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A B S T R A C T   

Background: Streptococcus pneumoniae (Spn) is a common respiratory pathogen and the main cause of bacterial 
pneumonia, meningitis, and bacteremia, acute otitis media. Imported 13-valent pneumococcal conjugate vaccine 
(PCV13) was licensed in China and introduced in Shanghai in 2017. We aim to describe PCV13 vaccination 
trends and pneumonia incidence of children under 5 from 2017 to 2020, then estimate the effectiveness of PCV13 
against community-acquired pneumonia (CAP) in children under 5 in Shanghai, China. 
Methods: By calculating propensity scores with logistic regression, a comparison group was formed by frequency 
matching one unvaccinated child to one vaccinated child. For matching, we used the nearest-neighbor matching 
algorithm and exact matching, and then created distinct matched analysis sets for two cohorts. A Kaplan-Meier 
analysis was conducted to measure the cumulative incidence of all-cause pneumonia in both groups and used the 
log-rank test to assess the differences between the two cumulative incidence curves. Cox proportional hazards 
regression was used to compare the adjusted hazard ratios (HR) of differences in all-cause pneumonia between 
the two groups. 
Results: Children received three or more doses PCV13 accounted for 85.7% of all vaccinated children. The 
incidence of pneumonia in Shanghai’s Songjiang district decreased rapidly from 2017, when PCV13 vaccination 
presented an overall increasing trend. The estimated vaccine effectiveness against visits for all-cause pneumonia 
was 19% (95% CI: 3 to 32) after the first dose in children vaccinated with at least one dose of PCV13. The 
protective effectiveness of PCV13 was found to be higher for hospitalized pneumonia (30%, 95% CI: 5% to 49%) 
than for outpatient pneumonia (19%, 95% CI: 4% to 32%). 
Conclusions: PCV13 vaccination among children aged 0–5 years substantially reduced the incidence of all-cause 
pneumonia. Direct immunization of children under 5 years is an effective strategy to combat outpatient pneu
monia, and hospitalized pneumonia.   

1. Background 

Streptococcus pneumoniae (Spn) is a Fig. 1 common respiratory 
pathogen and the main cause of bacterial pneumonia, meningitis, and 

bacteremia, acute otitis media [1]. It is ranked by the World Health 
Organization (WHO) as one of 12 key pathogens that cause a heavy 
burden of disease [2,3]. Pneumococcal disease, which is among the most 
severe public health issues worldwide, remains a significant cause of 
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infection associated with high mortality and morbidity in children and 
adults [4,5]. China has a high burden of pneumococcal diseases, with 
approximately 12% of total cases worldwide occurring in the country 
and more than 30,000 children 1–59 months of age dying each year from 
invasive pneumococcal disease [6]. In particular, community-acquired 
pneumonia, which is the leading clinical disease caused by Strepto
coccus pneumoniae infection [7], causes substantial morbidity and mor
tality worldwide and generates considerable healthcare costs [8]. 
Between 1980 and 2008, there were 12,815 cases per 100,000 in
dividuals per year of all-cause pneumonia among children aged between 
1 and 59 months, with 526 deaths per 100,000 such children recorded 
annually in China [9]. 

Pneumococcal conjugate vaccine (PCV) is one of the most effective 
measures to prevent pneumonia [10]. It has been developed and 
implemented to reduce the burden of disease among children. The first 

pneumococcal conjugate vaccine, Prevenar (PCV7), acted against sero
types 4, 6B, 9V, 14, 18C, 19F and 23F and became available in 2001 
[11]. It was introduced in China in 2008, only available of the private 
market, but was pulled from the market in 2015 due to the expiration of 
its import license [12]. The new 13-valent PCV (PCV13) includes the 
serotypes targeted by PCV7 plus six more pneumococcal serotypes; these 
13 serotypes include the most prevalent serotypes among invasive cases 
of disease in China [13]. The WHO recommends that all countries adopt 
programs to provide universal pneumococcal vaccination to infants, the 
elderly, and other vulnerable populations [14]. Meanwhile, The Global 
Alliance for Vaccines and Immunization (GAVI) has provided funding 
for pneumococcal vaccines in low-income countries throughout Africa 
and Asia [15]. Despite the high vaccine cost, some middle-income 
countries (e.g., South Africa and Brazil) have added a pneumococcal 
vaccine to their national immunization schedule [16]. 

