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Original article

Co-existence of aminoglycosides and β-lactam-resistant Escherichia coli 
phenotypes in a Tertiary care center of Nepal

Abstract
Introduction: Multidrug-resistant Escherichia coli isolates conferring simultaneous resistance 
to both aminoglycosides and β-lactam drugs have serious implications for clinicians worldwide. 
This study was designed to evaluate the co-existence of various β-lactamases in aminoglycoside- 
resistant Escherichia coli amongst hospitalized subjects in a tertiary care center of Kathmandu, 
Nepal, between December 2013 and December 2014.

Methods: Standard microbiological techniques were used for isolation and identification of the 
isolates. The antimicrobial susceptibility of bacterial isolates was determined following Clinical 
and Laboratory Standard Institute recommended Kirby-Bauer Disc Diffusion method. The defin-
ing criterion in this study for an isolate to be MDR, resistance to at least one agent in three or 
more than three different structural classes was taken. 

Results: Among 302 MDR E. coli isolates, 174 (58.0 %) were resistance to gentamicin and 138 
(46.0 %) were resistance to amikacin. Maximum aminoglycoside-resistant 9/11(82.0%) strains 
were isolated from body fluids followed by 7/10 (70.0%) from bile, 6/9 (67.0%) from blood and 
2/3 (67.0%) from tissue. Out of 174 aminoglycosides-resistant E. coli isolates, the simultane-
ous occurrence of Extended-spectrum- b- lactamase (ESBL) and AmpC β–lactamaseswas noted 
in 13.0 % isolates and Metallo-β-lactamase (MBL) and AmpC β–lactamasesin 8.0 % isolates. 
None E. coli isolates were positive for all 3 types of β–lactamases in combinations. In amikacin-
resistant isolates, ESBL+ AmpC observed in 12% and MBL+AmpC seen in 10% isolates. 

Conclusion: Our results show a high frequency of aminoglycoside- resistance phenotypes. Strict 
application for appropriate use of antimicrobials in medical settings should be essential to mini-
mize the emergence of multidrug-resistance among E. coli in hospitalized patients.
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Introduction
An increase in the emergence of multidrug-resistant 
(MDR) bacteria in recent years is a leading public 
health problem. To combat antibiotic resistance; 
a broad array of potent antibiotics is available to 
present-day clinicians. However, growing problems 
with antimicrobial drug resistance are beginning to 

erode our antibiotic armamentarium.1 The β-lactam 
antibiotics, in combination with aminoglycosides, are 
among the most widely prescribed antibiotics and are 
important components of empirical therapy. Because of 
extensive and unnecessary use in developing countries, 
resistance to these drugs has become a major problem 
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especially after the introduction of newer broad-
spectrum cephalosporins, β-lactamase inhibitor/β-
lactam antibiotics, monobactams, and carbapenems.2 A 
major feature in the emergence of multidrug-resistant 
Gram-negative bacilli is the production of various 
β-lactamases including AmpC β-lactamases,extended-
spectrum β-lactamases (ESBLs) and metallo-β-
lactamases (MBLS) along with enzymatic modification 
of aminoglycosides, which are responsible for 
resistance to β-lactam antibiotics and aminoglycosides, 
respectively.3

Escherichia coli is usually a commensal bacterium 
of humans. Pathogenic variants cause intestinal and 
extraintestinal infections, including gastroenteritis, 
urinary tract infection, meningitis, peritonitis, and 
septicemia.4Surveillance data show that resistance 
in E. coli is consistently highest for antimicrobial 
agents that have been in use the longest time in human 
and veterinary medicine.5The past 2 decades have 
witnessed major increases in emergence and spread 
of MDR bacteria and increasing resistance to newer 
compounds, such as fluoroquinolones and certain 
cephalosporins.6Infections with MDR bacteria are 
difficult, and in some cases impossible to treat and have 
been associated with mortality rates up to 50%.7To 
our knowledge, status of phenotypic co-existence of 
aminoglycoside and β-lactam-resistant E. coli isolates is 
not assessed in Nepal. To better understand the current 
status of co-existence of aminoglycosides and β-lactam 
resistant E. coli isolates among hospitalized patients, 
we conducted this prospective study at a tertiary care 
center of Kathmandu, Nepal.

Methods
Participants and clinical isolates: A cross-sectional 
study was conducted prospectively during the period 
from December 2013 to December 2014. Total of 302 
MDR E. coli isolates were recovered from various 
clinical samples such as urine (n=149), pus (n=75), 
sputum (n=44), blood (n=9), body fluid (n=11), bile 
(n=10), tissue (n=3) central venous pressure (CVP) 
line (n=1), among hospitalized patients of Tribhuvan 
University Teaching Hospitalwere included in the 
study after obtaining approval from institution review 
board. Details of antibiotics used and clinical outcome 
of patients were collected. Samples were processed 
immediately using standard microbiological procedures 
as described by American Society for Microbiology 

(ASM).8 Isolates were identified based on colony 
morphology on Blood agar, MacConkey agar, Gram 
reaction and by standard biochemical tests.9

