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Abstract

Received:

Although treatment of HIV-infected patients with highly active antiretroviral
therapy (HAART) causes a rapid reduction in HIV-RNA viral load and restoration of
CD4+ T-cell numbers for most patients, up to 40% of individuals receiving HAART have
incomplete immune recovery despite sustained HIV-RNA viral suppression. The reason
for immunological nonresponse is incompletely understood. This paper summarizes the
main factors regarding the incomplete immune reconstitution in HIV infection and the
role of traditional Chinese medicine to improve immune reconstitution.
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Introduction

Human immunodeficiency virus (HIV) care continuum attrition
is a major global public health challenge [1]. Treatment of HIVinfected patients with highly active antiretroviral therapy (HAART)
usually results in diminished viral replication, increasing CD4+T
cell counts, a reversal of most immunological disturbances, and
a reduction in risk of morbidity and mortality. Although HAART
causes a rapid reduction in HIV-RNA viral load and restoration of
CD4+ T-cell numbers for most patients, up to 30% of individuals
receiving HAART have incomplete immune recovery despite
sustained HIV-RNA viral suppression [2-4]. Most often incomplete
immune recovery is defined as having CD4+ T-cell counts <200
cells/μL or CD4+ T-cell increase in percentages <20% increase from
baseline [5-6]. These individuals with CD4+ T-cell counts <200
cells/μL are referred to as immunological non responders (INRs).
Patients with CD4+ T-cell counts between 200 and 500 cells/μL are
consequently classified as inadequate immune responders (IIR)
which may have a morbidity and mortality rate distinct from INR
as well as from those with adequate immune response [7]. Patients
with an adequate immune response to HAART including those
with a CD4+ T-cell count >500 cells/μL often have a morbidity and
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mortality rate comparable to those of HIV negative individuals. It
is widely accepted that the increased risks of long-term morbidity
and mortality correlated with status of INRs or IIR [8-9].

The Mechanism of Poor Immune Reconstitution

There is a general consensus that T cell reconstitution is a
three-phase process, the first fast phase occurs during the first
6 months and is mostly due to memory T cell redistribution. The
last two slower phases takes several additional years [10-11].
The mechanism of poor immune reconstitution may depend on
several factors including older age, a long duration of the HIV
infection prior to HAART, co-infection with hepatitis C, and a low
CD4 nadir predispose to immunological nonresponse, previous
therapeutic failure, duration of antiretroviral therapy, advanced
stage of disease, low adherence to HAART, and previous treatment
interruption [12-15]. The roles of T-cell subsets, thymic function,
and cytokines have been investigated. The increased T-cell
activation has been associated with a lack of effective immunologic
response. An important predictor of CD4+ T cell reconstitution
is the level of immune activation that contributes to CD4+ T cell
death via apoptosis, the level of CD38 expression on different T-cell
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subsets may influence the ability to reconstitute CD4+ T cells under
successful highly active antiretroviral therapy [16].

The underlying mechanism is fundamentally due to increased
or reduced production of CD4+ T lymphocytes. Decreased hematopoietic function and decreased thymic function output are the main
causes of reduced production. The mechanisms of increased destruction mainly include immune activation, increased apoptosis,
and steady-state imbalance of T cell subsets. AIDS is a very complex
syndrome. It is impossible to clarify its complex immunopathology
and clinical problems by relying solely on CD4+ T lymphocytes and
viral load. There must be other factors involved in the pathogenesis
of immune non-response. More and more studies now tend to think
that CD4+ T cell reduction is associated with abnormal immune activation after viral infection. The immune activation of chronically
infected people continues to affect lymphocyte proliferation and
apoptosis: ectopic flora and virus storage persist. Lymphoid tissue
damage and other factors interact with immune activation, leading
to damage of the mucosal barrier, affecting the distribution of CD4+
T cells in lymphoid tissues and blood, immune abnormal activation
and immune non-response are causal and vicious cycles, making
immune activation related research has become a top priority in
the field of immune non-response. [17-18].

Current Modern Medicine Treatment to Improve
Immune Reconstitution

So far, a range of supplementary treatment to HAART has been
suggested to improve immune reconstitution. The only thoroughly
investigated candidate has been IL-2 that unfortunately proved
not to be beneficial for clinical outcome. Some antiviral drugs may
be better than others in immunologic reconstitution. Protease
inhibitors may have additional, independent positive effects on the
immune system. On the other hand, there may be little rationale
for using immunosuppressive agents such as cyclosporine or
hydroxyurea in this subgroup of immunologic non responder
patients, as these molecules may increase T-cell decline and/
or favor susceptibility to infections.[17]Several candidates seem
promising including supplementary treatment with IL-7, possibly
Cox-2 inhibitors. Furthermore, using Maraviroc as an integrated
component of HAART does seem to result in higher CD4+ cell
counts, but at present, the possibilities of improving the immune
reconstitution in INR using supplementary treatment are limited.
Some predictive factors can be avoided. Early diagnosis could be
improved, reducing the risk for a low CD4 nadir, and coinfection
with hepatitis C can be treated. Additional treatment has been
investigated but results thus far have proved disappointing.

