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Despite effective antiretroviral therapy (ART), many individuals with human immunodefi-
ciency virus (HIV)/acquired immune deficiency syndrome (AIDS) achieve viral suppression
but fail to fully restore cluster of differentiation 4 (CD4)" T lymphocyte (CD4 cell) counts—a
condition known as immunological non-response (INRs). INRs are associated with elevated
health risks, including increased susceptibility to AIDS-related and non-AIDS-related complic-
ations. The pathogenesis of INRs remains incompletely understood, and no established thera-
peutic interventions exist, posing a major challenge in contemporary HIV/AIDS management.
Emerging evidence indicates that INRs exhibit significant alterations in gut microbiota com-
position. Dysbiosis of the gut microbiota may contribute to persistent immune activation, cy-
tokine imbalance, and cellular pyroptosis, all of which could impair immune reconstitution in
people living with HIV/AIDS. Traditional Chinese medicine (TCM) has demonstrated poten-
tial immunomodulatory effects and is increasingly utilized in the management of INRs. Tar-
geting the gut microbiota and elucidating the mechanisms by which TCM modulates this mi-
crobial ecosystem may offer new avenues for preventing and treating INRs. This review ex-
plores the interplay between gut microbiota and TCM, examines the association between gut
dysbiosis and INRs, discusses the mechanistic pathways through which microbiota imbalance
contributes to INRs development, and highlights how TCM interventions regulate gut microbi-
ota to promote immune recovery. By focusing on the gut microbiota as a therapeutic inter-
face, this article provides novel insights into TCM-based strategies for improving outcomes in

INRs and supports the development of innovative treatment approaches.

1. Introduction

Immunological non-responders (INRs) are defined as indi-
viduals with human immunodeficiency virus (HIV)/acquired im-
mune deficiency syndrome (AIDS), who, despite sustained viral
suppression through antiretroviral therapy (ART), fail to achieve
adequate recovery of cluster of differentiation 4 (CD4)" T cell
counts . It is estimated that 10% to 40% of patients on ART de-
velop this condition, which is linked to accelerated disease pro-
gression and heightened risks of both AIDS-defining and non-
AIDS-defining illnesses. Traditional Chinese medicine (TCM) has
been widely integrated into clinical practice due to its capacity to
enhance the efficacy of ART while reducing drug-associated tox-
icities °. Characterized by multi-targeted actions and holistic reg-
ulation, TCM offers distinct advantages in promoting immune re-
constitution. Pharmacological studies have identified immune-en-
hancing properties in several herbal formulations, such as Huang
qi (Astragalus membranaceus) and Si-Jun-Zi Tang **. Clinical util-
ization of TCM for INRs has grown rapidly; however, the preval-
ence of INRs has not substantially decreased, underscoring the
need for more effective therapeutic strategies. Previous research
suggests that TCM influences immune recovery through mechan-
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isms involving thymic output, inhibition of pyroptosis, and modu-
lation of chronic immune activation °. Recently, accumulating
evidence has highlighted gut microbiota dysbiosis as a key factor
in the pathophysiology of INRs, with microbial restoration shown
to support immune function recovery. This paper focuses on the
gut microbiota as a central axis to examine the relationships
among TCM, gut microbial ecology, and INRs. We analyze how
TCM modulates gut microbiota to prevent or treat INRs and ex-
plore the underlying biological mechanisms. This synthesis aims
to provide new perspectives on TCM-based interventions for

INRs and inform the development of targeted therapies.
2. Current status of TCM in the treatment of INRs

In the framework of TCM, INRs are categorized under the
pattern of “deficiency labor”, consistent with TCM’s emphasis on
systemic balance and dynamic homeostasis °. The integration of
TCM with ART has gained increasing recognition for its synergist-
ic benefits in enhancing therapeutic outcomes and minimizing ad-
verse effects. A meta-analysis encompassing 1691 INRs patients
across 12 randomized controlled trials (RCTs) and 7 non-ran-
domized controlled trials (nRCTs) confirmed that TCM contrib-
utes to immune reconstitution in this population ". One random-
ized, double-blind, placebo-controlled trial evaluated Diwu-Yang-
gan Capsule combined with ART in 57 INRs, assessing TCM syn-

