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Background: Infections are known to be a major complication of stroke patients. In this study, 

we evaluated the risk of community-acquired bacteriuria among stroke patients, the associated 

factors, and the causative organisms.

Methods: This was a cross-sectional study involving 70 stroke patients and 83 age- and sex-

matched, apparently healthy controls. Urine specimens were collected from all the study subjects 

and were analyzed by standard microbiological methods. Demographic and clinical information 

was also collected from the study subjects. For stroke patients, the information collected also 

included stroke parameters, such as stroke duration, frequency, and subtype.

Results: Bacteriuria was significantly higher among stroke patients (24.3%, n=17) than among the 

control group (7.2%, n=6), with a relative risk of 3.36 (confidence interval [CI], 1.40–8.01, P=0.006). 

Among the control group, all six bacteriuria cases were asymptomatic, whereas the 17 stroke 

bacteriuria cases comprised 15 cases of asymptomatic bacteriuria and two cases of symptomatic 

bacteriuria. Female sex (OR, 3.40; CI, 1.12–10.30; P=0.03) and presence of stroke (OR, 0.24; CI, 

0.08–0.70; P=0.009) were significantly associated with bacteriuria. The etiology of bacteriuria was 

similar in both study groups, and coagulase-negative Staphylococcus spp. were the most predominant 

organisms isolated from both stroke patients (12.9%) and the control group (2.4%).

Conclusion: Stroke patients in the study region have a significantly higher risk of community-

acquired bacteriuria, which in most cases is asymptomatic. Community-acquired bacteriuria in 

stroke patients appears to have little or no relationship with clinical parameters of stroke such 

as stroke subtype, duration and frequency.

Keywords: stroke-related bacteriuria, asymptomatic, urinary tract infections, hypertension, 

coagulase-negative staphylococci, urine

Introduction
Urine samples are normally sterile, and the presence of bacteria in urine defines 

bacteriuria, which is considered significant if the bacterial count is greater than 

1×105 per mL.1–3 Several bacterial organisms have been implicated in bacteriuria, but 

the common ones include Escherichia coli and Staphylococcus spp.3–5 In urinary tract 

infections (UTIs), bacteriuria is accompanied by symptoms such as dysuria, pyuria, and 

frequent urination.1,2 UTIs can be classified into lower tract (acute cystitis) or upper 

tract (acute pyelonephritis) infections.1,2,6 Cystitis is associated with bladder mucosal 

invasion, whereas pyelonephritis is related to inflammation of the renal parenchyma, 

calices, and pelvis.2,6,7 UTIs are among the most commonly diagnosed infections in 

both hospital-acquired and community-acquired infections, and constitute an impor-

tant cause of bacteremia.1,8 Several risk factors of UTIs have been identified, and 
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include female sex, being sexually active, use of spermicidal 

contraceptives, urinary tract abnormalities, and antibiotic 

exposure.9–11 In asymptomatic bacteriuria (ASB), the bacte-

riuria is without the accompanying symptoms of a UTI, and 

ASB is more common among elderly people and in patients 

with diabetes, bladder catheters, and spinal cord injuries.10,11 

ASB does not directly affect health and is generally not 

treated, unless in cases where a UTI is particularly risky, 

such as in pregnancy or with a condition that suppresses the 

immune system.3,10,11

So far, studies that have investigated bacteriuria and UTIs 

among stroke patients have been related to hospital-acquired 

infections, and have been carried out mainly in the devel-

oped world.11–13 These studies reported prevalence rates of 

3%–44%, which indicates that hospital-acquired UTIs may 

be a common medical problem among stroke patients.11–14 

Studies on community-acquired UTIs are relatively uncom-

mon, and very little is known about the risk of community-

acquired UTIs among stroke patients in either the developed 

or the developing world.

Currently, the majority of stroke morbidity and mortality 

cases occur in sub-Saharan Africa, where many infectious 

diseases also exert their toll.15 To the best of our knowl-

edge, the relationship between stroke and bacteriuria has 

not been previously studied in any sub-Saharan African 

country, though this information is likely to be relevant in 

the management of stroke in the sub-region. In the present 

study, we aimed to determine the risk of community-acquired 

bacteriuria and UTIs among the stroke patients and to identify 

factors associated with the condition.

