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Abstract

The present study investigated the immunological pathogenesis of immune reconstitution inflammatory syn-
drome (IRIS) in acquired immunodeficiency syndrome (AIDS) patients undergoing highly active antiretroviral
therapy (HAART). A total of 238 patients with AIDS who received initial HAART were included in this
prospective cohort study. Blood samples were collected immediately, at baseline, at week 12, and at week 24
after initial HAART and at the onset of IRIS. Lymphocyte subsets, Th1 and Th2 cytokines, and interleukin
(IL)-7 levels were measured by flow cytometry or ELISA. Among the 238 patients with AIDS who received
HAART, 47 patients developed IRIS. The percentages of CD4 + and CD8 + naive, memory, and activated cells
exhibited no significant differences between AIDS patients with and without IRIS 24 weeks after initial
HAART. The percentage of CD4 + CD25 + Foxp3 + regulatory T cells was lower in IRIS patients than in non-
IRIS patients before HAART, 12 weeks after HAART, 24 weeks after HAART, and at the onset of IRIS. IL-2
and interferon (IFN)-c levels were significantly higher at week 4 and at the onset of IRIS in IRIS patients than in
non-IRIS patients. In contrast, IL-4 and IL-10 levels were significantly lower at week 4 and at the onset of IRIS
in IRIS patients than in non-IRIS patients. Plasma IL-7 decreased gradually with the progression of HAART.
The level of IL-7 was higher in IRIS patients than in non-IRIS patients at all follow-up time points. An
imbalance of Th1/Th2 cytokines, a consistently low CD + CD25 + Fox3 + percentage, and a high IL-7 level may
be crucial in the pathogenesis of IRIS in AIDS patients who had received HAART.

Introduction

H ighly active antiretroviral therapy (HAART) is
currently the most effective way to treat acquired im-

munodeficiency syndrome (AIDS). HAART can dramati-
cally suppress the replication of human immunodeficiency
virus (HIV), rebuild the immune function of infected pa-
tients, and reduce the incidence of opportunistic infections.1,2

However, shortly after the initiation of HAART, about
10–30% of patients receiving HAART contract more severe
illnesses, opportunistic infections, or infections from new
pathogens. This phenomenon was described in literature
as immune reconstruction disease (IRD) or immune recon-
struction inflammation syndrome (IRIS).3,4 IRIS is a life-
threatening syndrome. Preventing the development of IRIS is
of great significance to improving the prognosis of AIDS.

Despite the progress made in understanding the manifes-
tations of IRIS, the pathogenesis of IRIS in HAART-treated

AIDS patients remains largely unknown. The treatment ef-
ficacy of HAART is mainly evaluated by the decrease in
HIV-1 viral load and the degree of reconstitution of the im-
mune system.5 However, the implications of the rebuilding of
immune function for the development of IRIS in AIDS pa-
tients have not been widely reported. In particular, the im-
munopathogenesis of IRIS is rarely elucidated. In this study,
we investigated the T lymphocyte subsets, Th1 and Th2 cy-
tokines, and interleukin (IL)-7 levels at weeks 0, 12, and 24
after HAART treatment and at the onset of IRIS in AIDS
patients who developed IRIS compared to patients who did
not develop IRIS 24 weeks after initial HAART.

Subjects and Methods

Study design

This is a prospective observational study. All patients were
treated with the conventional HARRT regimen: lamivudine,
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300 mg per dose, once per day; zidovudine, 300 mg per dose,
twice per day; and nevirapine, 200 mg per dose, once per day,
which were changed to twice per day 2 weeks later if no side
effects were observed. Patients who developed IRIS were
allocated to the IRIS group, while patients who did not de-
velop IRIS until 24 weeks were assigned to the non-IRIS
group. Blood samples were collected from 47 IRIS cases and
191 non-IRIS cases for the detection of lymphocyte subsets,
Th1 and Th2 cytokines, and IL-7 level at weeks 0, 12, and 24
post-HAART and at the onset of IRIS.

