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ABSTRACT
Pneumococcal conjugate vaccine ten valent (PCV 10) was introduced into Nigeria in three phases. Phase 3 
introduction started in August 2016. However, its impact on pneumonia admissions and mortality among 
vaccinated Nigerian children has not been determined. Data in the period before PCV-10 introduction 
(3 August 2013–2 August 2016), and after (3 August 2017–2 August 2020) were retrospectively extracted 
from the medical charts of eligible patients aged 3–24 months with hospitalized radiological pneumonia 
at the University College Hospital (UCH), Ibadan; National Hospital (NH), Abuja; and Federal Teaching 
Hospital (FTH), Gombe, allowing for an intervening period of 1 year. Proportions of the patients with 
hospitalized pneumonia and case fatality rates were determined during both periods. The results were 
compared using z-test, multiple logistic regression analysis and p < .05 was considered significant. 
Adjusted pneumonia hospitalization rates between the two periods increased at the NH Abuja (10.7% 
vs 14.6%); decreased at the UCH, Ibadan (8.7% vs 6.9%); and decreased at the FTH, Gombe (28.5% vs 
18.9%). Case fatality rates decreased across all the sites during the post-PCV introduction period: NH 
Abuja, from 6.6% to 4.4% (p = .106); FTH, Gombe, 11.7% to 7.7% (p = .477); and UCH, Ibadan, 2.0% to 0% 
(p = .045); but only significant at Ibadan. Overall, proportion of hospitalized pneumonia cases decreased 
after 3 years of PCV 10 introduction into the National Immunization Programme in Nigeria. The case 
fatality rate during post-PCV 10 introduction decreased at all the three sites, but this difference was 
significant at the UCH, Ibadan.

PLAIN LANGUAGE SUMMARY
Pneumonia is the commonest killer of Nigerian children aged less than 5 years. Pneumonia vaccine (PCV 
10) was introduced into Nigeria Vaccination Program between 2014 and 2016, but up till now the value 
has not been confirmed. We conducted a retrospective study in which data before and after PCV 10 
introduction were compared. The study sites were the University College Hospital (UCH), Ibadan; National 
Hospital (NH), Abuja; and Federal Teaching Hospital (FTH), Gombe. The data were extracted from the 
medical charts of eligible patients aged 3–24 months who were admitted for severe pneumonia with 
evidences on lung radiographs. We found that the proportion of hospitalized pneumonia cases 
decreased after 3 years of PCV 10 introduction into the National Immunization Program in Nigeria. The 
death rate during post-PCV 10 introduction decreased at all the three sites, but was only significantly 
decreased at the UCH, Ibadan.
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Introduction

Background

Streptococcus pneumoniae causes severe illnesses such as 
pneumonia, meningitis, and septicemia in children aged 0 
up to 5 years.1 S. pneumoniae is the commonest cause of 
bacterial pneumonia mortality worldwide, killing about 
800,000 under-5s annually.2 In Nigeria, pneumonia is the 
commonest cause of under-5 deaths.3 Most of these infec
tions are preventable by the use of pneumococcal conju

gate vaccines (PCVs) that are already licensed and in 
routine use in most developed and many developing 
countries.4

In an hospital-based study of invasive pneumococcal dis
eases in Nigeria, 100% of the pneumococcal serotypes identi
fied (4, 5, and 19F) are contained in the 10- and 13-valent 
PCVs currently in use.5

The most accurate method of monitoring trends in disease 
incidence over time is population-based active surveillance for 
laboratory-confirmed cases of invasive bacterial diseases  
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(IBD).6 There are five methods that can be used to measure 
vaccine effectiveness and efficacy of PCV in the field. 
Demonstrating vaccine efficacy through double-blinded, ran
domized, placebo-controlled trials is necessary before licen
sure of PCV but may not be ethical or necessary for current 
PCV, and, therefore, there is a role for observational methods 
of post-licensure field impact studies. A case-control study 
with invasive bacterial disease as the outcome is probably the 
most feasible method to measure accurately PCV effectiveness 
in most settings. Cluster randomized trials including stepped- 
wedge studies, which are expensive, are required if also it is 
intended to capture the part of vaccination impact that is 
driven by suboptimal coverage and indirect protection. 
However, in Nigeria, a simple method of monitoring pneumo
nia hospitalization and deaths will be more feasible than the 
enumerated methods.

