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Abstract
Background: Infection is a common complication in acute phase after stroke, and even in specialized stroke units,
it remains one of the major complications. The relationship between infections and acute ischemic stroke is
complex and bidirectional. Infections can result in ischemic stroke, and the rate of infection is increased after
ischemic stroke.
Aim of work: The aim of this study is to estimate the incidence of post-stroke infections in the Egyptian patients,
with determination of the most common infections, possible risk factors, and their clinical implications.
Methods: The study was conducted on one hundred adult patients with acute ischemic stroke, full medical history,
thorough clinical examination, routine laboratory investigations, estimation of erythrocyte sedimentation rate and
C-reactive protein, abdominal ultrasound, plain X-ray of the chest, culture and sensitivity, non-contrast computed
tomography, magnetic resonance imaging for patients with normal CT studies of the brain, duplex study of both
carotids and vertebral, ECG, and echocardiography, any further investigations needed and lastly collected data
statistically analyzed.
Results: The results of our study showed that 32 patients (32%) developed post-stroke infection. Post-stroke
infections increased with higher age and female gender. Post-stroke infections were strongly correlated to the
presence of atrial fibrillation, previous stroke, or transient ischemic attacks. The occurrence of post-stroke infection
was significantly correlated to stroke severity, size of infarction, and carotid stenosis. Post-stroke infection was also
correlated with the occurrence of multiple post-stroke neurological complications. Infections that occurred poststroke were pneumonia (21%) and urinary tract infection (15%), blood (5%), and subcutaneous infection (3%).
Conclusion: Stroke is a major health problem, and infection is one of the commonest post-stroke complications.
Post-stroke infection significantly affects clinical outcome and being strongly associated with occurrence of
neurological complications.
Abstract: study was conducted on one hundred adult patients with acute ischemic stroke, full medical history,
thorough clinical examination, routine laboratory investigations, estimation of erythrocyte sedimentation rate and
C-reactive protein, abdominal ultrasound, plain X-ray of the chest, culture and sensitivity, non-contrast computed
tomography (CT), magnetic resonance imaging (MRI) for patients with normal CT studies of the brain, duplex study
of both carotids and vertebral, electrocardiography (ECG), and echocardiography, any further investigations needed
and lastly collected data statistically analyzed.
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Background
Infection is a common complication in acute phase after
stroke (Vermeij et al. 2009), and even in specialized
stroke units, it remains one of the major complications
(Meisel et al. 2005). The relationship between infections
and acute ischemic stroke is complex and bidirectional.
Infections can result in ischemic stroke, and the rate of
infection is increased after ischemic stroke (Ionita et al.
2011). Infection rates after stroke were ranging from 5
to 65% in some studies (Vermeij et al. 2009), and from
21 to 65% in other studies (Westendorp et al. 2011). The
incidence of infection among stroke patients is thus significantly higher than in general population, prevalence
of hospital-acquired infection, which ranges from 6 to
9% in all hospitalized patients (Anderson 2013). Bacterial
pneumonia and urinary tract infection (UTI) are the predominant infections in acute stroke patients (Hilker
et al. 2003). Tables 1 b and 2 showed risk factor of poststroke pneumonia and common pathogen responsible
for post-ischemic stroke pneumonia. About one-third of
all stroke patients develop infections mostly involving
the respiratory and the urinary tract (Vargas et al. 2006);
Table 3 showed different type of infections in our study
design. Post-stroke infections were typically explained as
a result of neurological deficits such as impaired protective reflexes, dysphagia, and decreased consciousness, or
as treatment associated complications related to mechanical ventilation or indwelling urinary catheters (Ersoz
et al. 2007); Tables 4 and 5 showed risk factors of postischemic stroke UTI and pathogen responsible for UTI.
More recent evidence suggests that brain injury itself induces a disturbance of the normally well balanced brainimmune interactions resulting in an immune depressive
status with subsequent infections (Dirnagl et al. 2007).
Aim of work

The aim of this study is to estimate the incidence of
post-stroke infections in the Egyptian patients, with
Table 1 Risk factors for post-ischemic stroke pneumonia
HR

p

Bulbar symptoms

23

< 0.001

Ryle

316

< 0.001

Female gender

6.4

0.001
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Table 2 Pathogens responsible for post-ischemic stroke
pneumonia in our study patients
Organism

Number of affected patients

Staph. (coagulase–ve)

5

MRSA

5

Pseudomonas

4

E. coli

4

Acinetobacter

3

Klebsiella

2

Candida

1

determination of the most common infections, possible
risk factors, and their clinical implications.

