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Pneumonia is a major cause of morbidity and mortality in Ghana, especially among children < 5 y of age and the 
elderly. However, comprehensive data on its prevalence and distribution remain limited. This systematic review 

addresses this gap by analysing the prevalence, regional variations, risk factors, antimicrobial resistance and 
mortality rates of pneumonia in Ghana. We searched PubMed, ScienceDirect, Web of Science and African Jour- 
nals Online databases, including 21 studies with a total of 124 582 participants. A random-effects meta-analysis 
estimated pooled prevalence and subgroup differences based on age, region and participant type. Heterogeneity 
was assessed using the I2 test and meta-regression, with sensitivity analysis also conducted. Study quality was 
evaluated using standardized Joana Briggs Institute checklists for prevalence studies. The pooled prevalence 
of pneumonia in Ghana was 22.01%, with significant regional variations. The highest prevalence was observed 
in a study conducted in the Greater Accra and Northern regions (32.31%), while the lowest was in the Upper 
West (4.83%). The prevalence in children < 5 y of age was 17.79%. Hospitalized patients had a higher prevalence 
(22.14%) than community children (21.49%). Streptococcus pneumoniae was the most common pathogen, with 
high resistance ( > 70%) to co-trimoxazole, gentamicin and tetracycline. Key risk factors included indoor air pol- 
lution and seasonal changes. The mortality rate for pneumonia was found to be 3.07%. This systematic review 

highlighted significant regional disparities, pathogen resistance patterns and environmental risk factors that 
shape the burden of pneumonia in Ghana, providing critical evidence for targeted public health strategies. The 
findings highlight avenues for future research, including environmental drivers of transmission, focusing on un- 
derreported regions and surveillance of antibiotic resistance of pathogens isolated from pneumonia patients. 

Keywords: antimicrobial resistance, C. pneumoniae , Ghana, pneumonia, pneumonia epidemiology, prevalence, respiratory infections, 
S. pneumoniae , systematic review. 
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tion and mortality globally, responsible for 2.2 million deaths 
annually, including 502 000 children.7 , 8 It is reported that pneu- 
monia causes approximately 1.58 million deaths in children < 5 y 
of age each year, exceeding the combined fatalities from human 
immunodeficiency virus/acquired immunodeficiency syndrome, 
malaria and measles.9 By 2021, the burden of respiratory infec- 
tions grew even more severe, with > 6 million deaths linked to 
pneumonia and coronavirus disease 2019 (COVID-19).10 
A recent study reported that > 800 000 children < 5 y of age 

died from pneumonia globally within a 3-y period, with more 
than half of these deaths occurring in just five countries.11 No- 
tably, 26% were concentrated in three sub-Saharan African na- 
tions: Nigeria, the Democratic Republic of Congo and Ethiopia.11 
In West and Central Africa, pneumonia alone accounts for 17% 

of under-5 mortality rates, highlighting its significant burden 
on child health in the region.12 Although child mortality has 
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ntroduction 

neumonia is a lung infection characterized by inflammation 
f the alveolar space, whereas the presence of microorgan- 
sms without an inflammatory response represents colonization 
ather than pneumonia.1 Unlike other infectious diseases, pneu- 
onia is not a single disease but a group of specific infections 
ith distinct epidemiology, pathogenesis and presentation.2 It 
s caused by a variety of pathogens, including bacterial, viral, 
ungal and parasitic agents.3 The most common pathogens 
ssociated with pneumonia include Streptococcus pneumoniae , 
aemophilus influenzae , Mycoplasma pneumoniae , Chlamydia 
neumoniae and respiratory viruses such as influenza A and 
espiratory syncytial virus (RSV).4 , 5 These pathogens may act 
ndependently or in combination, complicating diagnosis and 
reatment.6 Pneumonia remains a leading cause of hospitaliza- 
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significantly decreased over the past 2 decades, pneumonia con-
tinues to rank among the top five causes of death in children < 5 y
of age in the sub-Saharan region.13 
In Ghana, pneumonia remains a leading cause of morbid-

