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ABSTRACT

Introduction

E. coli is one of the most common pathogens, and its infection has resulted in a global burden due to its
increased medication resistance and virulence factors. The goal of this study was to examine the drug
resistance pattern and pathogenicity properties of Escherichia coli isolates.

Methods

Over the course of six months (March 2019-August 2019), a laboratory-based cross-sectional study was
done among patients visiting Manmohan Memorial Teaching Hospital in Kathmandu, Nepal. Standard
microbiological procedures were used to identify bacterial isolates from clinical specimens. The modified
Kirby Bauer disk diffusion method was used to determine antibiotic susceptibilities. The combined disk
test method was used to confirm the ESBL and MBL. To determine their virulence, serum bactericidal
activity and biofilm productions were determined.

Results

59.60 percent (n=81) of the 136 Escherichia coli isolates were multidrug resistant, 25.70 percent (n=35)
were ESBL producers, and 11.80 percent (n=16) were MBL producers. Serum resistance was discovered
in 22.8 percent (n=31) of the total isolates, while biofilm formation was found in 19.11 percent (n=26).
Amoxycillin had the highest level of resistance (87.5%), whereas Chloramphenicol (93.4%) and Imipenem
(80.9%) were the most susceptible antibiotics. Polymyxin B and Colistin sulphate were absolutely sensitive.
In our investigation, 61.5 percent of biofilm producers were MDR, with non-beta lactamase types being the
most common. MBL producers were discovered to be more serum resistant. Amikacin and Imipenem were
found to be more sensitive to biofilm makers.

Conclusions

The expression of Escherichia coli virulence factors varied depending on the kind of infection. Escherichia
coli has a high rate of multidrug resistance. To minimize the emergence and spread of antibiotic resistance
in bacteria, proper identification of drug-resistant bacteria, careful use of antibiotics, and effective antibiotic
policy are required.
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INTRODUCTION

Escherichia coli, being commensal is also the most important pathogen and major cause of morbidity,
mortality and increased health care costs® 2. Escherichia coli is responsible for causing broad spectrum of
diseases, which include sepsis, meningitis, pneumonia, intra-abdominal infections, diverse soft tissue
infections, osteomyelitis and predominantly urinary tract infection (UT1)> 3, The ability of Escherichia coli
to cause infections is increasing, while the ease of treating these infections due to multidrug resistance to
first line antibiotics such as Cotrimoxazole, Ampicillin and Nitrofurantoin is becoming increasingly
difficult *. The increment in prevalence of multidrug resistant Escherichia coli strains worldwide is due to
the spread of mobile genetic elements, such as plasmids which is also responsible for B-lactamase
production and confer resistance to broad spectrum of B-lactams® .

Escherichia coli possess the specific virulence factors such as diverse adhesins, polysaccharide coatings
(e.g, lipopolysaccharide and capsules), toxins, siderophores, proteases, invasions necessary to cause
disease® ” . The key virulence factor utilized by the bacteria to overcome host defenses and cause MDR
(Multidrug resistance) is serum resistance and biofilm production.Animal serum contains substances that
are lethal for most bacteria and constitute important host defenses against bacterial infection but the
production of protective extracellular polysaccharide capsules and expression of factors that interfere with
the complement cascade are responsible for causing serum resistance in E. coli. Also, recent studies have
highlighted structural integrity of the cell envelope as a factor that helps in serum survival of organism? °.
Uropathogenic Escherichia coli form intracellular bacterial communities with many biofilm like properties
within the bladder epithelium?® . Biofilms causes up to 60% of human infections and biofilm producers are
difficult to eradicate with antimicrobial treatment!! . Microorganisms which develop in a biofilm are
intrinsically more resistant than planktonic cells to antimicrobial agents. High concentration of
antimicrobials are needed to inactivate organisms that develop in a biofilm, because antibiotic resistance
can increase 1,000 fold*? .

Above studies showed that there is constant increase in MDR and highly virulent Escherichia coli. In this
perspective, we aimed to conduct study in order to know the status of MDR pathogens and their virulence
property so that strict treatment policy can be formed for their eradication.

MATERIAL AND METHODS

A laboratory based study was conducted in Department of microbiology over the period of six months
among the patients visiting Manmohan Memorial Teaching Hospital, Kathmandu, Nepal. The clinical
specimens (urine, blood, pus, sputum and high vaginal swab) strictly meeting the requirements suggested
by the American Society for Microbiology*® were selected for further processing.

