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Objectives: The aim of this study is to describe, visualize, and compare the trends and epidemiological features of the mortality rates of 10 notifiable respiratory infectious diseases in China from 2004 to 2020.

Setting: Data were obtained from the database of the National Infectious Disease Surveillance System (NIDSS) and reports released by the National and local Health Commissions from 2004 to 2020. Spearman correlations and Joinpoint regression models were used to quantify the temporal trends of RIDs by calculating annual percentage changes (APCs) in the rates of mortality.

Results: The overall mortality rate of RIDs was stable across China from 2004 to 2020 (R = −0.38, P = 0.13), with an APC per year of −2.2% (95% CI: −4.6 to 0.3; P = 0.1000). However, the overall mortality rate of 10 RIDs in 2020 decreased by 31.80% (P = 0.006) compared to the previous 5 years before the COVID-19 pandemic. The highest mortality occurred in northwestern, western, and northern China. Tuberculosis was the leading cause of RID mortality, and mortality from tuberculosis was relatively stable throughout the 17 years (R = −0.36, P = 0.16), with an APC of −1.9% (95% CI −4.1 to 0.4, P = 0.1000). Seasonal influenza was the only disease for which mortality significantly increased (R = 0.73, P = 0.00089), with an APC of 29.70% (95% CI 16.60–44.40%; P = 0.0000). The highest yearly case fatality ratios (CFR) belong to avian influenza A H5N1 [687.5 per 1,000 (33/48)] and epidemic cerebrospinal meningitis [90.5748 per 1,000 (1,010/11,151)]. The age-specific CFR of 10 RIDs was highest among people over 85 years old [13.6551 per 1,000 (2,353/172,316)] and was lowest among children younger than 10 years, particularly in 5-year-old children [0.0552 per 1,000 (58/1,051,178)].

Conclusions: The mortality rates of 10 RIDs were relatively stable from 2004 to 2020 with significant differences among Chinese provinces and age groups. There was an increased mortality trend for seasonal influenza and concerted efforts are needed to reduce the mortality rate of seasonal influenza in the future.
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Introduction

The Global Burden of Disease Study 2017 (GBD 2017) analysis indicates that the major factors affecting disability-adjusted life years (DALYs) globally are communicable diseases, including lower respiratory infections, malaria, diarrhea diseases, HIV/acquired immunodeficiency syndrome (AIDS), and tuberculosis (1). For developed and developing countries, respiratory infectious diseases (RIDs) impose a large health burden on health systems and consistently rank among the most fatal diseases (2–4). The severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) pandemic, which began in 2020, indicated that RIDs are still a global critical health threat.

As the country with the largest population in the world, China faces great pressure in the prevention and control of RIDs, which are still severe health and financial burdens due to their relatively high incidence rates (5–7). Infectious disease mortality in China has been reported previously; surveys have covered the period of 1986–2016 (39 notifiable infectious diseases) (8), 2004–2013 year (45 notifiable infectious diseases) (9), 2010–2019 (44 notifiable infectious diseases) (10), and 1990–2019 (the burden of upper respiratory infections without disease types) (11), and the epidemic pattern of RIDs has changed significantly in recent years. For example, China is experiencing an unprecedented rise in scarlet fever, pertussis, and multi-drug-resistant tuberculosis (12–14). There are several factors that contribute to these changes: First, shifts in the emerging respiratory infectious pathogens or subtype shifts have been recurring every 2–3 years (5, 15–21). Second, changes in demographic aspects and structure due to urbanization, population growth, aging, birth rates, etc. will change the number of people susceptible to RIDs. Third, climate change and environmental factors may affect the risk of RID outbreaks (9, 22, 23). To account for these changes, it is necessary to periodically assess the epidemiological characteristics of the mortality rates of RIDs on a national and provincial level.

This study aims to use national notifiable infectious diseases surveillance data to uncover the latest and overall picture of the epidemiological features and trends in the age- or province-specific mortality rates of 10 notifiable RIDs in China from 2004 to 2020. Based on literature searches in PubMed, our study reports the yearly mortality rates, case fatality rates, spatiotemporal and age distribution, and their trends of 10 notifiable RIDs from 2004 to 2020 in mainland China, as well as the impact of the continuous containment and mitigation strategies for COVID-19 on the mortality rates of the other 10 notifiable RIDs. Understanding trends in respiratory infectious deaths and changes in the leading causes of disease burden over time is needed for decision-makers to better set policies and priorities for action.



