFN-y, and
IL-10. All declined more quickly in those who initiated ART
immediately (and were thus on ART during the observation
period), but in adjusted analyses only the decline in MIP-1a,
IL-12, and IL-10 remained significantly more rapid in those

treated during the substudy period (Figure 2, Supplementary
Table 2). Time between HIV acquisition and enrollment had
less impact. Those enrolled within 30 days of EDDI had lower
overall levels of IL-6 over time in adjusted analysis; time since
EDDI (<30 vs >30 days) also affected rate of decline of IL-1a
(Supplementary Table 2). In GEEs restricted to the imme-
diate ART arm where the impact of time between EDDI and
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Figure 2. Change in soluble biomarkers over the first 24 weeks among people with human immunodeficiency virus (HIV) who initiated antiretroviral therapy (ART)
immediately vs deferred ART initiation until 24 weeks after HIV diagnosis. Longitudinal analysis with generalized estimating equations was performed with biomarkers
obtained at baseline (week 0) and at weeks 1, 2, 4, 8, 12, and 24 after enrollment, using an interaction term for study week and treatment arm, unadjusted for substance
use or estimated date of detectable infection. The shaded area displays 95% confidence intervals around the regression line. Interleukins 1a, 2, and 6 are not displayed.
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enrollment should be most clear, only decline in IL-la was
impacted by the EDDI-to-ENR interval (faster decline in the
<30-day group) (Figure 3). A similar but nonsignificant trend
was seen in IFN-y (Figure 3). Linear models best described
time-dependent changes compared with quadratic models.
Neither age nor baseline VL influenced the rate of change of
biomarkers over 24 weeks.

Influence of Alcohol and Smoking on Biomarkers During Early HIV
Infection

At the enrollment visit, average drinks per day, reported al-
cohol use during the past 30 days, and AUDIT score were not
associated with differences in markers of immune activation
after adjustment. However, positive PEth level was associated
with a 1.3- 1.5-, and 1.7-fold IQR higher for IFN-y, TNF-q,
and IL-12p70 (P = .04, .03, and .02, respectively). Compared
to current smokers, nonsmokers had a 1.4-, 1.4-, and 1.8-fold
IQR higher TNF-a, MIP-1a, and IL-12p70 (P = .04, .03, and
.01, respectively). In longitudinal analysis, IL-1a declined more
quickly in smokers and in those with positive PEth, and there
were no other associations between use of substances and
change in biomarkers over time (Supplementary Table 2). Small
proportion of participants using substances other than alcohol
or smoking (<10% using marijuana and <1% other substances)
precluded formal analysis of associations with biomarkers.

DISCUSSION

Clinical benefits of ART initiation during acute/early primary
infection vs later primary infection have been previously re-
ported in our randomized Sabes study. We extended these
findings by assessing innate and adaptive immune responses
with soluble biomarkers in a subgroup of Sabes participants.
Observations from these analyses include the following. First,
most markers of immune activation were higher in those <30
days vs >30 days from EDDI (ie, those acute HIV infection vs
those later in primary infection), a finding modestly attenuated
by adjustment for VL. IFN-y and other inflammatory markers
are higher during this period marked by high exposure to viral
antigens, prior to the onset of compensatory responses and
immune exhaustion [27]. Levels of sCD163, expressed on M2
macrophages, which work to suppress tissue inflammation,
were higher in participants enrolled >30 days from EDD], per-
haps in response to inflammation in the acute period, although
this finding was attenuated by adjustment for baseline VL. The
>30-day group also had higher levels of CD8; the lower levels of
IFN-y we observed in the >30-day group and proliferation de-
fects observed in other studies suggest reduced CD8 functional
capacity during the immediate post-acute infection period
[28]. Among participants in the Short Pulse Anti-Retroviral
Therapy at Seroconversion study and in our full analysis of the
Sabes study, normalization of the CD4/CD8 ratio was seen in
those treated during acute infection, but not in those treated

after 6 months from infection in the former or after 90 days
from infection in the latter [14, 29].

