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Introduction Antibiotic microbial resistance (AMR) is a global health problem. Our aim was to review the
resistance of Escherichia (E.coli) to antibiotics at our university hospital over a six-year period and see
whether our protocol based antibiotic policy over this time led to any change in the resistance patterns.
Material and methods Sensitivities of E.coli urine isolates between 2014-2019 (6-years) were sourced
from the hospital and general practitioners in the community and collected from the microbiology depart-
ment. Trends of resistance for amoxicillin, tazocin, cefalexin, ciprofloxacin, co-amoxiclav, gentamicin, nitro-
furantoin, trimethoprim, amikacin, and pivmecillinam were examined using the Cochran-Armitage test.
Results 712,004 urine samples tested positive for E. coli. The overall resistance trends for cefalexin,
nitrofurantoin and amikacin remained equivocal; increased for ciprofloxacin, co-amoxiclav, gentamicin,
and tazocin; and decreased for fosfomycin, pivmecillinam, and trimethoprim.

Conclusions Despite our protocol based antibiotic policy, although the overall antibiotic resistance re-
mained stable, there was an increasing trend in antibiotic resistance for more commonly used antibiotics
including ciprofloxacin, co-amoxiclav, gentamicin, and tazocin reflecting their overall use for prophylaxis
and treatment. We plan to continue our policy of reviewing our antibiotic usage and the prescribing
protocol with the microbiology department to minimize antibiotic resistance.
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INTRODUCTION

Antibiotic microbial resistance (AMR) is a well-
documented and growing problem throughout the
healthcare systems worldwide. It is estimated to be
attributable to at least 300 million excess deaths in
the next 35 years [1]. Multi-drug resistant (MDR)
organisms such as Extended Spectrum Beta-Lacta-
mase-producing E. coli (ESBL), are difficult to treat,
resulting in longer hospital stays and increased
mortality [2-4]. Escherichia coli (E. coli) is the caus-
ative organism for 80% of community acquired un-
complicated urinary tract infections (UTIs). There-
fore, increasing AMR will not only affect hospitals
but greatly impact healthcare in the community [5].
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The overuse of antibiotics has a well-established as-
sociation with the development of antibiotic resis-
tance among pathogens [6]. Antibiotic guidelines
aim to facilitate antibiotic stewardship by encour-
aging narrow spectrum prescribing to reduce selec-
tion pressures and prevent the development of in-
fections related to broad-spectrum antibiotic use,
such as Clostridium difficile [4, 7, 8]. To ensure
ongoing efficacy, empirical antimicrobial guidelines
require ongoing review of trends in antibiotic sus-
ceptibility at local centres. Our aim was to review
the resistance of E. coli to antibiotics commonly used
at a university hospital over a six-year period to
evaluate the effect of our guideline based antibiotic
policy on resistance patterns.
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MATERIAL AND METHODS

Patient anonymised data from the microbiology
department at University Hospital Southampton,
UK was collected and collated for the sensitivities
of urine cultures testing positive for E. coli over
a six-year period between January 2014 and Septem-
ber 2019. Samples were sourced from the hospital
and general practitioners in the community. These
samples consisted primarily of mid-stream urine cul-
ture results from symptomatic patients. Community
samples were included as 80% of antibiotic use glob-
ally occurs in the community [4]. The susceptibility
of E. coli to eleven antibiotics (amikacin, amoxicillin,
cefalexin, ciprofloxacin, co-amoxiclav, fosfomycin,
gentamicin, nitrofurantoin, pivmecillinam, tazo-
cin and trimethoprim) was reviewed. Urine culture
method was primarily based on semi-automated
MAST wurine culture and any resistant organism
like ESBL have further testing based on EUCAST
disc sensitivity. The interpretation of sensitivity
was based on standard antibiotic sensitivity meth-
od, which classifies antimicrobial susceptibility into
three groups sensitive, intermediate and resistant.
The standard is based on EUCAST Breakpoints. Our
laboratory was also accredited with UKAS (United
Kingdom Accreditation service) throughout the du-

ration of study, conforming to standard ISO 15189
for medical laboratories.

