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A B S T R A C T   

Objective: Increasing rates of antimicrobial resistance among E. coli is a growing concern worldwide. We aimed to 
assess the changing antibiotic sensitivity pattern in Uropathogenic E. coli over a period of 12 years with special 
emphasis on ESBL-producing E. coli. 
Methods: A retrospective study was done on the population of Islamabad from 1st Jan 2005 to Dec 2010 and then 
continued from 1st Jan 2016 to 31st May 2021. A total of 12000 samples were analyzed for isolation and 
identification of bacteria and antimicrobial susceptibility testing, from patients having uncomplicated urinary 
tract infections. Our primary was to find the antibiotics with the highest sensitivity against E. Coli in 2021, while 
our secondary outcome was to find the overall sensitivity pattern of E. Coli to antibiotics from 2005 to 2021. 
Results: There was a decrease in susceptibility rates of E. coli to Amoxicillin-Clavulanic Acid 47%, Trimethoprim- 
Sulfamethoxazole (TMP-SMX) 27%, Fluoroquinolones 24% & Cephalosporins 38%. There was a significant in
crease in the use of Nitrofurantoin and Fosfomycin. High resistance rates to Fluoroquinolones (76%), TMP-SMX 
(73%), Cephalosporins (62%), and Amoxicillin (53%) were documented. However, significantly high degree of 
sensitivity rates to Fosfomycin (92%), Aminoglycosides (90%) & Nitrofurantoin (80%) were recorded. 
Conclusions: Uropathogenic E. coli shows the highest sensitivity to Fosfomycin and Aminoglycosides in the year 
2021, followed by Nitrofurantoin and Sulbactam. Cephalosporins, Amoxicillin/Cluvalanic acid, TMP-SMX, and 
Fluoroquinolones show a declining sensitivity pattern. UTIs can be prevented well by lifestyle changes, taking 
vitamins, trace elements, and carbohydrates.   
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1. Introduction 

There is currently a worldwide epidemic of recurring and chronic 
urinary tract infections (UTIs), making them one of the most common 
infectious diseases. The most common cause of UTIs worldwide is 
Escherichia coli (E. coli). Up to 80% of UTIs are caused by the bacteria E. 
coli [1]. 

Being one of the most prevalent bacterial infections globally, UTIs 
are more frequently reported in women as compared to men due to 
lesser distance to the bladder in women. The urethral opening being 
closer to the rectum in women increases the chances of frequent UTIs in 
women [2]. Acute UTIs are categorized into cystitis (Lower UTIs) and 
pyelonephritis (Upper UTIs) [1]. 

UTIs can also be clinically classified into complicated and uncom
plicated UTIs [3] and are recognized as one of the most common 
childhood bacterial infections [4] and the reason for being absent from 
the workplace [5]. Bacteria are preponderant amongst all the etiologies 
of UTIs, E. coli being the on top followed by Staphylococcus saprophy
ticus species [6]. 

Antimicrobial empiric treatment is given when symptoms of lower 
UTI like suprapubic pain, urinary incontinence, dysuria, and frequent 
urination are present [7,8]. A speedy increase has been noticed in 
antibiotic resistance worldwide, especially in the last ten years [9]. 
Extended-spectrum beta-lactamase (ESBL) producing strains constitute 
a majority of E. coli infections, which are resistant to extended-spectrum 
antibiotics such as cephalosporins and monobactams [10,11]. ESBL is an 
enzyme found in ESBL-producing bacteria which assists them in resist
ing certain antibiotics [12]. 

Enzymes including SHV, CTX-M, and TEM encoded by the genes in 
plasmids play a pivotal role in mediating ESBL (13). Surprisingly, the 
predominance of ESBL-producing E. coli is rising in Europe [14], Asia 
[15], Africa [16], and Mediterranean regions [17,18] in spite of 
geographical and racial differences. 

UTI treatments depend on numerous factors such as infection type, 
allergic history, age, gender, and pattern of pathogen’s antibiotic sus
ceptibility [19–21]. Antibiotics namely β-lactams, Trimethoprim, and 
Nitrofurantoin are preferred for treating uncomplicated UTIs [19], while 
Fluoroquinolones are widely used for treating both complicated and 
uncomplicated UTIs in some countries [22]. 

