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Abstract

Objective: To determine the antibiotic susceptibility pattern of Enterobacteriaceae and incidence of extended-spectrum
beta-lactamases-producing Enterobacteriaceae.

Methods: This descriptive study consisted of a sample size of 200 Enterobacteriaceae isolates, was conducted in the
Microbiology section of the Pathology department of Nishtar Medical University Multan from November 2020 to November
2021 . Blood, urine, and pus specimens were collected from patients of all age groups and either sex, after taking informed
written consent. Identification was carried out by conventional biochemical tests and confirmed by Analytical Profile Index 20
E. Kirby-Bauer disc diffusion method was used to evaluate the sensitivity of bacterial isolates against different antibiotics.
Identification of Extended Spectrum Beta Lactamase (ESBL) production was carried out by double-disc diffusion phenotypic
confirmatory method.

Results: Among 200 culture-positive samples for Enterobacteriaceae, 77(38.5%) were from pus samples, 51(25.5%) were
from blood and 72(36.0%) were from urine samples. The highest frequency of 111(55.5%) was identified as Eschercia
coli. ESBL positive strains of enteric bacteria revealed in 29.5% of organisms. Patterns of drug susceptibility in ESBL
negative showed highest resistance against Cefuroxime and Cefotaximeas 125/141 and 118/141 respectively while 59/59
for each in ESBL positive group.

Conclusion: A high proportion of ESBL- producing isolates belonging to Enterobacteriaceae were obtained from pus
samples considering wound infections followed by urine and blood. The frequency of Eschercia coli remained the highest
among ESBL and non-ESBL producer Enterobacteriaceae followed by Proteus and Enterobacter in this study. Meropenem
and amikacin remained highly effective drugs for both groups followed by chloramphenicol and piperacillin/tazobactam.
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Introduction frequent around the world, posing a danger to the suc-
cessful treatment of common diseases in both community
and hospital settings. The most common hospital-acqui-
red infections caused by members of the Enterobacte-

riaceae family are infections of the urinary tract, gastro-

Enterobacteriaceae are non-sporing gram negative bac-
teria. Other than non-motile K/ebsiella and Shigella,
all have uniformly distributed flagella over the body. The
pathogenic genera such as Escherichia coli(E. coli),

Citrobacter, Shigella, Serratia, Proteus, Enterobacter,
and Klebsiella, are a member of the large family Entero-
bacteriaceae.' Multidrug resistance is a well-known trait
of E.coli. Long-term antibiotic exposure, hospitalization,
severe sickness, first-time use of third-generation cepha-
losporins and increase usage of intravenous devices or
catheters are all risk factors for infection with multidrug-
resistant £. coli. Resistant bacteria are becoming more
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intestinal tract, and pyogenic infections.'

The development of B-lactamase is arguably the single
most important mechanism of penicillin and cephalo-
sporin resistance.” A naturally occurring chromosomally
mediated B-lactamase or plasmid-mediated -lactamase
can be found in E. coli. Penicillin-binding proteins are
considered to have evolved into these enzymes. This
change was most likely caused by selective pressure
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from B-lactam-producing soil microbes in the environ-
ment.’ Extended-spectrum B-lactamases (ESBLs), are
enzymes that demonstrate enhanced hydrolysis of oxy-
imino-p-lactams.* Over 200 distinct ESBLs have been
identified so far.’ These enzymes have been found in a
variety of E. coli strains and have been identified in
huge numbers from various places. They've also been
detected in Klebsiellaspp, Citrobacterspp, Enterobac-
terspp, Proteusspp, and non-lactose fermenters like
Pseudomonas.’

Antibiotic resistance to penicillin, cephalosporin, and
the monobactam (aztreonam) is spread by Gram-nega-
tive bacteria that manufacture the ESBL enzymes.’
Enterobacteriaceaebacteria are found to be the primary
source of these antibiotic resistance determinants, making
it more difficult to treat infections caused by these patho-
gens’. The use of antibiotics in excess has been linked to
the acquisition of ESBL-producing microbes. Resistance
to routinely used antibiotics, such as ampicillin, cotri-
moxazole, gentamicin, erythromyecin, tetracycline, and
third-generation cephalosporins, has been reported to
be on the rise’.

