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Abstract

Introduction: Liver disease is a common cause of non-AlDS morbidity and mortality in people living with HIV (PLHIV), but the
prevalence and significance of liver function test (LFT) abnormalities in early HIV infection is unknown. This study aimed to
characterize LFTs in a large cohort of participants with acute HIV infection initiating immediate antiretroviral therapy (ART)
and examine the association between LFTs and biomarkers of HIV infection and inflammation.

Methods: \We measured LFTs at the time of HIV diagnosis and at 4, 12, 24 and 48 weeks after ART initiation in 426 Thai
individuals with acute HIV infection from 2009 to 2018. A subset of individuals had data available at 96 and 144 weeks. We
excluded individuals with concomitant viral hepatitis. Alanine aminotransferase (ALT) was the primary outcome of interest;
values greater than 1.25 times the upper limit of normal were considered elevated. Analyses utilized descriptive statistics,
non-parametric tests and multivariate logistic regression.

Results: Sixty-six of the 426 individuals (15.5%) had abnormal baseline ALT levels; the majority (43/66, 65.5%) had Grade 1
elevations. Elevated baseline ALT correlated with Fiebig stages Il to V (p = 0.001) and baseline HIV RNA >6 log,o copies/mL
(p = 0.012). Baseline elevations resolved by 48 weeks on ART in 59 of the 66 individuals (89%). ALT elevations at 24 and
48 weeks correlated with Fiebig stages | to Il at diagnosis (p < 0.001), baseline plasma HIV RNA levels <6 logyo copies/mL
(p < 0.001), abnormal baseline ALT (p < 0.001), baseline CD4 >350 cells/uL (p = 0.03) and older age (p = 0.03). Individuals
initiating efavirenz-based regimens were more likely to have elevated ALT levels at 48 weeks compared with those on
non-efavirenz-based regimens (p = 0.003).

Conclusions: One in six people with acute HIV infection have elevated LFTs. Clinical outcomes with ART started in acute HIV
are generally good, with resolution of ALT elevations within 48 weeks on ART in most cases. These results suggest a multifac-
torial model for hepatic injury involving a combination of HIV-associated and ART-associated processes, which may change
over time.

Keywords: HIV; acute HIV; liver function tests; Acquired Immunodeficiency Syndrome; antiretroviral agents; anti-HIV agents;
Thailand
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1 | INTRODUCTION

Liver disease is a common cause of non-AlDS related morbidity
and mortality in people living with HIV (PLHIV) [1]. In the era of
modern antiretroviral therapy (ART), the spectrum of liver dis-
ease in PLHIV has shifted from opportunistic infections to the
sequelae of chronic infection, cumulative medication toxicity [2],
and comorbidities including viral hepatitis, alcohol toxicity and

fatty liver disease [3-5]. While abnormalities in liver function
tests (LFTs) have been identified as a feature of primary HIV
infection in case reports and smaller cross-sectional cohorts
[6,7], the incidence, time course and long-term consequences of
LFT perturbations following ART initiation during early infection
have not been described in detail.

In this study, we longitudinally characterize LFTs in a large
cohort of participants with acute HIV infection (AHI) who
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initiated immediate ART and examine the association between
LFTs and biomarkers of HIV infection and inflammation.

2 | METHODS

This analysis took place within the SEARCHO10/RV254 cohort
(clinicaltrials.gov NCT00796146) and included Thai participants
diagnosed with AHI between 2009 and 2018. Screening for
AHI was performed using pooled nucleic acid testing (NAT) and
sequential HIV enzyme immunoassay (EIA) in accordance with
previously published methods [8,9]. AHI was defined by either a
non-reactive fourth-generation EIA with a positive nucleic acid
test or reactive fourth-generation EIA with a non-reactive
second-generation EIA. Individuals with viral hepatitis co-infection
(hepatitis A, B or C; n = 45) identified at screening or follow-up
were excluded from the analysis.