Fig. 1. Construction of cohorts with and without PCV13 vaccination among 0- to 5-year-old children matched by propensity score. A total of 159,193 vaccination 
records as of December 31, 2020 were obtained. Records of non-Shanghai Songjiang District household registration, and records of vaccinated influenza vaccine, 
PCV7, PPSV23 and combined vaccines containing the above vaccine components were excluded. Then those records were grouped and matched according to whether 
they had been inoculated with PCV13. 
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Currently, pneumococcal vaccines are not classified as a mandatory 
vaccination for infants under the Chinese government’s Expanded Pro
gram for Immunization (EPI). There is potential to reduce the high 
burden of pneumococcal diseases (e.g., CAP) in China by introducing a 
compulsory infant pneumococcal vaccination program through the EPI. 
Globally, many countries introduced PCV have conducted observational 
studies on the effect of PCV [17–20]. Since PCV was launched in China, 
there have been no large-scale real-world studies about its effectiveness. 
Several large-scale clinical trials have demonstrated the clinical efficacy 
and safety profile of PCV in infants and children [21–23]. However, 
there has been some debate as to whether this type of program would be 
cost-effective, and the results of the relevant studies have been mixed in 
light of the WHO’s recommended thresholds for cost-effectiveness 
[24–27]. Moreover, most of the existing studies were based on PCV7, 
which is no longer manufactured and is being replaced by newer vac
cines [28]. The introduction of a PCV into the National Immunization 
Program (NIP) needs to be supported by a stronger evidence base, 
including data on pneumococcal disease burden (pneumonia, meningi
tis, and otitis media) and the economic burdens related to these diseases. 
Therefore, post-marketing evaluation of vaccine effectiveness in China is 
urgently needed. 

Imported PCV13 was licensed in China and introduced in Shanghai 
in 2017. The cost of adding PCV13 to the infant vaccination schedule 
should be considered alongside its potential to prevent pneumococcal 
disease and related cost burdens. As limited data are available on the 
effectiveness of PCV13 in China, we herein sought to estimate the 
effectiveness of PCV13 against CAP in Shanghai, China, and provide 
data that may be used in the future for cost-effectiveness analysis of 
PCV13. 

2. Methods 

2.1. Study aim and data source 

This study is a retrospective cohort study aimed to describe PCV13 
vaccination trends and pneumonia incidence of children under 5 from 
2017 to 2020 and evaluate the effectiveness of PCV13 on all-cause 
pneumonia in children under 5 years of age in Songjiang district of 
Shanghai, China. Songjiang district is located in the suburbs of Shanghai 
and have a very complete and efficient medical information manage
ment system. The demographic data (including the number of births per 
year, the registered population of different age groups) for Songjiang 
District in Shanghai were derived from the Shanghai Statistical Year
book. We obtained the vaccination records and medical records of 
children born between January 1, 2017 and December 31, 2020 through 
the Songjiang District Center for Disease Control and Prevention, 
Shanghai. 

2.2. Study design and participants 

Using vaccination data related to the immunization program, we 
identified all children born in Shanghai’s Songjiang District between 
January 1, 2017 and December 31, 2020. Based on whether the PCV13 
vaccine has been administered (including domestic or imported vac
cines), all vaccination records were divided into a vaccination group and 
a non-vaccination group. Children who were vaccinated with any dose 
of PCV13 in our study were placed in the vaccination group, which was 
further subdivided into a complete vaccination group (3 doses of PCV13 
plus one booster dose of PCV13 [3p + 1b], 2p + 1b, or 3p) and an 
incomplete vaccination group (1p + 1b, 1p, 2p, or 1b) according to the 
vaccination procedure. 

