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Summary
Background Hospital-acquired infections (HAI) are a leading cause of morbidity and mortality globally. These in-
fections are diverse, but the majority are lower respiratory tract infection (LRTI), surgical site infection (SSI),
bloodstream infection (BSI), and urinary tract infection (UTI). For most sub-Saharan African countries, studies
revealing the burden and impact of HAI are scarce, and few systematic reviews and meta-analysis have been
attempted. We sought to fill this gap by reporting recent trends in HAI in sub-Saharan Africa (SSA) with
attention to key patient populations, geographic variation, and associated mortality.

Methods Following the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines,
we conducted a literature search of six electronic databases (Web of Science, Pubmed, APA PsycInfo, CINAHL,
Embase, and the Cochrane Library) to identify studies assessing the prevalence of HAI in SSA countries. Studies
published between 01 January 2014 and 31 December 2023 were included. We applied no language or publication
restrictions. Record screening and data extractions were independently conducted by teams of two or more
reviewers. Using the R software (version 4.3.1) meta and metafor packages, we calculated the pooled prevalence
estimates from random-effect meta-analysis, and further explored sources of heterogeneity through subgroup
analyses and meta-regression. This study is registered with PROSPERO, CRD42023433271.

Findings Forty-one relevant studies were identified for analysis, consisting of 15 from West Africa (n = 2107), 12 from
Southern Africa (n = 2963), 11 from East Africa (n = 2142), and 3 from Central Africa (n = 124). A total of 59.4% of the
patient population were associated with paediatric admissions. The pooled prevalence of HAI was estimated at 12.9%
(95% CI: 8.9–17.4; n = 7336; number of included estimates [k] = 41, p < 0.001). By subregions, the pooled current
prevalence of HAI in the West Africa, Southern Africa, East Africa and Central Africa were estimated at 15.5% (95%
CI: 8.3–24.4; n = 2107; k = 15), 6.5% (95% CI: 3.3–10.7; n = 2963; k = 12), 19.7% (95% CI: 10.8–30.5; n = 2142; k = 11)
and 10.3% (95% CI: 1.1–27.0; n = 124; k = 3) of the patient populations respectively. We estimated mortality resulting
from HAI in SSA at 22.2% (95% CI: 14.2–31.4; n = 1118; k = 9).

Interpretation Our estimates reveal a high burden of HAI in SSA with significant heterogeneity between regions.
Variations in HAI distribution highlight the need for infection prevention and surveillance strategies specifically
tailored to enhance prevention and management with special focus on West and East Africa, as part of the broader
global control effort.

Funding No funding was received for this study.
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Research in context

Evidence before this study
We searched Web of Science, Pubmed, APA PsycInfo, CINAHL,
Embase, and the Cochrane Library databases, from 01 January
2014 to 31 December 2023, for papers with no language
restrictions, using search terms “Hospital-acquired infection”
OR “Healthcare-associated infection” OR “Nosocomial
infection” AND “Burden” OR “prevalence” AND “sub-Saharan
Africa”. Our search yielded 41 articles that were included in
the meta-analysis. There are few studies estimating the
prevalence of HAI in SSA but those that do, raise concern for
excess burden in this part of the world. In measuring the
burden of SSI in SSA and progress associated with key efforts
such as investments in infection prevention and international
campaigns (for example, the World Health Organizations
Campaign: “Save Lives: Clean Your Hands”), surveillance
systems are still not in place in most SSA countries. In their
absence, prevalence studies are useful to estimate the current
HAI burden. Understanding the size and distribution of HAI is
also critical in designing effective new interventions and
targeting regions that continue to see a disproportionate
burden.

Added value of this study
A comprehensive analysis of HAI from SSA describing the
trend, burden, associated mortality, as well as prevalence in

neonatal, paediatric, and intensive care units was conducted.
This study quantifies the burden of HAI along subregional
lines bringing attention to region-specific differences. The
overall trend from this review reveals a low burden of HAI
during the peak years of COVID-19 (2020–2022). Our analyses
revealed a high overall burden of HAI in SSA associated with
an in-hospital mortality rate of 22%. Although data from 16
countries contributed to this review, most reports were from
a small number of countries suggesting the need for
additional research in high-burden nations. This study also
highlights the lack of adult HAI data from SSA and the urgent
need for this to be addressed.

Implications of all the available evidence
Patients entering hospitals in West and East Africa are at
greatest risk for HAI in SSA and these infections are frequently
deadly. More broadly, the high overall burden of HAI and low
number of studies from SSA highlights the need for greater
surveillance and resource distribution to address the HAI
burden. Enhanced data generation from SSA will allow
healthcare decisionmakers and donors to move ahead with
new policy implementation and target enhanced responses
towards the highest risk contexts.
Introduction
Hospital-acquired infections (HAI) are a leading
cause of morbidity and mortality globally1 and are
mainly attributable to central-line–associated blood-
stream infections (CLABSIs), catheter-associated uri-
nary tract infections (CAUTIs), ventilator-associated
pneumonia (VAP), and surgical site infections (SSIs).2

Hospital-acquired infections are acquired by patients
after 48 hours of admission to a hospital3 and were
neither present nor incubating at the time of admis-
sion.1,2 Hospital-acquired infections develop in
approximately 1 in 31 hospital patients4 with the
intensive care units contributing 9–20% of these
infections.5

Pooled data estimates that the burden of HAI in the
African region is twice that of developed settings.6 In
sub-Saharan Africa (SSA), 22.1% of HAI have been re-
ported among neonatal populations.7 There is a dearth
of HAI data involving adult populations in SSA. In
South Africa, the impact of HAI within the public health
system and across different patient populations has not
been well quantified.8 Hospital-acquired infections
contribute significantly to hospital morbidity and
mortality, cost of healthcare, and reduce health-related
quality of life.6,9

