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ABSTRACT
Objective. The present meta-analysis study aimed to evaluate the effectiveness of 13-valent pneumococcal conjugate 
vaccine (PCV) in reducing the morbidity from pneumonia among children under 5 years old.
Material and methods. Cochrane and Medline electronic databases were systematically searched for studies reporting 
effectiveness of 13-valent pneumococcal conjugate vaccine against pneumonia among children of the foreseen age 
group. To assess the effect measure, we used the odds ratio (OR) with 95% confidence intervals (95% CI) for dichotomous 
outcomes. The heterogeneity of the studies was assessed using I2 and Chi2 statistics.
Outcomes. The meta-analysis found a non-significant association between vaccinated children and the development of 
community-acquired pneumonia (OR=0.50; CI 95%: 0.44-0.57; Chi2=6.07; I2=18%). Vaccine effectiveness (VE) of 13-va-
lent PCV was calculated as (1 – Mantel-Haenszel OR in vaccinated children compared to unvaccinated children) x100%. 
Thus, the VE of PCV 13 valent was estimated to be about 50%, according to the meta-analysis of the included studies.
Conclusions. Our study showed that the group of vaccinated children experienced 50% fewer cases of pneumonia than 
they would have had if they had not been vaccinated. These data bring additional evidence that vaccination is an effective 
strategy to prevent community acquired pneumonia in young children.
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INTRODUCTION

Streptococcus pneumoniae (pneumococcus) is the 
most frequent bacterial agent of the community-ac-
quired pneumonia (CAP) and one of the most com-
mon vaccine-preventable cause of death worldwide 
[1]. In the era before antibiotics, S. pneumoniae was 
estimated to be the cause of 95% of all cases of pneu-
monia [2]. Vaccination against pneumococcal infec-
tions, by inducing protection against the pathogen 
by mimicking its natural interaction with our im-
mune system, is an effective preventive measure 
that may decrease the burden of pneumonia, espe-

cially in the pediatric population. The assessment of 
a vaccine performance, especially by the evaluation 
of the impact of vaccination, is possible by estimat-
ing vaccine effectiveness. The measurement of a 
vaccine’s epidemiological effect from observational 
studies is referred to as effectiveness [3]. Vaccine ef-
fectiveness is often confused with vaccine efficacy 
but should be considered as a distinctly different, 
although related, concept [4]. Efficacy measured in 
clinical trials under ideal conditions may differ to 
effectiveness in the field under non-ideal conditions 
and in different populations [5]. Essentially, once a 
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vaccine is licensed and added to a recommended 
schedule, post-licensure studies are required to 
measure its effectiveness and impact on the popula-
tion at large [6]. Vaccine effectiveness is a “real 
world” in a view of how a vaccine (which may have 
already proven to have high vaccine efficacy) reduc-
es disease in a population. This measure assesses 
not just the vaccine itself, but also the immunization 
strategy, because it is also affected by other factors 
such as transportation and storage at appropriate 
temperatures, proper administration and timing of 
doses [7]. Generally, observational studies like co-
hort studies, case-control studies and screening pro-
grams are used to assess vaccine effectiveness. The 
most commonly used study design to assess a vac-
cine’s effectiveness is the retrospective case-control 
analysis and the obtained odds ratio (OR) is used in 
the formula to deduct vaccine effectiveness, as fol-
lows: vaccine effectiveness = (1 - OR)×100 [7]. 

MATERIAL AND METHODS

This meta-analysis was conducted in the period 
from June to October 2022. Cochrane and Medline 
electronic databases were systematically searched 
for studies reporting effectiveness of 13-valent 
pneumococcal conjugate vaccine against pneumo-
nia among children less than 5 years of age. We in-
cluded case – control studies published between 
2018 and 2022. 

The search included MeSH (Medical Subject 
Headings) terms and keywords, combinations there-
of. Search strategies using different Boolean opera-
tors were used. Search terms were used indepen-
dently and/or in combination using “OR” or “AND” 
or “NOT”. Basic search terms and phrases were “un-
der five”, “children”, “child”, “infant”, and “pneu-
monia”, “lower respiratory infection”, “vaccina-
tion”, “effectiveness”, “impact”. 