The stage of HIV infection was determined using the fourth-
generation (4™'G) acute infection staging [9] and Fiebig sys-
tems [10]. Enrolled participants completed a clinical interview,
physical examination and blood draw including LFTs at baseline.
These were each repeated at four, twelve, twenty-four and
fourty-eight weeks after study entry. In all, 426 ART-naive Thai
adults with AHI were included in the primary analysis up to
the 48-week endpoint. A subset of individuals had data avail-
able at 96 and 144 weeks (n = 278 and n = 282 respectively).

Participants initiated ART within 24 to 72 hours of the
baseline assessment. From 2009 to 2016 the standard first-
line ART regimen was efavirenz plus two nucleoside reverse
transcriptase inhibitors (NRTIs). Subsets of participants were
randomized to receive “mega-ART, composed of standard ART
with the addition of maraviroc or maraviroc plus raltegravir. In
February 2017, the standard first-line ART regimen was chan-
ged to dolutegravir plus two NRTIs. Substitutions could be
made in individual drugs for clinical indications such as intoler-
ance or resistance. Because of the association between
non-nucleoside reverse transcriptase inhibitor (NNRTI)-based
regimens and drug-induced liver injury [2,11], the primary
ART-related outcome of interest was LFT differences in
individuals receiving efavirenz-containing (n = 373) or efavir-
enz-sparing (n = 53) regimens as their initial ART regimen.

Plasma HIV RNA was measured using either the Roche
Amplicor HIV-1 Monitor Test v1.5 or the Roche COBAS
AmpliPrep/COBAS TagMan HIV-1 Test v2.0 (Roche Diagnos-
tics, Branchburg, New Jersey, USA). Lower limits of detection
were 50 and 20 copies/mL respectively; analyses utilized 50
copies/mL as the lower limit of detection. Standard laboratory
tests included CD4" and CD8* T lymphocyte count, complete
blood count (CBC), alanine aminotransferase (ALT), gamma-
glutamyl transferase (GGT), total and direct bilirubin. Values of
ALT, GGT and bilirubin were compared with the reference
value for the upper limit of normal (ULN) for the assay (ULN
for males: ALT 55 U/L, GGT 54 U/L, total bilirubin 1.2 mg/dL;
ULN for females: ALT 55 U/L, GGT 36 U/L, total bilirubin
1.2 mg/dL). The ULN values were determined in a representa-
tive Thai population at the Chulalongkorn Hospital laboratory
[12]. All laboratory values were graded according to the US.
National Institutes of Health Division of AIDS (DAIDS) grading
table (version 2.1, July 2017), which grades abnormalities
from 1 (mild) to 4 (potentially life-threatening). Values >1.25
times the ULN were considered abnormal in the primary

analysis, with values <1.25 times the ULN defined as normal.
ALT was the primary parameter of interest. Additional labora-
tory tests included measurement of plasma soluble immune
markers using a combination of standard single-marker ELISAs
and Luminex-based multiplex panels (Table 2). ELISAs included
soluble CD14 (R&D Systems, Minneapolis MN), neopterin
(Genway Biotech, San Diego, CA), and high-sensitivity IFN-o
(PBL Assay Science, Piscataway, NJ). Custom configured Lumi-
nex-based multiplex panels from multiple manufacturers were
utilized for the remaining assays (MilliporeSigma, Burlington,
MA; Bio-Rad Laboratories, Hercules, CA; and ThermoFisher
Scientific, Waltham, MA).

Participants were considered to manifest acute retroviral
syndrome (ARS) if they demonstrated at least three clinical
features consistent with this diagnosis [13]. Alcohol and drug
use data were collected as binary variables measuring any use
in the previous four months in a baseline questionnaire at the
time of acute HIV diagnosis.