Patients and methods
The study was conducted on one hundred adult patients
with acute ischemic stroke. Inclusion criteria: patient
with recent onset of ischemic stroke (less than 48 h from
onset of symptoms), evident by clinical examination and
radiological imaging, age more than 18 years. Exclusion
criteria: patient with other types of stroke rather than
ischemic stroke, patient taking cytotoxic or immunesuppressive drugs, patient with known autoimmune
diseases, cancer, hematological disease, and severe renal
or liver diseases. All patients were subjected to the following: full medical history, thorough clinical examination including neurological examination, and
assessment of the patient’s score according to National
Institutes of Health Stroke Scale (NIHSS). Routine laboratory investigations include the following: (complete
blood count (CBC), BUN, creatinine, uric acid, sodium
(Na), potassium (K), fasting blood sugar (FBS), postprandial blood sugar (PPBS), glycosylated hemoglobin
(HbA1c), aspartate transaminase (AST), alanine transaminase (ALT), prothrombin time (PT), prothrombin
concentration (Pc), international normalization rate
(INR), lipid profile, and urine analysis. Erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP), abdominal ultrasound, plain X-ray of the chest, culture
and sensitivity (C&S), non-contrast computed tomography (CT) study of the brain, magnetic resonance imaging (MRI) of the brain done for patients with normal
CT studies, duplex study of both carotids and vertebral,

Age > 61.5

19.1

< 0.001

AF

6.5

< 0.001

Table 3 Different types of infections in study patients

Previous CVS or TIA

31

0.001

Type of infection

(n = 32), n (%)

NIHSS>9.5

58.7

< 0.001

Chest

21 patients, (66%)

Size > small

7.5

< 0.001

UTI

15 patients, (47%)

Carotid stenosis > 27.5

2.4

0.093

Blood

5 patients, (15%)

Catheter

3.8

0.009

Subcutaneous and bed sores

3 patients, (9%)

MV

8.9

0.999

CNS

0
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Table 4 Risk factors for post-ischemic stroke UTI
HR

p

Catheter

36

< 0.001

NIHSS > 9.5

17.52

< 0.001

Female gender

5

0.01

Age > 61.5

5.3

0.014

AF

5.3

0.005

Previous CVS or TIA

6.97

0.014

Size > small

27.03

0.002

Duplex > 27.5

7.6

0.011

Bulbar

0.573

0.488

Ryle

2.02

0.255

electrocardiography (ECG), and echocardiography of the
heart. Any further investigation is needed to confirm the
presence of an infection in a suspected patient as cerebrospinal fluid analysis (CSF), CT chest, CT abdomen.
Statistical analysis of collected data by statistical package
for the social science (SPSS) version 21.

