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Abstract

Purpose of Review The introduction of the National Free Antiretroviral Therapy Program (NFATP) in 2003 by the China
National Center for AIDS/STD Control and Prevention has led to dramatic increases in antiretroviral therapy (ART) coverage
among HIV-infected Chinese patients. Despite limitations in the number of available free antiretroviral drugs, the overall
mortality associated with HIV/AIDS has dropped from 39.3 per 100 person-years in 2002 to 3.1 in 2014. In this review, we
summarize the challenges, responses, and achievements of antiretroviral therapy (ART) in China over the past 20 years.
Recent Findings Continuous optimization of the Chinese National Guidelines for HIV/AIDS Diagnosis and Treatment has been
guided by data from serial domestic multi-center studies aimed at evaluating efficacy and toxicity of available ART regimens
among Chinese patients with HIV, with the goal of maximizing adherence, access, and efficacy. In addition, increasing attention
has been focused on the importance of continuity in the HIV care cascade to promote linkage to care, and address the multidis-
ciplinary chronic care needs HIV/AIDS patients on lifelong ART.

Summary Great progress has been achieved in the past 20 years in terms of access to and optimization of antiretroviral treatment
in China. As the number of patients receiving long-term ART continues to grow, the focus of HIV/AIDS treatment has gradually
transitioned from urgent care to the management of non-AIDS-related chronic complications and control of chronic
inflammation.

Keywords Human immunodeficiency virus - Acquired immune deficiency syndrome - Highly active antiretroviral therapy -
National Free Antiretroviral Treatment Program - Multidisciplinary care - Continuum of care

Introduction

In 1985, the first case of acquired immunodeficiency syndrome
(AIDS) in China was reported by Peking Union Medical
College Hospital in Beijing [1]. Since then, the Chinese HIV/
AIDS epidemic has seen a rapid increase, especially in the last
decade. The pattern of the Chinese HIV epidemic has shifted
over the past 35 years. In the first decade, HIV outbreaks were
concentrated among the contaminated blood product donors/
recipients. However, since the late 1990s, sexual contact has
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become the predominant driver of transmission, initially mainly
via heterosexual transmission. More recently homosexual trans-
mission among men who have sex with men (MSM) has played
an increasingly significant role. By the end of 2018, there were
an estimated 1,250,000 people living with HIV in China, with
80,000 new infections reported in 2018, an increase from
57,194 new cases in 2017 [2]. The continued rise in HIV inci-
dence highlights the ongoing challenges of HIV/AIDS control
in China.

Although the groundbreaking strategy of highly active an-
tiretroviral therapy (HAART) was identified as early as 1996,
standardized HAART was not available to the vast majority of
Chinese patients until 2003 when the national AIDS control
policy “Four Frees and One Care” was announced and the
National Free Antiretroviral Treatment Program (NFATP)
established [3]. The NFATP rolled out its pilot programs in
six provinces of Central China and targeted former blood and/
or plasma donors, but quickly scaled up to cover patients with
HIV across the country [3]. By late 2006, the NFATP
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encompassed all 31 provinces and autonomous regions of
China, and 64% (30,640/47,713) of all patients diagnosed
with HIV/AIDS had been initiated on free government-
sponsored ART [4]. With rapid expansion and continual eval-
uation and adjustment of the program, China has successfully
reduced the overall mortality of patients with HIV/AIDS from
39.3 per 100 person-years in 2002 to 14.2 in 2009, despite a
limited repertoire of available antiretroviral drugs.
Nevertheless, numerous operational problems and resource
limitations have been encountered during implementation of
this program. In response, a series of government-sponsored,
multi-center studies have been carried out over the years to
guide optimization of the HIV/AIDS treatment approach for
Chinese patients, with the aim of combating China’s HIV/
AIDS epidemic and achieving the last of the World Health
Organization’s (WHO) ambitious 90-90-90 targets.