Statistical analyses included descriptive statistics and non-
parametric correlative analyses. The Mann-Whitney test was
used to compare characteristics between the sub-groups with
normal and abnormal baseline ALT. Dunn’s pairwise compar-
ison was used to compare continuous outcomes across Fiebig
stages and ART regimens. Spearman correlation was used to
identify the soluble immune markers significantly correlated
with clinical measures, with FDR adjustment (BH procedure)
for multiple comparisons applied. A multivariate logistic
regression model was used to identify factors associated with
elevated ALT at baseline. Random effects models were used
to identify factors associated with elevated ALT at 24 and
48 weeks. We used Stata 15.0 (StataCorp LP, College Station,
TX, USA) and R 3.6.0 (1.1.453, R Consortium, Boston, MA) for
statistical analyses. Figures were created using GraphPad
Prism 7.0 (GraphPad Software, La Jolla, CA, USA). P-values
were adjusted for multiple comparisons using the Bonferroni
method where appropriate.

All participants provided informed consent. The cohort
study was approved by the Institutional Review Boards at
Chulalongkorn University in Bangkok, Thailand, and the Walter
Reed Army Institute of Research, MD, USA.

3 | RESULTS

Demographics of the participants are described in Table 1.
Three-quarters (77.2%) demonstrated symptoms compatible
with ARS. The majority of participants (77.5%) were infected
with HIV subtype CRFO1_AE. The median CD4" T cell count
was 364 cells/uL and median plasma HIV RNA was 5.9 logio
copies/mL.

3.1 | Elevated ALT levels are common in acute HIV
infection and are more common in Fiebig stages lll to V

Sixty-six of the 426 individuals (15.5%) exhibited elevated
baseline ALT levels (Table 1). Of those with abnormal baseline
ALT, the majority (43/66, 65.2%) had DAIDS Grade 1 eleva-
tions (between 1.25 and 2.5 times the ULN). Twenty-three of
the 66 individuals (34.8%) had Grade 2 to 3 elevations in
baseline ALT, and no participants had Grade 4 elevations at
baseline.
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Table 1. Baseline characteristics of participants

Characteristics Overall (n = 426) Normal ALT (n = 360) Abnormal ALT (n = 66) p-value
Age, median years (IQR) 25 (22 to 30) 25 (22 to 30) 25 (22 to 30) 0.871
Risk group, n (%)
MSM 399 (93.7) 335 (93.1) 64 (97.0) 0.359
Heterosexual male 15 (3.5) 13 (3.6) 2 (3.0)
Heterosexual female 12 (2.8) 12 (3.3) -
Education level, n (%)
Primary school or lower 11 (2.6) 10 (2.8) 1(1.5) 0.957
Secondary school 136 (31.9) 116 (32.2) 20 (30.3)
Diploma 30 (7.0) 26 (7.2) 4 (6.1)
Bachelor degree or higher 249 (58.5) 208 (57.8) 41 (62.1)
HIV subtype, n (%)
CRFO1_AE 330 (77.5) 281 (78.1) 49 (74.2) 0476
B 11 (2.6) 10 (2.8) 1(1.5)
01AE/B 61 (14.3) 49 (13.6) 12 (18.2)
Other 2 (0.5) 1(0.3) 1(1.5)
Nontypeable/Unknown 22 (5.2) 19 (5.3) 3 (4.6)
Fiebig stage, n (%)
| 61 (14.3) 59 (16.4) 2 (30) <0.001
I 106 (24.9) 100 (27.8) 6 (9.1)
1l 180 (42.2) 141 (39.2) 39 (59.1)
v 51 (12.0) 40 (11.1) 11 (16.7)
\ 28 (6.6) 20 (5.6) 8 (12.1)
VDRL+, n/N (%) 51/400 (12.8) 43/336 (12.8) 8/64 (12.5) 1.000
Alcohol use, n (%) 98 (23) 81 (23) 17 (26) 0.633
Drug use, n (%) 85 (20.0) 71 (20.0) 14 (21.2) 0.741
ARS Present, n (%) 329 (77.2) 267 (74.2) 62 (93.9) <0.001
CD4 count (cells/mm?®), median (IQR) 364 (265 to 495) 368 (266 to 495) 354 (231 to 515) 0.394
<200 43 (10.1) 32 (8.9) 11 (16.7) 0.204
200 to 349 155 (36.4) 135 (37.5) 20 (30.3)
350 to 500 124 (29.1) 107 (29.7) 17 (25.8)
>500 104 (24.4) 86 (23.9) 18 (27.3)
CD4/CD8 ratio, median (IQR) 0.70 (0.43 to 1.04) 0.77 (049 to 1.11) 0.42 (0.20 to 0.61) <0.001
CD4/CD8 ratio> 1 117 (27.5) 111 (30.8) 6 (9.1) <0.001
HIV-RNA (logiocopies/mL), median (IQR) 5.9 (53to0 6.7) 5.8 (5.2 to 6.6) 6.4 (5.8 to 6.9) <0.001
<100,000 83 (19.5) 79 (21.9) 4 (6.1) <0.001
100,000 to 999,999 148 (34.7) 131 (36.4) 17 (25.8)
>1,000,000 195 (45.8) 150 (41.7) 45 (68.2)
Initial antiretroviral therapy
EFV/TDF/XTC 288 (67.6) 243 (67.5) 45 (68.2) 0.644
EFV/TDF/XTC + RAL/MVC 78 (18.3) 66 (18.3) 12 (18.2)
DTG/TDF/XTC 26 (6.1) 22 (6.1) 4 (6.1)
DTG/TDF/XTC + MVC 25 (5.9) 22 (6.1) 3 (4.6)
EFV/TDF/FTC + Telmisartan 6 (1.4) 5(1.4) 1(1.5)
RAL/TDF/3TC 1(0.2) 1(0.3) -
TDF/FTC + MVC/RAL 1(0.2) 1(0.3) -
EFV/TDF/3TC + MVC 1(0.2) - 1(1.5)
Degree of ALT elevation
Grade 1 (1.25 to < 2.5 x ULN) - - 43 (65.2)
Grade 2 (2.5 to < 5.0 x ULN) - - 15 (22.7)
Grade 3 (5.0 to < 10.0 x ULN) - - 8 (12.1)
Grade 4 (>10.0 x ULN) - - 0 (0)