Justification for the study

The first phase of PCV-10 introduction into the Nigeria 
immunization programme was on 22 December 2014;7 

the second phase was in November 2015; and the third phase 
vaccine introduction into 18 states including Federal Capital 
Territory, Oyo ,and Gombe states was in August 2016. This 
present study took place in three sites which are located in Oyo 
and Gombe states, as well as FCT.

Pneumococcal conjugate vaccine impact with co- 
introduction of other vaccines can be measured. In Nigeria, 
Haemophilus influenzae type B (Hib) conjugate vaccine was 
introduced into the routine childhood immunization in two 
phases in 2012 and 20138 with an estimated average national 
coverage of 97%; and rotavirus vaccine is being taken by some 
infants from private health facilities. These other vaccines may 
have a more measurable impact on mortality in under-5s than 
each vaccine separately.

Despite pneumonia being the most common clinical man
ifestation of pneumococcal infection, measuring the impact of 
PCV on pneumonia can be difficult because the case definition 
of pneumonia does not specifically identify pneumococcus as 
the causative organism.

Using chest radiographs that are interpreted based on 
WHO criteria to determine lobar pneumonia can improve 
specificity. Studies that aim to measure the effect on clini
cally defined pneumonia will almost certainly fail to see an 
effect because of the nonspecific outcome measure. This 
may lead to inaccurate conclusions that the vaccine is not 
effective against pneumonia when, in fact, it is working 
against Hib and/or pneumococcal pneumonia, but these 
are only a fraction of the cases identified as clinical 
pneumonia.

In Nigeria, there is no robust baseline data on pneumococ
cal disease burden and serotype distributions; and the sources 
and scope of available baseline data5,9 cannot be generalized 
for the whole country. Given this setting, there is a need for the 
best way to generate baseline data for pneumococcal disease, to 
compare with post-implementation PCV impact data follow
ing the introduction of PCV-10 on 22 December 2014 into the 
National Program on Immunization.

Statement for the hypothesis

We hypothesized that the introduction of PCV-10 into Nigeria 
Immunization Program reduces pneumonia hospitalization and 
case fatality rates in children aged 3 to 24 months in Nigeria.

Patients and methods

An observational retrospective medical chart analysis study 
was performed in three tertiary hospitals in Nigeria (NH 
Abuja, FTH Gombe, UCH Ibadan) to assess PCV-10 impact 
on pneumonia hospitalization and mortality in children aged 3 
to 24 months.

Case-definitions and endpoints

Pneumonia was diagnosed with chest radiography, and inter
pretation was accepted as written in the medical charts of 
patients, reporting either lobar pneumonia or bronchopneu
monia, and empyema with or without pneumothorax. These 
reports are aligned to the WHO Standard for reporting chest 
radiographs in which there is presence of a dense or fluffy 
opacity that occupies a portion or whole of a lobe or of the 
entire lung, presence of fluid in the lateral pleural space 
between the lung and chest wall, or both.10,11

The endpoints were number of pneumonia hospitalizations 
and deaths among children 3–24-month-old. The proportion 
of pneumonia hospitalizations was calculated before and after 
vaccination periods. The case-fatality rates were calculated 
from the deaths among the pneumonia admissions.

