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Abstract
Background Infection is a common complication in the acute phase after stroke; a systematic review in 2011 
reported a post-stroke infection prevalence of 30%. Despite the plethora of primary data on post-stroke infections 
in recent times, a systematic review that synthesizes the data to provide comprehensive information to guide 
preventive, control, and management efforts is yet to be undertaken. This systematic review, therefore, aimed at 
bridging this gap by describing the epidemiology of post-stroke infections including the global prevalence and the 
associated mortality rates.

Methodology A comprehensive search was conducted in PubMed, SCOPUS, and Web of Science resulting in 2210 
studies, of which 73 studies covering 32,109,574 stoke patients were included in the systematic review. Prevalence 
data on defined post-stroke infections were extracted for analysis in RStudio version 4.3.3.

Results The pooled prevalence of post-stroke infections and mortality rates were 9.14% and 15.91% respectively. 
The prevalence of post-stroke infections was highest for pneumonia (12.4%), followed by urinary tract infection 
(8.31%). Geographically, the prevalence of post-stroke infections for the various continents were Europe (10.41%), 
Africa (10.22%), South America (8.83%), North America (8.15%), Asia (8.09%), and Australia (7.88%). Common 
etiological agents of post-stroke infections included multidrug-resistant organisms particularly, Carbapenem-resistant 
Klebsiella pneumoniae (15.4-31.8%), Methicillin-resistant Staphylococcus aureus (9.8-15.4%), and Carbapenem-resistant 
Acinetobacter baumannii (38.5%).

Conclusion This systematic review indicates about a 3-fold decline in the global prevalence of post-stroke infections 
in the last decade. Pneumonia is the most common post-stroke infection. Europe and Africa have the highest 
prevalence of post-stroke infections.
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Introduction
Stroke is a medical condition characterized by a sudden 
and localized disruption of brain function resulting from 
infarction or hemorrhage in the brain [1]. The plethora 
of bodily functions coordinated by the brain results in a 
wide range of body dysfunctions in the event of a stroke. 
Approximately 50% of stroke victims are left permanently 
disabled due to the extensive impact on these functions 
[2]. In 2016, there were 13.6 million new cases of stroke 
worldwide, resulting in 5.5  million deaths [3]. Of these, 
ischemic strokes accounted for 2.7 million deaths, while 
hemorrhagic strokes were responsible for 2.8  million 
deaths. The World Stroke Organization (WSO) reported 
in 2022 that stroke was the second most common cause 
of death and the third leading cause of combined death 
and disability worldwide, underscoring its significant 
threat to public health [4]. The epidemiology of stroke 
appears to be changing in several facets including the 
affected age. For instance, a study conducted by Feigin et 
al. in 2022 reported a 22% prevalence of stroke in individ-
uals aged 15 to 49 years [4]. This increasing occurrence 
of stroke in young people has since led to a new under-
standing that stroke is no longer a disease of the old [5, 
6].

The early detection and treatment of stroke are asso-
ciated with a lesser impact on patients with a chance of 
recovery in a subset of these patients [7]. However, post-
stroke life is worsened by a high predisposition to infec-
tions that contribute massively to the high mortality 
rates of the condition. This high predisposition has been 
attributed to post-stroke immunosuppression caused by 
stress response and imbalance in the involuntary nervous 
system, which leads to lymphopenia, and deactivation of 
lymphocytes and monocytes, amongst other immuno-
logic effects [8, 9]. Post-stroke infections could be com-
munity- or hospital-related, and notable among these 
infections are pneumonia and urinary tract infection 
(UTI). A systematic review and meta-analysis conducted 
by Westendorp et al. in 2011 reported that post-stroke 
infections had a pooled prevalence of 30%, with a prev-
alence of 10% for both pneumonia and UTI [10]. This 
study included research from high-income countries 
and other parts of the world, but none from Africa. In 
recent times, several studies on stroke have been con-
ducted among African populations [11–13]. Addition-
ally, there have been notable changes in the epidemiology 
of stroke since Westendorp et al. conducted their study 
over a decade ago. Therefore, it is imperative to con-
duct an updated systematic review and meta-analysis of 
post-stroke infections to ascertain new infection patterns 
influenced by changes in stroke epidemiology. Our study 
aims to provide a more comprehensive overview of the 
global prevalence of post-stroke infections by identifying 
the most prevalent infections and infection rates among 

different types of strokes, and comparing these rates 
across continents and countries, along with the associ-
ated mortality rates.

Methodology
Search strategy
This study was conducted per the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses 
(PRISMA) guidelines of 2020 [14]. Three databases, 
SCOPUS, PubMed, and Web of Science, were elaborately 
searched for relevant studies in May 2024. One Boolean 
search string was used in PubMed and Web of Science 
while another was used in SCOPUS (Supplementary 
Table 1).

Study selection
The study selection criteria used are as follows:

 
Inclusion criteria;

1. Population of patients with acute stroke.
2. Studies that reported rates of infections in the acute 

phase after stroke. The acute phase of a stroke refers 
to the initial period (defined by the first 24 hours to 
a few days) following the onset of stroke symptoms 
when immediate medical intervention is critical.

3. Studies that included patients with ischemic or 
hemorrhagic stroke.

Exclusion criteria;

1. Reviews, systematic reviews, meta-analyses, case 
series, case reports, and clinical trials.

2. Studies with ≤ 25 patients.
3. Stroke patients in rehabilitation settings.
4. Studies that included only a small subgroup of stroke 

patients, such as those restricted to specific age 
groups or stroke subtypes.

5. Studies that did not provide a clear definition of 
infection.

Data extraction
The relevant data extracted from the included studies 
for the systematic review were the author’s name, study 
period, study design, location, type of stroke, post-stroke 
infections, etiologic agents, and prescribed antibiot-
ics (Supplementary Table  2). For the meta-analysis por-
tion of the study, the number of patients diagnosed with 
a defined post-stroke infection and the total number of 
patients used in the study were extracted with adher-
ence to the set inclusion criterion of ≥ 25 stroke patients. 
Additionally, data on the number of patients who died as 
a result of a defined post-stroke infection were extracted. 
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The specific post-stroke infections for which data were 
extracted included pneumonia, UTI, sepsis, bloodstream 
infection (BSI), respiratory tract infection (RTI), and 
other infections (infectious diarrhea, intravenous site 
infection, and gastrointestinal infection).