EFV, efavirenz; IQR, interquartile range; MSM, men who have sex with men; MVC, maraviroc; RAL, raltegravir; TDF, tenofovir disoproxil fumarate;

VDRL, venereal disease research laboratory test for syphilis; XTC, lamivudine (3TC) or emtricitabine (FTC).
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Figure 1. (a) ALT levels stratified by Fiebig stage at diagnosis. (b) ALT levels stratified by the presence or absence of acute retroviral syndrome at
diagnosis. (c) ALT levels stratified by HIV plasma RNA level at diagnosis. (d) ALT correlates with HIV RNA. | indicates statistically significant com-
pared with Fiebig |, Il indicates statistically significant compared with Fiebig II.

When comparing participants with normal (n = 360) and
abnormal (n = 66) baseline ALT levels, there was no differ-
ence in age, risk group, education level, HIV subtype, syphilis
seropositivity, alcohol use, recreational drug use or baseline
CD4" T lymphocyte count (Table 1). CD4/CD8 ratio was
lower in individuals with elevated ALT levels.

3.2 | Correlates of elevated ALT at baseline

Individuals enrolled during Fiebig stages | to Il had lower
baseline ALT compared with those enrolled during Fiebig
stages Il to V (Table 1, Figure 1a). Those with elevated ALT
were more likely to be experiencing ARS than those with nor-
mal baseline ALT (93.9% vs. 74.2%, p < 0.001; Table 1), and
most Grade 2 to 4 elevations occurred in those experiencing
ARS (Figure 1b).

Those with higher baseline plasma HIV RNA had higher base-
line ALT (Figure 1c), and baseline ALT levels correlated with
plasma HIV RNA values (r = 0.25, p < 0.001; Figure 1d). In a
multivariate model incorporating age, Fiebig stage, alcohol and
drug use, ARS, CD4" T lymphocyte count, and plasma HIV RNA,
only Fiebig stages Il to V and baseline HIV RNA >6 logqg
copies/mL were independently associated with elevated base-
line ALT levels (Table S1; OR = 3.96, p = 0.001 and OR = 2.12,
p = 0.012 respectively). In a subsequent model limited to Grade
2 or greater ALT elevations (n = 23), both Fiebig stages Il to V
and baseline HIV RNA >6 logqo copies/mL remained indepen-
dently associated with elevated baseline ALT levels (OR 11.2,
p = 0.02 and OR = 4.4, p = 0.0008 respectively).

