
Articles
The Lancet Regional
Health - Western Pacific
2024;42: 100968

Published Online xxx

https://doi.org/10.
1016/j.lanwpc.2023.
100968
The mortality and years of life lost for community-acquired
pneumonia before and during COVID-19 pandemic in China
Guohui Fan,a,f Yuchang Zhou,b,c,f Fei Zhou,d Zhongguang Yu,d Xiaoying Gu,a Xueyang Zhang,e Zhengping Liu,d Maigeng Zhou,b,c,∗∗ and Bin Caod,∗

aNational Center for Respiratory Medicine, State Key Laboratory of Respiratory Health and Multimorbidity, National Clinical Research
Center for Respiratory Diseases, Institute of Respiratory Medicine, Chinese Academy of Medical Sciences, Department of Clinical
Research and Data Management, Center of Respiratory Medicine, China-Japan Friendship Hospital, Beijing, PR China
bDepartment of Biostatistics, School of Public Health, Cheeloo College of Medicine, Shandong University, Jinan, Shandong, 250012,
China
cNational Center for Chronic Noncommunicable Disease Control and Prevention, Chinese Center for Disease Control and Prevention,
Beijing, China
dNational Center for Respiratory Medicine, State Key Laboratory of Respiratory Health and Multimorbidity, National Clinical Research
Center for Respiratory Diseases, Institute of Respiratory Medicine, Chinese Academy of Medical Sciences, Department of Pulmonary and
Critical Care Medicine, Center of Respiratory Medicine, China-Japan Friendship Hospital, Beijing, PR China
eTsinghua University School of Medicine, Beijing, PR China

Summary
Background Community-acquired pneumonia (CAP) is a leading cause of mortality worldwide, but disease burden of
CAP is not clear so far. We aim to explore the spatial and temporal trends of mortality and years of life lost (YLL) due
to CAP during 2013–2021 in mainland China, especially the mortality changes before and during COVID-19
pandemic due to COVID-19 related non-pharmaceutical interventions (NPIs).

Methods We used data from the National Mortality Surveillance System to estimate the age-standardized rates of
death and YLL of CAP at national and provincial level in China during 2013–2021. Monthly and provincial NPIs
data were obtained from Oxford COVID-19 Government Response Tracker. The Average annual percentage
change (AAPC) and mortality reduction were estimated by log-linear regression and interrupted time series,
respectively.

Findings In China, most CAP that caused deaths had no clear etiology, and bacterial pneumonia and viral pneumonia
were the leading 2 causes among CAP deaths with determined etiology before and during COVID-19 pandemic. The
age-standardized CAP mortality rate decreased from 11.18 per 100,000 in 2013 to 8.76 per 100,000 in 2019, and to
5.74 per 100,000 in 2021 (AAPC −4.51% vs −7.89%). Trends were similar in age-standardized rate of YLL. Both
rates declined more for viral pneumonia, compared with bacterial pneumonia. After adjusting for NPIs at
provincial level after 2020, the NPIs for COVID-19 was associated with significant reductions in CAP mortality
(−0.34 per 100,000, −0.41 to −0.27; p < 0.0001), and provinces that economically developed and conducted strict
regular NPIs against COVID-19 contributed the most reduction.

InterpretationWe observed a decreasing trend of age-standardized CAP mortality from 2013 to 2019, and a dramatical
reduction during COVID-19 pandemic, especially for viral pneumonia. Our study provided the evidence for the
effectiveness of regular NPIs on the significant reductions in CAP mortality.
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Research in context

Evidence before this study
Community-acquired pneumonia (CAP) is a major health
threat and results in high burden of disease both in morbidity
and mortality globally. In China, the incidence of CAP was
estimated as high as 7.13 per 1000 person-year and the
number of CAP episodes was estimated over 9.5 million in
2016. As the aging of the large population and the pandemic
of COIVD-19, the number of CAP episodes and following
deaths would change rapidly, leading to the dynamic burden
of CAP in China.
We identified literatures on PubMed from previous studies
that focused on the disease burden of CAP with the search
items (“disease burden” OR “mortality” OR “Years of life lost”)
AND (“Community-acquired pneumonia”) AND (“trend” OR
“dynamic*” OR “temporal”) AND (“China”), with no language
restrictions, from December 31, 2013 to May 1, 2023. We
found that no studies have reported the temporal changes of
mortality and Years of life lost (YLL) due to CAP in China yet.