Optimizing HAART for Chinese Patients with HIV

Prior to the nationwide launch of the NFATP in 2003, experts
first had to address the critical question of which antiretroviral
regimens to select for Chinese patients. Initially, the only
available antiretroviral drugs in China were domestically pro-
duced generic zidovudine (AZT), stavudine (d4T), didanosine
(ddI), and nevirapine (NVP). Therefore, the original NFATP
first-line regimen, given to approximately 80% of HIV-
infected patients, consisted of AZT +ddI+ NVP. The other
20% received d4T +ddI+ NVP, primarily in the setting of
hematologic contraindications or adverse reactions to AZT.
Domestically produced, generic indinavir (IDV) and
imported, brand-name efavirenz (EFV) and lamivudine
(3TC) were added subsequently to the list of NFATP-
sponsored free antiretrovirals. However, there was no evi-
dence with regard to the optimal treatment regimen for
Chinese patients due to the paucity of data regarding safety
and efficacy of these drugs in this population.

In 2004, the China HIV/AIDS Clinical Trial Network
(CACT) was created, initially involving 17 hospitals and
health agencies nationwide, including both local referral cen-
ters and those covering areas with high HIV prevalence. With
support from the Ministry of Science and Technology’s
National Key Technologies R&D Program over the past
15 years (via the 10th—12th Five-Year Plan grants), the
CACT has carried out a series of multi-center clinical trials
and cohort studies among HIV-infected adults over China.
Between 2004 and 2006, the first multicenter prospective con-
trolled HIV/AIDS trial was completed in China, in which 198
treatment-naive Chinese patients with HIV/AIDS were re-
cruited and randomized to three HAART regimens composed
of three of the four aforementioned available antiretrovirals
and followed for at least 1 year. Results showed that d4T +
3TC+NVP and AZT + 3TC + NVP achieved a viral suppres-
sion rate of approximately 70%, significantly higher than that

of d4T + AZT + NVP. Furthermore, these combinations only
cost one sixth of the price of imported drugs [5]. As a result,
d4T +3TC + NVP and AZT + 3TC + NVP became the initial
recommended first-line regimens in China, and were incorpo-
rated in the first Chinese National Guidelines for HIV/AIDS
Diagnosis and Treatment published by the Society of
Infectious Diseases, Chinese Medical Association.

In the first few years following implementation of NFATP,
progress was limited by a high incidence of adverse effects
and poor adherence. Severe hepatoxicity largely attributed to
NVP presented as the most common short-term adverse effect
leading to ART interruption. The WHO recommended avoid-
ance of NVP in women with CD4 cell counts >250 and men
>400 cells/mm°, to reduce the incidence of serious NVP-
related adverse reactions of the skin and liver. However,
CACT data demonstrated that NVP-associated hepatoxicity
in Chinese patients showed little difference between sexes,
and increased substantially when the pre-treatment CD4 cell
count exceeded 250 cells/mm” in both women and men [6].
According to these observations, the 2011 Chinese National
Guidelines for HIV/AIDS Diagnosis and Treatment recom-
mended that providers weigh the benefits of NVP carefully
against the risk of severe hepatoxicity in patients with baseline
CD4 counts above 250 cells/mm? regardless of the patient’s
sex [7]. Following this recommendation, drug-related
hepatoxicity was reduced by 50%, which in turn markedly
improved patient adherence.

In the setting of extremely limited antiretroviral options,
treatment adherence was recognized as the cornerstone of
achieving sustained virologic control. In addition to patient
education and adherence monitoring, strategies to minimize
drug-related adverse effects played a critical role in promoting
adherence. As experience accumulated from patients enrolled
in the NFATP, it was observed that lipodystrophy—the major
side effect of d4T—usually manifested after 6 months of treat-
ment, whereas bone marrow suppression from AZT exposure
occurred soon after ART initiation, partially due to the fact that
most Chinese HIV/AIDS patients were diagnosed at a rela-
tively late stage and initiated on treatment when they were
more susceptible to bone marrow suppression. Therefore,
CACT researchers proposed a “d4T to AZT switch regimen”
consisting of six months of d4T + 3TC + NVP followed by
AZT + 3TC + NVP for long-term maintenance, to take advan-
tage of the time gap between the two adverse effects and
minimize the impact of each one. In an open-label study,
517 treatment-naive HIV-infected patients were recruited
and randomized to receive either AZT + 3TC + NVP, d4T +
3TC + NVP or the aforementioned “switch regimen.” At the
end of 96 weeks, the switch regimen showed a comparable
level of viral suppression and CD4 recovery, with 80% reduc-
tion in bone marrow suppression compared with the AZT-
based regimen, and over 90% reduction in lipodystrophy com-
pared with the d4T-based regimen [8]. This trial demonstrated
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that using the same repertoire of drugs but adjusting the order
of administration led to a feasible, effective, and affordable
therapeutic option especially in resource-limited settings.
This regimen was subsequently also incorporated into the
2011 national guidelines as alternative regimen, and provided
to over 27,000 Chinese treatment-naive patients in ensuing
years with significantly decreased toxicity and greatly im-
proved adherence [7].