In a sub-analysis of participants with plasma soluble marker
information available, baseline ALT levels correlated with

soluble tumour necrosis factor (TNF) receptor Il (r = 0.35,
p < 0.001), soluble CD30 (r=0.38, p=0.004), TNF-alpha
(r =023, p=0.01), soluble CD163 (r = 0.22, p = 0.018), T-
cell immunoglobulin and mucin domain (Tim)-3 (r = 0.26,
p =0.033) and interferon gamma-induced protein (IP)-10
(r=0.19, p = 0.048; Table 2).

3.3 | Longitudinal trends in ALT

While those with ARS had higher median ALT at baseline than
those without this syndrome (31 vs. 22 U/L, p < 0.001), this
difference resolved by four weeks after ART initiation (Fig-
ure 2a). After week 4, individuals who had not experienced
ARS tended to have slightly higher ALT levels, although the
difference was not statistically significant (Figure 2a).

Between baseline and week 24, the median ALT level
increased in individuals diagnosed during Fiebig stages | to Il
and was stable or decreased in individuals diagnosed during
Fiebig stages Ill to V (Figure 2b). At week 24, elevations in
ALT were predicted by Fiebig stages | to Il at enrolment (OR
24.8, p < 0.001), abnormal baseline ALT (OR 55.6, p < 0.001),
and baseline plasma HIV RNA less than 6 logio copies/mL
(OR 21.9, p < 0.001) in a multivariate model (Table S2).

Trends in ALT levels differed according to ART regimen
initiated at baseline, with those initiating efavirenz-based regi-
mens having an initial increase in ALT and those initiating
non-efavirenz-based regimens experiencing an initial decline in
ALT (Figure 2c). Individuals who had been initiated on non-
efavirenz-based ART were less likely to have elevated ALT at
48 weeks compared with individuals on efavirenz-based regi-
mens (Table S3: p = 0.003). Other factors associated with
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Table 2. Baseline correlations between LFTs and plasma sol-
uble markers

Clinical measure Marker n Spearman r  p-value (adj)
Baseline TNF-RII 174 0.35 <0.001
ALT CD30 82 0.38 0.004
TNF-o 212 0.23 0.009
CD163 189 0.22 0.018
TIM-3 124 0.26 0.033
P10 212 0.19 0.048
Baseline TNF-RII 173 0.34 <0.001
GGT P10 211 0.23 0.010
CD30 82 0.36 0.011
RANTES 182 -0.22 0.026
TIM-3 123 0.26 0.036
CD27 123 0.25 0.038
Baseline Neopterin 206 -0.36 <0.001
Bilirubin P10 212 -0.33 <0.001
MCP-1 212 —0.30 <0.001
CD14 211 -0.28 0.001
IFN-ot 206 -0.28 0.001
VEGF-D 33 -0.48 0.035

ALT, alanine aminotransferase; GGT, gamma-glutamy! transferase; IFN,
interferon; IP, interferon gamma-induced protein; MCP, monocyte
chemoattractant protein; RANTES, regulated on activation, normal T
cell expressed and secreted; TIM, T-cell immunoglobulin and mucin
domain; TNF, tumor necrosis factor.

week 48 ALT elevation included older age, abnormal baseline
ALT and baseline CD4 count >350 cells/ulL (Table S3).