Added value of this study
High-quality data source from the national mortality
surveillance system was adopted in this study, reasonable to
deduce the total death numbers, CAP mortality and YLLs at a
national level. Particularly, we took the pandemic of COVID-
19 into consideration, during which non-pharmaceutical
interventions (NPIs) not only ceased the spread of COVID-19,
but also weakened the transmission of many other
pathogens.

Our findings indicate that the burden of CAP differed across
seasons or geographic regions. Most CAP that caused deaths
had no clear etiology, and CAP with clear etiology mainly
included bacterial CAP and viral CAP. Before and during the
COVID-19 pandemic in China, the age-standardized CAP
mortality rate decreased significantly from 2013 to 2019 and
to 2021, with more decline in viral pneumonia compared with
bacterial pneumonia. By performing phased analysis, we
found the NPIs for COVID-19 was associated with significant
reductions in CAP mortality. These evidence from our study
contributed to the estimation of global burden of disease on
CAP, and consistent with the theory that implementing NPIs
would benefit population by reducing burden of CAP.

Implications of all the available evidence
Our study, along with previous evidence, indicates that the
huge mortality gap among age groups remains, re-
emphasizing the calls for protection on the elderly, for
example, by vaccinations. Our study illustrates that most
deaths during the past decade were attributed to unspecified
organism, indicating the difficulty also exists in determining
etiology among CAP patients in China. Previous studies
reported that strict domestic and international NPIs
contributed to the control of COVID-19 and other respiratory
infectious diseases, and finally led to the steeper reductions of
CAP, especially for viral pneumonia. Our study verified the
dramatical reduction on CAP mortality during 2020–2021,
compared with the mortality before 2020.
Introduction
Community-acquired pneumonia (CAP) is an acute low
respiratory tract infection involving lung parenchyma,
which is one of the leading causes of mortality and
morbidity globally, especially in patients with immu-
nosuppression or immunocompromise.1 CAP has usu-
ally been considered accountable for the substantial
medical and socioeconomic burden. Statistics in 2019
reported that CAP and influenza together contributed
the most deaths among infectious diseases in United
States.2 According to previous studies, CAP led to mil-
lions of ambulatory care and emergency department
visits worldwide, and hospitalization rates and intensive
care unit (ICU) admission rates due to CAP increased
by year, especially among the elderly.3 The case-fatality
rate of hospitalized CAP patients was 6.5%–8.7%,3,4

however, more than half of those hospitalized had
complicated comorbidities or developed severe CAP;
severe sepsis occurred in a fourth of the participants,
among whom 27% died within 1 year.5
In China, although achieving the highest reduction
in pneumonia incidence of children under 5 years old
among developing countries from 2000 to 2015,6 the
incidence of CAP was estimated as high as 7.13 per
1000 person-year and the number of CAP episodes was
estimated over 9.5 million in 2016.7 As the aging of the
large population and prolonged life expectancy in China,
the number of CAP episodes and following deaths
would predictably increase rapidly along with increasing
number of the elderly, contributing to escalating high
burden of CAP in China. Thus, understanding the
mortality and years of life lost (YLL) of CAP is of stra-
tegic significance in promoting the management of CAP
in health institutes and rational medical resource allo-
cation by policymakers. However, no studies have re-
ported the temporal changes of mortality and YLLs due
to CAP in China yet.

To accurately explore the changes of CAP mortality
and YLL in China, we must recognize the possible
impact of the pandemic of coronavirus disease 2019
www.thelancet.com Vol 42 January, 2024
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(COVID-19) and accompanying non-pharmaceutical in-
terventions (NPIs). Research have claimed that NPIs
during the pandemic not only ceased the spread of
COVID-19, but also weakened the transmission of many
other pathogens, like influenza viruses and human
metapneumovirus.8 In both China and United States,
considerable nationwide reductions in influenza activity
due to NPIs were observed by surveillance.9 Therefore, a
phased analysis of the CAP burden in China before and
during the COVID-19 pandemic is warranted.

