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Background. The longer ongoing benefits of coronavirus disease 2019 (COVID-19) non-
pharmaceutical interventions (NPIs) for sexually transmitted diseases (STDs) in China are still
unclear. We aimed to explore the changes in five STDs (AIDS, hepatitis B, hepatitis C, gonorrhoea,
and syphilis) before, during, and after the COVID-19 pandemic in mainland China, from 2010 to
2021. Methods. The number of the monthly reported cases of the five STDs were extracted
from the website to construct the Joinpoint regression and autoregressive integrated moving
average (ARIMA) models. Eight indicators reflecting NPIs were chosen from the COVID-19
Government Response Tracker system. The STDs and eight indicators were used to establish the
Multivariable generalised linearmodel (GLM) to calculate the incidence rate ratios (IRRs).Results. With
the exception of hepatitis B, the other four STDs (AIDS, hepatitis C, gonorrhoea, and syphilis) had a
positive average annual percent change over the past 12 years. All the ARIMA models had passed
the Ljung–Box test, and the predicted data fit well with the data from 2010 to 2019. All five STDs
were significantly reduced in 2020 compared with 2019, with significant estimated IRRs ranging
from 0.88 to 0.92. In the GLM, using data for the years 2020 (February–December) and 2021, the IRRs
were not significant after adjusting for the eight indicators in multivariate analysis. Conclusion. Our
study demonstrated that the incidence of the five STDs decreased rapidly during the COVID-19
pandemic in 2020. A recovery of STDs in 2021 was found to occur compared with that in 2020,
but the rising trend disappeared after adjusting for the NPIs. Our study demonstrated that NPIs
have an effect on STDs, but the relaxation of NPI usage might lead to a resurgence.
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The first confirmed Chinese coronavirus disease 2019 (COVID-19) patient was reported in 
December 2019,1,2 and the disease caused a pandemic in China within a few months. 
COVID-19 quickly spread around the world,3–6 and the number of COVID-19 cases has 
exceeded 579 million worldwide, involving more than 200 countries.7 China implemented 
some public interventions to prevent the pandemic, including pharmaceutical measures 
(vaccines, antibodies, ventilators, etc.) and non-pharmaceutical measures (wearing masks, 
travel restrictions, school closing, cancel public events, stay-at-home requirements, etc.). 
Although pharmaceutical measures can target specific pathogens, non-pharmaceutical 
interventions (NPIs) affect a wide range of infectious diseases. Recent studies8–10 have 
shown that NPIs (lockdown, restrictions on gatherings, etc.) during the COVID-19 pandemic 
might reduce the prevalence of sexually transmitted diseases (STDs). Similar outcomes were 
also seen for tuberculosis,11 seasonal influenza,12 and some other diseases.11,13,14 Forty 
notifiable diseases need to be monitored in the China Information System for Disease 
Control and Prevention, especially in the context of COVID-19. 

Some studies8–10 have explored the impact of NPIs on STDs during the COVID-19 
pandemic; however, these studies only focused on the year 2020 when COVID-19 first 
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began to spread widely, and when strict NPIs were being used. 
The NPIs persisted for the years 2020 and 2021, but changed 
with the control levels when the pandemic subsided. The 
Chinese government adopted relaxed control measures to 
maintain social activities and the economy in 2021, but the 
incidence of the STDs was still unknown in the context of 
COVID-19. At the same time, we assumed that the numbers 
of STDs would rise with the relaxation of NPIs, but the 
rising numbers were due to the diseases themselves or the 
fact that the effect of relaxation of NPIs was still unknown. 
In this study, we aimed to explore the changes in five STDs 
(AIDS, hepatitis B, hepatitis C, gonorrhoea, and syphilis) 
before, during, and after the COVID-19 pandemic in 
mainland China from 2010 to 2021. 

