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A B S T R A C T

Background: Complete recovery of the CD4 T cell count is uncommon among chronically HIV-infected individuals
with very low pre-treatment CD4 count. We studied the prevalence of chronically immune recovery and its
associated factors including immune characteristics chronic HIV-infected Thais.
Methods: Treatment-naïve participants (n ¼ 375) from the HIV-NAT 006 cohort with a pre-treatment CD4 T cell
count after initiating antiretroviral therapy (ART) and having achieved a suppressed viremia (HIV-RNA level <
400 copies/mL) were retrospectively followed at the Thai Red Cross AIDS Research Centre, Bangkok, Thailand.
Suboptimal immune recovery (SIR) was defined as having a CD4þ T cell count <200 cells/mm3 for 3 years after
ART initiation. A case-control sub-study matched for age, sex and pre-ART CD4 T cell count was conducted to
compare immunological characteristics between SIR (n ¼ 17) and non-SIR (n ¼ 24) participants. Immunological
biomarkers such as interleukin-7 (IL-7) and soluble CD14 (sCD14) and other covariates including cytomegalovirus
(CMV) DNA level, baseline hemoglobin level, hepatitis B and C co-infections, and T cell subsets associated with
immune activation and exhaustion were evaluated.
Results: Among 375 participants with pre-ART CD4 T cell counts < 200 cells/mm3, the prevalence of SIR was
39.7%, 19.7% and 7.7% at years 1, 2 and 3 after starting ART, respectively. In a multivariate analysis, a pre-ART
CD4 T cell count �100 cells/mm3 (adjusted odds ratio [aOR] 9.45, 95% CI 2.92–30.61, p < 0.001), older age
(aOR 1.07, 95% CI 1.01–1.13, p ¼ 0.029) and baseline HIV-RNA level (aOR 0.36, 95% CI 0.21–0.59, p < 0.001)
were independently associated with SIR at year 3 after ART initiation. In the matched case-control sub-study
(cases ¼ 17, controls ¼ 24), there was a higher prevalence of hepatitis C co-infection (18.8% vs. 0%, p ¼ 0.05),
lower sCD14 levels (mean, 6.23 vs. 6.27 log10 pg/mL, p ¼ 0.04), lower CD8 T cell counts (mean, 514 vs. 876, p ¼
0.0003), lower CD4/CD8 T cell ratio (mean, 0.27 vs. 0.41, p ¼ 0.01) and higher expression of PD1 on CD8þ T cells
(74.2% vs. 65.1%, p ¼ 0.02) observed in SIR participants compared to their non-SIR counterparts at year 3 after
ART initiation.
Conclusions: Nearly 10% of the study participants who had achieved virological suppression failed to recover a
CD4 T cell count > 200 cells/mm3 after 3 years of ART which was with a very low pre-ART CD4 T cell count and
older age. The long-term clinical outcomes of SIR participants need to be further explored.
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1. Background

The human immunodeficiency virus (HIV) depletes CD4þ T cells
which is the major contributing factor leading to the acquired immuno-
deficiency syndrome (AIDS).1–3 Early initiation of combination antire-
troviral therapy (ART) is associated with lower mortality and reduced
incidence of AIDS events among people living with HIV (PLHIV).4,5 Since
2015, the World Health Organization (WHO) guidelines recommend to
initiate ART regardless of the CD4 T cell count based on strong evidence
of the benefit of early ART initiation.6 Globally, the overall improvement
in the quality of HIV diagnosis and treatment has dramatically halted
serious AIDS-related deaths and reduced transmission in the past de-
cades. However, in many settings, a subset of PLHIV frequently present
with late stage disease and have a low CD4þT cell count when they test.
Therefore, ART is initiated in the context of advanced disease and
extremely low CD4 T cell counts. These late presenters suffer from
opportunistic infections and premature death.7

