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ABSTRACT

BACKGROUND: Enterococcus faecalis (E. faecalis) is a leading causa�ve agent of urinary tract infec�ons (UTIs) and poses a significant 
public health concern due to its mul�drug resistance. Understanding its resistance mechanisms is essen�al for improving treatment 
strategies.

OBJECTIVE: This study aimed to determine the prevalence, an�bio�c suscep�bility pa�erns, and molecular characteris�cs of 
an�bio�c resistance genes in E. faecalis isolates from UTI pa�ents in Peshawar.

METHODOLOGY: A cross-sec�onal study was conducted on 137 urine samples, collected from inpa�ents and outpa�ents diagnosed 
with UTIs at Hayatabad Medical Complex, Peshawar. Bacterial iden�fica�on was performed using selec�ve culture media, Gram 
staining, and biochemical tests. An�bio�c suscep�bility tes�ng was conducted using the Kirby-Bauer disk diffusion method following 
CLSI 2022 guidelines. Polymerase chain reac�on (PCR) was employed to detect resistance genes (CTXM, AmpC, Tet A, Tet B), followed 
by Sanger sequencing for muta�onal analysis. Sta�s�cal analysis was performed using SPSS 23.0, with significance set at p ≤ 0.05.

RESULTS: Enterococcus faecalis showed high resistance to erythromycin (92%), ciprofloxacin (92%), tetracycline (84%), and penicillin 
(94%) but remained suscep�ble to vancomycin, linezolid, and teicoplanin. Molecular analysis detected CTXM (73%), AmpC (78%), Tet 
A (71%), and Tet B (58%). Muta�onal analysis revealed non-synonymous muta�ons in CTXM and AmpC genes, poten�ally 
contribu�ng to β-lactam an�bio�c resistance.

CONCLUSION: The high prevalence of mul�drug-resistant E. faecalis in Peshawar highlights the urgent need for enhanced 
surveillance and targeted an�bio�c stewardship programs. This study provides crucial insights into resistance mechanisms, paving 
the way for molecular-based therapeu�c interven�ons.
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Enterococcus faecalis (E. faecalis) is a Gram-posi�ve species 
found in pairs or short chains, a faculta�vely anaerobic, non-
s p o r e - p r o d u c i n g ,  a n d  n o n - m o � l e  b a c t e r i u m  o f 

1,2Enterococcaceae.  Some strains of E. faecalis can cause a variety 
of infec�ons, including nosocomial infec�ons. However, UTIs are 
the most common infec�on caused by this species in humans, 
par�cularly in females. E. faecalis is one of the most common 
bacterial pathogens responsible for hospital-acquired infec�ons, 

3,4causing approximately 40% of cases, including UTIs.  E. faecalis is 
mainly reported in intensive care unit (ICU) pa�ents and is 
considered one of the top three most pathogenic bacteria causing 
chronic and recurrent UTIs. E. faecalis could develop both 
intrinsic and acquired resistance to an�bio�cs, which can lead to 
the development of mul�ple drug resistance (MDR). Intrinsic 
resistance refers to the inherent proper�es of the bacterium, 
while acquired resistance results from the acquisi�on of 
an�bio�c-resistance genes through horizontal gene transfer 

mechanisms such as transduc�on and conjuga�on. As a result, E. 
faecalis is considered notorious for its ability to acquire and 

5, spread an�bio�c-resistant genes among other bacterial species.
6 Beta-lactamases are the enzymes responsible for bacterial 
resistance toward β-lactam an�bio�cs. These an�bio�cs contain 
a β-lactam ring that is broken down by the beta-lactamase 
enzyme, rendering the an�bio�cs ineffec�ve against the bacteria. 
This allows the bacteria to survive and con�nue to mul�ply, 

7leading to the development of an�bio�c resistance.  Extended-
spectrum β-lactamases (ESBLs) are a class of beta-lactamases 
that provide resistance to a broad range of β-lactam an�bio�cs, 
including penicillin, cephalosporins, monobactams, and 
aztreonam. Unlike other beta-lactamases, ESBLs can break down 
the extended-spectrum an�bio�cs used to treat serious 
infec�ons, making them a significant threat in healthcare 

