
124       February 2021, Vol. 111, No. 2

RESEARCH

Urinary tract infections (UTIs) are very common in community 
practice and have a major impact on morbidity, quality of life and 
healthcare costs. It is estimated that ~50% of women will have at least 
one UTI episode in their lifetime, while 20 - 40% will have recurrent 
episodes.[1] Community-acquired urinary tract infections (CAUTIs) 
occur predominantly in women of child-bearing age, and less often 
in older men. Escherichia coli is the most common uropathogen in 
CAUTIs, and is cultured in 75 - 95% of cases.[2] These infections are 
often treated with empirical broad-spectrum antibiotics, as results 
from urine susceptibility testing are not always readily available, or 
may take 3 - 5 days to become available. The choice of empirical 
antibiotics should be based on the spectrum of organisms in a 
particular area and data reflecting their susceptibility to available 
drugs.[3]

The World Health Organization (WHO) has declared antibiotic 
resistance to be a serious threat to public health, because of increased 
mortality, prolonged hospital stay, loss of prophylaxis and increased 
costs due to resistant organisms.[4] This global increase in the 
emergence of antimicrobial resistance is linked directly to the 
injudicious use of antibiotics by the medical and agricultural 
fraternities, as well as few new drugs being discovered over the past 
couple of decades.[5] Internationally, the increase in fluoroquinolone 
resistance in particular has reached alarming levels, including 20% 

reported for North America and northern Europe, while approaching 
50% in the Mediterranean area and parts of Asia.[6] Another major 
concern regarding the use of fluoroquinolones is their propensity to 
cause collateral damage, such as adverse ecological effects, and their 
potential for serious neurological side-effects.[7,8] 

Recent studies in South Africa (SA) mirror the increase in resistance 
to commonly prescribed antibiotics for CAUTIs.[2,9] This establishes a 
need to continuously monitor the profiles of uropathogens that cause 
CAUTIs and their susceptibilities to empirically used antibiotics. 
Data on CAUTIs in central SA are limited and relate to small 
sample sizes.[9] The aim of this study was to determine the causative 
uropathogens responsible for CAUTIs in the greater Bloemfontein 
area in central SA, and to review their susceptibility to commonly 
prescribed antibiotics. Information obtained from this study has the 
potential to improve treatment protocols, reduce selection of resistant 
organisms and decrease costs.

Methods
Setting
We reviewed the findings of urine samples sent for microscopy, 
culture and sensitivity (MC&S) testing by three large primary 
healthcare facilities in Bloemfontein, i.e. National District Hospital 
casualty and outpatient clinic, Mangaung University Community 
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Clinic and Pelonomi Regional Hospital 
casualty department. These facilities provide 
primary care for most of Bloemfontein and 
the greater Mangaung and are located 
~10 km from each other. Urine samples 
from National District Hospital were 
analysed by the National Health Laboratory 
Service (NHLS) at Universitas Academic 
Complex, while the remainder were ana-
lysed at Pelonomi NHLS.

Study design and data collection
A retrospective, descriptive study was con-
ducted. We obtained laboratory results of 
urine samples sent by the three clinics from 
2011 to 2015. Only samples that had yielded 
a single pathogenic organism count of 
>105 CFU/mL were included. Variables cap -
tured in an Excel (Microsoft, USA) spread-
sheet were the patients’ age and gender, 
pathogen cultured and its susceptibilities to 
amoxicillin, amoxicillin-clavulanate, cef-
triaxone, ciprofloxacin, ertapenem, genta -
micin, amikacin, nitrofurantoin and tri-
methoprim-sulfamethoxazole (TMP-SMX).

Culture and susceptibility testing
Calibrated loops were used to inoculate 
uncentrifuged urine onto growth media. 
Inoculated plates were incubated aerobically 
for 18 - 24 hours at 35 - 37oC, after which 
these were inspected for growth. Cultured 
isolates were then tested for antimicrobial 
susceptibility by the Kirby-Bauer disc 
diffusion method, using Mueller-Hinton 
agar plates.[10]

Statistical analysis
Results were summarised as percentages and 
medians and presented as tables and graphs. 
Student’s t-test and the χ2 test were used to 
compare baseline characteristics of patients 
and antibiotic resistance. A p-value <0.05 
was regarded as a statistically significant 
difference. All calculations were done with 
SPSS 17.0 (SPSS Inc., USA).

