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Abstract

Background In response to the coronavirus disease 2019 (COVID-19) pandemic, the Chinese government imple-
mented the dynamic COVID-zero strategy. We hypothesized that pandemic mitigation measures might have reduced
the incidence, mortality rates, and case fatality ratios (CFRs) of the human immunodeficiency virus (HIV) in 2020-2022.

Method We collected HIV incidence and mortality data from the website of the National Health Commission of the
People’s Republic of China from January 2015 to December 2022. We compared the observed and predicted HIV
values in 2020-2022 with those in 2015-2019 using a two-ratio Z-test.

Results From January 1, 2015, to December 31, 2022, a total of 480,747 HIV incident cases were reported in main-
land China, of which 60,906 (per year) and 58,739 (per year) were reported in 2015-2019 (pre-COVID-19 stage) and
2020-2022 (post-COVID-19 stage), respectively. The average yearly HIV incidence decreased by 5.2450% (from 4.4143
t0 4.1827 per 100,000 people, p < 0.001) in 2020-2022 compared with that in 2015-2019. However, the average yearly
HIV mortality rates and CFRs increased by 14.1076 and 20.4238%, respectively (all p< 0.001), in 2020-2022 compared
with those in 2015-2019. During the emergency phase in January 2020 to April 2020, the monthly incidence was
significantly lower (23.7158%) than that during the corresponding period in 2015-2019, while the incidence during
the routine stage in May 2020-December 2022 increased by 27.4334%, (all p < 0.001). The observed incidence and
mortality rates for HIV decreased by 16.55 and 18.1052% in 2020, by 25.1274 and 20.2136% in 2021, and by 39.7921
and 31.7535% in 2022, respectively, compared with the predicted values, (all p< 0.001).

Conclusions The findings suggest that China's dynamic COVID-zero strategy may have partly disrupted HIV transmis-
sion and further slowed down its growth. Without China’s dynamic COVID-zero strategy, HIV incidence and deaths

*Lan Wang, Na Zhao and Yuliang Wang contributed equally to the
manuscript.

fYunmei Yang, Chenjin Ma and Shelan Liu are co-senior authors.

*Correspondence:

YunmeiYang

1194070@zju.edu.cn

Chenjin Ma

machenjin@bjut.edu.cn

Shelan Liu

liushelan@126.com

Full list of author information is available at the end of the article

©The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12889-023-15268-9&domain=pdf

Wang et al. BMC Public Health (2023) 23:361

Page 2 of 11

in the country would have likely remained high in 2020-2022. There is an urgent need to expand and improve HIV
prevention, care, and treatment, as well as surveillance in the future.

Keywords COVID-19, HIV, Incidence, Mortality, Non-pharmaceutical interventions, China

Background

The first case of coronavirus disease 2019 (COVID-19)
was identified in the city of Wuhan in Hubei Province,
China, in December 2019 [1-4]. On March 11, 2020, the
World Health Organization declared the novel corona-
virus outbreak a global pandemic [5, 6]. The number of
confirmed global COVID-19 cases at the time of writing
on January 20, 2023, had exceeded 663 million, and 6.71
million deaths had been reported in more than 220 coun-
tries, areas, and territories; of this total, 11,001,439 con-
firmed cases and 34,375 deaths were reported in China
[7]. The COVID-19 outbreak has adversely affected
national economies and the health and lifestyles of peo-
ple throughout the world. Without a doubt, the COVID-
19 pandemic is the worst public threat that humans have
encountered in the past 100years [8]. In response to it,
most countries have implemented a range of social and
physical distancing measures and have administered
severe acute respiratory syndrome coronavirus-2 vac-
cines to reduce disease transmission [9]. These measures
and the redeployment of health staff as part of the pan-
demic response have been gradually applied, reducing
or reconfiguring the clinical services providing care for
other infectious diseases, including sexually transmitted
infections [10].