As expected, most biomarkers decreased significantly over
time and did so more quickly in those starting ART immedi-
ately. Neither age nor baseline VL modified the rate of change
in markers over time, even though those with higher VLs also
showed higher levels of immune activation. Only longitudinal
changes in IL-1a were influenced by alcohol consumption or
smoking. Except for IL-1a, rate of biomarker decay appeared
unaffected by time since EDDI at enrollment, and those who
started treatment immediately had faster declines in only 3 other
markers. Although we did not directly evaluate inflammasomes
in this study, our findings hint at a complex regulation of acute
inflammation that depended on time since HIV infection and
exogenous exposures [30].

Our results complement the results of Sereti et al [6], who
used a smaller biomarker panel in 78 Thai participants enrolled
during early primary infection; baseline differences by stage
(based on pooled nucleic acid tests, fourth-generation enzyme
immunoassays, and Western blots) were reported for CRP,
IL-6, intestinal fatty acid-binding protein (I-FABP), sCD14,
D-dimer, and hyaluronic acid. At baseline, our EDDI-to-ENR
categories differed by CD4, CD8, sCD163, INF-y, IL-12p70,
and IL-a2a. Sereti et al and others assessed posttreatment bi-
omarker levels and found I-FABP or lipopolysaccharide and
sCD14 to be elevated compared to levels in uninfected controls
[5, 6, 31, 32]. We report substantial impact of ART initiation
in primary infection on multiple inflammatory biomarkers
(comparing immediate vs deferred ART initiation). Moreover,
among participants who initiated ART immediately after diag-
nosis, small differences in time since HIV acquisition (<30 vs
>30 days) had little impact on subsequent overall level or rate of
change in biomarkers.

Behavioral influences in PWH likely contribute to changes
in inflammatory markers, independent of the impact of plasma
viremia. Studies of the effect of alcohol consumption have re-
ported contrasting effects on cytokines, complicated by dif-
ferent ways of measuring alcohol use. A potential influence is
the suppression of gut-associated innate immune function by
chronic alcohol consumption; this could contribute to gastro-
intestinal dysbiosis and higher levels of systemic immune ac-
tivation and HIV replication, although higher levels of alcohol
consumption have been associated with overall lower blood
levels of IL-6 and TNF-a [33]. Smoking is also well-known to
produce both pro- and anti-inflammatory effects. Smoking can
increase systemic IL-6 specifically as well as gastrointestinal in-
flammation more generally [34, 35]. Smoking also suppresses
T-cell function, which can inhibit responses to viral infections
[36, 37]. This could possibly explain why nonsmokers exhib-
ited higher levels of some biomarkers associated with antiviral
responses at baseline. Cocaine has also been associated with
markers of T-cell activation in PWH during chronic infection
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[38]. Although prior analyses of chronic immune activation in
PWH focused on a disproportionate exposure of this popula-
tion to smoking, alcohol, and other substances, it has become
clearer that the burden of inflammation in PWH is driven by
HIV itself, whether through pathogenesis established prior to
ART initiation or ongoing immune stimulation during treat-
ment [4, 39, 40].

Our study has several limitations. The relatively small
sample of participants with acute HIV limited our ability to
identify clinically meaningfully differences compared with
later primary infection. We also do not compare our findings
to persons without HIV. Small sample size also impacted our
ability to exclude the influence of measured variables on lon-
gitudinal change in markers and the ability to retain sufficient
power to evaluate multiple covariates. The relatively homoge-
neous participant population and randomized ART allocation,
however, reduced potential bias associated with treatment in-
itiation. This study did not include any participants assigned
female at birth; thus, results may not be generalizable given
known sex differences in immune responses and viral setpoint
[41]. Smoking and moderate/high levels of alcohol consump-
tion were common in this cohort, although other substances
were not reported with sufficient frequency to be included in
this analysis.