Quality Assessment
Twelve items from the Strengthening the Reporting of 
Observational Studies in Epidemiology (STROBE) check-
list for reporting observational studies were utilized to 
assess the quality of the included studies. A response 
of “Yes” was assigned to studies that provided adequate 
information on an item’s recommendations, while a 
response of “No” was given to those with inadequate 
information or unclear descriptions. The studies were 
then categorized into three quality levels: High quality 
(“Yes” for 9 to 12 items), Moderate quality (“Yes” for 5 to 
8 items), and Low quality (“Yes” for 1 to 4 items) (Supple-
mentary Table 3).

Data analysis
The meta-analysis was conducted in RStudio version 
4.3.3 using the meta package. The Freeman-Tukey double 
arcsine transformation standardized variances among 
the 73 included studies. The DerSimonian-Laird method 
was used to generate the pooled prevalences. The I [2] 
statistic was used in assessing the heterogeneity in study 
results with values of 0%, 25%, 50%, and ≥ 75% connoting 
no, low, moderate, and high heterogeneity respectively. 
Confidence intervals (95% CI) for the I [2] statistics were 
generated using the Jackson method. The funnel plot 
and Egger’s regression test were used to visualize and 
determine the statistical significance of publication bias, 
respectively. Additionally, a sensitivity analysis and meta-
regression analysis were performed to assess potential 
sources of heterogeneity in our meta-analysis. Statistical 
significance was pegged at a p-value of < 0.05.

Results
Search results
The search results were limited to studies published in 
the English language from 2012 to 2024. Subsequently, 
a total of 2210 results were obtained from the databases. 
After the resolution of 466 duplicates, 1959 studies were 
screened for eligibility (Fig. 1). The screening process was 
done in three phases, including title screening, abstract 
screening, and full-text screening, by two independent 
investigators. In the event of a discrepancy, a third inves-
tigator served as the arbiter. Twenty-five eligible papers 
were excluded after full-text screening (Supplementary 
Table 4).

Description of study characteristics
Seventy-three (73) studies from 28 countries that were 
conducted from 2002 to 2023 and published from 2012 
to 2024 were included in this review [11–13, 15–84]. The 
studies spanned 6 continents, namely, Africa (5 coun-
tries; 5 studies), Asia (9 countries; 29 studies), Australia 
(1 country; 2 studies), Europe (10 countries; 29 studies), 
North America (1 country; 7 studies), and South Amer-
ica (1 country; I study). The distribution of studies based 
on the stroke type was as follows: ischemic stroke only 
(30/73 studies), hemorrhagic stroke only (3/73 studies), 
unspecified stroke type (18/73 studies), ischemic/hemor-
rhagic/unspecified stroke type (8/73 studies), ischemic/
hemorrhagic stroke (11/73 studies), ischemic/unspecified 
stroke type (2/73 studies), and ischemic/hemorrhagic/
mixed (1/73 studies). Regarding post-stroke infections, 
pneumonia was reported in 5 studies, UTI in 13 stud-
ies, and both pneumonia and UTI in 55 studies. Seven-
teen (17) studies reported clinical characteristics such as 
dysphagia (15 studies), lowered consciousness (2 stud-
ies), and urine incontinence/retention (8 studies). Sub-
jects included in the studies spanned the age range of 
16 to 100 years. The National Institute of Health Stroke 
Scale (NIHSS) scores were reported by 42 studies with 
19 studies and 23 studies reporting median and mean 
scores respectively. The median scores ranged from 0 to 
17.06 while the mean scores ranged from 2 to 17. Three 
(3) studies reported prescribed antimicrobials. The com-
monly prescribed antibiotics were ceftriaxone (6–79%), 
ampicillin/sulbactam (57%), piperacillin-tazobactam 
(14–52%), meropenem (3.7–42%), cefixime (48%), van-
comycin (3-39%), metronidazole (22%), azithromycin 
(20%), moxifloxacin (14%), ceftazidime (13%), amika-
cin (12%), ciprofloxacin (10%), gentamicin (3–10%), and 
levofloxacin (10%) (Supplementary Table 2).

A total of 177 prevalence data of defined post-stroke 
infections were extracted from the 73 included studies. 
The total prevalence data extracted for the specific post-
stoke infections are as follows; pneumonia (72 prevalence 
data), UTI (84 prevalence data), sepsis (9 prevalence 
data), BSI (9 prevalence data), and other infections (3 
prevalence data). Additionally, 7 data on mortality were 
extracted from 5 studies comprising 3 mortality preva-
lence data for pneumonia and 4 mortality prevalence 
data for UTI.

Prevalence of Post-stroke infections
The overall pooled prevalence of post-stroke infections 
in 32,109,574 stroke patients was 9.14%. (95% CI [8.23; 
10.10]). The prevalence of specific post-stroke infections 
was highest in pneumonia at 12.14% (95% CI [11.13; 
13.18]) followed by UTI at 8.31% (95% CI [6.97; 9.75]) 
(Fig. 2).
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Generally, retrospective studies included in the sys-
tematic review reported relatively higher prevalence of 
post-stroke infections compared to prospective studies 
(Table 1).

Subgroup analyses
The prevalence of post-stroke infections was higher 
in hemorrhagic stroke (12.3%) compared to ischemic 
stroke (7.32%) (Fig.  3). Prevalence of post-stroke infec-
tions for the various continents were Europe (10.41%), 
Africa (10.22%), South America (8.83%), North America 
(8.15%), Asia (8.09%), and Australia (7.88%) (Supple-
mentary Fig.  2). Prevalence of post-stroke infections 
based on per capita income were low-income coun-
tries (16.33%), lower-middle-income countries (LMIC) 

(9.60%), upper-middle-income countries (8.21%), and 
high-income countries (9.17%) (Supplementary Fig. 3).

Sensitivity analysis
The impact of each study on the pooled prevalence of 
post-stroke infections was assessed using a leave-one-out 
sensitivity analysis. The results showed that excluding any 
single study did not significantly change the pooled prev-
alence of post-stroke infections and combined effects, 
indicating the robustness of our findings (Supplementary 
Table 3).

