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Objective: To assess the changing antibiotic sensitivity pattern in Uropathogenic E. coli

over a period of time (2013–2017) with a special emphasis on ESBL-producing E. coli.

Methods: This retrospective study was carried out in the Department of Microbiology,

Kasturba Medical College, Ambedkar Circle, Mangalore. A retrospective time bound ana-

lysis of 500 samples/year was performed. The urine samples received from the suspected

cases of urinary tract infection (UTI) were processed. Wet mount examinations of urine

samples were done. The urine culture was done by a semi-quantitative method on Mac

Conkey’s agar, Cysteine Lactose Electrolyte Deficient (CLED) medium, and UTI Chrome

agar. Culture plates were incubated for 18–24 hours at 37°C. Urine samples with a colony

count of ≥105 CFU/ml were considered significant. The uropathogens were identified by their

biochemical reactions. The antibiotic susceptibility testing (AST) was carried out using

a Vitek Compact 2 system and Modified Kirby Bauer disc diffusion method.

Results: Antibiotic resistance of Uropathogenic E.coli to cephalosporins increased from 51

to 58%, Cotrimoxazole: 52 to 59%, Piperacillin tazobactam 9.4 to 23%, Carbapenems 0 to

5.9%. Antibiotic resistance to netilmicin has reduced from 8 to 6.5%, and norfloxacin 59 to

48%. The rates of ESBL production have increased from 45.2 to 59.6% in the 5 years.

Conclusion: The increasing antibiotic resistance trends in UTI patients indicate that it is

vitally important to use them conservatively. Proper guidelines, management of antibiotic

usage, and constant information to the clinicians regarding the sensitivity pattern can help to

prevent drug resistance.
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Introduction
Urinary tract infections (UTIs) are currently placed among the most widespread infec-

tious diseases worldwide, with chronic and recurrent infections being troublesome.1

Uropathogenic Escherichia coli (E. coli) (UPEC) are the primary etiologic agents, and

the most common cause of urinary tract infections (UTIs) worldwide.1,2 Infections are

gradually becoming hard to treat, and may lead to therapeutic dead ends.3

The treatment regimen of UTIs differs according to the age of the patient, sex,

underlying disease, infecting agent, and whether there is lower or upper urinary

tract involvement.4

Escherichia coli express multi-drug resistance. In the treatment of Uncomplicated

cystitis, the preferable antibiotics for empiric treatment include Nitrofurantoin,

Trimethoprim/sulphamethoxazole, or Ciprofloxacin. The alternate choices include
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Cefuroxime and Cefixime. For complicated and upper UTI

cases in hospitalized patients, the antibiotics used are

Piperacillin tazobactam and Carbapenems.4

The antibiotic resistance patterns have shown large inter-

regional differentiation. The appropriate choice of antibiotic

needs to be tailored based on the local susceptibility pattern.

Usually empirical antimicrobial treatment is initiated in

almost all the cases of UTI before the laboratory results of

urine culture are obtained and, thus, antibiotic resistancemight

increase in uropathogens due to repeated inappropriate anti-

biotic choice. This study will help us to assess the changing

antibiotic sensitivity pattern in the E. coli over a period of time

(2013–2017), with a special emphasis on ESBL producing

E. coli.

Materials and methods
Study setting
The retrospective study was conducted in Kasturba

Medical College Hospital, Mangalore, a tertiary care hos-

pital. This is a 1,000 bedded hospital that provides health-

care and other specialist services including exclusive

cardiothoracic, respiratory, and urology units. The hospital

includes an emergency department and intensive care unit,

and offers a wide range of inpatient and outpatient ser-

vices. The Microbiology laboratory receives around

10,000 urine samples/year from inpatients and outpatients.

Study sample
Inclusion criteria

● Urine samples sent for culture from patients present-

ing with at least three of the following symptoms:

dysuria, urgency, frequency, or suprapubic tenderness.
● Urine samples with significant growth of E. coli

(>105 CFU/ml) in the months of March–May. In

the first year, 2013, we received 500 urine samples

with significant growth of E. coli in the peak sum-

mer months . Hence, we continued to analyse 500

samples during the same period subsequently for the

next 4 years, to maintain uniformity.

Exclusion criteria

Urine samples with negative culture, no significant

growth, or growth other than E. coli.