Risk factors include long-term hospitalization, use of catheters, and 
use of antibiotics prior to UTI can lead to multi-drug resistance [19,20]. 
The predominance of multi-drug resistant strains has been reported to be 
more than 65%, since 2011, especially in Pakistan [23,24]. Excessive 
use of Quinolones and Fluoroquinolones has resulted in raised resistance 
in UTI-causing bacteria [25]. 

Despite being a threatening concern, inadequate research has been 
conducted on this topic in a third-world country like Pakistan. There was 
a dire need to study the sensitivity patterns in Uropathogenic E. coli so 
that the findings can be used to perform the best possible antibiotic 
treatment against UTIs. 

The primary aim of this study is to assess the altering antibiotic 
sensitivity patterns in Uropathogenic E. coli from January 2005 – to May 
2021, especially focusing on ESBL-producing E. coli. 

2. Materials and methods 

A retrospective study was conducted on the population of Islamabad 
presenting with UTIs in the tertiary care centers. Islamabad is Pakistan’s 
ninth-largest city, with a population of approximately one million one 
hundred sixty-four thousand. According to the Globalization and World 
Cities Research Network, Islamabad is a Gamma + city. The city has an 
urban area of 220.15 km2 (85.00 sq mi) and a metro area of 1385.5 km2 

(534.9 sq mi). It has a density of 2089 inhabitants per square kilometer 
(5410 inhabitants per square mile) [26]. Our study is fully compliant 
with the STROCSS 2021 guidelines [27]. A complete STROCSS 2021 
checklist has been provided as a supplementary file. Our study has been 

registered on Research Registry with the following UIN: researchregis
try7926 [28]. Our study is in accordance with the Declaration of 
Helsinki. 

2.1. Inclusion criteria 

Urine culture samples were collected from patients having uncom
plicated UTIs who presented with at least three of the following symp
toms: dysuria, urgency, frequency, or suprapubic tenderness and had a 
positive urine culture for E. coli (10*5 CFU/mL). 

2.2. Exclusion criteria 

Urine samples that were culture-negative, had no significant growth 
or had pathogens other than E. Coli were excluded. 

2.3. Data collection 

The study was conducted in two phases, one from 1st Jan 2005 to 
Dec 2010 then phase two continued from 1st Jan 2016 to 31st May 
2021. 

Data was collected after the ethical approval was obtained from KRL 
Hospital Islamabad, wide letter no “Ref ERC: KRL-HI-ERC/Apr17/ 
18–5” 

A total of 12000 samples were analyzed for isolation and identifi
cation of bacteria and antimicrobial susceptibility testing. 

2.4. Identification of uro pathogens & susceptibility testing to antibiotics 

Antibiograms for the bacteria were obtained to test the sensitivity of 
the antibiotics. Bacterial growth was considered positive on the dipslide 
at 10*5 CFU/mL. Two or more bacterial species growing together were 
considered polluted and were eliminated. The isolated bacteria were 
kept at a temperature of 20 ◦C in a solution of peptone/glycerol (30% w/ 
v). 

Amoxicillin/Clavulanic acid (625mg/1 gm), Trimethoprim/Sulpha
methoxazole (TMP-SMX) (160/800 mg), Aminoglycosides (80mg/500 
mg), Nitrofurantoin (3 gm), Cephalosporins (400 mg), Sulbactams (1 
gm/2 gm), and Fosfomycin (100 mg) were tested. 

2.5. Primary outcome 

To find the antibiotics with highest sensitivity against E. Coli in 
2021. 

2.6. Secondary outcome 

To find the overall sensitivity pattern of E. Coli to antibiotics from 
2005 to 2021. 

The Approval by the Ethics Committee & Consent to Participate: 
The ethical review committee of KRL Hospital Islamabad accepted 

this study in a letter titled “Ref ERC: KRL-HI-ERC/Apr17/18–5". The 
informed consent from the patients was obtained considering Helsinki’s 
Declaration. 

2.7. Statistics 

IBM SPSS version 24 was used to compile and analyze the data. A p- 
value of <0.05 was considered as significant. 

