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ABSTRACT:

Objective: Assess whether biomarkers of systemic inflammation are associated with HIV acquisition or
with the timing of ART initiation (“immediate”, at diagnosis, versus “deferred”, at 24 weeks post-

diagnosis) in men-who-have-sex-with-men (MSM) and transgender women.

Design: A retrospective study comparing inflammatory biomarkers in participants’ specimens collected

before and after >2 years of effective ART.

Methods: Inflammatory biomarkers were measured in four longitudinally collected plasma specimens,
including two plasma specimens collected from each participant before and two after HIV acquisition and
confirmed ART-suppression. Biomarkers were quantified by enzyme-linked immuno-assay or Meso
Scale Discovery. Statistical measures compared intra-participant and between-group changes in

biomarkers.

Results: Across 50 participants, the levels of C-reactive protein (CRP), monocyte chemo-attractant
protein-1, tumor necrosis factor-o and interferon gamma-induced protein-10 significantly increased while
leptin and lipopolysaccharide binding protein (LBP) significantly decreased following HIV infection.
Randomization to deferred-ART initiation was associated with greater increases in CRP and no decreases
in LBP. Multiple biomarkers varied significantly within participants’ two pre-infection or two post-ART-

suppression specimens.

Conclusions: Acquisition of HIV appeared to induce systemic inflammation, with elevation of
biomarkers previously associated with infections and cardiovascular disease. Initiation of ART during the
early weeks of infection tempered the increase in pro-inflammatory biomarkers compared to those who
delayed ART for ~24 weeks after HIV diagnosis, perhaps because immediate-ART limited the size of the

HIV reservoir or limited immune dysregulation. Some but not all biomarkers appeared sufficiently stable
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49  to assess intraparticipant changes over time. Given that pro-inflammatory biomarkers predict multiple co-

50  morbidities, our findings suggest that immediate-ART initiation may improve health outcomes.
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51 INTRODUCTION

gg The progression of HIV disease to AIDS has been mitigated by antiretroviral treatment (ART) (1, 2, 3).
54 Despite ART, life-threatening non-AIDS-defining comorbidities associated with elevated biomarkers of
55  systemic immune activation occur at increased frequencies in people living with HIV (PWH) compared
56  to uninfected persons (4, 5, 6,7, 8,9, 10, 11, 12, 13, 14). While effective ART is associated with

57  normalization of some pro-inflammatory biomarkers, other biomarkers, particularly those associated with
58  monocyte/macrophage activation, remain elevated in PWH compared to uninfected individuals (7).

59  Studies comparing immune activation biomarkers in PWH versus uninfected persons aim to control for
60  genetic, behavioral, or other pre-existing factors (4, 7, 15). However, longitudinal studies examining these
61  factors before and following incident HIV infection are lacking. We leveraged specimens collected from
62  individuals with prospectively documented incident HIV infection (16, 17) to compare immune

63  biomarkers in specimens collected prior to HIV infection to those collected after ART suppression of

64  viral replication. Because ART prevents ongoing viral replication but does not prevent infected cells from
65  producing viral proteins and particles, we hypothesized that PWH would demonstrate greater immune

66  activation after ART suppression of viral replication compared to pre-infection values. Additionally,

67  because ART initiated during primary infection limits the size of the HIV reservoir, we hypothesized that
68  PWH initiating ART at diagnosis during acute or early primary infection (“immediate” ART) would show
69  less immune activation compared to those who “deferred” ART for ~24 weeks.