3.4 | Baseline ALT as a predictor of clinical
outcome

We investigated clinical outcomes (virologic suppression,
CD4" T lymphocyte count, change in CD4" T cell count and
CD4/CD8 T lymphocyte ratio) according to the presence of
abnormal baseline ALT. There was a trend towards association
between abnormal baseline ALT levels and lower rates of viro-
logic suppression (defined as plasma HIV RNA <50 copies/mL)
at week 4 (19.4% vs. 9.2%, p = 0.05), week 12 (64.9% vs.
46.2%, p = 0.08) and week 24 (95.5% vs. 87.9%, p = 0.06),
even when adjusted for the baseline plasma HIV RNA value;
this trend was no longer present at week 48 (98.3% vs. 97%,
p = 0.37). There was no association between baseline ALT
abnormality and CD4" T cell count, magnitude of CD4" T cell
change from baseline, or CD4/CD8 ratio at week 4, 12, 24 or
48 follow-up time points.

35 |

We examined LFT trends to week 96 and week 144 in a sub-
set of individuals (n = 278 and n = 282 respectively) with lon-
gitudinal data available at these time points. There were no
clear trends after the first year on ART based upon initial Fie-
big stage (Figure 3a). When the sample was stratified by the
presence or absence of abnormal baseline ALT, the ALT differ-
ences between groups resolved in the first 12 weeks of

Three year trends in LFTs
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Figure 2. (a) Longitudinal ALT levels to 48 weeks according to the
presence or absence of acute retroviral syndrome at diagnosis. (b)
Longitudinal ALT levels to 48 weeks by Fiebig stage at diagnosis. (c)
Longitudinal ALT levels according to ART regimen initiated at the time
of diagnosis.

therapy and then remained normal through 144 weeks (Fig-
ure 3b).

3.6 | GGT elevations, correlates and longitudinal
trends

Sixty-six of the 425 individuals (15.5%) had elevated GGT at
baseline. As with ALT, the greatest proportion and highest mag-
nitude of GGT elevation was seen in Fiebig stages Il to V (Fig-
ure 4a) and in those with ARS (Figure 4b). There was a weak
correlation between baseline GGT and plasma HIV RNA
(r=027, p<0001; Figure 4d) and a strong correlation
between baseline ALT and GGT (r = 0.68, p < 0.001; Figure 4e).
Baseline GGT correlated with soluble TNF receptor |l
(r=0.34, p <0001), IP-10 (r = 0.23, p = 0.01), soluble CD30
(r=0.36, p=001), Tim-3 (r=0.26, p=0036) and CD27
(r=0.25, p =0.038). An inverse correlation with the protein
regulated on activation, normal T cell expressed and secreted
(RANTES; r = —0.22, p = 0.03) was also identified (Table 2).
The presence of GGT abnormalities at baseline was predic-
tive of GGT abnormalities at weeks 4, 12, 24 and 48 follow-
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% (r=—0.30, p <0.001), soluble CD14 (r=—0.28, p = 0.001),
2 50- interferon-alpha (r=—0.28, p = 0.001) and vascular endothelial
— growth factor (VEGF)-D (r=—0.48, p = 0.035; Table 2).
Over time, bilirubin tended to decrease and then plateau
0- regardless of the Fiebig stage at diagnosis (Figure 5f).
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Figure 3. Trends to 144 weeks based upon (a) Fiebig stage at diag-

nosis and (b) presence of ALT elevations at baseline.

4 DISCUSSION

Elevation in ALT levels was a common feature of AHI in this
large study cohort. There were significant differences in LFT
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Figure 4. (a) GGT levels stratified by Fiebig stage at diagnosis. (b) GGT levels stratified by the presence or absence of acute retroviral syndrome
at diagnosis. (c) GGT levels stratified by HIV plasma RNA level at diagnosis. (d) GGT correlates with HIV RNA at baseline. (e) GGT correlates with
ALT at baseline. | indicates statistically significant compared with Fiebig I, Il indicates statistically significant compared with Fiebig 1.
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Figure 5. (a) Total bilirubin levels stratified by Fiebig stage at diagnosis. (b) Total bilirubin levels stratified by the presence or absence of acute
retroviral syndrome at diagnosis. (c) Total bilirubin levels stratified by HIV plasma RNA level at diagnosis. (d) Total bilirubin inversely correlates
with HIV RNA. (e) Total bilirubin does not correlate with ALT at baseline. (f) Longitudinal total bilirubin levels to 48 weeks by Fiebig stage at diag-
nosis. | indicates statistically significant compared with Fiebig I, Il indicates statistically significant compared with Fiebig II.

trends within the different Fiebig stages and between
different ART regimens. Elevations in ALT and decreases in
total bilirubin correlated with plasma HIV RNA and plasma
markers of inflammation, including markers of monocyte/
macrophage activation. Importantly, most ALT elevations
detected at baseline resolved over time with ART.