Copyright © 2026, China Pharmaceutical University. Published by Elsevier B.V. All rights are reserved.
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drome scores, quality of life, CD4 cell counts, and the proportion
of CD45RA" cells. Results showed that the combination therapy
significantly increased CD4 cell counts and CD45RA" cell percent-
ages, improved TCM syndrome scores, and attenuated quality-of-
life decline, with no reported adverse events . A prospective
single-center RCT demonstrated that adding Shenling-Baizhu San
to ART led to increased CD4 cell levels and improved clinical
symptoms in INRs, without safety concerns °. In another study of
177 INRs treated with Tangcao Tablets plus ART, the combina-
tion group exhibited a greater rise in CD4 cell counts after six
months compared to those receiving ART alone '’. Notably, the ef-
fect was more pronounced in patients with lower baseline CD4
counts, and the intervention did not interfere with ART’s antivir-
al activity, with no adverse effects observed. Additionally,
Buzhong-Yiqi Tang combined with ART was shown to improve
immune function in patients exhibiting Qi deficiency, reduce TCM
symptom scores, lower inflammatory markers, and maintain a fa-
vorable safety profile "'

3. Clinical study of TCM regulating gut microbiota in the
treatment of INRs

A growing body of clinical evidence supports the efficacy of
TCM in managing INRs. Alterations in gut microbiota are closely
linked to HIV disease progression, and ART itself can signific-
antly alter intestinal microecology '°. While modern medicine ex-
cels in viral suppression—as reflected in updated guidelines such
as those in the AIDS Diagnosis and Treatment Guide—persistent
challenges remain, including the presence of viral reservoirs and
ART-induced disruptions to gut integrity. These factors can ex-
acerbate gut microbiota dysbiosis and compromise mucosal bar-
rier function. The gut microbiota plays a pivotal role in systemic
immunity, influencing immune cell differentiation, inflammation
regulation, and host defense. TCM exerts broad regulatory ef-
fects, not only enhancing immune function but also alleviating
gastrointestinal side effects commonly associated with ART .

HIV
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The strengths of TCM lie in immune modulation and symptom
management, whereas conventional medicine is superior in dir-
ect antiviral action and control of opportunistic infections. Modu-
lation of the gut microbiota serves as a critical interface, enabling
the integration of these complementary therapeutic systems in
the management of INRs. This section systematically reviews
clinical evidence on how TCM regulates gut microbiota to im-
prove immune outcomes in INRs. Various TCM prescriptions, pat-
ented herbal products, and non-pharmacological interventions
have demonstrated immune-enhancing effects and contribute to
immune restoration, primarily through mechanisms involving
gut microbiota regulation and the reestablishment of microbial
equilibrium (see Table S1 for details) '***.

4. INRs associated with significant gut microbiota dysbiosis

The gut is recognized as the largest immune organ in the hu-
man body. It harbors diverse immune cells, including T cells and
macrophages, which collectively form the gut mucosal immune
system. These mucosal immune cells constitute approximately
80% of the body’s total immune cells and serve as a critical de-
fense line against pathogens **. The gut microbiota is intricately
linked to the human immune system, contributing to immune
system maturation and playing a pivotal role in regulating both
innate and adaptive immune responses **. Dysbiosis of the gut
microbiota can lead to immune dysfunction. Disruption of the in-
testinal mucosal barrier facilitates translocation of pathogenic
bacteria into the bloodstream, while the proliferation of harmful
microbes increases endotoxin production, triggering inflammat-
ory damage and systemic immune activation > *°. Thus, the gut
microbiota and immune system engage in bidirectional interac-
tion and co-evolution to maintain immune homeostasis.