Early ART initiation improves the CD4 T cell count recovery, immune
function, and longevity among PLHIV; however, a certain number of
individuals on ART fail to restore their immune function even after
achieving virological suppression.8,9 There are several CD4 T cell cut-off
levels to indicate suboptimal immune recovery (SIR) post-ART.10–13

Since a CD4 T cell count has clinical implications and is associated with
AIDS and non-AIDS defining illnesses,14,15 we used this CD4 T cell level
as the cut-off to indicate SIR. The frequency of SIR ranges from 15-30%
and is associated with old age, male sex, low nadir CD4 T cell count and
persistent immune activation.8,9,16–19

The causal link between HIV-associated persistent inflammation/
immune activation and disease progression, especially among chroni-
cally HIV-infected patients with low CD4 T cell counts, has been previ-
ously studied.20 Higher levels of soluble CD14 (sCD14) have been shown
to be associated with all-cause mortality in PLHIV.21 Plasma
interleukin-7 (IL-7) levels, a gamma chain receptor cytokine for the
regulation of CD4þ and CD8þ T-cells, have been suggested to be nega-
tively correlated with the CD4 T cell count and predictive of HIV disease
progression.22 The normalization of CD4/CD8 ratio has been suggested
to be a biomarker for immune dysfunction. PLHIV with low CD4 T cell
counts and a low CD4/CD8 T cell ratio are at higher risk for developing
AIDS-related and non-AIDS events.23,24 Moreover, a previous study
showed that higher CD38þ expression was also independently associated
with reduced survival despite HIV virological suppression, suggesting
that immune activation in PLHIV contributes to disease progression.25

Unlike other regions,26 data regarding immune recovery are limited in
the Asia region. Although current guidelines recommend ART initiation
regardless of the CD4 T cell count, advanced disease and late presentation
are still common in this part of the world.27,28 Therefore, it is important to
better understand the characteristics and outcomes of PLHIV presenting
with a low CD4 T cell count and those with persistent SIR after ART
initiation. In this study, we investigated the prevalence of SIRwith a CD4 T
cell count less than 200 cells/mm3 after 3 years of initiating ART and its
associated factors including immune characteristics among HIV-infected
Thais.

2. Methods

2.1. Study participants

Data from ART-naïve HIV-infected adults aged �18 years old who
were enrolled between 2011 to 2013 into the HIV_NAT 006 (the
Netherlands-Australia and Thailand collaboration in HIV research) a
long-term follow-up HIV cohort in Bangkok, Thailand,23,29,30 were
analyzed. ART was initiated at enrollment. Sociodemographic and
HIV-related variables such as age, sex, types of ART regimen, HIV-RNA
level, CD4 T cell counts and baseline clinical events (including oppor-
tunistic infections and tuberculosis) were collected.
2

2.2. Definitions of suboptimal immune recovery and other variables

In this analysis, we have defined SIR as a CD4 T cell count < 200
cells/mm3 after 3 years of successful ART with suppressed HIV viremia
(HIV RNA levels � 400 copies/mL). Hepatitis B (HBV) co-infection was
defined as having a positive hepatitis B surface antigen. Hepatitis C
(HCV) co-infection was defined by the detection of HBs antigen. HCV co-
infection was defined by the presence of HCV antibodies confirmed by
HCV viremia. HCV antibodies were tested with a third generation CMIA
(ARCHITECT system, Abbott Diagnostics, Wiesbaden, Germany). To
confirm HCV infection we quantified HCV RNA with RealTime PCR
(m2000 system, Abbott Molecular, Inc., Des Plaines, IL, USA).