Methods


Data sources

Data were obtained from the database of the National Infectious Disease Surveillance System (NIDSS) and official reports on national notifiable infectious diseases released by the National and local Health Commissions. Using the NIDSS system, hospitals and clinics from all 31 provinces in mainland China can directly report, in real time, clinically diagnosed cases, suspected cases, or confirmed cases of infectious diseases. A total of 40 notifiable infectious diseases are divided into three classes (A, B, and C). Epidemic reports are time-sensitive; all class A infectious disease cases and class B pulmonary anthrax and SARS cases should be reported through the network within 2 h of diagnosis, whereas the remaining class B and C infectious diseases should be reported within 24 h (8, 9, 24). The outbreak of severe acute respiratory syndrome (SARS) in 2003 led to the establishment of a web-based, timely reporting system (NIDSS) in China in 2004, which has improved the efficiency of the infectious disease surveillance system. The strategies based on non-pharmaceutical interventions that were used to contain the COVID-19 pandemic in China appear to be effective for other infectious diseases. Therefore, this study uses national surveillance data from 2004 to 2020. The annual population data for the years 2004–2020 were collected from the data published on the website of the Chinese National Bureau of Statistics at the end of each year.



Case diagnosis criteria

NIDSS data includes clinically diagnosed cases, suspected cases, and confirmed cases. The case definitions and diagnostic criteria are approved and issued by the China National Standardization Administration Committee. Details of case definitions and diagnostic criteria for all 10 respiratory diseases are available in Supplementary Tables 1–11.



Data collection

According to the transmission mode, clinical severity, and epidemic intensity, this study obtained mortality data for 10 respiratory diseases from 40 notifiable infectious diseases (except for COVID-19) in mainland China, where these respiratory infections are the major contributors to the burden of infectious disease, affect all age groups, and have been identified in all provinces. Among them, six belong to Class B (TB, epidemic cerebrospinal meningitis, H5N1 avian influenza, measles, pertussis, and scarlet fever) and four belong to Class C [seasonal influenza, 2009 pandemic influenza A(H1N1) (pH1N1), mumps, and rubella]. Data on all respiratory diseases cover the period of 2004–2020, except pH1N1 (which covered 2009–2013), which was grouped with seasonal influenza after 2013. We collected data on the number of cases and deaths, incidence rates, and mortality rates, stratified by age groups and provinces.



Data analyses

This study includes 50,595 deaths from Jan 1, 2004 to Dec 31, 2020. We used an R package (version 4.2.0), Joinpoint Regression Analysis software (version 4.5.0.1; the National Cancer Institute, details in Supplementary material), ArcGIS 10.2 (ArcMap, version 10.3; ESRI Inc., Redlands, CA, USA), and SaTScan.9.6 (http://www.satscan.org/) to analyze trends, annual percentage changes (APC), and the spatiotemporal distribution of the mortality rate (4, 9, 13, 25).



Statistical analysis

The case fatality ratio (per 1,000) is the number of annual deaths divided by the number of annual incident cases. Statistical analysis was performed using ggplot2 (version 3.3.6) and ggpubr (version 0.4.0) packages. We used the x2 test to compare the different proportions of infected people by mortality year and age. For all analyses, probabilities were two-tailed, spearman correlations were calculated, and a P-value of <0.05 was considered statistically significant. We express trends as annual percentage changes (Supplementary material). We used the Z-test to assess whether an annual percentage change is significantly different from zero. In describing trends, we use the terms “increase” and “decrease” when the slope (annual percentage change) is significant (P < 0.05). We use the term “stable” to refer to a non-significant annual percentage change (P ≥ 0.05) and indicate that the incidence is maintained at a perennially stable level or that the incidence is perennially unreported or only reported sporadically.



Patient and public involvement

There was no patient or public involvement in this research.




Results


Overall trends of mortality and number of deaths caused by 10 RIDs from 2004 to 2020

From 2004 to 2020, a total of 50,595 deaths caused by 10 RIDs were recorded in China, accounting for 18.39% (50,595/275,071) of deaths caused by 39 notifiable infectious diseases in China. The yearly average deaths totaled 2,976 (95% CI 2,606–3,346) (Table 1).


TABLE 1 The mortality data for 10 notifiable respiratory infectious diseases in China from 2004 to 2020.
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Regarding the mortality rates of the 39 notifiable infectious diseases, a significantly increasing trend was found from 2004 to 2020 (R = 0.97, P = 2.2e-06, Figure 1), including a rapid increase in the yearly mortality from 2004 to 2019 and a reduction in 2020.


[image: Figure 1]
FIGURE 1
 Trends in annual mortality rates from 2004 to 2020. (A) Annual mortality for 39 notifiable diseases and all 10 respiratory infectious diseases (RIDs). (B) Annual mortality for each RID. The P-value indicates the coefficient of the spearman correlation. The shadings indicate the 95% confidence intervals (CI) and the colors indicate different diseases.