Although a few systematic reviews reporting on the
burden of HAI have been conducted in Africa,6,10 no
systematic review extensively interrogating HAI in SSA
and its subregions has been performed. In addition, no
systematic review has quantified the burden of HAI in
neonatal and paediatric populations, as well as temporal
HAI trends in SSA. In this systematic review and meta-
analysis, we aimed to estimate the current regional and
subregional prevalence of HAI in the overall in-patient
population, as well as among ICU patients, adults,
paediatric, and neonatal admissions in SSA. We further
estimated the prevalence of major HAI and associated
mortality in SSA between 2014 and 2023 since
comprehensive data for this region and its subregions
were lacking.
Methods
Search strategy and selection criteria
This systematic review and meta-analysis was conducted
in accordance with the Preferred Reporting Items for
www.thelancet.com Vol 71 May, 2024
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Systematic Reviews and Meta-analysis (PRISMA) report-
ing guidelines.11 Our review protocol was prospectively
registered with PROSPERO CRD42023433271. A
comprehensive search of six electronic databases
including Web of Science, Pubmed, APA PsycInfo,
CINAHL, Embase, and the Cochrane Library for studies
published between 01 January 2014 and 31 December
2023 was carried out. A manual search was conducted on
reference lists of review articles. Field experts from
within and beyond the review team were consulted to
identify potentially relevant articles missing in the data-
bases. Although we did not explicitly search the grey
literature,12 we retrieved conference abstracts as well as
unpublished data. We contacted authors of studies to
provide us with missing data where there was insufficient
data in the publication. We conducted quality appraisal
using the JBI manual of Evidence synthesis–for system-
atic reviews of prevalence and incidence.13 Full details of
our electronic search strategy have been included as
(Supplementary File S1). Title, abstract, and full text
screenings were independently conducted by paired re-
viewers. Discrepancies were resolved by discussion at all
stages. The eligibility of included studies was indepen-
dently verified by other reviewers.

We included prevalence studies that defined HAI as
infection(s) acquired during the process of receiving
health care in patient(s) admitted to hospital for 48 h or
more, and such infection(s) were not present during the
time of admission. Prevalence studies involving all pa-
tient populations or subpopulations where HAI were
not overestimated were eligible for inclusion regardless
of age and gender. Such studies must be conducted in
any hospital unit or ward, including neonatal, paediat-
rics and intensive care units. In this review, neonates
and paediatrics are separately addressed, with a neonate
defined as a child below 28 days and paediatric being a
child equal to, or above 28 days, but less than 18 years of
age. We included studies that estimated the prevalence
of HAI alongside their associated risk factors, and
mortality. Such studies must have been conducted in
any of the SSA sub-regions. In this review, SSA sub-
regions were based on the United Nations Development
Programme (UNDP) classification.14 There were no
language restrictions. We used a web-based tool (Google
Translate) to translate studies conducted in languages
other than English. Studies were excluded if they
involved only data from specimen culture results and
did not involve patient populations. Studies conducted
outside of SSA were excluded. We excluded very
restrictive studies (subset of a subpopulation) where
HAI prevalences were incorrectly over- or under-
estimated. Studies where sample size and cases were
unknown and such data could not be retrieved from the
authors were excluded. Finally, we excluded reviews,
commentaries, books, and letters to editors.

To ensure retrieval of as many studies as possible, we
searched chosen databases, using keywords with names
www.thelancet.com Vol 71 May, 2024
of SSA countries: (Hospital-acquired infection) OR
(Healthcare-associated infection)) OR (Nosocomial
infection)) AND (Burden)) OR (prevalence)) AND (sub-
Saharan Africa))) AND (Cameroon OR Central African
OR Republic Chad OR Congo OR Equatorial Guinea OR
Gabon OR Sao Tome and Principe OR Burundi OR
Comoros OR Democratic Republic of the Congo OR
Djibouti OR Eritrea OR Ethiopia OR Kenya OR
Madagascar OR Rwanda OR Somalia OR South Sudan
OR Uganda OR United Republic of Tanzania OR
Angola OR Botswana OR Eswatini OR Lesotho OR
Malawi OR Mauritius OR Mozambique OR Namibia
OR South Africa OR Zambia OR Zimbabwe OR Benin
OR Burkina Faso OR Cabo Verde OR Côte d’Ivoire OR
Gambia OR Ghana OR Guinea OR Guinea-Bissau OR
Liberia OR Mali OR Niger OR Nigeria OR Senegal OR
Sierra Leone OR Togo.

We focused on the number of patients with HAI
rather than the number of specimens obtained when
abstracting data from laboratory-based investigations.

Quality appraisal
We conducted quality appraisal using the JBI critical
appraisal checklist for studies reporting prevalence data
(Supplementary File S2.2). With the JBI appraisal tool,
studies were classified as low, medium, or high quality.
Low quality studies were defined as those whose
appraisal scores were 49% or less. Studies were classi-
fied as medium quality if they scored between 50 and
69%. Studies scoring 70% and above were rated as high-
quality studies.

Data extraction
Three reviewers independently extracted data from the
included studies. Data were extracted onto a standard-
ized data extraction form which was customized to our
proposed review. Extracted data were further verified by
other co-authors. Extracted information from eligible
studies included names and year of study, country
where study was conducted, study sample size, number
of HAI cases, mortality, and associated risk factors. No
ethical approval was obtained because this systematic
review and meta-analysis was exclusively based on
published evidence.