2.3. Markers of immune activation, T cell subsets and co-infections

Immunological parameters such as the CD4/CD8 T cell ratio, IL-7,
sCD14 and immune-phenotyping were determined in a cross sectional
sub-study of a smaller sample size (cases ¼ 17, controls ¼ 24) at year 3
after initiating ART. Cases were defined as participants with< 200 CD4 T
cells/mm3 CD4 T cell and controls as those with > 200 CD4 T cells/mm3

CD4 T cell count. Cases and controls were matched by age, sex and pre-
ART CD4 T cell. Ages were classified into 5 categories, �30, 31–35,
36–40, 41–45, 46–50 years old (five-year age bands). In terms of the CD4
T cell count, it was classified into 4 categories, <50, 50–100, 100–150,
150–200 (50 cells/mm3 CD4 T cell bands). Cases were matched to con-
trols with matching variables. Available stored samples at the time of
analysis were included into this sub-study. Site investigators reviewed
the selection process.

Frozenperipheral bloodmononuclear cells (PBMC)wereanalyzedusing
flow cytometry. Cells were stained and analyzed to determine the propor-
tion of CD4þ and CD8þ T cells using 8-colour flow cytometry (FACS Diva,
BD Biosciences). T cell maturation subsets such as naïve (TN,
CD45RAþCCR7þ), central memory (TCM, CD45RA-CCR7þ), and transi-
tional memory (TTM, CD45RA-CCR7-) cells. Activated phenotypes of CD4þ

and CD8þ T cells were also determined by the proportion of CD38 and
HLADR (CD4þCD38þHLA-DRþ, and CD8þCD38þHLA-DRþ cells). T cell
exhaustionwas determinedby the percentage of programmeddeath -1 (PD-
1) expression on both CD4þ and CD8þ T cells. Cryopreserved plasma was
further tested by immunoassay for IL-7 (R&D Systems, Minneapolis, MN,
USA) and sCD14 (R&D Systems, Minneapolis, MN, USA). All participants
were tested for co-infections such as cytomegalovirus (CMV)HBV andHCV
infections. (CMV), HBV and HCV. CMV DNA polymerase chain reaction
(PCR) tests were performed (Roche Molecular Systems, NJ, USA) using
plasma samples. The assay used had a CMVDNA limit of detection (LOD) of
44 copies/mL.

2.4. Statistical analysis

Baseline characteristics including age, sex, mode of transmission,
body mass index (BMI), pre-ART CD4 T cell count, HIV-RNA level and
Centers for Disease Control and Prevention (CDC) HIV staging were
compared between participants with or without SIR. Continuous vari-
ables were expressed as median (interquartile range, IQR). Differences in
continuous and categorical variables between SIR and non-SIR groups
were assessed using a Wilcoxon rank sum test and chi-square-test,
respectively. The prevalence of SIR among study participants with viro-
logical suppression was described at years 1, 2 and 3 after initiating ART.
Predictors of SIR were explored by using univariate analysis and then
multivariate logistic regression models by adjusting the significant con-
founders (p < 0.1 from the univariate analysis). Statistical significance
was defined as p< 0.05 from the multivariate model. From a total of 375
participants, a cross-sectional case-control sub-study was done in a subset
of the participants (cases¼ 17, controls¼ 24) that were matched for age,
sex and pre-ART CD4 T cell counts to compare immune characteristics of
SIR and non-SIR participants. All analyses were carried out using STATA
version 13.1 (Stata Corp., College Station, Texas, USA).
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2.5. Ethical considerations

All participants gave informed consent. This cohort study was
reviewed and approved by the Institutional Review Boards of the Faculty
of Medicine, Chulalongkorn University in Bangkok, Thailand.

3. Results

3.1. Participant characteristics

A total of 375 participants who had been treated with ART for �3
years were recruited into the study. Baseline characteristics are described
in Table 1. The overall median age of participants was 34 (IQR, 30–40)
years with median pre-ART CD4 T cell counts of 74 (IQR, 27–131) cells/
mm3. 21.3% of participants had CDC stage C. The median baseline HIV-
RNA level was 4.8 (IQR, 4.3–5.3) log10 copies/mL. Among study par-
ticipants, 151 (41.7%) and 159 (43.9%) of them initiated treatment with
non-nucleotide reserve transcriptase inhibitors (NNRTI)-based and pro-
tease inhibitors (PI)-based regimens, respectively. Proportions of the
participants with baseline HBV and HCV co-infections were 20.6% and
6.3%, respectively. 51 (24.5%) participants had detectable CMV DNA
levels in the non-SIR group compared to the SIR group (0%).
3.2. Prevalence and factors associated with SIR at 3 year after initiating
ART

