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Background: Urinary tract infection (UTI) is one of the most common bacterial infectious
diseases encountered in clinical practice, and accounts for significant morbidity and high
medical costs. To reduce its public health burden, there is the need for local research data to
address aspects of prevention and management of UTI. The aim of this study was to
investigate community-acquired UTI among adults in Accra, Ghana, including the risk
factors, etiological agents, and antibiotic resistance.

Methods: This was a cross-sectional study involving 307 patients clinically diagnosed with
UTI at the Korle Bu and Mamprobi polyclinics in Accra. Urine specimens were collected
from the study participants and analyzed by culture, microscopy, and dipstick. The bacterial
isolates were identified using standard microbiological methods and tested against
method. Multidrug
Enterobacteriaceae isolates were screened for Extended Spectrum f-lactamase (ESBL)

a spectrum of antibiotics by the Kirby Bauer resistant
production by the double disc method, and isolates that tested positive were analyzed by
Polymerase Chain Reaction for ESBL genes. Demographic information and clinical history
of study participants were collected.

Results: Based on the criteria for laboratory confirmed UTI, 31 (10.1%) of the 307 speci-
mens were positive and the main risk factor of UTI among the study participants was
pregnancy (P=0.02, OR=2.43). The most common uropathogen isolated was Escherichia
coli (48.9%), followed by Klebseilla sp. (16.1%). Prevalence of resistance was highest for
Piperacillin (87.1%) and Amoxicillin+Clavulanic Acid (87.1%) and lowest for Amikacin
(12.9%). Prevalence of multidrug resistance among the uropathogens was 80.1% (25) and the
most common ESBL gene detected was CTX-M-15.

Conclusion: Pregnant women constitute the key risk population of UTI in Accra, while
Amikacin remains a suitable drug for the treatment of febrile UTI. The high prevalence of
multidrug resistance among the uropathogens highlights the need for surveillance of anti-
microbial resistance among these pathogens.
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Introduction

Urinary tract infection (UTI) refers to microbial invasion of the urinary tract by one
or more uropathogenic bacteria species, leading to significant bacteriuria and the
presence of symptoms such as dysuria.' It is one of the commonest diseases
diagnosed in outpatients and affects approximately 150 million people yearly.?
The associated cost of healthcare is enormous, accounting for $659 million in
direct costs for treating and $936 million in indirect costs, totaling $1.6 billion
annually.®> Two main types of UTIs are known based on how the infection is
acquired: hospital acquired UTI (Nosocomial UTI) and community acquired
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UTL.* Hospital acquired UTI is defined as the onset of UTI
in patients, 48 hours after admission, while community
acquired UTI refers to the development of infections
before admission to the hospital and not within 10 days
after the patient has been discharged.*® Escherichia coli is
the commonest cause of both community and hospital
acquired UTL°*®*® Other common uropathogens encoun-
tered in community acquired UTI include Staphylococcus
saprophyticus, Klebsiella pneumoniae, and Citrobacter
spp.””!! The etiology of hospital acquired UTI is, how-
ever, more varied and includes a wide range of organisms
such as Pseudomonas aeruginosa and Proteus sp., which
are hardly encountered in community-acquired UTL'*"?
Community-acquired UTI are usually uncomplicated, and
the risk factors commonly include female sex, being sexu-
ally active, and use of spermicidal contraceptives.'*'> On
the other hand, hospital acquired UTI is usually compli-
cated and is associated with risk factors such as catheter-
ization and recent antibiotic use.'®!”

The use of antimicrobial therapy has contributed a great
deal to the management of UTI. However, accumulated
evidence shows that treatment of these infections is increas-
ingly becoming difficult due to the rapid emergence of
antimicrobial resistance in hospitals and the community,
a phenomenon attributed to overuse and misuse of
antibiotics.'®'? Although a global problem, antibiotic resis-
tance of uropathogens carries more significance in the devel-
oping world, where treatment options are limited. In Ghana,
antimicrobial treatment of UTI is mainly empirical due to
a relative lack of appropriate laboratory facilities for culture
and susceptibility testing of bacteria in several health facil-
ities. Unfortunately, few studies have reported on antimicro-

20,21
021 and

bial resistance patterns of uropathogens in Ghana,
without recent surveillance data of antimicrobial susceptibil-
ity, empirical treatment of UTI could be ineffective and
expensive. To help address this problem and contribute to
effective management and prevention of UTI, this study was
carried out. The aim of the study was to investigate com-
munity-acquired UTI in Accra, Ghana, including the risk

factors, etiological agents, and antibiotic resistance.

