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Introduction:  Frequent  use  of  different  antibiotics  to treat urinary  tract infections  (UTIs)  exerts  a  vari-
ety  of selective  pressure  on  pathogens  which  ultimately  lead to the  antimicrobial  resistance.  Extended
Spectrum  �eta-Lactamase  (ESBL)  producing  Enterobacteriacae  causing  UTIs,  which  are  usually  multidrug
resistant  organisms,  pose  a great therapeutic  treatment  challenge.  Rediscovery  of forgotten  antibiotics
such  as  pivmecillinam,  fosfomycin,  and  nitrofurantoin  may  be helpful  in  this  situation  until the  discov-
ery  of  new  agents.  The  main  aim  of  present  study  was  to determine  the  prevalence  of  ESBL  producing
Enterobacteriacae  causing  UTIs  and  their  sensitivity  profile  to determine  alternate  effective  oral  treatment
options.
Methods:  This retrospective  study  was  conducted  to determine  the  prevalence  of  ESBL  producing  Enter-
obacteriacae  from  urine  samples  and  their  sensitivity  profile  (pivmecillinam,  fosfomycin,  nitrofurantoin,
trimethoprim  and  ciprofloxacin)  from  September  2015  to  September  2017.
Results: A total  of  986 organisms  were  isolated  from  the  urine  samples  of  680  patients.  Approximately
77%  isolates  were  obtained  from  female  patients  (526).  Of 986 organisms,  Escherichia  coli  was  the most
common  isolated  organism  (889,  90%);  followed  by Klebsiella  species  (71, 7%)  and  other  Enterobacteriacae
(26,  3%).  Of  889  E. coli,  approximately  98%,  96%,  and  93%  were  found  to  be sensitive  to  fosfomycin,  pivme-
cillinam  and  nitrofurantoin  respectively.  On  the  other  hand  pivmecillinam  was  most  effective  against
Klebsiella  species  (83%,  59);  followed  by fosfomycin  (62%,  44)  and  nitrofurantoin  (42%,  30).  Of  26  other
Enterobacteriacae, 23  (88%),  and  22 (85%)  were  sensitive  to pivmecillinam  and  fosfomycin  while  lower
sensitivity  rate  (15%,  4)  was noted  against  nitrofurantoin.  More  than  95%  of all ESBL producing  Enterobac-
teriacae  were  sensitive  to  pivmecillinam,  fosfomycin  and  nitrofurantoin.  Trimethoprim  and  ciprofloxacin

were  least  effective.
Conclusion:  The  emergence  of  multidrug  resistant  ESBL  producing  Enterobacteriacae  restricts  significantly
the  therapeutic  options.  This study  shows  higher  sensitivity  rates  to  pivmecillinam,  fosfomycin  and  nitro-
furantoin.  We  recommend  their  use to treat  uncomplicated  UTIs  due  to ESBL  producing  Enterobacteriacae.

© 2019  The  Author.  Published  by Elsevier  Limited  on  behalf  of King  Saud  Bin  Abdulaziz  University  for
Health  Sciences.  This  is  an  open  access  article  under  the  CC  BY-NC-ND  license  (http://creativecommons.
ntroduction

Urinary tract infections (UTIs) are the second most common
nfections which require antibiotics. Approximately 150 million

ases of UTIs occur every year worldwide, costing more than 6 bil-
ion dollars [1–3]. Frequent use of different antibiotics to treat UTIs
xert a variety of selective pressure on pathogens which ultimately
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lead to the antimicrobial resistance in the organisms. Antimicro-
bial resistance is widespread and it is a cause of major concern in
the world. Enterobacteriaceae are the common causative agents of
UTIs. The distribution of Extended Spectrum ˇeta-Lactamase (ESBL)
producing Enterobacteriacae in the hospitals has been reported
worldwide while the carriage of this group of organisms in the com-
munity is still low; however it is increasing now [4]. ESBL producing
Enterobacteriaceae are resistant to frequently used oral antibiotics

for example trimethoprim, quinolones, cephalosporins and peni-
cillins that pose a therapeutic challenge. An infection caused by
ESBL producing organism is linked to a worse clinical outcome,
delayed microbiological and clinical response, prolonged hospital-
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Table 1
Antibiotic sensitivity rates for pivmecillinam, fosfomycin and nitrofurantoin.

Organism/antibiotics Pivmecillinam (%) Fosfomycin (%) Nitrofurantoin (%)

E. coli n = 889 855 (96) 869 (98) 826 (93)
Klebsiella species n = 71 59 (83) 44 (62) 41(58)
Other Enterobacteriacae

n = 26
23 (88) 22 (92) 4(17)

Total n=986 937 (95) 935 (95) 871 (88)

Table 2
Antimicrobial resistance in trimethoprim and ciprofloxacin.