Methods
Study design and sampling
This was a cross-sectional study comprising stroke patients 

and apparently healthy controls. The stroke patients were 

recruited from the physiotherapy clinic of the Korle-Bu Teach-

ing Hospital in Accra, Ghana from October 2013 to March 

2014. Korle-Bu Teaching Hospital is the largest hospital 

in Ghana, and its physiotherapy unit operates an outpatient 

service from Monday to Friday every week.16 Using a 95% 

confidence level, a 10% estimated bacteriuria prevalence 

reported previously among stroke patients,11 and a 5% allow-

able error, 70 stroke outpatients were consecutively recruited 

into the current study. The recruitment of stroke patients was 

based on definite clinical and/or radiological diagnosis of 

stroke, and patients with ambiguous diagnosis of stroke were 

excluded from the study. We also excluded stroke patients who 

had been discharged from hospital for less than 2 months and 

those who had taken antibiotics 2 weeks or earlier prior to the 

study. A control group comprising 83 age- and sex-matched 

subjects, without clinical evidence of stroke or any history of 

the disease, were recruited from the environs of the Korle-Bu 

Teaching Hospital. Information on demographic features of 

the study participants was collected. For the stroke patients, 

information on stroke type, frequency, duration, risk factors/

comorbidities, and side of the body affected was also collected 

or was extracted from their clinical records. A mid-steam urine 

sample was obtained from each of the study participants and 

was analyzed in the bacteriology laboratory of the University 

of Ghana Medical School, Accra, Ghana.

Laboratory analysis of urine specimens
Urine specimens were inoculated onto plates of blood agar, 

MacConkey agar, and cysteine lactose electrolyte-deficient 

agar using a standard loop calibrated to hold 0.01 mL of 

urine. The plates were incubated at 37°C aerobically for 

18–24  hours. After incubation, bacterial colonies on the 

agar plates were counted, and the results were multiplied by 

the loop volume. A bacterial count of 1×105 per mL was 

considered as significant bacteriuria, while counts of less 

than 1×105 per mL were considered as no significant bacterial 

growth.17,18 Bacterial isolates were identified based on colo-

nial morphology, Gram stain, and a battery of biochemical 

tests including catalase, coagulase, triple sugar iron, urease, 

indole, and citrate utilization.17

Data analysis
Data were analyzed using SPSS version 11.0 (SPSS Inc, 

Chicago, IL, USA). First, descriptive analyses including 

computation of arithmetic means, frequencies, and percent-

ages were carried out on the study variables. Variables were 

compared between the stroke patients and the control group 

using the Student’s t-test for numeric variables and the chi-

square test for categorical variables. 

Univariable associations were performed between 

bacteriuria and all the other study variables. Subsequently, 

variables significantly associated with bacteriuria were used 

as independent variables in a logistic regression analysis 

to identify determinants of bacteriuria. Significance of the 

independent variables was assessed by P-values, odds ratios 

(ORs), and confidence intervals (Cis) from Wald statistics; 

P-values ,0.05 were regarded as significant.

Ethics statement
The study was approved by the Ghana Health Service Ethics 

Review Committee (ethics approval identification number, 

GHS-ERC: 03/07/11), and informed consent was obtained 

from the study participants.
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Results
Demographic characteristics of the study 
participants
The demographic characteristics of the 70 stroke patients 

and 83 healthy control subjects who participated in the 

study are reported in Table 1. The mean age of stroke 

patients was 55.6±11.3 years, while that of healthy con-

trols was 53.8±10.6  years. The male-to-female ratio of 

the stroke patients and healthy controls were 1.5:1 and 

1.4:1, respectively. Among both the stroke patients and the 

healthy controls, the majority were married and educated 

to the secondary level. There was no significant difference 

between the stroke patients and the healthy controls in age, 

sex distribution, education, or marital status.

Clinical characteristics of the stroke 
patients
Sixty-three of the stroke survivors (90%) had experienced 

stroke once, six survivors (8.6%) had had two stroke 

episodes, while 1 survivor (1.4%) had had three stroke 

episodes; overall, the recurrence of stroke was 10%. The 

average period that stroke patients had lived with the dis-

ease was 12.7 (standard deviation [SD] =20.0) months. In 

50.9% of the stroke cases, the disease had affected the right 

half of the body, while for 49.1% of the stroke cases, the 

left half of the body was affected. Based on radiological 

information (which was available for 22 patients), 27.3% 

of the strokes were hemorrhagic, while 72.7% of the 

strokes were ischemic infarctions. Hypertension was the 

commonest morbidity feature among the stroke patients 

(74%, n=52), followed by diabetes (4.3%, n=3) and asthma 

(1.4%, n=1).