Ethical approval
Ethical approval was obtained from the 
Health Sciences Research Ethics Committee 
(HSREC), University of the Free State 
(ref. no. UFS-HSD 2018/0803/2711). 
Written permission was granted by the 
acade mic committee of the research office of 
the NHLS, after which the data were made 
available for analysis by the central data 
warehouse. No personal data were captured 
and only the researcher and his supervisor 
had access to the results. The study was 
executed in accordance with the 2013 World 
Medical Association Declaration of Helsinki.

Results
A total of 712 specimens that met the 
inclusion criteria were analysed, of which 
481 (67.6%) were obtained from female 
patients. The median age of the women was 
39 years (range 45 days - 91 years) compared 
with 47.1 years for men (range 30 days - 
86 years) (p=0.0001).

Causative pathogens
The bacterial aetiologies comprised 8 groups 
of species with Gram-negative bacteria 
predominating, as expected (Fig. 1). E. coli 
and Klebsiella pneumoniae accounted for 
the most prevalent pathogens in both sexes, 
while Pseudomonas was the least prevalent, 
with 4 isolates in each of the sexes. The group 
labelled ‘other’ contained atypical and less 
common organisms, possibly representing 
contaminants or complicated infections. 
These included Acinetobacter, Strepto  -
coccus, Morganella, Citrobacter, Alcaligenes, 
Stenotrophomonas, Serratia and Providencia 
species.

The distribution of pathogens was 
different for men and women, with a lower 
prevalence of E. coli in men (p=0.045) 
(Table 1). There was no significant difference 
in the distribution of pathogens per age 
group (Table 2).

Antibiotic resistance
Sensitivity to a wide range of antibiotics was 
reported, but only antibiotics commonly used 
were included in the study. The antimicrobial 
resistance profiles of predominant pathogens 
are summarised in Table 3.

The prevalence of resistance of E. coli to 
common oral antibiotics was the highest for 
amoxicillin (76.8%), followed by ciprofloxacin 
(18.5%) and amoxicillin-clavulanate (15.6%). 

The lowest rates were reported for nitro-
furantoin (4%) and co-trimoxazole (11%). 
There were no significant differences in 
suscepti  bilities to oral antibiotics for men and 
women (Table 4).

Among the isolates, Klebsiella showed 
very high resistance to all oral antibiotics, 
especially the aminopenicillins. Proteus 
mirabilis proved to be quite susceptible 
to most agents, with the exception of 
nitrofurantoin. During the study period 
(2011 - 2015), the NHLS did not routinely 
test for susceptibility to fosfomycin.

Discussion 
We described the most common pathogens 
that cause CAUTIs in the greater 
Bloemfontein area in central SA, as well as 
their respective susceptibilities to commonly 
prescribed antibiotics. UTIs occurred 
most commonly in women of child-
bearing age and older men, a trend that 
could be explained by perineal colonisation 
and urinary stasis.[11] The Gram-negative 
bacteria E. coli and Klebsiella spp. were the 
most prevalent organisms causing infections 
in our study population, corresponding with 
findings of previous studies in our region[2] 
and internationally.[12] 

In comparison with a Gauteng-based 
study by Lewis et al.,[2] the prevalence of 
E. coli (n=410; 57.6%) in our study was lower 
than their reported 75 - 95% as the cause 
of CAUTIs, while Klebsiella spp. (n=97; 
13.6%) were isolated at a higher rate than the 
5 - 10% reported previously.[2] This finding 
was concerning, because Klebsiella spp. 
are often resistant to many of the available 
oral antibiotics (Table 3). Some of these 
organisms have the potential to produce 
extended-spectrum β-lactamases (ESBLs), 

Figure 1 
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Fig. 1. Prevalence of pathogens (N=712) in community-acquired urinary tract infections in central 
South Africa.
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which enable them to inactivate β-lactam antibiotics, rendering the 
drug ineffective.[11] The production of ESBLs is an important cause 
of treatment failure, and can have serious consequences for infection 
control.[13] An increase in the prevalence of these organisms in the 
community is concerning. 