Outcomes
Our primary outcomes were the prevalences of HAI in
the overall population, neonates, paediatrics, ICU, as
well as the different types of HAI reported in SSA. The
major HAI included surgical site infections (SSI),
urinary tract infections (UTI), lower respiratory tract
infections (LRTI), and blood stream infections (BSI).
Our secondary outcomes included the trend of HAI
over the period under consideration (2014–2023) and
mortality resulting from HAI. Also included in our
secondary outcome were the identified risk factors for
HAI.
3
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Data analysis
The prevalence of HAI for each study was calculated by
dividing the number of cases with HAI by the number of
individuals examined. For the meta-analysis, individual
sample proportion estimates with their 95% confidence
intervals (CIs) were calculated with stabilized variances
via the Freeman-Tukey double arcsine transformation15 to
approximate normal distribution. Random-effects models
were fitted via the restricted maximum-likelihood esti-
mation method to estimate variance heterogeneity and
the 95% CIs of summary measures were calculated with
the Knapp-Hartung variance estimator. Inconsistency
was quantified with the I2 statistic to describe the per-
centage of variation attributed to between-sample het-
erogeneity, with values higher than 75% indicating
considerable heterogeneity. All statistical data analyses
were performed in the R software (version 4.3.1) using
the meta and metafor packages.

Ethics statement
The data used in this study are publicly available as
published articles and do not require ethical assessment.

Role of the funding source
There was no funding source for this study.
Results
Of 4338 citations identified, 41 prevalence studies,16–56

which included 6821 patients, met our eligibility
criteria (Fig. 1). The included studies were selected from
all four subregions of SSA: fifteen studies from West
Africa,17,21,22,25,27,28,32,36,37,43,46,47,49,50,55 twelve from Southern
Africa,16,19,23,29,30,33,38,40,45,52–54 eleven from East Africa,20,24,
26,31,34,35,41,42,44,48,51 and three from Central Africa18,39,56

(Fig. 2). Eligible studies were from the following SSA
countries: Benin, Botswana, Cameroon, Congo,
Ethiopia, Gabon, Ghana, Kenya, Malawi, Mali,
Mauritius, Nigeria, Rwanda, Senegal, South Africa, and
Zambia. Table S2 of Supplementary File S2 shows the
study characteristics of the 41 included studies from
2014 to 2023. Of the total in-patient population included
in this study, 59.4% were from paediatric (children ≥28
days, but <18 years) admissions only Table 1.

Of the included studies, 11 reported on the preva-
lence of HAI in intensive care units (ICU), 17 reported
on the prevalence of HAI among paediatric admissions,
8 reported on the prevalence of HAI among neonatal
admissions, 20 reported on the prevalence of blood
stream infections (BSI), 19 reported on the prevalence of
urinary tract infections (UTI), 18 reported on the prev-
alence of surgical site infections (SSI), while 17 reported
on the prevalence of lower respiratory tract infection
(LRTI) among HAI patients. Only nine studies reported
on the mortality from HAI. (Supplementary File S2).
Tables S3–S16 of Supplementary File S2 show the HAI
distributions of all the studies included in this review.
Overall prevalence of HAI in sub-Saharan Africa
Of the overall pooled patient population (223,199 pa-
tients), 7336 (3.3%) were diagnosed with HAI. The
highest proportion of infections was observed in 2023
(30.0%), followed by 2019 (24.8%) and 2016 (23.5%)
(Table S3 of Supplementary File S2). The lowest pro-
portion of 0.5% was recorded in 2022. The trend in HAI
prevalence and mortality over the study period is shown
in Fig. 3, with a cycle pattern observed from 2014 to
2023. The pooled prevalence of HAI was estimated at
12.9% (95% CI: 8.9–17.4; n = 7336; number of included
estimates [k] = 41, p < 0.001).

Prevalence of HAI in SSA subregions
The pooled current prevalence of HAI in East Africa,
West Africa, Central Africa, and Southern Africa were
estimated at 19.7% (95% CI: 10.8–30.5; n = 2142;
k = 11), 15.5% (95% CI: 8.3–24.4; n = 2107; k = 15),
10.3% (95% CI: 1.1–27.0; n = 124; k = 3), and 6.5% (95%
CI: 3.3–10.7; n = 2963; k = 12) of the patient populations
respectively.

For the random effects model, the diamonds repre-
senting the estimated prevalence and 95% confidence
limits in Fig. S1a–d of Supplementary File S3 did not
cross the line of no prevalence. The tests of heteroge-
neity (all p < 0.001) suggested the presence of hetero-
geneous results, with the heterogeneity statistics
(I2 = 98.7%, 99.5%, 99.4%, 98.9%) indicating high
between-sample heterogeneity and their 95% CI
(98.4%–99.0%, 99.4%–99.6%, 99.3%–99.5%, 98.2%–

99.3%) indicative of a potentially important to substan-
tial heterogeneity in the effect sizes.

Overall prevalence of HAI in intensive care units in
SSA
A total of 11 studies reporting on HAI in ICU in SSA
were identified (Table S9 of Supplementary File S2). Of
the pooled total study population, a proportion of
16.0% (1755 of 11,000 cases) was recorded across six
countries. The pooled prevalence of HAI in ICU was
estimated at 25.0% (95% CI: 11.0–42.2; n = 1755;
k = 11). Fig. 4 shows the trend of HAI among neonatal,
paediatric and ICU admissions in SSA between 2014
and 2023.

For the random effects model, the diamonds repre-
senting the estimated prevalence and 95% confidence
limits in Fig. 5 did not cross the line of no prevalence (at
origin 0). The test of heterogeneity (p < 0.001) suggested
the presence of heterogeneous results, with the hetero-
geneity statistic (I2 = 99.6%) indicating a high between-
sample heterogeneity and its 95% CI (99.5%–99.7%)
indicative of a potentially important to substantial het-
erogeneity in the effect sizes.