The inclusion criteria were: articles written in 
English published in full in the period 2018-2022, 
age of the participants up to 5 years, observational 
case-control studies that asses vaccine effectiveness 
of 13-valent PCV, the comparison groups: cases (pa-
tients with CAP) and the control groups – children 
without the diagnosis of CAP. The outcomes of inter-
est were hospitalizations due to pneumonia. Sec-
ondary outcomes such as serotype-specific disease, 
adverse events, immunogenicity (antibody levels) 
and S. pneumoniae nasopharyngeal carriage were 
considered complementary information.

Exclusion criteria included cohort studies, be-
fore-and-after studies, time series studies, inade-
quate age of participants, studies estimating effec-
tiveness against other outcome than pneumonia, 
and incompletely presented studies (abstracts). Ac-
cording to the PRISMA guide, we followed recom-

mended steps for a systematic review: identifica-
tion, screening, eligibility and inclusion (Figure 1). 

A 2-step selection process was performed. Titles 
and abstracts were first reviewed for duplication 
and inclusion criteria. Duplicates were excluded us-
ing EndNote. Reviewed articles were classified as 
potentially eligible, unclear or excluded. Citations 
on which eligibility reviewers disagreed were dis-
cussed or assessed by a third reviewer.

The Cochrane RevMan 5.4.1 software was used 
for statistical data processing. To assess the effect 
measure, we used the odds ratio (OR) with 95% con-
fidence intervals (95% CI) for dichotomous out-
comes. The heterogeneity of the studies was as-
sessed using I2 and Chi2 statistics. 

RESULTS

Our search identified 549 records of which 31 
were screened by full text. Six observational case-
control studies were included, reporting data on 
11,661 children under 5 years of age (Table 1). The 
sixth study reveals unpublished data (Revenco, 
2022): this is a case-control study in two main pedi-
atric hospitals in Chisinau, Republic of Moldova – 
the Institute for Maternal and Child Healthcare and 
the Municipal Children’s Clinical Hospital no.1. Data 
collection launched in December 2020 and is cur-
rently underway.

The meta-analysis found a reduction in risk of 
having community-acquired pneumonia in non-sig-
nificant association between vaccinated children 
and the development of community-acquired pneu-
monia (OR=0.50; CI 95%: 0.44-0.57; Chi2= 6.07; 
I2=18%). Vaccine effectiveness (VE) of 13-valent PCV 
was calculated as (1 - Mantel-Haenszel OR in vacci-
nated children compared to unvaccinated children) 
x100%. Thus, the VE of PCV 13 valent was estimated 
to be about 50%, according to the meta-analysis of 
the included studies. This value represents the abil-
ity of the vaccine to prevent community-acquired 
pneumonia in children under real conditions (Fig-
ure 2).

The confidence intervals overlap one another, 
but the upper and lower limits of the CI do not con-
sistently line up on a vertical axis, indicating differ-
ences in the estimation of the effectiveness of 13-va-
lent PCV in preventing pneumonia in children, 
across studies – this observation suggests the pres-
ence of small heterogeneity. Simultaneously, the 
quantitative analysis of heterogeneity finds a mod-
erate homogeneity of the studies expressed by Chi2 = 
6.07 and I2 = 18%. 

Visual inspection of funnel plots did not reveal 
obvious asymmetry to suggest publication bias (Fig-
ure 3).
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FIgURE 1. PRISMA flowchart for inclusion and exclusion of studies in the meta-analysis

TABLE 1. Characteristics of the included studies

Author Year of 
publication Country Type of study Age  

(in months)
The number of the 
studied population

Bar-zeev [8] 2021 Malawi Time-series and 
case-control

2.5-59 170

Lewnard [9] 2021 Israel Case-control <59 8775
Cohen [10] 2017 South Africa Case-control <59 1358
Tomczyk [11] 2018 Dominican 

Republic
Case-control 2-59 188

Dominguez [12] 2017 Spain Case-control 7-59 814
Revenco 2022 Republic of 

Moldova
Case-control 2-59 356

FIgURE 2. Vaccination with 13-valent PCV as a protective factor against community-acquired pneumonia in young children
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DISCUSSIONS