8se�ngs.  The β-lactamase enzyme is mainly plasmid-mediated in 
Enterococcus, Enterobacteriaceae, Pseudomonas species, and 

9Neisseria gonorrhoeae.  According to a recent study, an�bio�c 
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resistance is an alarming issue globally that leads to major health 
problems, found in both hospital and community-acquired 
infec�ons. 
The discovery of an�bio�cs has had crucial value in saving lives in 
different ways and has revolu�onized medicine. Nowadays, 
advancements in different an�bio�cs are posi�ve signs for 
human health. Unfortunately, the increasing emergence of 
bacterial strains is leading to an�bio�c resistance. Recent studies 
have revealed more than 500 resistance genes in pathogenic 

10bacterial strains.  The extended-spectrum β-lactamases (ESBLs) 
can be present on the chromosome or acquired by plasmid in 

11some bacteria.  Due to the produc�on of β-lactamases, the 
gram-nega�ve and gram-posi�ve bacteria are resistant to the β-
Lactam an�bio�cs and are encoded by CTXM, SHV, AMP, and TEM 
genes respec�vely. Studies revealed that CTXM is a prominent 

12, 13and widespread ESBL in humans.  The high prevalence of the 
14(71%) CTXM resistance gene was reported in Saudi Arabia.  

CTXM is reported in the Enterococcus species belonging to the 
class-
An enzyme, ini�ated from the ESBL chromosomal gene transfer; 

15,16located in the Klebsiella species of the Enterobacteriaceae.  
The high frequency of CTXM, SHV, and TEM was also reported in 
Lahore. In the last two decades, the ra�os of infec�ons related to 

17ESBLs have increased.  Enterococcus resistance to tetracycline is 
due to exogenous genes carried either on the chromosome or 
acquired through plasmids. These genes mediate two func�ons: 
energy-dependent efflux of tetracycline from the bacterial cell, 
and ribosomal protec�on modifies the ribosome to prevent 

18effec�ve tetracycline binding.  According to the study, the first 
group is tetracycline efflux protein that includes TET K and TET L, 
which are more common in gram-posi�ve bacteria; 

19, 20Staphylococcus and Enterococcus.  The same study revealed 
that the second group, ribosomal protec�on proteins encoded by 
the Tet M, Tet O, and Tet S, were iden�fied in Gram-posi�ve 

21, 22bacteria.  Tetracycline is not typically the first choice for 
trea�ng infec�ons caused by enterococcus, despite being a 
broad-spectrum an�bio�c commonly used for most gram-

23posi�ve bacteria.  It is crucial to control an�bio�c-resistant 
infec�ons and to determine the molecular characteris�cs of 
resistance genes in both hospital and community se�ngs. The 
present study aims to determine the prevalence of Enterococcus 
faecalis in UTI pa�ents, analyze its an�bio�c resistance pa�erns, 
and conduct molecular characteriza�on and muta�onal analysis 
of resistance genes in a Hayatabad Medical Complex, Peshawar
METHODOLOGY
This cross-sec�onal study was conducted at the Laboratory of 
Microbiology at Hayatabad Medical Complex Peshawar, from 
June 2024 to December 2024. Pa�ents with UTI of both genders 
were included while the pa�ents suffering from any other 
infec�on were excluded from the study. Upon proper consent and 
detailed medical history, a total of 137 urine samples were 
collected from both inpa�ents (IPD) and outpa�ents (OPD) 
diagnosed with urinary tract infec�ons (UTIs). The samples were 

cultured on selec�ve and differen�al media including Cysteine 
Lactose and Electrolyte Deficient (CLED), Esculin agar, and 
McConkey agar, followed by overnight incuba�on at 37°C. 
Subsequently, pure colonies were obtained and subjected to 
Gram staining and finally inocula�on on Esculin agar media for 
species iden�fica�on and characteriza�on.
The ethical approval was obtained from the ethical review board 