The prevalence of SIR was 39.73%, 19.7% and 7.73% at years 1, 2 and
3 after starting ART, respectively. The CD4 and CD8 T cell counts and
CD4/CD8 T cell ratio of participants with SIR and non-SIR at year 1, year
2 and year 3 are described in Fig. 1. Participants in the SIR group had a
lower pre-ART CD4 T cell count compared to the non-SIR group (44, IQR,
18–72 vs. 79, IQR, 27–134, p ¼ 0.003) at year 3 after initiating ART.
Three years after initiating ART, participants with SIR had significant
lower median CD4 T cell counts (161, IQR, 133–181 vs. 375, IQR,
Table 1
Participants’ baseline characteristics.

Suboptimal
Immune
Response, SIR
(n ¼ 29)

Non-SIR
(n ¼ 346)

Total
(n ¼ 375)

P-
value

Sex, n (%) 0.029
Female 7 (24.1) 156 (45.1) 163 (43.5)
Male 22 (75.9) 190 (54.9) 212 (56.5)
Age in years,
median (IQR)

38 [34–44] 34 [30–40] 34 [30–40] 0.015

BMI, median (IQR) 19.3
(17.9–21.9)
N ¼ 11

20.5
(18.5–22.6)
N ¼ 180

20.5
(18.5–22.5)
N ¼ 191

0.31

Pre-ART CD4 cell
count, cells/
mm3, median
(IQR)

50 (18–84) 100
(34–151)

89 (33–148) 0.005

Pre-ART HIV-RNA,
log 10 copies/mL,
median (IQR)

4.5 (4.2–4.8) 4.8
(4.4–5.3)

4.8
(4.3–5.3)

0.012

CDC clinical
staging, n (%)

0.44

A 7 (24.1) 122 (35.3) 129 (34.4)
B 14 (48.3) 152 (43.9) 166 (44.3)
C 8 (27.6) 72 (20.8) 80 (21.3)

CMV DNA, copies/
mL, n (%)

N ¼ 26 N ¼ 208 N ¼ 234 0.002

<44 (lower limit of
detection)

26 (100.00) 157 (75.5) 183 (78.2)

�44 0 (0.00) 51 (24.5) 51 (21.8)
Hepatitis B
coinfection, n (%)

6 (21.4)
N ¼ 28

61 (20.5)
N ¼ 298

67 (20.6)
N ¼ 326

0.90

Hepatitis C
coinfection, n (%)

3 (11.1)
N ¼ 27

18 (5.8)
N ¼ 308

21 (6.3)
N ¼ 335

0.23

3

302–490 cells/mm3, p < 0.001) compared to the participants with non-
SIR. Moreover, the participants with SIR had lower median CD4/CD8
ratio compared to their counterparts at 3 years after initiating cART
(0.24, IQR, 0.2–0.33 vs. 0.45, IQR, 0.35–0.63, p < 0.001) (see Fig. 2).

At year 3 after initiating ART, male sex, older age, and pre-ART CD4 T
cell count <100 cells/mm3 (vs. �100 cells/mm3) were associated with
SIR in the univariate analysis (Table 2). Baseline HIV-RNA level was
negatively associated with SIR. After adjusting for confounders from the
univariate analysis, older age (aOR 1.07, 95% CI 1.01–1.13, p ¼ 0.029),
and a pre-ART CD4 T cell count <100 cells/mm3 (aOR 9.45, 95% CI
2.92–30.61, p < 0.001, vs. �100 cells/mm3) were independently
Fig. 1. The graphs show CD4 (1 A), CD8 (1 B) T cell counts and CD4/CD8 (1 C)
recovery among participants with suboptimal immune response (SIR) and non-
SIR group.



