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Nearly 17 years ago China launched its National HIV/AIDS Response Program, yet the epidemic still is not slowing. New cases and 
new deaths increase every year—in 2005, 40 711 people living with human immunodeficiency virus (HIV; PLWH) were diagnosed 
and 5729 died, whereas in 2019, 148 598 PLWH were diagnosed and 31 522 died. Moreover, the estimated PLWH population in 
China has risen to >1.25 million. However, epidemic data are worryingly complex and difficult to interpret, presenting challenges 
to the redirection and refocusing of efforts toward achievement of control. Here we present three “windows” into China’s epidemic 
data. From these viewpoints, it appears we still do not know how much infection exists, how much transmission is occurring, and in 
what contexts transmission happens. The enigma that is China’s HIV epidemic must be better understood. A new research agenda 
must be developed and executed if we are to change the future of HIV in China.
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Expectations have been high that China’s massive, compre-
hensive, coordinated, and well-funded National HIV/AIDS 
Response Program would successfully bring about control of 
China’s human immunodeficiency virus (HIV) epidemic [1, 2].  
Indeed, important gains have been made: testing, linkage 
to care, and treatment initiation have been dramatically 
improved [3, 4]; the National Free Antiretroviral Therapy 
Program has been rapidly scaled up, and treatment coverage 
has been expanded and regimens optimized [4]; and losses 
all along the care cascade have been reduced [5]. Prevention 
and harm reduction measures to protect key high-risk 
groups [6–9], advances to secure the blood supply [10], and 
training interventions to minimize occupational exposure 
risk [11] have been implemented and repeatedly enhanced. 
Infrastructure development projects aimed at bettering sur-
veillance [12], case reporting, investigation, and management 
[13], and laboratory capacity and quality assurance [14] have 
been prioritized. Monitoring for virological failure [15, 16] 
and drug resistance [17] are improving, and availability of 
second-line therapy is expanding [4].

Nevertheless, China’s epidemic still shows no signs of slowing 
down [1, 2, 18]. National HIV/AIDS Response Program leaders 
thought they had a good overall understanding of the epidemic. 
Program components, each enormous, were developed along-
side powerful data systems, which were integrated, upgraded, 
and relaunched in 2008 as China’s HIV/AIDS Comprehensive 
Response Information Management System (CRIMS) [19]. This 
has meant that an abundance of reasonably good quality data 
has been available for the generation of reports on a broad va-
riety of metrics at local, county, district, prefecture, province, and 
national levels. Furthermore, extensive research has resulted in 
a substantial published literature of observational reports, inter-
ventional studies, and clinical trials to supplement official pro-
grammatic data. Although each of these program components is 
admittedly imperfect and in need of further development [4–17], 
the data are complex, in some cases contradictory, and generally 
difficult to interpret. Increasingly, China’s HIV/AIDS epidemic 
seems to be something of an enigma—a puzzle of complex and 
contradictory data that must be better understood in order to 
course-correct and begin to achieve control. The objective of 
this article is to illustrate this using three “windows” into China’s 
HIV epidemic data. From these viewpoints, it appears we still do 
not know how much infection exists, how much transmission is 
occurring, and in what contexts transmission is occurring.

How Much HIV Infection Is There?

Periodically since 2005, experts from the National Center for 
AIDS/STD Control and Prevention (NCAIDS) at the Chinese 
Center for Disease Control and Prevention (China CDC), 
the Joint United Nations Program on HIV/AIDS (UNAIDS), 
and the World Health Organization (WHO) have conducted 
a joint estimation process, using the “workbook” method, for 
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the purpose of evaluating the status of China’s HIV epidemic 
[20]. Although the total estimated number of people living with 
HIV (PLWH) (ie, diagnosed plus undiagnosed) had steadily 
increased from 2005 to 2015, the estimated annual number of 
new infections had remained largely unchanged since 2007. 
Estimates of new infections were 50  000 (40  000–60  000) in 
2007, 48 000 (41 000–55 000) in 2009, 48 000 (41 000–54 000) 
in 2011, 45 000 (38 000–55 000) in 2013, and 45 000 (41 000–
50 000) in 2015 [18, 20–22]. These data strongly suggested that 
incidence had stabilized.