thof Hayatabad Medical Complex on 8  Jan 2024, approval No. 2164
DNA Extrac�on 
The genomic DNA of E. faecalis was extracted from a 24-hour-old 
broth culture using the Thermo Scien�fic Gen Jet Genomic DNA 
Purifica�on Kit .  The purified DNA was subjected to 
electrophoresis on a 1% agarose gel in 1x Tris Acetate EDTA buffer, 
and the resul�ng bands were visualized using a Gel 
Documenta�on system for further analysis.
An�bio�c suscep�bility pa�ern 
The an�bio�c suscep�bility pa�ern of the clinical isolates against 
selected an�bio�c discs was determined by inocula�ng them on 
Muller Hinton agar (MHA) followed by specific an�bio�c discs and 
incuba�on at 37°C for 24 hours. The zone of inhibi�on was 
measured in millimetres (mm) according to Clinical and 
Laboratory Standards Ins�tute (CLSI) 2022 guidelines. The 
resul�ng zones of inhibi�on were interpreted as suscep�ble (S), 
intermediate (I), or resistant (R).
Amplifica�on of An�bio�c Resistance Genes  By using the 
specific Primers of CTXM, AmpC, Tet A, and Tet B as shown in 
Figure II; the targeted DNA sequence was amplified by Thermal 
Cycler (PCR). The total 27 µl of Reac�on for PCR were prepared by 
containing 12.5µl Taq Master Mix (Thermo Fischer Scien�fic), 0.5 
µl each forward and reverse primers (Oligonucleo�des, 
Macrogen Korea), 11.5 µl PCR grade, and 2 µl of DNA sample were 
added. To analyze the amplifica�on of the an�bio�c gene, the 
PCR products were loaded in the gel with a 100bp ladder and 
were further run on gel electrophoresis (BioRad). The gel was 
visualized with the help of the Gel Documenta�on system (BioRad 

+DOC XR ). 

METHODOLOGY

This compara�ve cross-sec�onal valida�on study was conducted 
st stat CMH, Rawalpindi, from 1  July 2023 to 31  Dec 2023 a�er 

obtaining approval from the ins�tu�onal ethical review board. 
Appropriate sample size was calculated using the WHO sample 
size calculator for single popula�on propor�ons with specified 
absolute precision using the following formula:

For the calcula�ons, the following assump�ons were made: a 
confidence level of 95%, an absolute precision of 4.5%, and an 
an�cipated sensi�vity of 96.7% for the RIPASA score in diagnosing 

12 acute appendici�s. This gave us a sample size of 61.

All pa�ents who were aged 14 years or above, both male and 
female gender, who presented with classical pain in RUQ with 
tenderness and rebound tenderness were included in this study. 
Pa�ents who were unfit to undergo surgery already had an 
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appendectomy, those requiring emergency appendectomy due 
to appendiceal perfora�on, and those for which an alterna�ve 
diagnosis was made for abdominal pain were excluded from the 
study. 

Pa�ents were selected by using a non-probability consecu�ve 
sampling technique. Once selected, al l  the baseline 
characteris�cs, including age (in years), gender, and dura�on of 
symptoms (in hours), were documented. All the pa�ents were 
subjected to standard pre-opera�ve assessment protocol 
through a set of blood tests and basic radiology. A�er explaining 
the study's purpose, informed consent was presented to pa�ents 
(parents in case of minors) to get signatures for assuring their 
official consent of par�cipa�on in the study and for surgery. A�er 
those two, researchers assessed pa�ents separately for each 
score. ALVARADO score is a 10-point score having parameters 
including le� shi� (> 75% neutrophils), > 10,000/mm3 white cells, 
pain migra�on to right lower quadrant (RLQ), nausea/vomi�ng, 
anorexia, rebound tenderness, elevated temperature and RLQ 
tenderness. RIPASA score is a 15-point score, and its parameters 
include “age, gender, right iliac fossa (RIF) pain, pain migra�on to 
RIF, nausea/vomi�ng, anorexia, dura�on of symptoms, RIF 
tenderness, RIF rebound tenderness, RIF guarding, Rovsing's sign, 
fever, raised white count and nega�ve urinalysis. One researcher 
assessed the pa�ent and calculated the ALVARADO score, and a 

