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Abstract 
As the lumen of the prostatic urethra becomes compromised by fibroadenomatous growth in the 
periurethral region of the prostate of men with Benign prostatic hyperplasia (BPH), urine outflow 
is obstructed progressively resulting in incomplete bladder empting causing stasis and may pre-
dispose patients to infection. Mid stream urine samples were collected from 94 BPH patients. Ma-
croscopy, microscopy, culture and antibiotic susceptibility test were carried out on isolated uro-
pathogens. Isolated bacteria were characterized using biochemical tests. Isolated bacterial patho-
gens include Proteus mirabilis, Escherichia coli, Pseudomonas aeruginosa, Klebsiella oxytoca, Mor-
garella morgani, K. pneumonia and Enterococcus faecalis in order of frequency. The isolates show 
highest resistance of 87.1% to Ciprofloxacin and least resistance of 12.9% to Imipenem. The iso-
lates were found to be multi-drug resistant and the 12.9% resistance to Imipenem suggests pres-
ence of Carbapenemase producing bacteria among the isolates. 
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1. Introduction 
The urine flow from the kidneys down two narrow tubes called the Ureters. It is then stored in an organ called 
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the bladder and emptied through the urethra, a tube at the distal end of the bladder. The opening of the Urethra is 
at the distal end of the penal shaft in male and in front of the vagina in female. 

Benign prostatic hyperplasia (BPH) is characterized by progressive enlargement of the prostate [1]. As the 
lumen of the Prostatic urethra becomes compromised by fibroadenomatous growth in the Periurethral region of 
the prostate, urine outflow is obstructed progressively resulting in incomplete bladder empting causing stasis and 
may predispose patients to infection. 

Urinary tract infection (UTI) is one of the most common infection encountered by clinicians in developed and 
developing countries with an estimated annual global prevalence of two hundred and fifty million [2] [3]. The 
exact prevalence of UTI is age- and gender-related [4]. Approximately 1% of children, many of whom demon-
strate functional or anatomic abnormalities of the urinary tract, develop infection during the neonatal period [5]. 

Females are significantly infected more than males except at the extremes of life. This is as a result of the 
shorter and wider urethra in females. It is estimated that 20% or more of the female population suffers some 
form of UTI in their lifetime. Infection in the male population remains uncommon until after the fifth decade of 
life, when enlargement of the prostate begins to interfere with emptying of the bladder [5] [6]. In the elderly, 
gynaecologic or prostatic surgery, incontinence, instrumentation, and urethral catheterization increase UTI [5]. 

Bacterial presence in the Urine within its tract is known as bacteriuria and can result in microbial invasion of 
the organs responsible for the manufacture (kidney), transport (ureters and urethra) and storage (bladder) of 
urine. Infection of the kidney is known as pyelonephritis. Infection of the lower urinary tract that involves the 
bladder is called Cystitis while it is called urethritis when the urethra is involved. UTIs occur when normal pro-
tective mechanisms fail [7]. These mechanisms include: dislodging of bacteria during urination, high urea con-
centration in the urine, antibacterial secretions from the prostate, high urine osmolality and white blood cells [7]. 

A host of pathogenic organisms can cause UTI but bacteria are the most implicated. Others include viruses, 
fungi and parasites. Uncomplicated UTI is usually caused by one microorganism while complicated UTI may be 
polymicrobial. Majority of UTI are caused by enteric bacteria that make up the normal gastrointestinal flora. 

Oni et al. in their study on patients with indwelling urinary catheter, in Ibadan, Nigeria, reported that the 
common agents of infection to be Klebsiella sp., E. coli, Proteus sp. and Staphylococcus aureus, in order of 
frequency [8]. Taiwo and Aderounmu reported that in Osogbo, Nigeria Klebsiella sp. were the commonest pa-
thogen isolated with 46 (36.6%), followed by Pseudomonas sp. 34 (27.8%), E. coli 26 (20.6%), S. aureus 12 
(9.5%), P. mirabilis 4 (3.2%), Candida albicans4 (3.2%) and coagulate negative staphylococcus 2 (1.6%) [9]. 