Materials and methods
Study site and sampling

The study was conducted at two clinics in Accra, namely
Korle Bu Polyclinic and Mamprobi Polyclinic. Accra is the
capital city of Ghana and has a population of about
1.8 million people.”” The two polyclinics provide primary

healthcare to a large section of the adult population in Accra
due to their strategic location in the city center. Korle Bu
Polyclinic is a 42-bed facility, while Mamprobi Polyclinic is
a 54-bed facility (Prince Horlortu, personal communication,
2016). In addition to general medical services, both clinics
provide healthcare in areas of minor surgeries, medical
laboratory service, radiography, and assorted body imaging
services. This study was cross-sectional in design and was
conducted between April and September 2016. Using
a 95% confidence level, a 22.5% estimated UTI prevalence
reported previously?® and a 5% allowable error, 307 patients
who were clinically suspected of having a UTI were ran-
domly recruited from both polyclinics. Patients recruited
met the inclusion criteria of not been admitted into the
hospital for not more than 48 hours and satisfying the age
requirement of 13 years and above. Patients who had been
on antibiotics 2 weeks or earlier prior to the study were
excluded. Information on demographic and clinical features
of the study participants was extracted from their clinical
records, and these included age, gender, body mass index
(BMI), previous UTI, presence of diabetes, frequency of
sex, and pregnancy (in the case of females). A mid-steam
urine sample was obtained from each of the study partici-
pants for analysis in the bacteriology laboratory of the
and Allied Health Sciences,
University of Ghana, which is less than a kilometer from

School of Biomedical
each of the study clinics.

Laboratory investigations

Analysis of urine samples

The urine samples were cultured on Cysteine Lactose
Electrolyte Deficient (Oxoid Ltd., Basingstoke, UK) media
and incubated at 37°C for 18-24 hours.** Following incu-
bation, colonies of bacteria were counted and counts of
>10° (cfu/mL) were regarded as significant bacteriuria.?’
Isolated bacteria were identified based on their colonial
morphology, Gram-stain reactions and biochemical tests
including oxidase test, triple sugar iron (TSI) fermentation
tests, indole test, citrate utilization test, urea utilization test,
catalase test, coagulase test, and motility.

After the culture process, SmL of the remaining urine
samples were aseptically transferred into 15 mL falcon
tubes for centrifugation. The macroscopic properties (color
and appearance) of the urine samples were observed and
recorded for each sample. Dipstick analysis of each sample
was performed by immersing the urine test strip entirely
into the urine samples for a brief period (2 seconds). The
strips were removed, then examined for biochemical
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parameters including glucose, proteins, pH, specific gravity,
ketones, nitrites, bilirubin, urobilinogen, and the presence of
cells such as leucocytes and erythrocytes. Attention was
paid to the nitrite and leucocyte, indicating portions of the
strip as they serve as highlights for possible bacterial infec-
tion. The urine transferred into the clean transparent falcon
tubes were centrifuged at 2,500 rpm for 3 minutes, after
which the supernatant was decanted and the residue used to
prepare a wet mount and observed under the dry high power
objective of the light microscope. Evidence of pus cells, red
blood cells, parasites, yeasts cells, epithelial cells, crystals,
casts, and bacteria were sought for and recorded. Urinary
tract infections in the study participants were determined by
significant bacteriuria with the presence of pyuria.*