70

71 METHODS

72 Banked specimens from a prospective study of incident HIV infection among seronegative men-who-

73 have-sex-with-men (MSM) and transgender women in Lima, Peru (Sabes Study) (16) were utilized to

74  evaluate immune biomarkers. Participants were enrolled into the Sabes Study between 7/16/2013 and

75 7/31/2015 followed through 9/10/2019 (date of last 4™ timepoint sample). All participants provided

76  written informed consent including consent for future use of specimens; personal identifiers were retained

77  atthe study site in Lima (JRL) for participant tracking and were not available to other co-authors.
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78  Participants were screened monthly for HIV acquisition by HIV antibody and nucleic acid amplification
79  testing. The estimated date of detectable infection (EDDI) was calculated as previously described (17,
80  18). Following HIV diagnosis, participants were randomized to initiate ART immediately (immediate-
81  ART) or to defer ART for 24 weeks (deferred-ART) (16).
82
83  Participants with documented incident HIV infection were selected for this sub-study in February 2020
84  (with participants data accessed on multiple dates during the preceding months) based on availability of
85  two pre- and two post-infection plasma specimens, with the rationale to evaluate immune biomarkers in
86  steady-state and avoid transient changes associated with HIV acquisition or ART initiation. Specimens
87  included one plasma sample shortly after enrollment, a second <3 months from EDDI (Visits 1 and 2,
88  respectively), a third >6 months and a fourth >24 months after ART suppression of plasma HIV RNA to
89 <200 copies/mL (ART-suppression) (Visits 3 and 4, respectively).
90
91  Biomarkers linked to systemic inflammation and cardiovascular disease were selected for quantification:
92 C-reactive protein (CRP), tumor necrosis factor-o (TNF-a), interleukin (IL-6), soluble urokinase-type
93  plasminogen activator receptor (suPAR), interferon gamma-induced protein 10 (IP-10), interleukin 1
94  (IL-1B), interleukin 8 (IL-8)’, interleukin 10 (IL-10) (19, 20, 21), lipopolysaccharide binding protein
95  (LBP)) (22, 23), and markers associated with bacterial translocation (soluble cluster of differentiation 14
96  and 163 (sCD14, sCD163), and antiviral responses (interferon-gamma (IFN-y), leptin, interleukin a-2a
97  (IFN-02a), monocyte chemoattractant protein-1 (MCP-1/CCL2)) (24). Meso Scale Discovery (MSD,
98  Rockville, MD) determined levels of IFN-02a, IFN-y, IL-1p, IL-6, IL-8, IL-10, IP-10, leptin, MCP-
99 1/CCL2, TNF-a, LBP, CRP, and ELISAs (R&D Systems, Minneapolis, MN) determined levels of

100  sCD14, sCD163, and suPAR in March/April 2020.

101

102 During study analysis, participants’ data was accessed on multiple dates in November and December

103 2020 and throughout 2021 by multiple team members. To determine the stability of biomarkers across the
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104  two pre-infection or two post-suppression time-points, a two-sided, one-sample t-test was used to

105  separately compare values within each pair of pre-infection and post-suppression specimens. Biomarker
106  levels were also compared to physiologic “normal” ranges determined by assay manufacturers or clinical
107  studies (leptin, CRP, IFN-02a) (25, 26). Because a prior study associated elevated plasma sCD14 levels
108  with efavirenz-based-ART(8), we further analyzed values across Visit-3 and -4 in participants switching
109  from efavirenz- to non-efavirenz-based regimens.

110

111 To identify biomarkers that differed following HIV infection despite more than six months of ART-

112 suppression, a regression analysis was conducted separately for each biomarker. Participant-specific fixed
113 effects were evaluated across timeframes defined by pre- or post-infection paired visits. To account for
114 variations within the pre- and within the post-infection specimens, variance was pooled across timeframes
115  and across people. This effectively allowed us to implement a pooled variance one-sample t-test with
116  repeated measures, treating the paired visits within the pre- or post-infection timeframe as exchangeable.
117  Unadjusted and Holm adjusted p-values and 95% confidence intervals for the change in mean marker
118  value pre- versus post-infection were calculated in R 4.2.1. Additionally, the regression model included
119  the indicator “deferred-ART” to evaluate whether the duration of infection prior to ART initiation

120  contributed to a difference in biomarkers. P-values of <0.05 were considered significant. To display

121  multiple biomarker differences on a common scale, the differences between pre- versus post-infection
122 means were divided by the pre-infection standard deviation (SD) for each biomarker.