Sample processing

Wet mount examination of uncentrifuged urine was per-

formed. Urine culture was done by a semi-quantitative

method on Mac Conkey’s agar, CLED medium, and UTI

Chrom agar. Culture plates were incubated for 18–24 hours

at 37°C. The uropathogens were identified by standard bio-

chemical reactions. The urine specimen with a growth of

≥105 CFU/mL of a single microorganism or mixed flora

with a predominant species was considered significant and

defined as positive urine culture. Negative urine culture was

defined as no growth, insufficient growth, or a mixed micro-

bial flora with no predominant organism.5

The uropathogens were identified by the standard

biochemical reactions

The antibiotic susceptibility testing (AST) was carried out

using the Vitek Compact 2 system and Modified Kirby Bauer

disc diffusion method. The antibiotic discs (Himedia) used

for coliforms included Ampicillin (10 µg), Amoxicillin/

Clavulanic Acid (30 µg), Cefuroxime (30 µg), Ceftriaxone

(30 µg), Cefepime (30 µg), Cefoperazone/Sulbactam (75/30

µg), Amikacin (30 µg), Gentamicin (10 µg), Ciprofloxacin

(5 µg), Imipenem (10 µg), Meropenem (10 µg), and

Piperacillin/Tazobactam (100/10 µg). The interpretation of

results was based on the recommendations of the Clinical

Laboratory Standards Institute (CLSI). ESBL production in

E. coli will be detected by the screening and confirmatory

tests recommended by CLSI guidelines.6

The study obtained clearance from the Institutional

Ethics committee. IEC KMC MLR 01–17/05.

Results
The antibiotic resistance rates to the first line antimicrobials

to treat UTI in our setup were Nitrofurantoin: 13.3%, cotri-

moxazole: 0.6%, norfloxacin: 48%. The resistance rates to

the second line drugs were Piperacillin tazobactam: 23%,

Carbapenems: 5.9%. The trend of antibiotic resistance over

the period of 5 years was analyzed using the chi-square test

and Cochrane Armitage test. A statistically significant trend

in the rates of antibiotic resistance over the period of 5 years

was seen for the following antibiotics: Norfloxacin,

Ciprofloxacin, Piperaciilin and Tazobactam (p>0.001).

The analysis of the trend is depicted in Table 1 (chi-square

test) and Figure 1 (Cochrane Armitage test).

Discussion
A recurrent unreasonable use of antibiotics changes the

intestinal flora, leading to bacterial resistance. The exten-

siveness of antibiotic resistance is a serious public health

concern.

In this study, we focused on the uropathogenic E. coli

strains and their sensitivity patterns to different groups of
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antibiotics commonly administered to treat the infections

over the period of 5 years.

Resistance to TMP-SXT has increased over the period of

time (2013–2017). TMP-SXT has been the first-line

empirical treatment for more than 30 years. It is the antibiotic

prescribed routinely for uncomplicated UTIs in many devel-

oped and developing countries. Increasing resistance to

TMP-SXT is a matter of concern. The TMP-SXT resistance

Table 1 Trend of antibiotic resistance in E. coli isolates

Antibiotics 2013 2014 2015 2016 2017 P-value

Ampicillin sulbactam 165 (33%) 175(35%) 150(30%) 145 (29%) 155 (31%) 0.161

Cefaperazone sulbactam 28 (5.6%) 41 (8.2%) 21 (4.2%) 30 (6%) 45.2 (9.04%) 0.406

Cefotaxime 255 (51%) 250 (50%) 253 (50.6%) 261 (52.2%) 291 (58.2%) 0.009

Ceftazidime 225 (45%) 249 (49.8%) 241 (48.2%) 229 (45.8%) 292 (58.4%) 0.019

Cefuroxime 267 (53.4%) 265 (53%) 257 (51.4%) 249 (49.8%) 289 (57.8%) 0.199

Cotrimoxazole 260 (52%) 251 (50.2%) 263 (52.6%) 248 (49.6%) 298 (59.6%) 0.0116

Gentamicin 156 (31.2%) 175 (35%) 177 (35.4%) 179 (35.8%) 170 (34%) 0.785

Netillin 44 (8.8%) 39 (7.8%) 29 (5.8%) 30 (6%) 32 (6.5%) 0.417

Nalidixic acid 402 (80.4%) 410 (82%) 419 (83.8%) 390 (78%) 416 (83.2%) 0.776

Norfloxacin 240 (48%) 292 (58.4%) 295 (59%) 301 (60.2%) 321 (64.2%) <0.001

Nitrofurantoin 64 (12.8%) 59 (11.8%) 55 (11%) 59 (11.8%) 66 (13.3%) 0.441

Piperacillin 160 (32%) 145 (29%) 165 (33%) 175 (35%) 190 (38%) 0.002

Piperacillin tazobactam 47 (9.4%) 55 (11%) 100 (20%) 104 (20.8%) 115 (23%) <0.00

Ertapenem 0 2 (0.4%) 10 (2%) 9 (1.8%) 19 (3.80%) —

Imipenem 0 0 11 (2.2%) 22 (4.4%) 29 (5.9%) —

Meropenem 0 0 4 (2.8%) 15 (3%) 22 (4.5%) —

ESBL producers 226 (45.2%) 227 (45.4%) 232 (46.4%) 263 (52.6%) 298 (59.6%) <0.001
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Figure 1 The 5-year trend of antibiotic susceptibility to uropathogenic E. coli.
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rate in 2013 in the present study was 52%, increasing up to