Subjects

A total of 238 patients with AIDS (163 male and 65 female)
who received HAART in the Hunan Provincial Center for
Disease Control and Prevention (CDC) from October 2007 to
September 2009 were enrolled in this study. This study was
preapproved by the medical ethics committee of Second
Xiangya Hospital. Patients were informed of the purpose of
the study, the possible side effects, and other considerations.
Written informed consent forms were obtained from all pa-
tients. All AIDS patients were diagnosed according to the
‘‘AIDS Diagnosis and Treatment Guidelines’’ (National
Ministry of Health, China, 2006). All patients were confirmed
to be HIV-1 positive and met the requirements of ‘‘National
AIDS antiviral treatment manuals’’ (second edition) for ini-
tiating HAART. The patients were followed up for 24 weeks.
The average age of the patients was 38.3 years with a range
from 29.5 to 45.3 years. The assessment of IRIS and non-IRIS
during follow-up was based on the widely accepted IRIS
criteria.6 Thirty-one healthy students and employees (20 male
and 11 female) with ages that ranged from 23.1 years to 43.7
years were recruited as healthy controls. These healthy con-
trols were HIV negative and had no history of other severe
infectious diseases or systemic diseases.

Sample collection

Five milliliters of fasting blood was collected in an antico-
agulant tube from each subject. Plasma and peripheral blood
mononuclear cells (PBMCs) were separated with lymphocyte
separation reagents. Plasma was frozen at - 80�C.

FACS analysis of T cell subsets

Two- to three-color flow cytometry was applied to quantify
T cell subsets in fresh blood samples. The absolute counts
(cells/ll) of lymphocytes in erythrocyte lysed whole blood
were determined by FACS Calibur flow cytometry as previ-
ously described.7 The monoclonal antibodies including PE-
CD4, PE-CD8, FITC-CD45RA, FITC-CD45RO, APC-62L,
PerCP-CD38, and APC-CD25 were purchased from BD
Corporation (USA).

ELISA detection of cytokines

Plasma IL-2, interferon (IFN)-c, IL-4, IL-7, and IL-10
levels were detected by ELISA kits. Sample absorbance was
obtained with a microplate reader, and data were analyzed
with CurveExpert1.3 software (Microsoft, Redmond, WA).
ELISA kits for IL-2, IFN-c, IL-4, IL-10, and IL-7 were
purchased from Shenzhen Jingmei biotechnology company
(Shenzhen, China). An MK 2 ELISA analyzer was purchased
from Labsystems Dragon (Wellscan, Finland).

Statistical analysis

The lymphocyte subsets and cytokines were compared
between IRIS patients, non-IRIS patients, and healthy controls
at weeks 0, 12, and 24 and at the onset of IRIS. The results
were analyzed with SPSS version 13.0 statistical software
packages. Data were expressed as mean values – standard
deviation (SD). The parametric data were analyzed using a
t test. Nonparametric data were analyzed using the Wil-
coxon rank-sum test. A p < 0.05 was considered statistically
significant.

Results

Comparison of lymphocyte subsets

Among the 238 patients with AIDS who received HAART,
47 patients developed IRIS. Of the 47 patients with IRIS, 29
patients were infected with tuberculosis (29/47, 61.7%), 3 pa-
tients were infected with fungal infections (3/47, 6.3%), and 15
patients were infected with a virus (15/47, 32.0%). The average
number of days before IRIS was observed was 28 days (9–36
days) after the initiation of HAART. The results for lympho-
cyte subsets are presented in Table 1. The average percentage
of CD4 + CD45RA + CD62L+ and CD8+ CD45RA + CD62L +

naive T cells was increased in two HAART groups after initial
HAART, but no significant differences were observed between
any two groups or at any time point in the two groups of patients
( p > 0.05). HAART increased the average percentage of
CD4 + CD45RO + and CD8+ CD45RO + memory T lympho-
cytes in IRIS and non-IRIS groups. The significant increase was
observed at week 24 after HAART compared to baseline before
HAART and healthy controls. No significant differences were
observed between the IRIS and non-IRIS groups at any time
point ( p > 0.05). The percentage of CD4 + CD38+ and CD8 +

CD38 + was significantly higher in both groups of patients
compared to healthy controls ( p < 0.05), but HAART signifi-
cantly decreased the percentage of CD4 + CD38 + and CD8 +

CD38 + at week 24 ( p < 0.05) in both groups of patients. No
significant differences were observed between the IRS and non-
IRS groups at any time point after HAART ( p > 0.05).

