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Background: Plasma levels of anti-CD4 autoantibodies are increased in chronically HIV-
infected patients and inversely correlated with CD4+ T-cell recovery under viral-
suppressive antiretroviral therapy (ART). However, it remains unknown the effect of
early ART on plasma anti-CD4 autoantibody levels in acute HIV infection (AHI).

Methods: In this cohort study, we evaluated the effect of early and delayed initiation of
ART on plasma anti-CD4 autoantibody levels in AHI individuals (n = 90). Blood samples
were collected frommen who had sex with men (MSM) with acute infection, pre-ART, and
4, 24, 48, and 96 weeks after ART. Plasma levels of anti-CD4 immunoglobulin G (IgG)
were measured by ELISA.

Results: We found that plasma anti-CD4 IgG levels were significantly increased in AHI
individuals compared with healthy controls (HCs) prior to ART. Notably, early ART
decreased plasma anti-CD4 IgG to the levels similar to HCs starting at 24 weeks (W).
However, delayed initiation of ART did not significantly reduce plasma anti-CD4 IgG levels
in AHI individuals. Moreover, the peripheral CD4+ T-cell counts were inversely correlated
with plasma anti-CD4 IgG levels in AHI individuals at 48 and 96 W after early ART but not
after delayed ART.

Conclusions: Taken together, our findings demonstrate for the first time that early ART,
but not delayed initiation of ART, is effective in influencing anti-CD4 autoantibody
production and recovering CD4+ T-cell counts in AHI individuals.
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INTRODUCTION

Human immunodeficiency virus (HIV) infection results in
progressive depletion of CD4+ T cells, which leads to immune
perturbations and severe opportunistic infections. Antiretroviral
therapy (ART) suppresses viral replication, increases CD4+ T-cell
counts and slows HIV disease progression (Battegay et al., 2006;
May et al., 2006; Emery et al., 2008). However, a small proportion
of patients fails to reconstitute their peripheral CD4+ T-cell counts
even with long-term viral-suppressive ART (Nakanjako et al., 2008;
Kelley et al., 2009). Notably, the mortality and incidence of
osteoporosis, cardiovascular, liver, and kidney diseases are
increased in patients with blunted CD4+ T-cell recovery under
ART (Deeks et al., 2013; Lapadula et al., 2013).

HIV infection is associated with humoral immune
per turbat ions such as B-ce l l hyperac t iva t ion and
hypergammaglobulinemia prior to ART (Zandman-Goddard
and Shoenfeld, 2002; Iordache et al., 2014; Moody et al., 2016).
ART partially reduces B-cell polyclonal activation and
autoantibody production; however, hypergammaglobulinemia
is not fully controlled in some patients even under viral-
suppressive ART (Zandman-Goddard and Shoenfeld, 2002;
Satta et al., 2018). The levels of anti-apoA-1 immunoglobulin
G (IgG) are increased in chronic HIV-infected individuals and
are associated with lower CD4+ T-cell counts and levels of
systemic inflammation; in vitro treatment with anti-apoA-1
IgG induced dose and time-dependent CD4+ T-cell apoptosis
(Satta et al., 2018). The antigen-specific IgG produced by B-cell
plays a vital protective role in the immune response against
pathogens in HIV infection, and IgG accounts for about 70–75%
of the total immunoglobulin. In the absence of ART, B cell
polyclonal activation and increased autoantibody production
have been observed in HIV-infected individuals at both the
acute phase (AHI) and chronic phases. After ART, most
polyclonal B-cell activation and elevated autoantibody levels
can reduce to the levels similar to healthy controls (HCs).
Recently, we reported that the levels of anti-CD4 IgG are
elevated in immune non-responders (aviremic, ART-treated,
and CD4+ T-cell counts < 350 cells/µl) and anti-CD4 IgG
purified in plasma from non-responders activates NK cells and
induces CD4+ T-cell apoptosis through antibody-dependent
cellular cytotoxicity (ADCC) (Lederman et al., 2011).
Moreover, the percentage of surface auto-IgG on CD4+ T cells
is associated with the percentage of CD4+ T-cell apoptosis and
CD4+ T-cell counts under viral-suppressive ART (Luo et al.,
2017a; Luo et al., 2017b). In an animal model, plasma levels of
autoreactive antibodies against CD4+ T cells, but not anti-CD4
autoantibodies, was associated with progressive decline of CD4+

T cells in simian immunodeficiency virus (SIV)-infected rhesus
macaques; and this association was observed in non-SIV animal
models with immune activation and autoimmunity (Kuwata
et al., 2009). Therefore, elevated plasma anti-CD4 IgG levels
may reveal an important mechanism of insufficient immune
reconstitution in chronically HIV-infected individuals with viral
suppression under ART. Intriguingly, elevated anti-CD4
antibodies were found in plasma from HIV patients after
seroconversion or prior to seroconversion, and even in plasma
Frontiers in Pharmacology | www.frontiersin.org 2
from HIV seronegative patients (Callahan et al., 1992; Keiser
et al., 1992). Nowadays, early ART was recommended to initiate
in primary HIV-infected patients, and studies revealed that
patients initiated ART within 3–6 months after HIV infection
enhanced CD4+ T-cell recovery and reduced chronic immune
activation (Kaufmann et al., 2005; Le et al., 2013; Sun et al.,
2017). However, the effects of early ART on plasma levels of anti-
CD4 IgG in AHI individuals have not been reported.

Several mechanisms, such as persistent inflammation, fibrosis
of thymus and lymphoid tissues, and gut mucosal dysfunction,
are considered as factors for poor CD4+ T-cell recovery after
viral-suppressive ART (Diaz et al., 2010; Kingkeow et al., 2015).
Importantly, studies from others and from our team reveal that
anti-CD4 autoantibodies play a role in CD4+ T cells depletion in
ART-treated chronic HIV and SIV infection (Dalgleish, 1995;
Kuwata et al., 2009; Luo et al., 2017a; Luo et al., 2017b).
Moreover, elder age, longer duration of HIV infection and
lower pre-ART CD4+ T-cell counts are associated with
incomplete recovery of CD4+ T cells (Kaufmann et al., 2005;
Stirrup et al., 2018). In addition, low nadir CD4+ T-cell counts
and elevated CD4+ T-cell activation are associated with poor
CD4+ T-cell recovery (Hunt et al., 2003; Lederman et al., 2011).
However, the CD4+ T-cell recovery and factors associated with
CD4+ T-cell recovery after early ART remain unclear.