2.8. Results 

Cephalosporins had a similar trend of decreasing sensitivities. The 
sensitivity for cephalosporins was 80% in 2005, after 11 years, it 
decreased to 53% in 2016, and after 5 years, it further declined to 38% 
(Fig. 1). 
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The sensitivity pattern of older drugs has been illustrated in Fig. 2. 
Amoxicillin in conjunction with Clavulanic acid showed a progressive 
decrease in sensitivity over the years starting from 90% in 2005 to a 
mere 47% in 2021. 

Hence, both beta-lactam antibiotic groups suffered a declining trend 
in sensitivities against UTI-causing E. coli. Whereas Fosfomycin was 
found to be effective against UTI-causing E. coli. In 2005. It was the most 
effective antibiotic against UTI-causing E. coli with a sensitivity value of 
99%. 

Over the course of 16 years, the sensitivity value decreased by only 
7% and in 2021, Fosfomycin is sensitive against 92% of the UTI-causing 
E. coli bacteria. 

In 2005, aminoglycosides were highly effective (sensitivity level 
95%) like Fosfomycin. In 2021, the sensitivity level was 90%. Fluo
roquinolones and TMP-SMX had lower sensitivities against UTI-causing 
E. coli in 2005 (70% and 60%, respectively) and a progressive decline in 
sensitivity values was observed. In 2021, the sensitivity values of Fluo
roquinolones and TMP-SMX were 24% and 27%, respectively (Fig. 3). 

3. Discussion 

UTI is the most common cause of antibiotic prescription in primary 
care setup [1,2]. Women are more prone to urinary tract infections due 
to shorter urethra and anatomic differences. E. coli is the comment cause 
of UTIs, and accounts for 80% of uncomplicated UTIs [3,4]. 

The resistance of TMP and SXT to TMP-SMX has increased over 10 
years. This was in contrast with another study conducted in France in 
2018 that reported 78% and 75% susceptibility of these drugs to E. coli 
respectively [5,6]. 

Another study conducted in 2013 found 26.6% resistance to 
trimethoprim [7]. This difference in resistance rate to TMP can be 
explained by the different settings in which the study was conducted. A 
study found the use of TMP as a single drug has increased its resistance 
[8]. Increase resistance of TMP/SMX to E. coli over a decade in our 
region as compared to developed countries do not recommend its use to 

treat uncomplicated UTI in developing countries. 
Fosfomycin is suggested to be a safe and effective drug in treating 

UTIs. Of the E. coli isolates studied, a decade-long study showed a 
declining trend in sensitivity from 98%, a decade ago to 95% in 2016 to 
93% in 2021 [9,10]. 

Piperacillin/Tazobactam (PIP-TAZ) can be as effective in treating 
community-acquired uncomplicated ESBL producing strains of E. coli as 
trimethoprim, a study has shown. A study from Korea revealed 87.3% 
susceptibility of PIP-TAZ to E. coli in 2017 as compared to 98.9% in 
2008 [11]. 

The susceptibility of Fluoroquinolones continuously decreased from 
60% in 2005–2010 to 25% in 2017 and then increase to 38%. Hence 
there is a significant decrease over a period of 10 years. There was a 
continuous decline in susceptibility during the study period and it 
remained less than 70% throughout the study period. The susceptibility 
rate of Fluoroquinolones was even less than TMP-SMX over a period of 
10 years. A study reported markedly increased resistance to Fluo
roquinolones from 2008 to 2017 (79.5% vs 58.6%) [11]. 

Another study found increased resistance to both Fluoroquinolones 
and Trimethoprim [14]. The increase in resistance over the years can be 
explained by the non-judicious use of Quinolones in developing coun
tries [12]. 

Our study reported more than 90% susceptibility of Aminoglycosides 
over a period of 10 years. This contradicted the findings of a previous 
study that reported less than 80% susceptibility of ESBL-producing 
strains of E. coli to Gentamicin. A study conducted in 2014 in New 
Delhi found 46.7% resistance to Gentamicin [13]. This finding is not 
consistent with our study where we reported maximum antibiotic 
sensitivity with Aminoglycosides. Regional differences account for dif
ferences in the sensitivity pattern of antibiotics. 

