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Background: Prevention and control of HIV/AIDS and other sexually transmitted diseases (STDs) are major public health priorities in China, but are influenced by the COVID-19 epidemic. In this study, we aimed to quantitatively explore the impact of the COVID-19 epidemic and its control measures on five major STD epidemics in China.

Methods: A monthly number of newly reported cases of HIV/AIDS, hepatitis B and C, gonorrhea, and syphilis from January 2010 to December 2020 were extracted to establish autoregressive integrated moving average (ARIMA) models. Each month's absolute percentage error (APE) between the actual value and model-predicted value of each STD in 2020 was calculated to evaluate the influence of the COVID-19 epidemic on the STDs. Pearson correlation analysis was conducted to explore the confirmed COVID-19 case numbers and the COVID-19 control measures' correlations with the case numbers and the APEs of five STDs in 2020.

Results: The actual number of five STDs in China was more than 50% lower than the predicted number in the early days of the COVID-19 epidemic, especially in February. Among them, the actual number of cases of hepatitis C, gonorrhea, and syphilis in February 2020 was more than 100% lower than the predicted number (APE was −102.3, −109.0, and −100.4%, respectively). After the sharply declines of STDs' reported cases in early 2020, the case numbers recovered quickly after March. The epidemic of STDs was negatively associated with the COVID-19 epidemic and its control measures, especially for restrictions on gathering size, close public transport, and stay-at-home requirements (p < 0.05).

Conclusion: COVID-19 had a significant but temporary influence on the STD epidemic in China. The effective control of COVID-19 is vital for STD prevention. STD services need to be improved to prevent STDs from becoming a secluded corner in the shadow of COVID-19.
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INTRODUCTION

The pandemic of COVID-19 has brought great challenges to the world, and up to now, the number of COVID-19 cases has exceeded 130 million worldwide, involving more than 200 countries and regions (1). In response to the severe situation of COVID-19, countries have taken various prevention and control measures, such as temporarily closing borders, suspending school work, social isolation measures, and redistributing medical resources. In the early stage, China adopted strict and effective restrictive measures to control the spread of COVID-19, which began from the lockdown of Wuhan on January 23, 2020, to the resumption of work and production in early March, and then normal prevention and control measures for COVID-19 was implemented around China (2).

The previous studies had shown that the containment and closure policies were of great value for effective control of COVID-19's spread (3). However, these measures that were aimed at COVID-19 prevention and control also had impacts on the daily prevention and control work of other infectious diseases, especially for sexually transmitted diseases (STDs). The control of STDs is always a difficult task because it is not only a medical issue, but also a social issue for the related stigma and discrimination. During the epidemic of COVID-19, the control of STDs became a secluded corner overlooked. Recent studies indicated that the epidemic of COVID-19 and the control policies during the lockdown period could impact the epidemic of STDs (4–8) and related medical services around the world (9–13). However, the COVID-19 epidemic and its control measures' influence on the epidemic of STDs in China has not been quantitatively evaluated yet. There are five major STDs among the 40 notifiable infectious diseases that caused a high burden on the public health, such as HIV/AIDS, hepatitis B, hepatitis C, gonorrhea, and syphilis (14). In this study, we aimed to explore the epidemic of the five major STDs under the influence of COVID-19 in China in 2020, and the containment and closure policies' effects on the STD epidemic.



METHODS


Data Source

The monthly number of newly reported cases of HIV/AIDS, hepatitis B, hepatitis C, gonorrhea, and syphilis from January 2010 to December 2020 were extracted from the website of the Bureau for Disease Control and Prevention of China National Health Commission (http://www.nhc.gov.cn/jkj/new_index.shtml). The data published by the government were extracted from the routine reporting system for notifiable infectious diseases covered 31 provinces in the Chinese mainland, which was established by the Chinese government in the 1950s and switched from paper-based reporting to web-based reporting since 2003 (15). The case information of notifiable infectious diseases was timely reported from local hospitals and community health service centers throughout the country and was reviewed and confirmed by local Centers for Disease Control and Prevention (CDC) after confirmatory tests (15). Nowadays, a total of 40 kinds of notifiable infectious diseases are monitored by this system, among which there are five kinds of STDs, such as HIV/AIDS, hepatitis B, hepatitis C, gonorrhea, and syphilis (14). The Chinese government publishes the statistical table for reported case numbers of notifiable infectious diseases nationwide monthly on the government's website without detailed sociodemographic characteristics of cases.

