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Abstract

Background Urinary tract infection (UTI) is one of the common infections in childhood. Prompt diagnosis and treatment
reduces the risk of complications. The choice of antibiotic to treat UTI varies from region to region. Rational use and appro-
priately chosen antibiotic reduces the emergence of resistant uropathogens.

Objective We investigated the resistance pattern of uropathogens for commonly used antibiotics to treat UTI locally.
Methods Data was collected between 2009 and 2019 on all infants and children under 16 years of age with culture proven
UTIL. Results were compared with previously published figures between 2002 and 2008.

Results A total of 1002 samples were analysed (91/year). Male to female ratio was 1:4.6. About 94% of the samples grew
E. coli. As before, high resistance rates were recorded to Amoxicillin and Trimethoprim (Z = —0.325: P = 0.7452; not sig-
nificant). Overall, average resistance has decreased for Nitrofurantoin from 10% between 2002 and 2008 to 5.84% between
2009 and 2019 (Z = 3.002: P = 0.0027). On the other hand, Cefalexin resistance has increased from 7.4 to 14.56% between
the two study periods (Z = —4.2: P = < 0.0002).

Conclusion Despite rising resistance rates, we recommend that Cefalexin should cautiously remain the antibiotic of choice
for empirically treating uncomplicated urinary tract infections in secondary care pending urine culture. Nitrofurantoin should
be reserved for treating non-coliform/atypical UTIs or multi-drug resistant UTIs. There is an ongoing need for clinicians in
all geographic regions to continue to monitor antibiotic resistance rates every few years.
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Introduction

Urinary tract infection (UTI) is very common in children.
Around 1 in 10 girls and 1 in 30 boys develop UTI by the
age of 16. About 2% of children have a UTI by the age of
two [1]. Overall, the outcome of childhood UTI is good.
However, prompt diagnosis and appropriate treatment are
essential in reducing complications such as renal dys-
function, renal scarring, and hypertension [1, 2]. Empir-
ical antimicrobial treatment should be commenced in
symptomatic children with suspected UTI while awaiting
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urine culture results. Traditionally, many organisations
recommend Trimethoprim as first-line empiric antibiotic
treatment for suspected UTI. However, first-line empiri-
cal antimicrobial treatment in children less than 16 years
old is usually dictated by guidance based on local anti-
microbial resistance pattern.

Routine and unjustifiable empirical antibiotics for
treating various ailments along with easy availabil-
ity of antibiotics over the counter in many countries
have increased the prevalence of antimicrobial resist-
ance globally. Likewise, antibiotic resistance to com-
mon uropathogens such as E. coli has also risen over
the recent decades. Studies have also shown that urinary
tract pathogens in children with previous primary care
prescriptions for antibiotic were more likely to be resist-
ant to treatment. This increased risk can persist for up
to 6 months after treatment [3]. Therefore, it is essential
for organisations to continuously monitor and evaluate
antimicrobial prescribing and provide guidance which
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Fig. 1 Age distribution of the culture proven urinary tract infections

relates to local resistance patterns as part of their anti-
microbial stewardship programme [4]. To fulfil this aim,
we evaluated the resistance pattern of commonly used
antibiotics to treat UTI locally.

Methods

Retrospective data analysis was carried out in infants
and children between 0 and 16 years of age with culture
proven UTI over a period of 11 years (2009-2019) in a
district general hospital setting. All the positive urine
culture reports with pure growth of > 10° of a single
organism were included in the analysis. Patients were
identified and data extracted using the Meditech V6,
hospital electronic patient medical record software. We
compared the results of this analysis with the results of a
previously published data from same catchment popula-
tion covering 2002-2008 [5]. Differences in proportions
were statistically tested by the Z-score method [6].
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Fig.2 Sex distribution of the culture proven urinary tract infections

@ Springer

Causative Organism

m Coliform
m Pseudomonas
u Other

Fig.3 Causative organism (%)