Results
The study included 100 patients who were hospitalized
because of having recent stroke. Eighty-four patients
(84%) of them were males and 16 patients (16%) were females. The mean age of all patients was 61 ± 10 years.
Post-stroke infections occurred in 32 patients (32%).
The patients were divided into 2 groups, (group A) including 68 patients who did not have post-stroke infection, and (group B) including 32 patients who had poststroke infections. The mean hospital stay for all patients
was 12.6 ± 11.7 days. The mean hospital stay for patients
who had post-stroke infections was 22.9 ± 16 days,
whereas the mean hospital stay for patients who did not
have infections was 7.7 ± 3 days. It was found that patients who had infection were older in age, have more females, and stayed in the hospital longer than those who
did not have infection. No significant differences were
found between the two groups regarding the presence of
ischemic heart disease (IHD), rheumatic fever, or peripheral vascular disease (PVD). On the other hand, patients
who had infections showed significantly more history of
previous cerebral vascular stroke (CVS) and previous
transient ischemic attacks (TIAs). Interestingly, patients
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with infection also had significantly higher rate of atrial
fibrillation (AF). Patients who had infection had higher
ESR, lower hemoglobin levels, higher total leucocytic
count, while they did not have significant difference in
platelet counts. Table 6 showed laboratory values of our
study design. Patients with infection showed worse renal
functions as evident by BUN and creatinine level, while
the liver enzymes AST and ALT were not different between the 2 groups. Fasting blood sugar, two-hour postprandial blood sugar, and HbA1C% were nearly similar
between both groups. Regarding the lipid profile, the
total triglycerides and cholesterol levels were not different between both groups, while the low-density lipoprotein (LDL)—cholesterol—was higher in the infection
group. Finally, compared to patients who did not have
infections, blood electrolytes sodium, potassium, uric
acid levels, and the clotting variables (PT and INR) were
all insignificantly different from patients who had
infections. Comparing the results of 2 groups, there was
no significant difference regarding type of affected
circulation (whether anterior or posterior), or the affected artery (anterior cerebral artery (ACA), middle
cerebral artery (MCA), posterior cerebral artery (PCA),
or vertebrobasilar system). However, patients with infection had significantly higher NIHSS score, more
occurrence of bulbar symptom, brain edema, and more
deterioration in level of consciousness. Table 7 showed
stroke state and occurrence of neurological
Table 6 Laboratory values of our study patients
Group A (68)

Group B (32)

p value

ESR

21.5 ± 10.4

79.9 ± 19.7

< 0.001

HGB

13.9 ± 2

12.5 ± 1.8

0.001

TLC

6.6 ± 1.7

12.9 ± 5.7

< 0.001

PLT

245.8 ± 70

231.8 ± 57

0.327

AST

22.1 ± 11

25.2 ± 9.5

0.166

ALT

23.2 ± 15.8

23.4 ± 11

0.937

BUN

16.4 ± 5.2

22.8 ± 8

< 0.001

Cr

1.07 ± 0.42

1.36 ± 0.66

0.012

FBS

141.4 ± 50.8

140 ± 42.3

0.901

PPBS

186.3 ± 59

204.5 ± 52.4

0.139

HBA1C

8.12 ± 2.3

8.5 ± 2.2

0.436

TG

198.7 ± 147

171.8 ± 66.9

0.329

Table 5 Pathogens responsible for UTI in our study patients

Cholesterol

205.3 ± 48

215.1 ± 59

0.397

Organism

Number of affected patients

LDL

130 ± 36

150 ± 49

0.026

E. coli

12

Na

134.2 ± 22.8

138.3 ± 4.2

0.334

Klebsiella

2

K

4.1 ± 1

3.7 ± 0.51

0.077

Acinetobacter

1

UA

5.86 ± 1.8

5.64 ± 1.6

0.552

Proteus V.

1

PC

78 ± 27

76 ± 19

0.690

Candida

1

INR

1.16 ± 0.36

1.19 ± 0.18

0.639

Gamal Reda et al. Bulletin of the National Research Centre

(2020) 44:56

Table 7 Regarding stroke status and occurrence of neurological
complications in study patients
Group A (68)

Group B (32)

p value

NIHSS

7.19 ± 3.1

14.2 ± 3.7

< 0.001

Size (S/M/L)

50/17/2

7/9/15

< 0.001

Circulation (ant/post/both)

55/13/1

23/6/2

Artery

0.425
0.064

ACA

7

0

MCA

48

26

PCA

8

0

VB

7

7

Bulbar

6

14

< 0.001

B edema

0

12

< 0.001

DCL

2

12

< 0.001

Recurrence

0

4

0.003

Carotid stenosis by duplex

29.1 ± 18

41.3 ± 21

0.006

complications. Interestingly, patients with infection had
significantly larger size of infarction as assessed by
neuro-imaging. Table 8 showed prevalence of predictors
of infections in our study. Moreover, significant correlation was found between occurrence of infection and
the rate of reduction of arterial flow in the carotid arteries as assessed by duplex studies.