During the same period, in the setting of WHO recommen-
dations for tenofovir-based ART regimens for resource-
limited settings, combination TDF + 3TC + EFV was newly
adopted as first-line therapy in the 2011 Chinese National
Guidelines for HIV/AIDS Diagnosis and Treatment and was
concurrently made available through the NFATP. The efficacy
and tolerability of this regimen for first-line therapy in
Chinese patients was studied and confirmed in a multi-center
cohort study carried by the CACT (Clinicaltrials.gov ID:
NCTO01844297). Although EFV was approved by the China
Food and Drug Administration (CFDA) as early as 2005,
usage was low prior to 2011 due to cost. As EFV use increased
after inclusion in the NFATP, a growing number of patients
reported moderate to severe neuropsychiatric symptoms with
the standard 600 mg daily dose of EFV, including dizziness,
insomnia, nightmares, and depression, as has been reported
internationally. The multi-national ENCOREI studies pub-
lished in 2014 and 2015 first suggested the non-inferiority of
EFV 400 mg to EFV 600 mg daily [9, 10], and in a prospec-
tive study by the CACT, plasma EFV levels measured in 455
treatment-naive HIV patients initiated on an EFV-containing
regimen showed that 34.2% and 43.8% of participants had
plasma EFV concentrations above the upper limit of the pro-
posed therapeutic window at 24 and 48 weeks, respectively,
especially in those with low body weight (< 60 kg) [11].
Based on these collective findings, the 2018 Chinese
National Guidelines for the Diagnosis and Treatment of
HIV/AIDS suggested a dose adjustment for individuals with
low body weight [12], and a prospective open-label random-
ized CACT trial of EFV 400 mg versus 600 mg aimed at
collecting real-world evidence among Chinese patients with
HIV has just completed enrollment.

The NFATP-sponsored regimens have undergone continu-
ous evaluation and improvement over the past 16 years, and
greatly expanded access to treatment and therapeutic options
(Table 1). Data from domestic studies such as those of the
CACT network have provided important guidance. This, in
parallel with efforts from the Chinese Society of Infectious
Diseases to develop and update the national guidelines for
HIV/AIDS diagnosis and treatment, and to carry out national
training campaigns for healthcare providers, has greatly im-
proved the capacity and quality of HIV/AIDS care in China
(Table 2). In recent years, CFDA approval of new categories
of ART drugs including the integrase inhibitors, entry inhibi-
tors, and new generations of protease inhibitors have provided
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more options especially for those faced with drug-related ad-
verse effects or drug-drug interactions. The indication for
ART initiation has also changed with time. When the
NFATP was first established, the indication for ART initiation
was a CD4" T cell count less than 200 cells/mm? or advanced
AIDS status. The CD4* T cell count threshold for ART initi-
ation was increased to 350 cells/mm® in 2011, 500 cells/mm’>
in 2015, and since 2016, China has entered the era of imme-
diate treatment irrespective of CD4™ T cell count, in accor-
dance with most international guidelines. In addition to the
international findings from the START study, local epidemio-
logical findings further justify early ART initiation in China
[15]. Over the past 20 years, there has been a notable shift in
the distribution of HIV genotypes in China. The proportion of
patients with circulating recombinant strain CRFO1_AE has
increased significantly, and since 2006 has become the most
prevalent genotype, especially among patients who acquire
HIV through sexual transmission [16]. The CRF01_AE sub-
type is associated with a more rapid decline in CD4" T cell
counts and faster disease progression, with a median of
4.8 years from estimated date of infection to onset of AIDS,
in contrast to the previously predominant C or BC subtypes,
which have a well-established latent period of 810 years
[17]. This biological characteristic of the epidemic in China
further underscores the importance of strategies to promote
timely HIV testing and early treatment initiation.