Previous studies have shown that the COVID-19 pan-
demic and the responses to this threat have resulted in a
substantial decline in the number of human immunode-
ficiency virus (HIV)-infected individuals in many coun-
tries, with significant undertesting, underreporting, and
underservice [10]. A survey conducted in 19 countries
in Central and Eastern Europe reported that HIV clinics
normally operated in only six of these countries (~32%)
during the pandemic [11-13]. A study reported the
reduced initiation of HIV treatment in South Africa dur-
ing the pandemic [14]. Another study from Italy, Spain,
and Taiwan suggested that decreases in HIV cases were
also observed [15]. However, no study of HIV epidemiol-
ogy during the COVID-19 pandemic has been reported
in China, where HIV is one of the most severe disease
burdens [16].

COVID-19 hit China in early December 2020. The
entire country experienced the large-scale epidemic
in the first season of 2020, which was named the
emergency response stage. Since May 2020, China has
entered the normalization stage of prevention and
control [17]. In response to the spread of the highly

transmissible Delta variant, China adopted a new strat-
egy called dynamic zero-COVID in August 2021, which
successfully controlled the spread of the disease at
a lower cost and in a shorter time [18]. This measure
differed considerably from the suppression and mitiga-
tion strategies applied in other countries. In response
to the pandemic, most hospitals in China diverted their
healthcare resources to the outbreak, limiting services
for other medical conditions, including HIV/acquired
immunodeficiency syndrome (AIDS). Although a few
articles have discussed the potential impact of COVID-
19 restrictions on HIV in Guangxi Province, we are
not aware of any empirical study that has estimated
the actual changes in the number of deaths and cases
among a large sample at the national level [13]. There-
fore, the current report presents analyses of national
surveillance data to assess the impact of the COVID-
19 pandemic and the dynamic COVID-zero strategy on
HIV incidence, mortality rates, and case fatality ratios
(CFRs) in China. This research will help healthcare pro-
viders navigate shifting tasks and reset priorities effec-
tively while developing clear guidelines to best serve
HIV patients after the pandemic.

Methods

Data sources

Since 2004, China has used the direct network report-
ing system called the China Infectious Disease Report-
ing Information System [19]. Diseases are divided
into three categories—classes A (two diseases), B
(27 diseases), and C (11 diseases)—all of which must
be reported within specified timeframes of 2hours,
24hours, and 24 hours, respectively [19]. HIV cases
must be identified as Class B, a notifiable infectious
disease.

In this study, data on monthly HIV cases and deaths,
including confirmed cases that occurred from Janu-
ary 2015 to December 2022, were obtained from the
National Health Commission of the People’s Republic
of China, which releases a monthly report of notifiable
infectious diseases online. Chinese population data
from 2015 to 2022 were taken from the National Bureau
of Statistics. Monthly and annual incidences or mor-
tality rates for HIV (per 100,000 people) were defined
as the number of monthly and annual cases or deaths
divided by the population size. The CFR is calculated
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by dividing the number of deaths from HIV during
a defined period of time by the number of individu-
als diagnosed with HIV during that time; the resulting
ratio is then multiplied by 100 to yield a percentage.

Case definition

The criteria for confirmed HIV cases were defined accord-
ing to the Chinese Guidelines for the Diagnosis and Treat-
ment of HIV/AIDS (2021 Edition), which was published in
December 2021 [20]. All reported cases were reviewed by
epidemiologists from local centers for disease control to
ensure the data’s completeness and validity.

Interrupted time series

China adopted its zero-infections policy to elimi-
nate COVID-19 in two stages: January 2020-April
2020, which was identified as the emergency stage of
COVID-19, and May 2020 to date, which was identified
as the routine stage, of which August 2021-December
2022 was identified as the dynamic COVID-zero stage
[17, 18]. The current study compares the monthly inci-
dence, mortality rates, and CFRs of HIV diseases dur-
ing the pre-emergency stage, emergency stage, and
post-emergency stage (routine stage).

Statistical analysis

To visually demonstrate the effects of COVID-19 on
HIV incidence, mortality rates, and CFRs, we catego-
rized the data according to time of occurrence: 2015—
2019 (pre-COVID-19) and 2020-2022 (post-COVID).