Antibiotic susceptibility testing
Susceptibility testing of isolates was performed using the
Kirby Bauer disc diffusion method with strict adherence to
the 2016 Clinical Laboratory Standards Institute (CLSI)
guidelines. The antibiotics tested included: Nalidixic acid
(30 pg), Ciprofloxacin (5 pg), Norfloxacin (20 png),
Levofloxacin (5 pg), Amikacin (30 ng), Gentamicin (10
ng), Nitrofurantoin (300 pg), Piperacillin (20 pg), Oxacillin
(1 ng), Amoxicillin+Clavulanic Acid (Augmentin) (30 pg),
Cefuroxime (30 pg), Ceftazidime (20 nug), and Tetracycline
(30 pg). Standardized inoculums were prepared in sterile
saline to turbidity comparable to 0.5 McFarland standard
solution of barium sulfate. Muller-Hinton agar plates were
swabbed with the standardized inoculums and antimicrobial
discs aseptically placed on it after drying the plate for 3-5
minutes. The plates were then incubated at 37°C for 18
hours.?”*® The zone sizes were measured and interpreted
using the 2016 CLSI guidelines (www.clsi.org).*®
Screening for Extended Spectrum B-lactamases (ESBLs)
was performed on multi-drug resistant Enterobacteriacae
isolates using the double disc method.”® Antibiotic discs
of Ceftazidime (30 pg), and Ceftazidime plus Clavulanic
acid (30/10 pg) were placed on Mueller Hinton agar and
incubated at 37°C for 18-24 hours. An organism was con-
sidered as an ESBL producer if there was a >5 mm increase
in the zone diameter of Ceftazidime/Clavulanate disc and
that of Ceftazidime disc alone.”® E. coli ATCC 25922 and
a known in house ESBL producer were used as negative
and positive controls, respectively. Positive ESBL isolates
were further characterized using Polymerase Chain
Reaction (PCR) (Qiagen Multiplex PCR kit) to determine
the specific genes responsible for conferring resistance to
the isolates.

For detection of ESBL genes, SHV, TEM, OXA-2,
OXA-10, and the CTX-M group 1, 2, and 9 primers
were used. All PCR protocols included an initial denatura-
tion of 94°C for 15 minutes and a final extension at 72°C
for 10 minutes. The PCR products were analyzed for
nucleotide sequencing at Ingaba biotech™, South Africa,
and compared with sequences in the NCBI database
(http://www.ncbi.nlm.nih.gov/BLAST).

Data analysis

Data collected in the study were entered into Microsoft Excel
version 2010 and analyzed using STATA version 12.
Descriptive analyses were carried out on the study variables,
which included computation of arithmetic means, percen-
tages, and frequencies. Uni-variable associations were per-
formed between UTI and all the other variables recorded:
Analysis of variance was used for numeric variables,
whereas Chi-square test was used for categorical variables.
Variables significantly associated with urinary tract infection
in the invariable analysis were used as independent variables
in a logistic regression analysis to identify determinants of
urinary tract infection. The statistical significance of the
independent variables was evaluated by confidence intervals,
and odds ratios including P-values; variables with P<0.05
were regarded as significant.

Ethical clearance

Ethical approval for the study was obtained from the ethical
and protocol review committees of the Ghana Health Service
and College of Health Sciences, University of Ghana (CHS-Et
/M.4-P4.11/2015-2016). Written informed consent was also
obtained from the study participants according to the
Declaration of Helsinki.

Results
Demographic and clinical features of

study participants

Demographic and clinical features of the 307 study parti-
cipants are reported in Table 1. The mean age of the study
participants was 37.2 (+17.6) years, and the majority
(75%) of them were less than 50 years old. A high propor-
tion of 79.8% (245) of the study participants were females,
of which 27.4% (84) were pregnant. Diabetes occurred in
6.8% (21/307) of the study participants and 22.5% (69/
307) had experience of previous UTIL. About half of the
study participants (56%) had a normal body mass index,
13.7% were obese, 27% were overweight and 3.3% were
underweight. A proportion of 26.1% (80/307) did not
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Table | Demographic and clinical features of the study participants

Feature N %
Gender

Male 62 20.2
Female 245 79.8

Age (Mean=37.2%17.6)

<50 231 75.2
250 76 248

Frequency of sex

No sexual activity 80 26.1
Twice or less a month 102 332
More than twice a month 125 40.7
Diabetes

Diabetic 21 6.8

Non-diabetic 286 93.2
Pregnancy

Yes 84 27.4
No 223 72.6

Body Mass Index

Underweight (<18) 10 3.3
Normal (18-24.9) 172 56
Overweight (25.0-29.9) 83 27
Obese (>30) 42 13.7

Previous UTI

Yes 69 22.5
No 238 77.5

Abbreviations: N, number of study participants; UTI, Urinary Tract Infection.

practice sex; 33.2% (102/307) practiced sex twice or less
a month, while 40.7% (125/307) practiced it more than
twice a month.