Our study corroborates the findings of a previous study conducted in 
Poland from 2016 to 2018 that found maximum susceptibility of Ami
kacin followed by Piperacillin and Gentamicin in managing UTIs. Ami
noglycosides are not frequently prescribed drugs due to their 
nephrotoxicity. With regards to oral antibiotics, the highest sensitivity 
rate was observed with Fosfomycin and nitrofurantoin [14]. 

Our study reported E. coli showing 27% susceptibility to 3rd gen
eration Cephalosporins, particularly Ceftriaxone. This has decreased 
over a decade from 69%. The high susceptibility pattern of Nitro
furantoin is explained by the fact that the drug is not frequently avail
able [15]. 

In our study, most ESBL-producing strains of E. coli are resistant to 
Trimethoprim, Fluoroquinolones, Amoxicillin/Clavulanic acid, and 
Ceftriaxone. The antibiotic susceptibility pattern shows maximum 
resistance with ceftriaxone, followed by Trimethoprim, Fluo
roquinolones, and Amoxicillin/Clavulanic acid. These are the drugs 
most frequently prescribed by general physicians. 

The ESBL-producing E. coli shows maximum sensitivity with Ami
noglycosides, followed by Fosfomycin, PIP-TAZ, and Nitrofurantoin. 

Fig. 1. Antibiotic sensitivity patterns in newer drugs.  

Fig. 2. Antibiotic sensitivity patterns in older drugs.  

Fig. 3. Sensitivity patterns of various antibiotics from 2006 to 2021.  

K. Bangash et al.                                                                                                                                                                                                                                



Annals of Medicine and Surgery 78 (2022) 103855

4

Our study demonstrated a continuous increase in resistance in 
frequently used antibiotics. 

3.1. Lifestyle changes 

Winchester hospital claims that UTI treatment requires lifestyle 
changes that can help flush the bacteria and antibiotics from your uri
nary system by drinking a lot of water. Taking a toilet break is necessary 
according to them. If you have intercourse, you should drink a full glass 
of water and then pass pee. every day you should wash your genitals 
After a bowel movement, ladies should wipe from front to back and 
avoid using douches and feminine sprays [29]. 

Dietary recommendations could be the first step towards the pre
vention of UTI recurrence because eating habits appear to be a key risk 
factor [30]. Various research advised various preventative methods, 
such as drinking cranberry juice (urinary alkalization), over-the-counter 
cystitis treatment medications, or following certain hygiene habits, such 
as wiping the genitals from front to back [31]. In order to alleviate 
symptoms and enhance overall health, natural therapies have been 
widely employed in the treatment of numerous ailments. First aid and 
short-term prevention are both possible with herbal remedies. UTIs can 
be prevented well by taking vitamins, trace elements, and/or carbohy
drates. These antibacterial agents work well when combined. Antibiotic 
overuse and the prevalence of antibiotic-resistant microbes pose a 
serious danger to the use of probiotics [32]. 

3.2. Strengths and limitations 

This study covers antibiotic susceptibility patterns over a period of 
12 years. Our results are not generalized as our study only deals with 
uncomplicated UTIs and not all the patients having UTIs. Huge surveys 
need to be conducted on a mass level to know the exact declining 
sensitivity patterns. 

4. Conclusion 

Uropathogenic E. coli shows the highest sensitivity to Fosfomycin 
and Aminoglycosides in the year 2021, followed by Nitrofurantoin and 
Sulbactam. Cephalosporins, Amoxicillin/Clavulanic acid, TMP-SMX, 
and Fluoroquinolones show a declining sensitivity pattern. Further 
monitoring of antimicrobial susceptibility is recommended in the up
coming years for effective treatment. UTIs can be prevented well by 
lifestyle changes by taking vitamins, trace elements, and carbohydrates. 
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[3] M.M. Zacchè, I. Giarenis, Therapies in early development for the treatment of 
urinary tract inflammation, Expet Opin. Invest. Drugs 25 (5) (2016) 531–540, 
https://doi.org/10.1517/13543784.2016.1161024. 

[4] F. Aghamahdi, H. Hashemian, M. Shafiei, Z. Akbarian, M. Rostam Nejad, M. Fallah 
Karkan, Etiologies and antibiotic resistance patterns in infants with urinary tract 
infections hospitalized in children medical center, Rasht, Iran, Iran. J. Neonatol. 
IJN 4 (2) (2013 Jul 1) 21–25. 