Trends in resistance were calculated for each antibi-
otic with Stata using the Cochran-Armitage test for
trend carried out at the 5% level, and duplicates were
excluded. The degree of resistance trend and its sig-
nificance was calculated for each antibiotic. Analysis
was performed on resistance of urine cultures from
all patients sent to the microbiology department.

RESULTS

Over six years (2014-2019), a total of 712, 004 urine
cultures tested positive for E. coli at our hospital
(Table 1). These were sourced from urine samples
from hospital inpatients and patients attending their
local health centres in the community. Similar to our
review of antibiotic resistance between 2007-2011,
the antibiotic with the highest frequency of resis-
tance was amoxicillin (48.45%) [9]. The antibiotic
with the lowest frequency of resistance was amika-
cin (1.06%) (Figure 1).

Fosfomycin demonstrated the greatest reduction
in antibiotic resistance, falling by 19.22% per year
(p <0.001). Amoxicillin, pivmecillinam, and trim-
ethoprim also showed a decrease in antibiotic resis-
tance over the six years (a decreasing trend of 2.74%

Table 1. Table displaying the number and percentage resistance of E. coli isolates to antibiotics between 2014-2019 (Res — Resistance)

Year 2014 2015 2016 2017 2018 2019 Trend
(p-value)
E coli isolates (number of isolates/yr) 73436 75918 77853 75130 75291 60385
o 0 0 0 0 6 7 Equivocal
0,
Amikacin Res (%) (0.00%) (0.00%) (0.00%) (0.00%) (1.74%) (1.06%) (p = 0.80)
Amoxicillin Res (%) 6111 6455 6648 6253 5901 4190 Decreasing resistance
° (57.02%) (58.06%) (58.55%) (56.84%) (53.69%) (48.45%) (p =0.00)
Cefalexin Res (%) 1051 1151 1196 1120 1155 900 Equivocal
? (10.09%) (10.68%) (10.83%) (10.51%) (10.89%) (10.72%) (p=0.17)
Ciprofloxacin Res (%) 1108 1183 1253 1166 1224 1000 Increasing resistance
P ° (10.69%) (11.04%) (11.38%) (11.01%) (11.56%) (11.87%) (p=0.01)
Co-amoxiclav Res (%) 521 477 689 675 685 618 Increasing resistance
° (6.03%) (4.48%) (6.30%) (6.38%) (6.54%) (7.35%) (p =0.00)
Fosfomycin Res (%) 20 23 8 6 7 7 Decreasing resistance
v ? (4.98%) (4.91%) (3.51%) (1.17%) (1.29%) (1.30%) (p =0.00)
Gentamicin Res (%) 551 590 653 589 706 562 Increasing resistance
° (5.36%) (5.55%) (5.99%) (5.60%) (6.72%) (6.70%) (p =0.00)
’ . 88 150 150 113 153 97 Equivocal
0,
Nitrofurantoin Res (%) (0.86%) (1.42%) (1.36%) (1.08%) (1.46%) (1.16%) (p=0.11)
pivmecillinam Res (%) 52 35 56 64 49 32 Decreasing resistance
° (12.71%) (7.45%) (11.72%) (12.93%) (9.28%) (5.95%) (p=0.02)
Tazocin Res (%) 60 63 60 64 103 104 Increasing resistance
? (8.51%) (8.26%) (7.19%) (8.37%) (12.55%) (15.62%) (p =0.00)
Trimethoprim Res (%) 3512 3610 3779 3446 3260 2483 Decreasing resistance
P ? (32.98%) (32.89%) (33.50%) (31.80%) (30.18%) (28.95%) (p =0.00)
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Figure 1. Graph showing the trends in antibiotic resistance in E. coli Urine isolates to eleven antibiotics and the number of isolates

tested over six years.