During the data analysis, summary statistics were
applied for HIV. Specifically, the following averages
were computed: annual number of cases, annual inci-
dence, monthly incidence, annual number of deaths,
annual mortality, and monthly mortality.

We defined yearly/monthly incidence (per 100,000)
as the number of yearly/monthly incident cases
divided by the total population size, overall, yearly/
monthly mortality (per 100,000) as the number of
yearly/monthly deaths divided by the total popula-
tion size, and case fatality ratio (per 100) as the num-
ber of yearly/monthly deaths divided by the number of
yearly/monthly incident cases. More details are pre-
sented in the following:

Pre-COVID-19 stage

1. Average yearly incidence=(total number of new
cases from 2015 to 2019 / 5) / (sum of the population
from 2015 to 2019 / 5) * 100,000

2. Average monthly incidence = (total number of new
cases from 2015 to 2019 / (5 * 12)) / (sum of the pop-
ulation from 2015 to 2019 / 5) * 100,000
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3. Average yearly mortality=(total number of new
deaths from 2015 to 2019 / 5) / (sum of the popula-
tion from 2015 to 2019 / 5) * 100,000

4. Average monthly mortality = (total number of new
deaths from 2015 to 2019 / (5 * 12)) / (sum of the
population from 2015 to 2019 / 5) * 100,000

5. Average yearly CFR=(total number of deaths from
2015 to 2019 / 5) / (total number of cases from 2015
to 2019 /5) * 100

6. Average monthly CFR=(total number of deaths
from 2015 to 2019 / (5 * 12)) / (total number of cases
from 2015 to 2019 / (5 * 12)) * 100

Post-COVID-19 stage

1. Average yearly incidence=(total number of new
cases from 2020 to 2022 / 3) / (sum of the population
from 2020 to 2022 / 3) * 100,000

2. Average monthly incidence = (total number of new
cases from 2020 to 2022 / (3 * 12)) / (sum of the pop-
ulation from 2020 to 2022 / 3) * 100,000

3. Average yearly mortality=(total number of new
deaths from 2020 to 2022 / 3) / (sum of the popula-
tion from 2020 to 2022 / 3) * 100,000

4. Average monthly mortality = (total number of new
deaths from 2020 to 2022 / (3 * 12)) / (sum of the
population from 2020 to 2022 / 3) * 100,000

5. Average yearly CFR=(total number of deaths from
2020 to 2022 / 3) / (total number of cases from 2020
to 2022/ 3) * 100

6. Average monthly CFR=(total number of deaths
from 2020 to 2022 / (3 * 12)) / (total number of cases
from 2020 to 2022 / (3 * 12)) * 100

We applied two proportional tests to analyze changes
in the average yearly incidence, yearly mortality rates, and
CFERs for 2015-2022. Changes were computed to iden-
tify the monthly incidence, monthly mortality rates, and
CER growth rates. A two-ratio Z-test was used to exam-
ine the differences in monthly incidence, mortality rates,
and CFRs in the emergency phase and in the routine
phase between 2015 and 2019 and 2020-2022. We used
the autoregressive integrated moving average (ARIMA)
model to predict the incidence, mortality rates, and CFRs
from 2020 to 2022 on the basis of 2015-2019 HIV data.
The ARIMA model has shown good predictive proper-
ties in many statistical and medical studies. A two-ratio
Z-test was also used to study the differences between the
observed and predicted values. The Wilcoxon rank test
was applied to examine the correlation between the num-
ber of HIV cases monthly and the number of COVID-19
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cases monthly. A regression line was also fitted between
the number of HIV cases monthly and the number of
COVID-19 cases monthly. We computed the lower and
upper 95% confidence intervals. In all tests, a p-value cut-
off of 0.05 was used.

Patient and public involvement

Involving patients or the public in the design, conduct,
reporting, or dissemination plans of our research was not
appropriate or possible.