The outcome was clinical pneumonia based on the ICD-10 codes, 
which were assessed and determined by specialist physicians according 
to standard clinical criteria. Since not every patient with pneumonia 
undergoes etiological examination, although the ICD10 code specifically 
sets the classification of bacterial pneumonia and pneumococcal 

pneumonia, doctors may just generally classify it into pneumonia clas
sification. To avoid possible attrition bias, we included all pneumonia- 
related codes (ICD-10J12-J18) as this study’s outcomes. The time of 
the first clinical pneumonia diagnosis between 2017 and 2020 served as 
the diagnosis time. The follow-up person-years were calculated for each 
child until they were diagnosed with all-cause pneumonia, withdrawn 
from the system, or censored because of death. Children with a history of 
all-cause pneumonia before vaccination or for whom information was 
incomplete were excluded. Inpatient pneumonia refers to patients who 
need to be hospitalized for treatment, but not hospital-acquired 
pneumonia. 

2.3. Exclusion criteria 

We excluded records missing the date of birth, sex, household 
registration type, and/or residential address. We also excluded records 
that were suspected of having registration errors (for example, a child 
listed as receiving two second doses) after the data were logic-checked. 
Since other types of pneumonia vaccines and influenza vaccines can also 
have a protective effect on the occurrence of pneumonia in children 
under 5, to avoid possible cross-protection effects, we also excluded 
records of those who were vaccinated with 23-valent pneumonia vac
cine, influenza vaccine, Haemophilus influenzae type b vaccine, and other 
vaccines containing the above three vaccine components. During the 
study period, PCV13 was the sole PCV vaccine recommended by the 
Chinese national vaccination program. Few children who were previ
ously vaccinated with PCV7 were excluded from our study. 

2.4. Statistical analysis 

To control for potential confounders, we calculated propensity scores 
using logistic regression [29–31], which estimated the probability of 
being vaccinated with PCV13 for all children, given all baseline char
acteristics. A comparison group was formed by exactly matching one 
unvaccinated child to one vaccinated child according to age, sex, type of 
household registration (local or foreign), residential street, and pro
pensity score. This generated a distinct matched analysis set for the two 
cohorts. To assess the balance of covariates achieved by this matching, 
we evaluated standardized differences between the vaccinated and un
vaccinated groups. We considered covariates with a standardized dif
ference of<10% to be well balanced. 

The date of the first dose PCV13 vaccination was designated as the 
underlying time scale to enable us to measure follow-up person-years. 
Hazard ratios with 95% confidence intervals (CI) were estimated with 
the use of Cox proportional-hazards regression. The Wald test was used 
to assess goodness of fit of the Cox proportional hazards model, which 
was achieved for the analyses of outpatient pneumonia and inpatient 
pneumonia. 

We conducted a Kaplan-Meier analysis to measure the cumulative 
incidence of all-cause pneumonia in both study groups, and used the log- 
rank test to assess the differences between the two cumulative incidence 
curves. Cox proportional hazards regression was used to compare the 
adjusted hazard ratios (HR) of differences in all-cause pneumonia be
tween the two groups at a 95% CI. Sex, age, and household registration 
were controlled for proportional risk assumption. We calculated the 
95% CI using the percentile bootstrap method with 1,000 repetitions. 

The R software (R Foundation for Statistical Computing, Vienna, 
Austria, version 4.0.5) was used to perform statistical analyses, and P 
<.05 in two-tailed tests was taken as indicating statistical significance. 

3. Results 

3.1. Cohort characteristics 

During the study period, we identified 159,193 records of vaccina
tion, of which 25,668 were eligible for inclusion in the study cohort. 
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Before matching was performed, children in the cohort were unevenly 
distributed by gender, age, and place of residence. In the unmatched 
cohort, the age distribution was statistically different, with younger 
children being more vaccinated. In gender distribution, females were 
slightly more vaccinated, but the difference was not statistically signif
icant. After we performed individual matching with a 1:1 ratio, the 
demographic characteristics were well balanced between the vaccinated 
and unvaccinated groups (Table 1). 

Most of the children in Shanghai received PCV13 in accordance with 
the 3 + 1 vaccination program (Fig. 2), but some received only three 
doses of the initial formulation and did not receive a booster injection. 
According to the vaccination schedule, children who received 3p + 1b, 
2p + 1b, or 3p were sorted to the complete vaccination group. Among 
the 10,197 children who were vaccinated with at least 1 dose of PCV13, 
5,668 received 3p + 1b, 2,774 received 3p, and 94 received 2p + 1b. In 
total, 85.7% of the vaccinated children aged had received three doses of 
PCV13. 