Drug resistance is the leading cause of antimicrobial
ineffectiveness, increase mortality, and high treatment
cost. The scarcity of data available from Pakistan indi-
cates the utmost need for future research to understand
the ESBL burden, further antibiotic susceptibility pattern
by confirmatory testing and reporting. Therefore aim of
this study is to identify isolates of Enterobacteriaceae,
to determine the antibiotic susceptibility pattern of
Enterobacteriaceaeand to determine the incidence of
extended-spectrum beta-lactamases-producing Entero-
bacteriaceae.

Methods

This descriptive study was conducted in the Microbio-
logy section of the Pathology department of Nishtar
Medical University Multan, a teaching tertiary care
hospital during November 2020 to November 2021. A

Table 1: Antibiotics Sensitivity test protocol
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sample size of 200 Enterobacteriaceae isolates was
statistically calculated.A non-probability convenient
sampling technique was used to collect data from patients
of all age groups and either sex who were asked by
physician to provide clinical samples of blood, urine,
and pus from inpatients.Repetitive clinical isolates
from various clinical samples of a same patient were
excluded from the study.

Sample Collection and Transportation

Blood, urine, and pus specimens were collected from
patients of all age groups and either sex, after taking
informed written consent. Ifa delay of more than 2 hrs
was expected then pus specimens were transferred to
a container of Amie’s transport medium following asep-
tic measures. Blood specimens were collected in the
blood culture bottle before starting antibiotic treatment
by using aseptic measures. Midstream urine specimens
were taken in a sterile, leak-proof container containing
boric acid. After labeling, the specimens of blood, urine,
and pus were transported without delay to the micro-
biology section of the Pathology department of Nishtar
Medical University, Multan.

Processing of Samples

Specimens of blood, urine, and pus were processed as
per standard microbiological guidelines. The blood
specimens were kept in a VersaTREK automated blood
culture machine for identifying culture-positive bottles.
The specimens of blood and pus were initially inoculated
on Blood agar and MacConkey's agar after Gram stai-
ning. Urine specimens were cultured on cysteine-lactose
electrolyte-deficient (CLED) media with calibrated
loop technique to determine colony-forming unit (CFU)
after Gram staining. The specimens were incubated at
37°C under aerobic conditions for 24 hours.

Bacterial Identification

Identification was carried out based on colonial charac-
teristics, morphology, motility, and conventional bio-
chemical tests and isolates were confirmed biochemi-

Sr no Antibiotic disc Disc concentration  Susceptible Intermediate Resistant
1  Amikacin 30ug 217mm 15-16mm <14mm
2 Meropenem 10 pg 223mm 20-22mm <19mm
3  Ciprofloxacin Sug 221mm 16-20mm <15mm
4  Aztreonam 30ug 221mm 18-20mm <17mm
5  Trimethoprim/sulfamethoxazole 1.25/23.75 ng 216mm 11-15mm <10mm
6  Chloramphenicol 30 ug 2 18mm 13-17mm <12mm
7  Fosfomycin 200 pg >16mm 13-15mm <12mm
8  Azithromycin 15 pg 213mm _ <12mm
9  Cefuroxime 30 pug 223mm 15-22mm <14mm
10  Cefotaxime 30 pug 226mm 23-25mm <22mm
11  Cefepime 30 pg 225mm 19-24mm <18mm
12 Piperacillin/Tazobactam 100/10 pg 221mm 18-20mm <17mm
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cally with the help ofthe Analytical Profile Index 20 E.
Antibiotic Susceptibility Testing

Kirby-Bauer disc diffusion method was used to evaluate
the sensitivity of bacterial isolates against different anti-
biotics. Antibiotic discs were applied according to the
protocol described in table 1. These plates were then
incubated for 24 hours at a temperature of 370 C.After
the completion of the incubation period, the antibiotic
zone of inhibition was measured according to Clinical
and Laboratory Standard Institute (CLSI, 2020) guide-
lines.