However, there were other indicators that caused program 
leaders to suspect that incidence was actually continuing to 
rise—stabilized estimates of new infections did not make sense 
in light of the still high and rising estimates of PLWH (diag-
nosed and undiagnosed), surveillance data, and case reporting 
data. Therefore, when the “workbook” method was again em-
ployed in 2017, the resulting estimates were very controversial. 
So, a new method was used in 2018—the “Spectrum/EPP” (ie, 
the Spectrum and Estimation and Projection Package program) 
method [23, 24]. The result was a total infected population size 
(diagnosed and undiagnosed) of 1.25 million at the end of 2018, 
with an estimated 80 000 (60 000–105 000) new HIV infections 
having occurred during that year [18]. Both estimates were well 
above what would have been expected based on trends that had 
been relatively consistent since 2005 (Figure 1A).

All things being equal, if the estimated numbers of annual 
new infections are correct, then the annual numbers of people 
who are newly at risk of transmitting infection (ie, those who 
are infectious) should have also stabilized. However, this ig-
nores the already large population of PLWH who are not being 
treated or not being treated effectively. Recent modeling studies 
have found that >97% of new infections are caused by transmis-
sion from either PLWH who are undiagnosed, meaning they 
are infected but remain unaware of their infection, or by PLWH 
who are unsuppressed, meaning they have been diagnosed but 
have not achieved viral suppression [25, 26]. The sum of these 
2 groups can serve as an estimate of the size of the infectious 
population.

Perhaps we can use the estimated size of the infectious pop-
ulation to answer the question, how much HIV infection is 
there in China? As an indicator of epidemic control, the de-
cline observed from 2011 through 2015 would seem to suggest 
that China was gaining control of its epidemic. However, in 
2018, the 1.25 million PLWH estimated using the new method 
(Figure  1A), less a total of 890  000 diagnosed PLWH in that 
year, results in an estimated 360 000 infected but undiagnosed 
people, all of whom were unknowingly capable of passing on 
their infection. Likewise, a total of 890 000 diagnosed PLWH, 
less a total of 480 000 virally suppressed PLWH in 2018, results 
in an estimated 410  000 people who were diagnosed but not 

Figure 1. Estimating the number of infected and infectious PLWH in China. A, Total number of people infected with HIV (ie, diagnosed and undiagnosed) is estimated 
periodically via a joint assessment process performed by NCAIDS/China CDC, UNAIDS, and WHO. Numbers of diagnosed PLWH and virally suppressed PLWH are obtained 
from case reporting data in CRIMS. Difference between the estimated number of people infected and the actual number of people diagnosed equals the estimated number of 
undiagnosed PLWH (ie, those who are infected but remain unaware of their status). Likewise, difference between the number of diagnosed PLWH and the number of virally 
suppressed PLWH equals the number of unsuppressed PLWH. B, Summed together, the undiagnosed and the unsuppressed equal an estimated number of PLWH who are 
infectious and capable of transmitting their HIV infection on to others. Abbreviations: CDC, Centers for Disease Control and Prevention; CRIMS, Comprehensive Response 
Information Management System; HIV, human immunodeficiency virus; NCAIDS, National Center for AIDS/STD Control and Prevention; PLWH, people living with HIV; 
UNAIDS, United Nations Program on HIV/AIDS; WHO, World Health Organization.
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virally suppressed, all of whom are also capable of passing on 
their infection. Summing the undiagnosed (ie, 360  000) and 
the unsuppressed (ie, 410  000) yields the estimated number 
of infectious PLWH in China in 2018, approximately 770 000 
(Figure  1B). This value is alarming—almost 800 thousand 
people in China can create 1 or more new infections and what 
was previously thought to be a steadily declining trend has been 
interrupted by an abrupt increase of approximately 33% be-
tween 2015 and 2018 in the total estimated number of infec-
tious PLWH in China.