ity and mortality, particularly among vulnerable populations
such as children < 5 y of age and the elderly, contributing to
18% of deaths and 72 000 cases annually.9 , 14 A critical driver
in pneumonia transmission is the high prevalence of pneumo-
coccal carriage—asymptomatic colonization of the nasophar-
ynx by S. pneumoniae , the leading cause of bacterial pneumonia
worldwide.15 In Ghana, Arhin et al.16 reported prevalence rates of
pneumococcal carriage ranging from 11% to 51%. Compounding
this threat, multidrug-resistant strains are pervasive, with resis-
tance rates ranging from 7% to 100% depending on geographic
and socio-economic factors.16 Despite this significant burden, the
prevalence of pneumonia across Ghana’s diverse demographics
and regions has not been comprehensively assessed, as is often
the case in many low-resource settings.17 
Effective pneumonia management relies on accurate knowl-

edge of microbial aetiologies and the ability to differentiate be-
tween them.18 However, Ghana’s healthcare infrastructure, like
that of most low- and middle-income countries (LMICs), faces
critical challenges, including scarcity of diagnostic tools, under-
resourced laboratories and clinical differentiation of pneumonia
cases.19 Exacerbating these issues is a significant knowledge de-
ficiency regarding pneumonia among Ghanaians, as one study
found that two-thirds of participants had never heard of the
disease,20 suggesting low recognition of symptoms and delays
in care-seeking. 
To address these gaps, this systematic review aimed to

examine geographic disparities in pneumonia research, identify
literature gaps and provide a clear understanding of the disease’s
epidemiology by analysing its prevalence, mortality rates, risk fac-
tors and antimicrobial resistance rates. The findings will inform
targeted interventions, guide evidence-based policies for more
effective resource allocation, and contribute to addressing con-
cerns related to antimicrobial resistance, laying the foundation
for future research in Ghana. 

Methods 
The systematic review was conducted according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) 2020 guidelines and the study protocol was registered
in PROSPERO (CRD42024627892). The PRISMA checklist is in-
cluded in the supplementary materials.21 

Search strategy 
The literature search was conducted from 1 December to 12 De-
cember 2024. The search included studies published in English
and conducted in Ghana. The search strategy was designed to
include studies published from the inception of each database to
11 December 2024. Original research articles including observa-
tional, cohort and case–control studies describing the proportion
of pneumonia cases and its driving factors were identified from
PubMed and three other databases (Web of Science, ScienceDi-
rect and African Journals Online [AJOL]). The search was con-
ducted using specific keywords; terms within the same concept
370
were connected with the Boolean ‘OR’ and combined with other
components of the search terms using ‘AND’. The final search
terms for the databases were: 

� PubMed: (‘Pneumonia’ OR ‘Pneumonitis’ OR ‘Bronchopneumo-
nia’ OR ‘Community-Acquired Pneumonia (CAP)’ OR ‘Hospital-
Acquired Pneumonia (HAP)’ OR ‘Aspiration Pneumonia’ OR
‘Fungal Pneumonia’ OR ‘Viral Pneumonia’ OR ‘Mycoplasma
Pneumonia’) AND (‘Ghana’ OR ‘Ghanaian’) 

� Web of Science: (‘Pneumonia’ OR ‘Pneumonitis’ OR ‘Bron-
chopneumonia’ OR ‘Community-Acquired Pneumonia (CAP)’
OR ‘Hospital-Acquired Pneumonia (HAP)’ OR ‘Aspiration Pneu-
monia’ OR ‘Fungal Pneumonia’ OR ‘Viral Pneumonia’ OR ‘My-
coplasma Pneumonia’) AND (‘Ghana’ OR ‘Ghanaian’) 

� ScienceDirect: (‘Pneumonia’ OR ‘Pneumonitis’ OR ‘Aspiration
Pneumonia’ OR ‘Fungal Pneumonia’ OR ‘Viral Pneumonia’) AND
(‘Ghana’) 

� AJOL: (‘Pneumonia’ OR ‘Pneumonitis’ OR ‘Bronchopneumo-
nia’ OR ‘Community-Acquired Pneumonia (CAP)’ OR ‘Hospital-
Acquired Pneumonia (HAP)’ OR ‘Aspiration Pneumonia’ OR
‘Fungal Pneumonia’ OR ‘Viral Pneumonia’ OR ‘Mycoplasma
Pneumonia’) AND (‘Ghana’ OR ‘Ghanaian’) 

The reference lists of included studies and relevant reviews were
also manually searched to identify additional publications not in-
dexed in the databases. All publications from the databases were
downloaded and imported into the Zotero reference manager
(version 6.0.36), where they were merged into a single collection.
The merged file yielded 844 articles that were later imported into
the Rayyan online platform ( www.rayyan.ai) and deduplicated
before the study selection process. 