Prevalence of HAI among neonates in SSA
A total of eight studies reporting on HAI among neo-
nates in SSA were identified (Table S16 of
www.thelancet.com Vol 71 May, 2024
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Fig. 1: Flowchart for search and selection strategy.
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Supplementary File S2). Of the pooled total study pop-
ulation, a proportion of 4.5% (2735 of 60,205 cases) was
recorded across five countries.

The pooled current prevalence of HAI among
neonates was estimated at 13.2% (95% CI: 3.9–26.6;
n = 2735; k = 8). For the random effects model, the
diamonds representing the estimated prevalence and
95% confidence limits in Fig. S3 of Supplementary
File S3 did not cross the line of no prevalence.
Our analysis suggests the existence of heterogeneous
results [I2 = 99.8%; 95% CI (99.7%–99.9%)] with
significant heterogeneity in the effect sizes
(p < 0.001).

Prevalence of HAI among paediatric admissions in
SSA
A total of 17 studies reporting on HAI among paediatric
admissions in SSA were identified (Table S10 of
Supplementary File S2). Of the pooled total study
www.thelancet.com Vol 71 May, 2024
population, a proportion of 1.2% (1616 of 132,514 cases)
was recorded across seven countries.

The pooled current prevalence of HAI among paedi-
atric admissions was estimated at 9.5% (95% CI: 3.9–17.1;
n = 1616; k = 17). For the random effects model, the di-
amonds representing the estimated prevalence and 95%
confidence limits in Fig. 6 did not cross the line of no
prevalence. Our analysis suggests the existence of hetero-
geneous results [I2 = 99.3%; 95% CI (99.2%–99.4%)] with
significant heterogeneity in the effect sizes (p < 0.001).

Overall mortality from HAI in sub-Saharan Africa
A total of nine studies reported on mortality associated
with HAI in SSA (Table S15 of Supplementary File S2).
Of the pooled total study population, a proportion of
26.5% (1118 of 4215 cases) was recorded across seven
countries. The pooled prevalence of mortality from HAI
was estimated at 22.2% (95% CI: 14.2–31.4; n = 1118;
k = 9). For the random effects model, the diamonds
5
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Fig. 2: Map showing geographical distribution of included Hospital-acquired Infections (HAI) studies in sub-Saharan Africa from 2014 to 2023.
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representing the estimated prevalence and 95% confi-
dence limits in Fig. 7 did not cross the line of no
prevalence.
Items N

Overall HAI prevalence 223,199

Overall HAI prevalence in Intensive Care Units (ICU) 11,000

Overall HAI prevalence among paediatrics 132,514

Overall HAI mortality 4215

Overall HAI prevalence among neonates 60,205

Region-specific

HAI Prevalence in West Africa 22,283

HAI Prevalence in Southern Africa 169,424

HAI Prevalence in East Africa 12,212

HAI Prevalence in Central Africa 3403

Major types of HAI

Bloodstream infection, prevalence 4500

Urinary tract infection, prevalence 2514

Surgical site infection, prevalence 2437

Lower respiratory tract infection, prevalence 1943

HAI, Hospital-acquired Infections; ICU, Intensive Care Units; N, Sample size; n, number
percentages from meta-analysis; CI, Confidence Interval, Neonates, children <28 days;

Table 1: Summary prevalence of characteristic dimensions of hospital-acquir
The test of heterogeneity (p < 0.001) suggested the
presence of heterogeneous results, with the heteroge-
neity statistic (I2 = 97.5%) indicating a high between-
n P (%) EP 95% CI p-value

7336 3.3 12.9 8.9–17.4 <0.001

1755 16.0 25.0 11.0–42.2 <0.001

1616 1.2 9.5 3.9–17.1 <0.001

1118 26.5 22.2 14.2–31.4 <0.001

2735 4.5 13.2 3.9–26.6 <0.001

2107 9.5 15.5 8.3–24.4 <0.001

2963 1.7 6.5 3.3–10.7 <0.001

2142 17.5 19.7 10.8–30.5 <0.001

124 3.6 10.3 1.1–27.0 <0.001

2671 59.4 36.8 19.5–56.0 <0.001

973 38.7 30.4 22.3–39.1 <0.001

692 28.4 43.7 25.4–62.9 <0.001

332 17.1 24.5 11.0–41.1 <0.001

confirmed HAI; P (%), proportion in percentages; EP, Estimated prevalence in
Paediatrics, children ≥28 days, but <18 years.

ed infections in sub-Saharan Africa from 2014 to 2023.

www.thelancet.com Vol 71 May, 2024
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Fig. 3: Trends in overall HAI and mortality in sub-Saharan Africa between 2014 and 2023. HAI, Hospital-acquired infection; blank spaces show
absent data of required variable in a particular year.
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sample heterogeneity and its 95% CI (96.5%–98.2%)
indicative of a potentially important to substantial het-
erogeneity in the effect sizes.

Prevalence of major hospital-acquired infections
The following number of studies in SSA, per specific
type of HAI, were identified: 20 BSI, 19 UTI, 18 SSI
and 17 LRTI (Tables S11–S14 of Supplementary File
S2). Of the pooled total study population, a propor-
tion of 59.4% (2671 of 4500 cases) was recorded for BSI
across 10 countries, 38.7% (973 of 2514 cases) was
recorded for UTI across 11 countries, 28.4% (692 of
2437 cases) was recorded for SSI across 10 countries
and 17.1% (332 of 1943 cases) was recorded for LRTI
across nine countries. Of all patients with HAI, the
pooled prevalence for BSI, UTI, SSI and LRTI were
estimated at 36.8% (95% CI: 19.5–56.0; n = 2671;
k = 20), 30.4% (95% CI: 22.3–39.1; n = 973; k = 19),
43.7% (95% CI: 25.4–62.9; n = 692; k = 18) and 24.5%
Fig. 4: Trend of Hospital-Acquired Infections among neonatal, paediatric a
Unit; SSA, sub-Saharan Africa. Blank spaces show absent data for variable.

www.thelancet.com Vol 71 May, 2024
(95% CI: 11.0–41.1; n = 332; k = 17) of the patient
populations respectively.