Inoculation, identification and antimicrobial susceptibility testing (AST)

Clinical specimens were inoculated in appropriate culture media and then incubated aerobically at 37°C for
24 hours. The colonies were identified by using standard microbiological technique which involved
morphological appearance of colony, gram’s staining and biochemical tests™® . AST was performed on
Mueller Hinton Agar (MHA) using Kirby-Bauer disk diffusion technique as recommended by Clinical and
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Laboratory Standards Institute (CLSI)* . Isolate resistant to at least one antimicrobial from three different
group of first line drugs tested was regarded as MDR® .

Detection of beta lactamases production

The initial screening test for the production of extended spectrum B-lactamase (ESBL) was performed by
using Ceftazidime (30 ug) and Cefotaxime (30ug) discs. If the ZOI was < 22 mm for Ceftazidime and < 27
mm for Cefotaxime, the isolate was considered as a potential ESBL producer as recommended by CLSI
guideline. Then the combined disk test methods for ESBL detection was performed from the suspected
isolates for confirmation. An increase in zone diameter by >5 mm in the disk containing Ceftazidime-
Clavulanic acid than Ceftazidime alone confirmed the presence of ESBL enzyme* .

Isolates found to be non-susceptible to Imipenem in Kirby Bauer disk diffusion were presumably regarded
as Metallo p-lactamase (MBL) producers and were confirmed using a combined disk method. Isolates with
an increase in zone size of more than or equal to 7mm for imipenem-EDTA disk compared to imipenem
disk alone were confirmed as MBL producer®®

Detection of biofilm production

The biofilm production test was carried out in 96 welled flat bottom tissue culture plate made up of
polystyrene as per the criteria given by Stepanovic et al., 2000. In this method, fresh culture of organism
was inoculated in 2 ml of Luria Bertani broth. 200ul of the diluted culture was inoculated in the sterile wells
of tissue culture plate and incubated at 37°C for 24 hours. Floating bacteria are removed with 0.2 ml of
phosphate buffer saline (pH 7.2) four times. Biofilm formed by bacteria were fixed by keeping at 60°C for
1 hour and stained by crystal violet (2%). Excess stain was removed by rinsing with deionized water and
subsequently decolorized with 30% acetic acid. Optical density (OD) of stained biofilm was obtained by
using ELISA reader at wavelength 570 nm. OD was defined as three standard deviations above the mean
OD of negative control 1718,

Serum Killing assay

Sahly H. and colleagues method was used for testing the susceptibility of bacteria to human serum where
serum was prepared from ten healthy human’s blood. An inoculum of 25ul (adjusted to 108 colony forming
units/ml) prepared from the mid-log phase was diluted by 0.9% saline, and was added to 75ul of pooled
human sera contained in a tube. Viable counts were checked at 1, 2, and 3 hr of incubation at 37°C. Each
strain was tested at least 3 times, and the mean results will be expressed as percent inoculums. The result
were expressed as percentage of inoculation and responses in term of viable count were graded from 1 to
6, as a serum sensitive at grades of 1 to 2, intermediately sensitive at grades of 3 to 4, and resistant at grades

of 5to 6. For grade 1, viable counts (\VC) after 1 and 2 h was <10% of the inoculum; after 3hr, it was <0.1%.
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For grade 2, VC after 1 hr was 10-100%, after 3 hr, <10%. For grade 3, VVC after 1 hr was >100%, after 2
and 3 hr, it was <100%. For grade 4, VC after 1 and 2 hr was >100%, after 3 hr, <100%. For grade 5, VC
after 1, 2 and 3 hr was >100%, but VC could fell some time during the 3 hr period. For grade 6, VC after
1, 2 and 3 hr was >100% of the inoculum and could rise throughout the 3 hr period *° .

Ethical consideration

Ethical approval was obtained from institutional review committee of MMIHS, Kathmandu, Nepal.
Informed written consent was taken from each and every participant after explaining the objective of the
study.

Data analysis
Each sample was encoded with identification number. Finding was manually recorded and entered in

Micro-soft Excel 2010. Analysis was done by SPSS Version 20 and interpreted according to frequency
distribution, percentage and Chi-square test.