Promoting Multidisciplinary Care and Integrating
the HIV/AIDS Care Cascade

Despite continued challenges with achieving early diagnosis
of HIV among infected individuals in China, once diagnosed,
improved access to ART has meant that HIV/AIDS is no
longer a fatal condition for many patients, but a chronic dis-
ease that can be well managed with long-term treatment. As a
result, the life expectancy of HIV-infected individuals has ex-
tended dramatically in China as it has in other regions of the
world. However, increased survival is also associated with a
higher incidence of non-AIDS-related morbidity and mortality
which is not directly attributable to immunosuppression. A
meta-analysis by Teeraananchai et.al. found substantial im-
provements in life expectancy among individuals with HIV
in the ART era, particularly in high-income countries, al-
though life expectancy was not quite that of the general pop-
ulation across all regions [18]. Non-AIDS-related comorbidi-
ties including cardiovascular, renal, respiratory, bone and neu-
rological diseases, metabolic syndrome, non-AIDS-defining
malignances are becoming a new focus of HIV/AIDS care
that directly impacts patients’ quality of life.

In this context, beyond ART, comprehensive multi-system
screening and management has been recognized as an increas-
ingly important component of HIV care. On the one hand,
HIV infection and its associated immune activation has been
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Table 1  Current ART drug availability in China
Drug class Available in China Not available in China
Free Not free
NRTIs Lamivudine (3TC) Emtricitabine (FTC)
Tenofovir (TDF) Tenofovir Alafenamide (TAF)
Zidovudine (AZT)
Abacavir (ABC)
NNRTIs Efavirenz (EFV) Rilpivirine (RPV) Doravirine (DOR)
Nevirapine (NVP) Etravirine (ETV)
Pls Lopinavir/ritonavir (LPV/r) Darunavir/cobicistat (DRV/c) Fosamprenavir (FPV)
Atazanavir (ATV) Nelfinavir (NFV)
Saquinavir (SQV)
Tipranavir (Aptivus)
INSTIs Raltegravir (RAL) Bictegravir (BIC)
Dolutegravir (DTG) Elvitegravir (EVG)
Fusion inhibitor Albuvirtide Enfuvirtide (T20)
CCRS antagonist Maraviroc (MVC)
Co-formulated fixed-dose AZT/3TC FTC/TDF BIC/TAF/FTC
FTC/TAF EVG/c/TDF/FTC
AZT/3TC/ABC DTG/3TC
ABC/3TC/DTG DRV/c/TAF/FTC
TAF/FTC/EVG/c EFV/TDF/FTC
RPV/TDF/FTC

identified as an independent risk factor for many non-AIDS
complications, including atherosclerosis, cardiovascular dis-
eases, osteoporosis, and renal diseases [19-24]. On the other
hand, lifelong use of ART also exerts systemic influences
including but not limited to alterations in lipid and glucose
metabolism, liver and renal functions, bone and mineral ho-
meostasis, and neuropsychiatric changes. Moreover, individ-
uals will inevitably face significant challenges with
polypharmacy and drug-drug interactions as they manage
the dual burden of HIV infection and concurrent non-AIDS-
related comorbidities. Therefore, multidisciplinary manage-
ment has been recognized as the future direction of HIV/
AIDS care in China, and a few major HIV care centers have
already started piloting strategies to achieve this. During the
past few years, medical specialty societies have also started

working together, and expert consensus papers and recom-
mendations regarding screening and treatment of renal com-
plications in HIV and mycobacteria coinfection have already
been published [25-27]. Additional collaborative recommen-
dations focusing on cardiovascular complications, osteoporo-
sis and fracture, hepatitis C coinfection, and others are also in
progress. These collaborative initiatives serve a dual purpose.
First, they provide important knowledge and guidance for
HIV care professionals regarding diagnosis and management
of non-AIDS-related comorbidities. Second, and perhaps
more importantly, they have engaged and educated health
professionals from diverse medical fields in HIV care. The
latter represents an important means of breaking down the
stigma that many patients in China face when seeking care
outside of their HIV care centers.