Bacteriuria and causative organisms
Prevalence of bacteriuria, UTI, ASB, and causative organ-

isms among the stroke patients and controls are reported in 

Table 2. Bacteriuria was significantly higher among stroke 

patients (24.3%, n=17) than among the control group (7.2%, 

n=6), and the relative risk was 3.36 (95% CI, 1.40–8.01). 

Among the 17 stroke patients who had bacteriuria, 15 had 

ASB, while two patients had UTI; thus, ASB and UTI 

prevalence among stroke patients was 21.4% and 2.9%, 

respectively. All six bacteriuria cases among the control 

group were asymptomatic; thus, prevalence of ASB and 

UTI among the control subjects was 7.2% and 0%, respec-

tively. Prevalence of ASB was significantly higher among 

the stroke patients (21.4%) than among the control group 

(7.2%). However, there was no significant difference in 

UTI prevalence between stroke patients (2.9%) and the 

control group (0%).

A wide range of bacterial organisms were isolated 

from the urine samples that were positive for bacte-

riuria (Table 2). The causative organisms fell into three 

groups including enterobacteriaceae, staphylococci, and 

streptococci. The enterobacteriaceae comprised five spe-

cies (E. coli, Proteus mirabilis, Enterococcus faecalis, 

Citrobacter koseri, and Enterobacter spp.) and had a 

prevalence of 1.4%–4.3% among stroke patients and a 

prevalence of 0%–1.4% among the control group. Coagu-

lase-negative Staphylococcus spp. were more predominant 

than Staphylococcus aureus, which was isolated exclu-

sively from stroke patients. Overall, coagulase-negative 

Staphylococcus spp. were the most predominant bacteria 

isolated, with a prevalence of 12.9% among stroke patients 

and 2.4% among the control group. The streptococci iso-

lated were all viridian streptococci and had similar preva-

lence rates among stroke patients (2.9%) and among the 

control group (2.4%). Causative organisms of bacteriuria 

did not show any significant differences in prevalence 

between the stroke patients and the control group, except 

for coagulase-negative staphylococcus.

The univariable analysis showed that several demographic 

features of the subjects, including age and education, did 

not have any effect on bacteriuria (Table 3). However, there 

was significant difference in bacteriuria between males and 

females, and also among different categories of marital status 

of the subjects (Table 3). Female subjects were significantly 

associated with bacteriuria (P=0.003). Subjects who were 

Table 1 Demographic features of the study participants

Variable Stroke 
group,
n (%)

Control 
group,
n (%)

Significance

Sex P.0.05
Male 42 (60.0) 48 (57.8)
Female 28 (40.0) 35 (42.2)
Male-to-female ratio 1.5:1 1.4:1

Mean age, years, mean ± SD 55.6±11.3 53.8±10.6 P.0.05
Education P.0.05

None 2 (2.9) 2 (2.4)
Primary 10 (14.3) 11 (13.3)
Secondary 33 (47.1) 45 (54.2)
Tertiary 25 (35.7) 25 (30.1)

Marital status P.0.05
Married 47 (70.2) 59 (71.1)
Single 7 (7.5) 8 (9.9)
Separated 2 (3.0) 4 (4.8)
Divorced 8 (11.9) 4 (4.8)
Widowed 5 (7.5) 2 (2.4)
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“single” were less likely to have bacteriuria (P,0.01). 

None of the stroke parameters including stroke frequency, 

duration, subtype, side of the body affected, or hypertension 

significantly affected bacteriuria in the univariable analysis 

(Table 3). In the multivariable analysis, female sex (OR, 

3.40; 95% CI, 1.12–10.30; P=0.03) and the presence of stroke 

(OR, 0.24; 95% CI, 0.08–0.70; P=0.009) were identified as 

predictors of bacteriuria (Table 3).