Methods

Data collection

The monthly reported number of cases of the five STDs (AIDS, 
hepatitis B, hepatitis C, gonorrhoea, and syphilis) were 
extracted from the National Health Commission website 
(http://www.nhc.gov.cn/jkj/s2907/new_list.shtml). All data 
published by the Commission were originally from the China 
Information System for Disease Control and Prevention 
(CISDCP),15 which was a real-time disease-reporting system 
covering 40 notifiable infectious diseases (COVID-19 was 
included in from January 2020). The surveillance system 
was first established in 2004, covering 397 cities in 31 
provinces in mainland China. All notifiable infectious diseases 
were reported in a timely manner to the local centres for 
disease control and prevention after diagnosis according to 
their standard criteria.16 Five STDs without detailed informa-
tion from the government’s website were included in our 
research. Demographic statistics data came from the website 
of the statistical yearbook of the National Bureau of Statistics 
(http://www.stats.gov.cn/tjsj/ndsj/, available in China). 

The study was approved by the institutional ethics review 
committee at Hangzhou Xixi Hospital (2022 Science Ethic No. 
36). Written informed consent was not required because of 
the retrospective nature of the study. 

The confirmed Chinese COVID-19 case datafor 2020 and 
2021 came from the 2019 Novel Coronavirus COVID-19 
(2019-nCoV) Data Repository provided by Johns Hopkins 
University.17 The indicators of government control measures 
were extracted from the COVID-19 Government Response 
Tracker (GRT).18 Eight indicators were chosen from the 
GRT system, which were workplace closing, school closing, 
cancel public events, stay-at-home requirements, restrictions 
on gathering size, closed public transport, restrictions 
on internal movement, and international travel controls. 
The strictness of these NPIs increased with the score of 
indicators. 

Statistical analysis

Joinpoint regression
From 2010 to 2021, the incidence trend of the five STDs 

was analysed by using Joinpoint software (version 4.8.0.1; 
National Cancer Institute, Rockville, MD, US). The grid 
search method was used to find significant trends, and 
multiple permutation tests can detect the Joinpoint points 
for each trend.19 The overall time trend was calculated by 
using the average annual percent change (AAPC). 

Autoregressive integrated moving average
model construction

Autoregressive integrated moving average (ARIMA) models 
were used to determine the trend of STDs, and we used the 
forecast::auto.Arima() function in the R software (version 
3.6.0) to find a fitted model. Root mean square error (RMSE), 
mean absolute percentage error (MAPE), Akaike’s information  
criterion (AIC), and Bayesian information criterion (BIC) were 
used to evaluate the goodness-of-fit of constructed models. 
Ljung–Box test was used to check whether the residual of the 
model was white noise (P > 0.05 for white noise). 

Correlation analysis
The daily national indicators of the eight COVID-19 control 

measures from the GRT system were newly calculated by 
using the average score from the 31 provinces, and the 
monthly national indicators were the average of the daily 
data. Pearson correlation analysis was conducted to measure 
the relationship between the eight indicators and the COVID-19 
cases, and five STDs. A two-sided P < 0.05 was considered 
statistically significant. 

Multivariable generalised linear model
construction

To adjust for potential confounding factors of NPIs (e.g. 
long-term disease trends, and indicators of government control 
measures), some multivariable generalised linear models 
(GLM) were constructed to explore the impact of NPIs on 
each STD. The COVID-19 pandemic phases were defined as 
Phase 1 (2010–2018), Phase 2 (2019), Phase 3 (2020), and 
Phase 4 (2021), and the reference period is Phase 2 (2019). 
The X-13ARIMA-SEATS (signal extraction) method was used 
to obtain seasonality-removed monthly case numbers for each 
disease.13 SEATS (Seasonal Extraction in ARIMA Time Series) 
breaks down the time series into seasonal, trend, transitory, 
and irregular components, assigning deterministic effects to 
each component. A fundamental assumption made by SEATS 
is that the linearised time series, yt (log of monthly case 
numbers in our analysis), follows the ARIMA model. 