Table2 Recommended first-line and alternative ART regimens in China’s national guidelines for HIV/AIDS treatment (2005-2018)

Guidelines 2005 [13] 2011 [7] 2015 [14] 2018[12]
First-line AZT(d4T)+ 3TC+ EFV(NVP) TDF +3TC + EFV TDF(ABC) + 3TC (FTC) + EFV TDF(ABC) + 3TC (FTC) + EFV or RPV
+LPV/r +LPV/r or ATV TAF + FTC + LPV/r or DRV/c
+RAVor ETV +RAL +DTG, RAL
TAF/FTC/EVG/c
ABC/3TC/DTG
Alternatives AZT(d4T)+3TC +IDV AZT +3TC+NVP AZT +3TC+EFVor NVP or RPV AZT +3TC + EFVor NVP or RPV
ddI +d4T + EFV(NVP) d4T +3TC +NVP +LPV/r
AZT +ddl + EFV(NVP) (Switch to AZT/ABC

+3TC after 6 months)
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Due to the endemic nature of hepatitis B in the Asia-Pacific
region, HIV- and HBV-coinfected patients have historically
been an important subpopulation in China. However, when
ART was first introduced in China over 20 years ago, there
was very little knowledge about the epidemiology, natural
history, and management needs of this group. The epidemio-
logical map of HIV/HBV coinfection was clarified through
serial studies. According to two national multicenter studies
that enrolled a total of 35,849 adult patients with HIV, 8.7—
9.4% were coinfected with HBV, with much higher preva-
lence in the eastern and southern regions of China [28, 29].
Coinfected patients demonstrated more significant immuno-
suppression and more rapid HIV progression compared with
HIV mono-infected individuals. Fortunately, virological and
immunological responses to ART were not affected by HBV
coinfection status among Chinese patients [30]. In terms of
treatment, prior to widespread availability of TDF through
NFATP, the efficacy of using a regimen that included only
one active agent (3TC) for HBV coverage was demonstrated
among Chinese patients in a study by Li and colleagues, and
3TC alone could be considered for HBV coverage in HIV/
HBYV coinfected patients when baseline HBV DNA levels are
lower than 20,000 IU/mL, providing a feasible treatment op-
tion in resource-limited settings [31]. The current recommen-
dation is to select a HAART regimen that includes two drugs
with anti-HBV activity.

Traditionally, HIV/AIDS surveillance and diagnosis ser-
vices have primarily been the purview of China Centers for
Disease Control and Prevention (CDC) units, whereas treat-
ment and follow-up care occur at designated health care facil-
ities (Fig. 1). However, this has created a physical separation
between the sites where patients are diagnosed and the sites
where they receive treatment and long-term management, pos-
ing a structural barrier to linkage of care. In the 2018 Chinese
National Guidelines for HIV/AIDS Diagnosis and Treatment,

Care Delivery Responsibilities

the concept of an integrated care cascade was first introduced,
encouraging coupling of diagnosis with treatment and man-
agement services within HIV care centers, and engagement of
a coordinated, multidisciplinary team to ensure the provision
of comprehensive care (Fig. 2) [12]. The envisioned, patient-
centered model would minimize redundancy, emphasize con-
tinuity of care and promote adherence, all ultimately leading
to improved HIV control and outcomes. Key components
would include prevention and prompt diagnosis of HIV infec-
tion; diagnosis, and treatment of opportunistic infections and
AIDS-defining malignances; initiation of personalized ART,
adherence monitoring and follow-up; screening and manage-
ment of non-AIDS-related diseases; and social and psychiatric
supports and interventions (Fig. 2).

Remaining Challenges and Future Directions

China has made great achievements in the fight against
HIV/AIDS in the last two decades. According to the prog-
ress report from National Center for AIDS/STD Control
and Prevention of the China CDC, by the end of 2017, a
total of 610,000 HIV-infected individuals were receiving
ART in China, accounting for 80.4% of all the reported
cases, and over 90% of those on ART achieved successful
virologic control [2]. The mortality of HIV/AIDS patients
in China has decreased from 22.6 per hundred-person-
year in 2003 to 3.1 per 100 person-year in 2014.
Meanwhile, the increasing availability of domestic data
from research networks such as the CACT and others have
directly informed the development of treatment guidelines
that take into account the specific biology of Chinese pa-
tients with HIV and the realities of the health care envi-
ronment in China. The 2018 Chinese National Guidelines
for HIV/AIDS Diagnosis and Treatment has been the third
update of the guidelines within 10 years. However,

Budgetary Responsibilities

National level Supervision of NFATP

ART drug distribution
Development of guidelines
Training and technical guidance

Patient data collection

ART drug procurement

Equipment and reagents for CD4 and VL testing
Health provider training

Drug resistance surveillance

NFATP management

Provincial level ’

* Provincial treatment coordination
* Appointment of referral hospitals

‘ « All the other costs
-

County level [ = ART provision

+ Treatment of serious Ols, adverse
reactions and other complications

Hospitalization

Ol treatment
‘ * Routine care

Village or township level [

Routine follow-up and monitoring

Other lab testing
]\

Fig. 1 Structure of care delivery and budgetary responsibilities at different administrative levels of the NFATP. Adapted from [4]
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Fig. 2 Proposed model for comprehensive management of HIV/AIDS in China

despite the tremendous progress achieved, potential prob-
lems and risks still remain.