Discussion
In this study, we investigated bacteriuria among stroke patients 

attending a physiotherapy clinic and compared the results with 

bacteriuria among healthy controls recruited from environs 

of the study hospital. The background of the study sampling 

indicated that the sample was more of a community sample 

and that the bacteriuria cases were therefore community-

acquired. Though evidence of bacteriuria occurred in 24.3% 

of the stroke patients, UTI occurred in only 2.9% of the stroke 

cases, and ASB was more common (21.4%). By comparison, 

a study among stroke inpatients in a hospital in Turkey 

reported a bacteriuria prevalence of 39.1%, and UTI and 

ASB prevalence rates were 27.3% and 11.8%, respectively.19 

A systematic review on infections among stroke inpatients 

reported a UTI prevalence rate of 10%,13 which was higher 

than the 2.9% reported in our current study. Thus, hospital-

acquired UTI appears to be a more common complication of 

stroke than community-acquired bacteriuria. However, further 

studies are required to confirm this observation.

We observed a significantly higher prevalence of bacte-

riuria among stroke patients (24.3%) than among the healthy 

controls (7.2%), which suggests that stroke predisposes an 

individual to community-acquired bacteriuria. The actual risk 

of community-acquired bacteriuria to a stroke patient was 

computed to be more than three-fold higher. The relatively 

greater susceptibility of stroke patients to infections can be 

attributed to several reasons. In the first place, the neurologi-

cal impairment in stroke is known to cause immunodepression 

through several humoral and neural pathways.20 The defects 

in immune function in stroke patients include reduced periph-

eral blood lymphocyte counts, impaired T- and natural killer 

cell activity, and reduced mitogen-induced cytokine produc-

tion and proliferation.20,21 Maximal neurological impairment 

occurs during the first 3 days of stroke,20 by which time the 

stroke patient is normally in the hospital. This situation, in 

addition to invasive hospital procedures (such as catheteriza-

tion), may account for the higher prevalence of bacteriuria 

reported among stroke inpatients as compared to our stroke 

patients, who were outpatients. Secondly, stroke patients 

usually have comorbidities, which seem to make them more 

susceptible to infections.22 The commonest co-morbidity 

among our stroke patients was hypertension, but it did not 

show any significant association with bacteriuria. We were 

Table 2 Prevalence of bacteriuria and causative organisms among stroke patients and healthy controls

Parameter Stroke Control Significance

n % n %

Bacteriuria 17 24.3 6 7.2 P=0.0055*
Asymptomatic bacteriuria 15 21.4 6 7.2 P=0.0170*
Urinary tract infections 2 2.9 0 0 P=0.2077
Causative organisms

Coagulase-negative Staphylococcus spp. 9 12.9 2 2.4 P=0.0237*
Staphylococcus aureus 2 2.9 0 0 P=0.2077
Viridans Streptococcus spp. 2 2.9 2 2.4 P=0.1000
Escherichia coli 3 4.3 1 1.4 P=0.3325
Enterobacter spp. 1 1.4 1 1.4 P=0.1000
Proteus mirabilis 2 2.4 0 0 P=0.2027
Enterococcus faecalis 1 1.4 0 0 P=0.4575
Citrobacter koseri 1 1.4 0 0 P=0.4575

Note: *P-value is statistically significant.

Table 3 Factors associated with bacteriuria

P-value OR (95% CI)

Univariable analysis
Age 0.751
Sex 0.003
Education 0.209
Marital status 0.014
Presence of stroke 0.003
Stroke duration 0.806
Stroke subtype 0.254
Stroke frequency 0.457
Body part affected 0.257
Hypertension 0.376
Multivariable analysis
Sex 0.030 3.40 (1.12–10.30)
Marital status 0.507 1.26 (0.73–2.17)
Presence of stroke 0.009 0.24 (0.08–0.70)

Abbreviations: OR, odds ratio; CI, confidence interval.
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unable to investigate the relationship between diabetes and 

bacteriuria among our stroke patients, owing to the few cases 

of diabetes in our dataset.

In the present study, the etiology of bacteriuria was 

similar in stroke patients and in the healthy controls, 

and involved three groups/genera of organisms. Strep-

tococcus spp. are indicative of community-acquired 

infections rather than hospital-acquired infections.13,23,24 

The isolation of viridans streptococci from both stroke 

patients and from controls in the current study reflects 

the background of our study sample as a community 

sample. Staphylococcus spp. isolated from humans can 

be classified into two groups based on the coagulase test. 