In the current study, we aim to investigate the dynamic
production of plasma levels of anti-CD4 IgG in AHI
individuals following early and delayed initiation of ART. In
addition, total IgG and antinuclear antibody (ANA) have been
evaluated as well. We found that plasma levels of anti-CD4 IgG
are significantly elevated in AHI individuals, and early ART
rather than delayed ART normalizes plasma anti-CD4 IgG levels
starting at 24 W after treatment.
MATERIALS AND METHODS

Study Subjects
This was a retrospective study. Ninety acute HIV-infected
individuals (AHI) were enrolled from the Beijing PRIMO
clinical cohort established by Beijing Youan hospital, Beijing,
China (Huang et al., 2013; Li et al., 2017). In this cohort, HIV-
negative men who had sex with men (MSM) were recruited and
followed up every 2–3 months; plasma levels of HIV RNA and
HIV-specific antibody were detected at each visit until
seroconversion. AHI was defined as a positive result of HIV
RNA but a negative or indeterminate HIV-specific antibody
status (Chin et al., 2013). The progression of AHI can be
described as six discrete stages proposed by Fiebig et al. (Fiebig
et al., 2003; Cohen et al., 2010). The control group was selected
from the repository samples who have not been infected. In the
current study, there were seven cases at Fiebig stage I and three
cases at Fiebig stage II, the rest of patients were at stage V–VI. AHI
individuals were divided into early ART (n = 69) and delayed ART
(n = 21) group according to the time of ART initiation. Patients on
early ART group (TDF+3TC+EFV or TDF+3TC+LPV/r) were
immediately treated once they were identified as AHI, and the
April 2020 | Volume 11 | Article 449
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estimated infection time was 69.4 ± 4.6 (mean ± standard error of
mean, SEM) days. Patients on delayed ART group (TDF+3TC
+EFV or AZT+3TC+NVP) were treated at the chronic infection
stage, and the estimated infection time was 456.7 ± 48.4 days. All
the individuals were followed up at 0, 4, 24, 48 and 96 W after
ART. CD4+ T-cell count and plasma HIV RNA level were
measured at each visit. Inclusion criteria of AHI subjects were
age above 18 years and not having ART prior to enrollment.
Exclusion criteria were opportunistic infections and co-infections
with hepatitis B virus, hepatitis C virus, or tuberculosis. Forty age-
matched HIV-negative MSM individuals were served as HCs. The
clinical characteristics of all subjects were shown in Table 1.

This study has been approved by the Beijing Youan Hospital
Research Ethics Committee and all participants provided written
informed consents. The methods were carried out in accordance
with the approved guidelines.

Enzyme-Linked Immunosorbent Assay
(ELISA) for Detection of Anti-CD4 IgG
Human soluble CD4 protein (sCD4; Progenics, Tarrytown, NY)
was diluted (16 mg/ml) and added into 96-wells microtiter plates
and incubated at 4°C overnights. Microwells were then washed
three times with phosphate-buffered saline (PBS) wash buffer
(PBS with 0.1% Tween 20). The plate was blocked by PBS
containing 3% bovine serum albumin (BSA) and incubated for
120 min at 37°C. Plasma was diluted in 1:40 in PBS and 100 ml of
the dilution was added to each well. The plate was incubated at
room temperature (RT) with rotation at 600 rpm/min for 60
min. Goat anti-human IgG-HRP was diluted in 1:5,000 in PBS
and added to the microtiter wells with an incubation period of 60
min at RT. After washing three times, 100 ml of 2′-Azino-di (3-
ethylbenzthiazoline-6-sulfonate) (ABTS, KPL, Cat#50-66-00)
was added to each well. Then incubated in dark for 30 min at
RT, stop solution was added into the microwells to stop the
enzyme reaction. Optical density was determined at 405 nm
within 30 min using a microplate reader (Luo et al., 2017b).
Frontiers in Pharmacology | www.frontiersin.org 3
ELISA for Detection of Total IgG
Plasma levels of human IgG was quantified using a commercial
kit (Beijing Jinhao Medical Company, Beijing, China). All kits
reagents and materials reached to RT (20–25°C) for 30 min
before use. Added 50 ml of standards and samples in appropriate
microtiter wells, then 100 ml of Enzyme conjugate was added to
standard and sample wells, covered with an adhesive strip and
incubated for 60 min at 37°C. Microwells were then washed five
times with wash solution (dilute 1 volume of wash solution 20X
with 19 volume of distilled water). Added substrate A 50 ml and
substrate B 500 ml to each well. Gently mixed and incubated
protect from light for 15 min at 37°C. Stop solution was added
into the microwells and the color in the wells changed to yellow.
Optical density was determined at 450 nm using a microplate
reader within 15 min.

Indirect Immunofluorescence Testing
(IIFT) for Detection of ANA IgG
Plasma levels of ANA IgG detection was performed using a
commercial kit according to the manufacturer’s protocol by
indirect immunofluorescence assay on tissue mosaic slides
(Euroimmun, Lübeck, Germany). Briefly, Serum samples were
diluted from 1:100, Hep-2-coated slides were incubated for
30 min with 32 ml diluted plasma, after washing incubated with
20 ml FITC-labelled goat anti-human IgG for 30 min. All
incubations were performed at room temperature (18–25°C).
ANA-positive and ANA-negative controls were included in
experiments. The enzymatic reaction was stopped by washing
with PBS, samples were examined with a confocal microscope.
The staining of patient samples was determined by comparison
with the controls at equal exposure times.

Serological Assays
HIV-1 infection status was determined by screening with a HIV-
1/2 antigen/antibody combo enzyme immunoassay (Beijing
Wantai Biological Medical Company, Beijing, China). Positive
specimens were further conformed by using Western blot for
HIV-1/2 antibodies (HIV Blot 2.0 MP Diagnostics, Singapore)
(Li et al., 2017).

Plasma HIV-1 RNA Levels and CD4+ T-Cell
Counts
CD4+ T-cell absolute count (cells/ml) were determined in fresh
whole blood samples from AHI individuals using Trucount
Tubes and CD45+/CD3+/CD4+/CD8+ four-color antibody (BD
Biosciences) by flow cytometry. Plasma HIV viral load (copies/
ml) was quantified by automated Real-Time PCR M2000 system
(Abbott Molecular Inc., Des Plaines, IL, USA), with a detection
limit of 40 copies/ml.

Statistical Analysis
Normal distribution data was presented as mean ± SEM, whereas
abnormal distribution data was presented as median and
interquartile range (IQR). Statistical analysis (including
normality testing) and graphical presentation were performed
using GraphPad Prism software version 6.02 (GraphPad
TABLE 1 | Characteristics of all the study participants.