Results

Overall yearly incidence trend

From January 1, 2015, to December 31, 2022, a total of
480,747 HIV cases were reported in mainland China,
of which 60,906 (per year) and 58,739 (per year) were
reported in 2015-2019 (pre-COVID-19 stage) and 2020—
2022 (post-COVID-19 stage), respectively.

During the post-COVID-19 stage, a total of 63,154,
61,032, and 52,032 new cases were reported in 2020,
2021, and 2022, respectively. The average yearly HIV inci-
dence decreased by 5.2450% (from 4.4143 to 4.1827 per
100,000 people, p< 0.001) in 2020-2022 compared with
that in 2015-2019 (Table 1).

Overall yearly mortality rate and CFR trends

From January 1, 2015, to December 31, 2022, a total of
141,296 HIV deaths were reported in China, of which
16,654 (per year) and 19,342 (per year) were reported
in 2015-2019 and 2020-2022, respectively. In the post-
COVID-19 stage, a total of 17,056, 20,259, and 18,788
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newly reported deaths were collected in 2020, 2021, and
2022, respectively.

The average yearly HIV mortality rates increased by
14.1076% (from 1.2070 to 1.3773 per 100,000 people,
p< 0.001) in 2020-2022 compared with those in 2015-
2019 (Table 1). Between 2020 and 2022 and 2015-2019,
the average yearly HIV CFRs increased by 20.4238%
(from 27.3439 to 32.9285 per 100 people, p< 0.001;
Table 1).

Monthly HIV incidence in the pre-emergency, emergency,
and post-emergency periods (routine phase)

The studied periods were further stratified by three
phases: pre-emergency (2015-2019), emergency (Jan-
uary 2020-April 2020), and post-emergency (routine
phase, from May 2020 to December 2022). The average
monthly HIV incidence during the emergency phase
was lower than that during the pre-emergency period
(0.2803 vs. 0.3675 per 100,000 people, a 23.7158%
decrease, p< 0.001); Fig. 1A and B; Table 2). By con-
trast, the average monthly incidence during the rou-
tine phase was considerably higher than that during
the emergency period (0.3572 vs. 0.2803 per 100,000
people, a 27.4334% increase, p < 0.001; Fig. 1A and B,
Table 2).

The monthly HIV incidence for 2015-2022 is pre-
sented in Supplementary Fig. 1. The scatter diagram of
the number of reported HIV cases monthly and the num-
ber of reported COVID-19 cases monthly from 2020 to
2022 is presented in Supplementary Fig. 2. We can see
from the fitting line that the number of HIV cases and

Table 1 Comparisons of the average yearly HIV incidence, mortality rates, and case fatality rates between 2020 and 2022 and 2015-

2019
Variable Post-COVID-19 Pre-COVID-19 Changes (%) 95% Cl p-value
Stage Stage
(2020-2022) (2015-2019)
Average Yearly Incidence Rate 4.1827 44143 —5.2450 —5.2766, —5.2154 < 0.001
(/100,000)
Average Yearly Mortality Rate 1.3773 1.2070 14.1076 14.0430, 14.1877 < 0.001
(/100,000)
Average Yearly Case Fatality Rate 32.9285 27.3439 204238 20.3842, 20.4629 < 0.001
(/100)

Changes = (x, - x;) / x; x 100, x1: average yearly incidence/mortality/CFR in 2015-2019; x2: average yearly incidence/mortality/CFR in 2020-2022. p-values were

computed using two proportional tests
Pre-COVID-19 Stage:

(1) Average yearly incidence = (total number of new cases from 2015 to 2019/ 5) / (sum of the population from 2015 to 2019/ 5) * 100,000

(2) Average yearly mortality = (total number of new deaths from 2015 to 2019/ 5) / (sum of the population from 2015 to 2019/ 5) * 100,000
(3) Average yearly CFR = (total number of deaths from 2015 to 2019/ 5) / (total number of cases from 2015 to 2019/ 5) * 100

Post-COVID-19 Stage:

(1) Average yearly incidence = (total number of new cases from 2020 to 2022/ 3) / (sum of the population from 2020 to 2022 / 3) * 100,000

(2) Average yearly mortality = (total number of new deaths from 2020 to 2022 / 3) / (sum of the population from 2020 to 2022 / 3) * 100,000
(3) Average yearly CFR = (total number of deaths from 2020 to 2022 / 3) / (total number of cases from 2020 to 2022 / 3) * 100
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the number of COVID-19 cases have a negative correla-
tion (p< 0.001).

