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Elite controllers (ECs) are people living with human immuno-
deficiency virus (HIV) who spontaneously control viral replica-
tion without antiretroviral therapy. We observed that elevated 
anti-cytomegalovirus (CMV) immunoglobulin G (IgG) levels 
correlated with annual CD4 T-cell count decay in ECs inde-
pendently of age, sex, and human leukocyte antigen (HLA) 
type. Elevated anti-CMV titers may favor disease progression 
in ECs.
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Current therapeutic guidelines recommend that people living 
with human immunodeficiency virus (HIV; PLWH) receive anti-
retroviral therapy (ART) as early as possible to prevent CD4 T-cell 
decay and inflammation and limit HIV disease progression [1].

Elite controllers (ECs) are a rare subgroup of PLWH who 
maintain undetectable plasma HIV viral load without ART 
[2]. Several mechanisms for control of HIV replication have 
been identified and include protective human leukocyte an-
tigen (HLA) alleles enhancing CD8 T-cell and innate immune 

responses. However, chronic inflammation, gradual CD4 T-cell 
decay, and increased incidence of non-AIDS comorbidities 
such as cardiovascular disease and cancer have been reported 
in ECs [3, 4]. It is not yet understood which factors are associ-
ated with loss of HIV viral control or CD4 T-cell decay when 
HIV viral replication remains undetectable [5].

We and others have shown that cytomegalovirus (CMV) 
coinfection contributes to HIV-associated immune activation 
and inflammation in non-ECs including ART-naive and ART-
treated PLWH [6–9]. Notably, we showed that CMV infection 
and anti-CMV immunoglobulin G (IgG) levels were associ-
ated with gut damage and microbial translocation of bacterial 
lipopolysaccharide (LPS) [9]. Moreover, clinical intervention 
of asymptomatic CMV infection with the anti-CMV medica-
tion valganciclovir for 8 weeks reduced T-cell activation among 
ART-treated PLWH [10]. Herein, we sought to investigate in 
ECs whether CMV coinfection is associated with CD4 T-cell 
decay, a key marker for HIV disease progression.

METHODS

Study Design

This study included 23 adult PLWH from the Canadian Cohort 
of HIV-infected Slow Progressors (CIHR/CTN 247)  [5]. We 
selected ECs who maintained HIV plasma viremia <1.7 log10 
copies/mL and CD4 T-cell count >200 cells/μL who never re-
ceived ART. Viral load blips <200 copies/mL were allowed.

Clinical Laboratory Measurements

Blood samples were collected from participants in Canada to 
isolate peripheral blood mononuclear cells and plasma, which 
were then stored in liquid nitrogen and at −80oC, respectively 
[5]. Quantification of plasma HIV viral load was done using the 
RealTime HIV-1 assay (Abbott Laboratories). Absolute CD4 
and CD8 T-cell counts were measured by clinical labs using 
flow cytometry. HLA typing was performed on whole blood 
samples, as previously reported [5].

Calculation of CD4 T-cell Decay

Through the CIHR/CTN 247 study, CD4 T-cell counts were 
prospectively combined with historical data from the medical 
charts for each study participant. A  CD4 T-cell count versus 
date slope was created and a linear regression analysis per-
formed to calculate annual change in CD4 count.

Plasma Assessment of IgG Titer and Plasma Levels of 
Lipopolysaccharide (LPS)

Plasma samples were obtained at the last study visit. Anti-CMV 
and anti-Epstein-Barr virus (EBV) IgG levels were measured 
using enzyme immunoassay test kits (GenWay Biotech, San 
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Diego, CA, USA). Participants with plasma anti-CMV IgG 
levels greater than 0.1 IU/mL were considered CMV seropos-
itive. Plasma LPS levels were measured by ELISA (Cusabio, 
Wuhan, China). Plasma IgM, IgG, and IgG1–4 were measured 
by ELISA (R&D systems, Minneapolis, MN, USA).

Statistical Analyses

Statistical analyses were conducted using SPSS 24.0 (IBM SPSS, 
Chicago, IL, USA) and GraphPad Prism 6.0 (GraphPad, La Jolla, 
CA, USA). Comparisons were conducted using nonparametric 
Mann-Whitney U test. Spearman rank correlation test was con-
ducted to assess the associations between quantitative variables. 
An α level of 5% was used for statistical significance (P-value). 
Multivariate linear regression analyses were performed using 
SPSS 24.0.