Characteristics Healthy
controls

Early ART
group

Delayed ART
group

P value

Cases 40 69 21
Sex, male (%) 40 (100%) 69 (100%) 21 (100%) 0.99
Age (y) 29 (20-46) 31 (18-54) 31 (22-45) 0.25
Infection time
before ART (day)

NA 69.4 ± 4.6 456.7 ± 48.4 <0.0001

CD4+ T-cell
count, cells/µL

916 (318-1466) 409 (174-1033) 242 (91-328) <0.0001

Nadir CD4+ T-cell
count, cells/µL

NA 347 (135-717) 234 (91-328) <0.0001

Plasma viral load
(log10 copies/mL)

NA 4.5 (2.6-7) 4.2 (1.7-5.9) 0.37

Drugs NA
TDF+3TC+EFV 65 (94%) 10 (48%)
TDF+3TC+LPV/r 4 (6%)
AZT+3TC+NVP 11 (52%)
Data were presented as median (interquartile range).
P values were determined by Mann–Whitney test.
NA, not applicable.
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Software, San Diego, CA, USA) and SPSS (Version 23; IBM,
Armonk, NY, USA). Statistical significance between groups was
determined by the non-parametric Mann-WhitneyU test or one-
way ANOVA test. Correlations between pairs of variables (CD4+

T-cell counts and anti-CD4 IgG levels) were analyzed by
Spearman’s rank correlation test. All tests were two-tailed, and
P < 0.05 was considered statistically significant.
RESULTS

Clinical Information
We enrolled ninety AHI individuals in this study. The estimated
infection time was 60.6 ± 4.0 days. All individuals were separated
into early ART group (n = 69) and delayed ART group (n = 21).
Forty HIV-negative individuals were recruited as HCs. The
clinical characteristics of all subjects were shown in Table 1.
The absolute CD4+ T-cell counts and nadir CD4+ T-cell counts
were significantly lower in delayed ART group than those in
early ART group (P < 0.001).
Frontiers in Pharmacology | www.frontiersin.org 4
Plasma Levels of Anti-CD4 IgG Were
Dramatically Increased in Acute
HIV-Infected Individuals
Auto-reactive antibodies have been observed in both healthy
people and individuals with infectious diseases (Shirai et al.,
1992; Elkon and Casali, 2008; Bonsignori et al., 2014). Previous
studies reported that plasma anti-CD4 IgG levels were elevated
in individuals with HIV seroconversion and with chronic HIV
infection (Callahan et al., 1992; Keiser et al., 1992; Luo et al.,
2017b). In the current study, we found that plasma levels of anti-
CD4 IgG were significantly increased in AHI individuals
compared with HCs, as shown in about five-time increase (P <
0.0001, Figure 1A). CD4+ T-cell counts were significantly
decreased in AHI individuals compared with HCs (P < 0.0001,
Figure 1B). However, we did not observe any correlation
between plasma levels of anti-CD4 IgG and CD4+ T-cell
counts in ART-naive (0W) AHI individuals (Figure 1C).
Furthermore, there was no correlation between plasma levels
of anti-CD4 IgG and plasma HIV RNA levels in ART-naive AHI
individuals (Figure 1D).
A B

C D

FIGURE 1 | Plasma Anti-CD4 IgG Levels and CD4+ T-cell Counts in HCs and ART-naive AHI Individuals. Plasma anti-CD4 IgG levels (A) and CD4+ T-cell counts (B)
in healthy controls (n = 40) and AHI individuals (n = 90) prior to ART. Correlations between plasma anti-CD4 IgG levels and peripheral CD4+ T-cell counts (C) and
plasma HIV RNA levels (D) in AHI individuals prior to ART. Non-parametric Mann-Whitney tests and Spearman’s rank tests, with P < 0.05 considered significant.
April 2020 | Volume 11 | Article 449
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Dynamic Changes of Anti-CD4 IgG in AHI
Individuals After Early ART
To investigate the effect of early ART on plasma levels of anti-
CD4 IgG in AHI individuals, we quantified the plasma levels of
anti-CD4 IgG at baseline (0), 4, 24, 48 and 96 W after early ART.
As shown in Figure 2A, the plasma levels of anti-CD4 IgG were
dramatically reduced at 24, 48, and 96 W compared with 0 W,
and reached the lowest level from 48 W after early ART (P <
0.001). However, there was no significant difference between 0W
Frontiers in Pharmacology | www.frontiersin.org 5
and 4W after early ART (Figure 2A). The levels of anti-CD4 IgG
were similar between AHI individuals at 24, 48, and 96W after
early ART and HCs (Figure 2A). These results indicate that early
ART can normalize the plasma levels of anti-CD4 IgG in AHI
individuals. Meanwhile, we compared CD4+ T-cell counts before
and after early ART and found that CD4+ T-cell counts were
significantly increased in AHI individuals at 24, 48, and 96 W
after early ART compared with those at 0 W (Figure 2B).
However, even if CD4+ T-cell counts have increased at 24, 48,
A B

C D

E F

FIGURE 2 | The Dynamic Changes of Anti-CD4 IgG Levels in AHI Individuals After Early ART. Plasma anti-CD4 IgG levels (A) at 0 (□), 4 (△), 24 (▽), 48 (◇), and
96 W (○), and CD4+ T-cell counts (B) in healthy controls (n = 40) and AHI (n = 69) individuals at 0 (□), 24 (△), 48 (▽), and 96 W (◇) after early ART. Correlations
between plasma levels of anti-CD4 IgG and peripheral CD4+ T-cell counts in AHI individuals at 0 (C), 24 (D), 48 (E), and 96 W (F) after early ART. One-way ANOVA
tests and Spearman’s rank correlation tests, with P < 0.05 considered significant. **P < 0.01, ****P < 0.0001.
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and 96 W after early ART; they were still significantly lower
compared with those in HCs (P < 0.01).

Next, we have analyzed the relationships between the levels of
anti-CD4 IgG and CD4+ T-cell counts at each time points after
early ART in AHI individuals. We did not find correlations
between plasma anti-CD4 IgG levels and CD4+ T-cell counts at 0
(Figure 2C) and 24 W (Figure 2D). Intriguingly, we found that
the levels of anti-CD4 IgG were negatively correlated with CD4+

T-cell counts at 48W (r = −0.299, P = 0.014, Figure 2E) and 96W
(r = −0.296, P = 0.015, Figure 2F). Taken together, these findings
suggest that immediate initiation of ART during AHI reduce
plasma levels of anti-CD4 IgG to the levels similar in HCs, and
that plasma anti-CD4 IgG levels inversely correlated with
peripheral CD4+ T-cell counts after at least one year of early
ART in AHI individuals.