13 score of ≥ 7 was considered diagnos�c of acute appendici�s. 
Once the first researcher finished their assessment, the second 
researcher assessed the same pa�ent and calculated the RIPASA 
score and a score of ≥ 7.5 was considered diagnos�c of acute 

14appendici�s.  A�er this, all these pa�ents underwent 
laparoscopic removal of the appendix by the same surgical team 
as per the standard 3-port technique led by a consultant surgeon 
with a minimum of two years of experience. The removed 
appendix was sent for histopathological assessment to the 
pathology department, where a consultant pathologist made the 
histopathological diagnosis of acute appendici�s. Based on these 
results, a 2x2 con�ngency table was drawn for each score, which 
was then used to calculate sensi�vity (SN), specificity (SP), 
posi�ve predic�ve value (PPV), nega�ve predic�ve value (NPV), 
and accuracy of ALVARADO score and RIPASA score in the 
diagnosis of acute appendici�s with histopathological finding as 
reference standard.

Data was analyzed by using Sta�s�cal Package for Social Sciences 
(SPSS) 20.00. The normality of data was checked by the Shapiro-
Wilk test. Quan�ta�ve data (age and dura�on of symptoms) were 
presented as mean ± standard devia�on (SD). Quan�ta�ve data 
(gender, presence of ALVARADO score ≥ 7, presence of RIPASA 
score ≥ 7.5, and histopathological diagnosis of acute appendici�s) 
was represented by using percentage and frequency. Based on 
standard formulas, sensi�vity, specificity, posi�ve predic�ve 
value, nega�ve predic�ve value, and accuracy of both scores 
were calculated.

Ethical approval with reference no.565 was obtained from the 
Hospital Research and Ethical Commi�ee (IREB) of Combined 
Military Hospital, Rawalpindi on 1/07/23.
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DNA Sequencing and Data Analysis 
 PCR products amplified from the an�bio�c resistance genes 
were randomly selected and purified using the Thermo 
Scien�fic Gen Jet PCR Purifica�on Kit, according to the 
manufacturer's protocol. The purified products were then sent 
to Macrogen Korea for Sanger sequencing. The FASTA 
sequences of amplified PCR products were analysed by 
comparing and aligning with reference sequences obtained 
from the GenBank Na�onal Centre for Biotechnology 
Informa�on (NCBI) database. The nucleo�de sequences were 

analysed by conduc�ng a basic local alignment search tool 
(BLAST) search in BioEdit version 7.1 so�ware.
Sta�s�cal analysis
SPSS 23.0 was used to conduct Sta�s�cal analysis, including the 

chi-square and one-way variance analysis (ANOVA).  The 
expected frequencies were compared against the observed 
frequencies to determine whether significant associa�ons 
existed. A p-value of ≤ 0.05 was set for sta�s�cal significance. The 
total number of samples (n) analyzed in this study was 137, and 
the degrees of freedom were calculated as n - 1.

Sample Collec�on and Iden�fica�on 
Clinical samples were collected from suspected UTI pa�ents and 
iden�fied based on the appearance of red-purple colonies on 
MacConkey agar and yellowish colonies on CLED agar. Gram 
staining revealed that the clinical samples retained a purple 
color, indica�ng the Gram-posi�ve status of E. faecalis. Catalase, 
oxidase, citrate, and urease tests were performed, and all gave 
nega�ve results, which further confirmed the iden�fica�on of E. 
faecalis. For final confirma�on, the clinical samples were 

inoculated onto Esculin agar media containing esculin and bile. 
A color change in the media was used to differen�ate E. faecalis 
from other Gram-posi�ve species. A total of 137 posi�ve species 
of E. faecalis were collected, including 89 (64.96%) from females 
and 48 (35.04%) from males. The frequency distribu�on shows, 
the highest prevalence was recorded above than age of 60 years 
of 51 (37.2%) followed by 41-60 years 41 (29.9%), 21-40 years 27 
(19.8%), and the least prevalence were recoded below than 20 
years 18 (13.2%) (Table 2).