What do these data mean? Do these estimated numbers of 
infectious PLWH help us predict numbers of new infections 
in subsequent years? Both methods used to estimate total 
and new infections are imperfect, but is one more accurate 
than the other? Hundreds of technical experts from across 
China have been involved in these exercises, as have interna-
tional experts including top technical specialists from WHO 
and UNAIDS. The outcomes of each of these exercises were 
checked to ensure they made logical sense and biological 
sense, and it is widely believed that these estimates are the 
best approximation possible with currently available know-
ledge and technology.

Unfortunately, the only thing that can be concluded is that, 
no matter the estimation method used, China missed the 2020 
deadline for the “First 90” UNAIDS target (90% of PLWH are 
diagnosed) [27]; considerable work remains if it is to achieve 
the 95–95–95 targets by 2030 [27], yet we still do not know how 
much HIV infection there is today in China.

How Much Transmission Is Occurring?

Knowing that the number of newly diagnosed PLWH is not 
the same as the number of newly infected PLWH, the idea be-
hind scaling up HIV testing has been that, over time, more and 
more undiagnosed PLWH will be diagnosed, and the number of 
PLWH who remain undiagnosed in society will become smaller 
and smaller. Many leaders of China’s National HIV/AIDS 
Response Program expected that after more than a decade of 
aggressive HIV testing scale up, the annual numbers of newly 
diagnosed PLWH would gradually decline. However, rather 
than decline, case reporting data show that the absolute number 
of new HIV diagnoses in the country continues to rise year after 
year (Figure 2A) [2, 4]. But what does this mean? The number 
of newly diagnosed cases in a year is determined by 2 factors—
the number of undiagnosed PLWH in society and the coverage 
of the society’s HIV testing programs. On the one hand, if there 
are very few undiagnosed PLWH, then even a near-universal 
HIV screening effort will not generate large numbers of new 
diagnoses. On the other hand, if there are many undiagnosed 
PLWH but a very limited HIV testing program, then there 
would be an extremely small number of PLWH being diag-
nosed during the year.

In China, HIV testing has been massively scaled up 
(Figure 2B) [28]. In 2005, <3700 testing sites provided 23.3 mil-
lion tests, whereas by the end of 2018, nearly 25 000 sites pro-
vided 240.9 million tests to China’s citizens [18]. Although the 
increase in newly diagnosed HIV cases year after year is cer-
tainly partially driven by this scale-up in HIV testing, it also 

Figure 2. Number of new HIV diagnoses made and number of HIV tests provided. A, Annual numbers of new diagnoses (in thousands; not new infections) are from case 
reporting data available in CRIMS. This is not a measure of incidence because many in China are only diagnosed after they have had HIV infection for many years. B, Annual 
numbers of HIV screening tests provided (in millions; tests actually taken, not just offered) is also from CRIMS. Because HIV tests may not be provided outside of government-
run public health and medical settings and authorized community-based organizations, these data are highly accurate with one exception: HIV self-testing is increasing 
yet not counted in CRIMS. Thus, data from more recent years (ie, 2016–18) are likely an understatement of true testing coverage. Abbreviations: CRIMS, Comprehensive 
Response Information Management System; HIV, human immunodeficiency virus.
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indicates that the population of PLWH in China who remain 
undiagnosed must still be very large.

However, it is difficult to separate the relative contributions 
of HIV testing scale-up and incidence of new infections to the 
effect we can see, which is an increase in new diagnoses over 
time. This is especially true when one considers the persistent 
problem of late diagnosis in China. A  recent study estimated 
that newly diagnosed PLWH in China had already had HIV in-
fection for a mean of 6.3  years at the time of their diagnosis 
[29]. Thus, in the China setting, after many years scaling up 
HIV testing, new diagnoses are still not the same thing as new 
infections.