We noticed a difference in the distribution of pathogens between 
male and female patients in our region, with E. coli being more 

prevalent in women. This was also the finding in a recent large 
trial in The Netherlands, which investigated gender-stratified 
differences in UTIs.[14] Previous studies also described differences in 
antimicrobial susceptibility between gender-associated organisms,[15] 
but no difference was observed in our population.

This study points out a high prevalence of resistance to oral antibiotics. 
Resistance of E. coli to amoxicillin (76.8%), ciprofloxacin (18.5%) and 

Table 1. Distribution of pathogens isolated from urine samples of patients with community-acquired urinary tract infections 
according to gender
Pathogen Men (n=231), n (%) Women (n=481), n (%) Total (N=712), n (%)
Escherichia coli 97 (42.0) 313 (65.1) 410 (57.6)
Klebsiella spp. 33 (14.3) 64 (13.3) 97 (13.6)
Pseudomonas spp. 4 (1.7) 4 (0.8) 8 (1.1)
Proteus mirabilis 11 (4.8) 14 (2.9) 25 (3.5)
Enterococcus faecalis 26 (11.3) 45 (9.4) 71 (1.0)
Staphylococcus spp. 15 (6.5) 6 (1.3) 21 (2.9)
Enterobacter spp. 18 (7.8) 15 (3.1) 33 (4.6)
Other 27 (11.7) 20 (4.2) 47 (6.6)

Table 2. Distribution of pathogens isolated from urine samples of patients with community-acquired urinary tract infections according to age
Pathogen ≤25 years (n=146), n (%) 26 - 50 years (n=324), n (%) 51 - 75 years (n=199), n (%) ≥76 years (n=43), n (%)
Escherichia coli 89 (60.9) 194 (59.9) 103 (51.8) 24 (55.8)
Klebsiella spp. 23 (15.8) 38 (11.7) 29 (14.6) 7 (16.3)
Pseudomonas spp. 1 (0.7) 6 (1.9) 1 (0.5) 0 (0)
Proteus mirabilis 8 (5.5) 10 (3.1) 6 (3.0) 1 (2.3)
Enterococcus faecalis 10 (6.8) 33 (10.2) 24 (12.1) 4 (9.3)
Staphylococcus spp. 3 (2.1) 8 (2.5) 9 (4.5) 1 (2.3)
Enterobacter spp. 5 (3.4) 11 (3.4) 14 (7.0) 3 (7.0)
Other 7 (4.8) 24 (7.4) 13 (6.5) 3 (7.0)

Table 3. Antibiotic resistance profiles of predominant pathogens isolated from urine samples of patients with community-acquired urinary 
tract infections

Antibiotic
Escherichia coli 
(n=410), n (%)

Klebsiella spp.  
(n=97), n (%)

Enterococcus faecalis 
(n=71), n (%)

Proteus mirabilis 
(n=25), n (%)

Amoxicillin 315 (76.8) 95 (97.9) 11 (15.5) 11 (44.0)
Amoxicillin-clavulanate 64 (15.6) 43 (44.3) n/t 3 (12.0)
Amikacin 4 (1.0) 2 (2.1) n/t 0 (0)
Ceftriaxone 36 (8.8) 38 (39.2) n/t 10 (4.0)
Ciprofloxacin 76 (18.5) 32 (33.0) 10 (14.1) 10 (4.0)
Trimethoprim-sulfamethoxazole 45 (11.0) 42 (43.3) n/t 2 (8.0)
Ertapenem 0 (0) 1 (1.0) n/t 0 (0)
Gentamicin 43 (10.5) 35 (36.1) n/t 0 (0)
Nitrofurantoin 16 (3.9) 52 (53.6) n/t 22 (88.0)

n/t = not tested.