Meta-Regression
A random effects meta-regression analysis was used 
to assess the effect of three study characteristics on the 

Fig. 1 PRISMA flowchart of study selection process
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observed wide variations in effect sizes in this study. 
Meta-regression analysis for BSI could not be generated 
by our model due to statistical considerations such as col-
linearity. Type of stroke, continent, and post-stroke infec-
tion were used as covariates in determining the source 
of heterogeneity. Hemorrhagic stroke, pneumonia, and 
UTI had statistically significant strong positive associa-
tions with the observed heterogeneity. Ischemic stroke 
had a minimally significant negative association with 
the observed heterogeneity. The continents represented 
in this study did not significantly affect heterogeneity 
(Table 2).

Microbial etiology of Post-stroke infections
Only 5 of the 73 studies included in the systematic review 
reported on the etiology of post-stroke infections. The 
commonest organisms reported were Klebsiella pneu-
moniae (8.5-41.5%), Acinetobacter baumannii (16.8%), 
Enterococcus faecalis (18.5%), Staphylococcus aureus 
(11.5-15%), Klebsiella oxotyca (12.9%), Proteus mirabilis 
(12.9%), Escherichia coli (1.9-11.2%), Pseudomonas aeru-
ginosa (11.2%), and Enterobacter aerogenes (9.3%). Other 
etiological agents were multidrug-resistant organisms 
such as Carbapenem-resistant Klebsiella pneumoniae 
(15.4-31.8%), Methicillin-resistant Staphylococcus aureus 

(9.8-15.4%), and Carbapenem-resistant Acinetobacter 
baumannii (38.5%).

Mortality rate of Post-stroke infections
The pooled mortality rate of post-stroke infections was 
15.91% (95% CI [8.24; 25.31]). The estimated mortality 
rates of pneumonia and UTI were 21.60% (95% CI [0.10; 
62.26]) and 12.16% (95% CI [0.00; 40.31]) respectively 
(Fig. 4).

Heterogeneity and publication Bias
The Egger’s regression test had a p-value of 0.621 indicat-
ing no publication bias in the included studies. The fun-
nel plot illustrated a wider variation in sample sizes of the 
included studies (Supplementary Fig.  1). The estimated 
prevalences of the defined post-stroke infections had sig-
nificant heterogeneity (H > 1 and I2 > 75%). Additionally, 
the overall pooled prevalence of post-stroke infections 
had a significant heterogeneity (H = 85.32 and I2 = 100% 
[100%; 100%]).

Discussion
This paper provides an updated systematic review of 
post-stroke infections after a previous one by Westen-
dorp et al. [10] in 2011. It is worth noting that our sys-
tematic review analyzed data from 32,109,574 stroke 

Fig. 2 Global prevalence of post-stroke infections
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Table 1 Summary of global meta-analysis results for the prevalence of post-stroke infections stratified by study design
Post-Stroke infection Prevalence (%) 

[95%CI]
95% Prediction 
interval

Number of 
studies

Number of 
samples

H [95%CI] I2 [95%CI] P het-
eroge-
neity

Pneumonia
Overall 12.14 [11.13–13.18] [5.10-21.59] 72 13,801,779 47.52 100 0
Prospective 13.18 [10.18–16.09] [2.94–29.01] 21 6,628,964 50.56 100 0
Retrospective 12.25 [10.91–13.66] [4.40-23.26] 49 7,172,283 44.68 

[43.91–45.46]
99.9 
[99.9–100.0]

0

UTI
Overall 8.31 [6.97–9.75] [0.30-24.82] 84 13,798,084 79.22 100 0
Prospective 7.79 [4.67–11.60] [0.00-34.97] 27 6,630,402 80.26 100 0
Retrospective 8.72 [6.78–10.87] [0.01–29.40] 55 7,166,813 79.35 100 0
BSI
Overall 1.79 [1.05–2.71] [0.02–5.71] 9 4,151,228 16.85 

[15.45–18.39]
99.6 [99.6–99.7] 0

Prospective 1.03 [0.21–2.31] NA 2 437 1.00 0.0 0.3752
Retrospective 1.93 [1.11–2.96] [0.00-100.00] 7 4,150,791 19.46 

[17.77–21.31]
99.7 [99.7–99.8] 0

Sepsis
Overall 4.95 [2.99–7.35] [0.10-16.04] 9 357,447 14.08 

[12.75–15.54]
99.5 [99.4–99.6] < 0.0001

Prospective NA NA 0 0 NA NA NA
Retrospective 4.95 [2.99–7.35] [0.10-16.04] 9 357,447 14.08 

[12.75–15.54]
99.5 [99.4–99.6] 0

Other infections
Overall 2.67 [0.15–7.48] [0.00-99.61] 3 1036 2.50 [1.45–4.34] 84.1 [52.2–94.7] 0.0019
Prospective 0.99 [0.00-3.07] NA 2 202 1.0 0.0 0.9195
Retrospective 6.47 [4.90–8.25] NA 1 834 NA NA NA
95% CI: 95% confidence interval

H is a measure of the extent of heterogeneity; a value of H > 1 indicates a potential heterogeneity of the prevalence of rotavirus

I2 describes the proportion of total variation in prevalence of rotavirus that is due to heterogeneity; a value > 50% indicates the presence of heterogeneity

NA: Not applicable

Fig. 3 Prevalence of post-stroke infections according to type of strokes
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patients while that of Westendorp et al. [10] reported 
on 137,817 stroke patients. With a sample size of about 
232 times greater than that of Westendorp et al. [10], our 
systematic review tends to provide more reliable infor-
mation. The age distribution of patients in this study 
was 16 to 100 years. The diagnosis of stroke in individu-
als as young as 16 years in this study confirms a major 
change in the epidemiology of the disease – a transition 
from adults into adolescents [4]. A probable explanation 
for our finding could be the increasingly high occurrence 
of overweight and obesity, which are modifiable risk fac-
tors for stroke in children and adolescents owing to a 
shift in dietary choices to junk foods and less daily physi-
cal activity in many parts of the world [85]. Our finding 
is worrying as the lowest age of diagnosis of stroke keeps 

decreasing while optimal care for stroke patients below 
50 years is not yet known [5].