3.2. Vaccination and incidence rate 

Since PCV13 was first approved by the Chinese government and 
became available on the Chinese market in 2017, the coverage of this 
vaccine has increased annually. In light of the SARS-Cov-2 epidemics, 
however, the number of children vaccinated with PCV13 has recently 
shown a slight decrease (Table 1). As shown in Fig. 3, the overall 
pneumonia incidence for the streets and communities of Shanghai’s 
Songjiang District decreased rapidly beginning in 2017. The vaccination 
rate in north Songjiang District was significantly higher than the south 

over the past few years, with vaccination rate of some streets and 
communities exceeding 90% in 2018 and 2019. Compared with that of 
2017, when PCV13 was introduced, the overall vaccination rates of most 
streets and communities in the district increased by 20–30% across the 
study period. Meanwhile, pneumonia incidence showed an opposite 
trend, obviously trending downward in most regions of Songjiang Dis
trict from 2017 to 2019. In the communities of this district, the incidence 
of pneumonia rapidly declined from 10 to 30% to 2.5–7.5% between 
2017 and 2019. The top incidence rate was registered in the middle of 
2017. Interestingly, we found that some streets and communities in 
south Songjiang District had particularly low risks of pneumonia. 

3.3. Effectiveness of PCV13 vaccination 

In unadjusted analyses performed prior to propensity-score match
ing, any course of PCV13 vaccination was associated with significantly 
lower risks, compared to no vaccine exposure, in the analyses of all- 
cause pneumonia (risk ratio, 0.985; 95% CI: 0.947 to 0.996), with ho
mogeneous effects seen among outpatient children (risk ratio, 0.991; 
95% CI: 0.986 to 0.997) and hospitalized children (risk ratio, 0.996; 
95% CI: 0.992 to 0.999). Similarly, full course of PCV13 vaccination was 
associated with a significantly lower risk of all-cause pneumonia in 
children under 5 years old (risk ratio vs. no vaccine exposure, 0.990; 
95% CI: 0.984 to 0.996), as well as in outpatient children (risk ratio, 
0.990; 95% CI: 0.985 to 0.996) and hospitalized (risk ratio, 0.990; 95% 
CI: 0.984 to 0.996). 

Analysis of the matched cohorts showed that during a mean follow- 
up of 1.76 years (interquartile range, 0.95–2.59), 581 all-cause 

Table 1 
Characteristics of unmatched vaccinated newborns in Songjiang District, Shanghai, 2017–2020.  

Characteristics level Unmatched cohort Matched cohort of at least 1 dose PCV13 vaccination 

Overall 
(N =
25,668) 

Unvaccinated 
Controls 
(N = 15,471) 

Vaccinated 
Children 
(N = 10,197) 

p Overall 
(N =
12,970) 

No Vaccine Exposure 
(N = 6,485) 

Vaccine Exposure (N 
= 6,485) 

p 

Age (mean 
(SD))  

25.44 
(13.29) 

27.62 (13.82) 22.12 (11.68)  <0.001* 24.62 
(11.99) 

24.63 (11.99) 24.60 (11.98) 0.906 

Age group (%) 0 to 11 m 4767 
(18.6) 

2513 (16.2) 2254 (22.1)  <0.001* 2192 
(16.9) 

1096 (16.9) 1096 (16.9) 0.998 

12 to 23 m 6715 
(26.2) 

3355 (21.7) 3360 (33.0)  3811 
(29.4) 

1902 (29.3) 1909 (29.4)   

24 to 35 m 6869 
(26.8) 

3815 (24.7) 3054 (29.9)  4102 
(31.6) 

2050 (31.6) 2052 (31.6)   

36 to 48 m 7317 
(28.5) 

5788 (37.4) 1529 (15.0)  2865 
(22.1) 

1437 (22.2) 1428 (22.0)  

Sex (%) Male 13,304 
(51.8) 

8079 (52.2) 5225 (51.2)  0.127 6706 
(51.7) 

3353 (51.7) 3353 (51.7) 1  

Female 12,364 
(48.2) 

7392 (47.8) 4972 (48.8)  6264 
(48.3) 