Monthly HIV mortality rates in the pre-emergency,
emergency, and post-emergency periods (routine phase)
In 2020, the average monthly HIV mortality rates dur-
ing the emergency phase (January—April) were lowerer
than that in 2015-2019 (0.0882 vs. 0.1004 per 100,000
people, a 12.1606% decrease, p< 0.001; Fig. 1C and D;
Table 2). Moreover, the average monthly mortality rates
during the routine phase increased by 33.8750% (from
0.0882 to 0.1181 per 100,000 people, p< 0.001) compared
with those during the emergency period (Fig. 1C and D;
Table 2).

Monthly HIV CFRs in the pre-emergency, emergency,

and post-emergency periods (routine phase)

In 2020, the average monthly HIV CEFRs increased by
15.1475% (from 27.3290 to 31.4687 per 100 people,
p< 0.001) during the emergency phase (January—April)
compared with those during the corresponding period in
2015-2019. Meanwhile, the average monthly CFRs dur-
ing the routine phase in May 2020—-December 2022 fur-
ther increased by 5.0549% (from 31.4687 to 33.0594 per
100, p< 0.001) compared with those during the emer-
gency period in 2020 (Fig. 1E and F; Table 2).

Observed and predicted monthly incidence, mortality
rates, and CFRs

The observed yearly HIV incidence was significantly
lower than the predicted values in 2020 (16.55% lower),
2021 (25.1274% lower), and 2022 (39.7921% lower), all
p< 0.001 (Fig. 2; Table 3).

The observed mortality rates were much lower than the
predicted values in 2020 (an 18.1052% reduction), 2021
(a 20.2136% reduction), and 2022 (a 31.7535% reduction),
all p< 0.001 (see Fig. 2; Table 3).

The observed CFR was slightly lower than the pre-
dicted value in 2020 (a 3.4968% reduction), but it rose
by 3.1280% in 2021 and further increased by 8.3091% in
2022, all p< 0.001 (see Fig. 2; Table 3).

Discussion

Before the COVID-19 pandemic, the HIV situation was
a major public health concern in China. In this study, we
hypothesized that pandemic mitigation measures might
have influenced HIV incidence, mortality rates and CFR.

(See figure on next page.)
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National surveillance data from 31 provinces showed a
slight decrease in the overall incidence and number of
HIV cases during the COVID-19 pandemic in 2020-2022
compared to the pre-COVID-19 period (2015-2019).
Gradual increases in HIV mortality rates and CFRs were
observed in 2020-2022 compared to the five previous
years. By contrast, the observed incidence and mortal-
ity rates in 2020-2022 were much lower than predicted.
These findings suggest that China’s dynamic COVID-zero
strategy may have helped slow down HIV transmission.
The strength of this study is its largest sample size for
2015-2022, which cover all 31 provinces and have been
analyzed at the national level.