RESULTS
Antibiotics Sensitive(%o) Resistant(%

Amoxycillin 17 (12.5) 119 (87.5)
Cephalexin 25 (18.4) 111 (81.6)
Cefoxitin 95 (69.9) 41 (30.1)
Cefixime 29 (21.3) 107 (78.7)
Cefotaxime 41 (30.1) 95 (69.9)
Ceftazidime 64 (47.1) 72 (52.9)
Gentamycin 86 (63.2) 50 (36.8)
Ciprofloxacin 66 (48.5) 70 (51.5)
Nitrofurantoin 103 (75.7) 33(24.3)
Cotrimoxazole 70 (51.5) 66 (48.5)
Amikacin 103 (75.5) 33(24.3)
Chloramphenicol 127 (93.4) 9 (6.6)
Levofloxacin 71 (52.2) 65 (47.8)
Tetracycline 71 (52.2) 65 (47.8)
Piperacillin/Tazobactam 98 (72.1) 38 (27.9)
Polymyxin B 136 (100) -
Colistin sulphate 136 (100) -
Imipenem 110 (80.9) 26 (19.1)
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During the study period, a total of 136 E. coli was isolated. These Escherichia coli isolates were recovered
from various clinical samples in which majority of them were isolated from urine (80.1%), followed by
blood (8.1%), pus (6.6%), sputum (4.4%), and high vaginal swab (0.7%).

Antibiogram of Escherichia coli isolates

Highest level of resistance was seen with Amoxicillin (87.5%), followed by first and third generation
Cephalosporins such as Cephalexin (81.6%), and Cefixime (78.7%), Cefotaxim (69.9%) respectively.
Similarly, 51.5% of isolates were resistant to Ciprofloxacin and 48.5% of isolates were resistant to
Cotrimoxazole. However, all isolates were sensitive to Polymyxin B and Colistin sulphate (Table 1). Out
of total E. coli isolated, 81 were MDR, 35 were ESBL producer and 16 were MBL producerTable 1:
Antibiogram pattern of Escherichia coli isolates

Incidence and categorization of biofilm formation

Out of 136 E. coli isolated, 110 (80.88%) were biofilm non producer and 26 (19.11%) were biofilm
producer. Biofilm was predominantly produced by E. coli isolated from the urine sample.
Table 2: Categorization and distribution of biofilm production among different samples

Biofilm
Samples Neg. Weak Mod. Str. Biofilm Positive Isolates  (N=26)
Urine MDR ESBL MBL SRI
77.1% 22.0% 0.9% -
Blood 16 5 2 3
90.9%  9.1% - T | (615%)  (192%)  (7.7%)  (11.5%)
Pus 100% - - -
Sputum 100% - - -
HVS 100% - - -
Total 110 25 1 0
(80.9%) (18.4%) (0.70%)  (0.0%)

Neg. = Negative, Mod.= Moderate, Str.= Strong, SRI= Serum resistant isolates

Among the biofilm producers, 61.5% were MDR. Only 19.9% of biofilm producers were ESBL producer
and 7.7% of biofilm producers were positive for MBL production. 11.5% of the biofilm producers were
resistant to serum killing (Table 2).
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Serum killing assay among Escherichia coli isolates

Among the 136 E. coli isolated, 31 (22.8%) were resistant with serum, 29 (21.3%) were intermediately
sensitive with serum and 76 (55.9%) were serum sensitive. Among serum resistant E. coli isolates, majority
were isolated from urine (Table 3).

Table 3: Sample wise distribution of serum killing assay

Serum killing assay

Samples Highly sensitive Intermediate sensitive Resistance
N (%) N (%) N (%0)

Urine 68 (62.4) 23(21.1) 18 (16.5)
Blood 2(18.2) 3(27.3) 6 (54.5)
Pus 4 (44.4) 2(22.2) 3(33.3)
Sputum 2(33.3) 1(16.7) 3(50.0)
HVS 0 (0.0) 0 (0.0) 1 (100)
Total 76 (55.9) 29 (21.3) 31(22.8)

Serum Killing assay among MDR and beta-lactamase producing isolates

Among the total 81 MDR isolates, 40 (49.4%) were highly susceptible to serum killing assay, 17 (21.0%)
were intermediately susceptible and 24 (29.6%) were serum resistant. Similarly, among 35 ESBL producers,
15 (42.9%) were highly susceptible to serum killing assay. Likewise, 37.5% of MBL producer were highly
susceptible to serum, 6.2% were intermediately susceptible and 56.2% were serum resistant. Association
between serum killing assay and resistance pattern is shown in Table 4 where there was significant
association between MBL and serum killing (p<0.05).