Study selection process 
Before screening, two reviewers (F.K and AA-D) designed a pro-
tocol that clearly defined characteristics qualifying a study for
inclusion or exclusion. The reviewers independently screened
all deduplicated records in three stages—title, abstract and full
text—using the Rayyan online platform to assess eligibility based
on predefined criteria. References were coded as ‘included’,
‘maybe’ or ‘excluded’. Records whose titles and abstracts did not
align with the study’s objectives were excluded during the first
two stages. Full texts of studies labelled as ‘included’ or ‘maybe’
progressed to the next screening stage. A calibration exercise
was performed among reviewers to ensure consistency in apply-
ing inclusion/exclusion criteria. Full texts of potentially relevant
studies were exported to the Zotero reference manager (version
6.0.36) and assessed independently against eligibility criteria
by two reviewers. Reasons for final exclusion at this stage were
recorded. Any discrepancies in study selection were discussed
with a third reviewer (ESD) until a consensus was reached. All
included studies proceeded to the data extraction stage. 

Eligibility criteria 
Inclusion criteria were cross-sectional, cohort or case–control
studies reporting original data; studies conducted among
the general population or specific subgroups (e.g. children,
communities, etc.) in Ghana; studies reporting the prevalence

http://www.rayyan.ai
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nd specific aetiology of pneumonia; studies that diagnosed 
neumonia using microbiological, radiological or molecular tech- 
iques (e.g. cultures, polymerase chain reaction, chest X-ray, 
omputed tomography scans) and identified the microbial aeti- 
logy through appropriate methods, confirmed by clinical symp- 
oms and radiological findings; and studies published from the 
nception of each database to 12 December 2024. 
Studies were excluded if they were reviews, case reports, ed- 

torials or abstracts without full text. Additionally, studies con- 
ucted outside Ghana, not involving human participants, and 
hose that included Ghana but did not provide Ghana-exclusive 
tudies. Studies reporting outcomes unrelated to pneumonia 
revalence or antimicrobial susceptibility were also excluded, in- 
luding those focused on COVID-19-induced pneumonia, as this 
s considered a distinct condition of the pandemic, and may 
kew findings. Furthermore, studies that reported only pneumo- 
ia symptoms without conducting diagnostic tests (e.g. micro- 
iological, radiological or molecular methods) to confirm the in- 
ection, or those that did not distinguish pneumonia from other 
espiratory illnesses, were not considered. 

ata extraction 
wo reviewers (FK and ESD) developed a standard data extraction 
orm in Excel 2019 (Microsoft, Redmond, WA, USA) and piloted 
n three randomly selected studies before full abstracting. From 

ach eligible study, the following key information was extracted: 
ibliographic details (author[s], publication year), study charac- 
eristics (location/setting [region], study design; population char- 
cteristics (sample size, age groups); and outcomes of interest, 
ncluding pneumonia prevalence, aetiology, type of pneumonia, 
ortality rate and risk factors for its transmission. 
The data were extracted independently by two reviewers (FK 

nd AA-D) and were checked by a third reviewer (ESD). All dis- 
repancies were discussed among the three reviewers until a 
onsensus was reached. The extracted information was synthe- 
ized qualitatively due to heterogeneity in reported outcomes. 
his comprehensive data extraction process ensured all relevant 
nformation across studies were captured uniformly for subse- 
uent analysis. 