The first HIV infection was identified in China 35years
ago [21, 22]. Newly reported HIV/AIDS cases in China
increased annually by 15 times, that is, from 2705 cases
in 2005 to 42,406 cases in 2019 [16]. Meanwhile, the
number of HIV/AIDS-related deaths only increased
by 25%, that is, from 40,711 in 2005 to 51,250 in 2019,
despite China’s substantial progress in HIV screening
and therapy [23]. HIV transmission in China has evolved
from substance abuse via injections to outbreaks as a
result of plasma collection contamination in the mid-
1990s and to the almost exclusive transmission via sexual
contact at present [24]. Declines in HIV cases and diag-
noses after the implementation of COVID-19 restrictions
have been reported across Europe and elsewhere [10,
25, 26], ,but HIV-specific data on this phenomenon are
lacking in China. Our results show that the overall yearly
HIV incidence decreased by 5.2450% in 2020—2022 com-
pared with that in 2015-2019. Specifically, the monthly
incidence during the emergency phase of COVID-19 in
2020 was significantly lower than that during the corre-
sponding period in the five previous years. This decline
was due to several reasons [27]. First, strict quaran-
tine measures, the prohibition of public gatherings, and
the closure of public cultural and entertainment venues
may have drastically reduced opportunities to travel and
meet sexual partners, thus reducing the risk of expo-
sure during this period [28]. Second, the response to the
COVID-19 pandemic in 2020-2022 likely led to under-
diagnosis of HIV in China, including the disruptions
in clinical care services, shortages in HIV testing rea-
gents and materials, shifting of partner services staff to
COVID-19 activities [10]. Third, HIV consultations and
diagnoses likely decreased; there were delays in and/or
avoidance of urgent or emergency and routine medical

Fig. 1 Trends for the monthly incidence, mortality rates, and CFRs for HIV in China from 2015 to 2022. Notes: A Total number of HIV cases reported
monthly and the monthly incidence of HIV; C Total number of HIV deaths reported monthly and the monthly mortality rates of HIV; E Monthly CFRs;
2015-2019 (red bar and red line) and 2020-2022 (blue bar and blue line). B, D, and F Comparisons of the yearly incidence, mortality rates, and CFRs
for HIV between 2015 and 2019 and 2020-2022 (***, p< 0.001; **,0.001 <p< 0.01;*,0.01 <p< 0.05). Black lines indicate P25, P50, and P75 for the
upper and lower quartiles. Dots indicate the monthly incidence, mortality rates, and case fatality rates from January to December in different years
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Table 2 Changes in the average monthly HIV incidence, mortality rates, and case fatality rates in the pre-emergency, emergency, and

post-emergency periods (routine phases) in China

Variable Pre-Emergency Emergency Post- Changes 1(%) P1-value Changes2(%) P2-value
Stage Stage Emergency
(January 2015- (January Stage
December 2019) 2020-April (Routine Stage)
2020) (May 2020-
December
2022)
X1 X2 X3 X2 vs. X1 X3 vs. X2
Monthly Incidence Rate 0.3675 0.2803 03572 —23.7158 < 0.001 274334 < 0.001
(/100,000)
Monthly Mortality Rate 0.1004 0.0882 0.1181 —12.1606 < 0.001 33.8750 < 0.001
(/100,000)
Monthly Case Fatality Rate ~ 27.3290 31.4687 33.059%4 15.1475 < 0.001 5.0549 < 0.001
(/100)

(1) X1 =monthly incidence/mortality/CFR in the pre-emergency stage (January 2015-December 2019)

(2) X2=monthly incidence/mortality/CFR in the emergency stage (January 2020-April 2020)

(3) X3=monthly incidence/mortality/CFR in the post-emergency stage (May 2020-December 2022)

(4) Changes 1=(X2—X1) /X1 x 100

(5) Changes 2 = (X3 - X2) / X2 x 100

(6) The p-values for X2 vs. X1 and X3 vs. X2 were computed using two-ratio Z-tests
(7) The calculated formula:

Pre-emergency stage (January 2015-December 2019)

Average monthly incidence = (total number of new cases from 2015 to 2019/ (5 * 12)) / (sum of the population from 2015 to 2019/ 5) * 100,000
Average monthly mortality = (total number of new deaths from 2015 to 2019 /(5 * 12)) / (sum of the population from 2015 to 2019/ 5) * 100,000
Average monthly CFR = (total number of deaths from 2015 to 2019/ (5 * 12)) / (total number of cases from 2015 to 2019/ (5 * 12)) * 100

Emergency stage (January 2020-April 2020)

Average monthly incidence = (total number of new cases from January 2020 to April 2020/ 4 / (sum of the population from January 2020 to April 2020/4) * 100,000

Average monthly mortality = (total number of new deaths from January 2020 to April 2020 / 4 / sum of the population from January 2020 to April 2020/4) * 100,000
Average monthly CFR = (total number of deaths from January 2020 to April 2020 /4 / (total number of cases from January 2020 to April 2020/4) * 100