(p <0.001), 6.25% (p <0.001) and 2.54% (p <0.001)
per year respectively). An increasing trend of resis-
tance to ciprofloxacin, co-amoxiclav, and gentamicin
was observed (1.84% per year (p <0.01), 10.18% per
year (p <0.001), 5.20% per year (p <0.001 respec-
tively). However, the greatest increase in rate of re-
sistance was to tazocin at a rate of 16.56% per year
(p <0.001). The overall resistance trends for cefalex-
in, nitrofurantoin and amikacin remained equivocal.

DISCUSSION

The overuse of antibiotics is associated with in-
creased antibiotic resistance. Between 2000-2010
antibiotic use increased globally by 35% [4]. Anti-
microbial guidelines recommend treatments based
upon susceptibility patterns to minimise selection
pressures and preserve the efficacy of antibiotics
at a time when few novel antibiotics are being de-
veloped. This study focused on resistance to E. coli
as it remains the most common cause of urinary
tract infection, contributing greatly to morbid-
ity and health costs affecting all age groups [10].
Due to the prevalence of E. coli, the validity of this
study is strengthened by the large number of iso-
lates analysed. We have assumed that the majority

of the isolates were taken prior to the commence-
ment of antibiotic treatment as recommended
by the guidelines.

Antibiotics with increasing trends in resistance

The European Association of Urology (EAU) guide-
lines recommend ciprofloxacin as a first line treat-
ment for uncomplicated pyelonephritis [7]. Cipro-
floxacin has good prostatic and tissue penetration,
covers a broad spectrum of gram-negative bacteria,
gram-positive bacteria, and pseudomonas infections
and has high bioavailability as both an oral and intra-
venous preparation [7, 13, 14]. Our findings showed
lower rates of ciprofloxacin resistance compared
to other English studies [11]. However, an increas-
ing trend in resistance to ciprofloxacin was observed
(1.84% per year (p <0.01). This finding corresponds
with existing research suggesting a global increase
in E. coli resistance to ciprofloxacin, with notably
higher rates of resistance observed in developing
countries [11, 12]. The observed trend of increasing
resistance could be attributed to the overuse of cip-
rofloxacin [15]. Future studies could compare trends
in resistance with prescribing behaviour and adher-
ence to the guidelines by clinicians.
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The observed increase in resistance to commonly
used antibiotics could be attributed to the treatment
of sepsis in addition to the management of urinary
tract infections. The trust antibiotic guidelines rec-
ommend co-amoxiclav as the first line treatment
for sepsis and lower urinary tract infection in preg-
nant women. The rate of resistance to co-amoxiclav
increased by 10.18% per year (p <0.001). Our find-
ings showed a lower prevalence of resistance to co-
amoxiclav than the pooled global prevalence found
in a recent meta-analysis (7.35% in 2019) [16]. Co-
amoxiclav continues to be an effective antibiotic
in the management of acute sepsis. However, its
value as an efficacious broad-spectrum antibiotic
makes it vulnerable to the development of antibiotic
resistance. Further efforts should be made to limit
or reverse the observed increasing trend in resis-
tance to co-amoxiclav.

A previous study from the University Hospital iden-
tified increasing resistance to gentamicin between
2007 to 2011 [9]. Over the six years reviewed in this
study the trend in antibiotic resistance to gentami-
cin continued to increase despite the local antibiotic
guidelines (5.2% per year (p <0.001). Overall lev-
els of resistance remained low (6.7% in 2019). This
holds clinical relevance as gentamicin is frequently
used as a first line treatment for surgical prophylaxis
and the management of septic shock. Tazocin is also
a valuable resource due to its broad-spectrum cov-
erage. It is recommended in combination with gen-
tamicin for the first line treatment of septic shock.
In this study tazocin showed the greatest increase
in resistance (16.56% per year, p <0.001). The rise
in tazocin resistance reflects its frequent use, em-
phasising the important role that tazocin plays
in everyday clinical practice. With limited antimi-
crobial resources available as an alternative, ongo-
ing overuse will likely lead to a rise in morbidity and
mortality. Close monitoring of this trend will allow
us to adjust empirical antibiotic guidelines in an
attempt to halt this increasing trend in resistance.
To better understand the impact of these findings,
future studies could analyse the association between
E. coli resistance to antibiotics and patient outcomes.