tatistical analysis 
eta-analysis was performed using RStudio version 4.3.3 (Posit, 
oston, MA, USA). The software was used to estimate the pro- 
ortion of pneumonia reported. The funnel plot and Egger’s 
egression test assessed publication bias visually and statis- 
ically ( Supplementary Figure 1). The Fr eeman–Tukey double 
rcsine transformation was used to stabilize variances among 
tudies and the pooled prevalences were computed using the 
erSimonian–Laird method. Heterogeneity between studies was 
valuated using I2 statistics with values of 0%, 25%, 50% and 
75%, representing no, low, moderate and high heterogene- 
ty, respectively. The proportion of pneumonia was measured by 
andom-effects meta-analysis with a confidence interval (CI) of 
5%. A leave-one-out sensitivity analysis and meta-regression 
ere performed to assess the robustness and sources of hetero- 
eneity in our study, respectively. An α-value < 0.05 was consid- 
red statistically significant. 
(
uality assessment 
sing the standardized Joana Briggs Institute checklist for preva- 
ence studies, two reviewers methodologically assessed the qual- 
ty of the included studies. The checklist comprised tools that 
ncluded the appropriateness of the sample frame, appropriate 
ecruitment of study participants, adequacy of the sample size, 
etailed description of study subjects and setting, comprehen- 
iveness of data analysis to cover the entire sample, validity of 
iagnostic methods, reliability of standards to measure condi- 
ion, the availability of appropriate statistical analysis and the ad- 
quacy of response rate. Each checklist item was scored ‘yes’, 
no’, ‘unclear’ or ‘not applicable’. A ‘yes’ response to each ques- 
ion was scored 1, while ‘unclear’, ‘no’ and ‘not applicable’ were 
cored 0. All included studies were subjected to each of these 
ools and the quality of the study (risk of bias) was determined 
s ‘good’ (low risk; score 7–9), ‘fair’ (moderate risk; score 4–6) or 
poor’ (high risk; score 0–3). Disagreements were discussed until 
 consensus was reached, ensuring that the final quality analysis 
eflected a comprehensive understanding of the included studies’ 
ethodologies, findings and potential biases. The included stud- 

es were generally of high quality, with the majority (16 studies) 
coring ‘good’ (achieving 7–9 points, indicating low risk) and the 
est (7 studies) rated ‘fair’ (achieving 4–6 points, indicating mod- 
rate risk) ( Supplementary Table 1). 

esults 
earch results 
he search of the databases yielded a total of 944 articles, with 
67 of them being duplicates. After resolving the duplicates, 848 
on-duplicate articles were subjected to further evaluation. Of 
he 848 articles, 778 were excluded based on title and abstract 
creening. The remaining 70 articles were then subjected to a de- 
ailed full-text review. After full-text evaluation, 49 articles were 
xcluded for various reasons (no data on pneumonia epidemiol- 
gy [n = 13], pneumonia not tested or clinically diagnosed [n = 9], 
neumonia data not segregated from other respiratory tract in- 
ections [n = 6], population used by included study [n = 2], popula- 
ion/sample size not stated [n = 2], mortality study [n = 2] no data
n pneumonia [n = 7], worked on animals [n = 2] and COVID-19- 
nduced pneumonia [n = 6]), leaving 21 eligible articles (Figure 1 ). 

haracteristics of included studies 
he included studies had sample sizes ranging from 85 to 70 323. 
he geographic distribution of the studies restricted the studies to 
ust 6 (Greater Accra, Ashanti, Volta, Upper West, Bono East and 
orthern) of the 16 regions (38%) in Ghana. The Greater Accra 
seven studies) and Ashanti (six studies) regions were the most 
tudied, representing 33% and 29% of the included studies, re- 
pectively, while the Volta and Upper West regions were the least 
tudied, with two studies (10%) each. One study, representing 
% of the studies, was conducted in both the Greater Accra and 
orthern regions. The studies included two types of participants, 
ith hospitalized patients being the most represented, in 71% 

15 studies), and the other being community children, in 19% 

4 studies). Two studies (10%) included both participant types. 
371
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Figure 1. PRISMA flow diagram of included studies. 
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The participants belonged to different age groups, including chil-
dren (0–10 y), adolescents (10–17 y), adults (18–60 y) and the el-
derly ( > 60 y). Children between the ages of 0–6 y were the most
studied, representing 61% (14 studies), followed by studies in-
volving children and adolescents and those involving people of all
ages, with 13% (3 studies) each. Adults only and adults in com-
bination with adolescents and the elderly were reported in three
separate studies (4% each). A total of 124 582 participants were
tested for pneumonia across the studies, of which 9222 were con-
firmed positive (Table 1 ). Of the 21 included studies, 11 (52%) re-
ported the aetiology of pneumonia. Among these, nine studies
identified S. pneumoniae as the causative pathogen, one study
reported C. pneumoniae and one study identified a combination
of both pathogens. Eight studies reported the types of pneumo-
nia: three focused on community-acquired pneumonia, two on
hospital-acquired pneumonia, two on severe pneumonia and one
study reported cases of bronchopneumonia and lobar pneumo-
nia. Mortality was recorded in four of the included studies, with
calculated rates ranging from 1.6% to 36% (Table 2 ). Antimicro-
bial resistance was recorded in only two of the studies. How-
ever, these reported high resistance of S. pneumoniae isolates
to co-trimoxazole (100%), gentamicin (77.8%) and tetracycline
(75%). Ciprofloxacin and oxacillin had moderate resistance rates
372
at 47.4% and 46.7%, respectively, while penicillin had the lowest
resistance rate at 0.73%. Three studies reported risk factors asso-
ciated with pneumonia prevalence.22 –24 Two studies highlighted
weather, particularly the wet season, from June to December, as
a key factor. One study identified household air pollution as a con-
tributing factor to disease prevalence. 