The pooled prevalence of post-stroke infections in 
this study was 9.14%, which is considerably lower than 
the prevalence of 30% reported by Westendorp et al. 
[10]. The difference between the prevalence of post-
stroke infections in the two systematic reviews could be 
attributed to the more advanced management of stroke 
patients in established stroke units worldwide in recent 
times, which has led to better outcomes due to improved 
preventive monitoring and patient care. The study by 
Westendorp et al. also reported a prevalence of 10% for 
each of pneumonia and UTI. By comparison, our system-
atic review found the prevalence of pneumonia (12.14%) 
to be higher and that of UTI (8.31%). The prevalence 
of BSI and sepsis were 1.79% and 4.95% respectively, 

Table 2 Meta-regression of factors affecting heterogeneity in the study
Covariates Estimate Standard Error z-value p-value 95% Confidence 

Interval
Type of Stroke
Hemorrhagic (Intercept)*** 0.1752 0.0452 3.8805 0.0001 0.0867 0.2637
Ischemic* -0.0499 0.0253 -1.9689 0.0490 -0.0995 -0.0002
Unspecified -0.0030 0.0268 -0.1102 0.9123 -0.0556 0.0497
Continent
Asia -0.0211 0.0263 -0.8008 0.4233 -0.0727 0.0305
Australia -0.0476 0.0704 -0.6757 0.4992 -0.1856 0.0904
Europe 0.0036 0.0265 0.1344 0.8931 -0.0483 0.0554
North America 0.0020 0.0328 0.0595 0.9526 -0.0623 0.0662
South America -0.0519 0.0717 -0.7240 0.4691 -0.1925 0.0887
Post-Stroke Infection
Other infections 0.0353 0.0667 0.5290 0.5968 -0.0954 0.1660
Pneumonia*** 0.2127 0.0338 6.2970 < 0.0001 0.1465 0.2790
Sepsis 0.0804 0.0443 1.8155 0.0694 -0.0064 0.1673
UTI*** 0.1540 0.0335 4.5914 < 0.0001 0.0883 0.2198

Fig. 4 Mortality rate of post-stroke infections
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probably reflecting the immunodepression manifested by 
stroke. Other infections such as infectious diarrhea, gas-
trointestinal infection, and intravenous site infection had 
a prevalence of 2.67%. These infections could stem from 
contamination from the hospital environment during 
admission.

Generally, there was a lower prevalence of post-stroke 
infections in prospective studies compared to retrospec-
tive studies in our systematic review. In recent times, 
effective stroke management including prophylactic anti-
biotic therapy, recanalization, and specialized care for 
stroke patients in established stroke units has advanced, 
which could account for the observed decrease in the 
prevalence of some post-stroke infections. Additionally, 
improvements in diagnostic practices such as modern 
medical imaging techniques and the adoption of stan-
dardized stroke assessment tools to monitor disease pro-
gression could also contribute to the observed decrease 
in post-stroke infections.

The prevalence of post-stroke infections was higher in 
hemorrhagic strokes, at 12.03%, compared to ischemic 
strokes, which had a prevalence of 7.32%. For unspeci-
fied strokes, the prevalence was 10.30%. A large number 
of strokes remain unspecified, particularly in low-income 
and lower-middle-income countries, due to the lack of 
advanced modern imaging technology. Even when such 
technology is available, the cost of these services often 
prevents patients from accessing them.

In the World Bank country classification subgroup 
analysis, low-income countries had the highest preva-
lence of post-stroke infections, at 16.33%, while upper-
middle-income countries had the lowest, at 8.21%. 
However, the result for low-income countries is based on 
a single study and may not be entirely reliable and rep-
resentative. Nonetheless, the finding is not surprising, as 
a country’s economic status hugely influences the quality 
of healthcare delivery. Low-income countries often lack 
the resources needed for specialized care, such as stroke 
care.

Interestingly, the post-stroke infection rates in lower-
middle-income countries (9.60%) and high-income 
countries (9.17%) were not significantly different. This 
is surprising, given that high-income countries typically 
have the best facilities and resources for specialized care, 
including stroke care. This unexpected finding could be 
attributed to several factors including the growing issue 
of antimicrobial resistance which is present in all parts 
of the world; we observed multidrug-resistant organisms 
such as Methicillin-resistant Staphylococcus aureus and 
Carbapenem-resistant Klebsiella pneumoniae as com-
mon etiological agents of post-stroke infections in this 
systematic review. Even in settings with excellent facilities 
and preventive care practices, resistant bacterial strains 
can make treating post-stroke infections challenging. 

Similar reasons could account for the higher prevalence 
of post-stroke infections observed in Europe (10.41%) as 
compared to Africa (10.22%) and Asia (8.09%) in our con-
tinental subgroup analysis. Continental predictors were 
found not to significantly influence heterogeneity in this 
study. However, it is worth noting that the prevalence 
results of Africa and South America cannot be largely 
relied upon due to the limited number of studies from 
both continents. Hence, more research on post-stroke 
infections should be conducted in these regions.

The mortality rate of post-stroke infections was 15.91% 
with that of pneumonia being 21.60% and UTI being 
12.6%. Our pooled mortality rate is lower than the 20% 
and 48% mortality rates reported by Shi et al. [86] and 
Westendorp et al. [10] respectively . Our observed mor-
tality rate for pneumonia is lower than the 26% reported 
by Westendorp et al., while the mortality rate for UTIs is 
slightly higher than the 12% and 12.2% reported by Wes-
tendorp et al. [10] and Koennecke et al. [87], respectively. 
The high mortality rate of pneumonia is unsurprising as 
pneumonia is a more life-threatening infection compared 
to UTI.

Our meta-analysis revealed no publication bias in our 
included studies as confirmed by Egger’s regression test 
(p-value = 0.621). This suggests that over the past decade, 
stroke researchers have consistently published their 
study findings, whether significant or not, which is highly 
commendable. The practice of unbiased publication of 
study results ensures the availability of reliable data on 
stroke. This data can guide effective disease monitoring 
and inform policy planning and implementation world-
wide. Our finding contrasts with the previous systematic 
review on post-stroke infections by Westendorp et al. 
which reported a publication bias [10].

One limitation of this study is its heterogeneity. Our 
meta-regression identified hemorrhagic stroke, pneumo-
nia, and UTI as significant contributors to this hetero-
geneity. Additionally, most of the included studies were 
retrospective and had larger sample sizes compared to 
the prospective studies, which likely contributed to the 
observed heterogeneity in the results. The wide confi-
dence intervals for mortality outcomes could also be 
attributed to this data variability. Stroke severity scores 
from studies that did not use the NHISS were excluded 
from this review, potentially introducing bias in the 
reported stroke severity scores. Furthermore, this study 
could not adequately report antimicrobial resistance in 
the pathogens causing post-stroke infections due to lim-
ited data in the included studies.