Table 4: Serum bactericidal activity in MDR and B-lactamases isolates

Serum Killing assay
Resistance pattern Highly sensitive | Intermediate sensitive | Resistant | p-value
N (%) N (%) N (%)
MDR 40 (49.4) 17 (21.0) 24 (29.6) 0.060
MDR Non-MDR | 36 (65.5) 12 (21.8) 7 (12.7) '
ESBL 15 (42.9) 7 (20.0) 13 (37.0) | 057
ESBL Non-ESBL | 61 (60.4) 22 (21.8) 18 (17.8) |
MBL 6 (37.5) 1(6.2 9 (56.2) 0.003*
MBL Non-MBL | 70 (58.3) 28 (23.3) 22 (18.3) '
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Comparison of antibiotics resistance pattern among biofilm producer and biofilm non-producer Polymyxin
B and Colistinsulphate were 100% sensitive to all of the E. coliisolates. After Polymyxin B and
Colistinsulphate, Amikacin and Chloramphenicol were mostly sensitive drug followed by Imipenem (Table
5).

Table 5: Comparison of antibiotics resistance pattern among biofilm producer and biofilm non-
producer

Biofilm producer Biofilm non producer
Antibiotic N (%) N (%)
Amoxycillin 21(80.8) 98(89.1)
Cephalexin 22(84.6) 89(80.9)
Cefoxitin 7(26.9) 34(30.9)
Cefixime 21(80.8) 86(78.2)
Cefotaxime 19(73.1) 76(69.1)
Ceftazidime 11(42.3) 61(55.5)
Gentamycin 7(26.9) 43(39.1)
Ciprofloxacin 11(42.3) 59(53.6)
Nitrofurantion 7(26.9) 26(23.6)
Cotrimoxazole 9(34.6) 57(51.8)
Amikacin 1(3.8) 3(29.1)2
Chloramphenicol 1(3.8) 8(7.3)
Levofloxacin 7(34.6) 56(50.9)
Tetracycline 12(46.2) 53(48.2)
Piperacillin/Tazobactam 6(23.1) 32(29.1)
Polymyxin B - -
Colistinsulphate - -
Imipenem 2(7.7) 24(21.8)
DISCUSSION

E. coli is an emerging pathogen which causes invasive infections in both community and
hospitalized setting mainly in debilitated host®® . B — lactam drugs like Penicillin, Cephalosporin,
Carbapenems, and Aztreonam are common antibiotics used to combat most bacterial infections
and the haphazard use of these antibiotics and clinical practices lead to emergence of multidrug

resistant pathogens 2 .
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A total of 136 E. coli was collected from different clinical samples in our study. The majority of
E. coli were collected from urine (80.1%), followed by blood (8.1%), pus (6.6%), sputum (4.4%)
and high vaginal swab (0.7%) samples. In the study by Bhrulgubalda et al., the clinical samples
distribution was as follows: urine (92%), pus (5%), sputum (1%), ascetic fluid (1%), and blood
(1%) (22). Similarly, in the study conducted by Fakruddin Md et al., 65 clinically isolated E. coli
were studied in which most of them i.e 35% were from urine, 18.46% from peritoneal, 18.46%
from blood, 15.38% from pus and 9.23% from CSF (23). . The above data suggests that, E. coli
commonly causes urinary tract infections. Among the various infections E. coli is responsible for
more than 90% of UTI cases therefore, it assumes greater significance. E. coli is the normal human
and animal intestinal colonizers and has different virulence determinants as a result it has easy

transmissibility and can invade the urinary tract through the ascending route and cause UTI%4.