In terms of the 10 RIDs, the mortality rate showed a stable trend in the 17 years from 2004 to 2020 (R = −0.38, P = 0.13, Figure 1), although the mortality rate of all RIDs in 2020 remained higher than that in 2004 (0.1422 vs. 0.1274 per 100,000: an increase of 20.47%, Figure 1; Table 2). Meanwhile, the Joinpoint regression indicates that the APC of age-adjusted mortality was −2.2% (95% CI −4.6 to 0.3%; P = 0.1000) across the whole of China from 2004 to 2020 (Table 3).


TABLE 2 Changes in number of cases, number of deaths, and mortality (per 100,000) for 10 respiratory infectious diseases in China, 2004 vs. 2020.
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TABLE 3 Annual percentage change in incidence rate of all 10 RIDs, from 2004 to 2020.
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For each RID, only seasonal influenza showed a significantly increased trend for the annual mortality rate in these years (R = 0.73, P = 0.00089, Figure 1B). The other nine RIDs all showed decreased or stable trends, of which avian H5N1 influenza, measles, epidemic cerebrospinal meningitis, mumps, and pH1N1 had significant downward trends (all P < 0.05, Figure 1B; Table 3).

Moreover, considering the control measures during the COVID-19 pandemic, including lockdowns, school closures, mask-wearing, and frequent hand washing, might have had an impact on respiratory infectious disease epidemics (26, 27), by comparing the changes in the mortality of each of the 10 RIDs before and after the COVID-19 period (the 5 years before COVID-19 vs. 2020) in China, we found that the overall mortality rate of the 10 RIDs in 2020 decreased by 31.80% (P = 0.006). The cerebrospinal meningitis endemic decreased by 75.45% in 2020 compared to the previous 5 years (P = 0.045, Table 4). TB decreased by 31.27% in 2020 compared to the previous 5 years (P = 0.01, Table 4). More detail is listed in Table 4.


TABLE 4 Changes in number of cases, number of deaths, and mortality for 10 respiratory infectious diseases in 2020 compared to the 5 years before the COVID-19 period in China.
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Mortality rate ranks of 10 RIDs in China from 2004 to 2020

As for the relative ranking of these RIDs from 2004 to 2020 (except pH1N1 for the period of 2009–2013), TB was the leading RID in these 17 years, 22.2% (2/9, TB and Pertussis) of the diseases had a stable rank, 44.4% (4/9, Seasonal influenza, Mumps, Scarlet Fever, and Avian H5N1 influenza) had an increased rank, and 33.3% (3/9, Epidemic cerebrospinal meningitis, Measles, and Rubella) had a decreased rank (Figure 2). Tuberculosis, seasonal influenza, and epidemic cerebrospinal meningitis were the three RIDs with the highest mortality rates from 2017 to 2020.


[image: Figure 2]
FIGURE 2
 Mortality ranking of each of the 10 respiratory infectious diseases (RIDs) by year, from 2004 to 2020. The annual percentage change (APC) in the mortality of each RID is listed with 95% confidence intervals (CI). Arrows pointing upwards (red) represent overall increased trends in ranking, arrows pointing downwards (green) represent decreased trends in ranking, and arrows pointing to the right (purple) represent stable trends in the mortality rankings of each infectious disease from 2004 to 2020.




Geographical distribution in the mortality of RIDs in China from 2004 to 2020

All provinces reported fatal respiratory cases. However, the average yearly mortality of the 10 diseases was heterogeneously distributed across 31 provinces in mainland China, the northwestern, southwestern, and northeast regions were the highest. The average yearly mortality of all 10 RIDs was highest in Xinjiang, at 1.1309 per 100,000 people, the Tibet Autonomous Region (Hereafter, Tibet) at 0.5896 per 100,000 people, and the Heilongjiang Province, at 0.5109 per 100,000 people (Figures 3A, B).


[image: Figure 3]
FIGURE 3
 Spatiotemporal distribution of mortality caused by 10 respiratory infectious diseases (RIDs) in 31 province-level units, from 2004 to 2020. (A) The epidemic trend for the annual mortality rate from overall respiratory infectious diseases in 31 province-level units, 2004–2020. The small, colored dots indicate the full range across all 31 provinces; and the big red dots indicate the average level. (B) The spatiotemporal clusters of overall respiratory infectious diseases. The mortality rate data for all 17 years and 31 provinces were used, with a maximum cluster population size of 10% to minimize false clusters and a maximum temporal window of 3 years to examine the clusters. The local risk ring maps were also done using ArcGIS software. The 14 rings contain data for each year studied, with the innermost ring bearing data for 2004, and moving outwards through the years to the outermost ring, bearing data for 2020.




