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Abstract

Background: China implemented a nationwide lockdown to contain COVID-19 from an early stage. Previous studies of the
impact of COVID-19 on sexually transmitted diseases (STDs) and diseases caused by blood-borne viruses (BBVs) in China have
yielded widely disparate results, and studies on deaths attributable to STDs and BBVs are scarce.

Objective: We aimed to elucidate the impact of COVID-19 lockdown on cases, deaths, and case-fatality ratios of STDs and
BBVs.

Methods: We extracted monthly data on cases and deaths for AIDS, gonorrhea, syphilis, hepatitis B, and hepatitis C between
January 2015 and December 2021 from the notifiable disease reporting database on the official website of the National Health
Commission of China. We used descriptive statistics to summarize the number of cases and deaths and calculated incidence and
case-fatality ratios before and after the implementation of a nationwide lockdown (in January 2020). We used negative binominal
segmented regression models to estimate the immediate and long-term impacts of lockdown on cases, deaths, and case-fatality
ratios in January 2020 and December 2021, respectively.

Results: A total of 14,800,330 cases of and 127,030 deaths from AIDS, gonorrhea, syphilis, hepatitis B, and hepatitis C were
reported from January 2015 to December 2021, with an incidence of 149.11/100,000 before lockdown and 151.41/100,000 after
lockdown and a case-fatality ratio of 8.21/1000 before lockdown and 9.50/1000 after lockdown. The negative binominal model
showed significant decreases in January 2020 in AIDS cases (–23.4%; incidence rate ratio [IRR] 0.766, 95% CI 0.626-0.939)
and deaths (–23.9%; IRR 0.761, 95% CI 0.647-0.896), gonorrhea cases (–34.3%; IRR 0.657, 95% CI 0.524-0.823), syphilis cases
(–15.4%; IRR 0.846, 95% CI 0.763-0.937), hepatitis B cases (–17.5%; IRR 0.825, 95% CI 0.726-0.937), and hepatitis C cases
(–19.6%; IRR 0.804, 95% CI 0.693-0.933). Gonorrhea, syphilis, and hepatitis C showed small increases in the number of deaths
and case-fatality ratios in January 2020. By December 2021, the cases, deaths, and case-fatality ratios for each disease had either
reached or remained below expected levels.

Conclusions: COVID-19 lockdown may have contributed to fewer reported cases of AIDS, gonorrhea, syphilis, hepatitis B,
and hepatitis C and more reported deaths and case-fatality ratios of gonorrhea, syphilis, and hepatitis C in China.
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Introduction

China implemented stringent nonpharmaceutical interventions
(NPIs), including city lockdowns and traffic restrictions, social
distancing, and school closures in the early stages of the
outbreak of COVID-19 to contain its spread [1-7]. These NPIs
contributed to low morbidity and mortality of COVID-19 in the
country [8-10]. However, it is necessary to keep a constant focus
on other important infectious diseases. The numbers of
documented influenza and pneumonia deaths in the United
States in 2020 were reported to increase by 7.5% compared to
2019 [11], and modeling predicted that HIV deaths in African
countries would increase [12,13].

As humans migrate and communicate, sexually transmitted
diseases (STDs) and diseases caused by blood-borne viruses
(BBVs) are a serious global burden [14-16]. Although China
has established a national STD surveillance sentinel system,
increased publicity and education, and improved treatment
guidelines, STDs and BBVs are still on the rise. HIV/AIDS
morbidity, mortality, and new HIV infections (defined as newly
acquired blood HIV antibodies, as shown by positive results in
ELISA and Western blotting and a large viral load in PCR
testing) continually increased each year in China from 2004 to
2016 (from 0.235/100,000, 0.057/100, and 1.020/100,000 in
2004, respectively, to 3.990/100,000, 1.034/100, and
6.442/100,000, respectively, in 2016) [17]. Surveillance data
from 2004 to 2013 in China showed that the incidence of
hepatitis C, HIV infection, and syphilis increased by 19.2%
(95% CI 15.9%-22.6%) annually [18].

Understanding changes in AIDS, gonorrhea, syphilis, hepatitis
B, and hepatitis C over time is vital to contain the disease
burdens of STDs and BBVs. Many studies have mainly focused
on changes in respiratory infectious diseases during COVID-19
[19-21]. There is limited and conflicting evidence on changes
in STDs and BBVs during the pandemic. A large tertiary care
hospital in Chicago [22] reported the rate of presumed active
infection with syphilis increased from 1.2% (prepandemic; June
2019-March 2020) to 1.8% (during the pandemic; April
2020-June 2020). Two referral centers in Greece [23] recorded
10% and 36.9% decreases in syphilis and gonorrhea cases,
respectively, in 2020. A study of the STD and BBV service of
an Italian clinic [24] did not find statistically significant
differences compared with the previous 4 years. In addition,
previous studies of the impact of COVID-19 on STDs and BBVs
in China have yielded widely disparate results [25,26], and data
on deaths attributable to STDs and BBVs are scarce. We aimed
to elucidate the impact of COVID-19 lockdown on cases, deaths,
and case-fatality ratios for AIDS, gonorrhea, syphilis, hepatitis
B, and hepatitis C in China using interrupted time series
analysis. This may provide evidence of the impact of COVID-19
lockdown on STDs and BBVs at the national level and inform
planning for efficient control strategies in the postpandemic era.

Methods

Study Design
China launched a national online routine reporting system for
selected infectious diseases in 2003 that covers all 31 provinces

in mainland China. Health facilities at various levels are required
to report cases through standard case report forms within 2 to
24 hours of the detection of a notifiable infectious disease.

We extracted national data on monthly reported cases and deaths
for AIDS, gonorrhea, syphilis, hepatitis B, and hepatitis C,
which are mainly or can be sexually transmitted, from January
2015 to December 2021 from the official website of the China
Health and Wellness Commission [27]. The lockdown period
was considered to start in January 2020 with the Wuhan city
lockdown (on January 23, 2020) and massive restrictions
implemented nationwide. Although some regions had eased
restrictions before April 8 (when Wuhan lifted its restrictions),
they tended to take stronger NPI measures to deal with the
possible importation of COVID-19 cases from Wuhan. Based
on these considerations, we defined the lockdown period as
ending in April 2020. AIDS cases are defined as a diagnosis of
AIDS. Syphilis cases include both primary and secondary
syphilis. Cases that were reported as cases of notifiable
infectious disease and died as a result of that infectious disease
are reported as deaths, excluding deaths due to accidents or
noninfectious diseases.

Statistical Analysis
The primary outcome was the number of cases and deaths
reported by month for AIDS, gonorrhea, syphilis, hepatitis B,
and hepatitis C before and after lockdown implementation. The
secondary outcomes were the incidence and case-fatality ratios.
We defined the incidence (per 100,000 population) as the mean
value of annual new reported cases divided by the population
size and the case-fatality ratio (per 1000 population) as the mean
value of annual reported deaths divided by annual new reported
cases.

We first summarized monthly reported data on cases and deaths
for the 5 STDs and BBVs as the median (IQR) before, during,
and after lockdown and calculated the incidence and case-fatality
ratios before and after lockdown. The Kruskal-Wallis test was
used to compare secondary outcomes before and after lockdown.
Since overdispersion occurred in almost all outcomes
(Multimedia Appendix 1, Table S1), we conducted an
interrupted time series analysis by fitting a negative binominal
segmented regression model to estimate the immediate effects
of lockdown on cases, deaths, and case-fatality ratios, as well
as trends after lockdown [28]. The negative binominal model
included (1) a time variable, (2) a dummy variable representing
the pre- and postlockdown periods, and (3) an interaction term
between time and the dummy variables (Multimedia Appendix
1).

We adjusted for seasonality and long-term trends to control
their effects and allow the direct study of changes in public
health issues (ie, testing and transmission), as follows: (1) the
reporting of STD and BBV data is influenced by individual and
clinical activity, so we adjusted for seasonal variation by
including a Fourier term consisting of 2 sine-cosine pairs in the
model [29]; (2) the reporting of STD and BBV data has
long-term trends, so we adjusted for long-term trends by using
the prelockdown model to predict the expected outcomes after
lockdown (ie, a counterfactual scenario). We analyzed the
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annual trends of the models for the 5 diseases to determine their
seasonality.