For the random effects model, the diamonds repre-
senting the estimated prevalence and 95% confidence
limits in Fig. S2a–d of Supplementary File S3 did not
cross the line of no prevalence. The tests of heteroge-
neity (all p < 0.001) suggested the presence of hetero-
geneous results, with the heterogeneity statistics
(I2 = 99.7%, 94.7%, 98.1%, 97.7%) indicating high
between-sample heterogeneity and their 95% CI
(99.6%–99.9%, 93.0%–96.0%, 97.7%–98.5%, 97.1%–

98.2%) indicative of a potentially important to substan-
tial heterogeneity in the effect sizes. Fig. 8 shows the
trend of different HAI in SSA between 2014 and 2023.

Quality appraisal, publication bias, and sensitivity
analysis
Using the JBI critical appraisal tool, 46.3% each of the
included studies were of high and medium qualities
nd ICU admissions in SSA between 2014 and 2023; ICU, Intensive Care

7
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Fig. 5: Current prevalence of Hospital-acquired Infections in Intensive Care Units in sub-Saharan Africa.
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respectively. Low quality studies comprised 7.3%. Of the
high-quality studies, 41.2% were from Southern Africa,
31.6% from West Africa, 21.1% and 5.3% were from
East Africa and Central Africa respectively. Thirty-six
point eight percent, 31.6%, 21.1% and 10.5% of the
medium quality studies were from West Africa, East
Africa, Southern Africa and Central Africa respectively.
The Low-quality studies were from West Africa (66.7%)
and East Africa (33.3%) (Table S1b in Supplementary
File S2).

To assess the potential publication bias in the con-
ducted meta-analysis in this study, the funnel plots
(Fig. 9), (Kendall’s tau [τ]) rank correlation test and
Fig. 6: Current prevalence of Hospital-acquired Infections
Egger’s test for funnel plot asymmetry were performed.
Figs. S1–S6 of Supplementary File S3 shows the ob-
tained funnel plots for the overall and sub-unit preva-
lences of HAI, HAI prevalence in ICU, among
paediatric admissions, neonates, region-specific, in-
fections and mortality from HAI. In the HAI preva-
lence, the data points showed an asymmetrical pattern
in the funnel plot that might be indicative of publication
bias and the presence of small-study effects, although
the effect is not very evident. Similar deductions can be
observed for the HAI prevalence in ICU, among pae-
diatric admissions, neonates, region-specific, infections
and mortality from HAI.
among paediatrics admissions in sub-Saharan Africa.

www.thelancet.com Vol 71 May, 2024
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Fig. 7: Current mortality from Hospital-acquired Infections in sub-Saharan Africa.
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From the rank correlation tests for funnel plot
asymmetry performed (Table S1 of Supplementary File
S3), it can be concluded at a 5% level of significance
that there is a significant relationship between the
sample size and the observed effect size of each study
for the overall HAI prevalence, among paediatric ad-
missions, ICU, mortality, Western Africa, Southern
Africa, Eastern Africa, BSI, UTI, SSI, and LRTI. How-
ever, the rank correlation test fails to find a significant
relationship between sample size and effect size of each
study for HAI in neonates and Central Africa. Similarly,
from the Egger’s regression tests for funnel plot asym-
metry performed (Table S1 of Supplementary File S3), it
can be concluded at a 5% level of significance that small-
study effects truly exist in the meta-analysis study for the
overall HAI prevalence, among paediatric admissions,
mortality, Western Africa, Southern Africa, Eastern
Fig. 8: Trend of different Hospital-acquired Infections in sub-Saharan Africa
infections; BSI, Blood stream infections; LRTI, Lower respiratory tract infection
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Africa, Central Africa, BSI, UTI and SSI. Thus, their
resulting funnel plots are significantly asymmetrical,
indicating that the data points in the funnel plot are
indeed asymmetrical. Overall, this corroborates with the
initial findings from the funnel plots that there were
small-study effects. However, the Egger’s test was not
significant for possible HAI in ICU, neonates and LRTI.

Furthermore, using the trim-and-fill method to
adjust for the effect estimate for the presence of asym-
metry in the funnel plots, this method added 20
imputed missing studies to the meta-analysis of HAI
prevalence, leading to an adjusted random effects
prevalence of 2.5% (95% CI: 0.4–6.1), with a 99.7%
heterogeneity statistic (I2 = 99.7%; 95% CI: 99.1–99.9;
k = 61 (with 20 added studies)). Since there is no dif-
ference between the heterogeneity for HAI prevalence
before using the trim-and-fill method (99.7%) and after
between 2014 and 2023; SSI, Surgical site infections; UTI, Urinary tract
s.
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applying it (99.7%), the validity of the estimated sum-
mary effect size can be said to be robust. In addition, the
heterogeneity results obtained after applying the trim-
and-fill method to the meta-analysis were slightly
similar compared to those obtained before applying the
method.

Influence analysis
Influence analysis was further done in the meta-analysis
to identify the outlying and influencing studies. The
impact of influencing studies with (very) high effect
sizes on the heterogeneity of the overall effect in the
meta-analysis was also identified. This was done via the
leave-one-out method whereby we re-ran the meta-
analysis, iteratively removing studies and checking
how the overall effect estimate changes when different
studies were removed.