Discussion
The present study showed that infection commonly
complicates acute phase after stroke. In our study, 32
patients developed infection in the acute phase poststroke which implies to an infection rate of 32%. This
rate was similar to the infection rate reported in the
meta-analysis by Westendorp et al. (2011). By comparing
this rate of infection occurring post-stroke to the average rate of nosocomial infections in our hospital (5%),
we found that stroke significantly increased the rate of
nosocomial infections. This was in agreement with
Meisel et al. (2005) who reported post-stroke infection
rate ranging from 21 to 65%, while the average nosocomial infection rate was ranging from 6 to 9% in all hospitalized patients. We found that the most common
infections were pneumonia (66% of infections and 21%
Table 8 Prevalence of predictors of infection in our study
patient
Group A (68)

Group B (32)

p value

Age > 61

20(29%)

28(87%)

< 0.001

NHISS > 9.5

12

31

< 0.001

Size > small

18

25

< 0.001

Duplex > 27.5

21

21

0.001

BUN > 18.5

26

23

0.002
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of all patients), and the second most common was urinary tract infections (47% of infections and 15% of all patients). The other reported infections were blood
infection and subcutaneous infection with markedly
lower incidence rates (5% and 3% of all patients) respectively. And interestingly, no central nervous system
(CNS) infection was recorded in any patient in our
study. These results are similar to that reported by
Westendorp et al. (2011), who also found pneumonia
and UTI to be the 2 most common post-stroke infections. However, Westendorp et al. (2011), in his metaanalysis stated that there was a wide range of variations
in the infection rate of pneumonia (1–33%) and urinary
tract infections (UTI) (2–27%). On the other hand,
Harms et al. (2011) found that UTI occurred more common than pneumonia with an infection rate ranging
from 6 to 27%, while that of pneumonia was ranging
from 5 to 22%. A very significant correlation was found
between the severity of stroke as indicated by a higher
NIHSS score and the development of infection (p value
< 0.001). This is completely in agreement with Minnerup
et al. (2010) who also found that higher NIHSS score
was associated with all types of infections. We also
found a significant correlation between the size of the
infarction and the development of infection (p value <
0.001). In our study, lesion was divided according to the
size: to small (< 1.5 cm), moderate (1.5–5 cm), and large
infarctions (> 5.0 cm or > 1/3 of the MCA territory). In
our study, a significant association was noticed between
the occurrence of post-stroke neurological complications
(brain edema, disturbed conscious level (DCL), and
stroke recurrence) and the occurrence of infections.
Interestingly, we also found a significant association between the rate of reduction in blood flow in carotid arteries elicited by carotid duplex and the development of
infections. Aslanyan et al. (2004) also found that poststroke infection rate was associated with the patients’
clinical condition. Studies including patients with a
higher stroke severity or lower levels of consciousness
showed higher infection rates, in particular for pneumonia. This effect corresponds with previous studies that
often report both characteristics as risk factors for pneumonia. We found that patients who developed infections
are significantly older in age (68.8 ± 10.2), with higher
female predominance (34%), comparing to those who
did not have stroke 57.8 ± 7.8 and 7% respectively. This
was in agreement with Ovbiagele et al. (2006) who also
found that advanced age was a risk factor for post-stroke
infection. We also found a significant correlation between the occurrence of post-stroke infection and a
positive history for stroke or transient ischemic attack or
both of them with a p value of < 0.001 for each of them.
On the contrary, no association could be found between
infections and each of diabetes mellitus (DM),
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hypertension (HTN), and hyperlipidemia, IHD, or PVD.
And interestingly, a significant correlation was found between the presence of atrial fibrillation and the development of post-stroke infection (p value = 0.001). We also
found that, the best predictors of post-stroke infections
are higher age > 61 years, higher NIHSS score > 9.5, infarction size that is larger than small and more severe