Changes of Anti-CD4 IgG in AHI
Individuals With Delayed ART
Next, we explored whether delayed initiation of ART affects
plasma levels of anti-CD4 IgG. We quantified plasma levels of
anti-CD4 IgG in individuals who initiated ART at chronic stage
of HIV infection. Unlike early ART, levels of anti-CD4 IgG in
delayed ART group were not significantly declined at each post-
ART visit compared with 0 W (Figure 3A). Notably, levels of
anti-CD4 IgG were significantly higher in delayed ART group at
24, 48, and 96 W compared with HCs (P < 0.01, Figure 3A).
Furthermore, CD4+ T-cell counts were significantly increased in
delayed ART group at 48 W, and 96 W compared with those at 0
W (Figure 3B). However, CD4+ T-cell counts in individuals who
received delayed ART remained significant lower compared with
HCs (P < 0.01, Figure 3B). We did not observe any correlations
between anti-CD4 IgG levels and CD4+ T-cell counts in AHI
individuals with delayed ART at 0, 24, 48, and 96 W (Figures
3C–F). Our findings indicate that unlike early ART, delayed ART
failed to reduce anti-CD4 IgG levels to the levels similar to HCs.

Dynamic Changes of Total IgG and
ANA in AHI Individuals After Early and
Delayed ART
IgG antibody plays an important role in immune response of
HIV infection. The production of HIV membrane protein and
capsid protein-specific IgG in different time of the early stage of
infection is due to individual differences. However, the plasma
levels of total IgG in AHI as well as the influence of early and
delayed ART on them remain to be analyzed. In our study, the
results showed that the plasma levels of total IgG were
significantly increased in ART-naïve AHI individuals
compared with HCs (P < 0.05, Figure 4A). Total IgG levels
decreased to the levels similar in HCs after 96 W early ART with
statistically significant (P=0.028). There was no significant
difference before and after ART in delayed ART group.

Besides anti-CD4 autoantibody in HIV-infected patients,
there are other autoreactive antibodies in these individuals.
Indeed, plasma levels of ANA after early and delayed ART
were detected in this study for comparison. We found that the
ANA positive rate was significantly higher in HIV-infected
Frontiers in Pharmacology | www.frontiersin.org 6
patients than HC group. ANA positive rate was about 3, 8, and
50% in the control group, acute stage and chronic infection
respectively (Figure 4B). Both early and delayed ART effectively
reduce the plasma levels of ANA in AHI, the ANA positive rate
reached the normal levels (2%) after 96 W early ART, while in
delayed ART group, this rate (10%) was still higher comparing to
HCs (Figure 4B). Consistent with anti-CD4 IgG, early treatment
can normalize plasma ANA levels in AHI while delayed
treatment cannot.
DISCUSSION

Autoantibodies and autoimmunity present in HIV disease
(Iordache et al., 2014). Previous studies have shown that
plasma autoantibody levels were inversely correlated with
CD4+ T-cell counts or disease progression, especially with
increased serum levels of tumor necrosis factor-a (TNF-a) and
interferon-a (IFN-a) (Muller et al., 1993). We have reported that
levels of anti-CD4 IgG in immunologic non-responders were
elevated and associated with blunted CD4+ T-cell recovery in
chronic HIV-infected patients with viral suppression after ART
(Luo et al., 2017b). However, plasma levels of anti-CD4 IgG in
acute HIV-infected individuals remain unclear. In this study, we
reported that plasma level of anti-CD4 IgG was significantly
increased in AHI individuals compared with HCs (Figure 1).
The increase of anti-CD4 IgG in acute HIV infection may
attribute to the increase of autoantigens, such as debris arise
from massive CD4+ T-cell apoptosis, sCD4, or HIV protein
binding CD4 complex (Lederman et al., 2011; Koppensteiner
et al., 2012; Luo et al., 2017b). Moreover, AHI induced epithelial
apoptosis and mucosal barrier dysfunction, which results in
microbial translocation, immune activation, inflammation, and
autoantibodies production (Shirai et al., 1992; Petta et al., 2018;
Xu et al., 2018).

Early ART is recommended to prevent HIV transmission and
to prevent CD4+ T-cell decline (Le et al., 2013; Group et al.,
2015). Herein, we compared anti-CD4 IgG levels and CD4+ T-
cell counts in AHI individuals after early or delayed ART. We
found that anti-CD4 IgG levels were increased in both acute and
chronic HIV infection, and that early ART significantly
decreased levels of anti-CD4 IgG in AHI individuals, similar to
the levels of anti-CD4 IgG in HCs since 24 W post-ART (Figure
2). However, there were no significant differences of anti-CD4
IgG levels in AHI individuals with delayed ART compared with
those at pre-ART. These findings demonstrate that early ART
rather than delayed ART can normalize anti-CD4 IgG levels in
AHI individuals. Acute infection was associated with
significantly lower viral and less immune activation as well as a
better CD4+ T-cell counts compared to chronic stages,
suggesting that initiating early ART may be more beneficial in
mitigating HIV persistence, attenuates inflammation, rapid
recovery of CD4+ T-cell counts, and protecting immune
function. Early ART significantly enhanced probability of
immunological recovery, which has not been observed in
delayed ART (Ananworanich et al., 2016; Sereti et al., 2017). In
April 2020 | Volume 11 | Article 449
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addition, we found inversely correlations between plasma anti-
CD4 IgG levels and CD4+ T-cell counts at 48 and 96 W in early
ART group but not in delayed ART group. This is not consistent
with our previous study, which showed that anti-CD4 IgG levels
was inversely correlated to CD4+ T-cell counts in chronic HIV-
infected individuals under ART (Luo et al., 2017b). The
Frontiers in Pharmacology | www.frontiersin.org 7
differences between the results in the current study and
previous study may be due to the different subjects, nationality
and duration of infection and ART. In this study, our subjects
were AHI individuals, Chinese, and all of them were male.
Subjects in previous study were Caucasians and Afro-
Americans, both males and females, and with many years of
A B

C D

E E

FIGURE 3 | Effect of Delayed Initiation of ART on Plasma Levels of Anti-CD4 IgG in AHI Individuals. Plasma anti-CD4 IgG levels (A) and CD4+ T-cell counts (B) in
healthy controls (n = 40) and AHI (n = 21) individuals at 0 (□), 24 (△), 48 (▽), and 96 W (◇) after delayed initiation of ART. Correlations between plasma levels of
anti-CD4 IgG and peripheral CD4+ T-cell counts in AHI individuals at 0 (C), 24 (D), 48 (E), and 96 W (F) after delayed initiation of ART. One-way ANOVA tests and
Spearman’s rank correlation tests, with P < 0.05 considered significant. **P < 0.01, ***P < 0.001, ****P < 0.0001.
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infection. The duration of ART was two years in the current
study and more than 5–10 years from the previous study (Luo
et al., 2017b).