Age distribution of deaths, mortality, and percentage of RIDs in China from 2004 to 2020

Regarding the death incidence rate, the age-specific mortality of the 10 RIDs was highest in people aged 60 or older among all ages from 2004 to 2018, and there has been a decreasing trend in mortality among people aged over 60 since 2010 (Figure 4A). The age group with the highest death constituent ratio was children younger than 5 years old for pertussis, rubella, epidemic cerebrospinal meningitis, and measles from 2004 to 2020 (Figure 4B).


[image: Figure 4]
FIGURE 4
 Mortality and constituent ratio of deaths in different ages caused by 10 respiratory infectious diseases (RIDs) in China. (A) Mortality (per 100,000 people) due to all 10 RIDs by age group, from 2004 to 2018. (B) The constituent ratio of ages in each RID from 2004 to 2020. The colors indicate different age groups; 0–4 years are in green, 5–14 years are in yellow, 15–44 years are in purple, 45–59 years are in red, and 60 years and older are in blue.


As for the percentage of RIDs, the highest was seen in those aged 70 years or older, accounting for 38.12%, which is 10.16 times those aged 10 years or younger (3.75%; P < 0.001) and 2.77 times (38.12 vs. 13.75%; P < 0.001) those aged 30 years and above (Supplementary Table 12).



Case fatality rate of 10 RIDs from 2004 to 2020

We analyzed the yearly CFR for the 10 most common causes of respiratory diseases during 2004–2020. The overall CFR was 1.6411 per 1,000 (50,595/30,830,492). The diseases with the highest yearly case fatality ratios were avian influenza A H5N1 [687.5 per 1,000 (33/48)] and epidemic cerebrospinal meningitis [90.5748 per 1,000 (1,010/11,151)] (Table 1; Figure 5A).
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FIGURE 5
 Case Fatality Rates (CFR) for 10 respiratory infectious diseases (RIDs). (A) Yearly CFR by year for 2004–2020 in China. (B) Age-specific CFR by age groups. Blanks indicate that no reporting data were available.


The age-specific CFR of the 10 infectious diseases was highest among people older than 85 years and was lowest among children younger than 10 years, particularly in 5-year-olds, with a rate of 13.6551 per 1,000 (2,353/172,316) and 0.0552 per 1,000 (58/1,051,178), respectively (Figure 5B; Supplementary Table 13).



Tuberculosis

Nationally, the cumulative number of deaths caused by tuberculosis was 47,374 from 2004 to 2020, with 2,787 (95% CI: 2,472–3,101) annual deaths (Table 1). Tuberculosis was the leading cause of respiratory infectious disease mortality from 2004 to 2020 (Figures 1, 2), accounting for 17.22% (47,374/275,071) and 93.63% (47,374/50,595) mortality of all 39 infectious diseases and the 10 respiratory diseases, respectively.

Although TB mortality increased by 33.73% (from 0.1104 in 2004 to 0.1368 in 2020), in 54.84% (17/31) provinces of China, the mortality rate of TB showed a stable trend in the 17 years from 2004 to 2020 (R = −0.36, P = 0.16, Figure 1). Meanwhile, the Joinpoint regression indicates that the APC of age-adjusted mortality was −1.9% (95% CI −4.1 to 0.4%, P = 0.1000) across the whole of China from 2004 to 2020 (Figure 2; Table 3).

TB had the highest absolute inequality among 31 provinces. Developing provinces and areas registered the highest TB mortality rates, namely 1.0751/100,000 in Xinjiang, 0.5488/100,000 in Tibet, and 0.4966/100,000 in the Heilongjiang Province (Supplementary Figure 1).



Epidemic cerebrospinal meningitis

In mainland China, the cumulative number of deaths caused by epidemic cerebrospinal meningitis was 1,010 from 2004 to 2020, the number of yearly deaths being 59 (95% CI: 25–94) (Table 1). Epidemic cerebrospinal meningitis was the second leading cause of respiratory infectious disease mortality from 2004 to 2020. Epidemic cerebrospinal meningitis only caused 2% (1,010/50,595) of all respiratory disease mortality in China.

The mortality of epidemic cerebrospinal meningitis decreased by 98.18% (from 0.0127 in 2004 to 0.0002 in 2020) in 87.10% (27/31) provinces of China. The mortality rate of epidemic cerebrospinal meningitis showed a significantly decreased trend in the 17 years from 2004 to 2020 (R = −0.98, P = 1.1e-11, Figure 1). Meanwhile, the Joinpoint regression indicates that the APC of age-adjusted mortality was −21.80% (95% CI −24.9 to −18.5%, P < 0.0001) across the whole of China from 2004 to 2020 (Figure 2; Table 3).