Post-emergency period (routine phases)

Average monthly incidence = (total number of new cases from May 2020 to December 2022 / 32 / (sum of the population from May 2020 to December

December 2022 / 32) * 100,000

Average monthly mortality = (total number of new deaths from May 2020 to December 2022 / 32 / (sum of the population from 2020 to December 2022 / 32) *

100,000

Average monthly CFR = (total number of deaths from May 2020 to December 2022/ 32 / (total number of cases from May 2020 to December 2022 / 32) * 100

care because of COVID-19 concerns [29, 30]. By con-
trast, the partial increase since the summer of 2020 may
be explained by the following three causes. First, sexual
behavior rebounded while service interruption persisted,
and cases will increase by the hundreds for HIV and by
the thousands for COVID-19, which aligns with a report
from New York [10]. Second, undetected HIV transmis-
sion during the emergency stage will only lead to further
increases in transmission [31]. Third, 40—-90% of people
have flu-like symptoms within two to 4 weeks after HIV
infection, which are somewhat similar to the early symp-
toms of COVID-19 infection [32]. Most HIV patients
have had more cause to seek medical care out of fear of
COVID-19 during the routine stage [33].

Our study showed that HIV-related deaths in China
in 2020 and 2022 continuously increased compared to
those 2015-2019. In the country, many of the primary

healthcare activities related to the long-term manage-
ment of HIV are undertaken mainly at hospitals [34].
During the COVID-19 outbreak, access to essential, life-
saving HIV drugs through hospital visits was severely
compromised, exacerbating established HIV cases and
increasing the risk of death. Most importantly, HIV car-
riers were not diagnosed early because they were worried
about contracting COVID-19 at the hospital. Second,
people living with HIV (PLWH) cannot refill their medi-
cation because of a shortage in antiretroviral therapy
(ART) drugs and strict quarantine measures and trans-
portation lockdowns. Disruptions in HIV treatment
provisions are concerning because direct-acting antivi-
rals clear the virus, so their inaccessibility increases the
potential for transmission and death. The Joint United
Nations Programme on HIV/AIDS and the BaiHualL, in
alliance with PLWH and with the support of the Chinese
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Fig. 2 Observed (black lines) and predicted (black dashed lines) HIV values from 2015 to 2022 in China. Notes: A HIV incidence. B HIV mortality

rates. C CFRs for HIV

National Center for AIDS/STD Control and Preven-
tion, surveyed PLWH in China in February 2020. Of this
population, 32.6% were found to be at risk of ART dis-
continuation, and about 48.6% did not know where to get
antiviral drugs in the near future [35, 36]. Third, during
the COVID-19 epidemic, many healthcare facilities were
diverted into caring for patients with COVID-19. PLWH
who should have started with ART might have been
deterred or delayed. Fourth, PLWH not only experience a
deterioration of their physical health but also suffer great
psychological and economic pressure [37]. They face a
higher risk of COVID-19 deaths than people without
HIV after adjusting for age and sex (hazard ratio: 2.90)
[38, 39].

Consistent with previous reports in China and else-
where, the observed total HIV incidence, mortality
rates were significantly lower than the predicted rates
in 2020-2022. This finding suggests that China’s the
dynamic COVID-zero strategy in 2020-2022 signifi-
cantly decreased the overall incidence and mortality rates
of HIV in China [34]. Strict containment and suppression
strategies changed people’s behaviors and sexual rela-
tionships. Meanwhile, these nonpharmaceutical inter-
ventions (NPIs) also resulted in difficulties in accessing
hospital services and reluctance to seek hospital care
during the outbreak, hence the fewer HIV diagnoses and
patient notifications made [10]. During China’s expansion
phase (1995 to the present), HIV has been characterized
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Table 3 Observed and predicted HIV incidence, mortality rates, and case fatality rates in China in 2020, 2021, and 2022
Variables 2020