Overall prevalence of HAI in sub-Saharan Africa
Two studies35,45 were detected as outliers and found to
be adding more to the heterogeneity of the meta-
analysis. After excluding them from the meta-analysis,
the prevalence of HAI stood at 12.6% (I2 = 99.5%;
n = 4812; k = 39) with a slight shrinkage of the I2

heterogeneity from 99.7% to 99.5%. Using the trim-
and-fill method to adjust for the effect estimate for
the presence of asymmetry in the funnel plot, this
method added 20 imputed missing studies to the meta-
analysis, leading to an adjusted random effects preva-
lence of 2.0% (I2 = 99.6%; k = 59 (with 20 added
studies)) with a negligible growth of the I2 heteroge-
neity from 99.5% to 99.6%.
Overall prevalence of HAI in intensive care units in
sub-Saharan Africa
One study35 was detected as an outlier and found to be
adding more to the heterogeneity of the meta-analysis.
After excluding it from the meta-analysis, the preva-
lence of HAI in ICU stood at 23.5% (I2 = 99.1%; n = 666;
k = 10) with a negligible shrinkage of the I2 heteroge-
neity from 99.6% to 99.1%. Using the trim-and-fill
method to adjust for the effect estimate for the pres-
ence of asymmetry in the funnel plot, this method
added five imputed missing studies to the meta-analysis,
leading to an adjusted random effects prevalence of
4.2% (I2 = 99.4%; k = 15 (with 5 added studies)) with a
negligible growth of the I2 heterogeneity from 99.1% to
99.4%.

Prevalence of HAI among paediatric admissions in
sub-Saharan Africa
One study54 was detected as an outlier and found to be
adding more to the heterogeneity of the meta-
analysis. After excluding it from the meta-analysis,
the prevalence of HAI among paediatric admissions
stood at 8.8% (I2 = 98.9%; n = 1291; k = 16) with a
negligible shrinkage of the I2 heterogeneity from
99.3% to 98.9%. Using the trim-and-fill method to
adjust for the effect estimate for the presence of
asymmetry in the funnel plot, this method added
eight imputed missing studies to the meta-analysis,
leading to an adjusted random effects prevalence of
0.7% (I2 = 99.0%; k = 24 (with 8 added studies)) with a
negligible growth of the I2 heterogeneity from 98.9%
to 99.0%.
www.thelancet.com Vol 71 May, 2024
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Overall mortality from HAI in sub-Saharan Africa
One study35 was detected as an outlier which influenced
the heterogeneity of the meta-analysis. On exclusion of
the said study from the meta-analysis, the mortality
from HAI stood at 19.4% (I2 = 92.6%; n = 638; k = 8)
with a shrinkage of the I2 heterogeneity from 97.5% to
92.6%. However, using the trim-and-fill method to
adjust for the effect estimate for the presence of asym-
metry in the funnel plot, no imputed missing studies
were added to the meta-analysis.

Prevalence of HAI in SSA sub-regions
Similarly, the following outlying studies from West Af-
rica,50 Southern Africa,45 and East Africa35 added to the
respective heterogeneity of the meta-analysis. After
excluding them from the meta-analysis, the prevalence
of HAI in West Africa, Southern Africa and East Africa
stood at 15.3% (I2 = 98.3%; n = 1510; k = 14), 6.9%
(I2 = 99.4%; n = 1528; k = 11) and 17.8% (I2 = 98.6%;
n = 1053; k = 10) respectively with a negligible change of
the I2 heterogeneity from 98.7% to 98.3%, 99.5%–99.4%
and 99.4%–98.6%. Using the trim-and-fill method to
adjust for the effect estimate for the presence of asym-
metry in the funnel plot, this method added six imputed
missing studies to the meta-analysis for the Western
Africa, six imputed missing studies to the meta-analysis
for the Southern Africa and five imputed missing
studies to the meta-analysis for the Eastern Africa,
leading to an adjusted random effects prevalence of
6.5% (I2 = 98.6%; k = 20 (with 6 added studies)), 1.0%
(I2 = 99.5%; k = 17 (with 6 added studies)) and 7.5%
(I2 = 99.0%; k = 15 (with 5 added studies)) with a
negligible growth of the I2 heterogeneity from 98.3% to
98.6%, 99.4%–99.5% and 98.6%–99.0% respectively.
However, no outlier was found within the Central Africa
studies.

Prevalence of different HAI in SSA
Outlying studies adding to heterogeneity of BSI,45 UTI,50

SSI,21 and LRTI51 were identified. After excluding them
from the meta-analysis, the prevalence of BSI, UTI, SSI
and LRTI in HAI stood at 32.1% (I2 = 99.4%; n = 1236;
k = 19), 29.2% (I2 = 94.5%; n = 685; k = 18), 38.8%
(I2 = 96.4%; n = 576; k = 17), and 23.3% (I2 = 97.4%;
n = 243; k = 16) with a negligible change of the I2 het-
erogeneity from 99.7% to 99.4%, 94.7%–94.5%, 98.1%–

96.4% and 97.7%–97.4% respectively. Using the trim-
and-fill method to adjust for the effect estimate for the
presence of asymmetry in the funnel plot, this method
added eight imputed missing studies to the meta-
analysis for the BSI, eight imputed missing studies to
the meta-analysis for the UTI, six imputed missing
studies to the meta-analysis for the SSI and seven
imputed missing studies to the meta-analysis for the
LRTI leading to an adjusted random effects prevalence
of 63.3% (I2 = 99.6%; k = 27 (with 8 added studies)),
44.6% I2 = 96.7%; k = 26 (with 8 added studies)), 19.3%
www.thelancet.com Vol 71 May, 2024
(I2 = 97.4%; k = 23 (with 6 added studies)) and 4.1%
(I2 = 98.4%; k = 23 (with 7 added studies)) with a slight
growth of the I2 heterogeneity from 99.4% to 99.6%,
94.5% to 96.7%, 96.4% to 97.4% and 97.4% to 98.4%
respectively.