Results

A total of 1002 samples of culture proven UTI with pure
growth > 10° of a single organism were analysed. Organisms
that were considered contaminant were excluded from the
analysis. An average of 91 positive cultures per year were
analysed, compared with an average of 78 per year in our pre-
vious study?. It is difficult to ascertain if this truly reflected
increase in the incidence of UTI in the local population or
low threshold of primary care physicians to refer presumed
UTI children to secondary care over the recent years. Fig-
ures 1 and 2 show the age and sex distribution of the culture
proven UTI respectively. A total of 455 out of 1002 (45%)
of all the cases involved children more than 10 years old. A
total of 825 out of 1002 (82%) samples were received from
female patients and 177/1002 (18%) from male subjects with
male to female ratio of approximately 1:4.6. In the previ-
ous survey there were 547 cases and male:female ratio was
1:3. Compared with 2002-2008 data; the decrease in male
cases between 2009 and 2019 was statistically significant
{Z =3.454; P = 0.0006 (2-tailed)}.

Coliform (E. coli) were grown in 946/1002 (94.4%)
samples as depicted in Fig. 3. In the previous survey, 92%
(503/547) +ve cultures were due to E. coli {Z = 1.879;
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Fig.5 Antibiotic resistance comparison between two study periods
(2002-2008 vs 2009-2019)

P =0.062 (2-tailed) = not significant}. Figure 4 shows Coli-
form (E. coli) resistance pattern to commonly used antibi-
otics over an 11-year period. Resistance to Amoxicillin has
remained steadily high with the highest resistance rates of
65.2% recorded in 2015. Similarly, resistance rates for Tri-
methoprim seem to be progressively rising over the recent
years with peak resistance of 49.3% documented in 2019.
Resistance pattern to Nitrofurantoin has largely remained
below 10% except in 2019 where the 10% mark was surpassed
with registered resistance of 13%. Worryingly, there has been
a gradual rise in resistance to Cefalexin over the last few years
with maximum resistance of 33.3% logged in 2017.

Figure 5 depicts the comparison of overall/average resist-
ance pattern of our current data (2009-2019) with our previ-
ously published analysis between 2002 and 2008°. Average
resistance for Trimethoprim has largely remained similar
between the two study periods {Z = —0.325; P = 0.7452
(2-tailed), not significant}. On the other hand, overall aver-
age resistance has decreased for Nitrofurantoin from 10%
(2002-2008) to 5.84% (2009-2019) which is statistically
significant {Z = 3.002: P = 0.0027 (2-tailed)}. Sadly,
Cefalexin resistance has increased from 7.4% (2002-2008)
to 14.56% (2009-2019) which is statistically significant
{Z =-42: P <0.0002 (2-tailed)}. We were unable to
compare the Amoxicillin resistance between the two study
periods as during 2002-2008 era, pathology laboratory only
reported resistance to co-amoxiclav which seemed to have
rapidly risen towards the latter half of the study period with
48% resistance recorded in 2008. Comparatively, cumula-
tive Amoxicillin resistance during 2009-2019 was noted to
be 49.3%.

Discussion

This study follows our previously published comprehen-
sive data analysis which examined resistance of urinary
tract pathogens to commonly used antibiotics to treat UTI

between 2002 and 2008 [5]. E. coli remains the most preva-
lent pathogen isolated in the current data analysis, and this
is consistent with data published in the literature. There has
been no statistically significant change in the proportion of
samples positive for E. coli. It is important to predict the
risk of antibiotic resistance before prescribing empiric anti-
biotics. In on our previous analysis (2002-2008), based on
the resistance pattern, we recommended using Cefalexin as
first-line empiric antibiotic for treating urinary tract infec-
tion. The analysis of the current data (2009-2019) has shown
high resistance to Amoxicillin and Trimethoprim and per-
sistently low resistance to Nitrofurantoin. Although not very
high, resistance to Cefalexin has doubled to 14.56% in the
last 11 years (Fig. 5). Retrospective analysis dependent upon
patient data from electronic health record is the limitation of
our study. Moreover, due to technical difficulties, we were
unable to capture urine cultures submitted directly from pri-
mary care general practices between 2014 and 2019 which
resulted in reduced number of urine samples analysed during
the last six years (Figs. 1 and 2).