Fig. 2. Scattered plot shows the immunological characteristics of the matched case-control (case ¼ SIR, control ¼ non-SIR) sub-study at year 3 after initiating ART.
Abbreviations: SIR, suboptimal immune recovery; ART, antiretroviral therapy. The bars in the scattered plots represent the mean values.
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associated with SIR at year 3 after initiating ART. Baseline HIV-RNA level
(aOR 0.36, 95% CI 0.21–0.59, p< 0.001) was negatively associated with
SIR after adjusting for confounders from the univariate model. We did
not find any significant association of viral hepatitis, baseline hemoglo-
bin level and baseline CMV DNA levels with SIR at year 3 after initiating
ART.

3.3. Immune activation and T-cell activation/exhaustion in the matched
case-control sub-study

The characteristics of participants in the matched case-control sub-
study are described in Table 3. At year 3 after initiating ART, all par-
ticipants had a suppressed viral load. Immunological parameters were
obtained from participants at year 3 after initiating ART. In the matched
case-control sub-study (SIR ¼ 17, non-SIR ¼ 24), participants from the
SIR group had significantly lower CD8 T cell counts (719 [95% CI,
604–834] vs. 920 [95% CI 614–1226], p ¼ 0.003) and CD4/CD8 T cell
ratios. (0.27 [95% CI, 0.22–0.37] vs. 0.41 [95% CI, 0.29–0.51], p¼ 0.01)
compared to the non-SIR group. None of the participants had detectable
CMV DNA level at year 3 after initiating ART. However, participants from
the SIR group had lower sCD14 levels than those from the non-SIR group
(6.23 IQR, 6.18–6.27 vs. 6.27 IQR, 6.21–6.39 log10 pg/mL, p ¼ 0.03).
There was no statistical difference in IL-7 levels between the two groups.
Additionally, analysis of T cell subsets showed significant higher levels of
CD8þ TTM cell exhaustion (CD8þCCR7-CD45RA-PD1þ, 74.2% vs.
65.1%, p ¼ 0.02) among participants in the SIR group at year 3 after
initiating ART. We did not find any significant differences in T cell
4

activation levels between the two groups. Detailed results of the immune
activation and exhaustion markers of T cells are described in the sup-
plemental table (Table S1).

4. Discussion

This study shows that nearly 10% of study participants who had
achieved virological suppression had SIR with a CD4 T cell count <200
cells/mm3 after continuous ART for 3 years. The prevalence of SIR was
39.73%, 19.7% and 7.73% at years 1, 2 and 3 after starting ART,
respectively. The frequency of SIR from this Thai cohort is comparable to
that of SIR after 24 months of ART in an comparable to that of an urban
cohort from Sub-Sahara Africa after 24 months that used the same CD4 T
cell threshold criteria of <200 cells/mm3(12).

SIR participants at year 3 after initiating ART were older, had a lower
nadir CD4 T cell count and at year one after ART initiation together with
a lower HIV-RNA at baseline. From the multivariate analysis, factors
associated with SIR included older age, lower CD4 T cell counts and HIV-
RNA level at ART initiation. Previous studies have also shown that age is
a predictor of SIR,31,32 even among participants with virological sup-
pression.8 The association of age and SIR with good virological response
is possibly due to failing thymic T cell production.8 We did not find an
association of viral hepatitis infections (HBV and HCV) with SIR at year 3
after initiating ART. This finding is consistent with a report that showed
that neither HBV co-infection or HBeAg reactivity had any impact on CD4
T cell recovery while on ART.33

The prevalence of SIR varied according to different settings.34 For



Table 2
Univariate and multivariate logistic regression of suboptimal immune recovery
(SIR) at year 3 after initiating ART.