123

124 RESULTS

125  Participants

126  From among a total of 216 Sabes participants with prospectively documented incident HIV infection 50
127  had specimens from four time-points and fulfilled ART-suppression entry criteria and were used for this
128  study of immune biomarkers. These 50 included 19 participants randomized to immediate-ART and 31

129  randomized to deferred-ART. Five participants randomized to deferred-ART initiated ART prior to 24-
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130  weeks post-HIV-diagnosis due to low CD4 cell counts or other ART-qualifying events and two of these
131  initiated ART in the immediate-ART timeframe and are included in the immediate-ART group for the

132 “as-treated” analysis; three initiated ART between the immediate- and the deferred-ART timeframes and

Table 1: Demographic and clinical parameters of participants

Total N=50 Range
Age at diagnosis; mean years 25.6 18-52
Gender Identity; N (%)
Homosexual men 29 (58)
Bisexual men 15 (30)
Transexual women 6 (12)
Race/Ethnicity; N (%)
Mixed race/Hispanic 50 (100)
Other
Not reported
Time interval from EDDI* to ART in days Mean
All participants 134 16-238
Immediate group 39 16-63
Deferred group 210 182-23&
Mean Std. deviation 95% CI
Plasma HIV RNA at HIV diagnosis (log10) 5.8 0.9 5.5,6.0
CD4 count at HIV diagnosis (cells/uL) 464 197 152, 1203

*EDDI = estimated date of detectable HIV infection
133 were excluded from the as-treated analysis, which is reported here. The mean interval from EDDI to ART

134 initiation for immediate-ART (N=21) and deferred-ART (N=26) groups were 39 (range:16-63) and 210
135  days (range:182-238), respectively (Table 1).

136

137

138

139
140  The antiretrovirals provided to study participants shifted over time: at Visit 3, 43/50 were receiving

141  efavirenz+emtricitabine+tenofovir disoproxil and by Visit 4, 48/50 were receiving

142 elvitegravir/cobicistat+emtricitabine+tenofovir alafenamide. Non-study ART regimens were given to nine
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143 participants as medically indicated, including seven protease-inhibitor-based and two efavirenz-based
144 regimens.

145

146  Pro-inflammatory biomarkers

147  Prior to HIV infection the paired pre-infection biomarker levels demonstrated intraparticipant stability,
148  except for significant variability in IP-10, IL-6 and sCD163 (N=50, Supplementary Table 1,

149 Supplementary Figure 1). The mean biomarker values for most participants were within established
150  normal ranges (Figure 1). Outliers with elevated biomarkers observed in both pre-infection specimens
151  included IL-1B (N=1 participant), suPAR (N=2), MCP-1/CCL2, sCD163, and CRP (N=3), TNFa (N=9)
152  and/or leptin (N=23). Following ART-suppression, intraparticipant biomarkers demonstrated stability
153  except for sSCD163, leptin, IL-8, and LBP (N=50, Supplementary Table 2, Supplementary Figure 2).
154  The mean biomarker levels of most participants remained within established norms, except outliers with
155  both values elevated were observed for IL-1f (N=1 participant), suPAR and sCD163 (N=4), IL-6 (N=5),
156  leptin (N=6), MCP-1/CCL2 (N=8), CRP and TNF-0, (N=9) (Figure 1).