The daily confirmed COVID-19 case numbers of China in 2020 were extracted from the COVID-19 data repository provided by Johns Hopkins University (16). The indicators of government control measures were extracted from the Oxford COVID-19 Government Response Tracker (OxCGRT) (17). Among the OxCGRT indicator system, seven indicators that reflected government response on “lockdown” restrictions, containment, and closure policies were extracted daily at the provincial level in China in 2020, such as school closing, workplace closing, cancel public events, restrictions on gathering size, close public transport, stay at home requirements, and restrictions on internal movement (17). The higher score of these indicators, the related policies were more strictly implemented. In addition, the dates of each province's start and end of lockdown period were obtained from each province's official press conferences or websites. The lockdown period of a province was considered as the period of provincial government's Level I response to a major public health emergency, which was the highest level of infectious disease control response, such as containment and closure policies (18).

This study was the secondary analysis of online reports data and other publicly available data and did not access any individually identifiable data. Therefore, ethical review was waived.



Statistical Analysis


Model Construction and Prediction

Considering the long-term rising trend and periodicity of the STD epidemic (i.e., HIV/AIDS) in China (19), except comparing the STD case numbers in 2020 with that of the same period in previous years, autoregressive integrated moving average (ARIMA) models were also established based on previous STD data, and to “forecast” the number of newly reported STDs cases in 2020. Then, the influence of COVID-19's epidemic on the five STDs could be better evaluated by comparing each month's actual number of STD cases in 2020 with the predicted number forecasted by the models.

Given the 12-month seasonality of the number of newly reported cases of STD (19), seasonal ARIMA models were used to formulate the long-term trend of these STDs. The forecast::auto.arima() function in R environment was used to choose the optimal set of parameters, which could compare the combinatorial spectrum of parameters based on the rule of the minimum Akaike's information criterion (AIC) and Bayesian information criterion (BIC). Ljung–Box test was used to check whether the residual sequence was a white noise sequence (p > 0.05 for the white noise sequence). Diagnostic checking parameters such as root mean square error, mean absolute percentage error (MAPE), AIC, and BIC were used to evaluate the goodness-of-fit of constructed models. We used the number of newly reported STD cases from January 2010 to December 2019 to construct the ARIMA models, and then forecasted the STD case numbers of January 2020 to December 2020. Each month's absolute percentage error (APE) in 2020 of each disease was calculated to evaluate the influence of COVID-19's epidemic, which was calculated as the following formula:
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A sensitivity analysis that used the data from January 2010 to December 2018 for model construction, and forecasted the case numbers of January 2019 to December 2020 was conducted to verify the results.



Correlation Analysis

The average scores among the 31 provinces in each day of the seven OxCGRT indicators were calculated, respectively, to form daily national indicators of COVID-19 control measures. And monthly average scores of the seven national control measures indicators and monthly cumulative number of confirmed COVID-19 cases were also calculated for the correlation analysis. Pearson correlation analysis was conducted to explore monthly confirmed COVID-19 case numbers and the COVID-19 control measures' correlations with the case numbers and the APEs of five STDs in 2020. The Pearson correlation coefficient (r) was calculated to reflect the correlations. Considering the specificity of February, when the number of COVID-19 cases was highest and control measures were strongest, we additionally conducted correlation analysis using the 11 months' data except February to explore correlations in the situation of normal COVID-19 control measures.

A two-sided p value of 0.05 was used for null-hypothesis tests. Statistical analyses were conducted using R version 4.0.3 (R Core Team).





RESULTS


Epidemic of Five STDs

The case numbers of HIV/AIDS and other four STDs showed sharp declines in early 2020, especially in February, compared to the same period in previous years. And the reported cases of hepatitis B, hepatitis C, and gonorrhea in February 2020 were the lowest among the 11 years (Figure 1; Supplementary Figure 1).


[image: Figure 1]
FIGURE 1. Autoregressive integrated moving average model fitting and prediction of the newly reported case number of five STDs. (A) HIV/AIDS. (B) Hepatitis B. (C) Hepatitis C. (D) Gonorrhea. (E) Syphilis.