The gut is a primary target for HIV and a key site for viral
replication and reservoir formation *’. Previous studies have
demonstrated that HIV/AIDS patients exhibit marked gut micro-
biota dysbiosis. Although ART effectively suppresses viral replica-
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Fig. 1 INRs associated with significant gut microbiota dysbiosis. In healthy individuals, the gut microbiota maintains normal intestinal mucosal barrier function and exists
in a state of dynamic equilibrium. HIV infection and opportunistic pathogens disrupt this balance in INRs, leading to gut microbiota dysbiosis and intestinal mucosal dys-
function. Key features include reduced microbial diversity, depletion of beneficial bacteria, expansion of pathogenic species, increased intestinal permeability, impaired col-
onization resistance, enhanced intestinal epithelial apoptosis, elevated levels of lipopolysaccharides (LPS) and soluble CD14 (sCD14), reduced short-chain fatty acid (SCFA)
production , increased pro-inflammatory cytokines (e.g., TNF-a), and heightened neutrophil infiltration, as illustrated by Figdraw.
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tion, it fails to fully restore microbial balance ** (Fig. 1). Signific-
ant disturbances in gut microbiota persist after ART initiation,
particularly in individuals with low CD4" T cell counts ***, sug-
gesting that ART may exacerbate dysbiosis in INRs. Compared to
healthy individuals, INRs display reduced gut microbial diversity
and a lower Firmicutes-to-Bacteroidetes ratio *. One study repor-
ted decreased levels of beneficial bacteria such as Ruminococcus
and E. faecalis, alongside increased abundance of pathogenic taxa
including Aspergillus, Enterobacteriaceae, and Escherichia
coli-Shigella *'. This study further emphasized that both the
structure and diversity of the gut microbiota in INRs differ signi-
ficantly from those in immunological responders (IRs). Beyond
compositional changes, INRs also exhibit diminished gut coloniz-
ation resistance, impairing their ability to resist enteric infec-
tions **. Microscopic analysis revealed fewer intestinal glands and
markedly reduced expression of the tight junction protein claudin-
1 in INRs, indicating compromised epithelial integrity and in-
creased intestinal permeability ****. Additionally, darker caspase-
3 staining and elevated tumor necrosis factor o (TNF-a) mRNA
levels were observed in the intestines of INRs, accompanied by
increased neutrophil infiltration—findings consistent with en-
hanced epithelial apoptosis and heightened inflammatory re-
sponses ** *°. SCFAs are essential for maintaining intestinal
homeostasis and mucosal barrier integrity. A reduction in gut
phyla Firmicutes and Bacteroidetes among HIV/AIDS patients has
been linked to decreased production of butyric and valeric acids,
two major SCFAs *°. Another study showed that elevated levels of
lipopolysaccharide (LPS) and soluble CD14 (sCD14) correlate
closely with AIDS progression and systemic inflammation *’. Fu-

Chinese Journal of Natural Medicines 24 (2026) 180-188

ture research should prioritize investigating intestinal structural
injury and gut microbiota dysbiosis in the pathogenesis of poor
immune reconstitution.

5. Mechanisms of the occurrence of INRs due to gut microbi-
ota dysbiosis

The underlying mechanisms of INRs remain incompletely un-
derstood. Gut microbiota dysbiosis likely contributes to INRs de-
velopment through multiple interconnected pathways (Fig. 2).

5.1. Abnormal immune activation

HIV/AIDS patients with compromised immunity are highly
susceptible to opportunistic infections, which drive persistent
immune activation—characterized by heightened T cell activa-
tion, accelerated turnover, and increased T cell apoptosis *. For
every 5% increase in activated CD4" T cells, a corresponding de-
cline of 45 cells/uL in total CD4" cell count has been observed *.
Plasma concentrations of inflammatory cytokines such as IP-10
and IL-6 are positively correlated with T cell depletion and senes-
cence in INRs *’. Moreover, INRs with lower CD4" cell counts ex-
hibit higher degrees of immune activation *“'. Persistent T cell ac-
tivation during ART reduces de novo CD4" T cell production and
may be a major impediment to immune reconstitution **. Gut mi-
crobiota disturbances in HIV-infected individuals contribute sig-
nificantly to aberrant immune activation **. Aspergillus, a com-
mon opportunistic pathogen, reduces gut colonization resistance
and damages the intestinal mucosal barrier. Studies report in-
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Fig. 2 Mechanisms by which gut microbiota dysbiosis induces INRs. Dysbiosis compromises the intestinal mucosal barrier, enabling translocation of pathogenic bacteria
and LPS into systemic circulation. This activates Toll-like receptor 2 (TLR2), triggering abnormal immune activation and CD4" T cell depletion. Pathogenic gut microbes
stimulate the NOD-like receptor protein 3 (NLRP3) inflammasome and upregulate caspase-1, inducing pyroptosis of CD4" T cells. Dysbiosis also disrupts cytokine profiles,
including IP-10, TNF-a, and interleukin-10 (IL-10), impairing CD4" T cell differentiation and function. Furthermore, microbial imbalance impairs bone marrow hema-
topoiesis, characterized by reduced numbers and altered function of CD34" hematopoietic progenitor cells (HPCs), along with diminished differentiation capacity. Dysbiosis
additionally affects thymic output, manifesting as thymic atrophy, dysfunction, and reduced recent thymic emigrants (RTEs). Collectively, these factors contribute to inad-
equate generation or excessive loss of CD4" T cells, culminating in INRs, as depicted by Figdraw.
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creased intestinal abundance of Aspergillus in INRs, promoting
bacterial and microbial metabolite translocation into circulation,
thereby amplifying systemic inflammation and immune activa-
tion *"***, LPS, an endotoxin produced by Gram-negative bac-
teria, exhibits strong immunostimulatory activity “°. In HIV/AIDS
patients, disruption of the intestinal barrier allows LPS to enter
the bloodstream, where it binds Toll-like receptor 4 (TLR4), initi-
ating systemic immune activation *”*, Prevotella activates TLR2
and promotes Th17 cell polarization, a process implicated in
chronic inflammation “’. Recent evidence shows elevated relative
abundance of Prevotella in the gut microbiota of HIV/AIDS pa-
tients, contributing to widespread immune dysregulation ** .
These findings indicate that gut microbiota-driven immune activ-
ation plays a critical role in impaired immune recovery.