UTI and associated risk factors

Thirty-one (10%) of the 307 patients enrolled in the study
had UTI, all of which were uncomplicated. Urinary tract
infections were more common in females (93.6%, 31/29)
than males (6.4%, 31/2) (P=0.06). In the multivariate
analysis, pregnancy was the only factor that was signifi-
cantly associated with UTI among the study participants
(Table 2). Age, BMI, gender, diabetes, frequency of sex,
and previous UTI did not show a significant association
with UTL

Table 2 Risk factors of urinary tract infection identified through
logistic regression

Feature OR 95% ClI P-value
Gender 4.03 0.9-17.4 0.06
Age (Mean=37.2£17.6) 0.97 0.9-1.0 0.07
Frequency of sex 1.55 0.9-2.5 0.08
Diabetes 0.43 0.05-3.3 0.41
Pregnancy 242 1.1-5.2 0.02
Body Mass Index 1.01 0.6-1.6 0.97
Previous UTI 0.8l 0.3-2.1 0.66

Abbreviations: OR, odds ratio; Cl, Confidence Interval; UTI, Urinary Tract Infection.

Table 3 Bacteria isolated from urine specimens

BACTERIA N %
Escherichia coli 15 484
Klebsiella sp. 5 16.1
Staphylococcus aureus 4 12.9
Citrobacter sp. 3 9.7
Pseudomonas aeruginosa | 32
Proteus mirabilis | 32
Klebsiella pneumoniae | 32
Enterobacter sp. | 32

Abbreviation: N, number of positive urine specimens.

Causative organisms of UTI and antibiotic

resistance

Eight different bacterial species were isolated from urine
specimens of the study participants; the most prevalent
was Escherichia coli (48.4%) followed by Klebsiella sp.
(16.1%) and Staphylococcus aureus (Table 3).

Overall prevalence of antibiotic resistance among the bac-
terial isolates ranged from Amikacin (12%) to Piperacillin
(87%) (Table 4). Antibiotic resistance was particularly high
for B-lactam antibiotics (Table 4). As shown in Figure 1 for
E. coli (most common uropathogen isolated), the prevalence
of antibiotic resistance decreased across Piperacillin/
Amoxicillin+Clavulanic  Acid (93.4%), Nalidixic acid
(73.4%), Tetracycline (53.4%) Norfloxacin (40.0%),
Ceftadizime (26.7%), Nitrofurantoin (26.7%), Gentamicin
(26.7%), Ciprofloxacin (20.0%), Levofloxacin (20.0%),
Amikacin (6.7%), and Cefuroxime (6.7%). The overall pre-
valence of MDR among the bacterial isolates was 77.4% (24/
31); Multi-drug resistance (MDR) prevalence among E. coli
isolates was 66.7% (10/15). The predominant ESBL gene
detected among the sequenced isolates was CTX-M-15 type
followed by TEM-3 (Table 5).
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Table 4 Overall prevalence of resistance among the antibiotics tested

Class of antibiotics Antibiotic tested N (%)

Quinolones Nalidixic acid-Nal (30 pg), Ciprofloxacin-Cip (5 pg), Norfloxacin-Nor (20 | 22, 8, 13, 7 | 70.97, 25.81,

Fluoroquinolones pg), Levofloxacin-Lev (5 pg) 41.94, 22.58

Aminoglycosides Amikacin-Amk (30 pg), Gentamicin-Gen (10 pg) 4, 10 12.90, 32.26

Furadantins Nitrofurantoin-Nit (300 pg) 13 41.94

B-lactam- b lactamase inhibitors Piperacillin-Pip (20 pg), Oxacillin-Ox (I pg), amoxicillin+clavulanic acid-Aug 27, 3, 27 87.10, 75.00, 87.10
(30 ug)

Cephalosporin 2nd generation, Cefuroxime-Cef (30 pg), Ceftazidime-Cft (20 pg) 7,15 22.58, 48.39

Cephalosporin 3rd generation

Tetracyclines Tetracycline-Tet (30 pg) 18 58.06

Abbreviation: N, Number of resistant isolates.