Antibiotics with decreasing trends in antibiotic
resistance

Trimethoprim is often used as an alternative first
line antibiotic for the management of uncomplicated
cystitis due to its effective prostatic penetration [7].
Across Europe rates of resistance range from 14.6%
to 60% with the highest rates of resistance observed
amongst young women [12, 17-21]. Our data shows
a high level of resistance to trimethoprim (28.95%).

In the absence of sensitivities nitrofurantoin may be
a better first line treatment for uncomplicated cys-
titis due to the lower rates of resistance (1.16%).
However, our findings suggest that E. coli resistance
to trimethoprim is decreasing at a rate of 2.54% per
year (p <0.001). This reassuring finding suggests
that the implementation of empirical antibiotic
guidelines resulted in the reversal of trends in an-
tibiotic resistance, and could over a period of time,
increase the susceptibility of E. coli to trimethoprim.
Fosfomycin is also recommended as a first line treat-
ment for women with uncomplicated cystitis [7]. It is
preferred by some individuals as it can be taken oral-
ly as a one-off dose. Despite being a previously out-
dated drug, fosfomycin is being explored for clinical
consideration in the treatment of complicated UTI
due to its low toxicity and unique pharmacokinet-
ics reducing the risk of cross resistance with other
antibiotics [22]. Across the six years fosfomycin dis-
played a decreasing resistance trend of 19.22% per
year (p <0.001) with a relatively low rate of resis-
tance (1.3%, 2019). Whilst research is currently in-
sufficient to prompt a change in the guidelines, the
use of Fosfomycin as an alternative treatment may
alleviate the significant burden placed on other com-
monly prescribed antimicrobials.

Pivmecillinam and amoxicillin are recommended for
the treatment of uncomplicated cystitis in pregnant
women [23, 24]. The wide use of amoxicillin for vari-
ous infections could explain the relatively high rates
of resistance noted in the study (48.45%). Reassur-
ingly, both antibiotics displayed decreasing trends
of resistance (2.74% per year (p <0.001) and 6.25%
per year (p <0.001) respectively). Eliciting the un-
derlying motives behind treatment choices could help
to formulate and implement more effective measures
to encourage antibiotic stewardship amongst clini-
cians.

Antibiotics with equivocal trends in resistance

The EAU guidelines recommend nitrofurantoin as
the first line treatment for uncomplicated cystitis
[7]. It is commonly used due to its cost-effectiveness
and high efficiency. Global trends in E. coli resis-
tance to nitrofurantoin suggest a small increase
in resistance. However, the incidence of E. coli re-
sistance to nitrofurantoin in Europe remains lower
than in South America, Central America, Asia, and
the Middle East [14]. A previous study from the
university hospital observed a statistically signifi-
cant decreasing trend in resistance to Nitrofuran-
toin between 2007-2011 [9]. However, the resistance
to nitrofurantoin remained equivocal in this study
(p = 0.11). E. coli resistance to nitrofurantoin at our
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university hospital (1.16%) was lower than resis-
tance levels in other English studies [11]. Promis-
ingly, nitrofurantoin remains a highly effective treat-
ment for uncomplicated cystitis although it should
not be used in patients with renal dysfunction.
Cefalexin is recommended in the local policy-based
guidelines for uncomplicated cystitis in pregnant
women. The data showed that E. coli resistance
to cefalexin was relatively high compared to other
antibiotics (10.72% in 2019). Whilst the trend ob-
served remained equivocal cefalexin is not the
first-line antibiotic due to ongoing high rates of re-
sistance. Amikacin is valuable for the treatment
of ESBL E. coli infections. Such organisms are dif-
ficult to treat due to multidrug resistance. Our study
reassuringly shows that resistance to Amikacin re-
mains low (1.06% in 2019) and trends in resistance
remain equivocal. Amikacin continues to be an effec-
tive treatment for ESBL UTI.