Getenet et al. reported bacteria uropathogen at the Jimma University Specialized Hospital, Ethiopia to be E. 
coli 33.3%, K. pneumonia 19% and S. saprophyticus 19% [4]. Chan et al. in Taiwan reported that of the 179 pa-
tients studied 155 were men and the most common bacteria were E. coli, P. mirabilis and Pseudomonas aerugi-
nosa [10]. 

Over 95% of the UTIs were caused by a single bacterium and 90% are E. coli [5]. Enterobacteriaceae (other 
than E. coli), Pseudomonas and Gram positive bacteria become increasingly frequent with complicated and hos-
pitalized patients. Of the Gram positive bacteria enterococcus are the most important. 

BPH is one of the most common causes of LUTS [11]. Men older than 50 years are at risk for clinical BPH 
and may have coexisting conditions mimicking BPH [11] [12]. Epidemiological studies have shown evidence of 
BPH in 20% of men aged 40 - 50 years and 80% of men aged 70 - 80 years. Additionally, 25% of men over the 
age of 40 have symptoms consistent with LUTS [6]. 

Several studies, including those of Adegoke et al. [13]; Chedi et al. [2] and Getenet & Wondewosen [4] have 
been done in respect of catheterized patients. Not much has been done on uncatheterized BPH patients and 
Oshodi et al. [14] reported positive association between BPH and UTI. 

2. Materials and Methods 
This study was carried out at the University of Ilorin Teaching Hospital (UITH), Ilorin, Nigeria. Ethical Review 
Committee of the Hospital approved the study. It was a cross sectional study of urinary tract infection among 
benign prostatic hyperplasia (BPH) patients attending urology clinic of the surgical out-patient clinic at the 
UITH. Patients that were on antibiotics within the last 72 hours from time of sample collection and patients on 
catheter were excluded. 

Sample size was calculated to be 94 using Fisher’s formula N = Z2pq/d2 [15], where; N = the required sample 
size, Z = the confidence interval at 95% (standard value of 1.96), p = estimated prevalence of UTI associated 
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with BPH put at 0.065 [16]. Using purposive sampling technique mid stream urine samples were collected from 
94 BPH patients into a wide mouth, screw-capped sterile containers. Samples were processed within one hour 
after collection. Each Sample was mixed and divided into 2 parts. 

One part was centrifuge at 2500 rpm for 5 minutes. The supernatant poured off and the sediments tapped and 
poured onto a clean glass slide. Covered with a cover slip and examined under 10x and 40x objectives. Pus cells 
and bacterial cells were looked out for and recorded accordingly. The second part was cultured, using a standard 
wire loop, on CLED and Blood agar and incubated at 37˚C for 18 - 24 hours. Plates were examined for bacterial 
growth. Bacterial growths of ≥105 colony forming units were taken to be significant. Isolates were Gram stained 
and necessary biochemical tests were carried out. Isolates were identified following the chart in Figure 1. 

Antibiotic susceptibility tests were carried out using modified Kirbby Bauer method [3]. Gentamycin, Cefta-
zidime, Nitrofurantoin, Ciprofloxacin, Cefuroxine and Imipenem were tested against the isolates. Zones of inhi-
bition diameters were interpreted as guided by Table 1. 

3. Results 
Based on evidence of pyuria on wet preparation and significant bacteriuria on culture, 31 out of the 94 men were 
found to be positive for urinary tract infection giving a prevalence of 33%, details on Table 2. 

 

 

GNR NLF LF 

Indole Oxidase 

Citrate Urease 
Citrate 

Indole 

E. coli 
K. oxytoca K. preumoniae 

Enterobacter spp. 

Klebsiella spp. 
Escherichia coli 
Enterobacter spp. 

E. coli K. oxytoca 

Enterobacter K. pneumoniae 

Proteus spp. 
Morganella morganii 
Pseudomonas aeruginosa 

Proteus spp. 
Morganella morganii 

(Green pigmentation) 
Pseudomonas aeruginosa 

Proteus spp. 
Morganella morganii 

P. vulgaris P. mirabilis 

  

 
Figure 1. Flow chart of identification of gram negative rods bacterial pathogen. LF = Lactose Fermenting; NLF = Non Lac-
tose Fermenting; GNR = Gram Negative Rod. 
 