Conclusion
This systematic review indicates about a 3-fold decline in 
the global prevalence of post-stroke infections in the last 
decade. The findings of a younger age of stroke diagnosis, 
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a major reduction in the pooled prevalence of post-stroke 
infections, and the changes in the prevalence of common 
post-stroke infections confirm a change in the epidemi-
ology of stroke. While there have been major advance-
ments in stroke management, leading to a notable 
reduction in the pooled prevalence of post-stroke infec-
tions observed in this study, accessibility to these services 
remains a challenge in some parts of the world. This is 
especially true in developing countries, where the cost of 
such specialized care can be prohibitively expensive for 
many stroke victims. Hence, there is the need to estab-
lish free or subsidized stroke care units in developing 
countries to ensure optimum care for all stroke victims. 
Additionally, more research is needed to assess resistance 
patterns in causative organisms of post-stroke infections.

Abbreviations
BSI  Bloodstream infection
CI  Confidence Interval
NHISS  National Institute of Health Stroke Scale
PRISMA  Preferred Reporting Items for Systematic Reviews and 

Meta-Analyses
RTI  Respiratory tract infection
STROBE  Strengthening the Reporting of Observational Studies in 

Epidemiology
UTI  Urinary tract infection
WSO  World Stroke Organization

Supplementary Information
The online version contains supplementary material available at  h t t  p s : /  / d o  i .  o r 
g / 1 0 . 1 1 8 6 / s 1 2 8 8 3 - 0 2 4 - 0 3 9 6 8 - 7     .  

Supplementary Material 1

Supplementary Material 2

Acknowledgements
None.

Author contributions
E.S.D. and A.A.-D. conceived the idea for this study. A.A.-D. and S.D. conducted 
the literature search, while A.A.-D. and A.-H.O. were responsible for data 
extraction. The data analysis was performed by A.A.-D. and A.-H.O., who 
drafted the original manuscript. E.S.D. and S.D. revised the final manuscript. All 
authors reviewed and approved the final version of the manuscript.

Funding
“This review paper was supported by the Fogarty International Center of the 
National Institutes of Health through the Research and Capacity Building 
in Antimicrobial Resistance in West Africa (RECABAW) Training Programme 
hosted at the Department of Medical Microbiology, University of Ghana 
Medical School (Award Number: D43TW012487). The content is solely the 
responsibility of the authors and does not necessarily represent the official 
views of the National Institutes of Health.”

Data availability
Data will be made available upon request from the authors.

Declarations

Ethics approval and consent to participate
This study required no ethical approval or consent from patients.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 9 August 2024 / Accepted: 19 November 2024

References
1. Murphy SJX, Werring DJ. Stroke: causes and clinical features. Medicine. 

2020;48:561–6.
2. Donkor ES. Stroke in the 2 1 s t Century: A Snapshot of the Burden, Epidemi-

ology, and Quality of Life. Stroke Research and Treatment 2018; 2018: 1–10.
3. Saini V, Guada L, Yavagal DR. Global Epidemiology of Stroke and Access to 

acute ischemic stroke interventions. Neurology. 2021;97:S6–16.
4. Feigin VL, Brainin M, Norrving B, et al. World Stroke Organization (WSO): 

global stroke fact sheet 2022. Int J Stroke. 2022;17:18–29.
5. Ekker MS, Boot EM, Singhal AB, et al. Epidemiology, aetiology, and manage-

ment of ischaemic stroke in young adults. Lancet Neurol. 2018;17:790–801.
6. Yahya T, Jilani MH, Khan SU, et al. Stroke in young adults: current trends, 

opportunities for prevention and pathways forward. Am J Prev Cardiol. 
2020;3:100085.

7. Davies L, Delcourt C. Current approach to acute stroke management. Intern 
Med J. 2021;51:481–7.

8. Choi YH, Laaker C, Hsu M, et al. Molecular mechanisms of Neuroimmune 
Crosstalk in the Pathogenesis of Stroke. Int J Mol Sci. 2021;22:9486.

9. Lord AS, Lewis A, Czeisler B, et al. Majority of 30-Day readmissions after Intra-
cerebral Hemorrhage are related to infections. Stroke. 2016;47:1768–71.

10. Westendorp WF, Nederkoorn PJ, Vermeij J-D, et al. Post-stroke infection: a 
systematic review and meta-analysis. BMC Neurol. 2011;11:110.

11. Adoukonou T, Agbétou M, Sowanou A, et al. Stroke care and outcomes in the 
Department of Neurology in Parakou, Benin: retrospective cohort study. Ann 
Med Surg (Lond). 2020;57:148–52.

12. Youkee D, Deen G, Barrett E, et al. A prospective stroke Register in Sierra 
Leone: demographics, stroke type, Stroke Care and Hospital outcomes. Front 
Neurol. 2021;12:712060.

13. Odiase FE, Lofor PV. Blood Stream infection in Stroke patients: Spectrum of 
Microbial isolates and Antimicrobial Resistance. Ann Health Res. 2023;9:51–9.

14. Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 statement: an 
updated guideline for reporting systematic reviews. Syst Rev. 2021;10:89.

15. Ahmed M, Green S, Pugalendhi S, et al. Neutrophil to lymphocyte ratio 
among Acute Ischaemic Stroke patients. J Clin Diagn Res. 2022;16:OC28–30.

16. Ahmed R, Mhina C, Philip K, et al. Age- and sex-specific trends in Medical 
complications after Acute ischemic stroke in the United States. Neurology. 
2023;100:e1282–95.

17. Akimoto T, Hara M, Ishihara M, et al. Post-stroke Pneumonia in Real-World 
practice: background, microbiological examination, and treatment. Neurol 
Int. 2023;15:69–77.

18. Ali M, Shoaib MH, Nesar S, et al. A prospective observational study of esti-
mating drug related problems and clinical outcomes in subtypes of stroke 
patients. PLoS ONE. 2024;19:e0295208.

19. Ashour W, Al-Anwar AD, Kamel AE, et al. Predictors of early infection in cere-
bral ischemic stroke. J Med Life. 2016;9:163–9.

20. Bhowmik NB, Abbas A, Saifuddin M et al. Ischemic Strokes: Observations from 
a Hospital Based Stroke Registry in Bangladesh. Stroke Res Treat 2016; 2016: 
5610797.