Antibiotic stewardship

Efforts to disseminate key guidelines pertaining to
antibiotic stewardship in the management of UTI
were made at the university hospital. Emails were
distributed to all members of staff in an attempt
to reduce knee jerk antibiotic prescriptions by un-
necessarily carrying out urine dipstick testing in
asymptomatic patients with long term catheters.
Additionally, posters were placed in doctor’s offices
to encourage down-grading from broad spectrum
antibiotics to a narrow spectrum regimen. The use
of smartphone apps such as ‘MicroGuide’ was en-
couraged during the hospital teaching programme
for junior doctors. Evidence suggests that smart-
phone apps empower users to access local antibiotic
guidelines, challenge inappropriate prescribing, and
break well-established prescribing behaviours. Ad-
ditionally, the implementation of guidelines through
smartphone apps on the shop floor allowed clinicians
to use updated guidelines to adjust prescribing be-
haviours as resistance trends shift over time [25, 26].
These interventions aimed to encourage antibiotic
stewardship through the targeted education of the
clinicians prescribing the majority of the antibiotics
and the improved accessibility of the trust’s anti-
biotic guidelines. A hospital antibiogram providing
a summary of antimicrobial susceptibility and treat-
ment recommendations based on it would be further
helpful [27]. Novel classifications such as usual drug
resistance (UDR) and difficult-to-treat resistance
(DTR) to clinical practice would help in assessment
of the significance of bacterial resistance [27].

Practicalities and areas of future research

Guidelines for empirical antibiotic treatments re-
quire ongoing review of antibiotic susceptibility.
This study found that overall antibiotic resistance
remained stable. Reassuringly, decreasing trends
in resistance were seen in four antibiotics, fosfomy-
cin, amoxicillin, pivmecillinam, and trimethoprim.
This trend could be attributed to the practice of an-
tibiotic stewardship facilitated by the empirical anti-
biotic guidelines at the university hospital and com-
munity health centres.

The current study did not look into the specific
source of where these urine culture samples were
obtained from and all urine samples were included
irrespective of their source, although majority were
mid-stream urine samples. Data on multi-resistant
E. coli could not be isolated from the rest of the sam-
ples. The increase in Tazocin and Co-amoxiclav re-
sistance may be related to increase in ESBL E. coli.
Although the overall antibiotic resistance remained
stable, there was an increasing trend in antibiotic
resistance for more commonly used antibiotics in-
cluding tazocin, co-amoxiclav, ciprofloxacin and gen-
tamicin. This could be a reflection of their overall use
for prophylaxis and treatment in the acute clinical
setting. Increasing trends in antibiotic resistance
will require modifications in clinical practice as anti-
biotic susceptibility decreases in the general popula-
tion. This poses a great challenge as few novel anti-
biotics are being developed. Consequent limitations
to therapeutic options will result in increased mor-
bidity and mortality. Future research into prescribing
behaviours could help to formulate and implement
successful interventions to encourage antimicrobial
stewardship. As a result the reserve of antibiotic
treatments could be maintained to ensure that effec-
tive antibiotics are available when we need them [4].

CONCLUSIONS

This findings in this study reinforce the importance
of continuous review of resistance trends to update
antibiotic guidelines and facilitate antibiotic stew-
ardship amongst prescribing clinicians. This study
suggests that ongoing review can prevent or even
slow the rise of antibiotic resistance. We plan to con-
tinue our policy of reviewing our antibiotic usage
and the prescribing protocol with the microbiology
department to minimize antimicrobial resistance.
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