Data collection before vaccine introduction

Total pediatric wards’ admissions for the period from 
3 August 2013 to 2 August 2016 (3 years before start of PCV- 
10 vaccination) were determined from the registers, using the 
patients’ hospital numbers and sorting done with a dedicated 
computer. Pneumonia admissions and deaths in the target age 
group were extracted. The medical charts of these patients were 
retrieved from the hospital Medical Record Departments with 
the assistance of the Record Officers. Those that satisfied the 
inclusion criteria after reviewing of the charts were sorted out 
and data such as patient’s age, gender, clinical parameters, and 
vaccination record were extracted from these records and 
entered into the case report form by the study physician. 
Vaccination record is typically recorded in patients’ charts as 
up-to-date without specifying the names of the vaccines nor 
indicating the particular dates.

Data collection after vaccine introduction

For three years (3 August 2017 to 2 August 2020), after allowing 
one year for rise in vaccine coverage and vaccine impact, all 
children aged 3 to 24 months who were hospitalized because of 
radiologically confirmed pneumonia (as defined in the end
points) were identified using the same method as for the pre- 
PCV 10 introduction period. Specifically, first-year post- 
vaccination data extraction started on 3 August 2018; second 
year on 3 August 2019; and third year on 3 August 2020. This 
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quasi-retrospective method was employed to create a situation 
as close as possible to collection of data before vaccine intro
duction and thereby reduce information bias.

Inclusion criteria

Patients were enrolled into the study if aged 3–24 months; and 
admitted with a diagnosis of radiologically confirmed acute 
pneumonia.

Exclusion criteria

Patients were excluded from the study if: (a) aged below 3  
months or above 24 months; (b) duration of symptoms was 14  
days and more; (c) wheezing illness documented; (d) confirmed 
to have comorbidities related to cardiac diseases, central nervous 
system diseases, birth defects affecting upper and lower respira
tory tract systems such as cleft lip and craniofacial abnormalities, 
gastroesophageal reflux, or aspiration pneumonitis; (e) prema
ture infants (gestational age <37 completed weeks); and (f) the 
pneumonia was not confirmed radiologically.

Sample size

It is expected that 50% of the severe pneumonia admissions will be 
radiologically confirmed with a margin of error ranging between 
3% and 5%. Since the total population in the catchment area was 
not exactly known, we used the population parameter as 
unknown. The confidence limit was 95%. The calculated sample 
size was 900 from all the three sites (see details in the Supplemental 
Material). The following formula was used to calculate the number 
of medical charts required for both vaccination periods.

SS = Z2*p*(1-p)/C2

SS = Sample size
Z = Z value (1.96 for 95% CI)
P = expected proportion of the disease (pneumonia) to be 

picked up
C = Margin of error

Data management and analyses

For both the retrospective and the prospective (which was 
quasi-retrospective) components of the study, the study clin
ician ascertained from the admission register the total number 
of admissions and those children with diagnosis of pneumonia 
admitted into the pediatric wards during the study period. 
A case record form was completed. All filled case record 
forms were cross-checked for consistency. Dual data entry 
was done by two different data entry clerks using Epi-Data 
version 3.1 to allow data verification and cleaning. After clean
ing, the data was transferred to IBM® SPSS version 21 and Stata 
for analyses.

The number of admitted children aged 3–24 months was 
the denominator of the study while the number of children in 
the same age group and with radiologically confirmed pneu
monia admissions constituted the numerator to calculate the 
proportion.

Proportions of pneumonia admissions before and after 
vaccine introduction, and case fatality rates, were compared 
using z-test and a p < .05 was considered significant. Multiple 
logistic regression analysis was employed to examine for con
founding factors.

Ethical consideration

Ethical approval was obtained from the University/Teaching 
Hospital Institutional Review Board of each study site.

Results

For the pre-PCV 10 introduction period, there were 5553 
children aged 3–24 months identified from admission registers 
of the three teaching hospitals (Figure 1). Out of 967 pneumo
nia admissions, only 705 medical charts were retrieved because 
262 were either not found or the hospital number known. Only 
467 fulfilled the inclusion criteria (Figure 1).

