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1. Introduction

For many years, HIV infection has been a serious public 
health burden worldwide (1-6). The CD4+ T cell plays 
a critical role in the pathogenesis of the HIV infection. 
As the main target cells of HIV, after being infected, 

CD4+ T-cell count reduces significantly and leads to 
the deconstruction of T-cell immune response, which 
consequently causes immunodeficiency and increases 
incidences of opportunistic infections and tumours. Two 
hundreds cells per microliter of CD4 count is a critical 
point in clinical practice because patients with CD4 
counts above 200 cell/μL have lower risk of clinical 
events (7,8). 
 Highly active antiretroviral therapy (HAART) 
for HIV infection is among the greatest successes of 
modern medicine, having remarkably prolonged the 
expected life span of HIV-infected individuals (9-13). 
With HAART, HIV infection can be prevented from 
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transforming into clinical AIDS. As a result, what was 
commonly considered as a fatal disease is now regarded 
as a chronic condition. However, after the initiation 
of HAART, the outcome of some patients remained 
unsatisfactory, with the possible occurrence of virologic 
failure and suboptimal immunologic response (SIR). 
Currently, there is no consensus on the definition of 
suboptimal immunologic response, but certain studies 
have recommended that immunologic response failure 
can be identified as not managing to increase CD4 
counts to more than 350 cell/μL or 500 cell/μL within a 
specific time period (e.g., 4 to 7 years) (7).
 Given the fact that incomplete CD4 recovery still 
occurs after the initiation of HAART, risk factors for this 
outcome should be analysed. According to published 
data (8,14-18), predictors for suboptimal CD4 recovery 
are as follows: CD4 < 200 cell/μL at the initiation of 
ART, older age, co-infected with hepatitis C virus, 
HIV-2, human T-cell leukaemia virus, regimen of ART, 
persistent immune activation, loss of the regenerative 
potential of the immune system and concomitant medical 
conditions. However, limited studies mainly focused on 
the risk factors for incomplete immunologic recovery 
in China, which is a resource-limited place. Therefore, 
in this context, we conducted an observational and 
retrospective study to evaluate the influence factors of 
CD4+ T-cell count recovery rate of the HIV positive 
population in East China.

2. Materials and Methods

2.1. Study design, subjects and inclusion criteria

We conducted the cohort study of HIV-infected 
patients who attended the clinic affiliated with Fudan 
University, from June 2005 to July 2014 in Shanghai, 
China. Participants were only enrolled if they were HIV 
positive and on stable ART. Their CD4 count and virus 
load were not considered. Besides, all participants were 
not infected with the hepatitis B virus or the hepatitis 
C virus. Our study conformed to the principles of the 
Declaration of Helsinki and the current Guideline of 
Diagnosis and Treatment of AIDS. Every enrolled 
patient was offered a written informed consent form.

2.2. Data collection

The patients' data was firstly collected from their 
charts, and afterwards a professional staff, majoring in 
Hospital Information Management, manually entered 
the data into a national electronic database. In addition, 
the clinicians routinely checked the data to ensure 
accuracy and consistency.

2.3. ART therapy

ART management at our hospital complied with the 

Chinese National Antiretroviral Therapy Guidelines. 
Based on the present situation in China, first-line 
regimen includes a combination of two nucleoside 
reverse transcriptase inhibitors (NRTIs): lamivudine 
(3TC) and zidovudine (AZT) or tenofovir (TDF) 
or stavudine (d4T) and a nonnucleotide reverse 
transcriptase inhibitor (NNRTI): efavirenz (EFV) 
or nevirapine (NVP). In the second-line regimen, 
a protease inhibitor, preferably lopinavir/ritonavir 
(LPV/r), is used to substitute for the nonnucleotide 
reverse transcriptase inhibitor. Approximately every 
three months, we monitored the ART therapy with 
CD4+ T-cell count. Apart from the T lymphocyte 
immunity test, the blood routine examination and blood 
biomedical assay were also conducted. The patients 
received the virus load test at the sixth month of ART, 
and then the test was to be conducted annually. To 
observe the changing trend of CD4 counts, we gathered 
follow-up data every three months during the first year, 
and every six months from the second to the third year.