According to the latest reports, morbidity rates 
from childhood pneumonia experienced a steady 
decline, despite of the fact that a meaningful burden 
remains [13,14,15]. The management of childhood 
pneumonia involves substantial treatment and 
health care costs [16,17]. Nowadays there are a 
number of effective and relatively low-cost inter-
ventions to control severe diseases such as pneumo-
nia [18,19]. Recent researches showed that vaccina-
tion with PCV 13 valent is a cost-effective strategy 
[20,21,22]. For instance, Chen et al. used ecological 
and economic models for a global analysis of 180 
countries. The results of his study projected more 
than 1,18 million deaths and 457 million disease 
episodes annually before vaccination in children 
younger than 5 years (95% CI 0,780 – 1,76 million 
and 449 – 465 million, accordingly). Also, vaccina-
tion could prevent 34% of global deaths (0,399 mil-
lion [95% CI 0,208 – 0,711 million]) and 12% of dis-
ease episodes (54,6 million [95% CI 51,8 – 58,6 
million]) [22]. 

In consonance with the results of this meta-anal-
ysis, we sustain the assumption that vaccination 
with PCV 13 has a positive impact by reducing the 
frequency of hospitalizations due to community-ac-
quired pneumonia in children younger than 5 years 
of age, as compared with those who are not vacci-
nated. To the best of our knowledge, this study is the 
first meta-analysis that captures only observational 
studies such as case-control studies. Previous sys-
tematic researches included also comparative data 
before and after vaccine laboratory surveillances, 
time series analysis and data from cohort studies 
[23, 24]. Furthermore, it is essential to mention that 

we selected as a study outcome pneumonia diag-
nosed clinically, which is relevant in terms of dis-
ease burden and for which there are available data 
sources for the impact assessment. This is the most 
commonly measured disease outcome in countries 
that studied the impact of the vaccination against 
pneumococcal diseases [25].

CONCLUSION

The group of vaccinated children experienced 
50% fewer cases of pneumonia than they would 
have had if they had not been vaccinated. On the 
basis of our results, we can advocate that vaccina-
tion is an effective strategy to prevent community 
acquired pneumonia in young children. These find-
ings call for renewed efforts on optimization of the 
vaccination rates in view of the fact that vaccine 
hesitancy is an alarming and widely spread phe-
nomenon nowadays.

Compliance with Ethics Requirements: 
„The authors declare no conflict of interest re-

garding this article“ „The authors declare that all 
the procedures and experiments of this study re-
spect the ethical standards in the Helsinki Declara-
tion of 1975, as revised in 2008(5), as well as the na-
tional law.“

Acknowledgements
The study was carried out in the framework of 

the project 20.80009.8007.08 ”The impact of immu-
nization on the morbidity and mortality of children 
with respiratory diseases in the Republic of Moldo-
va” supported by the National Agency for Research 
and Development of the Republic of Moldova.

FIgURE 3. Funnel plot: symmetrical plot in the absence of bias

Conflict of interest: none declared
Financial support: none declared



Romanian JouRnal of PediatRics  – Volume 71, no. 3, 2022116

1. Cillóniz C, Dominedò C, Garcia-Vidal C, Torres A. Community-acquired 
pneumonia as an emergency condition. Curr Opin Crit Care. 2018 
Dec;24(6):531-539.

2. Vetter V, Denizer G, Friedland LR, et al. Understanding modern-day 
vaccines: what you need to know. Ann Med. 2018 Mar;50(2):110-120. 
doi: 10.1080/07853890.2017.1407035. Epub 2017 Nov 27. PMID: 
29172780.

3. Banaszkiewicz A, Radzikowski A. Efficacy, effectiveness, 
immunogenicity--are not the same in vaccinology. World J 
Gastroenterol. 2013 Nov 7;19(41):7217-8. doi: 10.3748/wjg.v19.
i41.7217. PMID: 24222970; PMCID: PMC3819562

4. Geoffrey A. Weinberg, Peter G. Szilagyi, Vaccine Epidemiology: Efficacy, 
Effectiveness, and the Translational Research Roadmap, The Journal of 
Infectious Diseases. 1 June 2010;201(11):1607–1610. doi: 
10.1086/652404

5. Torvaldsen S, McIntyre PB. Observational methods in epidemiologic 
assessment of vaccine effectiveness. Commun Dis Intell Q Rep. 
2002;26(3):451-7. PMID: 12416713.