After PCV 10 introduction, 7206 children aged 3–24  
months were identified from the admission registers 
(Figure 2). There were 1158 pneumonia admissions. Because 

Total medical charts retrieved = 705

Number with pneumonia diagnosis= 967

Total excluded = 262
Missing medical charts (not found; and had 
no hospital number)

Total excluded = 238 
Diagnosis not pneumonia = 85 
Wheezing illnesses = 55 
Cardiac diseases = 54 
Prematurity = 9
Incomplete documentation = 32 
Others = 3Eligible and enrolled = 467

Total admissions:

Aged 3-24 months = 5553

Figure 1. Flow diagram for enrolling 3–24-month-olds with radiological pneumonia admitted into the three sites (Pre-PCV 10 vaccine introduction period).
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87 medical charts were either not found or the hospital num
ber known, 1071 medical charts were retrieved. Finally, 777 
fulfilled the inclusion criteria (Figure 2).

Baseline characteristics

Total admissions of the 3–24-month-olds in the pre-PCV 10 
introduction period was 5553 and is less than 7206 in the 
post-PCV 10 introduction period (Table 1). During these 
latter periods, increase in admissions was seen in other 
departments of the three hospitals such as Medical, 
Surgical, Obstetric & Gynecological, and Accident & 
Emergency (data not shown).

Pneumonia admissions during the post-PCV introduction 
period was 777 (Figure 2) and is more than 467 in the pre-PCV 
introduction period (Figure 1). There was a higher proportion 

of missing medical charts during pre-vaccination period (262/ 
967, 27.1%; Figure 1) compared to post-vaccination period 
(87/1158, 7.5%; Figure 2).

Hospitalization proportions and case fatality rates

Hospitalization proportions per hospital by year of observa
tion is as shown in Table 2. Because per year hospitalization in 
the pre- and post-period are not balanced in each hospital, 
there was high variability in the number of hospitalizations 
across years and hospitals. Therefore, overall proportions of 
hospitalization due to community-acquired pneumonia (CAP) 
per hospital in the pre- and post-period was adjusted12 and 
compared. Table 3 summarizes the differences in crude rates 
and adjusted rates of pneumonia admissions at the three 
tertiary centers for pre- and post-PCV 10 introduction periods. 

Total medical charts retrieved = 1071

Number with pneumonia diagnosis =1158

Total admissions:

Aged 3-24 months = 7206

Total excluded n= 294 
Diagnosis not pneumonia = 182 
Wheezing illnesses = 14
Cardiac diseases = 54 
Prematurity = 28
Others=16

Eligible and enrolled = 777

Total excluded =87
Missing medical charts (charts not found for
80; and 7 had no hospital number)

Figure 2. Flow diagram for enrolling 3–24-month-olds with radiological pneumonia admitted into the three sites (post-PCV 10 introduction period).

Table 1. Total admissions of 3–24-month-olds pre-PCV 10 and post-PCV 10 introduction periods.

Pre-PCV 10                                                Post-PCV 10

NH Abuja FTH Gombe UCH Ibadan Total NH Abuja FTH Gombe UCH Ibadan Total

3rd August 2013–2nd August 2014 581 130 77 788 3rd August 2017–2nd August 2018 931 329 876 2136
3rd August 2014–2nd August 2015 1178 127 818 2123 3rd August 2018–2nd August 2019 1003 461 1531 2995
3rd August 2015–2nd August 2016 798 97 859 2642 3rd August 2019–2nd August 2020 331 444 1300 2075
Total 2557 354 1754 5553 Total 2265 1234 3707 7206

* UCH = University College Hospital; FTH = Federal Teaching Hospital; NH = National Hospital.

Table 2. Proportions of hospitalized children aged 3–24 months with pneumonia per hospital by year of observation.