Organism/antibiotics Trimethoprim (%) Ciprofloxacin (%)

E. coli n = 889 697 (78) 554 (62)
Klebsiella species n = 71 52 (73) 35 (49)
44 N.S. Raja / Journal of Infection a

sation, higher treatment costs and higher mortality [5]. Resistance
o carbapenems poses even a greater challenge to the clinicians and
t has become a severe threat to the health worldwide. Multidrug
esistance is a risk factor for inappropriate empirical treatment and
t is associated with increased mortality [6]. There is an urgent
eed for discovery of new antimicrobials. Rediscovery of forgotten
ntibiotics such as pivmecillinam, fosfomycin, and nitrofurantoin
ay be helpful in this situation until the discovery of new antimi-

robial agents [7,8]. Fosfomycin, a bactericidal antimicrobial agent,
as been used to treat UTIs for more than 40 years and it has
ood activity against Gram positive and negative organisms. It has
ecome increasingly important to treat multidrug resistant organ-

sms causing UTIs. Nitrofurantoin has also been used to treat UTIs
or the last 50 years [9]. Pivmecillinam, an oral antibiotic, has a
ood clinical and microbiological activity against multidrug resis-
ant organisms and it is being used to treat uncomplicated UTIs
3].

Knowledge of local prevalence of ESBL producing Enterobacteri-
ceae causing UTIs and their antibiotic susceptibility pattern may
elp to select effective oral antimicrobial treatment as suggested
y recent clinical guidelines [10]. The main aim of this study was
o determine the prevalence of ESBL producing Enterobacteriaceae
ausing UTIs and their antibiotic sensitivity profile in order to dis-
over alternative effective oral treatment options.

aterial and methods

This retrospective study was conducted from September 2015
o September 2017 in East Sussex Healthcare NHS Trust (ESHT),
ngland. ESHT consists of two acute hospitals with a total of 800
eds. Patients from the community and hospital with confirmed
TI due to ESBL producing Enterobacteriaceae were included in this

tudy. Midstream or catheter stream urine samples obtained from
atients were cultured onto 5% blood agar and Eosin-Methylene
lue (EMB) agar with 0.01 mL  calibrated loops by a semi quantita-
ive technique. Inoculated culture plates were incubated for 24 h
t 37 ◦C. More than 105 organisms per mL  of urine considered as a
ositive culture. The isolated bacteria were identified by the con-
entional and automated method systems such as API (BioMeurex)
nd Maldi-Tof. Antibiotic susceptibility testing on ESBL producing
nterobacteriaceae was done by the disc diffusion method in accor-
ance with EUCAST (The European Committee on Antimicrobial
usceptibility Testing) [11]. ESBL screening was done using discs
f cefpodoxime (10 �g) and Ceftazidime (10 �g) and ceftriaxone
30 �g) or cefotaxime (5 �g). Combination discs (discs contain-
ng the cephalosporins alone and with combination clavulanic
cid) were also employed to detect ESBL as per EUCAST guide-
ines (EUCAST) [11]. Further confirmation of ESBL production was
arried out using the VITEK II (bioMerieux, Marcy I’Etoile, France).
atients’ demographics and laboratory data were collected from the
athology information system. Data on pivmecillinam, fosfomycin,
itrofurantoin, trimethoprim and ciprofloxacin was  also collected.
o clinical information were collected.

esults

atient demographics
During the study period, the urine samples on 680 (females 526)
atients were sent to the microbiology laboratory for processing.

n this study, 63% (334/526) females and 72% (111/174) male were
ore than 60 years old.
Other Enterobacteriacae n = 26 20 (83) 5 (21)
Total (986) 769 (78) 594 (60)

Microbiology

A total of 986 ESBL producing Enterobacteriaceae were isolated
(Fig. 1). Approximately 77% organisms were isolated from female
urine samples. Of 986 organisms, Escherichia coli was the most com-
mon  organism (889, 90%); followed by Klebsiella species (71, 7%)
and other Enterobacteriaceae (26, 3%) (Fig. 1). A total of 609 (62%)
organisms were isolated from the community urine samples while
the hospital urine samples yielded 377 (38%) organisms (Fig. 2).

Antibiotic susceptibility

More than 95% of all ESBL producing Enterobacteriaceae were
sensitive to pivmecillinam, fosfomycin and nitrofurantoin (Table 1).
Of 889 E. coli, 98%, 96%, and 93% were found to be sensitive to
fosfomycin, pivmecillinam, and nitrofurantoin respectively. Pivme-
cillinam was the most effective antibiotic against Klebsiella species
(83%, 59); followed by fosfomycin (62%, 44) and nitrofurantoin
(42%, 30). Of other 26 Enterobacteriaceae,  23 (88%), and 22 (85%)
were sensitive to pivmecillinam and fosfomycin respectively while
nitrofurantoin sensitivity rate was low (15%, 4). Trimethoprim
and ciprofloxacin were least effective against all ESBL producing
Enterobacteriaceae (Table 2). No carbapenemase producing Enter-
obacteriacae was isolated during this study.

Discussion

The rising trend of EBSL producing organisms causing UTIs espe-
cially at the community level in recent years, and emergence and
prevalence of CTX-M enzyme in these organisms have generated
the need to re-evaluate current antimicrobial therapy for these
infections. CTX-M enzyme in ESBL producing organisms confers the
resistence to penicillins, cephalosporins and monobactams but not
the carbapenems. The ESBL producing Enterobacteriacae are resis-
tant to non-related antibiotics and pose a significant therapeutic
and infection control challange. Choosing right empirical therapy
is always challanging especially in elderly patient with comorbidi-
ties who  present with vague clinical signs and symptoms of sepsis
[1,7,12].