So what can these data tell us about China’s HIV epidemic? 
How much transmission is occurring in China today? Is China 
losing or gaining control? If we subscribe to a definition of epi-
demic control that is based on estimated HIV incidence [30, 31],  
then the answer is we do not know. These data cannot tell us 
because of the disparity between date of infection and date of 
diagnosis.

Fortunately, there are tools to help separate recent from long-
term infection. BED capture-enzyme immunoassays and lim-
iting antigen-avidity assays have been used for many years in 
China in studies in high prevalence areas and in key popula-
tions, and more recently for surveillance at sentinel sites [14]. 
However, these methods have limitations that are exacerbated 

by high and increasing genetic diversity in human immunodefi-
ciency virus type 1 strains in China as well as variability in viral 
loads, immune function, and antiretroviral therapy use among 
Chinese PLWH [32]. Newer and faster recency assays have been 
developed, but they have yet to be employed on a broad scale in 
China [32, 33].

In What Contexts Is Transmission Occurring?

The HIV epidemic in China began with outbreaks among 
people who inject drugs in the remote southwest region in 
the late 1980s and among former plasma donors in rural cen-
tral provinces in the mid-1990s [2]. For more than 2 decades, 
the epidemic remained concentrated both geographically and 
within key high-risk groups. However, it has since shifted, and 
the dominant transmission route has been sexual contact for 
several years now [2]. Overall, the proportion of all newly diag-
nosed infections attributed to the sexual contact transmission 
route has increased from 11% in 2005 to 96% in 2017. In this 
12-year period, the heterosexual contact transmission route 
increased from 11% of all newly diagnosed HIV infections to 
70%, and male-male sexual contact increased from near zero to 
26% (Figure 3A) [18].

Although the shifting of transmission routes over time and 
the expansion of the HIV epidemic beyond high-risk groups and 
into the general population was not unexpected [34], the level of 

Figure 3. Contexts of HIV sexual transmission. A, Among newly diagnosed cases, only 11% were attributed to sexual contact in 2005, whereas in 2017, 96% were attrib-
uted to sexual contact: 70% heterosexual contact and 26% male-male sexual contact (ie, among MSM). B, Among heterosexual cases in 2017, 71% were males and 29% 
were females. C, Taking a closer look at the sources of these infections, 53% of male heterosexual cases report acquiring HIV from commercial partners compared to only 
8% of females, and only 3% of males report acquiring HIV from their spouse or long-term partner compared to 25% of females. Although these data are from case reports 
in CRIMS, they are based on risk behavior self-reported by newly diagnosed PLWH during routine epidemiological investigation. Abbreviations: CRIMS, Comprehensive 
Response Information Management System; HIV, human immunodeficiency virus; MSM, men who have sex with men; PLWH, people living with HIV.
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complexity in the data on heterosexual transmission has been sur-
prising, making it difficult to interpret and presenting challenges 
to the development of interventions meant to curb transmission.

For instance, with most newly diagnosed HIV cases each 
year attributed to heterosexual transmission (ie, currently 
70%; Figure  3A), why has HIV prevalence among female sex 
workers (FSW) and their male clients remained consistently 
very low? Indeed, HIV prevalence at the national level among 
these 2 vulnerable groups has never climbed above 1% [7, 18, 
35]. Granted, national-level figures such as this can hide locally 
high concentrations of HIV among risk groups, but we would 
still expect national-level prevalence in these risk groups to al-
ready be well above its historical value. Furthermore, epidemio-
logical investigations (which includes contact tracing) of newly 
diagnosed cases seem to contradict these data. In 2017, 71% of 
all heterosexually acquired cases were male, and 29% were fe-
male (Figure 3B). Among male cases, 53% reported the source 
of their infection as commercial sex partners (ie, FSW) and 
44% reported the source of their infection as casual partners 
(ie, nonmarital, noncommercial partners). By contrast, only 
8% of female cases reported commercial sex partners and 67% 
reported casual partners as the source of their HIV infection 
(Figure 3C) [18]. How can these seemingly conflicting observa-
tions be reconciled? Where does the HIV infection come from? 
Perhaps the sentinel surveillance program failed to survey rep-
resentative samples of FSW and their male clients or perhaps 
exposures were not accurately reported.