In this study, by using data from the national mor-
tality surveillance system (NMSS) in mainland China,
we aimed to provide national and provincial estimates of
mortality and YLLs for CAP during 2013–2021, espe-
cially focusing on temporal, seasonal and age trends,
and different change patterns before and during the
COVID-19 pandemic. It will further provide clues for
the government and health institute to improve the
management of CAP in Chinese population.
Methods
Data source
Mortality and population data
The CAP mortality data were acquired from the National
Mortality Surveillance System (NMSS) with national and
provincial representativeness, managed by the Chinese
Center for Disease Control and Prevention (China
CDC).10,11 Detailed descriptions of NMSS have been
published elsewhere.12 Briefly, this system collects
deaths occurred in hospital and outside-of-hospital
through an internet-based reporting platform, which
covers over 300 million residents, approximately 24% of
China’s population, from 605 counties or districts in
urban in 31 mainland provinces, municipalities, and
autonomous regions. Data for under-reporting adjust-
ment were derived from NMSS retrospective under-
reporting field surveys implemented in 2015 and 2018
separately, which collect data for under-reporting rate
(URR) during 2013–2017. The population data for each
disease surveillance points (DSP) and province were
extracted and updated annually from China National
Bureau of Statistics.13 Data of Chinese sixth census in
2010 were served as standard population for age-
standardization of rate.14

Definitions
The winter is defined as time period including
November, December and January; spring includes
February, March and April; summer includes May, June
and July; autumn includes August, September and
October.

COVID-19 NPIs data
The information on government’s COVID-19 daily NPIs
across China and its provinces (autonomous regions
and municipalities) from January 1, 2020 to December
www.thelancet.com Vol 42 January, 2024
31, 2021 were downloaded from the Oxford COVID-19
Government Response Tracker (OxCGRT; https://
github.com/OxCGRT/covid-policy-tracker-legacy. Acces
sed 27 April 2023.).15 The OxCGRT established a series
of indicators on behalf of government’s response during
the COVID-19 pandemic, involving containment and
closure (C1–C8), economic responses (E1–E4), health
systems (H1–H7) and other miscellaneous responses
(H1). The OxCGRT stringency index, ranging 0 to 100,
systemically incorporated all above measures, and high
values reflect more stringent restriction. Based on pre-
vious studies and epidemiological principles, our study
selected nine NPI indicators with different ordinal
scales, C1–C8 and H1, which played an important role
in virus transmission. The indicators, C1–C8, mainly
included school and working place closing, and re-
strictions on gather size and movement, and H1 refers
to public information campaign. Each ordinal indicator
was converted to a numeric score between 0 and 100
through the normalization method. Given the potential
multicollinearity among these indicators, we used
principal component analysis (PCA) to extract the first
three components with the cumulative contribution rate
having reached 70%. The first principal component
(PC1) represented the restriction of personal contact,
including closure of school, workplace, and public
transport, and stay-at-home requirement. The second
principal component (PC2) was closely related to
enhancing self-protection, comprising of Restrictions on
international travel and public information campaign.
The third principal component (PC3) was dominated by
crowd gatherings control, involving the cancellation of
public events, and restrictions on gathering size and
internal movement. We reconstructed the data along the
principal component axes and because of standardiza-
tion of data, the mean of each principal component is 0,
and a larger value represents a higher level of
stringency.

CAP mortality estimation
A flow chart of the estimation of mortality and YLL due
to CAP was shown in Fig. 1. Firstly, we conducted the
redistribution of garbage codes, defined as deaths with
non-specific codes, or codes that could not be underly
causes of death, which were reclassified by age, sex,
location, and year to the most likely causes of death
based on the methods developed by Naghavi and col-
leagues.16 Secondly, we used International Classification
of Disease 10th Edition (ICD-10) to identify CAP deaths.
Details of ICD codes were reported in Supplementary
Table Sl. Thirdly, we calculated under-reporting rate
(URR) annually among 31 provinces (autonomous re-
gions and municipalities) during 2013–2017, and used
splines regression to predict URR from 2018 to 2021.
Besides, given that URR was almost stable from Jan. to
Dec. of each year, so we used annual URR as a surrogate
of monthly URR. Fourthly, we derived under-reporting-
3
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Fig. 1: Flowchart of this study. Abbreviations: YLL, years of life lost.
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adjusted CAP mortality rate by age and sex for all
provinces by dividing reported CAP mortality rate by (1-
URR) during 2013–2021. Furthermore, we multiplied
annually under-reporting-adjusted CAP mortality rate by
age-sex-province group with the provincial population to
obtain estimated number of CAP deaths, and calculated
age-standardized rates by the direct method of
standardization.