While LFT abnormalities were common, we detected
elevated ALT in a lower proportion of individuals than has
been described previously. Analysis of a small Chinese cohort
(n = 23) found that 65% of individuals with primary HIV infec-
tion had elevated ALT levels [6]. A cross-sectional study of a
prospectively enrolled Swiss cohort found that 61% of individ-
uals with ARS had elevated ALT levels [7]. Methodologic dif-
ferences, including limited viral hepatitis testing, lack of or
different distribution of Fiebig staging, and different case defi-
nitions for ALT elevation in the prior reports make it difficult
to directly compare these proportions. It is also likely that we
were able to identify a larger proportion of individuals in early
Fiebig stages who had not yet developed abnormalities before
initiation of ART. This analysis therefore provides additional
perspective on the frequency of ALT elevations in very early
HIV infection, and on the potential benefits of early ART initia-
tion during AHL.

There were several notable trends with regard to ALT
elevations in this cohort. At baseline, elevated ALT levels con-
centrated in individuals diagnosed in later Fiebig stages, when
the HIV viral load peaks and the immune response is most
active. At later time points (week 24 and week 48), ALT eleva-
tions were predicted by higher baseline ALT, earlier Fiebig
stages at enrolment, lower baseline HIV RNA and higher
baseline CD4" T lymphocyte count, and ART regimen. Longitu-
dinal trends showed that individuals diagnosed in Fiebig

stages Il to V tended to have stable or downtrending ALT
levels following ART initiation. Individuals diagnosed in earlier
Fiebig stages tended to have a subsequent increase in ALT
levels despite early ART initiation. In general, these elevations
resolved. Further understanding of these trends is important
in the light of a recent study that demonstrated that most
biopsies performed for transaminase elevations in HIV-
monoinfected individuals showed nonspecific pathology [14].

Taken together, our findings suggest a multifactorial model
for hepatic injury involving a combination of HIV-associated
and ART-associated processes. HIV-associated hepatocellular
injury due to immune-associated processes may be the domi-
nant process driving ALT perturbations in later Fiebig stages,
causing baseline elevation with subsequent normalization of
ALT levels. Earlier diagnosis and ART initiation in Fiebig stages
| to Il may prevent the HIV-associated hepatocellular injury
that arises in later stages of AHI, but may also preserve
vulnerable hepatocytes (i.e. those that are most susceptible)
for injury due to drug toxicity, a slower process that becomes
apparent over the first six to twelve months of ART [11]. While
most abnormalities resolve over time, in a small subset, pertur-
bations may be slow to recover or not completely reversible.

A multifactorial model involving differential risk to HIV-
associated and ART-associated hepatic effects is supported by
several observations. First, a significant proportion of those
treated in earlier Fiebig stages do not develop the robust
immune response that characterizes the later stages [15]. This
makes it less likely that a volunteer diagnosed in Fiebig | to Il
would “progress” to Fiebig Il to V and develop LFT abnormali-
ties due to immune-associated processes (e.g. processes
related to inflammation or cell activation). Second, the associa-
tion of efavirenz-based ART regimens with ALT elevations at

~
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48 weeks indicates that ART-associated liver injury takes time
to develop, and that individuals treated during very early
infection may experience this because of the mitigation of
early immune-associated injury and preservation of vulnerable
hepatocytes. This suggests that both HIV-associated viral and
immunologic effects as well as ART-associated effects can
drive ALT perturbations at different stages in acute HIV infec-
tion and through the first 48 weeks of ART.