The incidence rate ratio (IRR) was calculated by comparing the
fitted numbers from the model with the expected numbers from
the contemporaneous counterfactual. By subtracting a period
from the time variable, we were able to center time in January
2020 and December 2021 to estimate the impact on different
timepoints [30]. To calculate the trend after lockdown, we added
the coefficients associated with time and the time-dummy
interaction. We adjusted the standard errors of the model
parameters using the Newey-West method to calculate a 95%
CI for the IRR in both January 2020 and December 2021, with
lag taking the optimal value calculated [31].

We conducted a sensitivity analysis of the number of pairs of
Fourier terms (1, 3, and 5 pairs). All statistical tests were
2-sided, and P<.05 was considered statistically significant. We
performed all analyses in R (version 4.0.4; R Foundation for
Statistical Computing; Multimedia Appendix 1).

Ethical Considerations
This study was a secondary analysis of online reported data
with no identifying information available to the researchers.
Therefore, ethical review was not applicable.

Results

Overview of Study
From January 2015 to December 2021, 14,800,330 cases of
AIDS, gonorrhea, syphilis, hepatitis B, and hepatitis C were

reported in China, with a notified incidence of 149.11/100,000
before lockdown and 151.41/100,000 after lockdown. The
incidence (mean value of annual incidence) change in these 5
infectious diseases before and after lockdown is shown in Table
1. There were slight but not significant (P>.05) changes in the
incidence of the 5 diseases after lockdown. The median number
of monthly reported cases was 177,556 (IQR 164,546-187,722)
during the 60 months before lockdown, 155,491 (IQR
121,585-157,244) during the first 3 months of nationwide
lockdown (January 2020 to March 2020), and 184,401 (IQR
180,396-190,466) during the 21 months after lockdown eased
(April 2020 to December 2021). Figure 1 shows the annual
seasonal pattern in the case counts of the 5 diseases. AIDS
peaked in May and October to November, gonorrhea in July
and November, syphilis in May to June, and hepatitis B and C
in May.

In total, 127,030 deaths were reported during the study period,
with the case-fatality ratio changing from 8.15/1000 before
lockdown to 9.50/1000 after lockdown. The change in
case-fatality ratios (ie, the mean value of annual case-fatality
ratios) for the 5 infectious diseases before and after lockdown
is shown in Table 2. There was a significant (P=.03) increase
in the gonorrhea case-fatality ratio after lockdown (from
0.01/1000 to 0.04/1000). The median number of monthly deaths
due to the five STDs and BBVs was 1360 (IQR 1208-1692)
before lockdown, 1078 (IQR 1054-1270) during lockdown, and
1761 (IQR 1602-1942) after lockdown eased.

Table 1. Case numbers and incidence rates for AIDS, gonorrhea, syphilis, hepatitis B, and hepatitis C in China from January 2015 to December 2021.
Incidence was calculated as the mean number of annual new cases divided by the population size (per 100,000).

Cases after lockdown

easede,g, median (IQR)

Cases during lock-

downe,f, median (IQR)

Cases before lock-

downc,e, median (IQR)

P valueIncidence after

lockdownb,d
Incidence
before lock-

downb,c

Casesa, n

184,401 (180,396-
190,466)

155,491 (121,585-
157,244)

177,556 (164,546-
187,722)

.70151.41149.1114,800,330All 5 diseases

5484 (5039-6124)2759 (2446-3784)5124 (4291-6098).704.404.31428,715AIDS

10,874 (10,551-11,264)4661 (4092-6458)10,436 (8954-11,343).708.388.65846,935Gonorrhea

46,538 (44,438-47,999)39,671 (30,560-40,412)42,702 (38,898-46,394).4437.5636.153,612,684Syphilis

101,701 (99,319-
105,393)

88,150 (69,828-89,588)97,461 (90,780-
103,851)

.7084.2982.728,219,292Hepatitis B

20,438 (20,001-21,254)16,718 (12,893-17,002)20,400 (19,224-21,502).4416.7817.271,692,704Hepatitis C

aTotal number of cases from January 2015 to December 2021.
bPer year.
cBefore lockdown: January 2015 to December 2019.
dAfter lockdown: From January 2020 to December 2021.
ePer month.
fDuring lockdown: From January 2020 to March 2020.
gAfter lockdown eased: From April 2020 to December 2021.
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Figure 1. Negative binominal models for monthly cases of AIDS, gonorrhea, syphilis, hepatitis B, and hepatitis C by year in China from January 2015
to December 2021. Total cases (A), AIDS (B), gonorrhea (C), syphilis (D), hepatitis B (E) and hepatitis C (F).

Table 2. Deaths and case-fatality ratios for AIDS, gonorrhea, syphilis, hepatitis B, and hepatitis C in China from January 2015 to December 2021. The
case-fatality ratio represents the mean number of annual deaths divided by annual new cases (per 1000).

Deaths after lockdown

easede,g, median (IQR)

Deaths during lock-

downe,f, median (IQR)

Deaths before lock-

downb,e, median (IQR)

P valueCase-fatality
ratio after

lockdownc,d

Case-fatality ra-
tio before lock-

downb,c

Deathsa,
n

1761 (1602-1942)1078 (1054-1270)1360 (1208-1692).449.508.15127,030All 5 diseases

1700 (1554-1874)971 (962-1194)1304 (1156-1635).44316.23271.38122,508AIDS

0 (0-0)0 (0-2)0 (0-0).030.040.0115Gonorrhea

6 (4-7)9 (8-17)6 (4-8)>.990.160.14516Syphilis

37 (33-44)37 (34-58)38 (31-42).240.410.383168Hepatitis B

10 (8-11)12 (9-14)9 (7-12).700.480.49823Hepatitis C

aTotal number from January 2015 to December 2021.
bBefore lockdown: From January 2015 to December 2019.
cPer year.
dAfter lockdown: From January 2020 to December 2021.
ePer month.
fDuring lockdown: From January 2020 to March 2020.
gAfter lockdown eased: From April 2020 to December 2021.
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Cases and Deaths

AIDS
In the first month of lockdown, there was a 23.4% (IRR 0.766,
95% CI 0.626-0.939; Figure 2A and Table 3) decrease in the
number of reported AIDS cases; after lockdown, the monthly
number remained unchanged (IRR 1.005, 95% CI 0.990-1.020);
by December 2021, AIDS cases were still below the expected
level (IRR 0.715, 95% CI 0.586-0.874).

In the first month of lockdown, the number of reported AIDS
deaths showed a 23.9% decline (IRR 0.761, 95% CI

0.647-0.896); after lockdown, the number showed an increasing
trend of 1.1% (IRR 1.011, 95% CI 1.000-1.021) per month; by
December 2021, the number of AIDS deaths remained below
the expected level (IRR 0.754, 95% CI 0.654-0.869). In the first
month of lockdown, there was no significant change in the AIDS
case-fatality ratio (IRR 1.004, 95% CI 0.895-1.125); after
lockdown, the monthly number remained unchanged (IRR 1.006,
95% CI 0.997-1.016); by December 2021, the AIDS case-fatality
ratio remained in line with the expected level (IRR 1.075, 95%
CI 0.924-1.252).

Figure 2. Monthly numbers, trends, and fitted negative binominal segmented regression models for 5 sexually transmitted diseases and diseases caused
by blood-borne viruses in China from January 2015 to December 2021: AIDS (A), gonorrhea (B), syphilis (C), hepatitis B (D), and hepatitis C (E). The
light blue shaded areas indicate the period during the lockdown, from January 2020 to March 2020, and the dark blue shaded areas indicate the period
after lockdown eased, from April 2020 to December 2021. Case-fatality ratios represent the number of deaths divided by the number of new cases (per
1000). NPI: nonpharmaceutical intervention.
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Table 3. Negative binominal segmented regression models of the impact of COVID-19 lockdown on AIDS, gonorrhea, syphilis, hepatitis B, and
hepatitis C in China from January 2015 to December 2021. Trend represents the slope change per month. Case-fatality ratio represents the number of
deaths divided by the number of new cases. Autocorrelation was addressed for all diseases using Newey-West standard errors to calculate CIs, with lag
taking the optimal value calculated.