Determination of ESBL production

Enterobacteriaceaeisolates were further processed for
identification of ESBL production by standard laboratory
methods using double-disc diffusion(DDDT) pheno-
typic confirmatory method for ESBL detection."” The
data was analyzed using IBM SPSS version 25 to calcu-
late the mean and standard deviation.

Results

Samples of a total of 387 patients were considered in this
study consisting of 247(63.8%) males and 140 (36.2%)
females. The highest number of patients at 231(59.7%)
were observed in the department of medicine while the
lowest numbers were observed at4(1.0%) in each cardio-
logy and ortho departments. The frequency of various
types of samples, age groups, frequency of samples
regarding age groups and growth status are also presen-
tedin Table 2.

Enterobacteriaceae were observed according to the
type of samples and found that among 200 culture-
positive samples for Enterobacteriaceae, 77(38.5%)
were from pus samples, 51(25.5%) were from blood
and 72(36.0%) were from urine samples. The highest
frequency of 111(55.5%) was identified as E. coli while
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Table 2: Characteristics of patients and samples

(n=387)
Characteristics Category 7Freque;1cy
n )
Gender Male 247 63.8
Female 140 36.2
Inpatient’s Medicine 231 59.7
Department Paeds 63 163
Surgery 47 122
Chest 16 4.1
Gynae 12 3.1
ICU 10 2.6
Cardiology 4 1.0
Ortho 4 1.0
Type of Pus 164 424
Specimen  Urine 152 393
Blood 71 183
Age Groups < 30 years 208 53.7
30-60 years 130 33.6
>60 Years 49 12.7
Growth Status No growth 98 253
Insignificant bacteria 89  23.0
Enterobacteriaceae 200 51.7

the lowest frequency of 5(2.5%) was identified as Salmo-
nella. Similarly 59 (29.5%) were ESBL positive. Distri-
bution of ESBL positive strains of enteric bacteria revea-
led 29.5% of organisms. Highest frequency of 26 (33.8)
ESBL positive was found in pus samples followed by
21(29.2%) in urine and 12(23.5%) in blood. Type of
organism and sample wise distribution ESBL positive
(+) and negative (-) is presented in table 3.

Table 3: Enterobacteriaceaeand type of sample along ESBL status (n= 200)

Type of Specimen
Organism Pus Blood Urine
Identified ESBL+ ESBL- ESBL+ ESBL- ESBL+ ESBL-
n=26 (%) n=51(%) n=12 (%) n=39(%) n=21 (%) n=51(%)
E. coli 17 24 7 18 41
(65.4) (47.0) (33.3) (17.9) (85.7) (80.4)
Proteus 5 19 1 1 5
(19.2) (37.3) (8.3) (2.6) (4.8) (9.8)
Enterobacter 2 7 21 0 3
(7.7) (13.7) (8.3) (53.8) (0.0) 5.9
Klebsiella 2 1 1 2 1
(7.7) (2.0) (16.7) (2.6) 9.5) (2.0)
Salmonella 0 0 5 0 0
(0.0) (0.0) (0.0) (12.8) (0.0) (0.0)
Citrobacter 0 0 4 0 1
(0.0) (0.0) (33.3) (10.3) (0.0) (2.0)
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Patterns of drug susceptibility were also observed in
ESBL positive group and the highest resistance was
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observed against cefuroxime, and cefotaxime, further
drug resistance patterns are presented in table 4.

Table 4: Susceptibility pattern of ESBL positive Enterobacteriaceae

ESBL Positive Enterobacteriaceae

Drug Sensitivity Results E. coli Proteus

n n

Amikacin Sens 34 5
Res 5 2

Meropenem Sens 39 6
Res 0 1

Ciprofloxacin Sens 13 3
Res 26 4

Aztreonam Sens 6 2
Res 33 5

Trimethoprim/ Sens 6 1
sulfamethoxazole Res 33 6
Chloramphenicol Sens 26 4
Res 13 3