2.4. CD4+ T-cell count measurement

Blood samples for CD4+ T-Cell count measurement 
were analysed with CYTOMICS-FC500 at the 
Shanghai Public Health Clinical Centre affiliated with 
Fudan University. In our study, we defined the baseline 
CD4+ T cell count as the most recent test performed 
within one month before ART was initiated.

2.5. Analysis and statistics

Data analysis was conducted by the IBM SPSS 
version 19.0 (IBM SPSS, Inc., Armonk, NY, USA). 
Continuous variables were described using mean and 
standard deviation (SD), while categorical variables 
were described by numbers and percentages. The chi 
square test was used for categorical variables and the 
t test was used for continuous variables. We used the 
logistic regression test to analyse the risk factors for 
suboptimal CD4 recovery after HAART initiation. The 
confounding factors included: age, gender, marital 
status, infection route, treatment regimen, WHO stages, 
initiation of ART timing and baseline CD4 cell counts. 
All hypothesis testing was two-sided, with a level of α 
= 0.05.

3. Results

3.1. Characteristics of the participants

1,744 participants, with a mean age of 37.3 years old 
(min 18, max 88), were enrolled in this study (Figure 
1). Most subjects were male and nearly half of the 
participants were single, while 40% of the participants 
were married or cohabiting with others. When it comes 
to the infection routes, the majority of participants 
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were infected via sexual transmission: 1,017 (58.3%) 
were homosexual men (MSM) and 395 (22.6%) were 
heterosexual transmission. Blood transfusion and 
intravenous drug users (IDU) accounted for 1.7% 
and 1.5%, respectively. Those who did not know how 
they became infected with HIV accounted for 15.8%. 
Of all the participants, a fairly large proportion was 
at the third WHO stage. As for the timing of ART 
initiation, 1,187 subjects (68.1%) started ART within 
six months from the time they were diagnosed as being 
HIV positive. The mean CD4 count of our participants 
before they received ART was about 202 cell/μL. After 
one year of ART, the mean CD4 count was 340 cell/
μL, with an increase of some 140 cell/μL. The most 
commonly used regimen in our study was two NRTIs + 
1 NNRTI, in which AZT + 3TC + EFV was received by 
more than half of the participants (Table 1).

3.2. Prevalence and risk factors for suboptimal CD4+ 
T-cell recovery

One year after the initiation of ART, the CD4+ T-cell 
count of 723 subjects (41.5% of all 1,744 participants) 
was above 350 cell/μL, which was defined as the 
recovered group. While the CD4+ T-cell count of the 
remaining 1,021 participants failed to achieve the 
same level; it was defined as the unrecovered group. 
There was no significance in age between the two 
above groups (p = 0.207). There was also no difference 
in gender (p = 0.461) and marital status (p = 0.061) 
between the two above groups. However, through 
the chi-square test, we found that the transmission 
routes of the two groups had discrepancy (p < 0.001). 
Specifically, the rate of those infected with HIV 

Table 1. Characteristics and analysis of the demographics 
of the 1,744 participants

Variable

Age at start of ART (Mean ± S.D.) 
Gender
   Male
   Female
Marital status
   Single
Married/cohabiting
   Divorced/separated
   Widowed
   Unknown
Infectious routes
   Blood transfusion
   IDU
   MSM
   Heterosexual transmission
   Unknown
CD4 count (Mean ± S.D.) 
   At baseline
   At 1 year of ART
Timing of the initiation of ART
   Less than 6 months
   7-12 months
   13-24 months
   More than 24 months
ART regimen
   AZT+3TC+EFV
   d4T+3TC+NVP
   d4T+3TC+EFV
   TDF+3TC+EFV
   TDF+3TC+LPV/r
   AZT+3TC+NVP
   AZT+3TC+LPV/r
   Others
WHO stage
   Stage 1
   Stage 2
   Stage 3
   Stage 4

Number (%) in 1,744 participants

37.3 ±  12.0

1588 (91.1)
  156 (8.9)

  901 (51.7)
  692 (39.7)
    120 (6.9)
    15 (0.9)
    16 (0.9)

  30 (1.7)
  26 (1.5)
1017 (58.3)
  395 (22.6)
  276 (15.8)