Pneumonia admissions per total admissions for 3–24-month-olds (%)

NH Abuja FTH Gombe UCH Ibadan Total

Pre-PCV10 Period
3 Aug. 2013–2 Aug. 2014 43/581(7.4) 18/130(13.8) 12/77(15.6) 73/788(9.3)
3 Aug. 2014–2 Aug. 2015 106/1178(8.9) 30/127(23.6) 20/818(2.4) 156/2123(7.3)
3 Aug. 2015–2 Aug. 2016 123/798(15.4) 46/97(47.4) 69/859(8.0) 238/2642(9.0)
Total 272/2557(10.6) 94/354(26.6) 101/1754(5.8) 467/5553(8.4)

Post-PCV10 Period
3 Aug. 2017–2 Aug.2018 51/931(5.5) 29/329(8.8) 98/876(11.2) 178/2136(8.3)
3 Aug. 2018–2 Aug.2019 177/1003(17.6) 143/461(31.0) 86/1531(5.6) 406/2995(13.6)
3 Aug. 2019–2 Aug. 2020 67/331(20.2) 75/444(16.9) 51/1300(3.9) 193/2075(9.3)
Total 295/2265(13.0) 247/1234(20.0) 235/3707(6.3) 777/7206(10.8)

UCH = University College Hospital; FTH = Federal Teaching Hospital; NH = National Hospital. Figures in parentheses are percentages.
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Adjusted pneumonia hospitalization rates between the two 
periods increased at the NH Abuja (10.7% vs 14.6%); decreased 
at the UCH, Ibadan (8.7% vs 6.9%); and decreased at the FTH, 
Gombe (28.5% vs 18.9%). This translates to a calculated 
weighted adjusted difference pre- vs post-vaccination per hos
pital of: NH Abuja (increase of 37%); FTH, Gombe (decrease 
of 34%); and UCH, Ibadan (decrease of 21%).

Table 4 describes the pneumonia admissions stratified into 
two age groups at the three sites during the pre-PCV 10 and post- 
PCV 10 introduction periods. Categorizing all hospitalizations 
per age group could not be done because we did not have the total 
admissions stratified into “3-11” and 12-24” months, which are 
what we required for the denominator to calculate the fractions. 
This problem is inherent in the study because the case record 
form (CRF) was not designed to capture the ages of the non- 

pneumonia admissions, except that of pneumonia admissions. 
Nevertheless, this table generally reflects the findings in Table 2.

Table 5 shows the vaccination history and outcome of 
pneumonia admissions. A child who had received three doses 
of PCV 10 at the age of 14 weeks is said to be fully immunized 
against pneumococcal disease. Using this criterion, the PCV- 
10 vaccine uptake was 94.5% at NH Abuja; 92.3% at FTH, 
Gombe; and 88.9% at the UCH, Ibadan. This information was 
mostly collected from verbal reports of the caregivers/guar
dians/mothers. Only in a few instances could this information 
be confirmed through sighting of the vaccination cards. In 
Nigeria, mothers rarely bring the health cards containing vac
cination records to health facilities. Although they were 
encouraged to bring the vaccination cards for sighting before 
discharge, only a few complied. In Table 6, the case fatality 

Table 5. Vaccination history, pneumonia admissions and outcome in each of the three teaching hospitals during the pre-PCV 10 and post-PCV 10 introduction periods.

National Hospital Abuja Federal Teaching Hospital Gombe University College Hospital, Ibadan

Variable Pre-PCV 10 Post-PCV 10 Pre-PCV10 Post-PCV 10 Pre-PCV10 Post-PCV 10

3–24 months 3–24 months p-value 3–24 months 3–24 months p-value 3–24 months 3–24 months p-value

Sex 152(55.9) 159(53.9) 47(50.0) 141(57.1) 53(52.5) 134(57.0)
Male (%)
Female (%) 120(44.1) 136(46.1) 47(50.0) 106(42.9) 48(47.5) 101(43.0)
Total (%) 272(100.0) 295(100.0) 94(100.0) 247(100) 101(100.0) 235(100.0)