5.2. Cytokine disorders

Cytokines, serving as the third messengers of the immune
system, regulate immune cell differentiation and function. Re-
cent studies indicate that in HIV-infected individuals receiving
ART, the diversity of rumen-associated bacteria and Vibrio spe-
cies increases, while Escherichia coli abundance decreases. Con-
currently, serum levels of interferon-y (IFN-y)-induced protein
10 (IP-10) decrease, whereas interleukin-8 (IL-8) levels rise °'.
However, another study found that lower CD4" cell counts in
INRs are strongly associated with elevated serum IP-10, poten-
tially due to IP-10 overexpression and sustained T cell activa-
tion °°. One investigation revealed that INRs exhibit significantly
lower abundance of Ruminococcaceae compared to IRs, along
with differences in gut microbiota alpha diversity *’. Elevated ser-
um levels of pro-inflammatory cytokines, including TNF-a, IP-10,
and IL-1a, were also detected in IL-10, a key anti-inflammatory
cytokine, which regulates gut microbiota composition, maintains
intestinal epithelial homeostasis, and supports mucosal barrier
integrity *°. Research indicates that plasma IL-10 levels, crucial
for regulatory T (Treg) cell-mediated immunosuppression, are
significantly lower in INRs than in responders °*. Both experi-
mental and clinical studies show that probiotics such as Bi-
fidobacterium bifidum can substantially elevate IL-10 levels, im-
proving immune function °> *°. An intervention study demon-
strated that oral enteral nutrition supplementation significantly
increased CD4" cell counts in INRs and reduced levels of the pro-
inflammatory cytokine IL-1p 7.

5.3. Pyroptosis

Emerging evidence suggests that HIV infection, combined
with ART-induced pyroptosis of infected CD4" T cells and byst-
ander cell death, contributes significantly to INRs *°. Activation of
the NOD-like receptor protein 3 (NLRP3) inflammasome and up-
regulation of caspase-1 expression in AIDS patients may induce
CD4" T cell pyroptosis, potentially driving immune failure *°. A
cross-sectional study identified excessive caspase-1-mediated
pyroptosis as a primary mechanism of CD4" T cell loss in ad-
vanced AIDS *. The main contributors to immune reconstitution
failure in ART-treated patients are diminished thymic function
and pyroptosis of recent thymic emigrant (RTE) CD4" T cells °".
Gilad et al. reported that over 95% of resting lymphoid CD4" T
cells undergo caspase-1-dependent pyroptosis, releasing inflam-
matory signals before death, perpetuating a destructive cycle *.
The gut microbiota and its metabolites influence pyroptosis; sodi-
um butyrate (NaB), a microbial metabolite, inhibits TGFB1-in-
duced NLRP3/caspase-1 activation and pyroptosis *. In HIV-in-
fected individuals, a damaged intestinal barrier permits patho-
genic bacteria to trigger inflammasome assembly (e.g., NLRP3),
directly inducing pyroptosis **. Dysbiosis increases pathogen-as-
sociated molecular patterns (PAMPs) such as LPS and pep-
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tidoglycan, which activate cellular pyroptosis via the NLRP3/cas-
pase-1 pathway. Pyroptosis also aids in eliminating intracellular
pathogens like Shigella and Salmonella by promoting epithelial
shedding ®. Ginsenoside Rg3 has been shown to inhibit NLRP3
inflammasome activation, partially reverse gut dysbiosis, and re-
duce pyroptosis “. These findings underscore the critical inter-
play between gut microbiota and pyroptosis in INRs pathogen-
esis.