The complexity of heterosexual transmission in China is il-
lustrated also by the older adult male demographic (ie, men 
>60 years of age). There has been a significant increase in HIV 
among older adult men who report heterosexual contact as 
their infection route. The absolute number of newly diagnosed 
cases among this group has increased each year and is up from 
4800 in 2010 to 19  800 in 2017. Additionally, the older adult 
heterosexual male population represents an increasingly large 
proportion of all newly diagnosed cases each year, up from 7.4% 
in 2010 to 14.7% in 2017 [18]. HIV sexual transmission has 
been traditionally assumed to be a risk for younger, more sexu-
ally active people. However, in China at least, this assumption is 
clearly incorrect. Although these figures likely reflect the trou-
bling problem of late diagnosis in China [29], they may also sug-
gest a rise in the use of erectile dysfunction medication (EDM) 
or their less expensive alternatives, which in China are typically 
unregulated, illegally manufactured aphrodisiacs of unknown 
chemical composition. Studies among older Chinese men have 
suggested that EDM or aphrodisiac use, especially among those 
engaged in low-cost commercial sex and/or condomless sex, 
have greater risk of HIV and other sexually transmitted infec-
tions [36, 37]. Clearly these data indicate an urgent need for 
prevention and testing interventions in this vulnerable group.

It is likely that the HIV transmission route is misclassified 
as a result of social desirability bias. Stigma and discrimination 

toward MSM are still prevalent in China. An unpublished epi-
demiology data quality assessment study in China found that 
about 8–10% of MSM reported their HIV infections to be het-
erosexually acquired. But a correction for this bias based on 
this study is insufficient to account for the the overall trends 
observed. Guangxi Province has the highest proportion of 
elderly male HIV cases nationwide, and local epidemiologists 
there have found that most of these elderly men are widowed, 
divorced, or separated and that they visit low-fee FSW. Thus, it 
seems that data quality issues alone cannot simply explain the 
phenomenon observed.

However, if reducing incidence is the key to gaining control 
of the HIV epidemic in China [30, 31], then the heterosexual 
transmission route must be addressed. But how do we effec-
tively and efficiently find people at risk of acquiring HIV infec-
tion via heterosexual sex to intervene with prevention measures 
if they are not members of traditionally recognized high-risk 
groups? Molecular epidemiology studies and phylogenetic ana-
lyses can sort out these types of transmission network chal-
lenges. However, in China, these techniques have thus far been 
used primarily to describe the genetic diversity and prevalence 
of HIV variants: little work has been done to leverage these 
methods to explore HIV transmission networks in China [38].

Moving Forward

We have presented 3  “windows” into China’s epidemic data. 
From these viewpoints, it appears that we still do not know how 
much infection there is, how much transmission is occurring, 
and in what contexts transmission happens. The enigma that 
is China’s HIV epidemic must be better understood. Perhaps 
China’s new “mega-cohort” studies (ie, a cohort of more than 10 
million people followed since 2011) will provide some insight. 
Perhaps renewed emphasis on more detailed contact tracing 
will help if it is accompanied by concerted efforts to eliminate 
stigma and discrimination. Surely some answers must lie in ex-
isting programmatic information, which could be disaggregated 
in more precise and different ways to look for new patterns. 
Clearly, a comprehensive, integrated review of all National HIV/
AIDS Response Program data needs to be conducted and then 
supplemented with other sources of nongovernmental data. 
However, the best way forward is with a new research agenda. 
A new, comprehensive HIV research agenda must be thought-
fully developed, highly prioritized, appropriately funded, and 
urgently executed, and new evidence generated must be quickly 
used to drive broad-sweeping programmatic changes. This is 
the only way that China can begin to curb incidence and gain 
control of its HIV epidemic. This is the only way to change the 
future of HIV—and change the future for PLWH—in China.
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