Observed Predicted Changes 1 (%) 95% Cl p-value
Incidence Rate 0.3768 04516 —16.5500 —16.5888, —16.5378 < 0.001
(/100,000)
Mortality Rate 0.1133 0.1383 —18.1052 —18.1329, —18.0204 < 0.001
(/100,000)
Case Fatality Rate 30.0519 31.1409 —3.4968 —3.5316, 3.4624 < 0.001
(/100)

2021

Observed Predicted Changes 2 (%) 95% CI p-value
Incidence Rate 0.3623 04839 —25.1274 —25.1529, — 25.1055 < 0.001
(/100,000)
Mortality Rate 0.1203 0.1507 —20.2136 —20.2256, —20.1195 < 0.001
(/100,000)
Case Fatality Rate 33.1941 321872 3.1280 3.0942,3.1624 < 0.001
(/100)

2022

Observed Predicted Changes 3 (%) 95% Cl p-value
Incidence Rate 0.3070 0.5098 —39.7921 —39.8023, —39.7583 < 0.001
(/100,000)
Mortality Rate 0.1108 0.1624 —31.7535 —31.8226, —31.7242 < 0.001
(/100,000)
Case Fatality Rate 36.1085 33.3384 8.3091 82758, 8.3424 < 0.001
(/100)

Changes 1=(Observed — Predicted) / Predicted x 100 in 2020; Changes 2 = (Observed — Predicted) / Predicted x 100 in 2021; Changes 3 =(Observed — Predicted)
/ Predicted x 100 in 2022; p-values were computed using two proportional tests. The p-values for the emergency phase versus the routine response phase were

computed using two-ratio Z-tests

by an increasing prevalence and expanded geographic
reach. Since then, the number of HIV/AIDS cases has
grown rapidly [16, 40]. The expected incidence and mor-
tality in 2020 and 2022 increased, which might have par-
tially resulted from the long-term trend of HIV diseases
in China [41].

Limitations

This study has the following limitations. First, the
COVID-19 pandemic in China led to disruptions in
HIV testing services and access to clinical services in
2020-2022. There was a steep decrease in HIV diag-
noses, mostly attributed to declines in testing caused
by less frequent visits to health centers, reduced out-
reach services, and the shifting of public health staff to
COVID-19 response efforts. This likely influenced the
underreporting of the yearly incidence and mortality
rates of COVID-19. Second, a potential data bias in inci-
dence and mortality rates was reported in different prov-
inces because of the intensity of the epidemic, its scope,
and the measures taken, which varied from province to
province. Third, this study did not compare referrals in
2020-2022 to previous data on age- and gender-specific
populations, resulting in the failure to accurately predict
the effects on high-risk populations under the dynamic

COVID-zero strategy. Fourth, the changes in the past 8
years can be attributed to economic development and
advances in medical health technology. In 2003, China
rolled out its key policy of Four Frees, One Care in HIV/
AIDS prevention and control and strengthened almost
two decades of well-funded and comprehensive response
efforts in HIV prevention and control. The diagnosis
technology for HIV diseases has also been improved in
recent decades, particularly laboratory detection and
case identification at all provincial levels. Likewise, pre-
or post-exposure prophylaxis has been widely applied
in recent years after a single high-risk event to stop HIV
seroconversion.

Conclusion

The nationwide surveillance of HIV cases in China
showed that the HIV cases and incidence decreased
slightly in 2020-2022 compared with that in 2015-
2019, while the mortality rates and CFRs during the
two periods increased. Further stratified by phases, the
HIV incidence in the emergency stage of 2020 greatly
decreased compared with that in the corresponding
period of the five previous years, while it has obviously
rebounded in post-emergency period. All observed
incidence and mortality rates in 2020-2022 remained
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below the predicted levels. The findings of this study
suggest that China’s zero-COVID strategy may have
partly disrupted HIV transmission and further slowed
down its growth. As the COVID-19 pandemic is still
ongoing, more time and data are needed to assess accu-
rately the effects of China’s zero-COVID strategy on
HIV infection transmission and long-term outcomes in
the country.
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