5.4. Decreased hematopoiesis in bone marrow

Human CD4" T cells originate from CD34" hematopoietic
stem cells (HSCs) and hematopoietic progenitor cells (HPCs) in
the bone marrow and mature in the thymus. As AIDS progresses,
the number of CD34" HPCs in peripheral blood declines, accom-
panied by functional alterations and preferential loss of lymph-
oid precursors among remaining CD34" cells *’. HIV infects mul-
tiple bone marrow HPC subpopulations, affecting CD34" cell dif-
ferentiation and survival ** °. Another study found reduced dif-
ferentiation of CD34" HPCs into T cells in INRs compared to IRs
and healthy controls, possibly due to upregulation of the ATP re-
ceptor P2X7 on CD34" HPCs ”°. In rat models, a reduced propor-
tion of CD45°CD3" T cells in the bone marrow was associated
with increased abundance of Proteobacteria, Actinobacteria, Es-
cherichia-Shigella, and Staphylococcus, and decreased levels of
Firmicutes and Lactobacillus "*.In patients undergoing hema-
topoietic stem cell transplantation (HSCT), gut microbiota di-
versity declined, with reduced proportions of Pseudomonas, Ru-
men cocci, and butyrate-producing bacteria, and increased Pro-
teus "> 7. These observations support a strong association
between gut microbiota dysbiosis and impaired bone marrow
hematopoiesis, implicating this axis in INRs development.

5.5. Insufficient thymic output

Thymic output is closely tied to CD4" T cell recovery and can
be assessed via thymus size, T cell receptor excision circles
(TREC), RTEs, and naive CD4" T cells ’*. Positive correlations
between thymus volume and CD4" cell counts have been docu-
mented in HIV-infected patients > ’°. Patients with thymic failure
(TREC ratio < 10) exhibit lower CD4" cell counts, whereas those
with higher CD4" cell levels and slower disease progression
demonstrate better thymic function ”’. Rb-Silva et al. proposed
that TREC levels could predict immune recovery in chronically in-
fected individuals ’°. One study found lower absolute numbers of
RTEs in INRs compared to responders ", a finding confirmed by
subsequent research . Animal studies show that rats with re-
duced thymic CD3" T lymphocytes exhibit significant gut microbi-
ota disruption ’'. Probiotics such as Bifidobacterium bifidum en-
hance immune organ recovery and increase thymic index in im-
munocompromised mice *’. Growing evidence indicates that gut
microbiota and their metabolites play essential roles in thymic T
cell development and function %, These results suggest that gut
microbiota-mediated impairment of thymic output may signific-
antly contribute to INRs.

5.6. Other potential causes

Beyond the aforementioned mechanisms, additional factors
may underlie INRs. Under physiological conditions, immune
homeostasis depends on the balance between Th17 and Treg
cells; disruption of this equilibrium is strongly linked to AIDS pro-
gression *. Individuals with low CD4" cell counts, especially INRs,
exhibit more pronounced Th17/Treg imbalance **. Certain mi-
crobes—including Bacteroides fragilis, Clostridia, and segmented
filamentous bacteria—modulate the Th17/Treg ratio. Yiaikang
Capsules have been reported to improve this ratio in INRs and al-
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leviate gut dysbiosis '***. Studies also reveal suppressed immune
response pathways in peripheral blood T cell subsets of INRs, im-
paired memory CD4" T cell expansion, and defective differenti-
ation of CD34" HPCs into T cells " *. Additionally, abnormal nat-
ural Killer (NK) cell activation in INRs mediates cytotoxic effects
against both infected and uninfected CD4" T cells *'. Strong correl-
ations exist between gut microbiota dysbiosis and serum T cell
subset levels ***’, Probiotic supplementation increases CD4* and
CD8" T cell populations and modulates NK cell activity *’. TCMs
such as Shaoyao Tang and Sishen Wan have been shown to re-
store gut microbiota balance and correct T cell subset imbal-
ances °*”". INRs exhibit higher viral reservoirs and lower baseline
CD4" cell counts than responders, factors that may hinder im-
mune recovery °*. Intestinal lymphoid tissue serves as a major
HIV reservoir, and TCMs like Fuzheng Yiqi Tang and Aikeqing
Capsules enhance ART efficacy and reduce drug resistance ****. A
recent review highlights that age, timing of ART initiation, plate-
let-T cell complexes, co-infections, adipokines, and host metabol-
ism may also influence INRs development *°.