3132 (48.3) 3132 (48.3)  

Address (%) Other 51 (0.2) 43 (0.3) 8 (0.1)  <0.001* 0 (0.0) 0 (0.0) 0 (0.0) 1  
Chedun 491 (1.9) 311 (2.0) 180 (1.8)  138 (1.1) 69 (1.1) 69 (1.1)   
Dongjing 808 (3.1) 437 (2.8) 371 (3.6)  334 (2.6) 167 (2.6) 167 (2.6)   
Fangsong 6453 

(25.1) 
4674 (30.2) 1779 (17.4)  3248 

(25.0) 
1624 (25.0) 1624 (25.0)   

Guangfulin 20 (0.1) 17 (0.1) 3 (0.0)  2 (0.0) 1 (0.0) 1 (0.0)   
Jiuting 3627 

(14.1) 
1920 (12.4) 1707 (16.7)  2176 

(16.8) 
1088 (16.8) 1088 (16.8)   

Liiugang 238 (0.9) 175 (1.1) 63 (0.6)  36 (0.3) 18 (0.3) 18 (0.3)   
Sheshan 1037 (4.0) 566 (3.7) 471 (4.6)  432 (3.3) 216 (3.3) 216 (3.3)   
Shihudang 200 (0.8) 124 (0.8) 76 (0.7)  32 (0.2) 16 (0.2) 16 (0.2)   
Sijing 3045 

(11.9) 
1625 (10.5) 1420 (13.9)  1818 

(14.0) 
909 (14.0) 909 (14.0)   

Xiaokunshan 384 (1.5) 273 (1.8) 111 (1.1)  78 (0.6) 39 (0.6) 39 (0.6)   
Xinbang 181 (0.7) 152 (1.0) 29 (0.3)  12 (0.1) 6 (0.1) 6 (0.1)   
Xinqiao 2034 (7.9) 991 (6.4) 1043 (10.2)  1082 (8.3) 541 (8.3) 541 (8.3)   
Yexie 478 (1.9) 328 (2.1) 150 (1.5)  116 (0.9) 58 (0.9) 58 (0.9)   
Yongfeng 2436 (9.5) 1546 (10.0) 890 (8.7)  1294 

(10.0) 
647 (10.0) 647 (10.0)   

Yueyang 2101 (8.2) 1217 (7.9) 884 (8.7)  1094 (8.4) 547 (8.4) 547 (8.4)   
Zhongshan 2084 (8.1) 1072 (6.9) 1012 (9.9)  1078 (8.3) 539 (8.3) 539 (8.3)   

* p < 0⋅01. 
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pneumonias were documented (0.025 visits per person-years); of them, 
398 visits were outpatient only, 17 were hospitalized only, and 166 had 
both outpatient and inpatient records (including 62 patients hospital
ized after the same outpatient visit and 104 patients with separate 
outpatient and hospital encounters). When we controlled for gender and 
age, we obtained an HR of 82%, which means that the probability of a 
PCV13-vaccinated child being diagnosed with pneumonia in an outpa
tient clinic or hospital was 82% that of an unvaccinated child. The risk 
difference was − 0.01064 (95% CI: − 0.02208 to 0.00066), which means 

that PCV13 could prevent 1% of children from developing pneumonia. 
The NNH (number needed to treat) was 94 (95% CI: 45 to 990), which 
means that reducing one case of pneumonia requires that at least 94 
children be vaccinated. 

3.4. Stratified analysis 

Considering that the number of doses may affect the results of the 
study, we further stratified the children of the vaccination group into 

Fig. 2. Distribution of PCV13 vaccination time for different doses. The distribution of vaccination time among children with different vaccination schedules and 
proportion of children vaccinated with different schedules are shown. The vaccination time of children is basically in line with the recommended vaccination 
program. 49.5% of children completed the full 3 + 1 doses before December 31, 2020. 