Variables
for SIR

Univariate modela Multivariate model

OR 95% CI p-
value

aOR 95% CI p-value

Male 2.58 (1.07–6.20) 0.034 1.96 (0.78–4.94) 0.155
Age (years) 1.06 (1.00–1.11) 0.027 1.07 (1.01–1.13) 0.029
Baseline
CDC
stage C
(vs. stage
A/B)

1.45 (0.62–3.41) 0.394

BMI (kg/
m2)

0.92 (0.76–1.10) 0.348

Pre-ART
CD4 cell
count

�100
101–200

3.83
Ref

(1.52–9.65) 0.004 9.45
Ref

(2.92–30.61) <0.001

Pre-ART
HIV-RNA
level

0.54 (0.36–0.81) 0.003 0.36 (0.21–0.59) <0.001

HBV co-
infection

1.06 (0.41–2.73) 0.904

Baseline Hb 1.01 (0.83–1.25) 0.891
HCV co-
infection

2.01 (0.55–7.32) 0.288

OR ¼ odds ratio; CI ¼ confidence interval; Hb ¼ heamoglobin; BMI ¼ body mass
index; aOR ¼ adjust odds ratio.

a Covariates with p-value less than 0.1 were adjusted in the multivariate
models.

Table 3
Immunological characteristics among SIR and non-SIR participants at year 3 after
initiating ART.

Age, sex and baseline CD4 count matched
case-control

SIR Non-SIR P-
value1

Number of participants N ¼ 17 N ¼ 24
Sex, n (%) 0.80
Female 3 (17.7) 5 (20.8)
Male 14 (82.3) 19 (79.2)
Age in years, median (IQR) 36 (34–44) 37(32–42) 0.72
BMI, median (IQR) 20.6

(19.3–21.9)
21.1
(17.9–24.2)

0.70

Pre-ART CD4 count cells/mm3,
median (IQR)

0.837

�100 4 (23.5) 5 (20.8)
101–200 13 (76.5) 19 (79.2)
Pre-ART HIV-RNA level in log10
copies/mL, median (IQR)

4.32 (4.2–4.8) 5.13 (4.6–5.6) 0.003

HBV co-infection, n (%) 3/16 (18.8) 10/20 (50.00) 0.083
HCV co-infection, n (%) 3/16 (18.8) 0/19 (0.00) 0.05
IL-7 <13.6 pg/mL, n (%) 15 (88.2) 17 (70.8) 0.262
sCD14 (Log10pg/mL), mean (95%
CI)

6.23
(6.18–6.27)

6.27
(6.21–6.39)

0.04

CD4/CD8 ratio, mean (95% CI) 0.27
(0.22–0.37)

0.41
(0.29–0.51)

0.010

CD8 count, mean (95% CI) 514
(358–695)

876
(652–1127)

0.0003

CD8þCCR7-CD45RA-PD1-, mean
(95% CI)

25.1
(20.6–27.9)

34.9
(28.3–42.5)

0.02

CD8þCCR7-CD45RA-PD1þ, mean
(95% CI)

74.2
(70.5–78.7)

65.1
(57.2–70.3)

0.02

CMV DNA, copies/mL, n (%)
<44 (lower limit of detection) 17 (100.0) 24 (100.0) N/A
�44 0 (0.0) 0(0.0)
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example a study from sub-Sahara Africa reported nearly 15% participants
with SIR (using CD4 <200 cells/mm3) at 3 years and 7% at 6 years
post-ART initiation.35 This current study showed 7% the predictive value
of a low CD4 T cell count at ART initiation. In addition, multiple studies
have shown a nearly 8% SIR prevalence after 3 years of ART initiation
and how it affects the long-term immune recovery of PLHIV.36–38 A low
baseline CD4 T cell count (<100 cells/mm3) is a strong predictor for SIR
in our study. This is in line with the report from the Swiss HIV cohort
study which showed that the baseline CD4 T cell count independently
predicted the incomplete immune response (defined by CD4 T cell count
recovery of <500 cells/mm3) 5 years after initiatingby the ART.32 The
study also showed that the annual increase in the CD4 T cell count was
relatively smaller in immunological non-responders compared to their
counterparts.32