Pooled prevalence of pneumonia and subgroup analysis
based on age groups 
The pooled prevalence of pneumonia based on the included stud-
ies was 22.01% (95% CI 16.52 to 28.03, p = 1.64). A random-
effects model was used for the meta-analysis, due to the
significant heterogeneity observed across the included studies
(I2 = 99.8%). The subgroup analysis based on the age group re-
ported children and adolescents as the group with the high-
est prevalence of pneumonia (37.21% [95% CI 23.60 to 51.94]),
followed by adolescents and adults (32.94% [95% CI 23.30 to
43.34]). The results show similar prevalence rates across studies
with a combination of adults and elderly (26.07% [95% CI 21.44
to 30.99]) and those that included all age groups (22.24% [95%
CI 5.64 to 45.61]). In comparison, the prevalence of pneumo-
nia was higher in adults only (25.78 [95% CI 22.19 to 29.53]) as
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Table 2. Mortality rates reported in some included studies. 

Study Positive cases, n Deaths, n Rate, % 

Adadey et al., 201923 1392 40 2 .87 
Dadzie et al., 202031 3337 54 1 .62 
Saavedra et al., 201739 141 51 36 .17 
Tette et al., 202041 42 6 14 .28 
Total 4912 151 3 .07 
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compared with children only (17.79% [95% CI 13.13 to 23.00])
(Figure 2 ). 

Subgroup analysis based on participant population 
The subgroup analysis based on the type of participants shows a
slightly higher prevalence among hospitalized patients (22.14%
[95% CI 16.29 to 28.60]) as compared with community children
(21.49% [95% CI 11.28 to 33.90] (Figure 3 ). 

Subgroup analysis based on region 
Figure 4 presents the subgroup analysis based on the region in
which the studies were conducted. The highest prevalence of
pneumonia was recorded at 32.31% (95% CI 29.20 to 35.50) in a
Figure 2. Pooled prevalence of pneumonia and subgroup analysis based on a

374
multiregional study that involved the Greater Accra and Northern
regions. This was followed by the Greater Accra and Bono East re-
gions with prevalence rates of 27.75% (95% CI 12.42 to 46.34)
and 26.59% (95% CI 20.49 to 33.17), respectively. Similar preva-
lence rates were recorded in the Ashanti (21.19% [95% CI 8.29 to
38.02]) and Volta (18.18% [95% CI 0.00 to 63.38]) regions. The
lowest prevalence was recorded in the Upper West region, with a
rate of 4.83% (95% CI 0.32 to 13.85). 

Meta-regression 
Our meta-regression indicated that hospitalized patients ex-
hibited a positive effect on pneumonia prevalence, with a no-
table trend, although not statistically significant (p > 0.05). The
Upper West region showed a significant negative association
with pneumonia rates, suggesting potential regional disparities
(p < 0.05). Age groups and other regions had no significant effect
on pneumonia prevalence (p > 0.05). These findings underscore
the complexity of pneumonia prevalence, with hospitalized pop-
ulations and regional differences contributing to its heterogeneity
in Ghana (Table 3 ). 

Sensitivity analysis 
A leave-one-out sensitivity analysis was performed to evalu-
ate the influence of each included study on the pooled pneu-
monia prevalence in the meta-analysis. The point estimates
ge groups. 
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Figure 3. Subgroup analysis based on participant population. 