Pattern of resistance was studied for all the isolates of E. coli. Highest resistance was observed in
Amoxicillin (87.5%), followed by Cephalexin (81.6%), whereas the antibiotics Amikacin (75.5%),
Imipenem (80.9%) and chloramphenicol (93.4%) were sensitive. All the isolates were sensitive to
Polymyxin B and Colistinsulphate. In the study carried out by Shrestha et al. in 2019, Ampicillin
showed highest resistance i.e. 89%, whereas Imipenem was sensitive by 85%, Nitrofurantion by
95% and Colistin showed 100% of sensitivity?. Likewise, in the study carried out by Parajuli et
al. in 2017 Ampicillin, Cefotaxim, Cefepime were 100% resistance, whereas Imipenemwas
sensitive by 80.7% and Colistin and Polymyxin B were 100% sensitive?®. All the above mentioned

study has almost similar resistance pattern with our study.

Multi drug resistance (MDR) is characterized as acquired non susceptibility to at least one
antimicrobial agent in three or more categories'®. The emergence of MDR organisms restricts the
choices for therapy for hospital acquired infections?’. In a study conducted by Baral et al., out of
the 178 E. coli isolates, 38.2% were confirmed to be multidrug resistant?®. However, our study
showed higher percentage of MDR as compared i.e. 59.55%. In a study conducted by Parajuli et

al. 64.9% were multidrug resistant, which is higher as compared to our study?®,

ESBLs are a group of plasmid mediated B-lactamase enzymes, that are capable of hydrolyzing and

inactivating broad spectrum antibiotics such as Cephalosporin, Penicillin and Monobactams by
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splitting their amide ring but cannot hydrolyze cephamycin and carbapenems®. In our study 52.9%
of isolates were positive for ESBL screening however only 25.70% were confirmed for ESBL
production by CDT method. Similar results were observed in the study conducted by Rezai et al.
(30.5%) in Iran and Yadav et al. (26.87%) in Nepal®" %2, However, a low rate of ESBL producing
E. coli were seen in developed countries such as 9.3% from USA®* and 10.2% from Korea®*. These
variations in the rate of production of ESBL may be due to geographical difference, local antibiotic
prescription policy, the extensive use of wide spectrum antibiotics particularly third generation

Cephalosporins and endemicity of drug resistance pathogens in the community?® .

Carbapenems are the preferred antibiotics for the treatment of infections caused by ESBL
producers. However, carbapenem resistance in E. coli due to high consumption of carbapenem or
due to the co-selection by other antibiotics is causing the serious problems and complicating the
treatment®. In our study 11.80% were MBL producers. Our findings were similar to 15%
documented by Ansari et.al from Nepal®®. However, a study conducted by Bora et al. in Nepal

showed comparatively higher prevalence of MBL producing E. coli i.e. 18.8% *'.

In our study, 19.11% were biofilm producers. In a study conducted in Nepal (Soma Kanta Baral,
2022) among coagulase negative staphylococci also found 37.8% biofilm producer®® and in Iran
by Tajbakhsh et al. among 130 E. coli isolates, 80 (61.53 %) were able to make biofilm which is
higher than that reported in our study®. Among total biofilm producers most were multidrug
resistant i.e. 61.5%. Unlike our study, higher multidrug resistance (87.5%) was seen among biofilm
producers in the study conducted by Chaudhary et al., 2019, The high resistance exhibited by
biofilm producers could be due to the activity of exo-polysaccharide matrix which delays the
antibiotics penetration in biofilm matrix, decreased growth rate and expression of resistance genes.
Microorganisms mostly produce biofilm in order to survive in unfavorable conditions and makes
treatment difficult because only selected antibiotics can inhibit the growth of biofilm producers*.
Similarly, in our study among biofilm producing E. coli, higher antibiotic resistance was observed
among Cephalexin (84.6%) and Amoxicillin (80.8%) while Imipenem (7.7%), Chloramphenicol
(3.8%), and Amikacin (3.8%) showed least resistance. Similar findings were reported in a study
conducted by Neupane et al. in Nepal, where biofilm producing E. coli were mostly resistant to
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Amoxicillin (89.4%) followed by Cephalexin (84.1%) and mostly sensitive to Amikacin (87.5%)
42

Like biofilm, serum resistance property exhibited by microorganisms has been critical for their
survival and establishments of disease but several mutations in bacteria might result in loss of
serum resistance making several bacterial pathogens avirulent®®. In our study, 22.8% of isolates
were resistant to serum, which is lower than that reported by Brugubalda et al. where 51% of the

isolates were resistant to serum bactericidal activity??.