We also found that the baseline HIV-RNA level was negatively
correlated with SIR despite the fact that all participants had viral sup-
pression at year 3 after initiating ART. This result is consistent with a
recent modelling study that assessed the CD4 recovery over the years
after ART initiation; a higher HIV viral load at ART initiation was
strongly associated with a higher level of CD4 T cell recovery.39 Previous
studies have suggested that a high pre-treatment HIV viral load was a
predictor of rapid CD4 T cell recovery because the sequestered T cells
may be in higher numbers within the lymphoid tissues in a context of
uncontrolled viral replication and could be released quickly into the
circulation after ART initiation.40–42

In our study, baseline CDC grade B or C events were not associated
with SIR at year 3 after initiating ART. A previous report showed that
21% of incomplete responders developed clinical CDC grade B or C
events but there was no difference in terms of AIDS events between
incomplete and complete responders.32 However, in our study, we could
not evaluate whether there were any differences in AIDS-related events
among participants with and without SIR after initiating ART because of
the the small sample size was small.

The CD4/CD8 T cell ratio among SIR participants in the study was
significantly lower than non-SIR participants at year 3 after ART initia-
tion. Additionally, we also found that the the CD4/CD8 T cell ratio re-
covery was much slower in SIR participants (Supplementary Table S2).
This finding indicates that there is a high level of immune activation
among SIR participants; a previous study reported that the CD4/CD8 T
cell ratio recovery was a surrogate marker for chronic inflammation and
immune activation.43 We have recently reported that a low CD4/CD8 T
cell ratio in the Thai cohort was associated with a lower baseline CD4 T
cell count and could predict non-AIDS events after years of follow-up,
even in a context of virological suppression.44 The SIR participants whose
CD4/CD8 T cell ratio remained low after years of suppressive cART may
have poor long-term prognosis such as a higher chance of developing
non-AIDS related events and comorbidities. A longer follow-up study is
needed.

We did not find a difference in the expression of activation markers
(HLA-DR, CD38) on both CD4þ and CD8þ T cells between SIR and non-
SIR participants. However, SIR participants had a higher expression of
PD-1 on CD8þ T cells which is in line with previous reports; PLHIV with
low nadir CD4 T cells are immunologically not responsive because there
is intrinsic T cell apoptosis.26,45 Surprisingly, sCD14 levels in our SIR
participants were lower than in their non-SIR counterparts at year 3 after
initiating ART despite the fact that all participants had undetectable CMV
DNA levels. The levels of sCD14 among our study participants (both SIR
and non-SIR) were higher than those of healthy HIV-negative Thais
(median, 5.9, IQR 5.9–6.0 log10 pg/mL, n ¼ 10) from a previous study.46

Our study was limited by the relatively short duration of follow-up to
evaluate CD4 T cell recovery. Second, the sample size of the matched
case-control group was small so it was difficult to analyze immune pre-
dictors and other parameters for immune recovery. and other parame-
ters. Third, the clinical significance in the difference of the various
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markers observed between SIR and non-SIR participants in the sub-study
was remains uncertain, thus these differences should be interpreted
cautiously and further studies should explore the long-term clinical
impact between the two groups. Nevertheless, our finding provides with
an insight on the immunology of non-responders in an Asian population
that was previously unavailable.

In conclusion, SIR after ART initiation is common among participants
with a low baseline CD4 T cell count. Nearly 10% of study participants
who had achieved virological suppression failed to recover a CD4 T cell
count to�200 cells/mm3 after 3 years of ART which was associated with
very low pre-ART CD4 cell counts (CD4 < 100 cells/mm3) and older age.
We also found that SIR participants had low CD4/CD8 T cell ratios and
high levels of T cell exhaustion. The long-term clinical outcomes of SIR
participants need to be further investigated.
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