Figure 4. Subgroup analysis based on the regions in Ghana. 
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anged from 20.41% to 23.59%, with consistently overlapping 
Is. This overlap suggests that the variations in point esti- 
ates were not statistically significant. Although some differ- 
nces were observed, the study selection can be considered re- 
iable, as the individual prevalence estimates remained closely 
ligned with the pooled prevalence of 22.01% ( Supplementary
igure 2). 
iscussion 

neumonia remains a significant public health challenge in 
hana, contributing to morbidity and mortality across various 
ge groups. This systematic review examined the prevalence, 
istribution and characteristics of pneumonia cases reported in 
hana. The review included 21 studies on pneumonia, with a 
375
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Table 3. Meta-regression of the included studies. 

Covariates Estimate Standard error z-Value p-Value 95% CI

Age group 
Adolescents and adults (intercept) 0 .3692 0 .2691 1 .3723 0 .1700 −0 .1581 to 0.8966 
Adults −0 .0804 0 .2820 −0 .2850 0 .7756 −0 .6331 to 0.4723 
Adults and elderly −0 .0767 0 .2825 −0 .2713 0 .7861 −0 .6305 to 0.4771 
Children −0 .1821 0 .2318 −0 .7856 0 .4321 −0 .6365 to 0.2723 
Children and adolescents 0 .1901 0 .2491 0 .4381 0 .6613 −0 .3791 to 0.5974 
General population 0 .0071 0 .2524 0 .0283 0 .9774 −0 .4876 to 0.5019 

Participant type 
Hospitalized patients 0 .2921 0 .1668 1 .7516 0 .0798 −0 .0224 to 0.5275 

Region 
Bono East 0 .3538 0 .1918 1 .8444 0 .0651 −0 .0222 to 0.7297 
Greater Accra −0 .0479 0 .1339 −0 .3582 0 .7202 −0 .3103 to 0.2144 
Greater Accra and Northern 0 .4177 0 .2498 1 .6724 0 .0944 −0 .0718 to 0.9073 
Upper West −0 .3467 0 .1770 −1 .9582 0 .0502 −0 .6936 to 0.0003 
Volta −0 .1334 0 .1766 −0 .7552 0 .4501 −0 .4795 to 0.2127 
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total sample size of 124 582 participants. The studies reveal
geographic disparities in research coverage, with studies concen-
trated in only 6 of the country’s 16 regions. The Greater Accra and
Ashanti regions accounted for most studies, representing 39%
and 26%, respectively, likely due to the urbanization of these
regions and the increased probability of access to healthcare
facilities. These urban centres are characterized by higher popula-
tion densities, better healthcare infrastructure and more research
institutions, which facilitate the identification and reporting of
pneumonia cases. In contrast, regions like Volta and Upper
West were underrepresented, highlighting potential inequities in
healthcare access and research focus. The studies predominantly
involved hospitalized patients (15 studies), with children aged
0–6 y being the most studied demographic group (14 studies).
S. pneumoniae emerged as the primary causative pathogen,
consistent with findings from a study by Musher et al.,42 which
attributed 90% of all pneumonia cases to this pathogen. In
contrast, the lowest occurrence of C. pneumoniae may be partly
attributed to challenges in its detection and diagnosis, as studies
have found that pneumonia associated with this pathogen is
clinically indistinguishable from other types of pneumonia.43 , 44 
Additionally, 48% of the studies reported the aetiology of
pneumonia, while eight studies provided details on pneumonia
types, including community-acquired, hospital-acquired, severe
pneumonia, bronchopneumonia and lobar pneumonia. The wet
season and polluted household air were risk factors for the epi-
demiology of pneumonia. Studies highlight that meteorological
conditions such as variations in daily temperature, humidity and
particulate matter (PM) levels increase pneumonia risk by impair-
ing respiratory defences and prolonging pathogen survival.45 , 46 
For instance, Huh et al.47 demonstrated that these climatic fac-
tors directly correlate with pneumonia incidence, underscoring
the need to integrate environmental considerations into public
health strategies. Household air pollution (HAP) further exacer-
bates the burden: in Ghana, Kinney et al.48 found that prenatal
exposure to HAP increased the risk of pneumonia and severe
376
pneumonia in infants. Similarly, exposure to PM that is ≤2.5 μm
(PM2.5 )—a key pollutant from biomass burning—was linked to
a 10% increase in pneumococcal carriage per unit increase in
PM2.5 levels,49 directly increasing pneumonia susceptibility. These
findings emphasize the dual role of seasonal environmental
shifts and indoor air pollution in driving pneumonia transmission.
The pooled prevalence of pneumonia from the included