RESULTS
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An�bio�c profiling of E. faecalis 

According to the CLSI 2022 guidelines, all the E. faecalis species 
were tested against 17 an�bio�cs by the disc diffusion method. 
Some species showed resistance, and some showed sensi�vity to 
the an�bio�cs. E. faecalis determined the highest resistance to 

Erythromycin and Ciprofloxacin, with 126 cases (92%) each, as 
shown in Table 3. 

Table 3: An�biogram of E. faecalis isolates, showing resistance 
and sensi�vity pa�erns with the number (n) and percentage (%) 
for each an�bio�c tested.

Molecular Characteriza�on of An�bio�c Resistance Genes 

The overall an�bio�c resistance gene reported in clinical isolates 
of E. feacalis conducted in the current research study revealed 
that AmpC has 107 (78%), followed by ctxM at 100 (73%), Tet A 
was detected at 97 (71%), and the lowest was recorded in Tet B at 

79 (58%) shown in Table 4. The amplified PCR products were 
analyzed with a 100bp ladder and on gel electrophoresis 
(BioRad). The visualized gel-on-gel documenta�on system is 
shown in Figure 2. 
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Enterococcus is found in the normal flora of humans, including 
the gastrointes�nal and genitourinary tract, and is an 
opportunis�c pathogen of both hospitals and community-

24, 25acquired infec�ons.  Urinary tract infec�ons are life-
threatening infec�ons caused by E. faecalis present in hospitals 

26and community-acquired se�ngs.  Baghaw et al, reported E. 
faecalis is the third most uropathogenic-causing UTIs in intensive 

27care units a�er E. coli.  The ra�o of UTIs caused by Enterococcus 
is more common in the above than 60 years due to frequent 

28abstrac�ve uropathy.  In the current research study, A total of 
137 posi�ve species of E. faecalis were collected, including 89 
(64.96%) from females and 48 (35.04%) from males. The results 
reveal the highest ra�o in females and older ages. The frequency 
distribu�on shows, that the highest prevalence was recorded 
above than age of 60 years of 51 (37.2%) followed by 41-60 years 
41 (29.9%), 21-40 years 27 (19.8%), and the least prevalence were 

recoded below than 20 years 18 (13.2%). Similarly, Madrazo et al. 
reported a study, in a cohort of 659 pa�ents to iden�fy predic�ve 
factors of UTIs caused by E. faecalis. Out of the total samples, 87 
pa�ents (13.2%) had E. faecalis as the causa�ve agent. The mean 
age of the pa�ents with E. faecalis UTI was 82.3 years, and a 
significant propor�on of these pa�ents had mul�ple 
comorbidi�es. The study found that risk factors for E. faecalis UTI 
in older pa�ents included the presence of an indwelling urinary 

29catheter and previous urinary tract instrumenta�on.  All the 
species of Enterococcus were iden�fied, but Enterococcus 
faecalis is the most dominant species for UTIs and is a good 

24concern with other clinical diseases.  This research study has 
great concern with previously reported data that E. faecalis is 
more resistant to tetracycline, penicillin, ampicillin, cefotaxime, 

30and ciprofloxacin.  In the current research study, E. faecalis 
species were tested against 17 an�bio�cs by disc diffusion 
method. Some species showed resistance, and some showed a 
sensi�ve nature against the an�bio�cs. E. faecalis determined the 