In our study, biofilm producers were mostly non- beta lactamase type. In contrast, in a study
conducted by Dumaru et al., biofilm production was high among ESBL and MBL producers %4,
Our study showed that ESBL producers were mostly serum sensitive. The result was matching
with the previous study reported by Brugubalda et al where ESBL negative strains of E. coli
produced multiple virulence factors?. There are also other studies in which antimicrobial resistant
isolates were less virulent. The mechanism behind such trend is not well understood but they are
supposed to do so because of causal relationships between resistance and virulence (For instance,
acquisition of resistance leads to gain or loss of virulence factors)* or result from confounding by

co-associated factors?,

CONCLUSION

According to this study, the most prevalent E. coli infection is urinary tract infection. The
expression of E. coli virulence factors varied depending on the kind of infection. Despite the fact
that E. coli did not produce beta lactamase, it was still capable of expressing virulence factors. E.
coli has a high rate of multidrug resistance. To minimize the emergence and spread of antibiotic
resistance in bacteria, proper detection of drug-resistant bacteria, careful use of antibiotics, and

effective antibiotic policy are still required.
CONFLICT OF INTEREST

Authors declared, there is no conflict of interest

ISSN: 2091-1041 \ VOLUME 8 \ ISSUE 2 \ 2023 110



Original Article

REFERENCES

1.

2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Kaper JB, Nataro JP, Mobley HL. Pathogenic Escherichia coli. Nature reviews Microbiology.
2004;2(2):123-40.

Russo TA, Johnson JR. Medical and economic impact of extraintestinal infections due to Escherichia
coli: focus on an increasingly important endemic problem. Microbes and Infection. 2003;5(5):449-56.
Yoon SH, Han M-J, Jeong H, Lee CH, Xia X-X, Lee D-H, et al. Comparative multi-omics systems analysis
of Escherichia coli strains B and K-12. Genome Biology. 2012;13(5):R37.

Karlowsky JA, Hoban DJ, DeCorby MR, Laing NM, Zhanel GG. Fluoroquinolone-resistant urinary
isolates of Escherichia coli from outpatients are frequently multidrug resistant: results from the North
American Urinary Tract Infection Collaborative Alliance-Quinolone Resistance study. Antimicrobial
agents and chemotherapy. 2006;50(6):2251-4.

Allocati N, Masulli M, Alexeyev MF, Di llio C. Escherichia coli in Europe: an overview. International
journal of environmental research and public health. 2013;10(12):6235-54.

Blum G, Ott M, Lischewski A, Ritter A, Imrich H, Tschépe H, et al. Excision of large DNA regions termed
pathogenicity islands from tRNA-specific loci in the chromosome of an Escherichia coli wild-type
pathogen. Infection and immunity. 1994;62(2):606-14.

Groisman EA, Ochman H. Pathogenicity islands: bacterial evolution in quantum leaps. Cell.
1996;87(5):791-4.

Olling S. Sensitivity of Gram-Negative Bacilli to the Serum Bactericidal Activity: A Marker of the Host-
Parasite Relationship in Acute and Persisting Infections. Scandinavian Journal of Infectious Diseases.
1977;9(sup10):1-40.

Miajlovic H, Smith SG. Bacterial self-defence: how Escherichia coli evades serum killing. FEMS
Microbiology Letters. 2014;354(1):1-9.

Costerton JW. Introduction to biofilm. International journal of antimicrobial agents. 1999;11(3-4):217-
21.

Spoering AL, Lewis K. Biofilms and planktonic cells of Pseudomonas aeruginosa have similar resistance
to killing by antimicrobials. Journal of bacteriology. 2001;183(23):6746-51.

Stewart PS, Costerton JW. Antibiotic resistance of bacteria in biofilms. The lancet. 2001;358(9276):135-
8.

Microbiology ASM. Clinical Microbiology procedures Handbook. 2nd ed. Washington DC2004.
Clinical, Institute LS. Performance standards for antimicrobial susceptibility testing of anaerobic bacteria:
informational supplement: Clinical and Laboratory Standards Institute (CLSI); 2009.