Computation of YLL
The index YLL to measure premature deaths, was
calculated as total deaths multiplied by the standard life
expectancy at each age. We used a theoretical minimum
risk reference life table, which was established based on
selecting the lowest observed risk of death for each 5-
year age group in all population over 5 million as stan-
dard life expectancy, to estimate the YLL for CAP during
2013–2021.17

Statistical analysis
Estimation of AAPC
We estimated the average annual percentage change
(AAPC) to measure the trend change in rate and
age-standardized rate during 2013–2019 and during
2013–2021 respectively by using a generalized linear
regression model that obeys a gaussian distribution.18

We used Chi-square tests to compare the differences
in the rates among regions, sexes, ages, and etiologies,
and Benjamini-Hochberg correction to conduct multiple
comparisons and post-hoc statistical analyses. We
assessed the temporal trends of rates applying Mann–
Kendall test. Two-tailed p < 0.05 were considered sta-
tistically significant.

COVID-19 NPIs and CAP mortality
We estimated monthly mortality rates due to CAP at the
provincial and national level during 2013–2021. Monthly
mortality rate in China were decomposed into seasonal
and trend components using Seasonal-Trend decom-
position procedure based on locally weighted regression
(LOESS).19 The adjustments for the seasonal window
parameter were made to ensure no season pattern in the
residuals remained.

We used interrupted time series methods with sea-
sonal autoregressive integrated moving average (SAR-
IMA) to assess the effect of NPIs on regular CAP
mortality for each province.20,21 The regular NPIs refer to
China’s specific regular COVID-19 epidemic prevention
www.thelancet.com Vol 42 January, 2024
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and control measures, including dynamic zero-COVID
policy, health code, the long-term quarantine system,
COVID-19 nucleic acid testing and vaccinations for the
whole population, and the official accountability system,
which were implemented all the time during the study
period. We included a binary variable in this model to
reflect the implementation of regular NPIs, taking a
value of 0 from Jan 1, 2013 to Dec 30, 2019, and a value
of 1 from Jan 1, 2020 to Dec 30, 2021. Models also were
adjusted for the degree of the local government in-
terventions, measured by OxCGRT stringency index, to
reduce the impact of additional restrictions included
lockdown during COVID-19 outbreak. Furthermore, we
pooled province-specific associations between regular
NPIs and CAP mortality applying fixed effect meta-
analysis to obtain national average summary estimate.
Besides, we modeled monthly mortality rates due to
CAP before COVID-19 epidemic using ARIMA method,
to estimate the expected CAP mortality in the absence of
COVID-19 epidemic-related restrictions nationally and
provincially during 2020–2021.

Moreover, we explored the relationship between
various NPI measures and relative reduction of
monthly CAP mortality across all provinces during
2021–2021 by using an individual-time fixed panel data
model.22,23 The relative reduction of monthly CAP
mortality was calculated as the difference of observed
and expected mortality divided by expected mortality,
while PC1-PC3 represented three kinds of NPI mea-
sures. Single NPI measure as the independent variable
was also regressed on relative reduction of monthly
CAP mortality. In the main analysis, we removed the
data from January to March 2020 in Hubei province
because observed CAP mortality rates were far greater
than expected during COVID-19 outbreak. Given the
impact of data filtration on the accuracy of results, we
conducted the first sensitivity analysis that restricted the
related reduction from January to March 2021 in Hubei
province to be zero. Besides, in the second sensitivity
analysis, we used linear mixed effect model, in which
provinces were included as random effect factors, to
regress the data from the main analysis to confirm the
robustness of results. Furthermore, given that the
implementation of various NPIs reduced the trans-
mission of CAP, and thereby reduce the incidence rate.
Generally, patients with CAP would die after a few days.
We set the lag window (the time interval between onset
and death) as 1 month. We then conducted the third
sensitivity analysis to regress three PCs on relative
reduction of monthly CAP mortality with a lag of one
month using the data and methods from the main
analysis. In this study, all analyses were performed in
R version 4.0.4 (The R foundation for Statistical
Computing).

