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Along with malaria and plague, urinary tract infections (UTIs) are among the oldest types of illnesses till today.
Antibiotics, however, have consistently been the initial treatment option chosen by medical specialists despite the fact that
treating this complex condition has never been simple. Antibiotic abuse or overuse is linked to the development of
resistance, the recurrence of illness, suffering, and financial hardship. In this study, we examed the pattern of Escherichia
coli antibiotic susceptibility in urine samples from UTI patients in a local population in India as well as the formation of
multiple drug resistances (MDR) among the isolates. The level of resistance to multiple antibiotics is accessed by multiple
antibiotic resistance index (MARI), a quantitative measure, which is determined by simply dividing number of antibiotics to
which the isolate is resistant to total number of antibiotics tested. We found that second and third generations of
flouroquinone were shown the highest levels of resistance, followed by widely used antibiotics like ampicillin and
cephalosporin. The drugs fosfomycin (FO) and nitrofurantoin (NIT) had the highest levels of sensitivity. In addition, we
observed 80% of isolates with multiple antibiotic resistance indexes more than 0.2 and 97% of isolates that are multidrug
resistant, which amply illustrates the severity of rising antibiotic resistance that must be properly controlled to treat UTI

effectively.
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Clinically, UTIs are rezognised for their frequency,
recurrence, and subsequent emergence of multidrug
resistence (MDR) and antimicrobial resistance
(AMR). It was first identified in Egypt approximately
1550 BC, and today it ranks among the most common
bacterial illnesses worldwide. According to recent
studies, the number of UTI cases has climbed
significantly over the past three decades, from 150
million cases in the past to more than 404.6 million
cases today, with an estimated 236,786 fatalities in
2019'. According to the Urology Care Foundation of
the American Urological Association, 8 million
people with UTI symptoms seek medical assistance
every year. Approximately, 10 in 25 women and 3 in
25 men will experience symptoms at some point in
their lifetime”.

Clinical signs and symptoms, associated risk, and
source of infection are used to categorise UTIs™”.
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Escherichia coli, Klebsiella pneumoniae, Proteus
mirabilis, and other Enterobacteriaceae are the most
often reported pathogens causing an acute,
uncomplicated lower UTI (mostly cystitis). E. coli is
the most prevalent pathogen among elderly
individuals, followed by various Enterobacteriaceae’.
Women are more prone than men to have UTIs at any
age, particularly during pregnancy and after
menopause. Additionally, researchers discovered that
metropolitan areas had a somewhat higher incidence
or infection rate than rural locations®’.

Chemotherapy was first employed to treat UTIs in
the early 20" century, despite the fact that the
condition was well-known and well-characterized in
the early 19" century without knowledge of the
microorganisms that caused it*. Despite having poor
spectrum activity, nitrofurantoin (NIT) is considered
as the first line of defense in UTI. Amoxicillin
(AMX) and other beta lactam antibiotics were
introduced after the 1970s, but their widespread use
led to the development of antibiotic resistance.
Trimethoprim/sulfamethoxazole (TMP/SMX) was
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then chosen as the first line treatment for UTL
According to American and European standards,
fluoroquinolones (and to a lesser extent gatifloxacin)
can be used as an alternative when TMP/SMX
resistance is 10% or greater’'’.

Antibiotic misuse, overuse and unwarranted
recommendations raise disease burden, financial
burden, AMR, and MDR significantly. AMR was
recently named one of the top 10 global public health
hazards by WHO, with 0.7 million deaths reported in
2019 and an estimated significant increase to 20
million by 2050. The resistance to the routinely given
antibiotics for the treatment of UTIs has dramatically
increased, according to the Global MAR and Use
Surveillance System (GLASS) of the WHO. Many
nations have reported high rates of resistance to
commonly prescribed antibiotics as AMP, amoxicillin/
clavulanic acid (AMC), oral cephalosporins, co-
trimoxazole (CM) and ciprofloxacin (CIP). Even
fluoroquinolones, which were a better alternative
option for treating UTIs, have a significant rate of
resistance, and are therefore not permitted for oral
use. On the other side, as MDR causative agents
develop, the situation becomes worse in terms of
disease recurrence and treatment failure.