Ethical Considerations

Ethical approval was obtained from the McGill University 
Health Centre ethics board, as well as all research ethics boards 
of participating and recruiting institutions. All study partici-
pants provided written consent.

RESULTS

Participant Characteristics

ECs had a median age of 47 years (range 26–72) and were fol-
lowed for a median of 7.9 years (1.7–25.6). Out of 23 partici-
pants, 5 were female, and 10 (43%) had protective MHC-I HLA 
alleles HLA-B*27, -B*57, and/or -B*58. Median CD4 count at 
study visit was 650 cells/µL (290–1220), CD8 cells/µL count was 
689 (211–1566), and CD4/CD8 ratio was 1 (0.6–3.1). All parti-
cipants had plasma viral load <50 copies/mL, except 1 partici-
pant with a blip at 106 copies/mL. Five participants were CMV 
seronegative (undetectable anti-CMV IgG) and the 18 CMV 
seropositive participants had a median CMV IgG titer of 21.05 
IU/mL (10.3–38.2) (Supplementary Table 1).

Anti-CMV IgG Titer Was Associated With CD4 Decay and Degree of 
Microbial Translocation in ECs

Over 7.9 years of follow-up, annual CD4 count change was not 
different between male and female (median −3.6 vs −21.1 cells/
µL/year, P = .29), nor between ECs with or without protective 
HLA alleles (−14.3 vs −5.3 cells/µL/year, P = .48). Annual CD4 
count change was negatively associated with CD4 count at the 
end of study follow-up (r = 0.55, P =  .007) but not with CD8 
count (r = 0.28, P = .19) nor CD4/CD8 ratio (r = 0.12, P = .60) 
(data not shown). No statistical difference in annual CD4 count 
change was observed between CMV seronegative and seropos-
itive participants, although numbers of seronegative subjects 
were low (P = .801, Supplementary Figure 1). However, annual 
CD4 count change was lower in those with anti-CMV IgG titer 
greater than the median of 16.7 IU/mL (−30.6 vs −7.8 cells/µL/

year, P = .027) (Figure 1A). Moreover, annual CD4 count change 
was negatively associated with anti-CMV IgG but not anti-EBV 
IgG levels at the end of study follow up (r = −0.46, P =  .031; 
r = −0.18, P = .41, respectively) (Figure 1B, C, Supplementary 
Table 2). In CMV-seropositive ECs, anti-CMV IgG titers were 
associated with higher annual CD4 rate of decay (r  =  −0.72, 
P = .002, Supplementary Figure 2). Neither CD4 nor CD8 T-cell 
count were associated with anti-CMV IgG titers at study visit 
(r = −0.03, P = .91 and r = −0.39, P = .07, respectively). CD4 T-cell 
decay was not associated with plasma levels of total IgG, IgG2, 
3, or 4 or immunoglobulin M (IgM) (Supplementary Table 2). 
However, CD4 count change was positively correlated with total 
IgG1 levels (r = 0.59, P = .004) and negatively with IgG2/IgG1 
ratio (r = −0.46, P = .031). Moreover, anti-CMV IgG were nega-
tively associated with total IgG1 (r = −0.57, P = .002) and posi-
tively with IgG2/IgG1 ratio (r = 0.52, P = .007) (Supplementary 
Table 2 and Supplementary Figure 3). Multivariate analysis 
showed that association between annual CD4 decay and anti-
CMV IgG titer was independent of age, sex, CD4/CD8 ratio, and 
expression of protective HLA alleles but not LPS level. Indeed, 
as we showed in non-EC PLWH [9], we observed that CMV 
seronegative ECs had lower levels of plasma LPS (19.3 vs 62 
pg/mL, P = .02, Supplementary Table 1). Also, ECs with higher 
than the median anti-CMV IgG had higher levels of plasma LPS 
(62 vs 21 pg/mL, P =  .024) (Figure 1D). Moreover, anti-CMV 
IgG, but not anti-EBV IgG nor IgM, IgG, and IgG1–4 titers were 
strongly associated with plasma LPS levels (r = 0.53, P = .009; 
r = −0.30, P =  .17 respectively) (Figure 1E, F, Supplementary 
Table 3). However, plasma LPS levels were not associated with 
annual CD4 count change (r  =  −0.15, P  =  .51). Multivariate 
analysis demonstrated that the correlation between anti-CMV 
IgG titer and plasma levels of LPS were independent of age, sex, 
CD4/CD8 ratio, and protective HLA alleles.