As shown in Table 1 and Fig. 1, the percentage of CD4+

CD25+ Foxp3+ regulatory T cells was significantly lower in
both groups of patients compared to healthy controls ( p < 0.05).
HAART had no significant effect on the percentage of CD4 +

CD25+ Foxp3+ regulatory T cells ( p > 0.05). However, AIDS
patients who developed IRIS after HAART showed a signifi-
cantly lower percentage of CD4+ CD25+ Foxp3+ regulatory
T cells at weeks 0, 12, and 24 and at the onset of IRIS ( p < 0.05).

Comparison of cytokine levels

IL-2 and IFN-c of Th1 cytokines, IL-4, IL-10 of Th2 cy-
tokines, and IL-7 were measured by ELISA (Table 2). The
levels of IL-2 and IFN-c were significantly lower in AIDS
patients in the IRIS group or non-IRIS group before HAART
than in healthy controls ( p < 0.05). HAART significantly
increased IL-2 and IFN-c levels in these two groups of pa-
tients with AIDS at week 24 after initial HAART compared
to baseline levels before HAART ( p < 0.05). Significant
differences in IL-2 and IFN-c levels were observed between
patients in the IRIS and non-IRIS groups at baseline and at
week 4 after HAART ( p < 0.05). The IL-2 and IFN-c levels
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were significantly higher at the onset of IRIS compared to
baseline ( p < 0.05).

However, IL-4, IL-10, and IL-7 levels were significantly
elevated in AIDS patients in both the IRIS and non-IRIS
groups compared to the healthy controls ( p < 0 .05), while
HAART significantly increased their levels in these two
groups of patients at week 24 after HAART compared to
baseline before HAART ( p < 0.05). Significant differences in
IL-7 levels were observed between the IRIS and non-IRIS
groups at all time points ( p < 0.05). In contrast, no significant
differences were observed in IL-4 and IL-10 levels at almost
all time points except for the IL-10 level at week 4. IL-7 and
IL-10 levels at the onset of IRIS in IRIS patients were sig-
nificantly higher than in patients without IRIS at week 4 after
HAART ( p < 0.05).

Discussion

HAART is currently the most important method of con-
trolling and treating AIDS.1,8 However, a portion of patients
who receive HAART develop IRIS, which impedes the re-
covery of patients from AIDS and is even life-threatening.
Understanding the pathogenesis of IRIS in AIDS patients
receiving HAART is not only important for preventing the
development of IRIS, but also for the successful recovery of
patients from AIDS. This study found that (1) AIDS patients
with a low peripheral CD4 + CD25 + Fox3 + percentage, low
plasma IL-2, low IFN-c, and high IL-7 levels are prone to
develop IRIS after HAART. (2) The recovery of CD4 +

CD25 + Fox3 + percentage and IL-7 levels was significantly
slower in IRIS patients compared to AIDS patients who did

not develop IRIS 24 weeks after HAART. (3) The percentage
of CD4 + CD45RO + , CD8 + CD45RO + , CD4 + CD38 + , and
CD8 + CD38 + subsets, and the levels of plasma IL-2, IFN-c,
IL-4, and IL-7 were significantly normalized after HAART in
both IRIS and non-IRIS patients without significant differ-
ences between the two groups. This study suggests that the
imbalance of Th1/Th2 cytokines and the slow normalization
of the CD4 + CD25 + Fox3 + subset and IL-7 level may be
crucial for the pathogenesis of IRIS in AIDS patients who
received HAART.