Fosfomycin Sens 15 3
Res 24 4

Azithromycin Sens - -
Res -

Cefuroxime Sens 0 0
Res 39 7

Cefotaxime Sens 0 0
Res 39 7

Cefepime Sens 16 3
Res 23 4

Piperacillin/Tazobactum Sens 26 6
Res 13 1

Enterobacter Salmonella Klebsiella Citrobacter
n n n n
1 0 5 4
2 0 1 0
3 0 4 4
0 0 2 0
3 0 3 2
0 0 3 2
0 0 0 2
3 0 6 2
0 0 1 3
3 0 5 1
2 0 2 2
1 0 4 2
2 0 2 3
1 0 4 1
- 0 - -
- 0 i -
0 0 0 0
3 0 6 4
0 0 0 0
3 0 6 4
0 0 0 3
3 0 6 1
2 0 3 4
1 0 3 0

Discussion

The emerging antimicrobial resistance is a global cha-
llenge and failure to the identification of causative
agent may prolong the ailment as well as render the
complications to the patient. The distribution of Entero-
bacteriaceaein present study was comparable to a study
with a total of 426 isolates." Concomitant frequency of
31% pus samples in a study while a higher proportion
of 58%urine samples presented the Enterobacteriaceae.”

Comparable results are presented by a recent study
showing 51% isolates of E. coli, 4% Enterobacter, 19%
Proteus and Klebsiella each”. Another study explored
the highest numbers of Klebsiella at 53.8%, followed
by E. coli at 30.8%, Enterobacter at 14.1%, and Proteus
at 1.3% among Enterobacteriaceae isolates 13 thus, not
comparable with present findings. However a study from
Uganda 14 and an African study 15 also presented simi-
lar findings.

Presently 29.5% of organisms were ESBL, which agrees
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with the study which reported ESBL production in
30.24% of Enterobacteriaceae isolates. Present findings
are not concomitant to the study which revealed 55.4%
ESBL positive cases.”” Another study presented ESBL
producing E. coli in 42.7% and Klebsiella in 33.7%.
Overall ESBL production of Enterobacteriaceae also
increased from 23.8% to 38.4% in the same period as
above." A study also presented variable degrees of micro-
organisms in ESBL positive and negative groups with
the prevalence of E. Coli, Klebsiella, Citrobacteras
64.6%, 30.2%, 4.2% respectively for ESBL positive
group while 66.1%, 21.6%, 2.9% respectively for ESBL
negative group'’ and a high degree of relevance is obtai-
ned to present findings.

Results of ESBL negative Enterobacteriaceae are com-
parable with the study which presented 18.2% resistant
isolates against cefotaxime in non-ESBL producers."
A study presented resistance of non-ESBL Enterobac-
teriaceae against ciprofloxacin at 12%, piperacillin/
tazobactam at 77%, ceftazidime &cefepime at 3% each,
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and fosfomycin at 85%."” An Indian study presented
89.9% and 54-90% resistance of Enterobacteriaceae
against aminopenicillin, and cephalosporins.'® Thus,
inconstant degrees of resistance patterns are presented
with or without an agreement to present findings.

Trimethoprim and tetracycline showed the highest resis-
tance of 85% and were comparable to the present study.
An Ethiopian study showed resistance against trim-
ethoprim at 77.0% following amoxicillin/clavulanic
acid at 71.6%, cefotaxime, cefepime& ceftazidime at
62.2%, 60.3% & 60.8% respectively" hence classically
comparable with the present findings. A Polish study
concluded that patients suffering from non-urinary
chronic disorders and urogenital disease are more prone
to infections with these pathogens.” These are few
aspects which may be considered the limitations of this
study as were not considered during data collection.

Conclusion

A high proportion of ESBL- producing isolates belon-
ging to Enterobacteriaceaewere were obtained from
pus samples considering wound infections followed
by urine and blood. The frequency of E. coli remained
the highestamong ESBL and non-ESBL producer Entero-
bacteriaceae followed by Proteus and Enterobacter in
this study. Meropenem and amikacin remained highly
effective drugs for both ESBL and non-ESBL producers
followed by chloramphenicol and piperacillin/ tazobac-
tam. E.coli remained the most dominant microorganism
among Enterobacteriaceae and consisted more than
halfofthe load alone.
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