In this study, the majority of urinary ESBL producing iso-
lates were related with community UTIs. Other studies reported
higher isolation rates of ESBL producing Enterobacteriacae from
the community urine samples [4,7]. Pivmecillinam, fosfomycin and

nitrofurantoin are available in oral form. Their activity against ESBL
producing Enterobacteriacae and oral availability make it appro-
priate for use in the treatment of uncomplicated UTIs. One study
reported the good activity of fosfomycin (cell wall inhibitor) agan-
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Fig. 1. Distribution of ESBL producing Enterobacteracae.

gens 

i
(
r
m
[
o
fi
i
u

s
p
r
I
C
a
[
fi
E
w
E
o

b
c
s

Fig. 2. Distribution of ESBL producing patho

st carbapenemase producing Enterobacteriacae including NDM1
New Delhi Metallo-beta-lactamase-1) [13]. One study from Brazil
eported 98.8% sensitivity rate of fosfomycin in E. coli from com-
unity acquired UTIs despite the heavy usage of this antibiotic

14]. Fosfomycin resistance in the clinical isoaltes is rare because
f higher concentration of fosfomycin in the urinary tract. Our
ndings of >95% fosfomycin susceptibility among ESBL produc-

ng Enterobacteriacae further support the use of this antibiotic in
ncomplicated UTIs.

Pivmecillinam is a ß-lactam oral antibiotic which is effective
pecifically against Enterobacteriacae.  It binds to penicillin-binding
rotein 2 and inhibits the bacterial cell wall synthesis. It has been
ecommended for the treatment of uncomplicated UTIs by the
nfectious Diseases Society of America, the European Society for
linical Microbiology and Infectious Diseases, the European Associ-
tion of Urology, Scandinavian countries, UK, Germany and France
3,7]. Pivmecillinam resistance is still low. Previous studies con-
rmed the effectiveness of pivmecillinam against ESBL producing
nterobacteriacae [7,8]. Higher sensitivity rates of pivmecillinam
ere recorded in E. coli (96%), Klebsiella species (83%) and other

nterobacteriacae (88%) in this study which suggested this antibi-
tic is a suitable oral option to treat uncompliated UTIs.
Nitrofurantoin, a synthetic bactericidal antimicrobail agent, has
een used in the clinical practice for the last 50 years. It‘s higher
oncerntration in the urinary tract after taking orally, makes it
uitable oral option to treat lower UTIs [7,8]. Some studies around
from the community and Hospital samples.

the world reported more than 90% nitrofurantoin sensitivity rates
in ESBL producing E. coli [7,8]. One study reported decreased
nitrifurantoin sensitivity rate (57%) in ESBL producing Klebsiella
pneumoniae [9]. Our study confirmed the findings of previous
studies [7,9]. Nitrofurantoin was effective in 93% E. coli, while
reduced sensitivity was noted in Klebsiella species (58%) and other
Enterobacteriacae (17%). Nevertheless 88% Enterobacteriacae were
sensitive to nitrofurantoin. Nitrofurantoin sensitivity rate in ESBL
producing urinary isolates in this study is much higher from other
studies aroun the world such as Saudi Arabia (73%) and Baharian
(61.8%) [15,16].

The evaluation of this data revealed a higher resistance rates
to oral trimethoprim (78%) and ciproloxacin (60%). These agents
should be avoided to treat UTIs due to ESBL producing organ-
isms. One study detected higher resistance in 100 ESBL producing
E. coli to aminoglycosides, quinolones and sulfonamides. More than
70% isolates were resistant to trimethoprim sulfamethaxazole and
ciprfloxacin [7]. Another study showed similiar resistance rates in
ESBL producing organisms to gentamicin (75%) trimethoprim sul-
famethaxazole (70%) and ciprfloxacin (59%) [17]. Previous exposure
to trimethoprim or quinolones increases the resistance rate in ESBL
producing organisms [2].
Alternative antibiotics are required to combat with infections
due to multidrug resistant organisms. Our study showed higher
sensitivity rates to fosfomycin, pivmecillinam, and nitrofurantoin.
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hese antibiotics are suitable oral options to treat uncomplicated
TIs due to ESBL organisms.

onclusion

The emergence of multidrug resistant organisms restricts the
herapeutic options. Majority of ß-lactams are ineffective against
SBL producing Enterobacteriacae,  the associated co-resistance fur-
her reduces the treatment options. Higher sensitivity rates to
ivmecillinam, fosfomycin and nitrofurantoin in this study suggest
he suitability of these agents to treat uncomplicated UTI due to
SBL producing Enterobacteriaceae.

nformed consent

No informed consent was needed as no clinical informations
ere obrtained.

unding

There was no funding involved in this study.

thical approval

This study was approved by the clinical governace and audit of
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