Vaccination history
Available (%) 265(97.4) 291(98.6) 93(98.9) 220(89.1) 95(94.1) 220(93.6)
Up to date for PCV 10%) 257(94.5) 284(97.6) 59(62.8) 181(73.3) 73(72.3) 208(88.5)

Outcome
Discharged (%) 249(91.5) 281(95.3) .106 80(85.1) 218(88.3) .477 85(84.2) 217(92.3) .045
Died (%) 18(6.6) 13(4.4) 11(11.7) 19(7.7) 2(2.0) 0(0.0)
LAMA (%) 5(1.8) 1(0.3) 3(3.2) 7(2.8) 2(2.0) 3(1.3)
Unclassified* (%) - - - 3(1.2) 12(11.9) 15(6.4)
Total (%) 272(100) 301(100) 94(100) 247(100) 101(100) 235(100)

*Outcome not stated in the medical chart. Figures in parentheses are percentages.

Table 4. Pneumonia admissions stratified into two age groups at the three sites during the pre-PCV 10 and post-PCV 10 introduction periods.

National Hospital Abuja Federal Teaching Hospital Gombe University College Hospital

3–11 months 12–24 months Total 3–11 months 12–24 months Total 3–11 months 12–24 months Total

Pre-PCV10 Period
3 Aug. 2013–2 Aug. 2014 28(65.1) 15(34.9) 43(100.0) 13(72.2) 5(27.8) 18(100.0) 11(91.7) 1(8.3) 12(100.0)
3 Aug. 2014–2 Aug. 2015 66(62.3) 40(37.7) 106(100.0) 18(60) 12(40) 30(100.0) 15(75.0) 5(25.0) 20(100.0)
3 Aug. 2015–2 Aug. 2016 70(56.9) 53(43.1) 123(100.0) 23(50) 23(50) 46(100.0) 41(59.4) 28(40.6) 69(100.0)
Total 164(60.3) 108(39.7) 272(100.0) 54(57.4) 40(42.6) 94(100.0) 67(66.3) 34(33.7) 101(100.0)

Post-PCV10 Period
3 Aug. 2017–2 Aug.2018 36(70.6) 15(29.4) 51(100.0) 17(58.6) 12(41.4) 29(100.0) 64(65.3) 34(34.7) 98(100.0)
3 Aug. 2018–2 Aug.2019 99(55.9) 78(44.1) 177(100.0) 86(60.1) 57(39.9) 143(100.0) 45(52.3) 41(47.7) 86(100.0)
3 Aug. 2019–2 Aug. 2020 36(53.7) 31(46.3) 67(100.0) 45(60.0) 30(40.0) 75(100.0) 29(56.9) 22(43.1) 51(100.0)
Total 171(58) 124(42) 295(100.0) 148(59.9) 99(40.1) 247(100.0) 138(58.7) 97(41.3) 235(100.0)

Figures in parentheses are percentages.

Table 6. Case fatality rates among 3–24-month-olds admitted with pneumonia in each of the three teaching hospitals during the pre- and post-PCV 10 introduction 
periods.

University College Hospital, Ibadan Federal Teaching Hospital, Gombe National Hospital, Abuja

Variable Pre-PCV 10 Post-PCV 10 Pre-PCV 10 Post-PCV 10 Pre-PCV 10 Post-PCV 10

Male (%) 53(52.5) 126(56.3) 47(50.0) 141(57.1) 152(55.9) 161(53.5)
Female (%) 48(47.5) 98(43.7) 47(50.0) 106(42.9) 120(44.1) 140(46.5)
Total 101(100%) 224(100%) 94(100%) 247(100%) 272(100%) 301(100%)
Outcome 2(2.0) 3(1.3) 3(3.2) 7(2.8) 5(1.8) 1(0.3)