6. Hanquet G, Valenciano M, Simondon F, Moren A. Vaccine effects and 
impact of vaccination programmes in post-licensure studies. Vaccine. 
2013 Nov 19;31(48):5634-42. doi: 10.1016/j.vaccine.2013.07.006. Epub 
2013 Jul 13. PMID: 23856332.

7. Shim E, Galvani AP. Distinguishing vaccine efficacy and effectiveness. 
Vaccine. 2012 Oct 19;30(47):6700-5. doi: 10.1016/j.
vaccine.2012.08.045. Epub 2012 Aug 31. PMID: 22944629; PMCID: 
PMC3798059.

8. Bar-Zeev N, Swarthout TD, Everett DB et al. Impact and effectiveness of 
13-valent pneumococcal conjugate vaccine on population incidence of 
vaccine and non-vaccine serotype invasive pneumococcal disease in 
Blantyre, Malawi, 2006-18: prospective observational time-series and 
case-control studies. Lancet Glob Health. 2021 Jul;9(7):e989-e998. doi: 
10.1016/S2214-109X(21)00165-0. Erratum in: Lancet Glob Health. 2021 
Dec;9(12):e1657. PMID: 34143997; PMCID: PMC8220129.

9. Lewnard JA, Givon-Lavi N, Dagan R. Effectiveness of Pneumococcal 
Conjugate Vaccines Against Community-acquired Alveolar Pneumonia 
Attributable to Vaccine-serotype Streptococcus pneumoniae Among 
Children. Clin Infect Dis. 2021 Oct 5;73(7):e1423-e1433. doi: 10.1093/
cid/ciaa1860. PMID: 33346348; PMCID: PMC8492210.

10. Cohen C, von Mollendorf C, de Gouveia L et al. Effectiveness of the 
13-valent pneumococcal conjugate vaccine against invasive 
pneumococcal disease in South African children: a case-control study. 
Lancet Glob Health. 2017 Mar;5(3):e359-e369. doi: 10.1016/
S2214-109X(17)30043-8. Epub 2017 Jan 28. PMID: 28139443.

11. Tomczyk S, Lessa FC, Sánchez J, Peña C et al. Effectiveness of 
13-pneumococcal conjugate vaccine (PCV13) against invasive 
pneumococcal disease in children in the Dominican Republic. BMC 
Infect Dis. 2018 Apr 2;18(1):152. doi: 10.1186/s12879-018-3047-3. 
PMID: 29609548; PMCID: PMC5880020.

12. Domínguez Á, Ciruela P, Hernández S et al. Effectiveness of the 
13-valent pneumococcal conjugate vaccine in preventing invasive 
pneumococcal disease in children aged 7-59 months. A matched 
case-control study. PLoS One. 2017 Aug 14;12(8):e0183191. doi: 
10.1371/journal.pone.0183191. PMID: 28806737; PMCID: 
PMC5555701.

13. Lahariya C. Vaccine epidemiology: A review. J Family Med Prim Care. 
2016 Jan-Mar;5(1):7-15. doi: 10.4103/2249-4863.184616. PMID: 
27453836; PMCID: PMC4943153.

14. Marangu D, Zar HJ. Childhood pneumonia in low-and-middle-income 
countries: An update. Paediatr Respir Rev. 2019 Nov;32:3-9. doi: 

10.1016/j.prrv.2019.06.001. Epub 2019 Jun 26. PMID: 31422032; 
PMCID: PMC6990397.

15. Wahl B, Knoll MD, Shet A, Gupta M, Kumar R, Liu L, Chu Y, Sauer M, 
O’Brien KL, Santosham M, Black RE, Campbell H, Nair H, McAllister DA. 
National, regional, and state-level pneumonia and severe pneumonia 
morbidity in children in India: modelled estimates for 2000 and 2015. 
Lancet Child Adolesc Health. 2020 Sep;4(9):678-687. doi: 10.1016/
S2352-4642(20)30129-2. PMID: 32827490; PMCID: PMC7457699.