Fig. 3. Variation tendency of PCV13 vaccination rate and all-cause pneumonia incidence from 2017 to 2020 in Shanghai’s Songjiang District. Vaccination rate and 
incidence of community-acquired pneumonia in each street town of Songjiang District, Shanghai from 2017 to 2020. The shade of blue represents the vaccination 
rate, and the size of the red dot represents the incidence of community-acquired pneumonia. 
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those who had completed the entire vaccination process and those who 
had not. The calculated HR showed that the full (0.82, 95% CI: 0.69 to 
0.98) and partial (0.84, 95% CI: 0.51 to 1.41) vaccination programs had 
relatively similar effects. Because relatively few vaccinated children did 
not complete the full program, the effect of partial vaccination programs 
was not statistically significant (Table 2). 

PCV13 was associated with significantly lower risks, compared to no 
vaccine exposure, in the analyses of all-cause pneumonia, outpatient 
pneumonia, and hospitalized pneumonia (Fig. 4). The estimated vaccine 
effectiveness was 19% (95% CI: 3 to 32) for all-cause pneumonia visits, 
20% (95% CI: 5 to 33) for outpatient visits, and 29% (95% CI: 3 to 48) 
for hospitalization, in children vaccinated with at least one dose of 
PCV13. The protective effectiveness of PCV13 was found to be higher for 
hospitalized pneumonia (30%, 95% CI: 5% to 49%) than for outpatient 
pneumonia (19%, 95% CI: 4% to 32%). 

Our results showed that as the observation time increased, the pro
tection rate decreased slightly: It was highest at 1 year after vaccination 
and no protective effect was observed after 2 years. We suspected that 
this may reflect that the incidence of pneumonia is high in children is 
0–2 years old and thereafter gradually decreases with age (Table 2 and 
Fig. 4). 

4. Discussion 

This study is the first cohort study linking real-world electronic im
munization records and health outcome databases to evaluate the 
effectiveness of PCV13 for preventing hospitalization, outpatient, and 
all-cause pneumonia among children living in Songjiang District of 
Shanghai, China. As PCV13 vaccination is currently self-paid in China, 
the overall coverage rate of PCV13 in China is low and shows obvious 
regional differences. Shanghai has a high per capita income, so the 
vaccination rate has risen rapidly (from 13.87% in 2017 to 61.43% in 
2020). However, there are coverage differences between streets (Fig. 3) 
[32]. In the present study, children who had completed 3p + 1b, 2p +
1b, or 3p vaccination doses were regarded as the complete vaccination 
group, because a previous study showed that PCV13 administered in a 
3p + 1b versus 2p + 1b dose schedule was immunogenic and well 
tolerated in healthy Chinese infants, and likely to protect against PCV13 
serotypes[33]. Our result shows that the immunization procedures for 
children in Shanghai are standardized and a high proportion of children 
complete the entire vaccination process. 

After we controlled for baseline characteristics and residential 
communities of the two groups, we found that PCV13 vaccination could 
reduce the outpatient visit rate and hospitalization rate of CAP in chil
dren under 5 years of age in China. Streptococcus pneumoniae infection of 
the lungs can lead to pneumococcal pneumonia, and invasion of sterile 
parts of the body can lead to more severe invasive pneumococcal dis
eases (IPDs). Previous studies showed that PCV13 had a good effect in 

preventing serotype IPD.A matched case-control study in the United 
States [34] showed that the protection rate of PCV13 against IPD was 
60.2% (95% CI: 46.8% to 70.3%). A study in the United Kingdom [35] 
showed that the protection rate of PCV13 against PCV7 serotype IPD was 
92.0% (95% CI: 81.7% to 96.7%), and the protection rate against the 
other six serotypes was 73.7% (95% CI: 31.1% to 89.9%). The relatively 
low effectiveness for preventing all-cause pneumonia, compared to IPD, 
reflects that all-cause pneumonia includes those caused by viruses, 
mycoplasma, and other pathogens. According to the literature, bacterial 
pneumonia in China accounts for only about 30.9% of all-cause pneu
monia [36]. Thus, it is important that PCV13 can prevent only the 
portion of bacterial pneumonia caused by 13 serotypes of Streptococcus 
pneumoniae. Our results showed that PCV13 has a better effect on hos
pitalized pneumonia compared to outpatient pneumonia. This may 
reflect that inpatients are more severely ill, and the proportion caused by 
bacterial infection may be higher than that among outpatients. 