Role of the funding source
The funders had no role in any aspects of the study.
www.thelancet.com Vol 42 January, 2024
Results
CAP mortality and YLL estimation
We estimated a total of 168,700 CAP deaths in 2013,
176,004 deaths in 2019, and 128,720 deaths in 2021. The
CAP mortality rate per 100,000 people was 12.61 in
2013, 12.62 in 2019 (AAPC during 2013–2019: −0.47%,
95% CI −2.08% to −1.16%), and 9.02 in 2021 (AAPC
during 2013–2021: −4.04%, 95% CI −6.64% to −1.36%).
The age-standardized mortality rate per 100,000 people
was significantly decreased from 11.18 in 2013 to 8.76 in
2019 (AAPC −4.51%, 95% CI −6.10% to −2.88%), and to
5.74 in 2021 (AAPC −7.89, 95% CI −10.37% to −5.34%).
The age-standardized rate of YLL per 100,000 people
was also significantly decreased in 2019 (183.92,
AAPC −6.30%, 95% CI −8.02% to −4.55%) and 2021
(111.98, AAPC −9.78%, 95% CI −12.31% to −7.17%),
compared with that in 2013. The estimated number of
deaths, age-standardized mortality rate, and age-
standardized rate of YLL due to CAP were higher in
the male than that in the female during 2013–2021, and
the female had higher AAPC in age-standardized mor-
tality rate than that in the male (all p < 00001). (Table 1,
Supplementary Figure S1).

The mortality rates per 100,000 people in population
aged over 65 remained the highest, and significantly
decreased from 2013 to 2021 (99.48 vs 56.15). Similar
trend was observed in the YLL rates for people aged over
65. For population aged under 5, the mortality rate
declined gradually during this period, while the YLL rate
plunged from 1323.33 per 100,000 people in 2013 to
519.01 per 100,000 people in 2019, and to 187.20 per
100,000 people in 2021 (Fig. 2).

Seasonal and etiological distribution in CAP
mortality
Overall, the CAP mortality was highest in winter,
following by spring, during 2013–2021, and the major
etiological type of pneumonia was pneumonia with
unspecified organism, followed by bacteria pneumonia
and viral pneumonia. Pneumonia with unspecified or-
ganism fluctuated in proportions among all cases from
67.1% in 2013 to 74.0% in 2019 and to 64.5% in 2021
and declined in age-standardized mortality rate during
this period. The age-standardized mortality rate and YLL
rates less changed for bacterial pneumonia during this
period, but both rates considerably declined for viral
pneumonia, especially from 2013 to 2014 and from 2020
to 2021. For other etiologies, the age-standardized
mortality rates or YLL rates were relatively low, and
comparable at most seasons or years (p values were not
shown). (Fig. 3, Supplementary Figure S2).

Regional geographic distribution of CAP mortality
As is shown in Fig. 4, the age-standardized mortality
rates and YLL rates differed at the provincial level
during 2013–2021 across China, and western China
had the highest mortality and YLL, followed by eastern
5
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China and central China. All pairwise comparisons
were statistically significant (p < 0.01) among different
regions for the age-standardized mortality rates or YLL
rates, except for the comparison between eastern
China and central China on the age-standardized
mortality rate in 2015 (p = 0.305). The age-
standardized mortality rates and YLL rates were
lowest in Shaanxi, Jiangsu, Henan, and Anhui prov-
inces in 2021, and highest in Tibet, Guangxi, Qinghai,
and Hainan provinces. AAPC was highest for Shaanxi
province in age-standardized mortality rates, and
highest for Tibet in age-standardized YLL rates (Fig. 4,
Supplementary Table S2).

Impact of NPIs on CAP mortality
The implementation of regular NPIs during the
COVID-19 epidemic was associated with a decrease of
0.34 per 100,000 population per month in CAP mor-
tality (95% CI −0.40 to −0.27, p < 0.0001) (Fig. 5). We
observed the significantly mortality reduction due to
the implementation of regular NPIs in more than 50%
(18/31) provinces, among which Hubei province had a
maximum decrease (0.83 per 100,000 population),
followed by Beijing, Tianjin, Liaoning, and Sichuan
provinces, with a decrease of over 0.6 per 100,000
population in CAP mortality., and most of them were
with a high level of stringency (Fig. 5, Supplementary
Figure S3). We also observed that the mortality
declined after NPIs implemented during COVID-19.
The underlying decomposed trend rate was approxi-
mately one death per 100,000 people per month before
2020, approximately double the decomposed trend
rate during the implementation of NPIs. Seasonality
in the CAP mortality was evident, with rates peaking
from December to January next year (Supplementary
Figure S4).