studies is 22.01%, which is alarming, as it indicates that
22 of 100 Ghanaians are affected by pneumonia. However,
these results may be skewed, as most of the studies included
were conducted among children (people < 18 y of age). Ge-
ographically, our reported prevalence is lower than that re-
ported by a study conducted in Uganda, which reported a
rate of 25.6%,50 and other LMICs such as India and Tai-
wan, with rates of 64% and 31.6%, respectively.51 , 52 How-
ever, a study in Ethiopia reported a lower rate (16.1%) than
our reported pooled prevalence.53 Ghana’s intermediate preva-
lence may reflect its unique demographic and healthcare con-
text. First, most included studies focused on children < 18 y
of age, a high-risk group for pneumonia in low-resource set-
tings, due to malnutrition, incomplete immunization and ex-
posure to indoor air pollution.54 Additionally, Ghana’s relatively
robust healthcare infrastructure, including high pneumococcal
vaccine coverage (approximately 96% in 2023),55 may help
moderate the prevalence compared with countries with weaker
systems. 
Our subgroup analysis based on age groups found variations

in prevalence rates across different age groups. In comparison,
our study reports a 17.79% prevalence of pneumonia among
children, which is half the rates reported by similar studies con-
ducted among children < 5 y of age in East Africa (34%)56 and
Ethiopia (30%).57 Children and adolescents exhibited the high-
est prevalence, followed by adolescents combined with adults,
indicating a substantial burden of pneumonia in younger age
groups. Interestingly, studies involving adults and the elderly or
the general population showed comparable prevalence rates,
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uggesting consistent disease distribution when broader popu- 
ations are considered. Notably, adults alone had a higher preva- 
ence (25.78%) than children alone (17.79%). However, it is im- 
ortant to note that the data for adults only might be skewed, 
s it is based on a single study with a small sample size. This 
imitation highlights the need for additional research focusing on 
dults, to provide a more accurate representation of pneumonia 
revalence in this demographic. 
The subgroup analysis revealed a slightly higher prevalence of 

neumonia among hospitalized patients compared with commu- 
ity children (Figure 3 ). This difference is typical, as symptomatic 
hildren, who are a more vulnerable population to disease mor- 
ality, often require medical intervention.58 Notably, the preva- 
ence of pneumonia among community children, many of whom 

ere asymptomatic controls, is particularly significant. This find- 
ng underscores the role of asymptomatic carriers in the com- 
unity, who may serve as reservoirs for the transmission of res- 
iratory pathogens.59 Identifying and monitoring asymptomatic 
ases is critical for understanding the hidden burden of pneumo- 
ia and its potential spread within communities. The broader CI 
or community children also indicates variability in study findings, 
ikely due to differences in study designs, diagnostic methods or 
opulation characteristics. 
The regional subgroup analysis reveals significant variations 

n pneumonia prevalence across Ghana. The highest prevalence 
as found in a multiregional study involving the Greater Accra 
nd Northern regions (32.31%), followed by the Greater Accra 
nd Bono East regions. Similar prevalence rates were observed in 
he Volta and Ashanti regions, with the Upper West region show- 
ng the lowest prevalence (Figure 4 ). These results highlight re- 
ional disparities and suggest the need for targeted public health 
trategies to address the varying healthcare access and disease 
urden across regions. 
This study reports a lower pneumonia mortality rate of 3.07% 