∅ðBÞΦðBsÞð1 − BÞdð1 − BsÞDðyt − x1 
t βÞ = θðBÞΘðBsÞαt 

yt is the time series, x1 
t β is the regression part with covariates 

xt, αt is the white noise with mean 0 and variance σ, B and Bs 
are the non-seasonal and seasonal operators, B (yt) = yt − 1, Bs 
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(yt) = yt – 12; ∅ðBÞ = 1 − ∅1B1 − : : :  − ∅ρBρ reflects a non-
seasonal autoregressive (AR) operator of order ρ; ∅ðBsÞ = 1 − 
∅1B1 − : : :  − ∅ρB

ρ 
s reflects the seasonal AR operator of order s 

ρ; ð1 − BÞdð1 − BsÞD is the non-seasonal and seasonal 
operators of orders d and D; θðBÞ = 1 − ∅1B1 − : : :  − ∅qðBÞq 

reflects non-seasonal moving average (MA) order of q; and 
ΘðBsÞ = 1 − Θ1B1

s − : : :  − ΘQðBsÞQ reflects the seasonal MA 
order of Q. 

The holiday effect of Chinese New Year was adjusted for by 
using the ‘genhol’ function in the R package ‘seasonal’ (ver. 
1.8.3). SEATS automatically detects the shifts in the mean 
level of the time series, which means it can partially account 
for the impact of NPIs during the COVID-19 pandemic when 
estimating seasonality. Two outputs were obtained from 
SEATS; the seasonality-removed monthly case numbers and 
the seasonal trend itself. The seasonality-removed monthly 
case numbers were used to construct a GLM with two stages. 
For stage I, we fitted a GLM with the quasi-Poisson method 
using the following factors: phase 1–4 indicators for the 
year 2010–2021, long-term trend, and number of person-
days (the number of days × population size) as an offset. 
For stage II, we extracted the residuals from the stage I model, 
with 1 month lag as an independent variable to account for 
autocorrelation. The incidence rate ratios (IRR) estimated 
by the model of stage II reflect the effects of COVID-19 
NPIs on the incidence of five STDs in 2020 and 2021.20 In 
addition, we selected the pandemic year of 2020 and 2021 
to construct a GLM. The IRR of model 1 was not adjusted; 
the IRR of model 2 was adjusted by using the indicators of 
school closing, workplace closing, cancel public events, 
restrictions on gatherings, close public transport, stay at 
home, restrictions on internal movement, and international 
travel controls. In model 2, the IRRs of Phase 2 (April 
2020–August 2020, the reopening of the school) and Phase 3 
(September 2020–December 2021, the later period of the 
NPIs) compared with Phase 1 (February 2020 and March 
2020, the strictest NPIs period) would reflect the effects of 
COVID-19 NPIs. A sensitivity analysis using the harmonic 
functions to adjust for seasonality (detailed in the 
Supplementary material, Table S1) was conducted in this 
research. All statistical analyses were conducted in Joinpoint 
software (ver. 4.9.1.0; the National Cancer Institute) and 
R software (ver. 4.0.5; R Development Core Team 2020). 
A two-sided P < 0.05 was considered statistically significant. 

Results

Time trends of the five STDs

We included 24 547 912 incident cases in mainland China 
from 2010 to 2021 in our research, with a yearly average of 
2 045 659 STDs cases. With the exception of hepatitis B, the 
other four STDs had a positive AAPC over the past 12 years 
(Fig. 1). Hepatitis B, gonorrhoea, and syphilis had one slope 

determined by the Joinpoint regression, with an AAPC 
of −0.42%, 2.09%, and 2.87% (P < 0.05) (Table 1), respec-
tively. The annual percent change (APC) of AIDS in 2010– 
2019 was 6.22% (P < 0.05), but it decreased in 2019–2021 
with an APC of −6.70% (Table 1). Hepatitis C increased with 
an APC of 15.60% in 2010–2012, but the APC from 2012 to 
2021 was 0.95% (Table 1). 