In these situations, it is essential to follow accepted
procedures, employ precise terminology, and interpret
data in a manner that takes into account the
seriousness of drug-resistant diseases and the
underlying causative agents. The European Centre for
Disease Control (ECDC) and the Centre for Disease
Control and Prevention (CDC), Atlanta, have
developed a formal definition of the word "MDR" to
convey the scope and severity of microbial resistance,
and it appears to be frequently used in the medical
sciences these days. According to the definition,
extensively drug resistant (XDR) (i.e., bacterial
isolates) is defined as nonsusceptibility to at least one
agent in all but two or fewer antimicrobial groups and
MDR, or resistance to at least one agent in three or
more antimicrobial categories. Further,
nonsusceptibility to all agents in all antimicrobial
categories is characterized as pandrug resistance
(PDR)".

On the other hand, the multiple antibiotic resistance
index (MARI), a reliable and cost-effective
measurement, is being used to assess a bacterial
isolate's level of resistance to a variety of different
antibiotics. The number of antibiotics to which the

isolate is resistant divided by the total number of
antibiotics to which the isolate was tested is used to
determine the index. A higher MARI (greater than
0.2) indicates a higher level of MDR'>".

Correct diagnostic procedures, focused treatment,
and adequate drug resistance monitoring are essential
given the problem of MDR's growth in UTI cases'*"°.
Antibiotic susceptibility profiles should be periodically
investigated for adequate surveillance, along with
accurate reporting of the occurrence of AMR and
MAR. In this context, in order to understand the
severity of the establishment of MDR, here, we tried
to identify the susceptibility pattern of E. coli isolates
that cause UTI as well as their frequency as MDR,
XDR, PDR and MARI calculations.

Materials and Methods

Collection of E. coli strains and antibiotic susceptibility testing
(AST)

For this study, the E. coli strains from urine sample
of UTI patients were collected from Microbiology
lab, King George's Medical University, Lucknow,
Uttar Pradesh during Feb-July. 2022. The collected
strained were stored in 1% nutrient agar for further
usage. AST was performed on E. coli isolates using
the Kirby-Bauer agar disc diffusion method as per the
guidelines suggested by Clinical & Laboratory
Standards Institute (CLSI)"". The E. coli isolates were
tested against a panel of 21 antibiotics agents of 14
different categories (Table 1). Briefly, a good light
turbidity suspension was prepared using 3-5 well
isolated colonies of the E. coli in 3-5 mL sterile
physiological saline and incubated until turbidity
reached to a standard uniform concentration of 0.5
McFarland  solutions. The  suspension was
immediately swabbed on Mueller—Hinton agar
(Himedia) plate using sterile dry cotton swab
(Himedia). Antibiotic disks were placed on swabbed
plate, followed by incubation at 37°C for 24 h.
Antibiotic susceptibility pattern was determined for
each E. coli isolate followed by comparison against
zone diameter breakpoints and susceptibility
interpretation as per CLSI guidelines. For quality
control, E. coli ATCC 25922 strain was used as a
control strain.