6. Modulation of gut microbiota by TCM for the treatment of
INRs

6.1. Modulation of gut microbiota and metabolites

Accumulating evidence indicates that modulation of gut mi-
crobiota and their metabolites underlies the therapeutic effects of
TCM, whether administered as compound formulas, single herbs,
or active ingredients. The 2023 Top 10 Academic Advances in
TCM featured a study on Pien-Tze-Huang, which modulates gut
microbiota in mice with colorectal cancer, suppressing carcino-
genesis and pro-inflammatory signaling *°. Given the close inter-
play between gut microbiota and immunity, TCM-based regula-
tion of microbial communities offers promise for enhancing im-
mune reconstruction in AIDS patients °’. One study linked post-
ART immune status in HIV/AIDS patients to structural shifts in
gut microbiota *". Gu et al. reported that multiple traditional
Chinese medicines can regulate the populations of intestinal
Lactobacillus, Bifidobacterium, and Escherichia coli, thereby im-
proving immune function *°. Shenling-Guben Granules and arte-
sunate tablets have been shown to modulate gut microbiota
structure and dominant species while increasing probiotic
abundance *. Both formulations increase CD4" cell counts in INRs
and promote immune reconstitution °” '*’. Buzhong-Yiqi Tang
modulates gut microbiota composition in mice with spleen defi-
ciency and improves immune function and TCM symptom scores
in INRs """, Yi-Aikang Capsule, used clinically for nearly two
decades, has demonstrated efficacy in immune reconstruction
through both animal and human studies '**'"*. It regulates beta
diversity of gut microbiota in INRs, reverses abundance changes
in Trichomonas and Prevotella, and enhances immune homeostas-
is ', Jian-Aikang Concentrated Pill increases beneficial bacterial
proportions, elevates intestinal SCFAs such as acetic acid, and re-
duces LPS levels in HIV/AIDS patients '°. A combination of
Chinese and Western medicine has been shown to lower LPS and
repair intestinal mucosal damage '**. A comprehensive literature
review suggests that gut microbiota modulation may reduce im-
mune activation and inflammation in INRs, supporting immune
reconstitution, with particular emphasis on TCM interventions
such as moxibustion, artesunate, and Tripterygium wilfordii *°

6.2. Suppression of immune activation and inflammatory response
Abnormal immune activation and chronic inflammation per-

sist throughout HIV infection and ART '*°. Microbial transloca-
tion, driven by gut dysbiosis and mucosal barrier disruption, is a
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major contributor to sustained immune activation. Probiotics en-
hance immunity and mitigate inflammation in HIV/AIDS patients.
Buzhong-Yiqi Tang not only modulates gut microbiota and boosts
immunity in INRs but also reduces inflammatory markers . Xie-
Likang Capsules regulate TNF-a secretion, restore gut microbiota
structure, repair the intestinal barrier, and reduce ongoing
CD4" T cell loss '. Yi-Aikang Capsule has demonstrated signific-
ant modulatory effects on gut microbiota in patients with
HIV/AIDS. Experimental evidence indicates that it attenuates in-
terferon (IFN)-y-induced increases in intestinal permeability by
preventing downregulation of tight junction proteins—ZO0-1,
Claudin-1, and Claudin-5. By preserving the integrity of the in-
testinal epithelial barrier, Yi-Aikang reduces microbial transloca-
tion, thereby mitigating systemic immune activation and inflam-
mation ' '%, Another study demonstrated that Yi-Aikang Cap-
sule downregulates the expression of SAMHD1 in peripheral
blood mononuclear cells (PBMCs) and lowers plasma levels of
IFN-a and IFN-y, thereby alleviating abnormal immune cell activ-
ation. Modern pharmacological studies confirm the immunomod-
ulatory effects of key TCM herbs such as Huangqi (Astragalus)
and Renshen (Ginseng), commonly used in INRs treatment ">,
These herbs also modulate gut microbiota in mice, reduce LPS
levels, and suppress release of pro-inflammatory cytokines, in-
cluding IL-1B, IL-6, and TNF-o "> "%,