AHI induced sharply depleted of CD4+ T-cell counts (Krebs
and Ananworanich, 2016). Our findings showed that either early
ART or delayed ART can only partially restore the CD4+ T-cell
counts (Figures 2B and 3B). Several mechanisms may cause the
blunted recovery of CD4+ T cells, including persistent
inflammation, gut mucosal dysfunction, fibrosis of thymus,
and lymphoid tissue (Hunt et al., 2003; Marchetti et al., 2008;
Diaz et al., 2010; Lederman et al., 2011; Mavigner et al., 2012). In
addition, increased levels of anti-CD4 IgG from non-responders
induced CD4+ T cells apoptosis and play a role in poor CD4+ T-
cell recovery in chronic HIV-infected individuals under ART
(Luo et al., 2017a). The previous study suggests that increase of
anti-CD4 IgG levels may be a novel mechanism for CD4+ T cell
depletion in ART-treated chronically infected individuals. In the
current study, we did not observe correlations between anti-CD4
IgG levels and peripheral CD4+ T-cell counts in ART-naive AHI
individuals. Intriguingly, we found inverse correlations between
CD4+ T-cell counts and anti-CD4 IgG in early ART-treated
individuals starting at 24 W of treatment (Figures 2E, F). These
results may imply that the anti-CD4 IgG may not be functional
in untreated AHI individuals and may play a pathogenic role
during immune recovery following ART but needs further
investigations. Moreover, persistent immune activation and
residual inflammation after ART may play a role in B cell
polyclonal activation and autoantibody production during
immune reconstitution. Indeed, autoimmune diseases mainly
occur in the immunologic reconstitution phase after ART in
chronically infected patients (Zandman-Goddard and Shoenfeld,
2002; Iordache et al., 2014). The mechanisms of pathogenic anti-
CD4 IgG production remain unknown, and persistent immune
activation and inflammation after ART may contribute to the
breakdown of tolerance (Xu et al., 2018). Furthermore,
autoantigens from apoptotic CD4+ T cells, sCD4, or released
HIV protein-bound CD4, may provide the antigen stimulation
for generation of pathologic autoantibodies in post-ART HIV-
Frontiers in Pharmacology | www.frontiersin.org 8
infected individuals (Luo et al., 2017a). However, the exact
mechanisms need further investigations. Moreover, poor
recovery of CD4+ T-cell counts after early ART was associated
with higher anti-CD4 IgG levels. Therefore, inhibitors that target
anti-CD4 IgG binding sites may at least partially prevent CD4+

T-cell depletion. The development of anti-CD4 IgG inhibitors
together with ART may significantly improve CD4+ T-
cell recovery.

Furthermore, a series of immunological methods and
techniques based on serological changes of IgG play a vital role
in HIV antibody detection, and the proportion of HIV-specific
IgG and total IgG can be used to distinguish new and previous
infection and calculate the incidence (McDougal et al., 2006;
Jiang et al., 2007). Our findings suggested that IgG concentration
was elevated in HIV-infected individuals compared to healthy
people. Plasma total IgG levels could be restored to normal levels
after early ART, which was consistent with the change of anti-
CD4 IgG. Analysis of the dynamic changes can be used as a
biomarker for HIV infection progression and contribute to
vaccine development. In this study, ANA with a relatively high
positive rate was selected for detection and observation and used
as a reference indicator for autoantibody changes. The ANA
positive rate of HIV-infected patients was higher than HCs. Both
early and delayed ART can effectively reduce plasma ANA levels
in HIV-infected individual. However, there are some limitations
in our study. First, females tend to have increased autoantibodies
and risk of autoimmune diseases compared to males, however,
there were no female participants in this MSM cohort (Gilman
et al., 2018). Second, the relatively small sample size and short
duration of ART may limit the power to obtain the desired effect.
Third, the different ART regimen may affect the results. Finally,
the delayed ART group may have lower CD4+ T cell counts and
poor ART effects on reducing anti-CD4 antibody levels due to
late treatment. Thus, it is more difficult to gain significant effect
of ART on anti-CD4 IgGs and CD4+ T-cell counts. In addition,
the design and data analyses may affect the results. We will
conduct prospective cohorts or a more complicated experimental
design in future research, such as larger sample size and longer
A B

FIGURE 4 | Dynamic Changes of Total IgG and ANA in AHI Individuals After Early and Delayed ART. Plasma total IgG levels (A) and ANA positive rate (B) in healthy
controls (n = 40) and AHI individuals (n = 90) after early and delayed ART. One-way ANOVA tests with P < 0.05 considered significant. *P < 0.05.
April 2020 | Volume 11 | Article 449

https://www.frontiersin.org/journals/pharmacology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/pharmacology#articles


Song et al. Anti-CD4 IgG Associated with T-Cell-Recovery
ART. Furthermore, the detailed mechanisms and pathologic role
of anti-CD4 IgG after early treatment needs to be further
investigated, including how anti-CD4 IgG mediate CD4+ T-cell
death via ADCC after early ART in AHI patients.

In summary, we first reported the dynamic change of anti-
CD4 IgG in AHI individuals following early or delayed ART and
showed that early ART but not delayed ART normalized anti-
CD4 IgG levels. Plasma anti-CD4 IgG levels after 48W of ART
were inversely correlated with post-ART CD4+ T-cell counts in
early treated AHI individuals, suggesting that high levels of anti-
CD4 IgG during immune recovery may contribute to blunt CD4+

T-cell recovery after early ART.
DATA AVAILABILITY STATEMENT

All datasets generated for this study are included in the article/
supplementary material.
ETHICS STATEMENT

This study has been approved by the Beijing Youan Hospital
Research Ethics Committee and all participants provided written
informed consent. The methods were carried out in accordance
with the approved guidelines.
Frontiers in Pharmacology | www.frontiersin.org 9
AUTHOR CONTRIBUTIONS

ZL, BS, WJ, and HW conceived and designed the experiments.
AS, LL, WX, and TZ collected the sample information,
contributed to reagents and materials. AS, ZL, ZwL, XL, RW
and ZW performed the experiments and analyzed the data. AS,
ZL, BS, WJ, and HW wrote the manuscript. All authors read and
approved the final manuscript.
FUNDING

This work was supported by the National Natural Science
Foundation of China (NSFC)-NIH Biomedical collaborative
research program (81761128001 to HW), the National
Institutes of Allergy and Infectious Diseases (AI1288864 to
WJ), the NSFC (81772165 and 81974303 to BS; 81571973 to
HW; 81501731 to ZL; 81501732 to XL), the National 13th Five-
Year Grand Program on Key Infectious Disease Control
(2017ZX10202102-005-003 to BS; 2017ZX10202101-004-001 to
TZ; 2018ZX10301-102-002 to ZL), the Beijing Municipal of
Science and Technology Major Project (D161100000416003 to
HW), and the Beijing Key Laboratory for HIV/AIDS Research
(BZ0089). The funders had no role in study design, data
collection and analysis, decision to publish, or preparation of
the manuscript.
REFERENCES