Prevalence of HAI among neonates in sub-Saharan
Africa
The study of Reddy et al. (2021) was detected as an
outlier which influenced the heterogeneity of the meta-
analysis. On exclusion of the said study from the meta-
analysis, the prevalence of HAI among neonates stood at
15.4% (I2 = 99.7%; n = 1300; k = 7) with a negligible
shrinkage of the I2 heterogeneity from 99.8% to 99.7%.
However, using the trim-and-fill method to adjust for
the effect estimate for the presence of asymmetry in the
funnel plot, no imputed missing studies were added to
the meta-analysis.

Risk factors for HAI
Meta-analysis could not be conducted for risk factors as
there was no uniformity in the reporting of same in the
original studies. Among neonates, preterm delivery28,30,45

and indwelling medical devices28,30,33 as risk factors were
supported by three studies (9%) each. Other influencing
risk factors for HAI among neonates included low birth
weight,28,30 antibiotic usage,30 multiple medical condi-
tions,30 overcrowding,57 birth asphyxia,30 central lines,30

mechanical ventilation,30 and maternal conditions–
multiple delivery,30 Wassermann’s reaction,30 and pro-
longed rupture of membrane.30 Risk factors predispos-
ing to HAI in children included indwelling medical
device,16,38,48,54 prolonged hospitalization,53,54 and multi-
ple medical conditions.38,53 Use of antibiotics,38,48 blood
transfusion48 and age less than 12 years48 were also re-
ported. Associated risk factors for HAI in adults were
indwelling device,18,20,24,26,29,42,44,55,56 prolonged hospital
stay,22,24,26,34,42,47 surgery,29,38,42,46,47,55,56 antibiotic use,47,55,56

pre-existing medical conditions,22,26,27,29,43 blood trans-
fusion34,46 and male sex.21
Discussion
This review reveals a high burden of HAI in SSA with
significant subregional variations. The overall preva-
lence (12.9%, 95% CI 8.9–17.4) of HAI in SSA is high
compared to the prevalence rate of 3.2% in the United
States,5 6.5% in Europe,58 and 9.0% in South East Asia.59

Prior systematic reviews of HAI in African countries,
which included North Africa, reported a similar overall
prevalence rate of 12.8%, with rates estimated between
2.5% and 14.8%, but this study adds important elements
by revealing a high HAI-associated rate of mortality and
a disproportionate burden of HAI in West and East
Africa.6,10

Our results indicate that studies contributing to HAI
prevalence in SSA have largely focused on the paediatric
11
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population which encompassed close to 60% of the
study population. Although adult studies were included
in our analysis, sample sizes were relatively small
compared to paediatric studies included. Children are a
particularly vulnerable population at increased risk for
HAI due to extended hospital stays and frequent co-
morbid severe malnutrition.41 Child malnutrition is
particularly high within countries in East and West Af-
rica.60 HAI exert a considerable burden on the SSA
health care system and pose a major threat to patient
safety. Africa is home to more than half of the world’s
extremely poor and has a rapidly growing population.61

Globally, healthcare associated expenditure in low-
income countries averaged US$ 41 per person in
2017, compared with US$ 2937 in high-income coun-
tries, a more than 70-fold difference.62 The high preva-
lence of HAI in African countries, including SSA, is
likely attributable to several factors including weak
infection prevention and control programs, over-
crowding in hospitals and deficiencies in both hand
hygiene and infrastructure.63–65 Other important factors
include poverty66 and a higher rate of maternal and child
malnutrition predisposing to infection.67 In addition, the
region has the highest rate of HIV infection in the world
accounting for more than 70% of global infections68 and
this—as well as other immunocompromising states
such as malnutrition—may contribute to a heightened
risk of infection acquisition.69 Finally, poor access to
clean water and sanitation is common and has been
strongly linked to poorer hospital outcomes.70 The
combination of poor healthcare expenditure, a high
burden of disease and low numbers of doctors and
nurses in SSA (0.18 doctors per 1000 population versus
1.34 in the world)71 creates a healthcare environment
where best practices related to infection prevention and
control have been difficult to achieve.

The prevalence of HAI varied across the SSA sub-
regions. Numerically, we found the highest prevalence
in East Africa at 19.7% (95% CI 10.8–30.5), followed by
West Africa at 15.5% (95% CI 8.3–24.4). Lower rates
were observed in Central Africa at 10.3% (95% CI
1.1–27.0) and in Southern Africa at 6.5% (95% CI
3.3–10.7). According the World Health Organization,
the lowest government healthcare spending is in Cen-
tral, East and West Africa62 where most countries are
also classified as low-income countries.72

The prevalence of HAI among ICU admissions was
high at 25.0% (95% CI 11.0–42.2), whereas in neonatal
and paediatric admissions, lower prevalence rates of
13.2% (95% CI 3.9–26.6) and 9.5% (95% CI 3.9–17.1),
respectively were seen. Similar findings have been ob-
tained in a systematic review conducted in African
countries6 and a prevalence of 20.6% was previously
reported in a large European study.73 The lower preva-
lence in the paediatric setting may reflect an inclusion
bias since 91.8% of paediatric patients included were
from the Southern African region where the overall HAI
rate was lower. The higher HAI prevalence among the
ICU population is likely due to heightened risk for
infection due to increased severity of illness, increased
age, comorbidity, and the frequent necessity for invasive
devices as well as longer duration of stay.74 The use of
specific bundles pertaining to the care of invasive de-
vices such as intravascular catheters, urinary catheters
and endotracheal intubation has been shown to signifi-
cantly reduce infection rates and should be promoted in
healthcare settings along with education around sur-
veillance, audit and hand hygiene.75 In a large Zambian
neonatal ICU study, a low cost infection prevention and
control bundle focusing on hand hygiene, education and
the availability of locally produced hand sanitizing
alcohol solution reduced the nosocomial infection rate
by approximately 50%.35