*LAMA (%)
Death (%) 2(2.0) 0(0.0) 11(11.7) 19(7.7) 18(6.6) 12(4.0)
Discharged (%) 85(84.2) 207(92.4) 80(85.1) 218(88.3) 249(91.5) 281(93.4)
**Unclassified 12(11.9) 14(6.3) 0(0.0) 3(1.2) 0(0.0) 7(2.3)

*LAMA: Left against medical advice; **Unclassified: Outcome not stated in the medical chart; figures in parentheses are percentage.
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rates decreased across all the sites during the post-PCV 10 
introduction period but only significantly at one site: NH 
Abuja, from 6.6% to 4.4% (p = .106); FTH, Gombe, 11.7% to 
7.7% (0.477); and UCH, Ibadan, 2.0% to 0% (p = .045).

Discussion

There were low outlier values during the pre-PCV 10 period 
2013–2014 of 77 total admissions of 3–24-month-olds at the 
UCH, Ibadan giving atypically high 15.6% pneumonia admis
sions compared with the other two sites at the same observation 
pre-PCV 10 period. Similarly, low outlier values for total admis
sions for the 3-year pre-PCV 10 period (2013–2016) at FTH, 
Gombe was 354. These findings were probably due to the effects 
of industrial strikes in the health sectors at the corresponding 
times.13 Furthermore, total admissions for the 3–24-month-olds 
during post-PCV-10 period (2019–2020) at the NH Abuja was 
331. Because of this low value, the proportion of pneumonia 
admissions for this observation year was apparently higher than 
other two sites at 20.2% (67/331) – Table 3. Coronavirus disease 
2019 (COVID-19) lockdown in Abuja, Nigeria, was associated 
with reduction in the overall acute trauma volume in the emer
gency room among acute trauma patients.14 It is not clear if this 
effect of COVID-19 pandemic was responsible for the lower 
admission of pneumonia at the children emergency ward of NH 
Abuja than the other two sites.

There were differences in the proportions of community- 
acquired pneumonia (CAP) hospitalization across the three 
hospitals during the pre- and post-PCV 10 introduction per
iods: highest at the FTH, Gombe and lowest at the UCH, 
Ibadan, and NH Abuja taking a second position (Table 3). 
However, the absolute number of CAP hospitalizations was 
highest at the NH Abuja, which might reflect the economic 
potentials and ability of the parents of children in Abuja to 
afford care at tertiary level compared to Gombe and Ibadan. 
Catastrophic out-of-pocket expenditure has been shown to 
impact negatively on Nigerians,15 thereby determining health 
care-seeking behaviors, in which poor households seek low- 
quality care, avoid seeking healthcare at all, or resort to self- 
medication due to inability to pay for healthcare services.16 

The wealth quintiles in FCT, Abuja was greatest (lowest, 0.7% 
to highest, 55.1%); modest in Oyo State (11.1% to 25.2%); and 
least in Gombe State (36.7% to 8.6%).17 Consequently, the 
apparent highest CAP hospitalization proportion at Gombe 
site might be due to incomplete data retrieval.

Adjusted pneumonia hospitalization rates between the two 
periods increased at the NH Abuja (10.7% vs 14.6%); decreased 
at the UCH, Ibadan (8.7% vs 6.9%); and decreased at the FTH, 
Gombe (28.5% vs 18.9%). This translates to a calculated 
weighted adjusted difference pre- vs post-vaccination per hos
pital of: NH Abuja (increase of 36.4%); FTH, Gombe (decrease 
of 34%); and UCH, Ibadan (decrease of 21%).

Trying to explain this finding, we looked at the pneumonia 
admissions stratified into two age groups at the three sites 
during the pre-PCV 10 and post-PCV 10 introduction periods 
(Table 5). But we could not categorize all hospitalizations per 
age group because the total admissions stratified into 3–11 and 
12–24 months were not available to calculate the fractions.

We employed a similar strategy to that of Iceland to evaluate 
the impact of PCV 10 in reducing pneumonia admissions. There 
was significant reduction of pneumonia, which was noted very 
early after initiation of the vaccination.18 The contrast noted in 
our study might be due to inadequate retrieval of data which is 
inherent in a system without electronic medical record.