During 2004–2020, mortality from epidemic cerebrospinal meningitis was highest in the northwestern and western parts of China, namely in Xinjiang (0.0245/100,000), Tibet (0.0180/100,000), and Beijing (0.0149/100,000) (Supplementary Figure 2).



Seasonal influenza

Seasonal influenza deaths increased between 2004 and 2020. A total of 711 deaths were caused by seasonal influenza, accounting for 1.41% (711/50,595) of all respiratory infectious deaths; see Table 1. The number of yearly deaths was 42 (95% CI: 6–78) in China, nationwide (Table 1).

At the national level, mortality rates increased by 366.67% between 2004 (0.0012/100,000) and 2020 (0.0050/100,000). 90.32% (28/31) of areas in mainland China reported increased mortality. The mortality rate showed a significantly increased trend in the 17 years from 2004 to 2020 (R = 0.73, P = 0.00089, Figure 1). Meanwhile, the Joinpoint regression indicates that the APC of age-adjusted mortality was 29.7% (95% CI 16.6–44.4%, P < 0.0001) across mainland China from 2004 to 2020 (Figure 2; Table 3).

Across China, influenza mortality was predominantly concentrated in northern and southwestern China, with a mortality rate of 0.0361/100,000 in Beijing, 0.0088/100,000 in Tianjin, and 0.0077/100,000 in Chongqing (Supplementary Figure 3).



pH1N1

The full period of pH1N1 was from 2009 to 2013; the total deaths caused by pH1N1 accounted for 1.18% (916/50,595) of all respiratory infectious disease deaths during our 17-year study period, while the number of yearly deaths was 183 (95% CI: −149 to 515) in the 5-year period (Table 1).

Overall, the mortality rates decreased by 94.09%, from 0.0491 in 2009 to 0.0029 in 2013 (Table 2; Supplementary Figure 4A). The mortality rate showed a decreased trend in these 5 years, with an APC of −59.4% (95% CI −78.1 to −24.8%, P < 0.0001) in China from 2009 to 2013 (Figure 2; Table 3).

From 2009 to 2013, provinces in northwestern, northern, and northeastern China, namely Beijing (0.1087/100,000), Ningxia (0.0325/100,000), and Tianjin (0.0310/100,000) were the areas most affected by pH1N1 (Supplementary Figure 4).



Avian H5N1 influenza

Avian H5N1 influenza was a zoonotic disease, first identified in China in 2005. The overall deaths caused by H5N1 accounted for 0.07% (33/50,595) of all respiratory infectious disease mortality during our study period (Table 1). The number of annual deaths was 2.1 (95% CI: 0.9–3.3) at the national level.

Overall, the mortality rate showed a significantly decreased trend from 2005 to 2016 (R = −0.89, P = 4.2e-06, Figure 1). Meanwhile, the Joinpoint regression suggests an APC of −13.5% (95% CI −20 to 6.6%, P < 0.0001) in China during this period (Figure 2; Table 3).

The mortality rate of H5N1 varied across 31 provinces, of which, Guizhou Province (0.0007/100,000) and Xinjiang (0.0006/100,000) were the areas most affected by Avian H5N1 influenza (Supplementary Figure 5).



Measles, mumps, and rubella

Measles caused 0.94% (476/50,595) of all respiratory infectious disease deaths in 2004–2020 (Table 1). Nationally, the measles mortality rate decreased by 100% (from 0.002 in 2004 to 0 deaths per 100,000 individuals in 2020). The mortality rate showed a decreased trend in the 16 years from 2004 to 2020 (R = −0.55, P = 0.022, Figure 1). Meanwhile, the Joinpoint regression suggests an APC of −8.3% (95% CI −14.6 to 1.6%, P < 0.0001), see Table 3. The measles mortality rate was highest in the western part of China, additional agglomeration areas with mortality including Tibet (0.0217 per 100,000 individuals), Xinjiang (0.0173 per 100,000 individuals), and the Qinghai Province (0.0113 per 100,000 individuals); see Supplementary Figure 6.

Mumps caused 0.05% (25/50,595) of all respiratory infectious disease mortality during this period; see Table 1. The mortality rates decreased by 66.67% between 2004 and 2020 (0.0003 vs. 0.0001 deaths per 100,000 individuals) in the Shannxi and Guangxi provinces, see Table 2 and Supplementary Table 14. The mortality rate showed a significantly decreased trend in these 16 years from 2004 to 2020 (R = −0.87, P = 4.7e-06, Figure 1). Meanwhile, the Joinpoint regression suggests an APC of −11.3% (95% CI −16.4 to −5.9%, P < 0.0001) see Table 3.