[5] M. Mulder, E. Baan, A. Verbon, B. Stricker, K. Verhamme, Trends of prescribing 
antimicrobial drugs for urinary tract infections in primary care in The Netherlands: 
a population-based cohort study, BMJ Open 9 (5) (2019 May 19), e027221, 
https://doi.org/10.1136/bmjopen-2018-027221. 

[6] J. Duława, R. Drabczyk, Urinary tract infections, in: P. Gajewski, A. Szczeklik 
(Eds.), Interna Szczeklika - Internal Medicine Textbook 2018, Medycyna 
Praktyczna, 2018, pp. 1611–1622. 

[7] F.M. Wagenlehner, K.G. Naber, Treatment of bacterial urinary tract infections: 
presence and future, Eur. Urol. 49 (2) (2006 Feb) 235–244, https://doi.org/ 
10.1016/j.eururo.2005.12.017. 

[8] B.J. Gardiner, A.J. Stewardson, I.J. Abbott, A.Y. Peleg, Nitrofurantoin and 
fosfomycin for resistant urinary tract infections: old drugs for emerging problems, 
Aust. Prescr. 42 (1) (2019 Feb) 14–19, https://doi.org/10.18773/ 
austprescr.2019.002. 

[9] M. Frieri, K. Kumar, A. Boutin, Antibiotic resistance, J. Infect. Pub. Health 10 (4) 
(2017 Jul-Aug) 369–378, https://doi.org/10.1016/j.jiph.2016.08.007. 

[10] A. Mazzariol, A. Bazaj, G. Cornaglia, Multi-drug-resistant Gram-negative bacteria 
causing urinary tract infections: a review, J. Chemother. 29 (sup1) (2017 Dec) 2–9, 
https://doi.org/10.1080/1120009X.2017.1380395. 

K. Bangash et al.                                                                                                                                                                                                                                

https://doi.org/10.1016/j.amsu.2022.103855
https://doi.org/10.1016/j.amsu.2022.103855
https://doi.org/10.1007/s10096-019-03655-3
https://doi.org/10.1007/s10096-019-03655-3
https://doi.org/10.1038/nrurol.2010.190
https://doi.org/10.1517/13543784.2016.1161024
http://refhub.elsevier.com/S2049-0801(22)00615-X/sref4
http://refhub.elsevier.com/S2049-0801(22)00615-X/sref4
http://refhub.elsevier.com/S2049-0801(22)00615-X/sref4
http://refhub.elsevier.com/S2049-0801(22)00615-X/sref4
https://doi.org/10.1136/bmjopen-2018-027221
http://refhub.elsevier.com/S2049-0801(22)00615-X/sref6
http://refhub.elsevier.com/S2049-0801(22)00615-X/sref6
http://refhub.elsevier.com/S2049-0801(22)00615-X/sref6
https://doi.org/10.1016/j.eururo.2005.12.017
https://doi.org/10.1016/j.eururo.2005.12.017
https://doi.org/10.18773/austprescr.2019.002
https://doi.org/10.18773/austprescr.2019.002
https://doi.org/10.1016/j.jiph.2016.08.007
https://doi.org/10.1080/1120009X.2017.1380395


Annals of Medicine and Surgery 78 (2022) 103855

5

[11] R. Bonnet, Growing group of extended-spectrum beta-lactamases: the CTX-M 
enzymes, Antimicrob. Agents Chemother. 48 (1) (2004 Jan) 1–14, https://doi.org/ 
10.1128/AAC.48.1.1-14.2004. 

[12] Learning about ESBL infection [Internet]. Alberta.ca. 2019 [cited 2021 Sep 23]. 
Available from: https://myhealth.alberta.ca/Health/aftercareinformation/pages/ 
conditions.aspx?hwid=abr8395. 

[13] D.L. Paterson, R.A. Bonomo, Extended-spectrum beta-lactamases: a clinical update, 
Clin. Microbiol. Rev. 18 (4) (2005 Oct) 657–686, https://doi.org/10.1128/ 
CMR.18.4.657-686.2005. 