The WHO-Federal Government National invasive bacterial 
disease longitudinal surveillance in Nigeria from 2010 to 2016 
showed pneumococcus as the commonest causative organism 
of under-five bacterial meningitis and is also likely the com
monest cause of under-five pneumonia (since the meningitis 
surveillance is a proxy for pneumonia). Nearly a half of the 
pneumococcal meningitis cases successfully serotyped (46.4%: 
13/28) were caused by serotypes that are included in the 10- 
valent pneumococcal conjugate vaccine.19

The vaccination history was obtained mostly from verbal 
reports of the caregivers/guardians/mothers. Only in a few 
instances could this information be confirmed through sight
ing of the vaccination cards. In Nigeria, mothers rarely bring 
the health cards containing vaccination records to health 
facilities. Using this method, the PCV-10 vaccine uptake 
across the 3 sites was good, ranging from 88.9% at the 
UCH, Ibadan, through 92.3% at the FTH, Gombe to 94.5% 
at the NH, Abuja. However, the WHO/UNICEF estimates of 
third-dose pneumococcal conjugate vaccine (PCV3) immu
nization coverage in Nigeria from 2016 to 2020 were in the 
range of 49% in 2016 to 57% in 2020.20 The reasons for this 
discrepancy include: the WHO/UNICEF estimates for 
Nigeria rely mostly on population-based surveys whereas in 
our study, we used facility-based data which were not pri
marily obtained to assess vaccine uptake. In addition, our 
data relied mostly on caregivers’ recall and could have 
resulted in overestimation of PCV-10 vaccine uptake. 
Variation in agreement between vaccine card and caregiver’s 
recall has been previously documented.21

Case fatality rates decreased across all the sites during the 
post-PCV 10 introduction period but only significant at Ibadan. 
The higher case fatality rate observed in FTH, Gombe compared 
with the other study centers might be attributed to sociodemo
graphic differences among the study sites. Gombe which is 
located in the northeast geopolitical region is characterized by 
extreme poverty, large family size, poor female education and 
empowerment, and recently insurgency.22

Limitations of the study

(1) Our endpoint was not exactly as recommended by the 
WHO Standard reporting for chest radiographs due to 
logistic reasons. The reporting physicians of the radio
graphs, before and after PCV-10 introduction periods, 
did not use WHO definitions; instead, the radiographs 
were read as lobar pneumonia and bronchopneumonia.

(2) Immunization history for both the retrospective data, and 
even the quasi-retrospective data, was not card-verified.

(3) The causative bacterial pathogens of the pneumonia 
were not isolated; and there was no way to exclude 
viral etiologies of some, or possibly many of the admis
sion pneumonia cases. Although we excluded all the 
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wheezing illnesses, there are reports of viral pneumo
nias without wheezes.

(4) Finally, we could not categorize all hospitalizations per 
age group because the total admissions were not strati
fied into “3-11” and 12-24” months, which are what we 
required for the denominator to calculate the fractions. 
This problem is inherent in the study because the case 
record form (CRF) was not designed to capture the ages 
of the non-pneumonia admissions, except that of pneu
monia admissions.

Conclusions

The introduction of the pneumococcal conjugate vaccine ten 
valent (PHiD-CV-10) into the National Immunization 
Program in August 2016 in Oyo and Gombe states, and the 
Federal Capital Territory, Abuja was associated with 
a reduction in pneumonia hospitalizations and mortality in 
children aged 3 to 24 months in Nigeria population studied. 
However, the vaccination coverages as well as magnitude of 
decline in hospitalization and deaths varied across study sites. 
Efforts should be made to improve and sustain the national 
vaccine coverage in Nigeria. Introduction of electronic clinical 
record system into the major hospitals in Nigeria should facil
itate better data capture for future impact studies.
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