Ananworanich, J., Sacdalan, C. P., Pinyakorn, S., Chomont, N., de Souza, M.,
Luekasemsuk, T., et al. (2016). Virological and immunological characteristics
of HIV-infected individuals at the earliest stage of infection. J. Virus Erad 2,
43–48. doi: 10.1177/0040517511426493

Battegay, M., Nuesch, R., Hirschel, B., and Kaufmann, G. R. (2006).
Immunological recovery and antiretroviral therapy in HIV-1 infection.
Lancet Infect. Dis. 6 (5), 280–287. doi: 10.1016/S1473-3099(06)70463-7

Bonsignori, M., Wiehe, K., Grimm, S. K., Lynch, R., Yang, G., Kozink, D. M., et al.
(2014). An autoreactive antibody from an SLE/HIV-1 individual broadly
neutralizes HIV-1. J. Clin. Invest. 124 (4), 1835–1843. doi: 10.1172/JCI73441

Callahan, L. N., Roderiquez, G., Mallinson, M., and Norcross, M. A. (1992).
Analysis of HIV-induced autoantibodies to cryptic epitopes on human CD4.
J. Immunol. 149 (6), 2194–2202.

Chin, T., Hicks, C., Samsa, G., and McKellar, M. (2013). Diagnosing HIV infection
in primary care settings: missed opportunities. AIDS Patient Care STDS 27 (7),
392–397. doi: 10.1089/apc.2013.0099

Cohen, M. S., Gay, C. L., Busch, M. P., and Hecht, F. M. (2010). The detection of
acute HIV infection. J. Infect. Dis. 202 Suppl 2, S270–S277. doi: 10.1086/655651

Dalgleish, A. G. (1995). Autoimmune mechanisms of depletion of CD4 cells in HIV
infection. Br. J. Haematol 91 (3), 525–534. doi: 10.1111/j.1365-
2141.1995.tb05343.x

Deeks, S. G., Lewin, S. R., and Havlir, D. V. (2013). The end of AIDS: HIV
infection as a chronic disease. Lancet 382 (9903), 1525–1533. doi: 10.1016/
S0140-6736(13)61809-7>

Diaz, A., Alos, L., Leon, A., Mozos, A., Caballero, M., Martinez, A., et al. (2010).
Factors associated with collagen deposition in lymphoid tissue in long-term
treated HIV-infected patients. Aids 24 (13), 2029–2039. doi: 10.1097/
QAD.0b013e32833c3268

Elkon, K., and Casali, P. (2008). Nature and functions of autoantibodies. Nat. Clin.
Pract. Rheumatol 4 (9), 491–498. doi: 10.1038/ncprheum0895

Emery, S., Neuhaus, J. A., Phillips, A. N., Babiker, A., Cohen, C. J., Gatell, J. M.,
et al. (2008). Major clinical outcomes in antiretroviral therapy (ART)-naive
participants and in those not receiving ART at baseline in the SMART study.
J. Infect. Dis. 197 (8), 1133–1144. doi: 10.1086/586713

Fiebig, E. W., Wright, D. J., Rawal, B. D., Garrett, P. E., Schumacher, R. T.,
Peddada, L., et al. (2003). Dynamics of HIV viremia and antibody
seroconversion in plasma donors: implications for diagnosis and staging of
primary HIV infection. Aids 17 (13), 1871–1879. doi: 10.1097/00002030-
200309050-00005

Gilman, A. J., Le, A. K., Zhao, C., Hoang, J., Yasukawa, L. A., Weber, S. C., et al.
(2018). Autoantibodies in chronic hepatitis C virus infection: impact on clinical
outcomes and extrahepatic manifestations. BMJ Open Gastroenterol. 5 (1),
e000203. doi: 10.1136/bmjgast-2018-000203

Group, I. S. S., Lundgren, J. D., Babiker, A. G., Gordin, F., Emery, S., Grund, B.,
et al. (2015). Initiation of Antiretroviral Therapy in Early Asymptomatic HIV
Infection. N Engl. J. Med. 373 (9), 795–807. doi: 10.1056/NEJMoa1506816

Huang, X., Lodi, S., Fox, Z., Li, W., Phillips, A., Porter, K., et al. (2013). Rate of
CD4 decline and HIV-RNA change following HIV seroconversion in men who
have sex with men: a comparison between the Beijing PRIMO and CASCADE
cohorts. J. Acquir Immune Defic Syndr. 62 (4), 441–446. doi: 10.1097/
QAI.0b013e31827f5c9a

Hunt, P. W., Martin, J. N., Sinclair, E., Bredt, B., Hagos, E., Lampiris, H., et al.
(2003). T cell activation is associated with lower CD4+ T cell gains in human
immunodeficiency virus-infected patients with sustained viral suppression
during antiretroviral therapy. J. Infect. Dis. 187 (10), 1534–1543. doi:
10.1086/374786

Iordache, L., Launay, O., Bouchaud, O., Jeantils, V., Goujard, C., Boue, F., et al.
(2014). Autoimmune diseases in HIV-infected patients: 52 cases and literature
review. Autoimmun Rev. 13 (8), 850–857. doi: 10.1016/j.autrev.2014.04.005

Jiang, Y., Wang, M., Ni, M., Duan, S., Wang, Y., Feng, J., et al. (2007). HIV-1
incidence estimates using IgG-capture BED-enzyme immunoassay from
surveillance sites of injection drug users in three cities of China. AIDS 21
Suppl 8, S47–S51. doi: 10.1097/01.aids.0000304696.62508.8a