Determination of MARI

Multiple antibiotic resistance index (MARI) was
calculated for each isolate using the formula, MARI =
A/B, where A represents the number of antibiotics to
which the isolate is resistant and B represents the total
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Table 1 — Group of antibiotics used to test antibiotic
susceptibility pattern of E. coli isolates obtained from UTI
patients in the study

Antimicrobial category Antimicrobial agent  Conc. (nug)
Aminoglycosides Gentamicin (GEN) 10
Tobramycin (TOB) 30
Amikacin (AK) 10
Antipseudomonal penicillins Piperacillin-tazobactam  100/10
+ b-lactamase inhibitors (PIT)
Carbapenems Ertapenem (ETP) 10
Imipenem (IMP) 10
Meropenem (MRP) 10
Non-extended spectrum Cefazolin (CZ) 30
cephalosporins; 2nd
generation cephalosporins
Extended-spectrum Cefotaxime or 30
cephalosporins; 3™ and 4" ceftriaxone (CTR)
generation cephalosporins Cefepime (CPM) 30
Cephamycins Cefoxitin (CX) 30
Fluoroquinolones Ciprofloxacin (CIP) 5
Norfloxacin (NX) 10
Levoflaxacin (LE) 5
Inhibitor of folate synthesis Co-Trimoxazole 25 (23.75/

pathway (Sulpha/Trimethoprim) 1.25)
or Trimethoprim-
sulphamethoxazole
(COT)

Monobactams Aztreonam (AT) 50
Penicillin Ampicillin (AMP) 10
Penicillins + b-lactamase Amoxicillin/clavulanic 30 (20/10)

inhibitors acid (AMC)
Phosphonic acids Fosfomycin (FO) 200
Tetracyclines Tetracycline (TE) 30
Synthetic  derivative  of Nitrofurantoin (NIT) 300

imidazolidinedione

Table 2 — Antibiotic susceptibility response (%) of E. coli
isolates from UTI patients, tested using a panel of 21 antibiotics

AST/Antibiotics ~ Sensitive (%) Resistance (%) Intermediate (%)
FO 99 1 0
NIT 92 8 0
AK 69 30 1
ETP 65 34 1
MRP 65 31 4
AMC 64 31 5
IMP 63 28 9
PIT 63 35 2
GEN 58 42 0
TOB 56 40 4
CX 46 53 1
AT 38 53 9
COT 36 63 1
TE 32 67 1
CPM 22 72 6
NX 21 79 0
LE 20 76 4
CIP 19 77 4
CTR 17 83 0
CzZ 15 85 0
AMP 10 90 0

number of antibiotics tested to evaluate susceptibility
of that isolate'*"*"'®,

Characterization of E. coli isolates as MDR, XDR and PDR
As per the definition recommended by European
Centre for Disease Control (ECDC) and Centre for
Disease Control & Prevention (CDC), Atlanta, E. coli
isolates were further characterized as MDR, XDR and
PDR as follows: MDR: non-susceptible/resistant to
<1 agent in >3 antimicrobial categories; XDR: non-
susceptible/resistant to <1 agent in all but <2 anti-
microbial categories; and PDR: non-susceptible/

resistant to all antimicrobial agents in all categories'"".

Statistical analysis

Statistical Package for Social Sciences (SPSS) was
used to analysis data. Data was analyzed using
frequency distribution in number and percentage, also
represented in graphical formats.

Ethical clearance
The ethical approval for the presented work was
sought and granted from Institution Ethical committee

of King George's Medical University, Lucknow,
Uttar Pradesh, India (Ref. code: 112" ECM IIA/P?7).

Results
Antibiotic susceptibility response of E. coli isolates

Total 110 confirmed E. coli isolates, were obtained
from urine samples of patients with UTI and included
in this study. Antibiotic susceptibility pattern was
recorded for all collected E. coli isolates using a panel
of 21 antibiotics agents as shown in Table 2. Overall,
AST result showed highest resistance for AMP
(90%), Cefazolin (Cz; 85%) and ceftriaxone (Ctr;
83%). However, high resistance was also observed for
norfloxacin (NX; 79%), ciprofloxacin (Cip; 77%),
Levoflaxacin (LE; 76%) and cefepime (CPM; 72%).
On other hand, FO (99%) and NIT (92%) have shown
highest sensitivity. However, significant high
sensitivity has also reported for amikacin (AK; 69%),
AMC (64%), ertapenem (ETP; 65%), meropenem
(MRP; 65%), imipenem (IMP; 63%) and Piperacillin-
tazobactam (PIT; 63%).