DISCUSSION

We observed an association between anti-CMV and CD4 
T-cell decay in ECs, independent of age, sex, CD4/CD8 ratio, 
and presence of protective HLA alleles. However, this rela-
tionship was not independent of the microbial translocation 
maker LPS. In the general population, CMV coinfection has 
been associated with accelerated aging and increased risk 
of developing comorbidities. In PLWH not receiving ART, 
CMV coinfection and anti-CMV IgG levels were associated 
with increased inflammation and disease progression [11]. 
In ART-treated PLWH, CMV coinfection and anti-CMV 
IgG levels remained associated with higher risk of non-AIDS 
comorbidities [12]. Here we observed that annual CD4 count 
change was positively associated with total IgG1 and IgG2/
IgG1. Moreover, anti-CMV IgG levels were also associated 
with IgG1 and IgG2/IgG1, indicating that CMV might favor 
B-cell activation and CD4 T-cell decay through different 
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mechanisms. The relationship between CMV coinfection and 
disease progression is still unclear and conflicting results have 
been observed. However, our results support the hypothesis 
that the anti-CMV immune response is associated with CD4 
T-cell decay in ECs.

CMV is able to productively infect intestinal epithelial cells 
and disrupt their tight junctions independently of HIV [10]. 
We previously showed that CMV coinfection and levels of 
anti-CMV IgG were associated with microbial translocation in 
ART-naive and ART-treated PLWH as well as HIV-uninfected 
controls [9]. Interestingly, our results show an association be-
tween anti-CMV IgG titer and plasma levels of LPS and CD4 
decay in EC. Preferential infection and depletion of gut epithe-
lial cells and mucosal CD4 T cells by CMV may contribute to 
the severity of epithelial gut damage and subsequent microbial 
translocation [4].

Our findings did not determine whether increased anti-
CMV IgG levels are a cause or consequence of CD4 decay. In 
fact, decreasing CD4 T-cell count due to inflammation might 
favor CMV reactivation and increased production of anti-CMV 
IgG. On the other hand, CMV has been shown to induce gut 

barrier damage and inflammation in PLWH and the general 
aging population [9]. Hence, CMV could induce additional in-
flammation and in turn CD4 T-cell activation, leading to pro-
gressive T-cell loss.

Altogether, our results showed a negative association be-
tween anti-CMV IgG levels and annual CD4 T-cell count decay 
in ECs. CMV coinfection might contribute to CD4 T-cell decay 
and thus increased risk of developing non-AIDS comorbidities. 
Elevated CMV IgG levels may help determine the appropriate 
timing of ART initiation in ECs. Our findings stress the need 
for further studies assessing the implication of CMV in HIV 
disease progression.

Supplementary Data
Supplementary materials are available at Clinical 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 corresponding author.
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Figure 1. Anti-CMV IgG titer is associated with increased CD4 T-cell decay and bacterial translocation in EC. A, Annual CD4 T-cell count variation levels in EC with plasma 
anti-CMV-IgG levels lower or greater than the median (16.7 IU/mL) (Mann-Whitney U test). B, Annual CD4 T-cell variation is associated with elevated anti-CMV IgG titers 
(Spearman rank-order test). C, Plasma levels of LPS in ECs with plasma anti-CMV IgG levels lower or greater than the median (16.4 IU/mL) (Mann-Whitney U test). D, Plasma 
levels of LPS are associated with elevated anti-CMV IgG titers (Spearman’s rank-order test). Panels B and D display 95% confident interval with dotted lines. Abbreviations: 
CMV, cytomegalovirus; EBV, Epstein-Barr virus; EC, elite controllers; IgG, immunoglobulin G; LPS, lipopolysaccharide; med, median.
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