ARIMA model construction and forecast

Using the forecast::auto.arima() function in the R software to 
find a fitted model, the optimal models for the five STDs are 
listed in Table 2. All the models had passed the Ljung–Box test, 
and MAPE showed a good fit for the model. The predicted data 
fitted well with the actual data from 2010 to 2019 (Fig. 2). The 
predictions of higher case numbers for hepatitis B, hepatitis C, 
and syphilis compared with the real data, but AIDS and 
gonorrhoea showed a different pattern in that the predicted 
cases were lower than the real numbers. 

Correlation analysis for COVID-19 cases, five
STDs, and eight indicators

All the five STDs were significantly negative with the monthly 
cases of COVID-19 (Table 3). With the exception of restrictions 
on internal movement, the other seven NPIs could affect the 
incidence of STD occurrence. School closing, workplace 
closing, cancel public events, restrictions on gatherings, close 
public transport, and stay at home were negatively associated 
with hepatitis B, hepatitis C, gonorrhoea, and syphilis. The 
measure of international travel controls had significantly 
positive correlations with AIDS (r = 0.63, P < 0.01), 
hepatitis B (r = 0.54, P < 0.05), hepatitis C (r = 0.57, 
P < 0.01), and syphilis (r = 0.59, P < 0.01) (Table 3). 

Generalised linear model-estimated association
of NPIs with disease trend

All five STDs were significantly reduced in phase 3 (2020) 
compared with phase 2 (2019), with significant estimated 
IRRs ranging from 0.88 to 0.92 (Table 4). The incidences of 
AIDS, gonorrhoea, and syphilis were significantly reduced 
in phase 4 (2021), with IRRs <1 compared with phase 2, 
but there were no statistically significant IRRs for hepatitis 
B and hepatitis C. In phase 1 (2010–2018), the significant 
IRRs for AIDS, hepatitis C, gonorrhoea, and syphilis were 
0.72 (0.67–0.77), 0.87 (0.83–0.92), 0.94 (0.9–0.99) and 0.79 
(0.76–0.83), respectively. The sensitivity analysis using 
harmonic functions showed qualitatively similar results to 
the primary analysis (Supplementary Table S1). 

Eight indicators from the GRT system reflecting the NPIs 
were included to construct the models for the years 2020 
and 2021, and the reference period is February 2020 and 
March 2020. In the primary univariate analysis of Model 1 
(Table 5), the IRR for gonorrhoea was significantly above 1 
for phase 2, but the IRRs of Model 2 in Phase 2 were not 
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Fig. 1. The trend of incidence rates for five STDs from 2010 to 2021 is shown by the Joinpoint software. (a) AIDS, (b) hepatitis B,
(c) hepatitis C, (d) gonorrhoea, (e) syphilis.

statistically significant after adjusting for the indicators. In 
Phase 3, hepatitis B and gonorrhoea were significantly 
different from Phase 1 (February 2020 and March 2020) with 
IRRs above 1, but the statistical significance disappeared after 
adjusting for the eight indicators. 

Discussion

The changing incidences of the five STDs varied from 2010 to 
2021, especially in the implementation and subsequent 

relaxation of NPIs aimed at alleviating the COVID-19 
pandemic. In incidence rates for all the five STDs dramatically 
decreased in 2020 compared with 2019. But later in 2021, the 
numbers for the five STDs were on track to match and surpass 
the 2019 totals when the NPIs were relaxed. 

The sharply decreasing observed case numbers in 2020 
were not surprising, especially in the strictest months of NPIs 
(February–March 2020). As China urgently requisitioned 
many infectious disease hospitals to help combat the 
number of COVID-19 infections, one possible explanation 
for the decreasing STD cases in 2020 is the decline in STD 
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Table 1. Annual changes for the five STDs from 2010 to 2021, China.