59.6% in 2017. The rise in resistance rate is not statistically

significant for this drug. This phenomenon could be due to

restricted use of this antibiotic in our setup, owing to its

associated side-effects. A study conducted by Nalini et al7

in 2013 in, Tamil Nadu, India, identified an increasing trend

in trimethoprim resistance up to 68.69%.

In settings with a >10–20% resistance to cotrimoxa-

zole, the alternative regimen could be fluoroquinolone,

nitrofurantoin, or fosfomycin. The data from the present

study reveals the high rate of fluoroquinolone resistance in

E. coli (>60%). The rise in resistance to Norfloxacin was

statistically significant in the 5 years. The fact can be

explained as it is one of the commonly prescribed

drugs on an outpatient basis. It is of great concern that

E. coli has developed a high rate of resistance against them

as well, which is in line with other studies.8,9 It reflects

that this useful antibiotic is instantaneously losing its effi-

cacy in the treatment of UTI.

Nitrofurantoin resistance is comparatively lower in our

study (12.8–13.3%). The lower resistance to nitrofurantoin

may be attributed to the sparse use of this drug in the

treatment of uncomplicated lower urinary tract infections

in outpatients. The findings are in par with the study

quoting a resistance rate of 13%.10

In our tertiary care center, cephalosporins are the drug

of choice in the treatment of complicated UTI in hospita-

lized patients. Unfortunately, the increasing use of third

generation cephalosporins has contributed to high level

resistance amounting up to 58%. Cephalosporins need to

definitely be used with caution as an empiric choice in

hospitalized patients owing to the high resistance rates.

A similar study from North-East India by Mukherjee et al11

reported a considerable rate of resistance to Cefotaxime

(67.5%), Ceftriaxone (62.5%), Ceftazidime (55%), and

45% of the uropathogenic E. coli were ESBL producers.

Our study showed a statistically significant rise in ESBL

prevalence, ie, from 45.2% to 59.6% over a period of 5

years. A varying rate of prevalence (19–60%) of ESBL

producing gram-negative bacteria has been reported from

different studies across India.12 The increasing levels of

ESBLs may be attributed to the increased empirical

administration of third generation cephalosporins. This

reduces the clinical utility of cephalosporins. In order to

preserve these effective antimicrobials, physicians must

rely on routine urine culture and sensitivity tests, and

treat the patients accordingly. ESBL producers are usually

known to be multidrug resistant organisms (MDR).

Aminoglycoside resistance also depicted an

increase over the last few years. Gentamicin is used as

an antibiotic prophylaxis of choice for invasive urological

procedures in many countries. Of the isolates, 16.25%

showed resistance to gentamicin in the previous

studies.13 In our study the aminoglycoside resistance rate

was 34%. The use of aminoglycosides has decreased in the

last few years.

In the present study, we observed a change in the resis-

tance pattern to Carbapenems, which is used as the last

choice for the management of multidrug-resistant E. coli.

These results were similar to the study conducted by

Ramalingam Sekar et al 201614 Cefaperazone/sulbactum,

piperacillin/tazobactum, and nitrofurantoin showed good

sensitivity rates.

Conclusion
Urinary tract infection is one of the most frequent

conditions in medical practice affecting people of all

ages. The high rates of antibiotic resistance among the

UPEC has left the clinicians with fewer options for choos-

ing the proper antibiotics for the treatment of UTI caused

by these multi-drug resistant organisms. The worrisome

fact of emergence of ESBL producing organisms necessi-

tates the clinical microbiology laboratories to detect ESBL

production. Judicious use of antibiotics and proper imple-

mentation of Antibiotic policy in hospitals is the need of

the hour. The study highlights the need for restricted use of

quinolones and third generation cephalosporins in our

setup. This will help, to a certain extent, in preventing

the emergence and spread of antibiotic resistance among

the Gram negative bacilli. Carbapenem resistance is an

issue of concern. Proper guidelines, management of anti-

biotic usage, and constant information to the clinicians

regarding the sensitivity pattern can help to prevent drug

resistance.
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