The optimal ARIMA models of each STD were listed in Table 1, and the optimal models of the sensitivity analysis were listed in Supplementary Table 1. The MAPE of each model was <10% and had passed the Ljung–Box test, which showed a good fitting effect (Table 1; Supplementary Table 1). Via comparing the actual and predicted number of cases of five STDs in 2020, it showed that the actual case numbers of the five STDs in the early period of the COVID-19 epidemic in China were more than 50% lower than the predicted number, especially in February 2020 (Figure 1; Table 2; Supplementary Figure 1; Supplementary Table 2). Among them, the actual case numbers of hepatitis C, gonorrhea, and syphilis in February 2020 were more than 100% lower than the predicted number, and the APE was −102.3, −109.0, and −100.4% for the three STDs, respectively (Table 2). The sensitivity analysis showed similar results (Supplementary Table 2).


Table 1. Parameters and goodness-of-fit of the five STDs' optimal ARIMA models.
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Table 2. Each month's actual case number, predicted number, and absolute percentage error (APE) of five STDs in 2020.
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After sharp declines of STD reported cases in early 2020, the case numbers recovered quickly, and then basically returned to normal. Among them, the reported cases numbers of HIV/AIDS experienced a trough from January to March 2020 and began to rise in April. The reported case numbers of hepatitis B, hepatitis C, and syphilis were at a low point only in February 2020, the reported cases began to rise in March and basically returned to the normal level in April. After reaching the bottom in February 2020, the reported case number of gonorrhea recovered relatively slowly, and basically returned to the normal level in June 2020 (Figure 1; Table 2; Supplementary Figure 1; Supplementary Table 2).



Results of Correlation Analysis

The cumulative number confirmed COVID-19 cases dropped rapidly after peaking at 69,554 in February 2020 (Figure 2A). The lockdown periods of different provinces mainly concentrated in February, with the beginning of Level I response in late January and ending in late February to early March (Figure 3). The scores of seven national control measures indicators were also the highest in February (Figures 2B–H).


[image: Figure 2]
FIGURE 2. Trends of COVID-19 case numbers and scores of seven COVID-19 control measures in 2020. (A) Confirmed COVID-19 cases. (B) School closing. (C) Workplace closing. (D) Cancel public events. (E) Restrictions on gathering size. (F) Close public transport. (G) Stay at home requirements. (H) Restrictions on internal movement.
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FIGURE 3. Lockdown period of different provinces in China.


The monthly cumulative number of COVID-19 cases was negatively associated with the case numbers and APEs of the five STDs significantly (p < 0.05) (Table 3). All of the seven government control measures could influence the epidemic of STDs. Among them, the influence of restrictions on internal movement was relatively slight, which only negatively associated with APE of hepatitis B (r = −0.64, p < 0.05), gonorrhea (r = −0.67, p < 0.05), and syphilis (r = −0.62, p < 0.05) (Table 3). On the contrary, restrictions on gathering size, close public transport, and stay at home requirements had wider influences, of which the corrections with case numbers and APEs of hepatitis B, hepatitis C, gonorrhea, and syphilis were all significantly negative (p < 0.05) (Table 3). In addition, after excluding February, two indicators also influenced the APE of hepatitis B, hepatitis C, and gonorrhea, such as school closing (rhepatitisB = −0.67, p < 0.05; rhepatitisC = −0.62, p < 0.05; rgonorrhea = −0.88, p < 0.001), and restrictions on gathering size (rhepatitisB = −0.69, p < 0.05; rhepatitisC = −0.62, p < 0.05; rgonorrhea = −0.85, p < 0.001). Except for the above two indicators, the epidemic of gonorrhea was also influenced by workplace closing, canceling public events, and stay-at-home requirements considering its relatively slow recovery (p < 0.05) (Table 3).


Table 3. The correlation coefficients (r) of COVID-19 case numbers and control measures with the case numbers and the APEs of five STDs in 2020.
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DISCUSSION

At the beginning of the COVID-19 epidemic and the lockdown in China, we found a short, and sharp decline in the reported case number of the HIV/AIDS and other four STDs, especially in February 2020. Due to the effects of the annual Chinese New Year, such as holiday for staff of hospitals and CDCs and decrease in people's willingness to seek medical services during the holiday, the decline of STD case numbers in January/February, represented by HIV/AIDS, was consistently observed (19). However, the actual case numbers in February 2020 were sharply lower than that of previous years and the predicted case numbers, which showed the significant influence of the COVID-19 epidemic and its control measures. The number of STD cases in other countries also decreased during the lockdown period, such as the gonorrhea cases in London, United Kingdom (4), syphilis cases in Rome, Italy (5) and the United States (6), gonorrhea and syphilis cases in Greece (7) and Madrid, Spain (8).