Disease APC (%) AAPC (%)

AIDS 2010–2019: 6.22* 3.7*

2019–2021: −6.70

Hepatitis B 2010–2021: −0.42 −0.42

Hepatitis C 2010–2012: 15.60 3.5*

2012–2021: 0.95

Gonorrhoea 2010–2021: 2.09 2.09

Syphilis 2010–2021: 2.87* 2.87*

APC, annual percent change; AAPC, average annual percent change; *P < 0.05.

screening and diagnosis. During the COVID-19 pandemic, 
many hospitals either closed completely to help fight 
COVID-19 or restricted personal visits to symptomatic cases.21–24 

Some STDs, such as HIV infection, gonococcal infections, and 
urogenital chlamydial infections among women, were often 
asymptomatic, and screening is required to determine 
infection.25 In addition, the susceptible population could 
avoid or delay routine health visits due to adherence to the 
NPIs, reducing the exposure to COVID-19.26 At present, there 
are no nationally representative data on STD screening 
coverage in China, so it is impossible to quantify changes in 
national-level screening. Researchers in the US found that 
the hepatitis C virus antibody testing volume decreased 59% 
during April 2020 compared with results from 2018 and 
2019,27 which is similar to the situation in China during 
this COVID-19 pandemic. Given the combined impact of these 
factors, the devastating impact of the COVID-19 pandemic on 
the capacity of medical clinics and patients’ access to 
screening and testing might significantly reduce the number 
of reported positive cases of STDs. 

Although the decreasing STD screening and testing might 
result in a reduction of reported positive cases, the true 
decrease in STD cases might be attributed to the NPIs 
intended to mitigate the COVID-19 pandemic. With the strict 
NPIs, an individual would find it difficult to use public 
transport to get to medical clinics, and then obtain medical 
services. Meanwhile, people who went to hospital were at 
risk of being infected with COVID-19, and seeking medical 
service would also be a concern for their families who know 

about their STD status. The reduction of STD clinic visits was 
common during the pandemic. The study by Geng et al.13 

found a significant decrease in health-seeking behaviour 
during the pandemic. The research by Tao et al.28 showed an 
84% decline in total absolute clinic visits, a 100% reduction in 
screening visits, and a 77% reduction in treatment visits in the 
COVID-19 plateau phase compared to pre-COVID-19. In 
addition, the NPIs could also affect the seeking of sexual 
partners and high-risk sexual behaviours. A study conducted 
in China29 found a 44% reduction in the number of sexual 
partners during the COVID-19 pandemic among the general 
population, and research from Amsterdam30 showed a 73% 
decrease in the reported number of casual sex partners for 
the men who have sex with men (MSM). 

Previous studies8–10,24,31 found that the incidence of STDs 
decreased dramatically in 2020, which was also found in our 
research. The IRRs of the five STDs were significantly below 
one in 2020 compared with 2019, but there was no statistical 
significance for the IRRs of hepatitis B, hepatitis C, and 
gonorrhoea in 2021 (Table 4). Many studies11,13,24 have 
reported the recovery of the incidence rates for infectious 
diseases when NPIs were relaxed, and our research also 
observed three STD incidence levels (hepatitis B, hepatitis 
C, and gonorrhoea) return to pre-COVID-19 levels. The 
recovery of the gonorrhoea incidence level was relatively 
quick compared to the other four STDs, which could be 
explained by the shorter incubation period (1–14 days) and 
obvious clinical symptoms when present.32 Furthermore, 
studies from Denmark33 and Taiwan34 found an increasing 
number of cases of gonorrhoea during the COVID-19 lockdown, 
which might be explained by their unsuccessful lockdown 
measures and the subsequent increasing risk of unsafe sexual 
behaviour. A quick recovery of the gonorrhoea incidence rate 
after the lockdown was also observed. 

To quantify the effect of NPIs on the transmission of STDs, 
eight indicators from the GRT system were extracted. Only 
international travel control was positively correlated with 
the five STDs, which means stopping travel into the country 
by foreigners can help China control the STD incidence 
rates to a certain extent. The other seven measures, such as 
school closing, workplace closing, etc., were intended to 
limit the gathering of people, also had an impact on STD 

Table 2. Parameters and goodness-of-fit for the five STD optimal ARIMA models.