Late Presenters and Delayed Diagnosis

Although regular surveillance of key populations is an impor-
tant part of the national approach to case finding, delayed
diagnosis of HIV/AIDS remains an important issue in many
regions, particularly in areas where healthcare services are
limited. The clinical latent period from HIV acquisition to
the onset of AIDS, and the non-specific kaleidoscope of
symptoms that patients may initially present with, make early
diagnosis extremely challenging in the absence of routine
screening programs. Although awareness of HIV infection
among healthcare providers has been greatly improved in gen-
eral, a large proportion of infected individuals still have very
low CD4" T cell count at diagnosis suggesting missed oppor-
tunities for timely diagnosis. According to data from Chinese
Comprehensive Response Information Management System
of HIV/AIDS (CRIMS), 34.0% of newly diagnosed patients
with HIV/AIDS between 2006 and 2014 presented with CD4*
T cell count below 200 cells/uL, despite the fact that the
threshold CD4 count for ART initiation had been raised to
350 cells/pL in 2008 [32]. Another study from a large tertiary
referral hospital in Beijing aimed to quantify the delay in time
from the initial presentation to any healthcare settings to the
ultimate HIV/AIDS diagnosis and found that the average
length of diagnostic delay decreased from 91 days in 1997—
2002 to 39 days in 2009-2012. However, the severity of dis-
ease at the time of diagnosis remained unchanged over the two
time periods, as demonstrated by the fact that over 60% of
newly diagnosed patients had CD4 counts below 50 cells/uL
regardless of the time periods [33]. Furthermore, these patients
presented with non-specific symptoms, and had sought care in
various departments before ultimately being diagnosed with
HIV/AIDS [34]. Provider-initiated HIV testing and counsel-
ing (PITC) is a critical strategy recommended by the WHO to

expand access to HIV-related services. To accomplish this, it
is important to enhance the awareness of HIV infection and its
clinical diversity among healthcare providers across subspe-
cialties. Concurrently, it is equally critical to enhance educa-
tion and awareness among high-risk populations, especially in
high prevalence areas.

Drug Resistance

The emergence of HIV drug resistance is a major problem that
limits the effectiveness of ART. China has traditionally been
recognized as a country with low prevalence of transmitted
drug resistance (TDR), or primary drug resistance, compared
with that observed in some industrialized countries, and rates
have remained relatively stable over time. One study com-
pared the prevalent ratio of drug-resistant variants before and
after the introduction of NFATP in China, and found no sig-
nificant difference in overall prevalence of resistance between
1991 and 2004 (7.1%) and 2005 and 2009 (6.7%), nor did the
authors detect any differences within specific classes of
antiretrovirals over time, including nucleoside reverse tran-
scriptase inhibitors (NRTIs, 2.5%), non-nucleoside reverse
transcriptase inhibitors (NNRTIs, 2.3%), and protease inhibi-
tors (PIs, 2.7%) [35]. In 2015, a nationwide cross-sectional
survey including 5627 newly diagnosed treatment-naive pa-
tients was conducted, and the average rate of TDR mutations
was 3.6%, with 1.1% resistant to Pls, 1.3% resistant to NRT]Is,
and 1.6% to NNRTTs [36]. However, uneven geographic dis-
tribution of resistance has been reported, and certain areas
have shown exceptionally high rates of TDR. A retrospective
cohort study in Shanghai from 2008 to 2015 reported high
rates of TDR, with the highest drug resistance rate found
among NNRTIs at 10.9% [37]. Similarly, a cross-sectional
study in Zhejiang province showed a TDR rate of 11.1%
among treatment-naive HIV-infected individuals during
2014-2017 [38]. In contrast, studies in Beijing continue to
show relatively low rates of TDR. The reasons behind the
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wide variability in observed rates of TDR remain unclear;
however, these findings deserve attention and may influence
recommendations regarding the most appropriate first-line
regimen for treatment-naive patients from different areas.
The emergence of acquired drug resistance (ADR) is mainly
related to poor patient adherence or to selection pressure on
HIV quasi-species of the initial ART regimen [39]. ADR is the
primary driver of treatment failure, and studies have found
rates of ADR to any-class drugs reached as high as 50-60%
among treatment-failure individuals in certain regions of
China [37, 40]. Therefore, enhanced education and monitor-
ing with regard to adherence, and adequate intervals of viral
surveillance, especially in the first year of treatment, play an
essential role in the control of ADR. Beyond this, broadening
access to antiretroviral drugs that target different virus-host
interaction sites will continue to constitute an important strat-
egy for managing HIV drug resistance.