202.4 ± 166.1
339.7 ± 181.5

1187 (68.1)
  151 (8.7)
  173 (9.9)
  233 (13.4)

1039 (59.6)
    66 (3.8)
  195 (11.2)
  247 (14.2)
    22 (1.3)
  118 (6.8)
    42 (2.4)
    15 (0.9)

    12 (0.7)
    26 (1.5)
1282 (73.5)
  424 (24.3)

Figure 1. Flow chart of the study. Inclusion criteria of the participants in HIV voluntary consult and test clinic of 
SHAPHC.
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through MSM was slightly higher in the recovered 
group than in the unrecovered group (62.9% vs. 
55.0%). On the contrary, the rate of heterosexual 
transmission and unsexual transmission, 16.0% and 
15.5%, respectively, in the recovered group was lower 
than that of the uncovered group, 23.4% and 21.5%, 
respectively. 
 The rate of different ART regimens was also diverse 
between the recovered group and the unrecovered 
group: the regimen included AZT (72.8% vs. 66.0%), 
d4T (7.3% vs. 21.1%) and TDF (20.0% vs. 12.9%). 
Surprisingly, no difference was found in the WHO stage 
between the two groups (p = 0.157). In view of the 
timing of ART initiation, the proportion of participants 
who initiated ART earlier (≤ 6 months from being 
diagnosed with HIV infection) was approximately 64% 
in the recovered group as compared to about 71% in the 
unrecovered group. The baseline CD4 count of the two 
groups showed significant differences (p = 0.033). 
 When we conducted the univariate logistic analysis, 
we found that among all the variables, only the ART 
regimen and the baseline CD4+ T-cell count were 
associated with suboptimal CD4+ T-cell recovery. 
Furthermore, the multivariate analysis showed that 
the lower baseline CD4+ T-cell count and the regimen 
including AZT and d4T, were higher risk factors for 
CD4+ T-cell unrecovery (Table 2).

3.3. Follow-up situation of participants

Among all the 1,744 participants, the CD4+ T-cell 
count of only 101 participants was above 350 cell/μL 
at baseline. After a year of ART, the CD4 count of 723 
subjects was above this level. The data corresponding 
to the second year of ART decreased by 793 because 
some patients had not reached the second year of their 
ART, or we failed to follow up due to certain personal 
or impersonal factors. In the remaining 951 subjects, 
476 people had a CD4+ T-cell count above 350 cell/
μL. We had 455 subjects with complete information at 
the third year of ART, and among them 281 participants 
had CD4 count above 350 cell/μL (Figure 2A).
 At the baseline, only 5.8% of the participants had 
a CD4+ T-cell count above 350 cell/μL and the CD4 
recovery rate increased to 41.5% after a year of ART. 
After eliminating the participants with missing data, 
the CD4 recovery rate increased to 49.9% and 61.8% in 
the second and third years of ART, respectively (Figure 
2B).

4. Discussion

In this study, we analysed the risk factors for incomplete 
CD4 recovery in the HIV-infected population of East 
China. We found that the ART regimen and the baseline 

Table 2. The risk factors for incomplete CD4 recovery after the fi rst year's ART by logistic regression test

Factors

Age group (Mean ± S.D.)
    18-44 yr., n (%)
    45-59 yr., n (%)
    ≥ 60 yr., n (%)
Gender
    Male, n (%)
    Female, n (%)
Married status
    Married/cohabiting, n (%)
    Unmarried/no cohabiting, n (%)
Infectious route
    MSM, n (%)
    Heterosexual transmission, n (%)
    Unsexual transmission, n (%)
Treatment regimen
    Including AZT, n (%)
    Including d4T, n (%)
    Including TDF, n (%)
WHO stage
    Stage 1, 2, n (%)
    Stage 3, 4, n (%)
Timing of the initiation of ART
    Less than 6 months, n (%)
    More than 6 months, n (%)
Baseline CD4 count
(cell/μl) mean ± S.D.
    CD4 ≤ 200, n (%)
    200 < CD4 ≤ 350, n (%)
    CD4 > 350, n (%)

Recovered
(n = 723)

36.0 ± 12.0
569 (78.7)
118 (16.3)
36 (5.0)