Disease Optimal model Goodness-of-fit Ljung–Box test

RMSE MAPE (%) AIC BIC χ2 value P-value

AIDS (1,0,1) × (0,1,1)12 489.07 9.04 1668.14 1681.55 0.01 0.92

Hepatitis B (3,1,0) × (2,1,0)12 5447.44 3.62 2179.39 2195.43 <0.001 0.99

Hepatitis C (2,1,1) × (2,1,1)12 1053.56 3.91 1842.86 1861.57 0.08 0.78

Gonorrhoea (0,1,3) × (0,1,1)12 507.16 3.91 1673.12 1686.48 <0.001 0.98

Syphilis (2,1,2) × (0,1,1)12 1794.85 3.39 1950.4 1966.44 0.002 0.96

RMSE, root mean square error; MAPE, mean absolute percentage error; AIC, Akaike’s information criterion; BIC, Bayesian information criterion.
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Fig. 2. The actual and predicted reported case numbers for five STDs constructed by the ARIMA models in China, from January 2010 to
December 2021. (a) AIDS, (b) hepatitis B, (c) hepatitis C, (d) gonorrhoea, (e) syphilis.

Table 3. The correlation coefficients (r) of five STDs, along with COVID-19 case numbers and control measures in 2020 and 2021.

Variable AIDS Hepatitis B Hepatitis C Gonorrhoea Syphilis

School closing −0.16 −0.60** −0.58** −0.78** −0.51*

Workplace closing −0.04 −0.53* −0.53* −0.66** −0.49*

Cancel public events −0.08 −0.50* −0.54* −0.57** −0.51*

Restrictions on gatherings −0.26 −0.61** −0.68** −0.62** −0.68**

Close public transport −0.04 −0.64** −0.56** −0.66** −0.49*

Stay at home −0.17 −0.75** −0.71** −0.74** −0.67**

Restrictions on internal movement 0.11 −0.19 −0.26 −0.04 −0.34

International travel controls 0.63** 0.54* 0.57** 0.38 0.59**

COVID-19 cases −0.50* −0.80** −0.76** −0.58** −0.77**

*P < 0.05.
**P < 0.01.

incidence. We then constructed a GLM with eight indicators this was determined by the lockdown period, but our research 
found the rising trend disappeared in the post-lockdown 
period after adjusting for the eight indicators. Hence, our 
research demonstrated the recovery of the STDs was caused 
by the relaxation of NPIs. 

for the years 2020 and 2021 corresponding to the COVID-19 
pandemic and found IRRs were not significant after adjusting 
for the eight control measures (Table 5). Previous research10,13 

showed the recovery of STDs when the NPIs were relaxed, and 
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Table 4. Model-estimated incidence rate ratio (IRR) for five STDs.

Disease Phase 2 (Control group) (2019) Phase 1 (2010–2018) Phase 3 (2020) Phase 4 (2021)
reported cases IRR (95%CI) P-value IRR (95%CI) P-value IRR (95%CI) P-value

AIDS 72 630 0.72 (0.67–0.77)* <0.001 0.89 (0.81–0.97)* 0.009 0.87 (0.79–0.95)* 0.003

Hepatitis B 1 247 092 0.96 (0.93–1) 0.07 0.92 (0.87–0.97)* 0.004 1 (0.95–1.05) 0.98

Hepatitis C 260 704 0.87 (0.83–0.92)* <0.001 0.89 (0.83–0.96)* 0.001 0.94 (0.88–1) 0.07

Gonorrhoea 120 146 0.94 (0.9–0.99)* 0.01 0.88 (0.83–0.94)* <0.001 1.07 (1–1.13)* 0.05

Syphilis 587 402 0.79 (0.76–0.83)* <0.001 0.9 (0.84–0.95)* <0.001 0.91 (0.86–0.97)* 0.003

Generalised linear models (GLM) were used for estimating the IRRs of five STDs. The time series method removed the seasonality of the reported cases in this model.
IRR< 1with P< 0.05 indicates a significant decline in incidence rate in the year 2020 compared to the year 2019. All P-values are two-sided and not adjusted for multiple
comparisons. The reference period is the year 2019. *P < 0.05. CI, confidence interval.