16. Ekirapa-Kiracho E, De Broucker G, Ssebagereka A, Mutebi A, Apolot RR, 
Patenaude B, Constenla D. The economic burden of pneumonia in 
children under five in Uganda. Vaccine X. 2021 Apr 2;8:100095. doi: 
10.1016/j.jvacx.2021.100095. PMID: 34036262; PMCID: PMC8135046.

17. Adamu AL, Karia B, Bello MM, Jahun MG, Gambo S, Ojal J, Scott A, 
Jemutai J, Adetifa IM. The cost of illness for childhood clinical 
pneumonia and invasive pneumococcal disease in Nigeria. BMJ Glob 
Health. 2022 Jan;7(1):e007080. doi: 10.1136/bmjgh-2021-007080. 
PMID: 35101861; PMCID: PMC8804652.

18. Okafor CE, Ekwunife OI, Nduaguba SO. Promoting the integrated 
community case management of pneumonia in children under 5 years 
in Nigeria through the proprietary and patent medicine vendors: a 
cost-effectiveness analysis. Cost Eff Resour Alloc. 2021 Feb 25;19(1):12. 
doi: 10.1186/s12962-021-00265-9. PMID: 33632245; PMCID: 
PMC7905852.

19. Leung DT, Chisti MJ, Pavia AT. Prevention and Control of Childhood 
Pneumonia and Diarrhea. Pediatr Clin North Am. 2016 Feb;63(1):67-79. 
doi: 10.1016/j.pcl.2015.08.003. PMID: 26613689; PMCID: 
PMC4663461.

20. Li Y, Wang H, Furnback W, Wang BCM, Zhu S, Dong P. The Cost-
Effectiveness of 13-Valent Pneumococcal Conjugate Vaccine in Seven 
Chinese Cities. Vaccines (Basel). 2021 Nov 20;9(11):1368. doi: 10.3390/
vaccines9111368. PMID: 34835299; PMCID: PMC8624982.

21. Gouveia M, Jesus G, Inês M, Costa J, Borges M. Cost-effectiveness of 
the 13-valent pneumococcal conjugate vaccine in adults in Portugal 
versus “no vaccination” and versus vaccination with the 23-valent 
pneumococcal polysaccharide vaccine. Hum Vaccin Immunother. 
2019;15(4):850-858. doi: 10.1080/21645515.2018.1560769. Epub 2019 
Feb 20. PMID: 30633615; PMCID: PMC6628941.

22. Chen C, Cervero Liceras F, Flasche S et al. Effect and cost-effectiveness 
of pneumococcal conjugate vaccination: a global modelling analysis. 
Lancet Glob Health. 2019 Jan;7(1):e58-e67. doi: 10.1016/S2214-
109X(18)30422-4. PMID: 30554762; PMCID: PMC6293964.

23. Ngocho JS, Magoma B, Olomi GA, Mahande MJ, Msuya SE, de Jonge MI, 
Mmbaga BT. Effectiveness of pneumococcal conjugate vaccines against 
invasive pneumococcal disease among children under five years of age 
in Africa: A systematic review. PLoS One. 2019 Feb 19;14(2):e0212295. 
doi: 10.1371/journal.pone.0212295. PMID: 30779801; PMCID: 
PMC6380553.

24. de Oliveira LH, Camacho LA, Coutinho ES, Martinez-Silveira MS, 
Carvalho AF, Ruiz-Matus C, Toscano CM. Impact and Effectiveness of 10 
and 13-Valent Pneumococcal Conjugate Vaccines on Hospitalization and 
Mortality in Children Aged Less than 5 Years in Latin American 
Countries: A Systematic Review. PLoS One. 2016 Dec 12; 
11(12):e0166736. doi: 10.1371/journal.pone.0166736. PMID: 
27941979; PMCID: PMC5152835.

25. Johns Hopkins Bloomberg School of Public Health. International Vaccine 
Access Center. State of PCV use and impact evaluations: a strategic gap 
analysis of the global evidence from published and ongoing impact 
studies evaluating routine PCV use Baltimore, MD: IVAC; 2016. [cited 
2016 Jul 7]

REFERENCES