CD4 + CD25 + Foxp3 + regulatory T cells (Treg) play cru-
cial roles in maintaining the balance of the immune system
and the homeostatic regulation of T cells. Lack of Treg could
lead to an imbalance of immune regulation and autoimmune
diseases.9 Reduction in the proportion of peripheral Treg
cells has been observed in HIV/AIDS.10 IRIS is the exag-
gerated inflammatory response of the immune system to
antigens in patients receiving HAART.11 In this study, the
percentage of Treg was significantly lower in IRIS patients
than in patients without IRIS before and after HAART as well
as at the onset of IRIS. Therefore, the decrease in regulatory
T cells may result in a decline in T cell suppression and
uncontrolled inflammation in IRIS. The study by Cianchetta-
Sivori et al.12 observed no obvious variations in CD4 +

CD25 + Foxp3 + regulatory T cells in IRIS patients after 4
months of HAART.13

Similar to the study by Cianchetta-Sivori et al.,12 the Treg
percentage did not change in IRIS patients 24 weeks after
HAART in our study. In addition, the study by Antonelli et al.
did not observe any differences in the numbers or proportion
of Treg cells between AIDS patients with and without IRIS.14

Table 1. Comparison of Lymphocyte Subsetsin Patients With and Without

Immune Reconstitution Inflammatory Syndrome and Healthy Controls

Group
Week 0 (baseline)

(%) Week 12 (%) Week 24 (%)
Onset of
IRIS (%)

Healthy control
group (%)

CD4 + CD45RA + CD62L +

IRIS 40.2 – 11.3 40.9 – 12.7 42.5 – 13.1 41.3 – 10.7 45.8 – 9.8
Non-IRIS 38.7 – 13.2 39.2 – 10.6 40.4 – 11.8 NA

CD8 + CD45RA + CD62L +

IRIS 16.5 – 5.7 17.3 – 5.4 18.4 – 4.8 18.5 – 5.3 40.9 – 12.3
Non-IRIS 17.3 – 6.1 16.7 – 6.9 19.3 – 6.5 NA

CD4 + CD45RO +

IRIS 65.2 – 9.7 71.9 – 9.5 72.9 – 11.2# 71.6 – 11.7 53.3 – 9.3
Non-IRIS 67.4 – 10.3 70.8 – 11.9 71.6 – 12.4# NA

CD8 + CD45RO +

IRIS 32.3 – 7.9 40.4 – 9.2 44.4 – 13.1# 39.8 – 10.3 34.1 – 8.9
Non-IRIS 34.2 – 9.4 41.1 – 10.4 43.1 – 12.6# NA

CD4 + CD38 +

IRIS 73.5 – 11.3> 67.1 – 12.4 61.3 – 10.7# 66.3 – 10.3 50.2 – 12.1
Non-IRIS 71.4 – 12.5> 64.2 – 11.3 60.7 – 9.2# NA

CD8 + CD38 +

IRIS 70.1 – 18.6> 62.7 – 9.4 53.2 – 11.7# 63.4 – 11.9 41.2 – 13.2
Non-IRIS 68.3 – 19.2> 61.2 – 13.2 52.4 – 10.1# NA

CD4 + CD25 + Foxp3 +

IRIS 2.3 – 1.1*,> 2.0 – 1.3* 2.2 – 1.2* 1.8 – 0.8* 5.4 – 1.6
Non-IRIS 2.6 – 1.4> 2.4 – 0.9 3.0 – 1.9 NA

*p < 0.05, compared between the two groups; #p < 0.05, compared with baseline; >p < 0.05, compared with the control group.
HAART, highly active antiretroviral therapy; IRIS, immune reconstitution inflammatory syndrome; percentage of lymphocytes in each

group represented the percentage of CD4 + cells or CD8 + cells in their gating.
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In this study, the percentage of Treg cells was significantly
lower in IRIS patients than in AIDS patients who did not
develop IRIS after HAART at weeks 0, 12, and 24. This may
be associated with the different types of pathogens in IRIS
patients.