[14] T.M. Coque, F. Baquero, R. Canton, Increasing prevalence of ESBL-producing 
enterobacteriaceae in Europe, 19044. Erratum in: Euro Surveill. 2008 Nov 27, Euro 
Surveill. (47) (2008 Nov 20) 13, 19044. Erratum in: Euro Surveill. 2008 Nov 27;13 
(48). pii: 19051. PMID: 19021958. 

[15] H.E. Sidjabat, D.L. Paterson, Multidrug-resistant Escherichia coli in Asia: 
epidemiology and management, Expert Rev. Anti Infect. Ther. 13 (5) (2015 May) 
575–591, https://doi.org/10.1586/14787210.2015.1028365. 

[16] G.S. Tansarli, P. Poulikakos, A. Kapaskelis, M.E. Falagas, Proportion of extended- 
spectrum β-lactamase (ESBL)-producing isolates among Enterobacteriaceae in 
Africa: evaluation of the evidence–systematic review, J. Antimicrob. Chemother. 
69 (5) (2014 May) 1177–1184, https://doi.org/10.1093/jac/dkt500. 

[17] M.A. Borg, E. Scicluna, M. de Kraker, N. van de Sande-Bruinsma, E. Tiemersma, 
D. Gür, S. Ben Redjeb, O. Rasslan, Z. Elnassar, M. Benbachir, D. Pieridou 
Bagatzouni, K. Rahal, Z. Daoud, H. Grundmann, J. Monen, Antibiotic resistance in 
the southeastern Mediterranean–preliminary results from the ARMed project, Euro 
Surveill. 11 (7) (2006 Jul) 164–167. 

[18] M.A. Borg, N. van de Sande-Bruinsma, E. Scicluna, M. de Kraker, E. Tiemersma, 
J. Monen, H. Grundmann, ARMed Project Members and Collaborators, 
Antimicrobial resistance in invasive strains of Escherichia coli from southern and 
eastern Mediterranean laboratories, Clin. Microbiol. Infect. 14 (8) (2008 Aug) 
789–796, https://doi.org/10.1111/j.1469-0691.2008.02037.x. 

[19] K. Ejrnæs, Bacterial characteristics of importance for recurrent urinary tract 
infections caused by Escherichia coli, Dan. Med. Bull. 58 (4) (2011 Apr) B4187. 

[20] E. Walker, A. Lyman, K. Gupta, M.V. Mahoney, G.M. Snyder, E.B. Hirsch, Clinical 
management of an increasing threat: outpatient urinary tract infections due to 
multidrug-resistant uropathogens, Clin. Infect. Dis. 63 (7) (2016 Oct 1) 960–965, 
https://doi.org/10.1093/cid/ciw396. 

[21] M.A. De Francesco, G. Ravizzola, L. Peroni, R. Negrini, N. Manca, Urinary tract 
infections in Brescia, Italy: etiology of uropathogens and antimicrobial resistance 

of common uropathogens, Med. Sci. Mon. Int. Med. J. Exp. Clin. Res. 13 (6) (2007 
Jun) BR136–B144. 

[22] O. Fasugba, A. Gardner, B.G. Mitchell, G. Mnatzaganian, Ciprofloxacin resistance 
in community- and hospital-acquired Escherichia coli urinary tract infections: a 
systematic review and meta-analysis of observational studies, BMC Infect. Dis. 15 
(2015 Nov 25) 545, https://doi.org/10.1186/s12879-015-1282-4. 

[23] I. Ali, N. Kumar, S. Ahmed, J.I. Dasti, Antibiotic resistance in uropathogenic e. Coli 
strains isolated from non-hospitalized patients in Pakistan, J. Clin. Diagn. Res. 8 (9) 
(2014 Sep) DC01–4, https://doi.org/10.7860/JCDR/2014/7881.4813. 

[24] S. Sabir, A. Ahmad Anjum, T. Ijaz, M. Asad Ali, M. Ur Rehman Khan, M. Nawaz, 
Isolation and antibiotic susceptibility of E. coli from urinary tract infections in a 
tertiary care hospital, Pakistan J. Med. Sci. 30 (2) (2014 Mar) 389–392. 
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