Rubella caused 0.01% (6/50,595) of all respiratory infectious disease mortality during 2004–2020 (Table 1). The mortality rate showed a significantly decreased trend in the 17 years from 2004 to 2020 (R = −0.55, P = 0.022, Figure 1) and mortality decreased by −100% between 2004 and 2020 (0.0001 vs. 0 deaths per 100,000 individuals) in the Henan province, see Table 2 and Supplementary Table 15. Meanwhile, the Joinpoint regression suggests an APC of −0.5% (95% CI −0.8 to −0.1%, P < 0.0001), see Table 3. Only 5 of 31 provinces recorded deaths caused by rubella (Supplementary Table 15).



Pertussis

Pertussis accounted for 0.07% (33/50,595) of respiratory infectious disease mortality (Table 1). Although mortality decreased by −85.71% between 2004 and 2020 (0.0007 vs. 0.0001 deaths per 100,000 individuals) in Qinghai, Xinjiang, Chongqing, and the Sichuan province (Table 2), the mortality rate showed a relatively stable trend in the 17 years from 2004 to 2020 (R = −0.33, P = 0.2, Figure 1). Meanwhile, the Joinpoint regression suggests an APC of −7.9% (95% CI −17.2 to 2.3%, P = 0.1) in China from 2004 to 2020 (Table 3). From 2004 to 2008, mortality rates decreased significantly, with an APC of −37.3% (95% CI −56.9 to 8.6%, P < 0.0001). Only 14 of 31 provinces reported pertussis deaths in the study period (Supplementary Table 16).



Scarlet fever

Scarlet fever accounted for 0.02% (11/50,595) of respiratory infectious disease mortality (Table 1). The mortality rate showed a stable trend in the 17 years from 2004 to 2020 (R = −0.28, P = 0.28, Figure 1). Meanwhile, the Joinpoint regression suggests an APC of 1.4% (95% CI −1.9 to 4.8%, P = 0.4) in China from 2004 to 2020 (Table 3). Only eight of 31 provinces reported scarlet fever deaths (Supplementary Table 17).




Discussion

Based on 17 national mortality statistics, this observational study analyzes the changing patterns and trends in the mortality rates of 10 RIDs in China (28–30). We found a relatively stable trend in the mortality rate caused by all 10 RIDs from 2004 to 2020. Moreover, with the exception of an increase in mortality for seasonal influenza, the other RIDs showed a decreased or stable trend. With the continuous containment and mitigation strategies for COVID-19 in 2020, China has significantly reduced the overall mortality for the 10 RIDs compared to the previous 5 years. Both levels of mortality and rates of change varied by region, age group, and subcategories of respiratory causes in the past 17 years. To our knowledge, this is the first study to report the trends and yearly mortality rates of 10 RIDs from 2004 to 2020 in China.

Similar to the USA and UK reports, this study indicates that the overall mortality rates of the 10 infectious diseases have shown a striking decline in China since 2009 (2, 4). The sharp reduction is not well-understood, but it could be attributed to a multiplicity of factors. First, comprehensive prevention and control measures for infectious diseases in terms of resources, systems, and laws since the SARS endemic in 2003 in China have contributed to this decreasing trend, such as the 2003 Emergency Regulations for Public Health Emergencies, Law of the People's Republic of China on prevention and control of infectious diseases in 2004, 2013, and 2020 (31). Importantly, NPIs for the prevention of COVID-19 have contributed to the reduction in RID mortality in China. Second, large-scale vaccination (22 National Immunization Program vaccines increased from 78% in 2005–2007 to ≥98% in 2015) and the development of effective treatments may have also contributed to this decline. Third, the Chinese government increased investments to US$2.25 billion to control infectious diseases starting in 2008 and started a national science project to end tuberculosis and measles in recent years (9, 32). Fourth, the diagnosis of infectious diseases has improved gradually in recent decades, in particular, PCR (polymerase chain reaction) rapid diagnosis has been widely adopted at all levels of hospitals (9, 33). Early diagnosis and proper case management of these cases can increase the survival rate. Fifth, China experienced improved air quality during this period, where the pollution level and the number of extremely polluted days have decreased substantially (34). Lastly, improved living standards, particularly, improved hygiene and personal nutrition, may have also contributed to this decreasing trend (9).

Our study indicates that the tuberculosis mortality rate declined significantly from 2004 to 2020, which means China will be much closer to the SDG TB targets by 2030 (35). This is in line with previous studies. There are several factors that explain these changes. On the one hand, in 2005, China rebuilt public health service facilities and formulated a new 5-year plan for tuberculosis prevention and treatment (36). On the other hand, living standards, health services, medical technology, and the monitoring of infectious diseases have improved in the past 10 years (37).