This study is unique in its ability to compare inflammatory
markers at baseline and over time in persons starting ART
during primary HIV. Randomization to time of ART initiation
allowed for comparison groups that were similar except for
ART initiation. Unique findings of this study include identifica-
tion of CD8 and sCD163 elevations during postacute infection,
interaction of smoking and alcohol with inflammation, and the
influence of ART on immune activation during early treatment.
Although we found weak associations between substance use
and changes in biomarkers of immune activation in the first 6
months after HIV acquisition, alcohol use and smoking were
associated with several proinflammatory cytokines at the time
of HIV diagnosis. Thus, the frequent care interactions that
occur around ART initiation could provide an opportunity for
education and counseling to PWH around cessation of smoking
and moderation of alcohol to improve overall health outcomes.
Concordant with the primary findings of the Sabes study, which
showed deleterious effects on clinical outcomes associated with
delaying ART by only 6 months during primary infection, this
study found beneficial immunologic consequences in those
who started ART within 30 days of HIV acquisition. Currently,
the World Health Organization and all guidelines panels rec-
ommend starting ART at the time of HIV diagnosis, but these
recommendations are based on data from prevalent infection
[1,42-45]; the beneficial immunologic consequences of starting
ART within 30 days of acquisition seen in this study therefore
add strength to the rationale for expediting ART initiation in
acute or primary infection.

Supplementary Data

Supplementary materials are available at Open Forum Infectious Diseases
online. Consisting of data provided by the authors to benefit the reader,
the posted materials are not copyedited and are the sole responsibility of
the authors, so questions or comments should be addressed to the corre-
sponding author.

Notes

Author contributions. The Sabes clinical study was conceived and imple-
mented by J. R. L, P. G,, ]. S., and A. D., in addition to a large team at the
nongovernmental organization IMPACTA Peru. Subanalysis was designed
by T. G. and R. B. I. Laboratory and data processing: J. M., D. P-S.,, S. P, R.
V., E. W. Statistical analyses: S. R. S., Y. W,, S. D,, R. B. I. Manuscript prep-
aration: S. R. S., S. D., R. B. I, A. D. All authors have reviewed and agree to
the final submitted manuscript.

Acknowledgments. We thank the Sabes participants for their time and
participation. Antiretroviral therapy for Sabes was donated by Merck & Co,
Incand Gilead Sciences, Inc. We thank Sheila Keating and her former labora-
tory at Blood Systems Research Institute (San Francisco) and the Northwest
Lipid Metabolism and Diabetes Research Laboratory at the University of
Washington for assisting with performance of some biomarkers.

Patient consent. The Sabes study was approved by the Fred Hutchinson
Cancer Research Center Institutional Review Board (IRB) as well as the
Peruvian National Institute of Health and other local IRBs and ethics com-
mittees. All participants provided written informed consent.

Financial support. This work was supported by National Institutes of
Health/National Institute on Drug Abuse (grant numbers ROIDA032106
and RO1 DA040532). R. B. I. receives funding from the National Institute
for Allergy and Infectious Diseases (award number K23A1129659). S. R.
S. received funding from National Institutes of Health/National Heart
Lung and Blood Institute (R38HL143581). T. G. received funding from
the International AIDS Society-National Institute on Drug Abuse-French
National Agency for Research on AIDS and Viral Hepatitis HIV and Drug
Use Research Fellowship Programme-2014.

Potential conflicts of interest. R. B. 1. has received consulting fees from
SeaGen and AbbVie, outside the submitted work. A. D. has received con-
sulting fees from SeaGen and research funds from Gilead, outside the sub-
mitted work. All other authors report no potential conflicts of interest.

All authors have submitted the ICMJE Form for Disclosure of Potential
Conflicts of Interest. Conflicts that the editors consider relevant to the con-
tent of the manuscript have been disclosed.