654 (90.5)
69 (9.5)

268 (37.1)
455 (62.9)

455 (62.9)
156 (16.0)
112 (15.5)

526 (72.8)
53 (7.3)

144 (20.0)

20 (2.8)
703 (97.2)

465 (64.3)
258 (35.7)

285.4 ± 196.1
115 (15.9)
518 (71.6)
90 (12.4)

# These p values were calculated by t-test. The others were analyzed by chi-square test.

Unrecovered
(n = 1021)

38.3 ± 12.0
718 (70.3)
239 (23.4)
64 (6.3)

934 (91.5)
87 (8.5)

424 (41.5)
597 (58.5)

562 (55.0)
239 (23.4)
220 (21.5)

674 (66.0)
215 (21.1)
132 (12.9)

18 (1.8)
1003 (98.2)

722 (70.7)
299 (29.3)

143.7 ± 107.5
682 (66.8)
328 (32.1)

11 (1.1)

p value

0.207#

0.461

0.061

< 0.001

< 0.001

0.157

0.005

0.033#

p value

0.109
0.657

0.490

0.090

0.089
0.001

0.010
< 0.001

0.168

0.003

< 0.001
< 0.001

p value

0.525
0.302

< 0.001
< 0.001

0.368

< 0.001
< 0.001

Odds ratio (95% CI)

0.708 (0.464-1.080)
1.111 (0.699-1.766)

Reference

1.124 (0.807-1.565)
Reference

1. 184 (0.974-1.439)

Reference
1.227 (0.969-1.555)
1.548 (1.196-2.004)

1.409 (1.084-1.831)
4.490 (3.064-6.581)

Reference

Reference
1.574 (0.827-2.997)

1.354 (1.105-1.660)
Reference

47.552 (24.675-91.641)
5.155 (2.715-9.788)

Reference

Adjusted OR (95% CI)

Reference
0.905 (0.665-1.231)
0.827 (0.578-1.185)

2.052 (1.480-2.846)
2.400 (1.531-3.762)

Reference

1.116 (0.879-1.418)
Reference

42.597 (21.927-82.752)
4.519 (2.367-8.627)

Reference

           Univariate Analysis                         Multivariate Analysis
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of CD4+ T-cell count could impact immunological 
restoration. AZT, d4T and TDF are commonly used 
among HIV infectors in China. However, compared 
with TDF, the regimen including AZT and d4T were 
more likely to suppress the recovery of CD4+ T-cell. 
Those with higher baseline CD4+ T-cell count are more 
likely to achieve full immunological recovery. 
 Through statistical analysis, we drew the same 
conclusion that the lower baseline CD4 count is adverse 
to immunologic restoration. Compared with those 
whose baseline CD4 > 350 cell/μL, patients with CD4 
between 200 and 350 cell/μL or CD4 < 200 cell/μL at 
ART initiation were more likely to have suboptimal 
immunologic responses, with the odds ratio of 42.597 
(95% CI: 21.927-82.752) and 4.519 (95% CI: 2.367-
8.627), respectively. All of the above results were 
similar with the results about predictors for incomplete 
CD4 recovery after HAART initiation mentioned in the 
US AIDS guidelines (7). 
 Our study also found that ART regimen could 
impede CD4 recovery to some extent. As different 
ART regimens are applied in different countries, we 
studied ART regimens concerning 3TC, d4T, AZT, and 
TDF, which are commonly used for patients and free 
of charge in China. Compared with the ART regimen 
including TDF, we found that the regimens including 
AZT and d4T impeded CD4 recovery, and the odds 
ratio were 2.052 (95% CI: 1.480-2.846) and 2.400 (95% 
CI: 1.531-3.762), respectively. Our result is similar to 
the study conducted in 2006 by Gallant JE, et al. and 
the study conducted in Senegal by G. Batista, et al 
(8,19). The incomplete CD4 recovery among patients 
with regimen including AZT or d4T can be explained 
by the fact that both these drugs have myelotoxicity, 
and there is a smaller increase of total lymphocyte 
count when AZT and d4T are included in an ART 
regimen (20-22). Li TS' study has demonstrated that the 