carotid stenotic lesions causing > 27.5% flow reduction
as elicited by duplex study. In our study, pneumonia was
the commonest post-stroke infection occurring to 21 patients (21%). Risk factors significantly associated with
post-stroke pneumonia were bulbar manifestations, Ryle
insertion, age > 61, female gender, AF, NIHSS > 9.5, size
of infarction larger than small and previous CVS or TIA.
Westendorp et al. (2011) found that pneumonia is the
most common post-stroke infection, and that most
strokes related pneumonias are believed to result from
dysphagia and subsequent aspiration of oropharyngeal
material or gastric content. In our study, the commonest
organisms responsible for post-stroke pneumonia were
coagulase negative Staph (5 patients), methicillin resistant staphelococcus aureus (MRSA) (5 patients), Pseudomonas (4 patients), E-coli (4 patients), Acinetobacter (3
patients), Klebsiella (2 patients), and Candida (1 patient).
Gram-negative bacteria and Staphylococcus aureus are
known to cause pneumonia by aspiration of endogenous
material from the colonized oropharynx (Millns et al.
2003). These pathogens are often seen in nosocomial infections. On the other hand, Streptococcus species is still
the most detected pathogen in community acquired
pneumonia (Jones 2010). Our results regarding the commonest pathogens were almost in agreement with
Westendorp et al. (2011) who found that microbiologic
data of patients with post-stroke pneumonia shows a
pattern of mostly early onset nosocomial pneumonia, or
a community acquired aspiration syndrome. Staphylococcus aureus and gram-negative bacteria such as Klebsiella pneumoniae, Pseudomonas aeruginosa, Escherichia
coli, or Enterobacter were commonly identified, also
Streptococcus species are occasionally found. Poststroke pneumonia usually occurs within the first 3 to 5
days after hospitalization and thus can be considered as
early-onset
(HAP)
hospital-acquired
pneumonia
(Schwarz et al. 2008). Harms et al. (2011) stated that
early-onset HAP is primarily attributed to Gramnegative bacteria, such as Haemophilus influenzae, and
Gram-positive bacteria such as methicillin (methicillin)sensitive Staphylococcus aureus (MSSA) and S. pneumoniae, while late-onset nosocomial pneumonia is usually
attributed to higher-level antibiotic-resistant Gramnegative bacteria (e.g., Pseudomonas aeruginosa, Acinetobacter spp.) and Gram-positive bacteria (e.g., MRSA).
In our study, urinary tract infection was the second most
common post-stroke infection that affected 15 of our
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patients (15%). The most important factor associated
with post-stroke UTI was insertion of urinary catheter
(p value < 0.001). Other significantly associated risk factors were female gender, old age, AF, NIHSS > 9.5, size
of infarction larger than small, and previous CVS or
TIA. Stott et al. (2009) similarly reported that a higher
age and female sex were found to be significant risk factors for urinary tract infection. In our study, different
pathogens isolated from urine cultures were E. coli (12
patients), Klebsiella (2 patients), Acinetobacter (1 patient), Proteus V. (1 patient), and candida (1 patient).
Zhanel et al. (2005) found that the most common pathogen in UTI remains Escherichia coli (55–80%). In about
5–10% of cases, other Entero-bacteriaceae, such as Proteus mirabilis and Klebsiella spp., can be isolated, and
occasionally, Staphylococcus saprophyticus is isolated.

Conclusion
Stroke is a major health problem, and infection is one of
the commonest complications following it. Risk factors
for post-stroke infections are higher age, female gender,
atrial fibrillation, and previous CVS or TIA. Post-stroke
infection is strongly associated with larger size of infarction as elicited by neuroimaging. Similarly, it is strongly
associated with greater carotid stenosis. Most common
types of infections occurring in the post-stroke phase are
pneumonia (21%) and urinary tract infection (15%). In
addition to the abovementioned risk factors, the presence of bulbar symptoms and insertion of Ryle markedly
increases the risk of post-stroke pneumonia, while insertion of Foley’s urinary catheter markedly increases the
risk of post-stroke UTI. Post-stroke infection significantly affects clinical outcome through increasing the
length of hospital stay after stroke and being strongly associated with occurrence of neurological complications.
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