The influenza-associated respiratory mortality rate estimates from 1999 to 2015 are higher than previously reported globally (38, 39). In China, the seasonal influenza mortality rate had a relatively high increasing trend from 2004 to 2020, in particular, a sudden rise from 2017 to 2019. The reason for this increasing trend was not clear but could be attributed to pathogen shift and low vaccination coverage (21, 40, 41). As to the former, seasonal influenza saw a large peak in these 2 years because B/Yamagata was the main epidemic strain, but this type had not emerged for the previous 2 years, so the population had no antibodies (21); secondly, the seasonal influenza vaccine is not included in the National Immunization Program, so the average national vaccination rate was just 1.5–2.2% between 2004 and 2014 (42). Noticeably, the diagnosis standard of confirmed influenza cases was changed in 2019, and the influenza antigen rapid test is now included in the diagnosis guidelines for influenza-confirmed cases according to the national diagnostic and treatment protocol for seasonal influenza (2019 edition). This is a potential contributing factor in the increased mortality of seasonal influenza.

We have observed notable geographic patterns in the mortality rates for respiratory infectious diseases, with substantial increases in some of the undeveloped regions of western, northwestern, and northeastern China, namely, Xinjiang, the Tibet Autonomous Region, and the Heilongjiang Province. These differences were likely driven by the climate, demographic characteristics, pathogen subtypes, vaccination, public health emergencies, personal protection and vaccination, and environmental sanitation. Firstly, lower reported coverage rates (<90%) and poor medical availability were found in western areas (9, 40). Other important factors were less efficient public health systems, the multiethnic population, poverty, heavy smoking, and poor sanitation (9, 43, 44). Finally, the respiratory disease mortality rate in northern China is positively associated with air pollution according to published articles (34). The effects of air pollution are greatest in northern cities during cold months, when coal is burned for heating (13, 34).

The age pattern in the fatal cases among the 10 different diseases is similar to those observed in other reports (38, 45). The aging population of China might have contributed to higher mortality rates of primary respiratory diseases, namely TB and influenza. The drift of TB and seasonal influenza to the population over 75 may be triggered by the growing elderly population in China (46). Life expectancy increased from 68.55 years in 1990 to 76.34 years in 2015, and this significant increase in life expectancy adds significantly to the disease burden in China (22). There is a need to develop national strategies, including health care, personal and social care, and economic support to improve the health of the aging population (47). Low non-immunization program vaccination rate, comorbidity of chronic diseases, drug resistance, and untimely treatment may be possible reasons for the high mortality rate of respiratory disease among the elderly (48). Moreover, the overall yearly mortality rate of the other eight respiratory diseases was higher among children under 15 years old, in particular, those below 5 years old. Due to the recent introduction of the third-child policy, we anticipate an increase of 1–2 million more births every year (22). Increased capacity in child health services, the national vaccination program, and health insurance systems are needed to address the needs of the increasing child population (49).

The CFR for the 10 RIDs during the study period was much lower than that reported in the Yang et al. report in 2013 (9). The RIDs with the highest mortality rates in terms of yearly CFR were avian influenza H5N1, epidemic cerebrospinal meningitis, and pH1N1. The severity of influenza and avian influenza might vary depending on the disease subtype. CFR in high-pathogenicity H5N1 (70%) was far higher than in low-pathogenicity avian influenza (H7N9, 40.4%) in China (50). However, the seasonal influenza-associated CFR rate (0.0638 per 1,000) was very low compared with avian influenza epidemics. Generally, the overall CFR for avian influenza and seasonal influenza in China was higher than the global average [53.5% for H5N1 (51) and 0.24% for pH1N1 (52)]. This increased rate may be the result of several factors. On the one hand, diagnosis of the H5N1 infection was delayed because H5N1 was screened by the surveillance results of unexplained pneumonia cases. On the other hand, most H5N1 cases were found in poor and rural areas (51, 53), where early diagnosis is difficult. The CFR of epidemic cerebrospinal meningitis in the study period in China was much lower than that in Nigeria (13.8%) and the sub-Saharan epidemic cerebrospinal meningitis belt (9.3%) (54), but similar to that in Ghana (5.8%) (55). This may be due to increased vaccination based on the Expanded Program on Immunization (EPI) and consequent herd immunity of the child population in China. However, the CFR for epidemic cerebrospinal meningitis in China is still very high, suggesting the need for a more coordinated approach aimed at improving disease notification, early diagnosis, and effective treatment (56).