157

158

159  Figure 1. Plasma biomarker levels comparing pre-HIV-infection to post-infection and antiretroviral

160  therapy-suppression by timing of ART initiation. Each biomarker evaluated is shown in a separate panel,

161  with normal upper and lower ranges indicated by solid horizontal lines. The mean biomarker levels are
162  plotted for each participant’s (N=50) biomarker values from two timepoints prior to HIV infection (pre-
163 acquisition) and two timepoints post-ART-suppression (>6 months and >2 years post ART suppression of
164  plasma HIV RNA to <200 ¢/mL). The two post-ART-suppression values also shown for “all” participants
165  and separately by the two “as-treated” groups by the time when ART was initiated, either immediately
166  upon diagnosis during primary infection (N=21) or deferred for 24 weeks after HIV diagnosis (N=26)
167  (Immediate-ART, Deferred-ART, respectively). Unadjusted p-values by a regression analysis shown (*
168  <0.01, ** <0.05, *** <0.001) for significant changes in mean cytokine levels between the 47

169  participants prior to HIV infection versus after ART-suppression. Holm adjusted p-values <0.001

170  indicated by (°).

171
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172

173  Comparisons of all participant’s (N=47) mean pre-infection biomarker values to their ART-suppressed
174  mean values by a regression analysis detected statistically significant increases in IP-10, MCP-1/CCL2,
175  TNFa, CRP and significant decreases in leptin and LBP (Figure 1), with differences sustained after Holm
176  adjustment for multiple comparisons in all but LBP and TNF-o (Supplementary Table 3a). Comparison
177  of biomarker levels by timing of ART-initiation found a difference in pre-infection to post-ART-

178  suppression by ART timing group for IFN-02a and CRP (Figure 2 and Supplementary Tables 4a); CRP
179  increased and IFN-02a decreased in the deferred-ART but not in the immediate-ART group (Figure 2,
180  Supplementary Table 5a, Supplementary Table 6a). Furthermore, IP-10 and MCP-1/CCL2 increased
181  and leptin decreased in both groups, while LBP decreased in the immediate-ART group but not in the
182  deferred-ART group.

183

184  Figure 2. Difference between pre-HIV-infection and post-ART suppression biomarker values by timing

185  of antiretroviral therapy (ART) initiation. Biomarker levels from two specimens before HIV infection and

186  two after ART-suppression were separately compared for all participants (shown in black (N=47)), and
187  participants separated into two groups: those who started ART immediately upon HIV-diagnosis in light
188  gray (N=21) vs. those who deferred ART initiation for 24 weeks in dark gray (N=26), with mean

189  differences (dots) and 95% confidence intervals (lines) shown. The 95% confidence intervals were

190  calculated based on a regression analysis with values log transformed prior to analysis and differences
191  divided by pre-infection standard deviation for each analyte. The vertical dotted line reflects no difference

192 between post- and pre-infection values.

193  Abbreviations: suPAR, soluble urokinase-type plasminogen activator receptor; sCD14 and sCD163,

194 soluble cluster of differentiation 14 and 163; LBP, lipopolysaccharide binding protein; IL-1p, IL-6, IL-8
195  and IL-10, interleukin 1b, 6, 8 and 10; IFN-y and IFN-02a, interferon-gamma and -alpha 2a; IP-10,

196  interferon gamma-induced protein 10; MCP-1/CCL2, monocyte chemoattractant protein-1; TNF-a, tumor
197  necrosis factor-alpha; CRP, C-reactive protein

198

199
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200 A comparison of sCD14 values between Visit-3 and -4 in participants (N=43) who switched from

201  efavirenz- to non-efavirenz-based regimens found no significant changes between these intervals.

202

203  DISCUSSION

204  This study is unique in documenting changes in biomarkers of immune activation in individuals with
205  prospectively documented incident HIV infection, and in examining differences in biomarkers between
206  participants randomized to initiate ART immediately in early infection or to defer ART for 24 weeks.
207  Comparison of biomarkers from pre-infection to post ART-suppression, including correction for multiple
208  comparisons, showed increased plasma levels of proinflammatory chemokines/cytokines MCP-1/CCL2
209  and IP-10 secreted by monocyte/macrophages and other cell types in response to HIV infection (27, 28)
210  or stimulation by cytokines (29), and CRP, a marker of inflammation associated with infections, cancers,
211  auto-immunity or tissue damage. These findings of elevated inflammatory cytokines/chemokines are
212 consistent with those reported by previous studies (4, 6, 7, 30). In addition, the levels of one biomarker,
213 leptin, were lower in the post-infection compared to pre-infection specimens. The decrease in leptin, a
214 marker of energy expenditure (31), is consistent with previous studies finding lower leptin in ART-treated
215  PWH (32), likely due to HIV-infection-induced catabolism.