Trend (95% CI) after lock-

downe
Trend (95% CI) before

lockdownd
IRR (95% CI) at study endcIRRa (95% CI) at lockdownbDisease

AIDS

1.005 (0.990-1.020)1.008 (1.006-1.009)0.715 (0.586-0.874)0.766 (0.626-0.939)Cases

1.011 (1.000-1.021)1.011 (1.009-1.013)0.754 (0.654-0.869)0.761 (0.647-0.896)Deaths

1.006 (0.997-1.016)1.003 (1.002-1.004)1.075 (0.924-1.252)1.004 (0.895-1.125)Case-fatality ratio

Gonorrhea

1.021 (1.007-1.035)1.005 (1.001-1.008)0.952 (0.722-1.257)0.657 (0.524-0.823)Cases

0.916 (0.804-1.043)1.015 (0.982-1.049)0.558 (0.038-8.266)5.902 (1.090-31.959)Deaths

0.880 (0.766-1.012)1.012 (0.977-1.048)0.398 (0.018-8.890)9.676 (1.764-53.089)Case-fatality ratio

Syphilis

1.004 (0.998-1.010)1.005 (1.004-1.006)0.818 (0.751-0.892)0.846 (0.763-0.937)Cases

0.946 (0.913-0.980)0.995 (0.990-1.001)0.735 (0.421-1.284)2.380 (1.455-3.893)Deaths

0.933 (0.897-0.971)0.990 (0.984-0.996)0.810 (0.442-1.484)3.173 (1.877-5.365)Case-fatality ratio

Hepatitis B

1.010 (1.002-1.018)1.003 (1.002-1.004)0.968 (0.896-1.045)0.825 (0.726-0.937)Cases

0.989 (0.979-0.999)1.006 (1.003-1.009)0.704 (0.590-0.842)1.038 (0.854-1.261)Deaths

0.976 (0.958-0.995)1.003 (1.000-1.006)0.709 (0.556-0.902)1.312 (0.997-1.726)Case-fatality ratio

Hepatitis C

1.010 (1.001-1.019)1.002 (1.001-1.004)0.950 (0.854-1.057)0.804 (0.693-0.933)Cases

0.996 (0.982-1.011)1.000 (0.994-1.006)0.926 (0.672-1.275)1.006 (0.781-1.296)Deaths

0.979 (0.966-0.992)0.997 (0.991-1.004)0.906 (0.653-1.258)1.394 (1.080-1.800)Case-fatality ratio

aIRR: incidence rate ratio.
bJanuary 2020.
cDecember 2021.
dFrom January 2015 to December 2019.
eFrom January 2020 to December 2021.

Gonorrhea
In the first month of lockdown, there was a 34.3% decline (IRR
0.657, 95% CI 0.524-0.823; Figure 2B and Table 3) in the
number of reported gonorrhea cases; after lockdown, there was
a 2.1% (IRR 1.021, 95% CI 1.007-1.035) monthly increasing
trend; by December 2021, the number of gonorrhea cases had
returned to the expected level (IRR 0.952, 95% CI 0.722-1.257).

In the first month of lockdown, the number of reported
gonorrhea deaths showed an increase of 490.2% (IRR 5.902,
95% CI 1.090-31.959); after lockdown, the number remained
largely unchanged (IRR 0.916, 95% CI 0.804-1.043); by
December 2021, the number of gonorrhea deaths had returned
to below the expected level (IRR 0.558, 95% CI 0.038-8.266).
In the first month of lockdown, there was an 867.6% increase
(IRR 9.676, 95% CI 1.764-53.089) in the gonorrhea case-fatality
ratio; after lockdown, the number remained unchanged (IRR
0.880, 95% CI 0.766-1.012); by August 2021, the gonorrhea

case-fatality ratio had returned to below the expected level (IRR
0.398, 95% CI 0.018-8.890).

Syphilis
In the first month of lockdown, the number of reported syphilis
cases showed a 15.4% decrease (IRR 0.846, 95% CI
0.763-0.937; Figure 2C and Table 3); after lockdown, the
monthly number per month was unchanged (IRR 1.004, 95%
CI 0.998-1.010); by December 2021, the number of syphilis
cases was still below the expected level (IRR 0.818, 95% CI
0.751-0.892).

In the first month of lockdown, the number of reported syphilis
deaths showed an increase of 138% (IRR 2.380, 95% CI
1.455-3.893); after lockdown, the number per month showed a
decreasing trend of 5.4% (IRR 0.946, 95% CI 0.913-0.980); by
December 2021, the number of syphilis deaths had returned to
below the expected level (IRR 0.735, 95% CI 0.421-1.284). In
the first month of lockdown, the syphilis case-fatality ratio
showed an increase of 217.3% (IRR 3.173, 95% CI
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1.877-5.365); after lockdown, the number per month showed a
decreasing trend of 6.7% (IRR 0.933, 95% CI 0.897-0.971); by
December 2021, the syphilis case-fatality ratio had returned to
the expected level (IRR 0.810, 95% CI 0.442-1.484).

Hepatitis B
In the first month of lockdown, there was a 17.5% (IRR 0.825,
95% CI 0.726-0.937; Figure 2D and Table 3) decrease in the
number of reported hepatitis B cases; after lockdown, there was
an increasing trend of 1% (IRR 1.010, 95% CI 1.002-1.018)
per month; by December 2021, the number of hepatitis B cases
had returned to the expected level (IRR 0.968, 95% CI
0.896-1.045).

In the first month of lockdown, there was no significant change
in the number of reported hepatitis B deaths (IRR 1.038, 95%
CI 0.854-1.261); after lockdown, the number showed a
decreasing trend of 1.1% (IRR 0.989, 95% CI 0.979-0.999) per
month; by December 2021, the number of hepatitis B deaths
was significantly lower than the expected level (IRR 0.704,
95% CI 0.590-0.842). In the first month of lockdown, there was
no significant change in the hepatitis B case-fatality ratio (IRR
1.312, 95% CI 0.997-1.726); after lockdown, it showed a
decreasing trend of 2.4% (IRR 0.976, 95% CI 0.958-0.995); by
December 2021, the hepatitis B case-fatality ratio was
significantly lower than the expected level (IRR 0.709, 95% CI
0.556-0.902).

Hepatitis C
In the first month of lockdown, there was a 19.6% (IRR 0.804,
95% CI 0.693-0.933; Figure 2E and Table 3) decrease in the
number of reported hepatitis C cases; after lockdown, there was
a 1% increasing trend (IRR 1.010, 95% CI 1.001-1.019) per
month; by December 2021, the number of hepatitis C cases had
returned to the expected level (IRR 0.950, 95% CI 0.854-1.057).

In the first month of lockdown, there was no significant change
in the number of reported hepatitis C deaths (IRR 1.006, 95%
CI 0.781-1.296); after lockdown, the monthly number remained
unchanged (IRR 0.996, 95% CI 0.982-1.011); by December
2021, the number of hepatitis C deaths was not significantly
different from the expected level (IRR 0.926, 95% CI
0.672-1.275). In the first month of lockdown, there was a 39.4%
increase (IRR 1.394, 95% CI 1.080-1.800) in the hepatitis C
case-fatality ratio; after lockdown, it showed a decreasing trend
of 2.1% (IRR 0.979, 95% CI 0.966-0.992) per month; by
December 2021, the hepatitis C case-fatality ratio was not
significantly different from the expected level (IRR 0.906, 95%
CI 0.653-1.258).

Sensitivity Analysis
Sensitivity analysis showed that the number of pairs of the
Fourier term had little effect on the results (Multimedia
Appendix 1, Tables S2, S3, and S4).