These two groups are coagulase-negative staphylococci 

and S. aureus, which is coagulase-positive.23 S. aureus 

is the main staphylococcal pathogen and causes a wide 

range of infections, such as UTI, septicemia, carbuncles, 

food poisoning, and osteomyelitis.23,24 Interestingly, in the 

present study, coagulase-negative staphylococci, which 

are known to be less virulent, were more common in bac-

teriuria than were S. aureus. Similar findings have been 

reported,25,26 and these results highlight the importance 

of including coagulase-negative staphylococci in the 

surveillance of human pathogens as far UTI is concerned. 

Coagulase-negative staphylococci, particularly Staphy-

lococcus epidermidis and Staphylococcus haemolyticus, 

are emerging as opportunistic pathogens in immuno-

compromised patients.27 Generally, coagulase-negative 

staphylococci cause infections related to prosthetic medi-

cal devices including bacteremia, endocarditis, UTIs, and 

endophthalmitis.27 One member of coagulase-negative 

staphylococci, Staphylococcus saprophyticus, is particu-

larly associated with urinary infections.28 Enteric bacteria 

such as E. coli and Enterobacter spp. were commonly 

implicated in bacteriuria in our present study, which 

concurs with other studies.4,13

Antibiotic resistance has become a major problem with 

urinary isolates, especially with E. coli and other enteric 

bacteria. Owing to the small numbers of isolates of the 

different organisms, it was not statistically feasible to report 

on the antibiotic resistance patterns of urinary isolates in 

our current study. It has been reported that in Ghana, E. coli 

isolated from the urine of patients had multiple drug resis-

tance prevalence of 40%, and the majority of the isolates 

(.70%) were resistant to tetracycline, ampicillin, and 

erythromycin.29

The significant association of bacteriuria with females in 

our study has previously been reported,4,10,11 and is probably 

due to the proximity of the female urinary system to the 

anus, which makes it easy for enterobacteriaceae (common 

etiological agents of UTI) to move into the urinary system. 

Based on the results of this study, it is important to 

take a closer look at ASB in relation to stroke. Screening 

for ASB among stroke patients is rare at both hospital and 

community levels. However, the high ASB prevalence of 

18% in the current study, coupled with immunodepres-

sion in stroke patients, seems to indicate that screening 

for ASB among stroke patients may be necessary, as well 

as its treatment. Our study was a cross-sectional study, 

and therefore we were not able to evaluate if ASB among 

stroke patients actually progresses to UTI. We hypothesize 

that this may be the case, given the immunodepression of 

stroke patients and the evidence of UTI among some of 

our stroke patients. Further studies to address these issues 

are necessary.

This study also gave us the opportunity to examine some 

of the epidemiological characteristics of stroke patients 

in the study area. The mean age of stroke patients in the 

present study was 55.6 years, which is quite similar to 

the mean age reported by a Nigerian study (59 years), but 

significantly lower than the mean age (69 years) of stroke 

patients in a German population.30 This disparity may be 

due to the longer life expectancy in Western countries 

and also the fact that age-specific incidence of stroke is 

relatively higher in younger age groups in sub-Saharan 

Africa. Hypertension was the most important co-morbidity 

among stroke patients, an observation that has also been 

reported by other studies in different parts of the world.31–33 

Nevertheless, hemorrhagic stroke, which is related to 

hypertension, was less common among the stroke patients 

than ischemic stroke, which is related to comorbidities such 

as atrial fibrillation.

We conclude that stroke patients have a significantly 

higher risk of bacteriuria, which in most cases is asymp-

tomatic. The etiology of community-acquired bacteriuria 

is similar in both stroke patients and healthy controls. 

Community-acquired bacteriuria appears to have little or no 

relationship with clinical parameters of stroke, such as stroke 

subtype, duration, and frequency.

There are a few limitations of the study. Since the stroke 

patients may have been hospitalized at some point, it is pos-

sible that the bacteriuria cases may be hospital-acquired, 

though this is less likely to be the situation considering the 

sampling strategy used. Additionally, coagulase-negative 

staphylococci are normal flora of the skin, and their occur-

rence in the urine samples may have been by contamination, 

though this is less likely, as we collected mid-stream urine 

to complete our sampling process.
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