216

217  Multiple biomarkers, including IP-10, IL-6, sCD163, leptin, IL-8, and LBP were variable either within
218  each participant’s two pre-infection or two post-ART-suppression specimens. Temporal perturbations in
219  these analytes may have occurred due to intercurrent illnesses, alcohol consumption (33, 34), or other
220  unknown reasons. The observed intraparticipant variation suggests that a determination of these analytes
221  atasingle point in time may be unreliable in assessing an individual’s biomarker levels and supports the
222 use of large datasets to explore relationships between HIV infection and markers of immune activation.
223

224 Our comparison of biomarker levels between those who initiated immediate- versus deferred-ART

225  initiation found that those treated immediately had significantly less elevation of their CRP and LBP

10
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226  wvalues. Earlier initiation of ART limits the size of the persistent viral reservoir (35), which should limit
227  production of viral nucleic acids and proteins that others have found associated with progression of

228  carotid artery intima thickness (13) or atherosclerotic plaque (14). The greater decrease in plasma IFN-
229  o2a observed among those deferring ART (Figure 2) may be attributable to consistently high pre-

230  infection values in this group. Notably, during ART all participants had IFN-02a values in the normal
231  range of the assay (Figure 1).

232

233 While efavirenz in prior studies was associated with elevated sCD14 and kynurenine-tryptophan ratio (8,
234 36), we did not observe a significant change in sCD14 in participants who switched from efavirenz-based
235  ART to a “non-efavirenz” elvitegravir-based regimen. It is not known whether elvitegravir (or cobicistat,
236  contained in the co-formulated product to reduce hepatic clearance of elvitegravir) is associated with

237  inflammation, but it is notable that SCD14 levels were in the normal range for all specimens tested in the
238  study.

239

240  The primary limitations of this study are the relatively small size of the cohort examined, a relatively

241  short follow-up of the ART-suppressed participants for this life-long infection and the assessment of

242 biomarkers from relatively few timepoints. In addition, the relative youth of our study participants and the
243 short duration of their HIV infections limited our ability to observe non-AIDS adverse events, and we
244 were unable to conduct long term follow-up to observe and correlate our findings with clinical events.
245 Additionally, when evaluating the potential impact of efavirenz, we did not test some biomarkers found to
246  be abnormal in other studies, e.g., kynurenine/tryptophan ratio (8, 36). The primary strength of this study
247 comes from the comparison of two samples from before and two after documented incident HIV

248  infection. The two specimens prior and two after infection reduces variability due to extraneous events.
249  The study of individuals with incident infection diminishes the biases due to pre-existing conditions and
250  confounding behavioral practices, although, we acknowledge that behaviors may change following HIV

251  diagnosis (37).

11
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252

253  CONCLUSIONS

254 In conclusion, multiple pro-inflammatory biomarkers appear to have been induced by HIV and/or ART,
255  despite virologic suppression. Importantly, ART initiation during acute/early HIV infection appeared to
256  limit CRP levels. Given the strong association of CRP with cardiovascular disease (38, 39), these findings
257  emphasize that HIV prevention and ART initiation during primary infection could diminish non-AIDS
258  events.

259
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276  Nucleotide consensus sequences are available in the NCBI Genbank under accession numbers (pending
277  manuscript acceptance). Illumina data are available in the NCBI Sequence Read Archive under

278  BioProject number (pending manuscript acceptance).
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