Discussion

Principal Findings
This study found that COVID-19 lockdown had a significant
impact on the number of reported cases and deaths and

case-fatality ratios for AIDS, gonorrhea, syphilis, hepatitis B,
and hepatitis C in China. In the first month of lockdown,
significant decreases were seen in reported AIDS cases (–23.4%)
and deaths (–23.9%), reported gonorrhea cases (–34.3%),
reported syphilis cases (–15.4%), reported hepatitis B cases
(–17.5%), and reported hepatitis C cases (–19.6%). Gonorrhea,
syphilis, and hepatitis C showed small increases in the number
of reported deaths and case-fatality ratios in January 2020. By
December 2021, nearly two years after the lockdown, the
reported cases, deaths, and case-fatality ratios for each disease
either reached or remained below expected levels.

Our study found that monthly reported cases of each disease
showed an alarming upward trend before the COVID-19
pandemic, which was consistent with the overall trend
worldwide. Since the 1980s, the number of new reported cases
of STDs and BBVs has declined significantly with
comprehensive prevention efforts around the world [32-34].
However, over the past decade, several countries and regions
have reported an increasing trend in reported cases of STDs and
BBVs. From 2009 to 2019, reported syphilis cases in Sri Lanka
and reported gonorrhea and syphilis cases in Thailand showed
an increasing trend [35]. A similar trend has been observed in
several European countries [36]. With the widespread global
epidemic of HIV, STDs and BBVs have become an increasingly
serious public health problem.

In addition, the seasonality of reported cases of STDs and BBVs
shown in this study is consistent with existing research. A study
from Melbourne, Australia [37] found that urethral gonorrhea
diagnoses among men who have sex with men (odds ratio [OR]
1.23, 95% CI 1.04-1.46) and nongonococcal urethritis diagnoses
among men who have sex with women (OR 1.11, 95% CI
1.03-1.20) were higher in summer compared with winter. This
may be due to increased chances of infection due to increased
biological sexual desire, number of sexual partners, and sexual
activity during the hot summer months [38,39], as well as
increased willingness to test for STDs and BBVs in the
population due to World AIDS Day (December 1). In addition,
the annual seasonal pattern of monthly reported cases of the 5
infectious diseases was largely due to the annual activities of
clinics and health facilities. Every year around April, health
facilities in different regions in China receive their annual
assignments, so most peaks in disease reporting are in the last
3 quarters. In the first quarter, there is a major holiday in China
(Chinese New Year), leading to a low disease reporting level.
Similar trends were observed in our study, suggesting that our
data source and analytic tools were robust.

Decreases in reported AIDS, gonorrhea, syphilis, hepatitis B,
and hepatitis C cases during the COVID-19 lockdown have also
been observed in other countries. A national study in the United
States [40] found that the numbers of weekly reported cases of
chlamydia (–49.8%), gonorrhea (–71.2%), and syphilis (–63.7%)
were much lower in 2020 than in week 15 of 2019. A study in
Catalonia, Spain [41] found that there were 51% fewer reported
cases of STDs and BBVs than expected since the beginning of
the COVID-19 pandemic, reaching an average of 56% during
the lockdown, with the greatest decrease of 72% for chlamydia
and the least, of 22%, for syphilis. Difficulties and unwillingness
to seek medical care and possible underreporting were
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considered as reasons for the decrease in the 5 diseases.
According to a study on health service use during COVID-19
in China, all-cause visits showed a decrease of 47.6% (ranging
from 24.8% in township health centers to 70% in primary care
clinics) and inpatient volume showed a decrease of 47.7%
(ranging from 26.8% in other health facilities to 57.8% in
first-level hospitals) in February 2020 [42]. Another study, in
Hong Kong, found that emergency department visits decreased
by 27.4%, from 1,426,259 in 2019 to 1,035,562 in 2020 [43].
Several studies have reported that patients have delayed or
avoided seeking care for fear of being infected with COVID-19
[44,45].

The decrease in the number of reported cases may also be due
to NPIs such as mobility restrictions and social distancing
measures affecting people’s sexual activity. A study of 967
Chinese youth [46] found that 22% of participants reported
decreased sexual desire, 41% decreased frequency of sexual
intercourse, 30% increased frequency of masturbation, 20%
decreased alcohol consumption before or during sexual activity,
and 31% deterioration in partner relationships during the
pandemic and related containment measures. An online survey
conducted in China [47] showed that 44% of people reported a
decrease in sexual partners during COVID-19. In addition,
frequent long-term lockdowns reduce interpersonal contact and
public gatherings, which may also reduce the risk of
transmission of STDs and BBVs in the population.

The immediate decrease in reported AIDS deaths in the first
month of lockdown may be due to COVID-19 deaths among
people living with AIDS being attributed to COVID-19 rather
than AIDS. According to the National Health Commission of
China, the cumulative number of deaths nationwide reached
4636 by the end of 2021 [48]. However, we are concerned that
incorrect death certificates might obscure the truth about the
deaths of HIV patients, especially during the COVID-19
pandemic, when a high work burden might have resulted in
incorrect findings and documentation within hospitals and
clinics. In the future, it would be valuable to elucidate the
reasons behind changes in the number of deaths if more data
become available. In addition, AIDS deaths were lower than
the expected level 24 months after lockdown, which may be
explained by the effectiveness of measures taken in China to
prevent antiretroviral therapy (ART) interruption. NPIs adopted
by countries or regions around the world during the COVID-19
pandemic were thought to affect the HIV care continuum for
people living with HIV/AIDS [12,30,49,50]. The Chinese Center
for AIDS/STD Control and Prevention released a nationwide
directive on January 26, 2020, under which people living with
HIV/AIDS could obtain 1 month of ART from any local HIV
care clinic or hospital [51]. Designated hospitals and clinics
across the country also contributed to the maintenance of ART.
Hospitals in Shenzhen increased the supply of medications for
a single ART collection and adopted courier delivery to ensure
uninterrupted treatment for people living with HIV/AIDS during
the outbreak [52]. Together, these efforts mitigated the
disruption of ART to the greatest extent possible.

The increase in reported deaths or case-fatality ratios for
gonorrhea, syphilis, and hepatitis C may be associated with
shifts in medical resources and services to COVID-19 patients.

China heavily focused the use of medical supplies, human
resources, and health resources during the pandemic to respond
to the explosive increase in confirmed COVID-19 cases, with
some hospitals shutting down due to the risk of COVID-19
infection and some admitting only severe and critically ill
COVID-19 cases [53]. Reduced willingness to seek medical
care and access to care may have contributed to the disruption
of treatment and the increase in deaths. However, it is important
to note that the absolute numbers of deaths from gonorrhea,
syphilis, and hepatitis C were very small and should not be
overinterpreted.

The implementation of massive lockdowns did not change the
increasing trend of reported cases of gonorrhea, hepatitis B, and
hepatitis C. These short-term trends may not necessarily be
stable due to the immediate impact of lockdown on STDs and
BBVs in January 2020 and will need to be observed over a
longer period. As China rapidly brought the domestic COVID-19
pandemic under control, the health system was able to shift
resources and human resources to address other infectious
diseases. Concerns about seeking health care were alleviated,
with health facility visits and inpatient volume showing
continued statistically significant increases after March 2020,
reaching 89% and 91% of expected levels, respectively, in June
2020 [42]. Meanwhile, frequent and persistent NPIs in China
such as social distancing continued to affect sexual activity and
limit the spread of STDs and BBVs after the Wuhan lockdown
was lifted (on April 7, 2020). By December 2021, reported
cases, deaths, and case-fatality ratios for AIDS, gonorrhea,
syphilis, hepatitis B, and hepatitis C either reached or remained
below expected levels.