This analysis provides some clues as to potential mecha-
nisms driving HIV-associated hepatic injury. A previous study
found a correlation of similar magnitude between plasma HIV
RNA and elevated ALT in a smaller cohort (n=59), and
hypothesized that this could be related to the apoptotic prop-
erties of HIV viral proteins [16]. Other studies have hypothe-
sized that HIV results in hepatocellular damage through
cellular activation, although data on its potential to infect hep-
atocytes and Kuppfer cells are limited [4,17,18]. Recent work
using a simian immunodeficiency virus model in macaques sug-
gested that macrophage and T cell activation were primary
drivers of hepatic inflammation [19]. In our analysis, ALT levels
correlated with soluble CD163, a marker specific to activated
macrophages that has been associated with Kupffer cell acti-
vation [20,21]. However, it is also possible that hepatocellular
injury could be a feature of the systemic immune activation
seen in response to both the virus itself and following T cell
depletion in the gut, which is known to result in mucosal leak-
age and microbial translocation [4,18,22]. ALT levels also cor-
related with soluble TNF-alpha, a non-specific marker of
immune activation, and Tim-3, a marker which is expressed on
activated CD4" and CD8" T lymphocytes, regulatory T cells,
and innate immune cells. In chronic HIV, the Tim-3 receptor
may be associated with T cell dysfunction and exhaustion [23].

In this cohort, baseline total bilirubin levels inversely corre-
lated with markers of general inflammation (interferon alpha,
VEGF), macrophage activation (neopterin, soluble CD14) and
chemokines targeting macrophages and lymphocytes (IP-10,
MCP-1). In addition, regardless of Fiebig stage, total bilirubin
decreased between baseline and week 4 before plateauing.
Bilirubin is known to have anti-inflammatory effects and may
reduce oxidative stress, and recent data have shown that
hyperbilirubinemia is associated with decreased cardiovascular
disease risk in PLHIV [24]. The correlations and longitudinal
trends described here might reflect these anti-inflammatory
properties, and possibly suggest that immune re-equilibration
following initial HIV infection may occur even with ART initia-
tion. Further work will be necessary to understand the clinical
significance of these changes, as bilirubin has been proposed
as a potential biomarker of inflammation-mediated conditions
in PLHIV [24]. This could include exploring longitudinal out-
comes in individuals with different bilirubin nadirs during
acute infection to determine whether these levels have an
impact on HIV disease progression, general markers of inflam-
mation, or downstream consequences of systemic inflamma-
tion (liver, kidney or cardiovascular disease).

This study had several notable limitations. While the sample
size was large, the cohort examined in this study is relatively
homogeneous and comprised of young Asian MSM without
significant comorbidities. These participants therefore might
not be representative of the general population and may also
demonstrate greater physiological reserve or a more robust
inflammatory response than older individuals and those with

intercurrent illnesses. The clinical significance of small differ-
ences in LFTs is also unclear. For example, although differ-
ences in median baseline ALT levels between those with and
without ARS were statistically different, the median in those
with ARS was still within the normal range. The clinical signifi-
cance of these findings is supported by the fact that most
abnormal values (i.e. Grade 2 or greater abnormalities) tended
to be associated with certain characteristics (Fiebig stage IlI,
ARS, high plasma HIV RNA). Furthermore, even small differ-
ences between groups may provide clues regarding HIV
pathogenesis and the mechanisms by which the virus affects
hepatocytes.

5 | CONCLUSIONS

We have shown that abnormal serum LFTs are common dur-
ing acute HIV infection in our population and are associated
with the stage of infection and markers of inflammation. These
data provide insight into potential mechanisms of liver injury
during the first year of infection and demonstrate that most
individuals do well from this perspective following ART initia-
tion. They also support testing for HIV infection in the setting
of a viral illness with associated LFT perturbations. Further
research is necessary to better determine the mechanisms
that underlie LFT elevations in AHI (e.g. whether hepatocytes
or Kuppfer cells are directly involved, and whether the mecha-
nism of injury differs over the course of early infection), their
relationship to the systemic inflammatory process, and their
prognostic implications.
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