In the normal human body, Th1/Th2 cytokines maintain
homeostasis, and the imbalance of Th1/Th2 can lead to im-
mune disorders and diseases. In HIV/AIDS patients, the
levels of Th1 cytokines such as IL-2 and IFN-c decrease, Th2
cytokines such as IL-4 and IL-10 increase, and this imbalance
can be corrected by HAART.13 Consistent with a previous
study,13 the plasma IFN-c and IL-2 levels in this study were
lower while the IL-4 and IL-10 levels were higher before
HAART in AIDS patients with or without IRIS than in
healthy controls. After HAART, IFN-c and IL-2 levels were
upregulated, while IL-4 and IL-10 levels were downregulated

with a significant difference at week 24, suggesting a nor-
malization of Th1/Th2 balance. Moreover, this study found
that Th1-type cytokines were significantly higher in IRIS
patients at the onset of IRIS and at week 4 of HAART than in
AIDS patients who did not develop IRIS. In this study, the
average number of days before IRIS occurred was 28 days
after the initiation of HAART.

This finding suggests that IRIS occurred at a peak of IL-2
and IFN-c during immune reconstruction. However, Th2 type
cytokines IL-10 were significantly lower in IRIS patients than
in non-IRIS patients at the onset of IRIS and at week 4 of
HAART. Previous studies also observed that the incidence of
IRIS was followed by augmentation of the levels of Th1
cytokines such as IFN-c and IL-2 and insufficient production
of IL-10.15 Considering that Treg levels were significantly
decreased in IRIS patients and the inhibitory effect of Treg on

FIG. 1. Flow cytometry of
CD4+CD25+Foxp3+ regula-
tory T lymphocytes. (A) Delin-
eation of lymphocytes with
forward scatter (FSC) and side
scatter (SSC) and gating. (B)
Selection of FITC-CD4 and
APC-CD25 double-positive
cells and gating. (C) Define
PE-Foxp3-positive cells by
reference to IgG2a-PE isotype
control. (D) Representative
image of PE-Foxp3-positive
cells in the immune reconstitu-
tion inflammatory syndrome
(IRIS) group. (E) Representative
image of PE-Foxp3-positive
cells in the non-IRIS group. (F)
Representative image of PE-
Foxp3-positive cells in the
healthy control group.
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Th1 cells was stronger than on Th2 cells, we hypothesized
that the low number of Tregs cannot produce enough IL-10 to
regulate other Th1-type proinflammatory cytokines such as
IL-2 and IFN-c effectively, which may be one of the patho-
logical mechanisms of IRIS.

Recent studies demonstrated that IL-7 plays an important
role in the survival of naive T cells, the genesis of memory
T cells, and the pathogenesis of AIDS.16 The plasma IL-7
level was significantly elevated in patients with HIV infec-
tion.17 Although many studies have demonstrated that IL-7 is
important for CD4 + T cell homeostasis during HIV/SIV in-
fection,18,19 its exact role remains to be fully elucidated. With
the progression of HAART, plasma IL-7 levels usually
gradually decrease to near normal.15,16 Consistent with pre-
vious studies,15–17 plasma IL-7 levels were higher before
HAART in AIDS patients who developed or did not develop
IRIS 24 weeks after treatment compared to healthy controls.
Interestingly, although the IL-7 level was significantly
downregulated in IRIS patients 24 weeks after HAART, the
IL-7 levels were significantly higher in IRIS patients than in
AIDS patients who did not develop IRIS 0, 12, and 24 weeks
after HAART. Thus, the slow normalization of IL-7 levels is
another feature of IRIS. These observations suggest a critical
role of IL-7 in the pathogenesis of IRIS after HAART.

Numerous studies have demonstrated that HAART sig-
nificantly increases the CD4 + T cell percentage and de-
creases the CD8 + T cell count.4 Recently, the number of
central memory cells (CD4 + CD45RA - ) and activated
CD8 + T cells (CD8 + CD38 + ) is believed to be a better in-
dicator of immune restoration in patients who received
HAART.20 In this study, no significant changes in the aver-
age percentage of CD4 + CD45RA + CD62L + and CD8 +

CD45RA + CD62L + naive T cell were observed in two
groups of patients after HAART. Previous studies reported
that the active naive T cells normalize slowly after several
months and increase remarkably in the following years.21,22

In this study, the observation time was only 24 weeks. The
short observation duration may be the main reason why this
study did not observe significant increases in CD4 +