1000 Tg3.4 934

90.0

80.0

70.0 7

60.0

50.0

40.0 7

Percentage resistance

30.0 7
20.020.0

20.0

10.0 7

Antibiotic

Figure | Antibiogram of Escherichia coli isolated from urine specimens.

Table 5 Distribution of ESBL genotypes and genes among multi-drug resistant Enterobacteriacae isolates from urine

Specimen number Bacteria ESBL genotype ESBL sequence type
62 Escherichia coli TEM TEM-I

108 Escherichia coli TEM, CTX-M TEM-116, CTX-M-15
134 Citrobacter sp. CTX-M CTX-M-15

136 Klebsiella sp. TEM, CTX-M TEM-116, CTX-M-15
149 Citrobacter sp. TEM, CTX-M TEM-I, CTX-M-I5

284 Klebsiella sp. TEM, SHV TEM-3, SHV-I

189 Proteus sp. CTX-M CTX-M-15

Abbreviation: ESBL, extended spectrum B-lactamases.
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Discussion

In this study, we investigated community-acquired UTI
among adults in Accra with the goal of providing the
necessary epidemiological information to reduce the bur-
den of these infections. In the analysis of risk factors, only
pregnancy emerged as a risk factor of UTI. The associa-
tion of pregnancy with UTI concurs with several

studies,?*>!

and is probably due to the series of structural
and functional urinary tract changes that occur during the
course of pregnancy. During pregnancy, there is a usually
high level of circulating progesterone, which causes ure-
thral sphincter relaxation and a reduction in smooth mus-
with
Simultaneously, the enlarged uterus compresses the urin-

cle tone slowing of ureteral peristalsis.
ary bladder, thus increasing the intravesical pressure,
which may result in vesico-ureteral reflux and urine reten-
tion in the bladder after micturition.”! Urinary stasis and
impairment of the physiological anti-reflux mechanism
create conditions favorable for bacterial growth and
ascending infection.

Uropathogens isolated from the study participants were
mainly members of the Enterobacteriaceae which concurs
with previously published data.'”**7° E. coli, which is the
leading causative organism of both community and
hospital,>®>*” was the most predominant organism isolated
from the study participants. In Ghana, E. coli was the most
common uropathogen isolated from stroke patients,?' sickle
cell disease patients,*® and pregnant women.”° In the patho-
genesis of UTL E. coli employs factors such iron acquisition
systems, fimbriae that mediate attachment to host tissues,
toxins (hemolysins and autotransporter toxins), flagella, and
special proteins that help to weaken and aid evasion of the
host innate and adaptive immune system.** Furthermore,
E. coli is known to form bacterial communities within the
tissue of the bladder wall to enable it to proliferate without
the influence of antibacterial molecules and host inflamma-
tory cells and also away from the flow of urine.>**' Two
pathogenic mechanisms allow microorganisms to reach the
urinary tract: the ascending and the hematogenous routes. In
the ascending route, which is more common, microorgan-
isms of the intestinal microbiota such as E. coli colonize the
periurethral space and ascend through the urethra to the
bladder and eventually the kidneys. The hematogenous
route occurs in patients with bacteremia or endocarditis,
mostly caused by S. aureus, which spreads to the kidneys.*’

We observed very high percentage resistance for
(87.1%), Acid

Piperacillin Amoxicillin+Clavulanic

(87.1%), and Nalidixic Acid (71%), which concur with
previous studies on antibiotic resistance of uropathogens
in Ghana.?'~%%? This raises concerns about the suitability
of these antibiotics for empirical treatment of UTI in
Ghana. In line with the trend of increasing MDR, espe-
cially in the developing world,”™*® we observed
a prevalence of 77.4% overall and 66.7% for E. coli.
This, coupled with ESBLs detected in Enferobacteriacae
isolates, poses a major challenge to the treatment of UTI in
Ghana. ESBL producing uropathogenic E. coli appear to
be associated with more serious UTI resulting in
septicemia.*” CTX-M, the most common ESBL harbored
by the Enterobacteriaecae in this study, is a new family of
plasmid-mediated ESBLs that preferentially hydrolyzes
cefotaxime. These ESBLs, particularly CTX-M-15 and
CTX-M-14, are known to be associated with community-
acquired infections, which concurs with this study. The
problem of ESBLs is the fact that they could be transferred
from one organism to another through plasmids and by
conjugation among bacteria. Plasmid profiling of MDR