Our study used 7 years of nationwide data to estimate the impact
of COVID-19 on AIDS, gonorrhea, syphilis, hepatitis B, and
hepatitis C in China using 4 indicators adjusted for long-term
trends and seasonality. To our knowledge, this is the first study
to use interrupted time series analyses to elucidate the number
of reported STD and BBV cases and deaths in China during the
COVID-19 pandemic. However, our study has several
limitations. First, it is an ecological study and cannot
demonstrate a causal relationship between COVID-19
lockdowns and changes in trends related to AIDS, gonorrhea,
syphilis, hepatitis B, and hepatitis C in China. Second, our study
was based on publicly available data, which limited what kinds
of data we could obtain. Due to a lack of data reported on a
weekly basis, we could only define the time point for lockdown
as January 2020, which may be inaccurate. Due to a lack of
provincial data, we were unable to provide results for different
provinces or regions in this study. Potentially, deaths due to
COVID-19 and incorrect death certificates in hospitals and
clinics during the COVID-19 pandemic could have affected the
accuracy of this study’s results. The lack of prevalence data is
also a limitation, given that the prevalence of many infectious
diseases is unknown. Although the case-fatality ratio cannot be
interpreted as the overall risk of death from an infection, it is
the most commonly used metric because most countries collect
this information [18,54,55]. As prevalence is unknown, the
case-fatality ratio not only provides a crude estimate of the risk
of death (such as in the COVID-19 outbreak [56]), but also
allows for cross-sectional comparisons. Finally, this study was
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a secondary analysis of online reported data with no identifying
information available to the researchers, which limits our
consideration of disease intersections in the analysis. The
subjects of our study should be interpreted as reported cases of
a single disease rather than as individuals.

Conclusion
In summary, these findings suggest that AIDS, gonorrhea,
syphilis, hepatitis B, and hepatitis C in China were transiently
affected by COVID-19 lockdown. Our findings may promote
the development of STD and BBV policies and control measures
in the context of the COVID-19 pandemic and the persistence
of lockdowns. More long-term observations are needed to
investigate trends in STDs and BBVs over time.

Acknowledgments
This study was supported by the Natural Science Foundation of China Excellent Young Scientists Fund (82022064), the Special
Support Plan for High-Level Talents of Guangdong Province (2019TQ05Y230), the High Level Project of Medicine in Longhua,
Shenzhen (HLPM201907020105), the Sanming Project of Medicine in Shenzhen (SZSM201811071), the Shenzhen Nanshan
District San-Ming Project (SZSM202103008), and the “Pearl River Talent Plan” Innovation and Entrepreneurship Team Project
of Guangdong Province (2021ZT09Y544). No funding parties had any role in the design of the study or in the explanation of the
data. The corresponding author had full access to all the data in the study and had final responsibility for the decision to submit
it for publication.

Data Availability
The data sets generated during and/or analyzed during the current study are available in the public, open-access China Health
and Wellness Commission repository [27].

Authors' Contributions
HZ, CY, XW, XZ, and YC conceived and designed the study in consultation with the other authors. YC contributed to data
collection. XZ reviewed scientific literature. XW contributed to data analysis and presentation. All authors contributed to the
interpretation of the study findings. XW drafted the report with all authors critically reviewing the paper. All authors saw and
approved the final report. HZ and CY contributed equally to this work. XW, XZ and YC contributed equally to this work.

Conflicts of Interest
None declared.

Multimedia Appendix 1
Formula for negative binominal regression models and supplementary tables.
[DOCX File , 33 KB-Multimedia Appendix 1]

References

1. The State Council's announcement on the arrangement of public holidays in 2020. The State Council of the People's Republic
of China. URL: http://www.gov.cn/zhengce/content/2019-11/21/content_5454164.htm [accessed 2023-04-13]

2. The State Council's announcement on extending the Lunar New Year Holiday in 2020. The State Council of the People's
Republic of China. URL: http://www.gov.cn/zhengce/content/2020-01/27/content_5472352.htm [accessed 2023-01-13]

3. Press conference on Jan 26. National Health Commission of the People's Republic of China. URL: http://www.nhc.gov.cn/
xcs/fkdt/202001/12ec9062d5d041f38e210e8b69b6d7ef.shtml [accessed 2023-04-13]

4. The announcement of cancellations of major events including temple fairs in Beijing. The People's Government of Beijing
Municipality. URL: http://www.beijing.gov.cn/ywdt/gzdt/t1614497.htm [accessed 2023-04-13]

5. The announcement from Wuhan's headquarters on the novel coronavirus prevention and control. The State Council of the
People's Republic of China. URL: http://www.gov.cn/xinwen/2020-01/23/content_5471751.htm [accessed 2023-04-13]

6. Shen J, Duan H, Zhang B, Wang J, Ji JS, Wang J, et al. Prevention and control of COVID-19 in public transportation:
Experience from China. Environ Pollut 2020 Nov;266(Pt 2):115291 [FREE Full text] [doi: 10.1016/j.envpol.2020.115291]
[Medline: 32829124]

7. Liu N, Tan JC, Li J, Li S, Cai Y, Wang H. COVID-19 pandemic: Experiences in China and implications for its prevention
and treatment worldwide. Curr Cancer Drug Targets 2020;20(6):410-416. [doi: 10.2174/1568009620666200414151419]
[Medline: 32286947]

8. Tian H, Liu Y, Li Y, Wu C, Chen B, Kraemer MUG, et al. An investigation of transmission control measures during the
first 50 days of the COVID-19 epidemic in China. Science 2020 May 08;368(6491):638-642 [FREE Full text] [doi:
10.1126/science.abb6105] [Medline: 32234804]

JMIR Public Health Surveill 2023 | vol. 9 | e40591 | p. 9https://publichealth.jmir.org/2023/1/e40591
(page number not for citation purposes)

Wu et alJMIR PUBLIC HEALTH AND SURVEILLANCE

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=publichealth_v9i1e40591_app1.docx&filename=b613f4357f1ac46113a1fac4d365c375.docx
https://jmir.org/api/download?alt_name=publichealth_v9i1e40591_app1.docx&filename=b613f4357f1ac46113a1fac4d365c375.docx
http://www.gov.cn/zhengce/content/2019-11/21/content_5454164.htm
http://www.gov.cn/zhengce/content/2020-01/27/content_5472352.htm
http://www.nhc.gov.cn/xcs/fkdt/202001/12ec9062d5d041f38e210e8b69b6d7ef.shtml
http://www.nhc.gov.cn/xcs/fkdt/202001/12ec9062d5d041f38e210e8b69b6d7ef.shtml
http://www.beijing.gov.cn/ywdt/gzdt/t1614497.htm
http://www.gov.cn/xinwen/2020-01/23/content_5471751.htm
https://europepmc.org/abstract/MED/32829124
http://dx.doi.org/10.1016/j.envpol.2020.115291
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32829124&dopt=Abstract
http://dx.doi.org/10.2174/1568009620666200414151419
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32286947&dopt=Abstract
https://www.science.org/doi/abs/10.1126/science.abb6105?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1126/science.abb6105
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32234804&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


9. Oraby T, Tyshenko MG, Maldonado JC, Vatcheva K, Elsaadany S, Alali WQ, et al. Modeling the effect of lockdown timing
as a COVID-19 control measure in countries with differing social contacts. Sci Rep 2021 Feb 08;11(1):3354 [FREE Full
text] [doi: 10.1038/s41598-021-82873-2] [Medline: 33558571]

10. SeyedAlinaghi S, Afsahi AM, MohsseniPour M, Behnezhad F, Salehi MA, Barzegary A, et al. Late complications of
COVID-19; a systematic review of current evidence. Arch Acad Emerg Med 2021;9(1):e14 [FREE Full text] [doi:
10.22037/aaem.v9i1.1058] [Medline: 33681819]

11. Ahmad FB, Anderson RN. The leading causes of death in the US for 2020. JAMA 2021 May 11;325(18):1829-1830 [FREE
Full text] [doi: 10.1001/jama.2021.5469] [Medline: 33787821]

12. Jewell BL, Mudimu E, Stover J, ten Brink D, Phillips AN, Smith JA, et al. Potential effects of disruption to HIV programmes
in sub-Saharan Africa caused by COVID-19: results from multiple mathematical models. The Lancet HIV 2020
Sep;7(9):e629-e640. [doi: 10.1016/s2352-3018(20)30211-3] [Medline: 32771089]