References

1. INSIGHT START Study Group; Lundgren JD, Babiker AG, Gordin E et al.
Initiation of antiretroviral therapy in early asymptomatic HIV infection. N Engl J
Med 2015; 373:795-807.

2. Marcus]JL, Leyden WA, Alexeeff SE, et al. Comparison of overall and comorbidity-
free life expectancy between insured adults with and without HIV infection,
2000-2016. JAMA Netw Open 2020; 3:e207954.

3. Tenorio AR, Zheng Y, Bosch RJ, et al. Soluble markers of inflammation and co-
agulation but not T-cell activation predict non-AIDS-defining morbid events
during suppressive antiretroviral treatment. J Infect Dis 2014; 210:1248-59.

4. Hunt PW, Lee SA, Siedner MJ. Immunologic biomarkers, morbidity, and mor-
tality in treated HIV infection. J Infect Dis 2016; 214:544-50.

5. Schnittman SR, Deitchman AN, Beck-Engeser G, et al. Abnormal levels of some
biomarkers of immune activation despite very early treatment of human immu-
nodeficiency virus. J Infect Dis 2021; 223:1621-30.

6. Sereti I, Krebs SJ, Phanuphak N, et al. Persistent, albeit reduced, chronic inflam-
mation in persons starting antiretroviral therapy in acute HIV infection. Clin
Infect Dis 2017; 64:124-31.

7. Bagby GJ, Zhang P, Purcell JE, Didier PJ, Nelson S. Chronic binge ethanol con-
sumption accelerates progression of simian immunodeficiency virus disease.
Alcohol Clin Exp Res 2006; 30:1781-90.

8. Baum MK, Rafie C, Lai S, Sales S, Page JB, Campa A. Alcohol use accelerates HIV
disease progression. AIDS Res Hum Retroviruses 2010; 26:511-8.

9. Marcondes MC, Watry D, Zandonatti M, Flynn C, Taffe MA, Fox H. Chronic al-
cohol consumption generates a vulnerable immune environment during early SIV
infection in rhesus macaques. Alcohol Clin Exp Res 2008; 32:1583-92.

8 « OFID .« Gilada et al



10.

11.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Vujkovic-Cvijin I, Dunham RM, Iwai S, et al. Dysbiosis of the gut microbiota is
associated with HIV disease progression and tryptophan catabolism. Sci Transl
Med 2013; 5:193ra-91.

Poonia B, Nelson S, Bagby GJ, Zhang P, Quniton L, Veazey RS. Chronic alcohol
consumption results in higher simian immunodeficiency virus replication in
mucosally inoculated rhesus macaques. AIDS Res Hum Retroviruses 2005;
21:863-8.

. Baker JV, Neuhaus ], Duprez D, et al. Changes in inflammatory and coagulation

biomarkers: a randomized comparison of immediate versus deferred antiretroviral
therapy in patients with HIV infection. ] Acquir Immune Defic Syndr 2011; 56:36-43.
Lama JR, Brezak A, Dobbins JG, et al. Design strategy of the Sabes study: di-
agnosis and treatment of early HIV infection among men who have sex with
men and transgender women in Lima, Peru, 2013-2017. Am ] Epidemiol 2018;
187:1577-85.

Lama JR, Ignacio RAB, Alfaro R, et al. Clinical and immunologic outcomes after
immediate or deferred antiretroviral therapy initiation during primary human
immunodeficiency virus infection: the Sabes randomized clinical study. Clin
Infect Dis 2021; 72:1042-50.

Jain V, Hartogensis W, Bacchetti P, et al. Antiretroviral therapy initiated within
6 months of HIV infection is associated with lower T-cell activation and smaller
HIV reservoir size. ] Infect Dis 2013; 208:1202—-11.