E. coli by Baral et al.*

identified the presence of plasmids
with varying sizes ranging from 2-51 kilobases coupled
with a high frequency of conjugation. Some studies have
attributed the emergence and spread of MDR to clonal
groups of E. coli which have common antimicrobial sen-
sitivity patterns and virulence.>® Our data depicts the situa-
tion of alarming high levels of antibiotic resistance in
Ghana, which is due to several factors, including the pre-
scription of antibiotics by poorly trained health workers
and also weak government regulations and law enforce-
ment. These allow for the sale of sub-standard drugs,
which are mostly from unlicensed outlets resulting in self-
medication practices that are now a common trend in
Ghana.'® Additionally, it is common for unqualified health
practitioners to offer antibiotics in small quantities to
ignorant individuals with the motive of cutting cost and
quickly treating suspected infections, which results in sub-
inhibitory concentrations within the body’s tissues, thereby
facilitating selection of drug resistant strains.'” In Ghana,
antibiotics can be obtained without prescription from
many pharmacies,'® and this now seems to be the mainstay
of treating common infections in the community, including
uncomplicated UTI. With the high incidence of antibiotic
resistance of uropathogens observed in the current study,
this mode of treating UTI should be discouraged as it is
likely to result in treatment failures. There is the need for
patients to report to licensed clinics where proper clinical
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investigations including antibiotic susceptibility testing of
uropathogens can be done to ensure effective treatment.

In contrast to Piperacillin, Amoxicillin+Clavulanic
acid, and Nalidixic Acid, there was a generally high sus-
ceptibility of the urinary isolates to Amikacin (>85%),
which makes it a suitable option for treatment of UTI in
Ghana. A recent study in Ghana also reported that a high
percentage (93.6%) of urinary isolates were susceptible to
Amikacin.*? It is important to note that Amikacin is used
for treating cases of febrile UTI and is regarded as an
efficient option before carbapenem treatment, especially
in patients with infections caused by ESBL-producing
uropathogens that are extensively antibiotic resistant.
Amikacin is a relatively expensive antibiotic in Ghana,
and the high cost is likely to protect the efficacy of this
drug in the country for a long period of time.

Although all the study subjects were clinically diagnosed
with UTI, the prevalence of culture-positive urine specimens
was as low as 10%. By comparison, similar studies in India
and the US reported that 45% and 50%, respectively, of
patients clinically diagnosed with UTI had culture-positive
urine.”'? The disparity between clinical and laboratory
(culture) diagnosis of UTI can be partly attributed to non-
specific clinical symptoms, which is a common problem in
the diagnosis of the infection. It could also be due to medica-
tion with antibiotics among the patients prior to specimen
collection, although we excluded patients who had taken
antibiotics 2 weeks or earlier prior to the study. Our data
probably shows a situation of high prevalence of over-
diagnosis of UTI, which requires attention and further inves-
tigation. Inconsistency between clinical and laboratory diag-
nosis of UTI could lead to inappropriate use of antibiotics
resulting in antimicrobial resistance, higher healthcare costs,
increased antibiotic exposure, a greater number of adverse
reactions, and other unintended outcomes, such as
Clostridium difficile infection.

The main limitation of the study is that we obtained few
urine culture positive samples, which limited the numbers of
isolates for antimicrobial susceptibility testing. This could have
also affected identification of some risk factors of UTI in the
study.

Conclusion

E. coli is the most common etiological agent of commu-
nity acquired UTI in the study area, while pregnancy is the
main risk factor. While antibiotics such as Amoxicillin
+Clavulanic Acid and Piperacillin are unsuitable for
empirical treatment of any form of UTI in the study area,

Amikacin remains a suitable drug for the treatment of
febrile UTI. The high prevalence of MDR and occurrence
of ESBLs among the uropathogens highlights the need for
surveillance of antimicrobial resistance among these
pathogens. In this regard, there could be a national system
of pooling isolates of uropathogens from various hospitals.
The study has exposed a serious problem with UTI diag-
nosis in Ghana which needs to be addressed. There is the
need for further studies.
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