13. Jewell BL, Smith JA, Hallett TB. Understanding the impact of interruptions to HIV services during the COVID-19 pandemic:
A modelling study. EClinicalMedicine 2020 Sep;26:100483 [FREE Full text] [doi: 10.1016/j.eclinm.2020.100483] [Medline:
33089116]

14. Kirkcaldy RD, Weston E, Segurado AC, Hughes G. Epidemiology of gonorrhoea: a global perspective. Sex Health 2019
Sep;16(5):401-411 [FREE Full text] [doi: 10.1071/SH19061] [Medline: 31505159]

15. Kreisel KM, Spicknall IH, Gargano JW, Lewis FM, Lewis RM, Markowitz LE, et al. Sexually transmitted infections among
US women and men: Prevalence and incidence estimates, 2018. Sex Transm Dis 2021 Apr 01;48(4):208-214. [doi:
10.1097/OLQ.0000000000001355] [Medline: 33492089]

16. Pham-Kanter GB, Steinberg MH, Ballard RC. Sexually transmitted diseases in South Africa. Genitourin Med 1996
Jun;72(3):160-171 [FREE Full text] [doi: 10.1136/sti.72.3.160] [Medline: 8707316]

17. Qiao Y, Xu Y, Jiang D, Wang X, Wang F, Yang J, et al. Epidemiological analyses of regional and age differences of
HIV/AIDS prevalence in China, 2004-2016. Int J Infect Dis 2019 Apr;81:215-220 [FREE Full text] [doi:
10.1016/j.ijid.2019.02.016] [Medline: 30797071]

18. Yang S, Wu J, Ding C, Cui Y, Zhou Y, Li Y, et al. Epidemiological features of and changes in incidence of infectious
diseases in China in the first decade after the SARS outbreak: an observational trend study. Lancet Infect Dis 2017
Jul;17(7):716-725 [FREE Full text] [doi: 10.1016/S1473-3099(17)30227-X] [Medline: 28412150]

19. Huang Q, Wood T, Jelley L, Jennings T, Jefferies S, Daniells K, NPIsImpactOnFlu Consortium, et al. Impact of the
COVID-19 nonpharmaceutical interventions on influenza and other respiratory viral infections in New Zealand. Nat Commun
2021 Feb 12;12(1):1001 [FREE Full text] [doi: 10.1038/s41467-021-21157-9] [Medline: 33579926]

20. Sakamoto H, Ishikane M, Ueda P. Seasonal influenza activity during the SARS-CoV-2 Outbreak in Japan. JAMA 2020
May 19;323(19):1969-1971 [FREE Full text] [doi: 10.1001/jama.2020.6173] [Medline: 32275293]

21. Wu D, Lu J, Liu Y, Zhang Z, Luo L. Positive effects of COVID-19 control measures on influenza prevention. Int J Infect
Dis 2020 Jun;95:345-346 [FREE Full text] [doi: 10.1016/j.ijid.2020.04.009] [Medline: 32283283]

22. Stanford K, Almirol E, Schneider J, Hazra A. Rising syphilis rates during the COVID-19 pandemic. Sex Transm Dis 2021
Jun 01;48(6):e81-e83. [doi: 10.1097/OLQ.0000000000001431] [Medline: 33783406]

23. Apalla Z, Lallas A, Mastraftsi S, Giannoukos A, Noukari D, Goula M, et al. Impact of COVID-19 pandemic on STIs in
Greece. Sex Transm Infect 2022 Feb;98(1):70 [FREE Full text] [doi: 10.1136/sextrans-2021-054965] [Medline: 33653880]

24. Bonato F, Ferreli C, Satta R, Rongioletti F, Atzori L. Syphilis and the COVID-19 pandemic: Did the lockdown stop risky
sexual behavior? Clin Dermatol 2021;39(4):710-713 [FREE Full text] [doi: 10.1016/j.clindermatol.2020.11.006] [Medline:
34809778]

25. Chen S, Zhang X, Zhou Y, Yang K, Lu X. COVID-19 protective measures prevent the spread of respiratory and intestinal
infectious diseases but not sexually transmitted and bloodborne diseases. J Infect 2021 Jul;83(1):e37-e39 [FREE Full text]
[doi: 10.1016/j.jinf.2021.04.018] [Medline: 33895225]

26. Yan X, Wang X, Zhang X, Wang L, Zhang B, Jia Z. The epidemic of sexually transmitted diseases under the influence of
COVID-19 in China. Front Public Health 2021;9:737817 [FREE Full text] [doi: 10.3389/fpubh.2021.737817] [Medline:
34976912]

27. Infectious Disease Prevention and Control. The China Health and Wellness Commission. URL: http://www.nhc.gov.cn/
jkj/s2907/new_list.shtml?tdsourcetag=s_pcqq_aiomsg [accessed 2023-04-13]

28. Xiao H, Augusto O, Wagenaar BH. Reflection on modern methods: a common error in the segmented regression
parameterization of interrupted time-series analyses. Int J Epidemiol 2021 Jul 09;50(3):1011-1015. [doi: 10.1093/ije/dyaa148]
[Medline: 33097937]

29. Bernal JL, Cummins S, Gasparrini A. Interrupted time series regression for the evaluation of public health interventions:
a tutorial. Int J Epidemiol 2017 Feb 01;46(1):348-355 [FREE Full text] [doi: 10.1093/ije/dyw098] [Medline: 27283160]

30. Dorward J, Khubone T, Gate K, Ngobese H, Sookrajh Y, Mkhize S, et al. The impact of the COVID-19 lockdown on HIV
care in 65 South African primary care clinics: an interrupted time series analysis. Lancet HIV 2021 Mar;8(3):e158-e165
[FREE Full text] [doi: 10.1016/S2352-3018(20)30359-3] [Medline: 33549166]

JMIR Public Health Surveill 2023 | vol. 9 | e40591 | p. 10https://publichealth.jmir.org/2023/1/e40591
(page number not for citation purposes)

Wu et alJMIR PUBLIC HEALTH AND SURVEILLANCE

XSL•FO
RenderX

https://doi.org/10.1038/s41598-021-82873-2
https://doi.org/10.1038/s41598-021-82873-2
http://dx.doi.org/10.1038/s41598-021-82873-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33558571&dopt=Abstract
https://europepmc.org/abstract/MED/33681819
http://dx.doi.org/10.22037/aaem.v9i1.1058
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33681819&dopt=Abstract
https://europepmc.org/abstract/MED/33787821
https://europepmc.org/abstract/MED/33787821
http://dx.doi.org/10.1001/jama.2021.5469
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33787821&dopt=Abstract
http://dx.doi.org/10.1016/s2352-3018(20)30211-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32771089&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2589-5370(20)30227-3
http://dx.doi.org/10.1016/j.eclinm.2020.100483
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33089116&dopt=Abstract
https://europepmc.org/abstract/MED/31505159
http://dx.doi.org/10.1071/SH19061
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31505159&dopt=Abstract
http://dx.doi.org/10.1097/OLQ.0000000000001355
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33492089&dopt=Abstract
https://sti.bmj.com/lookup/pmidlookup?view=long&pmid=8707316
http://dx.doi.org/10.1136/sti.72.3.160
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8707316&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1201-9712(19)30080-3
http://dx.doi.org/10.1016/j.ijid.2019.02.016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30797071&dopt=Abstract
https://europepmc.org/abstract/MED/28412150
http://dx.doi.org/10.1016/S1473-3099(17)30227-X
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28412150&dopt=Abstract
https://doi.org/10.1038/s41467-021-21157-9
http://dx.doi.org/10.1038/s41467-021-21157-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33579926&dopt=Abstract
https://europepmc.org/abstract/MED/32275293
http://dx.doi.org/10.1001/jama.2020.6173
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32275293&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1201-9712(20)30225-3
http://dx.doi.org/10.1016/j.ijid.2020.04.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32283283&dopt=Abstract
http://dx.doi.org/10.1097/OLQ.0000000000001431
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33783406&dopt=Abstract
https://europepmc.org/abstract/MED/33653880
http://dx.doi.org/10.1136/sextrans-2021-054965
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33653880&dopt=Abstract
https://europepmc.org/abstract/MED/34809778
http://dx.doi.org/10.1016/j.clindermatol.2020.11.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34809778&dopt=Abstract
https://europepmc.org/abstract/MED/33895225
http://dx.doi.org/10.1016/j.jinf.2021.04.018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33895225&dopt=Abstract
https://europepmc.org/abstract/MED/34976912
http://dx.doi.org/10.3389/fpubh.2021.737817
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34976912&dopt=Abstract
http://www.nhc.gov.cn/jkj/s2907/new_list.shtml?tdsourcetag=s_pcqq_aiomsg
http://www.nhc.gov.cn/jkj/s2907/new_list.shtml?tdsourcetag=s_pcqq_aiomsg
http://dx.doi.org/10.1093/ije/dyaa148
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33097937&dopt=Abstract
https://europepmc.org/abstract/MED/27283160
http://dx.doi.org/10.1093/ije/dyw098
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27283160&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2352-3018(20)30359-3
http://dx.doi.org/10.1016/S2352-3018(20)30359-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33549166&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