Analysis of Muta�ons predicted in the An�bio�c Resistance gene

The amplified products obtained from PCR were sequenced with 
the help of Sanger sequencing to determine muta�ons associated 
with resistance in tetracycline and cefotaxime clinical isolates. 
Two PCR products were randomly selected for molecular 
characteriza�on for each resistance gene—CTX-M, AmpC, Tet A, 
and Tet B. Sequencing analysis of the CTX-M gene revealed a 
nucleo�de muta�on at posi�on 379 bp, where adenine was 

replaced by guanine, resul�ng in an altera�on of the amino acid 
sequence. Among the 137 clinical isolates, Tet A and Tet B were 
detected in 97 and 79 isolates, respec�vely. Sequencing of two 
randomly selected samples for each gene showed no muta�ons 
in their nucleo�de sequences. For the AmpC resistance gene, 
detected in 107 (78%) of the samples, the muta�onal analysis 
iden�fied a nucleo�de change at posi�on 106 bp, where cytosine 
was replaced by thymine, leading to an altered amino acid 
sequence.

DISCUSSION
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highest resistance to Erythromycin and Ciprofloxacin, with 126 
cases (92%). Similarly, Miskeen et al. reported the study, perfectly 
aligned with the current research study. The reported study 
analyzed the an�microbial  suscep�bil ity pa�erns of 
Enterococcus species isolated from urinary tract infec�ons (UTIs) 
in 147 pa�ents. Among the isolates, Enterococcus faecalis was 
the most prevalent species, accoun�ng for 87.07% of the cases, 
followed by E. faecium (10.88%) and E. durans (2.05%). The 
isolates were tested for suscep�bility to various an�bio�cs using 
disk diffusion, agar dilu�on, and E-test methods. Resistance to 
penicillin and ampicillin was observed in 23.13% of the isolates, 
while ciprofloxacin resistance was higher at 55.78%. Resistance to 
nitrofurantoin, co-Amoxil-clavulanate, and amp-sulbactam was 
low at 0.78%, 8.16%, and 2.72%, respec�vely. High-level 
aminoglycoside resistance was observed in 33.84% of the strains 
for streptomycin and 36.92% for gentamicin. Importantly, all 
Enterococcus strains were found to be suscep�ble to 

26glycopep�de an�bio�cs, including vancomycin and teicoplanin.  
Medira�a et al. reported that Enterococcus is the uropathogenic 
cause of bacteriuria in elderly male pa�ents and revealed an 
isolated bacteria ra�o of 22.5%. The AmpC resistance genes study 
was reported in Bangalore, India, the same study was conducted 

31in Tehran with low prevalence.  The high prevalence of the AmpC 
resistance gene (2-10%) was reported worldwide [26]. The 
current study revealed that molecular characteriza�on detected 
the highest prevalence (78%) in the urine samples, subjected to 
Sanger sequencing for muta�onal analysis. Through BioEdit 
so�ware, the results were analysed with the reference sequence 
in GenBank. The ctxM resistance gene revealed the presence of 
the muta�on in the nucleo�de sequence at 379 Bp in which the 
Adenine is replaced by Guanine and did not alter the amino acid 
sequence. The results of the AmpC resistance gene revealed the 
muta�onal nucleo�de change at posi�on 106; cytosine was 
replaced with Thymine but did not alter the amino acid sequence.  
Same as the muta�onal study of the Tet-A and Tet-B studies 
revealed no change in nucleo�de sequence. 

Conclusion

Enterococcus faecalis is iden�fied as a predominant e�ological 
agent of Urinary Tract Infec�ons (UTIs), with a significant 
presence in both nosocomial and community se�ngs, 
represen�ng a cri�cal public health challenge. The findings of a 
current research study revealed the an�biogram profiles of 
mul�drug-resistant (MDR) E. faecalis isolates from District 
Peshawar, providing essen�al data for the development of 
evidence-based infec�on control strategies. These measures are 
crucial for the iden�fica�on of the spreading of MDR pathogens 
within healthcare and community environments. Furthermore, 
the study offers a founda�on for the iden�fica�on and 
sequencing of an�bio�c resistance genes, enabling a further 
study of the molecular mechanisms leading to resistance. The 
understanding generated will support the op�miza�on of 
targeted an�bio�c therapies, enhancing clinical outcomes in UTI 
management.
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