Antibiotic susceptibility response of E. coli isolates for
different categories of antibiotics

Antibiotic susceptibility response of E. coli
isolates has been recorded for all 14 different
categories of antibiotics, a-n (a=Aminoglycosides,
b=Antipseudomonal penicillins + b-lactamase inhibitors,
c=Carbapenems, d=Non-extended spectrum cephalo-
sporins 1% and 2" generation cephalosporins,
e=Extended-spectrum cephalosporins 3™ and 4"
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Fig. 1 — Antibiotic resistance response of E. coli isolates against
different category of antibiotics: Antibiotic resistance response of
E. coli isolates obtained from UTI patients, against 14 different
categories of antibiotics. [a, Aminoglycosides; b, Antipseudomonal
penicillins + b-lactamase inhibitors; ¢, Carbapenems; d, Non-extended
spectrum cephalosporins 1st and 2nd generation cephalosporins;
e, Extended-spectrum cephalosporins 3rd and 4th generation
cephalosporins; f, Cephamycins; g, Fluoroquinolones; h, Folate
pathway inhibitors; i, Monobactams; j, Penicillins; k, Penicillins + b-
lactamase inhibitors; 1, Phosphonic acids; m, Tetracyclines; and n,
Synthetic derivative of imidazolidinedione]

generation cephalosporins, f=Cephamycins, g=Fluoro-
quinolones, h=Folate pathway inhibitors, i=Mono-
bactams, j= Penicillins, k=Penicillins + b-lactamase
inhibitors, 1=Phosphonic acids, m=Tetracyclines and
n=Synthetic derivative of imidazolidinedione). It
revealed that isolates have shown maximum resistant
to Penicillin (91%), cephalosporin (2" generation,
85%; 3" & 4™ generation, 86%) and Fluoroquinolones
(85%). However, significant resistance has also been
found to other class of antibiotics such as
tetracyclines (67%), monobactams (62%), and
inhibitor of folate synthesis pathway (61%). Low
resistance has been recorded for phosphonic acids
(1%), antipseudomonal penicillins + b-lactamase
inhibitors (36%) and penicillins + b-lactamase
inhibitors (36%) (Fig. 1).

Characterization of E. coli isolates as MDR, XDR and PDR

The obtained AST result were further analyzed to
numerate MDR, XDR, PDR (Fig. 2). Analyses
revealed that 97% of isolates were non-susceptible to
>=] agent in >=3 antimicrobial categories, characterized
as MDR isolates. The isolates (3%) have shown non-
susceptible to >=1 agent in all but <=2 categories,
named as XDR. None of the isolate has shown non-
susceptible to all antimicrobial agents listed, thus 0%
have been reported under PDR group.

Calculation of MARI of E. coli isolates

Multiple antibiotic resistance index (MARI) was
calculated for each isolate and it revealed that 80% of
isolates have shown MARI greater than 0.2. Precisely,
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Fig. 2 — Characterization of E. coli isolates on the basis of their
antibiotic susceptibility response to different antimicrobial agents
of different categories. E. coli isolates obtained from UTI patients
were characterized as MDR, XDR, PDR and overall sensitive.
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Fig. 3 — Multiple antibiotic resistance index (MARI) of E. coli
isolates obtained from urine sample of UTI patients. E. coli

MARI was found 0 in 3 isolates, 0.1 in 7 isolates, 0.2
in 12 isolates, 0.3 in 10 isolates, 0.4 in 15 isolates, 0.5
in 18 isolates, 0.6 in 8 isolates, 0.7 isolates in 7
isolates, 0.8 in 11 isolates, 0.9 in 17 isolates and 1 in 2
isolates (Fig. 3).
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Discussion