31. Wu X, Wu G, Ma Y, Huang X, Yang Y, Cai Y, et al. The impact of COVID-19 non-pharmaceutical interventions on HIV
care continuum in China: An interrupted time series analysis. Lancet Reg Health West Pac 2022 Dec;29:100569 [FREE
Full text] [doi: 10.1016/j.lanwpc.2022.100569] [Medline: 35966023]

32. Fenton KA, Lowndes CM. Recent trends in the epidemiology of sexually transmitted infections in the European Union.
Sex Transm Infect 2004 Aug;80(4):255-263 [FREE Full text] [doi: 10.1136/sti.2004.009415] [Medline: 15295121]

33. Shao C, Xu W, Ye G. Sexually transmitted disease control in China (1949-1994). Chin Med Sci J 1996 Dec;11(4):252-257.
[Medline: 9387394]

34. Steen R, Wi TE, Kamali A, Ndowa F. Control of sexually transmitted infections and prevention of HIV transmission:
mending a fractured paradigm. Bull World Health Organ 2009 Nov;87(11):858-865 [FREE Full text] [doi:
10.2471/blt.08.059212] [Medline: 20072772]

35. Sharma M, Rewari BB, Aditama TY, Turlapati P, Dallabetta G, Steen R. Control of sexually transmitted infections and
global elimination targets, South-East Asia Region. Bull World Health Organ 2021 Apr 01;99(4):304-311 [FREE Full text]
[doi: 10.2471/BLT.20.254003] [Medline: 33953448]

36. Syphilis and congenital syphilis in Europe - A review of epidemiological trends (2007–2018) and options for response.
European Centre for Disease Prevention and Control. URL: https://www.ecdc.europa.eu/en/publications-data/
syphilis-and-congenital-syphilis-europe-review-epidemiological-trends-2007-2018 [accessed 2023-04-13]

37. Cornelisse VJ, Chow EPF, Chen MY, Bradshaw CS, Fairley CK. Summer heat: a cross-sectional analysis of seasonal
differences in sexual behaviour and sexually transmissible diseases in Melbourne, Australia. Sex Transm Infect 2016
Jun;92(4):286-291. [doi: 10.1136/sextrans-2015-052225] [Medline: 26546343]

38. Chow EPF, Vodstrcil LA, Fairley CK. Seasonal variations in kissing and sexual activities among men who have sex with
men in Melbourne, Australia: implications for seasonal sexually transmissible infection preventions and interventions. Sex
Health 2020 Apr;17(2):149-154. [doi: 10.1071/SH19046] [Medline: 32135076]

39. Wellings K, Macdowall W, Catchpole M, Goodrich J. Seasonal variations in sexual activity and their implications for
sexual health promotion. J R Soc Med 1999 Feb;92(2):60-64 [FREE Full text] [doi: 10.1177/014107689909200204]
[Medline: 10450213]

40. Pagaoa M, Grey J, Torrone E, Kreisel K, Stenger M, Weinstock H. Trends in nationally notifiable sexually transmitted
disease case reports during the US COVID-19 pandemic, January to December 2020. Sex Transm Dis 2021 Oct
01;48(10):798-804 [FREE Full text] [doi: 10.1097/OLQ.0000000000001506] [Medline: 34224523]

41. Sentís A, Prats-Uribe A, López-Corbeto E, Montoro-Fernandez M, Nomah DK, de Olalla PG, Catalan HIVSTI Surveillance
Group. The impact of the COVID-19 pandemic on Sexually Transmitted Infections surveillance data: incidence drop or
artefact? BMC Public Health 2021 Sep 07;21(1):1637 [FREE Full text] [doi: 10.1186/s12889-021-11630-x] [Medline:
34493244]

42. Xiao H, Dai X, Wagenaar BH, Liu F, Augusto O, Guo Y, et al. The impact of the COVID-19 pandemic on health services
utilization in China: Time-series analyses for 2016-2020. Lancet Reg Health West Pac 2021 Apr;9:100122 [FREE Full
text] [doi: 10.1016/j.lanwpc.2021.100122] [Medline: 34327438]

43. Wai AK, Wong CK, Wong JY, Xiong X, Chu OC, Wong MS, et al. Changes in Emergency Department Visits, Diagnostic
Groups, and 28-Day Mortality Associated With the COVID-19 Pandemic: A Territory-Wide, Retrospective, Cohort Study.
Ann Emerg Med 2022 Feb;79(2):148-157 [FREE Full text] [doi: 10.1016/j.annemergmed.2021.09.424] [Medline: 34742591]

44. Czeisler, Marynak K, Clarke KE, Salah Z, Shakya I, Thierry JM, et al. Delay or avoidance of medical care because of
COVID-19-related concerns - United States, June 2020. MMWR Morb Mortal Wkly Rep 2020 Sep 11;69(36):1250-1257
[FREE Full text] [doi: 10.15585/mmwr.mm6936a4] [Medline: 32915166]

45. Mantica G, Riccardi N, Terrone C, Gratarola A. Non-COVID-19 visits to emergency departments during the pandemic:
the impact of fear. Public Health 2020 Jun;183:40-41 [FREE Full text] [doi: 10.1016/j.puhe.2020.04.046] [Medline:
32417567]

46. Li G, Tang D, Song B, Wang C, Qunshan S, Xu C, et al. Impact of the COVID-19 pandemic on partner relationships and
sexual and reproductive health: cross-sectional, online survey study. J Med Internet Res 2020 Aug 06;22(8):e20961 [FREE
Full text] [doi: 10.2196/20961] [Medline: 32716895]

47. Li W, Li G, Xin C, Wang Y, Yang S. Challenges in the practice of sexual medicine in the time of COVID-19 in China. J
Sex Med 2020 Jul;17(7):1225-1228 [FREE Full text] [doi: 10.1016/j.jsxm.2020.04.380] [Medline: 32418751]

48. Update on the COVID-19 outbreak as at 24:00 on 31 December, 2021. National Health Commission of China. URL: http:/
/www.nhc.gov.cn/xcs/yqtb/202201/64fae96558284e548f31f67bb541b8f2.shtml [accessed 2023-04-13]

49. Yang X, Zeng C, Tam CC, Qiao S, Li X, Shen Z, et al. HIV service interruptions during the COVID-19 pandemic in China:
the role of COVID-19 challenges and institutional response from healthcare professional's perspective. AIDS Behav 2022
Apr;26(4):1270-1278 [FREE Full text] [doi: 10.1007/s10461-021-03484-6] [Medline: 34613522]

50. Medina N, Alastruey-Izquierdo A, Bonilla O, Ortíz B, Gamboa O, Salazar LR, Fungired. Impact of the COVID-19 pandemic
on HIV care in Guatemala. Int J Infect Dis 2021 Jul;108:422-427 [FREE Full text] [doi: 10.1016/j.ijid.2021.06.011]
[Medline: 34119676]