Longino AA, Paul R, Wang Y, et al. HIV disease dynamics, markers of inflam-
mation and CNS injury during primary HIV infection and their relationship to
cognitive performance. ] Acquir Immune Defic Syndr 2022; 89:183-90.
Massanella M, Ignacio RAB, Lama JR, et al. Long-term effects of early antiretro-
viral initiation on HIV reservoir markers: a longitudinal analysis of the MERLIN
clinical study. Lancet Microbe 2021; 2:e198-209.

Centers for Disease Control and Prevention (CDC). National Health and Nutrition
Examination Survey (NHANES) Smoking and Tobacco Survey. 2015. https://
wwwn.cdc.gov/Nchs/Nhanes/2015-2016/SMQ_Lhtm. Accessed 8 August 2021.
Robinson SM, Sobell LC, Sobell MB, Leo GI. Reliability of the timeline followback
for cocaine, cannabis, and cigarette use. Psychol Addict Behav 2014; 28:154-62.
Sobell LC, Sobell MB. Timeline follow-back: A technique for assessing self-
reported alcohol consumption. In: Measuring alcohol consumption: Psychosocial
and Biological Methods. New Jersey: Humana Press; 1992:41-72.

Sobell LC, Sobell MB. Quick Drinking Screen. https://www.nova.edu/gsc//forms/
quick_drinking_screen.pdf. Accessed 8 August 2021

Stahre M, Naimi T, Brewer R, Holt ]. Measuring average alcohol consumption: the
impact of including binge drinks in quantity—frequency calculations. Addiction
2006; 101:1711-8.

Schrock A, Wurst FM, Thon N, Weinmann W. Assessing phosphatidylethanol
(PEth) levels reflecting different drinking habits in comparison to the alcohol use
disorders identification test-C (AUDIT-C). Drug Alcohol Depend 2017; 178:80-6.
Grebe E, Facente SN, Bingham J, et al. Interpreting HIV diagnostic histories into
infection time estimates: analytical framework and online tool. BMC Infect Dis
2019; 19:894.

Maffei VJ, Siggins RW, Luo M, et al. Alcohol use is associated with intestinal
dysbiosis and dysfunctional CD8" T-cell phenotypes in persons with human im-
munodeficiency virus. ] Infect Dis 2021; 223:1029-39.

Benjamini Y, Hochberg Y. Controlling the false discovery rate: a practical and
powerful approach to multiple testing. J R Stat Soc Series B (Methodol) 1995;
57:289-300.

Streeck H, Brumme ZL, Anastario M, et al. Antigen load and viral sequence diver-
sification determine the functional profile of HIV-1-specific CD8" T cells. PLoS
Med 2008; 5:¢100.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

Heath SL, Sabbaj S, Bansal A, Kilby JM, Goepfert PA. CD8 T cell proliferative ca-
pacity is compromised in primary HIV-1 infection. ] Acquir Immune Defic Syndr
2011; 56:213-21.

Thornhill ], Inshaw J, Kaleebu P, et al. Brief report: enhanced normalization of
CD4/CD8 ratio with earlier antiretroviral therapy at primary HIV infection. J
Acquir Immune Defic Syndr 2016; 73:69-73.

Ekabe CJ, Clinton NA, Kehbila J, Franck NC. The role of inflammasome activa-
tion in early HIV infection. ] Immunol Res 2021; 2021:1487287.

Hellmuth J, Slike BM, Sacdalan C, et al. Very early initiation of antiretroviral therapy
during acute HIV infection is associated with normalized levels of immune activa-
tion markers in cerebrospinal fluid but not in plasma. J Infect Dis 2019; 220:1885-91.
Novelli S, Lécuroux C, Avettand-Fenoel V, et al. Long-term therapeutic im-
pact of the timing of antiretroviral therapy in patients diagnosed with pri-
mary human immunodeficiency virus type 1 infection. Clin Infect Dis 2018;
66:1519-27.