6.3. Increase of bone marrow hematopoiesis and thymus output

Impaired bone marrow hematopoiesis and reduced thymic
output are potential pathogenic mechanisms in INRs and are
closely linked to gut microbiota disturbances. A herbal extract
known for clearing heat, dampness, and detoxification increased
TREC content and enhanced thymic output in simian immunode-
ficiency virus (SIV)-infected rhesus monkeys '*. The extract also
promoted migration of precursor cells from bone marrow to
thymus, increased precursor cell proportions, and supported
thymocyte differentiation '**. Si-Jun-Zi Tang, a representative for-
mula for tonifying spleen and Qi, enhances immunity and regu-
lates gut microbiota . Clinical application in HIV/AIDS patients
has yielded positive outcomes '°. In mice, Si-Jun-Zi Tang in-
creases intestinal Bifidobacterium and Lactobacillus, improves
immunity, and elevates spleen and thymus indices ‘. Danggui
Buxue Decoction modulates gut microbiota balance and
creases peripheral NK cell and bone marrow HSC ratios '"’. Sheng-
Mai-San regulates gut microbiota, enhances immunity, increases
thymus and spleen indices, promotes bone marrow mesen-
chymal stem cell proliferation, and improves the hematopoietic
microenvironment . Yi-Aikang Capsule increases thymus
weight and thymic index in murine leukemia virus-induced im-
munodeficient mice '"’. Tangcao Tablets elevate bone marrow
nucleated cell counts and organ indices in zidovudine-induced
myelosuppressed mice *’. These findings suggest that TCM can
regulate gut microbiota, enhance bone marrow hematopoiesis
and thymic output, and improve immune function. However,
studies specifically targeting AIDS remain limited, and underly-
ing mechanisms require further elucidation. Fig. 3 illustrates how
TCM prevents and treats INRs through gut microbiota regulation.

in-

7. Discussion

In the post-ART era, INRs represent a major challenge in
AIDS management, with gut microbiota alterations playing a
central role in their pathogenesis. Investigating the contribution
of gut dysbiosis to INRs not only clarifies underlying mechanisms
but also identifies novel therapeutic targets. Strategies such as
probiotics, prebiotics, fecal microbiota transplantation, and mi-
crobiota-informed drug selection may promote immune reconsti-
tution. TCM, characterized by multi-target actions and holistic
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Fig. 3 Mechanisms by which TCM regulates gut microbiota to prevent and treat INRs. TCM increases the proportion of beneficial intestinal bacteria in INRs, reduces harm-
ful species , enhances microbial diversity, elevates SCFA levels, and decreases LPS content. TCM lowers interferon (IFN)-y levels, inhibits downregulation of tight junction
proteins ZO-1, Claudin-1, and Claudin-5, thereby repairing intestinal mucosal barrier damage, reducing microbial translocation, and suppressing abnormal immune activa-
tion and inflammation. Additionally, TCM not only modulates gut microbiota structure but also increases T cell receptor excision circle (TREC) levels in immunocomprom-
ised individuals, enhances thymic mass, improves thymic differentiation, and raises thymic index. TCM also increases hematopoietic stem cell (HSC) proportions and im-
proves splenic index, thereby enhancing the hematopoietic microenvironment. Through these mechanisms, TCM increases CD4" T cell counts, preventing and treating INRs,

as illustrated by Figdraw.

regulation, offers unique advantages in enhancing immunity and
alleviating clinical symptoms. According to TCM theory, immune
function corresponds to “righteous Qi”, and INRs reflect insuffi-
ciency of righteous Qi. HIV is viewed as a toxic exogenous patho-
gen, so TCM treatments often involve herbs that regulate Qi, clear
heat, and detoxify. Increasing evidence confirms that TCM treats
INRs by modulating gut microbiota. However, INRs symptoms
are complex, and numerous confounding factors affect gut micro-
biota, resulting in most studies focusing on isolated microbial
changes rather than mechanistic insights. Additionally, the chem-
ical complexity and low bioavailability of TCM compounds com-
plicate efforts to define precise mechanisms of action through
single-target approaches.