Table 5. The incidence rate ratio (IRR) for five STDs for the years 2020 and 2021.

Disease IRR (95%CI) of Phase 2 IRR (95%CI) of Phase 3

Model 1 Model 2 Model 1 Model 2

AIDS 1.25 (0.72–2.18) 1 (0.30–3.35) 1.12 (0.67–1.88) 1.37 (0.45–4.15)

Hepatitis B 1.16 (0.97–1.39) 0.97 (0.61–1.55) 1.18 (1–1.39)* 1.03 (0.67–1.59)

Hepatitis C 1.23 (0.97–1.56) 1.01 (0.59–1.72) 1.23 (0.99–1.52) 1.06 (0.64–1.74)

Gonorrhoea 1.91 (1.37–2.67)* 0.72 (0.42–1.22) 2.32 (1.68–3.21)* 0.84 (0.51–1.4)

Syphilis 1.1 (0.88–1.38) 0.84 (0.53–1.33) 1.06 (0.86–1.31) 0.89 (0.58–1.36)

Generalised linear models (GLM) were used for estimating the IRRs for five STDs. The IRR of Model 1 was not adjusted; The IRR of Model 2 was adjusted by the eight
indicators: school closing, workplace closing, cancel public events, restrictions on gatherings, close public transport, stay at home, restrictions on internal movement,
and international travel controls. All P-values are two-sided and not adjusted for multiple comparisons. Phase 2: April 2020–August 2020; Phase 3: September 2020–
December 2021. The reference period is February 2020 and March 2020; January 2020 was not included in our analysis because of incomplete information on eight
indicators. *P < 0.05.

Two differences can be found between previous research 
and our study. First is the way that NPIs were evaluated. 
Many studies10,13 evaluated NPIs by classifying them based 
on some major social events, but we evaluated NPIs through 
quantitative indicators, which can be more objective to reflect 
the impact of NPIs. Second, many studies8–10,13 evaluated 
infectious diseases in the pandemic year of 2020 and before, 
whereas our study extended the collection of disease data to 
2021. Our study demonstrates that the implementation of 
NPIs can effectively block the spread of STDs, but the highly 
destructive NPIs cannot be used as long-term solutions 
because they can have a huge effect on social activities and the 
economy. Many countries in the world have used different 
measures to deal with the COVID-19 pandemic, and they 
have had to decide whether to maintain normal operations 
within a society or introduce and maintain NPIs to prevent 
disease spread. However, combining the less destructive 
NPIs with effective vaccines and treatment schemes, such as 
social distancing and wearing masks when using public 
transport, might be a better solution to stop the spread of 
infectious diseases. 

Our study has some limitations. First, the monthly data we 
collected from the government website waere originally from 
the China Information System for Disease Control and 

Prevention, which inevitably had a bias. Patients with a 
sexually transmitted disease cannot be diagnosed by medical 
services, which cause missing reports and data, and thus the 
actual number of STD cases could be underestimated. 
Second, many variables could affect the prevalence of STDs, 
such as population vaccination levels, climate change, and 
virus variation, but we only included eight indicators of NPIs. 
More variables should be included to specify the impact of 
other NPIs in the future. Third, the monthly data were taken 
from national data, and thus were not specific to provinces 
or cities, which might neglect the spatial heterogeneity of 
disease patterns. 

In conclusion, our study demonstrated that the incidence of 
five STDs decreased rapidly during the COVID-19 pandemic 
in 2020. Therecovery of the incidence rates of these STDs 
in 2021 showed that, compared with the rates in 2020, the 
rising trend disappeared after adjusting for the NPIs. Our 
study showed that NPIs have an effect on STD incidence, 
but the relaxation of NPIs might lead to a resurgence. 

Supplementary material

Supplementary material is available online. 
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