CD45RA + CD62L + and CD8 + CD45RA + CD62L + naive
T cells. The naive T cells could be transformed in to memory
T cells under the influence of antigens after the initiation of
HAART.23

In this study, the proportion of CD4 + CD45RO + and
CD8 + CD45RO + memory T cells increased significantly in
AIDS patients with or without IRIS after HAART treatment
for 24 weeks. Thus, memory T cells made up the majority of
the increased CD4 + T cells during the early stages of nor-
malization post-HAART.2,24 It was believed that the patho-
genesis of IRIS may be related to the rapid increase of CD4 +

T memory cells.25 But in this study, although the percentage
of CD4 + memory T cells and CD8 + memory T cells in-
creased gradually during HAART, the percentage of memory
T cells showed no significant differences between IRIS pa-
tients and AIDS patients who did not develop IRIS 24 weeks
after HAART. The changes in the percentage of CD4 +

CD38 + and CD8 + CD38 + activated T cells showed the same
trend as CD4 + CD45RO + and CD8 + CD45RO + cells. These
findings suggest that CD4 + CD45RA + CD62L + and CD8 +

CD45RA + CD62L + naive T cells, CD4 + CD45RO + and
CD8 + CD45RO + memory T cells, and CD4 + CD38 + and
CD8 + CD38 + activated T cells may not be key players in the
pathogenesis of IRIS.

In conclusion, the present study indicated that AIDS pa-
tients with a low CD + CD25 + Fox3 + percentage, low IL-2
and IFN-c levels, and high IL-7 levels are prone to develop
IRIS after a HAART regimen and that a slow normalization
of CD + CD25 + Fox3 + and IL-7 levels is a feature of IRIS
patients. An imbalance of Th1/Th2 cytokines, a consistently
low CD + CD25 + Fox3 + percentage, and a high IL-7 level
may be a crucial for the pathogenesis of IRIS in AIDS pa-
tients who received HAART.

Table 2. The Results of Th1, Th2, and IL-7 of Highly Active Antiretroviral Therapy in Two Groups (pg/ml)

Group Baseline (%) Week 4 (%) Week 12 (%) Week 24 (%)
At onset

of IRIS (%)
Healthy

controls (%)

IL-2
IRIS 8.5 – 2.25b,d 15.72 – 4.91b,d 12.97 – 3.68 13.76 – 3.92a 16.71 – 4.22a,c 15.64 – 4.25
Non-IRIS 10.69 – 2.99d 12.87 – 3.07 13.05 – 3.65 14.02 – 3.81a NA

IFN-c
IRIS 18.28 – 5.32b,d 32.24 – 8.24b,d 22.04 – 7.31 23.98 – 7.32a 35.91 – 9.08a,c 32.21 – 7.54
Non-IRIS 21.03 – 6.38d 21.26 – 5.99 23.66 – 6.05 25.43 – 9.65a NA

IL-4
IRIS 15.10 – 4.09d 11.50 – 1.45 11.07 – 2.16 10.76 – 1.69a 11.33 – 2.04a 7.24 – 1.51
Non-IRIS 14.50 – 3.39d 12.44 – 1.27 11.55 – 1.97 9.76 – 1.21a NA

IL-10
IRIS 20.38 – 5.95d 16.19 – 3.95b,d 17.45 – 4.49 14.23 – 4.67a 15.21 – 5.54a,c 9.66 – 2.96
Non-IRIS 22.21 – 6.61d 21.56 – 5.77 18.61 – 5.17 14.45 – 5.44a NA

IL-7
IRIS 3.96 – 1.86b,d 3.70 – 1.61b,d 2.95 – 1.67b 2.05 – 1.14a,b 3.51 – 1.52a,c 1.50 – 0.49
Non-IRIS 2.83 – 1.17d 2.42 – 1.26 2.10 – 0.84 1.73 – 0.76a NA

aCompared with baseline groups, p < 0.05.
bCompared IRIS group with non-IRIS group at baseline, 4 weeks, 12 weeks, and 24 weeks, p < 0.05.
cCompared value at the onset of IRIS with its value at 4 weeks in the non-IRIS group, p < 0.05.
dCompared with normal value, p < 0.05.
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