The mortality rate of these RIDs imposes a significant economic burden. For example, a course of treatment for TB in China costs ~US$149 to 724, representing around 42–119% of the average household income (57). This overall cost is likely to increase in the future due to the aging and growth of the population. It is important to discuss what measures should be taken to further decrease the disease burden that poses a great public health challenge. We would suggest, first of all, that we need to improve the timeliness of diagnosis by developing newer technology in laboratory detection (9). Second, the government needs to improve the availability and quality of healthcare systems, especially in the western and northern regions. Third, it is important to increase immunization coverage in the child and elderly population for vaccine-preventable diseases, in particular, influenza (39, 40, 58). Fourth, developing newer antibiotics and vaccines should also be a priority measure to improve clinical outcomes (4).

This study still has several limitations. First, we cannot analyze the mortality rate stratified by suspected, clinically diagnosed, and confirmed cases. Second, there was no seasonal influenza death surveillance system in China, and specimens for the detection of influenza were not taken in every instance of death in an influenza-like illness case. Seasonal influenza mortality could be underestimated. Third, without data on the population age groups in 2019–2020, we can only analyze the mortality rate from 2004 to 2018. Fourth, the comparability of data in 2020 with data in previous years may have been affected by the COVID-19 pandemic (26, 27, 59). Nevertheless, we performed sensitivity analyses (using data from 2004 to 2019) and the results remained stable. Due to the unavailability of data from 2021 to 2022, the impact of the COVID-19 epidemic on the morbidity and mortality rates of other infectious diseases cannot be assessed. We will continue to carry out in-depth research in the future.



Conclusions

Our study shows that the yearly mortality rates for all respiratory diseases were perennially stable in China from 2004 to 2020. However, the overall mortality rates of the 10 RIDs during the initial outbreak of COVID-19 were lower than in the previous 5 years. Between 2004 and 2020, there were significant differences in mortality rates and changes in mortality by province, age, and respiratory disease type. The highest burden of annual respiratory deaths was observed in the undeveloped western, northwestern, and northern parts of China. Those aged 60 or above and children aged five and below are at risk of death. TB represents the largest burden among overall respiratory disease deaths in China, and the greatest increasing mortality rate trend was observed in seasonal influenza. These estimates may be helpful to provincial and national policymakers in the improvement of prevention, diagnosis, and treatment strategies for respiratory diseases, especially the expansion of vaccination programs, improved implementation, and increased government financing.
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Scarlet Fever 18,939 (1) 0.0001 16,564 (1) 0.0001 0 3.23% (1/31) Guangdong

reported

Rubella 24,015 (1) 0.0001 2,201 (0) 0 —100% 3.23% (1/31) Henan

decreased

Overall trends = (mortality in 2020 - mortality in 2004)/mortality in 2004 x 100%.

*pHINT, the full period from 2009 to 2013.

Overall trend for pHIN1 = (mortality in 2013 - mortality in 2009)/mortality in 2009 x 100%.
“+” means “increased” and “~” means “decreased”.

(=), no cases or numbers reported in the system for each infectious disease.
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Pre-COVID-19 period 2 2020 vs. pre-COVID

period
Diseases Average yearly no. of cases  Average yearly mortality Average no. of cases Mortality anges (%) P-value
(average no. of deaths) (per 100,000) (average no. of deaths) (per 100,000)
All 10RIDs 2,227,044 (2,873) 0.208468 1,969,082 (1,995) 0.142167 ~31.80 0.006¢
TB 826,910 (2,742) 0.198962 670,538 (1,919) 0.136751 -31.27 0.01t
Epidemic cerebrospinal meningitis 108 (12) 0.000871 50 (3) 0.000214 —75.45 0.0457
Seasonal influenza 1,052,505 (106) 0.007691 1,145,278 (70) 0.004988 —35.14 0.491
PHINT® 0(0) 0.000000 0(0) 0.000000 (=) =)
Measles 16,008 (12) 0.000871 856 (0) 0.000000 ~100.00 0.655
Avian influenza H5N1 2() 0.000073 0(0) 0.000000 —100.00 0.367
Pertussis 14,944 (2) 0.000145 4,475 (1) 0.000071 —50.90 0.751
Mumps 233,922 (1) 0.000073 129,120 (1) 0.000071 —-179 0.208
Scarlet fever 72,501 (1) 0.000073 16,564 (1) 0.000071 =179 0.208
Rubella 10,149 (1) 0.000073 2,201 (0) 0.000000 ~100.00 0.655

Changes = (x1 - %2)/x2 X 100%, x,: mortality in 2020; x,: average yearly mortality pre-COVID-19 period (between 2015 and 2019).
“_” means “decreased”; (—), no cases or numbers reported in the system for each infectious disease.
*PpHINT, the full period from 2009 to 2013. The P-value was computed through Mann-Whitney U-test.

TP <0.05and ¥P < 0.01.
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