21. Biscetti L, Cameriere V, Rossi T, et al. Dementia, stroke, age, use of medi-
cal devices and antipsychotic drugs may increase the risk of nosocomial 
infections among elderly patients hospitalized at Neurology Clinics. Sci Rep. 
2023;13:18687.

22. Boehme AK, Kumar AD, Dorsey AM, et al. Infections present on admis-
sion compared with hospital-acquired infections in acute ischemic stroke 
patients. J Stroke Cerebrovasc Dis. 2013;22:e582–589.

23. Boehme AK, Kulick ER, Canning M, et al. Infections increase the risk of 30-Day 
readmissions among stroke survivors. Stroke. 2018;49:2999–3005.

24. Brogan E, Langdon C, Brookes K, et al. Dysphagia and factors associated 
with respiratory infections in the first week post stroke. Neuroepidemiology. 
2014;43:140–4.

25. Chapman C, Cadilhac DA, Morgan P, et al. Chest infection within 30 days of 
acute stroke, associated factors, survival and the benefits of stroke unit care: 
analysis using linked data from the Australian Stroke Clinical Registry. Int J 
Stroke. 2020;15:390–8.

https://doi.org/10.1186/s12883-024-03968-7
https://doi.org/10.1186/s12883-024-03968-7


Page 10 of 11Awere-Duodu et al. BMC Neurology          (2024) 24:479 

26. Cisse FA, Damien C, Bah AK, et al. Minimal setting stroke unit in a sub-saharan 
African Public Hospital. Front Neurol. 2019;10:856.

27. Di Carlo A, Lamassa M, Franceschini M et al. Impact of acute-phase complica-
tions and interventions on 6-month survival after stroke. A prospective 
observational study. PLOS ONE; 13. Epub ahead of print 2018.  h t t  p s : /  / d o  i .  o r g / 
1 0 . 1 3 7 1 / j o u r n a l . p o n e . 0 1 9 4 7 8 6       

28. Duan H, Li Z, Gu H-Q et al. Myocardial infarction is associated with increased 
stroke severity, in-hospital mortality, and complications: insights from China 
stroke center alliance registries. J Am Heart Assoc; 10. Epub ahead of print 
2021. https:/ /doi.or g/10.11 61/J AHA.121.021602

29. Erlebach R, Bächli E, Gerrits E, et al. Stroke management in a Swiss com-
munity hospital - in close collaboration with a stroke centre. Swiss Med Wkly. 
2021;151:w20490.

30. Fluck D, Fry CH, Gulli G, et al. Adverse stroke outcomes amongst UK ethnic 
minorities: a multi-centre registry-based cohort study of acute stroke. Neurol 
Sci. 2023;44:2071–80.

31. Fluck D, Fry CH, Robin J, et al. Determination of independent risk factors for 
early healthcare-associated infections acquired after acute stroke admis-
sion: a multi-centre registry-based cohort study. J Stroke Cerebrovasc Dis. 
2023;32:107402.

32. Fluri F, Morgenthaler NG, Mueller B, et al. Copeptin, procalcitonin and 
routine inflammatory markers-predictors of infection after stroke. PLoS ONE. 
2012;7:e48309.

33. Fry C, Fluck A, Affley B, et al. Urinary incontinence indicates mortality, disabil-
ity, and infections in hospitalised stroke patients. BJU Int. 2024;133:604–13.

34. Gardener H, Leifheit EC, Lichtman JH, et al. Race-ethnic disparities in 30-Day 
readmission after stroke among Medicare beneficiaries in the Florida Stroke 
Registry. J Stroke Cerebrovasc Dis. 2019;28:104399.

35. Gaspari AP, Cruz ED, de Batista A. Predictors of prolonged hospital stay in a 
Comprehensive Stroke Unit. Rev Lat Am Enfermagem. 2019;27:e3197.

36. Gu H-Q, Yang X, Wang C-J et al. Clinical characteristics, management, and 
In-Hospital outcomes in patients with stroke or transient ischemic attack in 
China. JAMA Netw Open; 4. Epub ahead of print 2021.  h t t  p s : /  / d o  i .  o r g / 1 0 . 1 0 0 
1 / j a m a n e t w o r k o p e n . 2 0 2 1 . 2 0 7 4 5       

37. Han T, Fry C, Fluck D, et al. Predicting Stroke complications in Hospital and 
Functional Status at Discharge by Clustering of Cardiovascular diseases a 
Multi-centre Registry-based study of Acute Stroke. J STROKE Cerebrovasc Dis. 
2022;31. https:/ /doi.or g/10.10 16/j .jstro kecereb rovasdi s.20 21.106162. Epub 
ahead of print.

38. Han TS, Fry CH, Fluck D, et al. Evaluation of anticoagulation status for atrial 
fibrillation on early ischaemic stroke outcomes: a registry-based, prospective 
cohort study of acute stroke care in Surrey, UK. BMJ Open. 2017;7:e019122.

39. Hasse IMC, Grosse GM, Schuppner R et al. Circulating inflammatory biomark-
ers in early prediction of Stroke-Associated infections. Int J Mol Sci; 23. Epub 
ahead of print 2022. https:/ /doi.or g/10.33 90/i jms232213747

40. Huang L, Xu G, Zhang R, et al. Increased admission serum total bile acids 
can be associated with decreased 3-month mortality in patients with acute 
ischemic stroke. Lipids Health Dis. 2022;21:15.

41. Huang Y, Yeh C, Chou Y, et al. Stroke in Parkinson’s disease. QJM-AN Int J Med. 
2019;112:269–74.

42. Ingeman A, Andersen G, Thomsen R, et al. Lifestyle factors and early clinical 
outcome in patients with Acute Stroke: a Population-based study. Stroke. 
2017;48:611–7.

43. Ji R, Wang D, Shen H, et al. Interrelationship among Common Medical 
complications after Acute Stroke Pneumonia plays an important role. Stroke. 
2013;44:3436–44.

44. Jitpratoom P, Boonyasiri A. Factors associated with an increased risk of devel-
oping pneumonia during acute ischemic stroke hospitalization. PLoS ONE. 
2024;19. https:/ /doi.or g/10.13 71/j ournal.pone.0296938. Epub ahead of print.