Magiorakos AP, Srinivasan A, Carey R, Carmeli Y, Falagas M, Giske C, et al. Multidrug-resistant,
extensively drug-resistant and pandrug-resistant bacteria: an international expert proposal for interim
standard definitions for acquired resistance. Clinical microbiology and infection. 2012;18(3):268-81.
Franklin C, Liolios L, Peleg AY. Phenotypic detection of carbapenem-susceptible metallo-p-lactamase-
producing gram-negative bacilli in the clinical laboratory. Journal of clinical microbiology.
2006;44(9):3139-44.

Robert 11l W, EricaBallard T. Inhibition and dispersion of proteobacterial biofilms. Chemical
Communications. 2008(14):1698-700.

Mishra SK, Basukala P, Basukala O, Parajuli K, Pokhrel BM, Rijal BP. Detection of biofilm production
and antibiotic resistance pattern in clinical isolates from indwelling medical devices. Current
microbiology. 2015;70(1):128-34.

Sahly H, Aucken H, Benedi V, Forestier C, Fussing V, Hansen D, et al. Increased serum resistance in
Klebsiella pneumoniae strains producing extended-spectrum B-lactamases. Antimicrobial agents and
chemotherapy. 2004;48(9):3477-82.

ISSN: 2091-1041 \ VOLUME 8 \ ISSUE 2 \ 2023 111



Original Article

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Vading M, Nauclér P, Kalin M, Giske C. Invasive infection caused by Klebsiella pneumoniae is a disease
affecting patients with high comorbidity and associated with high long-term mortality. PloS one.
2018;13(4):e0195258.

Livermore DM. Bacterial resistance: origins, epidemiology, and impact. Clin Infect Dis. 2003;36(Suppl
1):S11-23.

Bhrugubalda A, Penmetcha U, Yarlagadda P, BabuMyeneni R. Study of virulence factors and drug
resistance pattern in Escherichia coli isolated from extra intestinal infections in a tertiary care teaching
hospital, Chinakakani, Guntur, Andhra Pradesh, South India. Int J Curr Microbiol App Sci. 2016;5(4):140-
58.

Fakruddin M, Mazumdar RM, Chowdhury A, Mannan KSB. A preliminary study on virulence factors &
antimicrobial resistance in extra-intestinal pathogenic Escherichia coli (EXPEC) in Bangladesh. The
Indian journal of medical research. 2013;137(5):988-90.

Ly A, Henderson J, Lu A, Culham DE, Wood JM. Osmoregulatory systems of Escherichia coli:
identification of betaine-carnitine-choline transporter family member BetU and distributions of betU and
trkG among pathogenic and nonpathogenic isolates. Journal of bacteriology. 2004;186(2):296-306.
Shrestha LB, Baral R, Poudel P, Khanal B. Clinical, etiological and antimicrobial susceptibility profile of
pediatric urinary tract infections in a tertiary care hospital of Nepal. BMC Pediatrics. 2019;19(1):36.
Parajuli NP, Acharya SP, Mishra SK, Parajuli K, Rijal BP, Pokhrel BM. High burden of antimicrobial
resistance among gram negative bacteria causing healthcare associated infections in a critical care unit of
Nepal. Antimicrobial Resistance & Infection Control. 2017;6(1):67.

Lepelletier D, Caroff N, Reynaud A, Riehet H. Escherichia coli: Epidemiology and Analysis of Risk
Factors for Infections Caused by Resistant Strains. Clinical Infectious Diseases. 1999;29(3):548-52.
Baral P, Neupane S, Marasini BP, Ghimire KR, Lekhak B, Shrestha B. High prevalence of multidrug
resistance in bacterial uropathogens from Kathmandu, Nepal. BMC research notes. 2012;5(1):38.
Parajuli NP, Maharjan P, Parajuli H, Joshi G, Paudel D, Sayami S, et al. High rates of multidrug resistance
among uropathogenic Escherichia coli in children and analyses of ESBL producers from Nepal.
Antimicrobial Resistance & Infection Control. 2017;6(1):9.

Coque T, Baquero F, Canton R. Increasing prevalence of ESBL-producing Enterobacteriaceae in Europe.
Eurosurveillance. 2008;13(47):19044.

Rezai MS, Salehifar E, Rafiei A, Langaee T, Rafati M, Shafahi K, et al. Characterization of multidrug
resistant extended-spectrum beta-lactamase-producing Escherichia coli among uropathogens of pediatrics
in North of Iran. BioMed research international. 2015;2015.