Future research should employ systems biotechnology to
characterize typical INRs symptoms and uncover their molecular
links to gut microbiota. Establishing the efficacy of TCM interven-
tions will enable monitoring of relevant biomarker dynamics. Ad-
vanced tools—including 16S rDNA sequencing, metagenomics,
flow cytometry, and TCM extraction techniques—can identify
specific microbial targets associated with TCM treatments. A re-
port indicates that 47.17% of clinical studies in this field include
fewer than 50 participants, and a meta-analysis found only 5 of
19 studies exceeded this threshold " '*". Although CD4" cell count
is the primary outcome in TCM trials for HIV, reported increases
vary widely, secondary endpoints are inconsistently defined, and
long-term prognostic indicators are underutilized '**. Some clinic-
al studies on TCM for INRs lack standardized randomization,
blinding, or proper allocation concealment ’. Overall, high-qual-
ity research remains scarce, plagued by small sample sizes, in-
consistent evaluation criteria, and incomplete protocol design.
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Diagnostic and therapeutic strategies should be optimized based
on current evidence, with priority given to large-scale, rigorous
clinical trials. The only existing guideline—the Expert Consensus
on Integrated Traditional Chinese and Western Medicine Treat-
ment of AIDS Immune Deficiency—was issued in 2020 by the AIDS
Prevention Branch of the Chinese Society of TCM. Future efforts
should develop high-quality guidelines or expert consensus using
evidence from literature, expert opinion, and clinical data. Pro-
gress is hindered by social stigma around HIV/AIDS, disparities
in TCM research capacity, and insufficient clinical data sharing.
To accelerate innovation, national platforms—including the Na-
tional Clinical Research Base for TCM in AIDS, the TCM Inherit-
ance and Innovation Center, and P3 Laboratories—should be
leveraged to develop potent, low-toxicity TCM formulations '**.
The adverse effects of ART are well-documented, and evid-
ence suggests ART may worsen gut microbiota imbalances in
HIV/AIDS patients. Effective ART options are limited, and modify-
ing regimens to reduce toxicity remains challenging. Current
studies show that combining TCM with Western medicine does
not introduce new adverse effects and may even alleviate some
ART-related side effects '**. However, TCM itself carries potential
risks. Commonly used herbs such as Tripterygium wilfordii and
Artemisia annua have been associated with hepatotoxicity, neph-
rotoxicity, neurotoxicity, and gastrointestinal discomfort >,
Whether combining these herbs with ART exacerbates toxicity or
introduces new adverse reactions requires further investigation.
In 2003, a multicenter phase III trial of Tangcao Tablets was con-
ducted at Beijing You’an Hospital, Ditan Hospital, and PLA 302
Hospital. The drug remains in use for INRs and has shown prom-
ising results ' '*°, Given the slow pace of new AIDS drug develop-
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ment, rigorous phase III trials are essential to ensure safety and
efficacy before market approval, with careful risk-benefit assess-
ment. Regulatory coordination and pharmaceutical accountabil-
ity must be strengthened. Adverse reactions related to TCM
should be recorded in the International Dictionary of Medical
Terms (MedDRA) to support post-marketing surveillance. Ration-
al herb compatibility can minimize toxicity; for example, licorice

reduces the hepatotoxicity of Tripterygium wilfordii **°. In clinical

practice, physicians can use synergistic TCM combinations to mit-
igate side effects.

In summary, gut microbiota plays a pivotal role in INRs de-
velopment, and TCM-based modulation of gut microbiota repres-
ents a promising strategy for prevention and treatment. Integrat-
ing TCM theory with modern mechanistic insights may provide
scientific validation for these interventions. However, challenges
remain—including unclear biological bases for TCM syndromes,
inadequate diagnostic protocols, slow drug development, and
safety concerns. Future progress depends on prioritizing both ba-
sic and clinical research, supported by national policies and fund-
ing initiatives, to improve outcomes for INRs.
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