Kaufmann, G. R., Furrer, H., Ledergerber, B., Perrin, L., Opravil, M., Vernazza, P.,
et al. (2005). Characteristics, determinants, and clinical relevance of CD4 T cell
recovery to <500 cells/microL in HIV type 1-infected individuals receiving
April 2020 | Volume 11 | Article 449

https://doi.org/10.1177/0040517511426493
https://doi.org/10.1016/S1473-3099(06)70463-7
https://doi.org/10.1172/JCI73441
https://doi.org/10.1089/apc.2013.0099
https://doi.org/10.1086/655651
https://doi.org/10.1111/j.1365-2141.1995.tb05343.x
https://doi.org/10.1111/j.1365-2141.1995.tb05343.x
https://doi.org/10.1016/S0140-6736(13)61809-7>
https://doi.org/10.1016/S0140-6736(13)61809-7>
https://doi.org/10.1097/QAD.0b013e32833c3268
https://doi.org/10.1097/QAD.0b013e32833c3268
https://doi.org/10.1038/ncprheum0895
https://doi.org/10.1086/586713
https://doi.org/10.1097/00002030-200309050-00005
https://doi.org/10.1097/00002030-200309050-00005
https://doi.org/10.1136/bmjgast-2018-000203
https://doi.org/10.1056/NEJMoa1506816
https://doi.org/10.1097/QAI.0b013e31827f5c9a
https://doi.org/10.1097/QAI.0b013e31827f5c9a
https://doi.org/10.1086/374786
https://doi.org/10.1016/j.autrev.2014.04.005
https://doi.org/10.1097/01.aids.0000304696.62508.8a
https://www.frontiersin.org/journals/pharmacology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/pharmacology#articles


Song et al. Anti-CD4 IgG Associated with T-Cell-Recovery
potent antiretroviral therapy. Clin. Infect. Dis. 41 (3), 361–372. doi: 10.1086/
431484

Keiser, P., Keay, S., Wasserman, S., andWecksler, W. (1992). Anti-CD4 antibodies
are associated with HIV-1 seroconversion and may be detectable before anti-
HIV-1 antibodies. The Multicenter AIDS Cohort Study. AIDS Res. Hum.
Retroviruses 8 (11), 1919–1927. doi: 10.1089/aid.1992.8.1919

Kelley, C. F., Kitchen, C. M., Hunt, P. W., Rodriguez, B., Hecht, F. M., Kitahata,
M., et al. (2009). Incomplete peripheral CD4+ cell count restoration in HIV-
infected patients receiving long-term antiretroviral treatment. Clin. Infect. Dis.
48 (6), 787–794. doi: 10.1086/597093

Kingkeow, D., Srithep, S., Praparattanapan, J., Supparatpinyo, K., and Pornprasert,
S. (2015). Thymic Function during 12 Months of Highly Active Antiretroviral
Therapy in Thai HIV-Infected Patients with Normal and Slow Immune
Recovery. Jpn J. Infect. Dis. 68 (5), 353–356. doi: 10.7883/yoken.JJID.2014.237

Koppensteiner, H., Brack-Werner, R., and Schindler, M. (2012). Macrophages and
their relevance in Human Immunodeficiency Virus Type I infection.
Retrovirology 9, 82. doi: 10.1186/1742-4690-9-82

Krebs, S. J., and Ananworanich, J. (2016). Immune activation during acute HIV
infection and the impact of early antiretroviral therapy. Curr. Opin. HIV AIDS
11 (2), 163–172. doi: 10.1097/COH.0000000000000228

Kuwata, T., Nishimura, Y., Whitted, S., Ourmanov, I., Brown, C. R., Dang, Q., et al.
(2009). Association of progressive CD4(+) T cell decline in SIV infection with
the induction of autoreactive antibodies. PloS Pathog 5 (4), e1000372. doi:
10.1371/journal.ppat.1000372

Lapadula, G., Cozzi-Lepri, A., Marchetti, G., Antinori, A., Chiodera, A., Nicastri,
E., et al. (2013). Risk of clinical progression among patients with
immunological nonresponse despite virological suppression after
combination antiretroviral treatment. Aids 27 (5), 769–779. doi: 10.1097/
QAD.0b013e32835cb747

Le, T., Wright, E. J., Smith, D. M., He, W., Catano, G., Okulicz, J. F., et al. (2013).
Enhanced CD4+ T-cell recovery with earlier HIV-1 antiretroviral therapy.
N Engl. J. Med. 368 (3), 218–230. doi: 10.1056/NEJMoa1110187

Lederman, M. M., Calabrese, L., Funderburg, N. T., Clagett, B., Medvik, K.,
Bonilla, H., et al. (2011). Immunologic failure despite suppressive antiretroviral
therapy is related to activation and turnover of memory CD4 cells. J. Infect. Dis.
204 (8), 1217–1226. doi: 10.1093/infdis/jir507

Li, Z., Lu, X., Hu, Z., Luo, Z., Jiang, W., Wu, H., et al. (2017). Syphilis Infection
Differentially Regulates the Phenotype and Function of gammadelta T Cells in
HIV-1-Infected Patients Depends on the HIV-1 Disease Stage. Front.
Immunol. 8, 991. doi: 10.3389/fimmu.2017.00991

Luo, Z., Zhou, Z., Ogunrinde, E., Zhang, T., Li, Z., Martin, L., et al. (2017a). The
effect of plasma auto-IgGs on CD4(+) T cell apoptosis and recovery in HIV-
infected patients under antiretroviral therapy. J. Leukoc Biol. 102 (6), 1481–
1486. doi: 10.1189/jlb.5A0617-219R

Luo, Z., Li, Z., Martin, L., Wan, Z., Meissner, E. G., Espinosa, E., et al. (2017b).
Pathological Role of Anti-CD4 Antibodies in HIV-Infected Immunologic
Nonresponders Receiving Virus-Suppressive Antiretroviral Therapy. J. Infect.
Dis. 216 (1), 82–91. doi: 10.1093/infdis/jix223

Marchetti, G., Bellistri, G. M., Borghi, E., Tincati, C., Ferramosca, S., La Francesca,
M., et al. (2008). Microbial translocation is associated with sustained failure in
CD4+ T-cell reconstitution in HIV-infected patients on long-term highly
active antiretroviral therapy. Aids 22 (15), 2035–2038. doi: 10.1097/
QAD.0b013e3283112d29

Mavigner, M., Cazabat, M., Dubois, M., L’Faqihi, F. E., Requena, M., Pasquier, C.,
et al. (2012). Altered CD4+ T cell homing to the gut impairs mucosal immune
reconstitution in treated HIV-infected individuals. J. Clin. Invest. 122 (1), 62–
69. doi: 10.1172/JCI59011

May, M. T., Sterne, J. A., Costagliola, D., Sabin, C. A., Phillips, A. N., Justice, A. C.,
et al. (2006). HIV treatment response and prognosis in Europe and North
America in the first decade of highly active antiretroviral therapy: a
Frontiers in Pharmacology | www.frontiersin.org 10
collaborative analysis. Lancet 368 (9534), 451–458. doi: 10.1016/s0140-6736
(06)69152-6

McDougal, J. S., Parekh, B. S., Peterson, M. L., Branson, B. M., Dobbs, T., Ackers,
M., et al. (2006). Comparison of HIV type 1 incidence observed during
longitudinal follow-up with incidence estimated by cross-sectional analysis
using the BED capture enzyme immunoassay. AIDS Res. Hum. Retroviruses 22
(10), 945–952. doi: 10.1089/aid.2006.22.945

Moody, M. A., Pedroza-Pacheco, I., Vandergrift, N. A., Chui, C., Lloyd, K. E.,
Parks, R., et al. (2016). Immune perturbations in HIV-1-infected individuals
who make broadly neutralizing antibodies. Sci. Immunol. 1 (1), aag0851. doi:
10.1126/sciimmunol.aag0851

Muller, C., Kukel, S., and Bauer, R. (1993). Relationship of antibodies against CD4+ T
cells in HIV-infected patients to markers of activation and progression:
autoantibodies are closely associated with CD4 cell depletion. Immunology 79 (2),
248–254.