Table 4. Sensitivity to oral antibiotics of uropathogens isolated from male and female patients’ urine specimens
Antibiotic Male (n=231), n (%) Female (n=481), n (%) p-value (χ2)
Amoxicillin 54 (23.4) 139 (28.9) 0.1446
Amoxicillin-clavulanate 135 (58.4) 311 (64.7) 0.1746
Ciprofloxacin 168 (72.7) 366 (76.1) 0.1575
Nitrofurantoin 176 (76.2) 374 (77.8) 0.4929
Trimethoprim-sulfamethoxazole 171 (74.1) 364 (75.7) 0.9331
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amoxicillin-clavulanate (15.6%) is alarmingly high. These results 
compare well with those of previous studies in SA, with the exception 
of resistance to ciprofloxacin and TMP-SMX.[2,9] Our reported E. coli 
resistance rate of 18.5% for ciprofloxacin is much higher than the 
6% reported by Lewis et al.[2] and the 11% of Bosch et al.[9] A notable 
finding in our study was that E. coli resistance to TMP-SMX was 
much lower (11%) than the 40 - 54% reported by previous studies 
in our region.[2,9] Previously, it was believed that the high resistance 
to TMP-SMX could be explained by the widespread use of this agent 
in the prophylaxis against Pneumocystis jirovecii in patients with 
AIDS.[9] The decrease in resistance to TMP-SMX could potentially 
be explained by the improved roll-out of antiretroviral drugs in the 
fight against HIV and tuberculosis, resulting in fewer prescriptions of 
this antibiotic. However, we could not find any evidence to support 
this theory.

Protocols for treating CAUTIs vary worldwide owing to the 
geographical variance in resistance patterns of pathogens causing 
infections. Internationally, guidelines for North America and 
Europe are similar. These guidelines recommend nitrofurantoin, 
fosfomycin and pivmecillinam (where available) for the treatment of 
uncomplicated CAUTIs. TMP-SMX is advised only if resistance in 
the area is known to be <20%, or if the infecting pathogen is known to 
be susceptible. β-lactam agents should be administered only if other 
agents cannot be used. The guidelines advocate against the use of 
amoxicillin due to its poor efficacy and high prevalence of resistance. 
Despite still being efficacious in many cases, fluoroquinolones are 
not recommended, and have been removed from most protocols 
owing to increasing resistance and their propensity to cause collateral 
damage.[7,16]

According to the SA antibiotic stewardship programme (2015),[17] 
fluoroquinolones are still advised for the empirical treatment 
of uncomplicated CAUTIs. The most commonly used protocols 
for the empirical treatment of everyday community-acquired 
conditions are available in the Essential Medicines List, which 
is revised annually by the national Department of Health.[18] 
The empirical treatment of CAUTIs, according to the Essential 
Medicines List, consists of fluoroquinolones as first-choice 
antibiotic. Nitrofurantoin is advised in cases of pregnancy or other 
contraindications to fluoroquinolones. Amoxicillin-clavulanate is 
recommended for children weighing <35 kg.[18]

This study provides evidence of increasing resistance to commonly 
used oral antibiotics in our region, mirroring the international trend.[6] 
Despite the increase in resistance shown to fluoroquinolones, its 
propensity for collateral damage and its potentially serious side-
effects, it is still the first choice of empirical antibiotic in all protocols 
at community level. It is the authors’ opinion that the formulation 
of protocols for treating CAUTIs in our region should be revisited. 
Alternatives that could be considered as first-line treatment are 
agents with lower resistance rates, such as nitrofurantoin and TMP-
SMX, as shown by our findings. Fosfomycin is a popular choice for 
treating uncomplicated UTIs, due to its low resistance rates and easy 
dosing schedule.[7] However, we can not comment on its use owing 
to a lack of data.

The prevalence of highly resistant organisms, such as Pseudomonas 
and Acinetobacter baumanii, in CAUTIs in our region was beyond 
the scope of our study, but was noticed in a few samples. We 
also noted an increase in the prevalence of Klebsiella spp. These 
organisms usually cause nosocomial infections and their presence 
in the community causes concern. This finding may be explained by 

previous hospitalisations or antibiotic use by patients, and could be 
an area for future research.

Study limitations and strengths
The retrospective nature of this study and the absence of clinical 
history made the interpretation of the results difficult. Another 
limiting factor was that some of the positive samples had not been 
tested for susceptibility to all available oral antibiotics. The strength 
of our study is its large sample size from primary healthcare facilities 
only, which excludes hospitalised patients, and represents CAUTIs 
in our region. 

Conclusions
Gram-negative bacteria E. coli and Klebsiella are the most prevalent 
pathogens causing UTIs in our community. Resistance of pathogens 
to TMP-SMX and nitrofurantoin is low. Treatment protocols in 
our region should be revised, as fluoroquinolones still form the 
cornerstone of empirical therapy. We recommend that nitrofurantoin 
and TMP-SMX are used empirically in our community for men and 
women who present with uncomplicated UTIs.
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