The most common type of HAI in this study was SSI,
followed by BSI, a finding that corroborates with previous
prevalence surveys36,76 and a systematic review.9 These
findings differ from the epidemiology of HAI in higher
income countries where respiratory tract infections are
the most common type of infection seen.73,75 This may
relate to differences in patient profile including the lower
number of patients requiring, or offered, ventilatory
support in included studies, the high prevalence of HIV
infection in SSA, poor availability of specialized wound
dressings and local challenges with wound management.
Surgical site infections is usually the case following child
birth or caesarean section which accounts for 80% of the
surgical operations carried out in SSA.77

In this review, a high mortality rate of 22.2% (95%
CI: 14.2–31.4; n = 1118; k = 9). was observed in those
with HAI. This was higher than that reported in a mini
review, which reported global rates between 2.3% and
14.4%.78 This high mortality rate also speaks to the vital
importance of reporting on and reducing HAI in this
region where the confluence of (often difficult to treat)
HAI and increased patient vulnerability makes hospi-
talization itself a risky event for African patients. How-
ever, it also suggests a vital opportunity—with deliberate
and sustained efforts to reduce HAI—to reduce
morbidity and mortality with the interventions outlined
above.

Our review identified preterm birth as a major risk
factor for HAI among neonates. In South Africa, pre-
term births and low-birth weight are disproportionally
affected by HAI and HAI-related deaths.79,80 While the
sequence of events predisposing preterm babies to HAI
is multifactorial, the impact of interrupting the devel-
oping immune system that starts in utero has strongly
been emphasized.81 Similarly, poorly developed mucosal
(respiratory and gastrointestinal) barriers in preterm
babies further increase neonatal exposures to microbial
invasion by infective organisms. Overcrowding was also
identified as a neonatal risk factor for HAI, and this may
be related to the huge demographic shift from home-
based to hospital-based deliveries in the last two
www.thelancet.com Vol 71 May, 2024
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decades in SSA, without the concomitant expansion of
infrastructure or investment in infection prevention and
control (IPC) to cope with it.82 For both paediatric and
adult population groups, we found length of hospital
stay an important risk factor for HAI. This finding,
which is consistent with other studies,83–86 may be
related to patients having multiple conditions warrant-
ing increased use of invasive interventions, and in turn
increases their risks of contracting HAI.87

This review had several important strengths. First, it
was a comprehensive meta-analysis that included key
databases and conference abstracts. Second, our search
did not apply any language restrictions which enabled
us to include studies reported in languages other than
English. Third, a large and experienced team of re-
searchers were involved in the screening and data
extraction processes with discrepancies resolved
through consensus. Likewise, this review had several
limitations. First, there is a limited availability of studies
on the prevalence of HAI in SSA. For example, although
Southern Africa recorded a lower HAI prevalence, all
the included studies in this subregion were from South
Africa and Botswana, both of which are upper-middle
income countries.88 This is likely at least in part due to
the unavailability of adequate microbiology facilities in
many parts of SSA.89 Secondly, data were not available
for most SSA countries. However, by analyzing along
subregional lines, we were able to reduce the impact of
this limitation. A further limitation was our inability to
conduct a meta-analysis on the risk factors for HAI. We
were, however, able to list the studies in which the risk
factors were identified. Significant heterogeneity of the
studies made pooling of findings difficult. The presence
of small study effects and publication bias may have
skewed some of our results in the overall prevalence
analyses as well as for mortality, subregional differ-
ences, and paediatric admission. Finally, in our meta-
analysis, asymmetry in funnel plots were detected.
Since funnel plots seek to display the relationship be-
tween study effect size and its precision, the asymmetry
may indicate a publication bias as small studies with
non-significant or favorable results may have been left
unpublished in favour of larger studies.90 To validate our
finding, we have in addition, used the rank’s correlation
test,91 Egger’s regression,92 and Trim-and-Fill method93,94

to quantify the detected asymmetry. From the rank
correlation tests performed, the presence of a significant
relationship between sample size and effect size pro-
vided evidence for asymmetry in the funnel plot and
suggested the possibility of publication bias. However, a
non-significant test results should not be taken as evi-
dence of a lack of publication bias when the meta-
analysis involves small study sizes, as is the case in
this study due to the limited numbers of HAI research
conducted in most of SSA. With the detection of
asymmetry in funnel plots, we used the Trim-and-Fill
method to conduct sensitivity analysis to adjust for the
www.thelancet.com Vol 71 May, 2024
effect estimate for this bias. Heterogeneity results ob-
tained after applying the trim-and-fill method to the
meta-analysis were slightly higher (although negligible)
compared to those obtained before applying the method.
However, there are no guarantees that the adjusted
random effects obtained will match what would have
been observed in the absence of publication bias. In
addition, this method does not consider reasons for the
presence of funnel plot asymmetry. Therefore, any
conclusions regarding the presence of publication bias
based on these methods should be drawn with caution.

There is a high overall burden of HAI in SSA which
is associated with a substantial mortality rate. The most
common HAI reported is surgical site infection
although significant regional variation was noted. There
is an urgent need to improve infection prevention and
control, and to improve patient safety, and our results
suggest that there is a particular need to target these
efforts on West Africa and East Africa. This will require
political will,95 improved human resource and data
collection, adequate healthcare budget allocation and
training, and capacity building for healthcare workers96

in SSA. This study further revealed an overall paucity
of adult data in SSA which may suggest that the current
(high) estimates are still unrepresentative of the true
burden of HAI in the region and this need to be ur-
gently addressed.
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