45. Kasemsap N, Vorasoot N, Kongbunkiat K, et al. Impact of intravenous 
thrombolysis on length of hospital stay in cases of acute ischemic stroke. 
Neuropsychiatr Dis Treat. 2018;14:259–64.

46. Kasemsap N, Jeerasuwannakul W, Tiamkao S, et al. Propensity Score Analysis 
of the Association between Chronic Obstructive Lung Disease and Stroke 
Outcome: Thailand’s National Database. Cerebrovasc Dis. 2022;51:577–84.

47. Kim B-R, Lee J, Sohn MK, et al. Risk factors and functional impact of Medical 
complications in Stroke. Ann Rehabil Med. 2017;41:753–60.

48. Kortazar-Zubizarreta I, Pinedo-Brochado A, Azkune-Calle I, et al. Predictors of 
in-hospital mortality after ischemic stroke: a prospective, single-center study. 
Heal Sci Rep. 2019;2. https:/ /doi.or g/10.10 02/h sr2.110. Epub ahead of print.

49. Lan Y, Sun W, Chen Y, et al. Nomogram Including Neutrophil-to-lymphocyte 
ratio for the Prediction of Stroke-Associated infections. Front Neurol. 
2020;11:574280.

50. Leangpanich N, Chuphanitsakun Y, Pakaranodom K, et al. Scoring of 
Post Stroke Pneumonia in Uttaradit Hospital. J Multidiscip Healthc. 
2019;12:917–23.

51. Lei C, Zhou X, Chang X et al. Mechanical Thrombectomy in Patients with 
Acute Ischemic Stroke and ASPECTS ≤ 5. J Stroke Cerebrovasc Dis; 30. Epub 
ahead of print 2021.  h t t  p s : /  / d o  i .  o r g  / 1 0 .  1 0 1  6 /  j . j s t r o k e c e r e b r o v a s d i s . 2 0 2 1 . 1 0 5 7 
4 8       

52. Li X, Cui J, Liu X, et al. Clinical characteristics of ischemic stroke in patients 
with positive ANCA. Neurol Asia. 2022;27:19–23.

53. Liao C-C, Shih C-C, Yeh C-C, et al. Impact of diabetes on stroke risk and 
outcomes: two Nationwide Retrospective Cohort studies. Med (Baltim). 
2015;94:e2282.

54. Lin S-P, Tu C, Huang W, et al. Acute-phase serum superoxide dismutase level 
as a predictive biomarker for stroke-associated infection. Int J Neurosci. 
2020;130:186–92.

55. Lu P, Cao Z, Gu H, et al. Association of sex and age with in-hospital mortality 
and complications of patients with intracerebral hemorrhage: a study from 
the Chinese stroke Center Alliance. Brain Behav. 2023;13:e2846.

56. Maier IL, Karch A, Mikolajczyk R, et al. Effect of beta-blocker therapy on the 
risk of infections and death after acute stroke–a historical cohort study. PLoS 
ONE. 2015;10:e0116836.

57. Maier IL, Becker JC, Leyhe JR, et al. Influence of beta-blocker therapy on the 
risk of infections and death in patients at high risk for stroke induced immu-
nodepression. PLoS ONE. 2018;13:e0196174.

58. Mao L, Liu X, Zheng P, et al. Epidemiologic features, risk factors, and outcomes 
of respiratory infection in patients with acute stroke. Ann Indian Acad Neurol. 
2019;22:395–400.

59. Matz K, Seyfang L, Dachenhausen A, et al. Post-stroke pneumonia at the 
stroke unit - a registry based analysis of contributing and protective factors. 
BMC Neurol. 2016;16:107.

60. Melmed KR, Boehme A, Ironside N, et al. Respiratory and blood Stream 
infections are Associated with subsequent venous thromboembolism after 
primary intracerebral hemorrhage. Neurocrit Care. 2021;34:85–91.

61. Mezuki S, Matsuo R, Irie F et al. Body temperature in the acute phase and 
clinical outcomes after acute ischemic stroke. PLoS ONE; 19. Epub ahead of 
print 2024. https:/ /doi.or g/10.13 71/j ournal.pone.0296639

62. Milosevich E, Demeyere N, Pendlebury ST. Infection, inflammation, and 
Poststroke Cognitive Impairment. J Am Heart Assoc. 2024;13:e9130.

63. Morotti A, Marini S, Lena UK, et al. Significance of admission hypoalbumin-
emia in acute intracerebral hemorrhage. J Neurol. 2017;264:905–11.

64. Muscari A, Falcone R, Recinella G, et al. Prognostic significance of diabetes 
and stress hyperglycemia in acute stroke patients. Diabetol Metab Syndr. 
2022;14:126.

65. Nazir M, Hafiz M, Akram I, et al. The relationship between the intensity 
of Fever and Stroke Outcome at SKBZH/CMH Muzaffarabad. Med Forum 
Monthly. 2022;29:54–8.

66. Ornello R, Colangeli E, Ceccanti G, et al. Reduction of in-hospital non-
COVID-19 pneumonia in stroke patients during the COVID-19 pandemic. 
Neurol Sci. 2023;44:1849–53.

67. Panda BK, Suryawanshi VR, Attarde G, et al. Correlation of Quality Metrics of 
Acute Stroke Care with Clinical outcomes in an Indian Tertiary-Care University 
Hospital: a prospective evidence-based study. Indian J Crit Care Med. 
2023;27:806–15.

68. Rofes L, Muriana D, Palomeras E, et al. Prevalence, risk factors and complica-
tions of oropharyngeal dysphagia in stroke patients: a cohort study. Neuro-
gastroenterol Motil. 2018;30. https:/ /doi.or g/10.11 11/n mo.13338. Epub ahead 
of print.

69. Rumalla K, Mittal MK. Gastrointestinal bleeding in Acute ischemic stroke: a 
Population-based analysis of hospitalizations in the United States. J Stroke 
Cerebrovasc Dis. 2016;25:1728–35.

70. Sawczynska K, Wnuk M, Jagiella J, et al. 4 C mortality score correlates with 
in-hospital functional outcome after COVID-19-associated ischaemic stroke. 
Neurol Neurochir Pol. 2021;55:295–9.

71. Seystahl K, Schweizer J, Katan M, et al. Stroke-associated infections in patients 
with and without cancer. Neurooncol Pract. 2023;10:176–85.