There might be three reasons for the decline of STD cases. Firstly, the containment and closure policies, as well as the health services' priority to COVID-19 controlled to the disruption of STDs testing and treatment. In this study, we found that the more stringent the control measures, the more declines in reported STD cases, especially for restrictions on gathering size, close public transport, and stay at home requirements, which brought obstacles for patients with STD to seek medical care because they had a lower priority compared to COVID-19 cases. A survey in China showed over one-third of people living with HIV faced the risk of antiretroviral treatment interruption, especially for patients who stayed in areas that implemented citywide lockdowns or travel restrictions, and rural areas (9). A similar phenomenon that the COVID-19 epidemic impacted routine STD services also occurred in other countries. In the United States, chlamydia and gonorrhea testing decreased 59% for female patients and 63% for male patients during the rapid spread of COVID-19 (10). A 60% reduction of STD screening in the COVID-19 evolving phase and a 100% reduction in the COVID-19 plateau phase were also observed in Rhode Island (13). In Melbourne, Australia, the STD consultations and services dropped more than 40% during lockdown (12). Whitlock et al. (4) and Crane et al. (6) showed the decrease of STD cases mainly because of a sharp drop in the number of asymptomatic cases in the United Kingdom, which were often diagnosed through screening programs, but the programs were particularly influenced by the healthcare disruptions during the lockdown. The perspective was supported by the study in Australia (12). The second reason was that the COVID-19 epidemic and lockdown affected the willingness of STD high-risk population's visits to health services, such as concerns about COVID-19 infection at the time of treatment (5), and the shame and fear of their families knowing about their infection status. The decline in STD clinic visits was common during the lockdown. Berzkalns et al.'s (11) study showed the sexual health clinic visits during lockdown were 55% lower than in 2019. More sharply, Tao et al.'s (13) study observed a 55% reduction in the number of STD clinic visits in the COVID-19 evolving phase and an 84% reduction in the COVID-19 plateau phase. The third reason was that the lockdown policies impacted the seeking of casual sexual partners and high-risk sexual behaviors. Though it was controversial by the United Kingdom and Denmark's studies (4, 20), a study conducted in Amsterdam showed a 73% reduction in the number of casual sex partners of men who have sex with men (21). Li et al.'s (22) survey also observed a decrease in the number of sexual partners and sexual frequency during the lockdown period in China, especially among people with high-risk sexual behaviors, which could effectively reduce the spread of STDs. The phenomenon was closely related to the containment and closure policies. Restrictions on gathering size led to the closure of bars and other entertainment venues, and closing public transport and stay-at-home requirements made it difficult for casual sexual partners to meet. In addition, a growing trend of STDs, represented by HIV, was observed among college students in China in recent years (23, 24). Continued school closing kept students at home and also could reduce the STD risk among college students.

Gradually, after March 2020, the epidemic of COVID-19 was under control to some extent in China, daily life, production, and medical services were carried out normally, and the number of STD cases rapidly returned to normal. This phenomenon indicated that the severe impact of COVID-19 on STDs in China was relatively short-lived, and the effective control of COVID-19 was the key to the recovery of STD prevention and control. It was related to the relatively relaxed containment and closure policies in the normal COVID-19 control period after February. A similar trend was also reported in the United States that after the “Stay Home, Stay Healthy (SHSH)” order, the weekly cases of gonorrhea and syphilis decreased, but returned to the pre-SHSH levels after reopening (11). The recovery might be partly due to increased testing as Chow et al.'s study (12) reported that asymptomatic screening gradually increased during post-lockdown.