Novel Strategies for Unresolved Immune Activation

Despite the successes of modern ART, HIV eradication re-
mains an elusive goal to researchers worldwide. Even with
decades of suppressive treatment, residual levels of viral rep-
lication persist, associated with unresolved low levels of im-
mune activation, generating a vicious circle that results in
incomplete immune reconstitution and increased risk for
non-AIDS-related comorbidities [41, 42]. This presents a
huge challenge not only to China but also to the global com-
munity. Although great efforts have been made in China to
better monitor and treat non-AIDS-related complications,
work in this field has just started and much remains to be
elucidated. Concurrently, as residual inflammation is likely
to be a critical determinant contributing to HIV persistence,
approaches to alleviate immune activation and reduce the viral
reservoir have also been tested [43]. Of note, it is estimated
that 20% of HIV-infected patients fail to achieve adequate
immunologic recovery despite well-suppressed viral replica-
tion, a phenomenon in which immune activation plays a cru-
cial role. Immunosuppressive agents including chloroquine
have been tested in combination with ART to improve im-
mune reconstitution in such cases; however, no sustained ben-
efit was demonstrated [44]. Tripterygium wilfordii Hook F
(TwHF) is a well-documented immune modulating agent ap-
proved by CFDA that has been widely used in China for
treating autoimmune diseases such as rheumatoid arthritis,
with documented efficacy for controlling inflammation
[45-47]. Inspired by the findings from the rheumatology lit-
erature, in recent years our group has explored the hypothesis
that TwHF may also reduce residual immune activation in
HIV infection. In a pilot study, eighteen HIV-infected patients
on ART who were virologically suppressed for over 12 months
with suboptimal CD4 cell recovery (<350 cells/mm®) were
enrolled and received TwHF for 12 months. TwHF
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coadministration resulted in a mean elevation of 88 cells/uL
in CD4 counts and significant reduction of T cell activation
[48]. At the present time, a multicenter, randomized controlled
trial (Clinicaltrials.gov ID: NCT04084444) is underway, to
test the efficacy of triptolide, a compound from TwHF
extract that possesses active immunosuppressive and anti-
inflammatory properties [49], in improving immune reconsti-
tution in HIV-infected individuals. Results of this study may
provide an answer to the unresolved questions of persisting
immune activation in HIV.

Conclusion

During the past 20 years, China has made tremendous efforts
to increase access to ART regimens through the gradual ex-
pansion of the NFATP, and has continually sought to evaluate
and optimize these regimens for Chinese patients. Serial do-
mestic multicenter studies have confirmed the efficacy and
tolerability of available antiretrovirals in Chinese patients, elu-
cidated differences in toxicity profile for certain agents, pre-
sented novel strategies to minimize the occurrence of known
adverse events, and identified affordable regimens that can be
utilized in low-resource settings when patients are not candi-
dates for the first-line regimens. These successes have enabled
a dramatic reduction in mortality from HIV/AIDS over the
past two decades, and the number of patients on long-term
ART is now over 800,000. Nevertheless, late diagnosis and
linkage to care remain significant obstacles, and long-term
non-AIDS comorbidities represent a new area of challenge
in HIV care. This has prompted proposals of comprehensive
“all-in-one” HIV care centers that would not only physically
link diagnosis and treatment, but also engage a trained, mul-
tidisciplinary team of health professionals in HIV care.
Finally, future priorities include continued close surveillance
of patterns in drug resistance, particularly ADR, within China,
and investigation of novel therapies to reduce HIV-related
chronic immune activation.
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