72. Stenzelius K, Laszlo L, Madeja M, et al. Catheter-associated urinary tract 
infections and other infections in patients hospitalized for acute stroke: a 
prospective cohort study of two different silicone catheters. Scand J Urol. 
2016;50:483–8.

https://doi.org/10.1371/journal.pone.0194786
https://doi.org/10.1371/journal.pone.0194786
https://doi.org/10.1161/JAHA.121.021602
https://doi.org/10.1001/jamanetworkopen.2021.20745
https://doi.org/10.1001/jamanetworkopen.2021.20745
https://doi.org/10.1016/j.jstrokecerebrovasdis.2021.106162
https://doi.org/10.3390/ijms232213747
https://doi.org/10.1371/journal.pone.0296938
https://doi.org/10.1002/hsr2.110
https://doi.org/10.1016/j.jstrokecerebrovasdis.2021.105748
https://doi.org/10.1016/j.jstrokecerebrovasdis.2021.105748
https://doi.org/10.1371/journal.pone.0296639
https://doi.org/10.1111/nmo.13338


Page 11 of 11Awere-Duodu et al. BMC Neurology          (2024) 24:479 

73. Stösser S, Isakeit J, Bode FJ, et al. Sepsis in patients with large vessel occlusion 
stroke-clinical characteristics and outcome. Front Neurol. 2022;13:902809.

74. Stösser S, Kleusch L, Schenk A, et al. Derivation and validation of a screening 
tool for stroke-associated sepsis. Neurol Res Pract. 2023;5.  h t t  p s : /  / d o  i .  o r g / 1 0 . 1 
1 8 6 / s 4 2 4 6 6 - 0 2 3 - 0 0 2 5 8 - 4     . Epub ahead of print.

75. Sung L-C, Chang C-C, Yeh C-C, et al. The effects of regular dental scaling on 
the complications and mortality after stroke: a retrospective cohort study 
based on a real-world database. BMC Oral Health. 2023;23:487.

76. Szylińska A, Kotfis K, Bott-Olejnik M, et al. Post-stroke outcomes of patients 
with chronic obstructive Pulmonary Disease. Brain Sci. 2022;12.  h t t  p s : /  / d o  i .  o r 
g / 1 0 . 3 3 9 0 / b r a i n s c i 1 2 0 1 0 1 0 6     . Epub ahead of print.

77. Tornes M, McLernon D, Bachmann M et al. Hospital-Level Variations in Rates 
of Inpatient Urinary Tract Infections in Stroke. FRONTIERS IN NEUROLOGY; 10. 
Epub ahead of print 2019. https:/ /doi.or g/10.33 89/f neur.2019.00827

78. Tworek K, Tomaszewska A, Owecka B, et al. Non-compliance with medical 
recommendations results in delayed hospitalization and poorer prognosis in 
patients with cerebral ischemic stroke in Poland: non-compliance effects on 
post-ischemic stroke prognosis. J Stroke Cerebrovasc Dis. 2024;33.  h t t  p s : /  / d o  i .  
o r g  / 1 0 .  1 0 1  6 /  j . j s t r o k e c e r e b r o v a s d i s . 2 0 2 3 . 1 0 7 4 6 5     . Epub ahead of print.

79. Vahdati S, Ala A, Hejazian S, et al. Factors affecting complications and mortal-
ity of Stroke patients in Stroke Care Unit. ERCIYES Med J. 2022;44:138–42.

80. van Gemmeren T, Schuppner R, Grosse GM, et al. Early post-stroke infections 
are associated with an impaired function of neutrophil granulocytes. J Clin 
Med. 2020;9. https:/ /doi.or g/10.33 90/j cm9030872. Epub ahead of print.

81. Wei M, Huang Q, Yu F, et al. Stroke-associated infection in patients with co-
morbid diabetes mellitus is associated with in-hospital mortality. Front Aging 
Neurosci. 2022;14:1024496.

82. Westendorp WF, Vermeij J-D, Brouwer MC, et al. Pre-stroke Use of Beta-Block-
ers does not lower post-stroke infection rate: an exploratory analysis of the 
preventive antibiotics in Stroke Study. Cerebrovasc Dis. 2016;42:506–11.

83. Xu J, Yalkun G, Wang M, et al. Impact of infection on the risk of recurrent 
stroke among patients with Acute ischemic stroke. Stroke. 2020;51:2395–403.

84. Zhao Y, Zhao M, Li X, et al. The predictive value of the Boston Acute Stroke 
Imaging Scale (BASIS) in acute ischemic stroke patients among Chinese 
population. PLoS ONE. 2014;9:e113967.

85. WHO, Obesity. and overweight. WHO,  h t t  p s : /  / w w  w .  w h o  . i n t  / n e  w s  - r o o m / f a c 
t - s h e e t s / d e t a i l / o b e s i t y - a n d - o v e r w e i g h t     (2024, accessed 27 July 2024).

86. Shi K, Wood K, Shi F-D et al. Stroke-induced immunosuppression and 
poststroke infection. Stroke Vasc Neurol; 3. Epub ahead of print 1 March 2018. 
https:/ /doi.or g/10.11 36/s vn-2017-000123

87. Koennecke H-C, Belz W, Berfelde D, et al. Factors influencing in-hospital 
mortality and morbidity in patients treated on a stroke unit. Neurology. 
2011;77:965–72.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://doi.org/10.1186/s42466-023-00258-4
https://doi.org/10.1186/s42466-023-00258-4
https://doi.org/10.3390/brainsci12010106
https://doi.org/10.3390/brainsci12010106
https://doi.org/10.3389/fneur.2019.00827
https://doi.org/10.1016/j.jstrokecerebrovasdis.2023.107465
https://doi.org/10.1016/j.jstrokecerebrovasdis.2023.107465
https://doi.org/10.3390/jcm9030872
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://doi.org/10.1136/svn-2017-000123

	A systematic review and meta-analysis show a decreasing prevalence of post-stroke infections
	Abstract
	Introduction
	Methodology
	Search strategy
	Study selection
	Data extraction
	Quality Assessment
	Data analysis

	Results
	Search results
	Description of study characteristics
	Prevalence of Post-stroke infections
	Subgroup analyses
	Sensitivity analysis
	Meta-Regression
	Microbial etiology of Post-stroke infections
	Mortality rate of Post-stroke infections
	Heterogeneity and publication Bias

	Discussion
	Conclusion
	References