The Role of Traditional Chinese Medicine to Improve
Immune Reconstitution
Traditional Chinese medicine has a unique role in the regulation
of human immune system; Promoting immune reconstitution by
Chinese medicine has become the focus in field of AIDS research.
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TCM has been used in Chinese society for more than 5,000 years.
It has been widely and successfully used to treat diseases from
inflammation to cancer and retains an important role in the
healthcare system of China today. Different from conventional
western medicine system, TCM treating patients individually, the
body is recognized and treated as a whole entity, and diseases are
identified as conditions caused by internal imbalances. The role of
doctors is to identify imbalances and then correct them; the body is
then expected to be able to heal itself.
By reviewing published articles, we found that studies on
traditional Chinese medicine to improve immune reconstitution
usually from three aspects to assess immunomodulatory effects: 1)
improve CD4 absolute values, naive CD4+ cell count and memory
CD4+ cell count; 2) improve CD45RA and/or CD45RO; 3) decrease
in T-cell immune activation. Immune reconstitution is an important
aspect of management regimens of AIDS patients. TCM can benefit
the Immune reconstitution and reduce the abnormal immune
activation [19]. Randomly divided 361 AIDS patients with immune
reconstitution deficiency after HAART into treatment group and
control group，Patients of the treatment group have remarkably
higher CD4+lymphocytes counts than the ones of the control group
after 72-week treatment ( P＜0.05) [20]．

A report of 6 months outcome on immune reconstitution of
228 cases of INR patients, patients were randomly divided into
treatment group and control group, treatment group received
combination therapy of Immune 1 Granule and HAART, control
group was given placebo combined HAART, results showed that
patients with CD4+ cell cells baseline level between 200 and
350 cells/μL, immune reconstitution rate of treatment group is
significantly higher than the control group. Immune reconstitution
rate here refers to CD4 + cell cells increase 30% or 50 cells/μL
from baseline [21]. A randomized double-blind, placebo-controlled
clinical trial was designed to observe the effect of Immune No.
2 granule on the INR patients after highly active antiretroviral
therapy.223 patients were randomly divided into treatment group
(116 cases, Immune No. 2 granule + HAART) and control group
(117 cases, placebo + HAART) for 6 months. Results showed that
after intervention for 6 months after treatment, the effective rate
of the treatment group was significantly superior to the control
group . CD4，CD45RA，CD45RO count of the treatment group was
significantly higher than that of the control group (P<0.05) [22]. Use
of Tripterygium wilfordii Hook F (Tw HF) extract in HIV-infected
patients was associated with a reduction in T-cell activation and
improved CD4 recovery with an excellent safety profile. Eighteen
cART-treated HIV-infected patients virally suppressed for over 12
months with suboptimal CD4 cell recovery were enrolled.
Tw HF extract was administered at a dosage of 10 mg three
times daily for 12 months. T-cell subsets and activation markers
were evaluated at baseline and during follow-up TwHF extract was
associated with a mean increase in CD4 cell count of 88 cells/μl
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after one year of treatment. A significant increase in the mean rate
of CD4 cell recovery (26 before vs 75 cells/μl/year after Tw HF use,
P < 0.001) was observed. Analysis of 13 patients with activation
profiles suggested that Tw HF extract was associated with a decrease
in T-cell immune activation [23]. Regulating immune activation
with TCM remains an important novel field of research. Immune
activation is linked to and predictive of disease progression, and it
has an additive or stronger prognostic value than does CD4+ cell
count or viral load alone [24-26]. This is highlighted by the fact that
a rare subgroup of HIV-infected patients, elite controllers, who do
not progress, and sustain normal CD4+ cell counts and undetectable
viral loads despite lack of treatment have a lower immune activation
than normal progressors do [27]. Increased immune activation
during primary HIV infection has been proposed to be predictive of
CD4+ cell depletion and poor response to HAART [28].

A China phase III clinical muti-center placebo controlled doubleblind trial using Tangcao Tablets demonstrates significant increase
in CD4 counts, CD4/CD8 and weight in herb group and significant
decrease of viral load in placebo group [29]. A randomized doubleblind placebo-controlled clinical trial using Aifukang Capsule
involving 198 patients showed significant effect in improving
immune function and clinical symptoms such as fatigue, anorexia,
headache, skin rash and insomnia [30]. Traditional Chinese
medicine treatment emphasizes the overall adjustment of the
body and adjusts the imbalance between yin and yang. Moderate
adjustment of the state of inhibition and activation of the body’s
immune system is an important manifestation of the regulation of
yin and yang in the body’s immune regulation. Therefore, whether
Chinese medicine can activate the abnormal activation state of
immune reconstitution by HIV-infected patients with multi-target
effect and two-way regulation is a breakthrough attempt. To study
the mechanism of abnormal immune activation, it is a long way to
clarify the mechanism of Chinese medicine intervention in immune
non-response status.
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