JMIR Public Health Surveill 2023 | vol. 9 | e40591 | p. 11https://publichealth.jmir.org/2023/1/e40591
(page number not for citation purposes)

Wu et alJMIR PUBLIC HEALTH AND SURVEILLANCE

XSL•FO
RenderX

https://linkinghub.elsevier.com/retrieve/pii/S2666-6065(22)00184-5
https://linkinghub.elsevier.com/retrieve/pii/S2666-6065(22)00184-5
http://dx.doi.org/10.1016/j.lanwpc.2022.100569
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35966023&dopt=Abstract
https://sti.bmj.com/lookup/pmidlookup?view=long&pmid=15295121
http://dx.doi.org/10.1136/sti.2004.009415
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15295121&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9387394&dopt=Abstract
https://europepmc.org/abstract/MED/20072772
http://dx.doi.org/10.2471/blt.08.059212
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20072772&dopt=Abstract
https://europepmc.org/abstract/MED/33953448
http://dx.doi.org/10.2471/BLT.20.254003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33953448&dopt=Abstract
https://www.ecdc.europa.eu/en/publications-data/syphilis-and-congenital-syphilis-europe-review-epidemiological-trends-2007-2018
https://www.ecdc.europa.eu/en/publications-data/syphilis-and-congenital-syphilis-europe-review-epidemiological-trends-2007-2018
http://dx.doi.org/10.1136/sextrans-2015-052225
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26546343&dopt=Abstract
http://dx.doi.org/10.1071/SH19046
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32135076&dopt=Abstract
https://europepmc.org/abstract/MED/10450213
http://dx.doi.org/10.1177/014107689909200204
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10450213&dopt=Abstract
https://europepmc.org/abstract/MED/34224523
http://dx.doi.org/10.1097/OLQ.0000000000001506
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34224523&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-021-11630-x
http://dx.doi.org/10.1186/s12889-021-11630-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34493244&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2666-6065(21)00031-6
https://linkinghub.elsevier.com/retrieve/pii/S2666-6065(21)00031-6
http://dx.doi.org/10.1016/j.lanwpc.2021.100122
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34327438&dopt=Abstract
https://europepmc.org/abstract/MED/34742591
http://dx.doi.org/10.1016/j.annemergmed.2021.09.424
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34742591&dopt=Abstract
https://doi.org/10.15585/mmwr.mm6936a4
http://dx.doi.org/10.15585/mmwr.mm6936a4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32915166&dopt=Abstract
https://europepmc.org/abstract/MED/32417567
http://dx.doi.org/10.1016/j.puhe.2020.04.046
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32417567&dopt=Abstract
https://www.jmir.org/2020/8/e20961/
https://www.jmir.org/2020/8/e20961/
http://dx.doi.org/10.2196/20961
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32716895&dopt=Abstract
https://europepmc.org/abstract/MED/32418751
http://dx.doi.org/10.1016/j.jsxm.2020.04.380
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32418751&dopt=Abstract
http://www.nhc.gov.cn/xcs/yqtb/202201/64fae96558284e548f31f67bb541b8f2.shtml
http://www.nhc.gov.cn/xcs/yqtb/202201/64fae96558284e548f31f67bb541b8f2.shtml
https://europepmc.org/abstract/MED/34613522
http://dx.doi.org/10.1007/s10461-021-03484-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34613522&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1201-9712(21)00500-2
http://dx.doi.org/10.1016/j.ijid.2021.06.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34119676&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


51. UNAIDS and China working together during the COVID-19 outbreak to ensure that people living with HIV continue to
get treatment. Joint United Nations Programme on HIV/AIDS. URL: https://www.unaids.org/en/resources/presscentre/
pressreleaseandstatementarchive/2020/february/20200218_china_covid19 [accessed 2023-04-13]

52. Wang H. HIV care during the coronavirus disease-2019 pandemic in Shenzhen, China. Curr Opin HIV AIDS 2020
Nov;15(6):341-344 [FREE Full text] [doi: 10.1097/COH.0000000000000653] [Medline: 32969977]

53. Ma Xiaowei, director of the National Health Commission: Wuhan Critical Care Designated Hospital has a concentration
of more than 90 national and provincial medical teams. National Health Commission of the People's Republic of China.
URL: http://www.nhc.gov.cn/wjw/xwdt/202002/ccf7b9e3d53d4f6d866aaa305c0e6d76.shtml [accessed 2020-02-29]

54. Randremanana R, Andrianaivoarimanana V, Nikolay B, Ramasindrazana B, Paireau J, Ten Bosch QA, et al. Epidemiological
characteristics of an urban plague epidemic in Madagascar, August-November, 2017: an outbreak report. Lancet Infect Dis
2019 May;19(5):537-545 [FREE Full text] [doi: 10.1016/S1473-3099(18)30730-8] [Medline: 30930106]

55. Campèse C, Jarraud S, Che D. [Legionnaire's disease: surveillance in France in 2005]. Med Mal Infect 2007
Nov;37(11):716-721. [doi: 10.1016/j.medmal.2007.05.007] [Medline: 17988811]

56. Wang C, Horby PW, Hayden FG, Gao GF. A novel coronavirus outbreak of global health concern. Lancet 2020 Feb
15;395(10223):470-473 [FREE Full text] [doi: 10.1016/S0140-6736(20)30185-9] [Medline: 31986257]

Abbreviations
ART: antiretroviral therapy
BBV: blood-borne virus
IRR: incidence rate ratio
NPI: nonpharmaceutical intervention
OR: odds ratio
STD: sexually transmitted disease

Edited by T Sanchez, A Mavragani; submitted 28.06.22; peer-reviewed by K Tang, H Xiao; comments to author 25.10.22; revised
version received 07.11.22; accepted 12.01.23; published 03.05.23

Please cite as:
Wu X, Zhou X, Chen Y, Zhai K, Sun R, Luo G, Lin YF, Li Y, Yang C, Zou H
The Impact of COVID-19 Lockdown on Cases of and Deaths From AIDS, Gonorrhea, Syphilis, Hepatitis B, and Hepatitis C: Interrupted
Time Series Analysis
JMIR Public Health Surveill 2023;9:e40591
URL: https://publichealth.jmir.org/2023/1/e40591
doi: 10.2196/40591
PMID: 36634257

©Xinsheng Wu, Xinyi Zhou, Yuanyi Chen, Ke Zhai, Ruoyao Sun, Ganfeng Luo, Yi-Fan Lin, Yuwei Li, Chongguang Yang,
Huachun Zou. Originally published in JMIR Public Health and Surveillance (https://publichealth.jmir.org), 03.05.2023. This is
an open-access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in JMIR Public Health and Surveillance, is properly cited. The complete bibliographic
information, a link to the original publication on https://publichealth.jmir.org, as well as this copyright and license information
must be included.

JMIR Public Health Surveill 2023 | vol. 9 | e40591 | p. 12https://publichealth.jmir.org/2023/1/e40591
(page number not for citation purposes)

Wu et alJMIR PUBLIC HEALTH AND SURVEILLANCE

XSL•FO
RenderX

https://www.unaids.org/en/resources/presscentre/pressreleaseandstatementarchive/2020/february/20200218_china_covid19
https://www.unaids.org/en/resources/presscentre/pressreleaseandstatementarchive/2020/february/20200218_china_covid19
https://europepmc.org/abstract/MED/32969977
http://dx.doi.org/10.1097/COH.0000000000000653
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32969977&dopt=Abstract
http://www.nhc.gov.cn/wjw/xwdt/202002/ccf7b9e3d53d4f6d866aaa305c0e6d76.shtml
https://linkinghub.elsevier.com/retrieve/pii/S1473-3099(18)30730-8
http://dx.doi.org/10.1016/S1473-3099(18)30730-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30930106&dopt=Abstract
http://dx.doi.org/10.1016/j.medmal.2007.05.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17988811&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0140-6736(20)30185-9
http://dx.doi.org/10.1016/S0140-6736(20)30185-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31986257&dopt=Abstract
https://publichealth.jmir.org/2023/1/e40591
http://dx.doi.org/10.2196/40591
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36634257&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