thymus function of adults will gradually decline with 
the increase of age. It is well known that the maturity of 
T lymphocytes is in the thymus, thus aging undoubtedly 
affects CD4+ T-cell count (23). However, our univariate 
analysis showed that age was not associated with CD4+ 
T-cell recovery, which was inconsistent with the results 
in the guideline of the USA. The main reason is that 
the number of elder subjects (> 60 years) was not large 
enough comparing with other age groups (chi-square 
test, p = 0.246). 
 Nowadays, there is no specific standard for the early 
therapy of HIV/AIDS, but the current study indicated 
that early therapy is superior to delayed therapy, 
resulting in better virus suppression, less confection 
with other diseases, lower morbidities and better 
CD4+ T-cell recovery (24). It is difficult to determine 
when these patients became infected with HIV, so we 
substituted the diagnosis date for the infection time. We 
defined early therapy as initiating ART regimen less 
than six months from the date they received diagnosis 
reports, and delayed therapy was defined as more than 
six months from the time of confirmed diagnosis. 
However, in our study, we found that the timing of 
ART initiation was not a risk factor for incomplete 
CD4+ T-cell recovery (univariate analysis, OR = 1.116, 
95% CI: 0.879-1.418, p = 0.368). Therefore, a credible 
way needs to be established to verify the exact time of 
infection for the accurate analysis of the relationship 
between the timing of ART initiation and treatment 
efficacy. 
 Although a high degree of concern is paid to 
the CD4+ T-cell recovery in the field of HIV/AIDS 
research, various conclusions have been obtained from 
different studies. An urban cohort study conducted in 
sub-Saharan Africa indicated that if the CD4 recovery 
criterion is stipulated at the cut-off of 200 cell/μL, 
then the recovery rates would be 57%, 58%, and 81% 

Figure 2. Review of participants' follow-up for 3 years. (A), Proportion of participants with different CD4 level or without 
data. (B), Trend of CD4 recovery rate. * Participants who had received ART less than 3 years or without follow-up information.
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at the sixth, twelfth, and twenty-forth months of ART, 
respectively (25). Another study conducted in Senegal 
declared that if suboptimal immune reconstitution is 
defined as the increase of CD4 count less than 50 cell/
μL in patients with virologic suppression more than six 
months, then the recovery rate would be 84.5% after 
a year of ART (8). Our cohort study showed that the 
CD4 recovery rates were 41.5%, 49.9%, and 61.8% 
after twelve, twenty-four, and thirty-six months of 
ART, separately. Apparently, in the same follow-up 
time, the immune reconstitution rate will be higher if 
the recovery standard is set at a lower point. Obviously, 
with the longer period of having ART, the immune 
reconstitution of patients is more promising. 
 However, our study still had two limitations. 
Firstly, not all of the participants had their HIV-RNA 
levels measured at the baseline due to the high cost 
of the test. This test was free of charge after a year of 
ART. 2,241 patients out of the 3,485 participants had 
HIV-RNA level tests, with 2,179 people having their 
HIV-RNA levels lower than 1.0 × 103 copies/mL. 
Therefore, we can come to the conclusion that we had 
a satisfactory virologic suppression (97.2%). Secondly, 
the information of some patients was lost or incomplete 
due to certain reasons during the second and third years 
from the initiation of ART. In turn, this set limitations 
for us to observe the dynamic changes in CD4 recovery 
of all of the participants and evaluate the exact recovery 
rate. 
 In conclusion, we carried out an observational, 
retrospective and cohort research to study the risk 
factors for suboptimal CD4 recovery in the HIV 
infected population of Shanghai, China. We discovered 
that patients who had a low level of CD4+ T-cell count 
(< 200 cell/μL) at the initiation of ART had more 
difficulties recovering to the normal level. Furthermore, 
the regimen including AZT or d4T impedes CD4 
recovery. Actually, the CD4 recovery rate is not 
satisfactory in our settings. To decrease the incidence 
of opportunistic infection and mortality in the HIV 
infected population, we should endeavour to facilitate 
the normalization of their CD4+ T-cell count. At the 
same time, more efforts should be made to guarantee 
the early diagnosis and early treatment for HIV/AIDS 
patients as well as optimizing antiretroviral therapy.
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