Nakanjako, D., Kiragga, A., Ibrahim, F., Castelnuovo, B., Kamya, M. R., and
Easterbrook, P. J. (2008). Sub-optimal CD4 reconstitution despite viral
suppression in an urban cohort on antiretroviral therapy (ART) in sub-
Saharan Africa: frequency and clinical significance. AIDS Res. Ther. 5, 23.
doi: 10.1186/1742-6405-5-23

Petta, I., Fraussen, J., Somers, V., and Kleinewietfeld, M. (2018). Interrelation of
Diet, Gut Microbiome, and Autoantibody Production. Front. Immunol. 9, 439.
doi: 10.3389/fimmu.2018.00439

Satta, N., Pagano, S., Montecucco, F., Gencer, B., Swiss, HIVCS, Mach, F., et al.
(2018). Anti-apolipoprotein A-1 autoantibodies are associated with
immunodeficiency and systemic inflammation in HIV patients. J. Infect. 76
(2), 186–195. doi: 10.1016/j.jinf.2017.11.008

Sereti, I., Krebs, S. J., Phanuphak, N., Fletcher, J. L., Slike, B., Pinyakorn, S., et al.
(2017). Persistent, Albeit Reduced, Chronic Inflammation in Persons Starting
Antiretroviral Therapy in Acute HIV Infection. Clin. Infect. Dis. 64 (2), 124–
131. doi: 10.1093/cid/ciw683

Shirai, A., Cosentino, M., Leitman-Klinman, S. F., and Klinman, D. M. (1992).
Human immunodeficiency virus infection induces both polyclonal and virus-
specific B cell activation. J. Clin. Invest. 89 (2), 561–566. doi: 10.1172/
JCI115621

Stirrup, O. T., Copas, A. J., Phillips, A. N., Gill, M. J., Geskus, R. B., Touloumi, G.,
et al. (2018). Predictors of CD4 cell recovery following initiation of
antiretroviral therapy among HIV-1 positive patients with well-estimated
dates of seroconversion. HIV Med. 19 (3), 184–194. doi: 10.1111/hiv.12567

Sun, Y., Fu, Y., Zhang, Z., Tang, T., Liu, J., Ding, H., et al. (2017). The investigation
of CD4+T-cell functions in primary HIV infection with antiretroviral therapy.
Med. (Baltimore) 96 (28), e7430. doi: 10.1097/MD.0000000000007430

Xu, W., Luo, Z., Alekseyenko, A. V., Martin, L., Wan, Z., Ling, B., et al. (2018).
Distinct systemic microbiome and microbial translocation are associated with
plasma level of anti-CD4 autoantibody in HIV infection. Sci. Rep. 8 (1), 12863.
doi: 10.1038/s41598-018-31116-y

Zandman-Goddard, G., and Shoenfeld, Y. (2002). HIV and autoimmunity.
Autoimmun Rev. 1 (6), 329–337. doi: 10.1016/S1568-9972(02)00086-1

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2020 Song, Li, Luo, Lu, Wang, Liu, Xia, Wan, Zhang, Su, Jiang andWu.
This is an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums is
permitted, provided the original author(s) and the copyright owner(s) are credited and
that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.
April 2020 | Volume 11 | Article 449

https://doi.org/10.1086/431484
https://doi.org/10.1086/431484
https://doi.org/10.1089/aid.1992.8.1919
https://doi.org/10.1086/597093
https://doi.org/10.7883/yoken.JJID.2014.237
https://doi.org/10.1186/1742-4690-9-82
https://doi.org/10.1097/COH.0000000000000228
https://doi.org/10.1371/journal.ppat.1000372
https://doi.org/10.1097/QAD.0b013e32835cb747
https://doi.org/10.1097/QAD.0b013e32835cb747
https://doi.org/10.1056/NEJMoa1110187
https://doi.org/10.1093/infdis/jir507
https://doi.org/10.3389/fimmu.2017.00991
https://doi.org/10.1189/jlb.5A0617-219R
https://doi.org/10.1093/infdis/jix223
https://doi.org/10.1097/QAD.0b013e3283112d29
https://doi.org/10.1097/QAD.0b013e3283112d29
https://doi.org/10.1172/JCI59011
https://doi.org/10.1016/s0140-6736(06)69152-6
https://doi.org/10.1016/s0140-6736(06)69152-6
https://doi.org/10.1089/aid.2006.22.945
https://doi.org/10.1126/sciimmunol.aag0851
https://doi.org/10.1186/1742-6405-5-23
https://doi.org/10.3389/fimmu.2018.00439
https://doi.org/10.1016/j.jinf.2017.11.008
https://doi.org/10.1093/cid/ciw683
https://doi.org/10.1172/JCI115621
https://doi.org/10.1172/JCI115621
https://doi.org/10.1111/hiv.12567
https://doi.org/10.1097/MD.0000000000007430
https://doi.org/10.1038/s41598-018-31116-y
https://doi.org/10.1016/S1568-9972(02)00086-1
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pharmacology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/pharmacology#articles

	Effects of Early and Delayed Antiretroviral Therapy on Plasma Anti-CD4 Autoreactive IgG and Its Association With CD4+ T-Cell Recovery in Acute HIV-Infected Individuals
	Introduction
	Materials and Methods
	Study Subjects
	Enzyme-Linked Immunosorbent Assay (ELISA) for Detection of Anti-CD4 IgG
	ELISA for Detection of Total IgG
	Indirect Immunofluorescence Testing (IIFT) for Detection of ANA IgG
	Serological Assays
	Plasma HIV-1 RNA Levels and CD4+ T-Cell Counts
	Statistical Analysis

	Results
	Clinical Information
	Plasma Levels of Anti-CD4 IgG Were Dramatically Increased in Acute HIV-Infected Individuals
	Dynamic Changes of Anti-CD4 IgG in AHI Individuals After Early ART
	Changes of Anti-CD4 IgG in AHI Individuals With Delayed ART
	Dynamic Changes of Total IgG and ANA in AHI Individuals After Early and Delayed ART

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