Marques-Vidal P, Bochud M, Bastardot F, et al. Associations between alcohol
consumption and selected cytokines in a Swiss population-based sample (CoLaus
study). Atherosclerosis 2012; 222:245-50.

Verschuere S, De Smet R, Allais L, Cuvelier CA. The effect of smoking on intes-
tinal inflammation: what can be learned from animal models? ] Crohns Colitis
2012; 6:1-12.

Mehta S, Vijayvergiya R, Dhawan V. Activation of NLRP3 inflammasome as-
sembly is associated with smoking status of patients with coronary artery disease.
Int Immunopharmacol 2020; 87:106820.

Razani-Boroujerdi S, Singh SP, Knall C, et al. Chronic nicotine inhibits inflam-
mation and promotes influenza infection. Cell Immunol 2004; 230:1-9.
Thatcher TH, Benson RP, Phipps RP, Sime PJ. High-dose but not low-dose main-
stream cigarette smoke suppresses allergic airway inflammation by inhibiting T
cell function. Am J Physiol Lung Cell Mol Physiol 2008; 295:L412-21.

Kamat A, Misra V, Cassol E, et al. A plasma biomarker signature of immune acti-
vation in HIV patients on antiretroviral therapy. PLoS One 2012; 7:e30881.

Hunt PW. HIV and inflammation: mechanisms and consequences. Curr HIV/
AIDS Rep 2012; 9:139-47.

Schuetz A, Deleage C, Sereti I, et al. Initiation of ART during early acute HIV
infection preserves mucosal Th17 function and reverses HIV-related immune ac-
tivation. PLoS Pathog 2014; 10:¢1004543.

Scully EP, Gandhi M, Johnston R, et al. Sex-based differences in human immuno-
deficiency virus type 1 reservoir activity and residual immune activation. J Infect
Dis 2019; 219:1084-94.

World Health Organization (WHO). Guideline on when to start antiretroviral
therapy and on pre-exposure prophylaxis for HIV. World Health Organization;
2015. https://apps.who.int/iris/bitstream/handle/10665/186275/9789241509565_
eng.pdf Accessed 8 August 2021.

TEMPRANO ANRS 12136 Study Group; Danel C, Moh R, Gabillard D, et al. A
trial of early antiretrovirals and isoniazid preventive therapy in Africa. N Engl J
Med 2015; 373:808-22.

. Office of AIDS Research National Institutes of Health. Panel on Antiretroviral

Therapy and Medical Management of Children Living with HIV. Guidelines
for the Use of Antiretroviral Agents in Pediatric HIV Infection. 2022; https://
clinicalinfo.hiv.gov/en/guidelines/adult-and-adolescent-arv. Accessed 8 August
2021.

Peruvian Ministry of Health (Peru Ministerio de Salud). Norma Tecnica
de Salud de Atencion Integral del Adulto con Infeccion por el Virus De La
Inmunodeficiencia Humana (VIH). 2020. http://bvs.minsa.gob.pe/local/
MINSA/4479.pdf. Accessed 8 August 2021.

Immune Activation in Primary HIV « OFID « 9


https://wwwn.cdc.gov/Nchs/Nhanes/2015-2016/SMQ_I.htm
https://wwwn.cdc.gov/Nchs/Nhanes/2015-2016/SMQ_I.htm
https://www.nova.edu/gsc//forms/quick_drinking_screen.pdf
https://www.nova.edu/gsc//forms/quick_drinking_screen.pdf
https://apps.who.int/iris/bitstream/handle/10665/186275/9789241509565_eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/186275/9789241509565_eng.pdf
https://clinicalinfo.hiv.gov/en/guidelines/adult-and-adolescent-arv
https://clinicalinfo.hiv.gov/en/guidelines/adult-and-adolescent-arv
http://bvs.minsa.gob.pe/local/MINSA/4479.pdf
http://bvs.minsa.gob.pe/local/MINSA/4479.pdf