Table 1. Interpretation of zone of inhibition diameter for antibiotics tested. 

Antibiotics Resistance (mm) Intermediate (mm) Susceptible (mm) 

Gentamycin, 10 µg ≤12 13 - 14 ≥15 

Nitrofurantoin, 100 µg ≤12 13 - 16 ≥17 

Ciprofloxacin, 5 µg ≤15 16 - 20 ≥21 

Ceftazidime, 30 µg ≤14 15 - 17 ≥18 

Cefuroxime, 30 µg ≤14 15 - 22 ≥23 

Imipenem, 25 µg ≤19 20 - 22 ≥23 
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Proteus mirabilis is the leading cause of UTI among the subjects of the study closely followed by E. coli and 
Pseudomonas aeruginosa, details in Figure 2. 

4. Discussion 
There is steady increase in the prevalence of urinary tract infection with age among BPH patients, with an over-
all prevalence of 33% and highest prevalence of 70.6% at ages 80 years and above (Table 2) agrees with the 
submission of Oshodi et al. [14] that the prevalence of UTI promoted by stasis secondary to BPH should in-
crease with age. 
 

Table 2. Prevalence of UTI among patients diagnosed with BPH. 

Age (yrs) n for each group Prevalence of UTI among patients diagnosed with BPH (%) 

50 - 59 17 11.8 

60 - 69 26 24.1 

70 - 79 34 29.4 

80 and above 17 70.6 

SUMMARY 94 33.0 

The highest prevalence was observed among ages 80 years and above while lowest prevalence was observed among ages 50 - 59 years. 
There is increase in prevalence with age. 
 

 
Figure 2. Prevalence of bacterial isolates among patients diagnosed with BPH and their age-matched control. 
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Table 3. Summary of susceptibility pattern of bacterial isolates from patients diagnosed with BPH. 

Antibiotics 
Isolate from patients diagnosed with BPH (n = 31) 

R (%) I (%) S (%) 

GENTAMICIN 77.4 0.0 26.4 

CEFTAZIDIME 38.7 22.6 38.7 

NITROFURANTION 80.6 0.0 19.4 

CIPROFLOXACIN 87.1 0.0 12.9 

CEFUROXIME 71.0 6.5 22.5 

IMIPENEM 12.9 19.4 67.7 

The isolates were found to show highest resistance to Ciprofloxacin and least resistance to Imipenem, details on Table 3. 
 
The finding that P. mirabilis is the leading cause of infection while P. aeruginosa and E. coli both occupied 

the second position is explained by the fact that host abnormality is the principal determinant of infection, with 
less importance to organisms factors, in complicated UTIs [17]. BPH compromises the protective mechanism of 
the urinary tract thereby giving the opportunistic organisms room to cause infection. 

Enterobacteriaceae (other than E. coli), Pseudomonas and Gram positive bacteria became increasingly fre-
quent with chronic, complicated and hospitalized patients of urinary disorders. Enterococci are the most impor-
tant of the Gram positive [5]. This is evident in the finding of high prevalence of Proteus, Pseudomonas and E. 
faecalis as the only Gram positive bacteria (Figure 2). 

The isolation of Morgarella morganii is in line with the submission of Auda & Grawi [18]. This is of impor-
tance because the report of Auda & Grawi stated that bacteriamia caused by M. morganii frequently occur sec-
ondary to UTI and with high mortality rate especially if not treated with appropriate antibiotics [18]. 

High resistance, to most of the antibiotics tested, shown by isolates from this study maybe due to fact that pa-
tients with BPH often experience UTI which must have led the patients to the use of different antibiotics, hence 
development of resistant strains. This suggests that the resistant strains undergo directional selection, in which a 
single phenotype is favoured, causing the trait frequency to continuously shift in one direction. The favoured 
trait increases in frequency independent of its relative dominance over others. In this case the favourable condi-
tion is created by the wide use of antibiotics and the favoured trait is the resistant trait. 

The 12.9% resistance to Imipenem observed in this study suggests presence of Carbapenemase producing or-
ganisms at this locale. 
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