In the main analysis and the sensitivity analyses, we
found the combination of certain NPIs, including PC1
(including closings of schools, closings of workplaces,
closing of public transport and staying in place or at
home) and PC3 (including cancelling public events,
limits on gatherings and restrictions on internal travel),
were significantly associated with the reduction of CAP
mortality (Supplementary Figure S5). While taking
each NPI into main analysis, closings of workplaces
(p = 0.022), cancelling public events (p = 0.009), staying
in place or at home (p = 0.046) and restrictions on
internal travel (p = 0.039) showed significant effect on
the decrease of CAP mortality (Supplementary
Figure S6).
Discussion
In this study, we for the first time presented the
decreasing trend of age-standardized CAP mortality
and YLL from 2013 to 2019, and a dramatical reduction
during COVID-19 pandemic in mainland China,
www.thelancet.com Vol 42 January, 2024
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Fig. 2: Mortality rate and YLL rate for CAP by age groups from 2013 to 2021 in China. Abbreviations: YLL, years of life lost; CAP,
community-acquired pneumonia.
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especially on viral pneumonia. Notably, the reductions
differed across provinces and gender, and the mortality
in the elderly remained high. Our study indicated that
most CAP that caused deaths had no clear etiology, and
bacterial pneumonia and viral pneumonia were the
leading 2 causes among CAP deaths with determined
etiology before and during COVID-19 pandemic.
Fig. 3: Age-standardized mortality rate and YLL rate for CAP by season
of life lost; CAP, community-acquired pneumonia.

www.thelancet.com Vol 42 January, 2024
Regular NPIs were proved effective through the signif-
icant reductions in CAP mortality.

The decreasing trend of CAP mortality before
COVID-19 pandemic in our study may attribute to the
integrated effect of the rapid development on social
economy, education, living standard and quality of the
residents, medical techniques, and philosophies of
and etiology from 2013 to 2021 in China. Abbreviations: YLL, years
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Fig. 4: Changes and geographic distributions of ASMR and ASR of YLL for CAP from 2013 to 2021 by province in China. Note: Panel a and
c show the rankings of provinces in 2013, 2019, and 2021 according to ASMR and ASR of YLL for CAP respectively, and the top rank means the
highest and the bottom rank means the lowest ASMR or ASR of YLL in China; panel b and d display the AAPC from 2013 to 2021 in ASMR and
ASR of YLL respectively. The cut-off values in panels (b and d) were determined based on the Jenks Natural Breaks method, which groups similar
values that “minimize differences between values in the same class and maximum the difference between classes”. Abbreviations: CAP,
community-acquired pneumonia; YLL, year of life lost; AAPC, average annual percent change; ASMR, age-standardized mortality rate; ASR, age-
standardized mortality rate.
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evidence-based medicine practice.24,25 National policy in
China has proven its potent impetus in medical fields by
series of five-year plans, and the Healthy China 2030
blueprint is furtherly devoted to health related strategies
such as risk-factor elimination, population nutrition
improvement and healthy lifestyles promotion.26 Mean-
while, guidelines of CAP were constantly written and
updated to promote clinicians to diagnose, prescribe
and treat rationally, with synthesized experiences home
and aboard, by Chinese Thoracic Society of Chinese
Medical Association. Of note, the crude mortality of
CAP in study was comparable with that reported in the
United States (13.4 per 100,000 for pneumonia, and
15.2 per 100,000 for influenza and pneumonia) in
2019,27,28 and lower than Peru.29 However, the huge gap
among age groups re-emphasizes the calls for protection
on the elderly, for example, to promote influenza,
streptococcal, and COVID 19 vaccination.30

Also, seasonal differences on CAP mortality were
notable, as more deaths occurred in winter and spring
according to our study. Previous studies have shown
that influenza and invasive pneumococcal infection rise
and fall in an annual seasonal pattern, and the peaks of
infection, admission and death mostly happened in
winter, when the climate was relatively cooler and hu-
midity was lower.31–34 The possible hypotheses may lie in
the seasonal variation in immune response host physi-
ology,35 the increasing host biologic susceptibility of
bacteria in respiratory tract secondary to virus infection,
or even the cyclical variation’s impact on the suscepti-
bility.33 Nevertheless, the seasonal patterns of CAP were
not unalterable; according to a recent study, during the
www.thelancet.com Vol 42 January, 2024
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Fig. 5: The effect estimates of COVID-19 related NPIs on the reduction of CAP mortality at provincial and national levels in China. Note:
Effect and 95% CI were estimated by interrupted time series model; the estimate represents the decrease in CAP mortality per 100,000 pop-
ulation per month. Abbreviations: CAP, community-acquired pneumonia; CI, confidence interval; NPIs, non-pharmaceutical interventions.
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pandemic of COVID-19, the non-COVID CAP admis-
sions peaked every 6 months instead of only in winter
due to complicated reasons.36 However, seasonal varia-
tions in CAP mortality are complicated in various fac-
tors, we cannot draw conclusions simply based on the
phenomenon description but only provide clues to
future investigations, and indicate that the medical re-
sources should be allocated flexibly according to the
rules of mortality change.