ompared with higher rates observed in Mali (4.2%)60 and Malawi 
6.6%).61 The difference in mortality rates may be attributed to 
ariations in healthcare access and disease management, as 
ell as the prevalence of risk factors such as hypoxaemia, se- 
ere acute malnutrition and decreased conscious state, which 
re strongly associated with increased mortality in children with 
neumonia.62 Despite the lower mortality rate in this study, 
here is still a need for targeted interventions and improve- 
ents in healthcare infrastructure to reduce pneumonia-related 
eaths. Despite most of the studies not assessing antimicro- 
ial resistance in pneumonia cases, two studies that did, found 
igh resistance in S. pneumoniae isolates, with co-trimoxazole 
100%), gentamicin (77.8%) and tetracycline (75%) showing the 
ighest resistance. Similar to our findings, a study in Kenya by 
rungu63 reported complete resistance of S. pneumoniae isolates 
o co-trimoxazole. However, it reported no resistance to gentam- 
cin, which contrasts with our findings. Moderate resistance was 
bserved for ciprofloxacin (47.4%) and oxacillin (46.7%), while 
enicillin had the lowest resistance rate at 0.73%, align- 
ng with findings by Karcic et al.64 These findings highlight 
he need for routine antimicrobial resistance surveillance to 
uide treatment decisions and ensure effective pneumonia 
anagement. 
Ghana introduced the pneumococcal conjugate vaccine (PCV) 

n 2012 to protect children from pneumococcal diseases like 
neumonia and diarrhea.65 , 66 The program initially included the 
0-valent and 13-valent vaccines,67 achieving an impressive 96% 

ational coverage rate by 2023.55 While the vaccine has suc- 
essfully reduced pneumococcal disease rates, particularly pneu- 
onia and meningitis, achieving measurable public health and 
conomic impacts, its impact has not been universal. Projections 
uggest that the program will reduce overall pneumococcal dis- 
ase burden by 48% by 2031 compared with no vaccination.68 
owever, carriage studies reveal important gaps in protection,16 
ith recent data showing 54% of children still carrying pneu- 
ococcal bacteria,69 while showing concerning serotype distri- 
utions with only about 33% of circulating serotypes being vac- 
ine covered versus 66% non-vaccine type.69 This explains why 
everal reports16 , 67 , 69 found no significant reduction in pneumo- 
occal carriage rates following PCV introduction, with some even 
eporting a higher prevalence post-vaccination.65 This suggests 
hat while PCV has been valuable for preventing severe disease 
urden, its limited coverage of circulating strains allows persis- 
ent carriage and potential serotype replacement. 

trengths and limitations 
he strength of our meta-analysis lies in its thorough exam- 
nation of pneumonia prevalence, considering regional and 
emographic factors. The consistency of point estimates in 
he sensitivity analysis further reinforces the robustness of our 
ndings. Our results highlight significant regional disparities, 
articularly in the Upper West region, and emphasize the impact 
f hospitalized populations on the overall prevalence. These 
ndings provide valuable insights into the factors contribut- 
ng to pneumonia variability in Ghana. However, the study 
ighlights several limitations, including significant geographic 
isparities in research coverage, with studies concentrated in 
nly 6 of Ghana’s 16 regions. Most studies focused on children, 
articularly those < 18 y of age, a high-risk group, which may 
verestimate prevalence among younger populations and un- 
errepresent adults and the elderly. While this reflects clinical 
riorities, it neglects adults, particularly the elderly, who also 
ave a high risk of pneumonia mortality. Additionally, variability 
n study design, diagnostic methods and population character- 
stics could affect the reliability of reported prevalence rates and 
omplicate comparisons. The limited assessment of pneumonia 
etiologies and their antimicrobial resistance patterns restricts 
ur understanding of appropriate treatment strategies and 
ikely underestimates the true burden of antibiotic resistance 
mong pneumonia-causing pathogens. The small sample sizes 
n certain subgroups, especially adults, raise concerns about the 
tatistical power and generalizability of the findings. The review 

s limited by potential publication bias, as only studies from se- 
ected databases were included, possibly excluding relevant grey 
iterature. 

onclusions 
neumonia remains a significant public health challenge in 
hana, with a pooled prevalence of 22.01%, indicating that 
early one in five individuals is affected by this disease. The 
ndings highlight substantial regional disparities and variations 
377
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in pneumonia prevalence across different age groups, with
children and hospitalized patients showing notable rates. The
higher mortality rate associated with pneumonia underscores
the urgent need for targeted interventions to improve healthcare
access and disease management. Future studies should cover
a wider geographic range in Ghana, include more balanced age
demographics, and standardize diagnostic methods for better
comparability. Antimicrobial resistance surveillance should be in-
tegrated to guide treatment strategies, and longitudinal studies
are needed to track trends in pneumonia incidence, risk factors
and outcomes for improved public health planning. 

Supplementary data 

Supplementary data are available at International Health online. 
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