Secondary analysis conducted by Bryce et al. revealed
43% E. coli resistant to at least one tested antibiotics with
highest resistance to Amoxicillin (49%) [7]. Multi-drug
resistance to three or more tested antibiotics was noted in
17% of pathogens. High resistance rates to Amoxicillin
(49-62%) and co-amoxiclav (42-43%) were also recorded
in two Irish regions by Allawendy SA et al. [8]. Erol and
colleagues carried out a retrospective analysis of 6515 urine
cultures between 2009 and 2014 and documented high E.
coli resistance to Ampicillin (70%) and Trimethoprim-
Sulfamethoxazole (56%) but low resistance to Cephalosporins
[9]. Eremenko R et al. retrospectively analysed antibiotic
resistance rates to uropathogens in Israel and recommended
first-generation cephalosporins as preferred empiric antibiotic
choice to treat children with febrile UTI in out-patient setting
[10]. Authors also identified increasing resistance rates in
children with urinary tract abnormalities and those who
have had recurrent UTIs. Similarly, low resistance rates to
first- and second-generation cephalosporins to E. coli were
observed in their study of 769 children by Sheikh et al. [11].
Children at higher risk of antibiotic resistance included
those with history of previous UTIs, recent antibiotic
exposure and those with urogenital abnormalities [12—14].
In these children, urine microscopy and culture must be
sent to ascertain the uropathogen and its sensitivity pattern.
Moreover, selective and restrictive use of uro-prophylaxis
in high-risk childhood population such as those with high
grade vesico-ureteric reflux and significant hydronephrosis
with emphasis on compliance may also aid in reducing or
controlling the mounting resistance rates [15].

Antibiotic resistance is one of the major hazards to the
world-wide health economy today. Even though antibiotic
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resistance develops due several factors, misuse and over-
use of antibiotics are most important reasons in speeding
up its progression. Consequently, it leads to worsening
morbidity/mortality, increased burden on health services,
rising treatment costs, and longer duration of in-patient
admissions. World Health Organisation (WHO) recom-
mends joint efforts and multi-pronged approach between
policy makers, health professionals, healthcare industry,
and agriculture sector to prevent and curb the spread of
antibiotic resistance [16]. WHO global action plan on anti-
microbial resistance was endorsed in 2015. It consists of
five aims which include raising awareness of antimicrobial
resistance, consolidating surveillance/research, reducing
the incidence of infection, effective use of antimicrobials,
and investing in combating antimicrobial resistance [16].
Equally, development of new generation antibiotics to
combat multidrug resistant infections remains the need of
the hour and a mounting challenge for researchers.

The National Institute for Health and Care Excellence
(NICE) Clinical Guidance pathway [CG54] for urinary
tract infection in children recommends first choice ther-
apy to be trimethoprim when risk of resistance is low, or
nitrofurantoin for lower urinary tract infection [17]. Simi-
larly, for pyelonephritis, first-line therapy recommended
by NICE is either oral cephalexin or co-amoxiclav [17].
Since referral to secondary care is due to severe infection
or pyelonephritis, we recommend that Cefalexin should
cautiously remain the antibiotic of choice for empirically
treating uncomplicated urinary tract infections in second-
ary care pending urine culture results because the incidence
of Amoxicillin and Trimethoprim resistance is very high.
However, if urine culture report is already available, then
the choice of most appropriate narrow spectrum antibiotic
(e.g., Trimethoprim) should only be based on the sensitivity
pattern. Nitrofurantoin should be reserved for treating non-
coliform/atypical UTIs or multi-drug resistant UTIs. There
is an ongoing need to continue to monitor antibiotic resist-
ance rates every few years by clinicians in all geographic
regions as the rising resistance can be limited by improving
antibiotic prescribing practices and antibiotic stewardship
programmes through the implementation and use of local
antibiotic policies.
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