Yadav KK, Adhikari N, Khadka R, Pant AD, Shah B. Multidrug resistant Enterobacteriaceae and extended
spectrum P-lactamase producing Escherichia coli: a cross-sectional study in National Kidney Center,
Nepal. Antimicrobial Resistance and Infection Control. 2015;4(1):42.

Degnan LA, Milstone AM, Diener-West M, Lee CK. Extended-spectrum beta-lactamase bacteria from
urine isolates in children. The Journal of Pediatric Pharmacology and Therapeutics. 2015;20(5):373-7.
Han SB, Lee SC, Lee SY, Jeong DC, Kang JH. Aminoglycoside therapy for childhood urinary tract
infection due to extended-spectrum B-lactamase-producing Escherichia coli or Klebsiella pneumoniae.
BMC infectious diseases. 2015;15(1):414.

Hrabak J, Chudackova E, Papagiannitsis C. Detection of carbapenemases in Enterobacteriaceae: a
challenge for diagnostic microbiological laboratories. Clinical Microbiology and Infection.
2014;20(9):839-53.

Ansari S, Nepal HP, Gautam R, Shrestha S, Neopane P, Gurung G, et al. Community acquired multi-drug
resistant clinical isolates of Escherichia coli in a tertiary care center of Nepal. Antimicrobial Resistance
and Infection Control. 2015;4(1):15.

ISSN: 2091-1041 \ VOLUME 8 \ ISSUE 2 \ 2023 112



Original Article

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Bora A, Sanjana R, Jha BK, Mahaseth SN, Pokharel K. Incidence of metallo-beta-lactamase producing
clinical isolates of Escherichia coli and Klebsiella pneumoniae in central Nepal. BMC research notes.
2014;7(1):557.

Soma Kanta Baral, Swastika Bhattarai, Mahendra Prasad Bhatt, Dipendra Manda and Indira Parajuli.
Antibiogram of Methicillin Resistance Coagulase Negative Staphylococci from Nasal Carriage of
Healthcare Workers in a Tertiary Care Hospital. Biomed J Sci & Tech Res 46(3)-2022. BJSTR.
MS.ID.007358.

Tajbakhsh E, Ahmadi P, Abedpour-Dehkordi E, Arbab-Soleimani N, Khamesipour F. Biofilm formation,
antimicrobial susceptibility, serogroups and virulence genes of uropathogenic E. coli isolated from clinical
samples in Iran. Antimicrobial Resistance & Infection Control. 2016;5(1):11.

Chaudhary S, Khatiwada B, Chaudhary N. Antibiotic susceptibility pattern of biofilm forming
uropathogenic Escherichia coli isolated from UTI infected patients of Koshi Zonal Hospital in Biratnagar,
Nepal. BIBECHANA. 2019;16:47-54.

Soto SM. Importance of biofilms in urinary tract infections: new therapeutic approaches. Advances in
biology. 2014;2014.

Neupane S, Pant ND, Khatiwada S, Chaudhary R, Banjara MR. Correlation between biofilm formation
and resistance toward different commonly used antibiotics along with extended spectrum beta lactamase
production in uropathogenic Escherichia coli isolated from the patients suspected of urinary tract
infections visiting Shree Birendra Hospital, Chhauni, Kathmandu, Nepal. Antimicrobial Resistance and
Infection Control. 2016;5(1):5.

Cole LE, Kawula TH, Toffer KL, Elkins C. The Haemophilus ducreyi serum resistance antigen DsrA
confers attachment to human keratinocytes. Infection and immunity. 2002;70(11):6158-65.

Dumaru R, Baral R, Shrestha LB. Study of biofilm formation and antibiotic resistance pattern of gram-
negative Bacilli among the clinical isolates at BPKIHS, Dharan. BMC Research Notes. 2019;12(1):38.
Vila J, Simon K, Ruiz J, Horcajada JP, Velasco M, Barranco M, et al. Are quinolone-resistant
uropathogenic Escherichia coli less virulent? The Journal of infectious diseases. 2002;186(7):1039-42.
Johnson JR, Delavari P, Kuskowski M, Stell AL. Phylogenetic distribution of extraintestinal virulence-
associated traits in Escherichia coli. The Journal of infectious diseases. 2001;183(1):78-88.

ISSN: 2091-1041 \ VOLUME 8 \ ISSUE 2 \ 2023 113