In our study, bacterial pneumonia kept slightly
higher and maintained stable in mortality, compared
with that of viral pneumonia. This is compensable, as
2016 clinical practice guidelines for the first time placed
emphasis on the early diagnosis and anti-viral treatment
of viral pneumonia in China,25 which, along with other
efforts, such as the constant promotion of vaccination of
influenza and other respiratory viruses, especially in
high risk populations,37–39 contributed to the significantly
decrease in the mortality of viral pneumonia we
observed in this study. While for bacterial pneumonia,
although experts in public health and clinical medicine
have been recommending the vaccination of pneumo-
coccal pneumonia, the mortality of bacterial pneumonia
may not decline as expected. It still needs further studies
to determine that implementing laboratory pathogen
surveillance in each province would be helpful or not to
www.thelancet.com Vol 42 January, 2024
reduce the mortality of CAP by locating the prevalent
etiology.

We observed significant regional differences on CAP
mortality reduction across provinces in this study. The
underlying factors contributing to the discrepancy may
be due to the economic development level, the profi-
ciency in epidemic prevention policies implement, the
compliance of local community residents, and strict
level of NPIs. Most of these factors were gradually
improved for different provinces, especially where the
COVID-19 ever outbroke during 2020–2021. However,
although varies among provinces, our study verified the
dramatical reduction on CAP mortality in China during
2020–2021, compared with the mortality of CAP before
2020, especially for viral pneumonia, which may be
more sensitive to NPIs. Strict domestic and interna-
tional NPIs like closing of public transport, staying in
place or at home and restrictions on internal travel
contributed to the control of COVID-19 and other res-
piratory infectious diseases, and finally led to the steep
reduction of CAP mortality.40,41 However, the un-
certainties on the morbidity and mortality of CAP added
as the pandemic has been declared over by WHO. NPIs
has been getting relaxed, and the population with
decreased exposure to respiratory pathogens would be
more susceptible to get infected and evolve to severe
9
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CAP in the future, especially for the elderly. Recent
study has shown that the COVID-19 pandemic was
associated with increases in hospital mortality, ICU
admission and invasive mechanical ventilation rates of
non-COVID-19 CAP, because of decreased use of
pneumococcal vaccine, aggravated comorbidities due to
frequent COVID-19 and insufficient medical care,
increased alcohol et al.36 The immunity gap may be filled
with vaccinations of influenza virus and pneumococcal
pneumonia, but more efforts focus on more in-
terventions should be taken by the authorities and
health care institutes, and be prepared for the potential
rebound of CAP.

This study has some limitations. First, the CAP
deaths were counted only if CAP was coded by ICD-10
and noted as the underlying cause of death. The qual-
ity of coding relied heavily on local doctors of the survey
site, which differed across different provinces or regions
in China. Thus, the mortality of CAP may be under-
estimated. Second, the detailed etiology of CAP deaths
was hard to retrieve as the information were lack in the
system. Third, although sepsis and septic shock are
important fatal cause of CAP, while the information is
missing in the database. Forth, although NPIs were
proved potentially effective in decreasing the mortality
of CAP, data on other possible confounding factors like
vaccination of COVID-19, influenza and pneumococcal
pneumonia, undetected COVID-19 infections and
asymptomatic infections were unavailable, which inevi-
tably restricted the causal inference in our study. Fifth,
this study explored the populational, regional and tem-
poral distributions of the underlying cause of CAP death
and provided detailed information by various subgroup
analyses, for example, sex and age, and discussed these
factors in Discussion. However, more information on
potential confounders like comorbidity or BMI were
unavailable in NMSS. To investigate the impact of the
cofounders on CAP mortality, cohort or case–control
studies are warranted in the future.

Conclusion
We observed a decreasing trend of age-standardized
CAP mortality and YLL from 2013 to 2019, and a dra-
matical reduction during COVID-19 pandemic, with
more decline in viral pneumonia compared with bacte-
rial pneumonia. Our study also provided the evidence
for the effectiveness of regular NPIs on the significant
reductions in CAP mortality.
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