Some longitudinal studies that have shown that PCV13 can reduce 
the global incidence of CAP in children. In the United States, the CAP 
hospitalization rate dropped significantly after the introduction of 
PCV13, by 21% and 17% among those younger than 2 years and 2–4 
years old, respectively [37]. A French study of children aged 1 month to 
15 years showed that the number of CAP cases was 16% lower after the 
application of PCV13, with infant cases decreasing by 32% [38]. A 
prospective multicenter study also performed in France showed that a 
sustained reduction in CAP cases was observed 5 years after PCV13 
implementation: The number of cases of overall CAP decreased by 
25.4% and those of hospitalized CAP decreased by 30.5% [39]. An 
observational hospital-based surveillance study in Japan showed that 
the CAP hospitalization rates per 1000 child-years were 17.7, 14.3, and 
9.7 in children aged < 5 years in 2008, 2012, and 2018, respectively, 
and the incidence of hospitalized CAP in children was significantly 
reduced after the introduction of PCV13 in Japan [40]. 

In the present study, we found that PCV13 vaccination can signifi
cantly reduce the incidence of clinical all-cause pneumonia in children 
under 5 years of age, whether outpatient or inpatient. This conclusion is 
consistent with other cohort evidence. An observational study con
ducted by Zhang et al. in Suzhou, China found a vaccine effectiveness 
(VE) of 61% for a first hospital visit with community acquired pneu
monia associated with PCV13 serotype carriage (VT-CAP) and 18% for 
clinically defined CAP in Suzhou, China [41]. Although the coverage 
rate in newborns has risen quickly in Songjiang District, it has been only 
3 years since the introduction of vaccination. Moreover, the effect of 
herd protection is difficult to observe when coverage in the whole 
population is low. [42,43] We speculate that if the coverage rate remains 
at the current level or continues to rise, we will likely observe a more 
pronounced decline in the incidence of pneumonia and even herd- 
protection effects in the future. 

The limitations of our study include the following: Its scope was 

Table 2 
Subgroup analysis of PCV13 protection effectiveness.  

Characteristics Group No Vaccine Exposure Vaccine Exposure Hazard Ratio 
(95% CI)   

Observation time 
(year) 

No. of 
Events 

Incidence density 
(1/1000 py) 

Observation time 
(year) 

No. of 
Events 

Incidence density 
(1/1000 py) 

Vaccination 
procedure 

Complete  10167.5 285  0.02803  10289.9 237  0.02303 0.82 (0.69–0.98) 
*  

Uncomplete  1164.6 32  0.02747  1163.7 27  0.02320 0.84 (0.51–1.41) 
Hospitalization or 

not 
Hospitalized  10647.2 97  0.00927  10526.5 68  0.00646 0.70 (0.51–0.95)  

*  
Outpatient  10177.5 280  0.02751  10301.9 229  0.02223 0.81 (0.68–0.96)  

* 
Follow-up time <1y  773.7 181  0.23393  754.8 135  0.17885 0.77 (0.62–0.97)  

*  
1 to < 2y  2729.1 81  0.02968  2706.4 76  0.02808 0.95 (0.7–1.3)  
2-3y  4555.7 19  0.00417  4595.2 22  0.00479 1.15 (0.62–2.12)  

* p < 0⋅01. 
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limited to Songjiang District, Shanghai, and therefore the extrapolation 
of our results is open to question. Affected by integrality of all-cause 
pneumonia medical records, a few numbers of children infected by 
pneumonia may fail to detect in our study, underestimating the inci
dence of pneumonia. The outcome was defined as clinical pneumonia, 
the judgment of which depends on the diagnosis of a clinician. Some of 
the baseline information was controlled for, but the possibility of other 
confounding factors cannot be ruled out. Since fewer children received 
vaccination procedures other than 3p + 1b, we were unable to identify 
differences in the protective effects of the different vaccination 
procedures. 

5. Conclusions 

In conclusion, this study estimates the effectiveness of the PCV13 
vaccine for preventing all-cause community acquired pneumonia in a 
real-world setting, and suggests that this effectiveness is high for serious 
outcomes (e.g., inpatient). Our results provide strong support for 
expanding the availability of PCVs to children in China, and may offer a 
basis for evaluating the economic impact of including PCV13 in the 
national immunization program. 
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