However, in this study, we found how quickly the recovery of different STD case numbers varied. Unlike the other four diseases' rapid rebound, the recovery of gonorrhea's case number was relatively slow, which could be explained by these pathogens' different characteristics of the pathogenic process. For HIV, some atypical flu-like symptoms may occur in 2–4 weeks after infection, but infected people may not feel sick or ignore the symptoms (25). There is a relatively longer window period of HIV detection, especially for antibody tests with a window period of 23–90 days (26). Most chronic hepatitis B patients are asymptomatic, and the incubation period of hepatitis B is about 90 days (27). The newly acquired hepatitis C patients usually are asymptomatic or with mild symptoms that are likely to be ignored, and the incubation period is about 2–12 weeks (28). The signs and symptoms of primary and secondary syphilis are always mild and are unlikely to be noticed with a 3-month incubation period (29, 30). Therefore, the late diagnosis of these diseases was common. The rate of late diagnosis for HIV in developed countries was 24–30%, which was much higher in some developing countries (31). In China, the rate of late diagnosis for HIV was between 35.5 and 42.1% from 2010 to 2014 (32). Among hepatitis C patients, late diagnosis was common because 50–80% of them were unaware of their illness (33). In a study conducted in South China, delayed diagnosis occurred in about 78% of patients with syphilis (34). However, compared with the above four STDs, the incubation period of gonorrhea is much shorter for 1–14 days (35). Symptoms and signs of gonorrhea are more typical and easy to be noticed, such as dysuria, white, yellow, or green urethral discharge, and testicular or scrotal pain, which can promote patients to seek medical treatment as soon as possible and reduce late diagnosis (35). Therefore, due to the phenomenon of common late diagnosis and relatively longer incubation period, many of the HIV/AIDS, hepatitis B, hepatitis C, and syphilis patients detected in March were infected before the lockdown. There still was a large population of patients in incubation period or undetected status during the lockdown period. Hence, a rapid return to normal occurred after the lockdown period was observed. However, with a relatively lower proportion of patients in incubation period or undetected status, the relatively slow recovery of gonorrhea cases reflected that the number of newly infected patients during the lockdown really decreased, and gradually increased with the less strict policies implemented.

Though, on the whole, the number of STD cases in China declined in 2020, we must not let down our guard. UNAIDS has warned that the crisis of the COVID-19 pandemic had the potential to blow us even further toward the goal of ending AIDS by 2030, and the increased risk of COVID-19-associated adverse socioeconomic impacts could increase the high-risk populations' vulnerability to HIV (36, 37). Therefore, the long-term impact of the COVID-19 epidemic on STDs needs further attention and evaluation. And some non-contact STD testing and treatment services, such as mailing the testing kits and therapeutic drugs, need further development and improvement to prevent the STDs from becoming a secluded corner in the shadow of COVID-19.

This study had several limitations. First, because the data we collected from the government's report was the monthly total numbers of the STD cases, weekly data and detailed sociodemographic characteristics of these cases were not available. And the study could not evaluate the change in the cases numbers of symptomatic and asymptomatic STD cases for each route of transmission separately. Second, because China's routine reporting system for notifiable infectious diseases only reported the confirmed cases, and cases could be reported from different medical institutions, the total numbers of tests for different diseases were not available. However, previous studies reported that the lockdown brought a great impact on testing and other services, as well as patients' willingness to visit health services (9–13); we can infer that the minimum number of tests was in February, and then recovered gradually. Third, some other STDs, such as chlamydia, were not included in the analysis because they are not the notifiable infectious diseases in China and are not reported through the surveillance system. In future studies, more provincial-level and city-level surveys are needed to include more kinds of STDs and evaluate the influence of the COVID-19 epidemic on STDs by different severities of the disease and the routes of infection. In further surveys, more sociodemographic information of cases and changes in testing ability during the COVID-19 epidemic of different medical institutions are essential to be investigated.

In conclusion, this is a pioneering study to explore the epidemic of HIV/AIDS and other main STDs under the influence of COVID-19 in China. We found that the case numbers of five STDs showed sharp declines in early 2020, especially in February, compared to the same period in the previous years as well as the predicted case numbers of 2020 based on the ARIMA model. After March 2020, the number of STD cases returned to normal quickly. The epidemic of five STDs was significantly influenced by COVID-19 control measures. These findings indicated that the severe impact of COVID-19 on STDs in China was short-lived, and for providing better STD prevention and control, the effective control of COVID-19 is vital. Our findings could provide references for the development of policies and control measures for STDs under the situation of the COVID-19 epidemic.
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