Worldwide research is being done quite
consistently on AMR and antibiotic susceptibility
trends”®*’. The examined pattern of antibiotic
susceptibility in this study is comparable to and
reflects other recent studies that have been published
in various Indian states. Our results show that for
E. coli isolates that cause urinary tract infections,
there is a high level of resistance to penicillin (AMP)
and cephalosporin, followed by the second and third
generations of flouroquinone. This is consistent with
earlier research' examinations in the northern region
of India®™*. There have also been reports of
resistance to all cephalosporin  generations,
aminoglycosides (with the exception of GEN), and
macrolides’>.  High levels of resistance to
cephalosporin, fluoroquinolones, and AMP have also
been documented in studies from the southern region
of India in the past””™. Similar findings, including
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reduced susceptibility to cotrimoxazole, were
identified in a cross-sectional study undertaken in
western India in 2016, However, a study done in the
west Bengal region of India between 2008 and 2013
found that fourth generation cephalosporins were
most susceptible’’. Cephalosporin, however, was
identified in our study to be among the resistant
antibiotics for UTI caused by E. coli**>"****,

The highest level of resistance for AMP and
strikingly high resistance for tested 2" and 3"
generation fluoroquinolones coincide with the 12-year
(2008-2012) history of resistance pattern in India,
according to a team of researchers®. Centralized
resistance to popular antibiotic classes including
penicillin, cephalosporin, and fluoroquinolones may
have developed as a result of inappropriate or
improper usage of these drugs without knowledge of
the underlying causes and the medicines they are
susceptible to. The predominance of genes for
antibiotic resistance, which increases resistance to
beta-lactams and/or cephalosporins as a result of
extended-spectrum beta-lactamase (ESBL), is another
explanation that has been put out. However, this
would necessitate cross-rectification via additional
molecular research.

The most effective antibiotics reported in different
state of India were NIT, aminoglycosides (AK and
GEN) and carbapenems the time frame of 2013-2019
33303436 " Our findings are also coinciding with the past
recorded data. We also included FO in our antibiotic
panel and found highest level of effectiveness for F.
coli isolates as also reported by a research team’'. The
present study used MARI tool to assess antibiotic
resistance among E. coli isolates causing UTI and
found MARI greater than 0.2 for 80% isolates. This
finding itself reflects the alarming condition of MAR,
as higher MARI values indicate a greater level of
resistance to multiple antibiotics. However, many
studies conducted to state the emerging resistance
among FE. coli isolates in India but very less has
implemented a significant measuring tool like MARI'.

Similarly, emerging MDR are being much
studied in India, as discussed above, but none of
them characterized isolates on basis of their
non-susceptibility against different categories of
antibiotics, in recent past years. Also, in the
present study, E. coli isolates were characterized and
reported the occurrence of 97% MDR isolates,
very less XRD (3%) and no PDR. Scarifying
condition can be visualize as only 3% of the isolates

were found to be sensitive for all antibiotic agents
used in the study.

Conclusion

The results revealed reduced susceptibility of
commonly prescribed antibiotics is alarming in case
of urinary track infection (UTI) for area under the
study. The effectiveness of fosfomycin (FO) and
nitrofurantoin (NIT) will be considerable for the
treatment of UTIs when other common antibiotics
meet resistance barricades. Maximum number of
E. coli isolates have shown high degree of resistance
to different class of antibiotics which gives warning
message in the context of empirical usage of
antibiotics and emergence of MDR. We suggest that
empirical use of antibiotics should be based on the
knowledge of local prevalence of bacterial organisms
and their antibiotic susceptibility rather than referring
universal guidelines. Easy availability of antibiotics
without prescription and recommendation of
antibiotics without knowing the causative organism
and their susceptibility pattern should be prohibited
and compliance of monitoring and surveillance are
much demanded to handle the present situation of
continuously emerging antibiotic resistance in case of
UTI as cautioned by researchers time to time.
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