Antimicrobial susceptibility testing 

Antibiotic susceptibility testing was done by the 
modified Kirby-Bauer disk diffusion method in 
accordance with CLSI guidelines.10The antibiotic 
discs used were amikacin (30 μg),  amoxycillin (10 
μg), amoxycillin/ clavulanic acid (20/10 μg), cefepime 
(30µg), cefoperazone /sulbactam (75/30μg) ceftazidime 
(30 μg), cefoxitin (30 μg), ceftriaxone (30 μg), 
chloramphenicol (30µg), ciprofloxacin (5 μg), colistin 
sulphate (10 μg), doxycycline (30µg), levofloxacin (5 
μg), gentamicin (10 μg), imipenem(10 μg), meropenem 
(10 μg), nitrofurantoin (300 µg), ofloxacin (5µg),  
piperacillin-tazobactam (100/10 μg), polymyxin- B 
(300 units) and tigecycline(5 μg).

Screening for MDR E. coli isolates

Multidrug-resistant (MDR)E.coliwere determined as 
the isolates of E.coli resistant to at least three classes of 
antimicrobial agents-all penicillins and cephalosporins 
(including inhibitor combinations), aminoglycosides, 
cephamycins, fluoroquinolones, folate pathway 
inhibitors, glycylcyclines, phenicol, polymyxins 
andtetracyclines.11

Screening test for ESBL productions

The isolates showing zone of inhibition (ZOI) of 
≤22 mm for ceftazidime (CAZ) (30 μg), ≤27 mm for 
cefotaxime (CTX) (30 μg), and ≤25 mm for ceftriaxone 
(CRO) (30 μg) were considered as potential ESBL- 
producer and were phenotypically confirmed for ESBL 
production.10

Phenotypic confirmation for ESBL production

The potential ESBL producer isolates were tested by 
CLSI phenotypic confirmatory test of combined disc 
assay method. Briefly,CAZ (30 μg) and CTX (30 
μg) disks alone and in combination with clavulanic 
acid (10 μg) were placed 25 mm apart. An increase 
of ≥5 mm in ZOI for ceftazidime-clavulanic acid 
(30/10 μg) and cefotaxime-clavulanic acid (30/10 
μg) compared to CAZ and CTX alone was confirmed 
as ESBLproducers.10Klebsiella pneumoniae ATCC 
700603 and E. coli ATCC 25922 were used as positive 
and negative control strains respectively. 
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Screening for carbapenemase production

E. coli isolates that showed the zone of inhibition ≤19 
mm against meropenem and imipenem were suspected 
as carbapenemase producers.10

Phenotypic confirmation for metallo-β-lactamase 
production 

All carbapenemase producers E. coli were 
phenotypically confirmed for Metallo-β-lactamase 
(MBL) production. MBLin carbapenemase producing 
strains were detected as described by Franklin et al.12In 
the combined-disk test, two IPM disks (10 μg), one 
containing 10 μl of 0.1 M (292 μg) anhydrous EDTA 
(Sigma Chemicals, St. Louis, MO), were placed 25 mm 
apart (center to center),on a Muller Hinton agar plate 
inoculated with a bacterial suspension of 0.5 McFarland 
turbidity standards and incubated overnight at 37°C. An 
increase in zone diameter of >4 mm around the IPM-
EDTA disk compared to that of the IPM disk alone was 
considered positive for  MBL production.P. aeruginosa 
ATCC 27853 was used as a negative control strain.

Screening for AmpC production

A 30-μg cefoxitin disk was placed on inoculated 
Mueller-Hinton agar.  The isolates with zone diameters 
less than 18 mm were suspected as AmpC producers13

Phenotypic confirmationfor AmpC production

The AmpC producer suspected isolates were 
phenotypically confirmedas described by Yagi et al 14. 
Discs containing boronic acid were prepared as follows: 
120 mg phenylboronic acid (Sigma    chemicals) was 
dissolved in 3ml of dimethyl sulfoxide. Three milliliters 
of sterile distilled water was added to this solution. 
Twenty microliters of the stock solution was dispensed 
onto disks containing 30 μg of cefoxitin. Discs were 
dried for 30 minutes and used immediately. Remaining 
discs were stored in airtight vials with desiccant at 
4°C. The boronic acid disc test was performed by 
placing a disc containing 30 μg of cefoxitin and a disc 
containing 30 μg of cefoxitin with 400 μg of boronic 
acid onto Mueller- Hinton agar which was inoculated 
with AmpC producer suspected isolate. Inoculated 
plates were incubated overnight at 35°C. An organism 
that demonstrated a zone diameter around the disc 

containing cefoxitin and boronic acid that was 5 mm 
or greater than the zone diameter around the disc 
containing cefoxitin was considered as an AmpC 
producer. E. coli ATCC 25922 was used as a negative 
control strain. 

Results
A total 302 specimens with MDR E. coli infection were 
included in this study. These included 149(49.0%) 
urine, 75 (25.0 %) pus, 44 (15.0%) sputum, 9 (3.0 %) 
blood, 10 (3.3%) bile, 11 (3.6 %) body fluid, 3 (0.9%) 
tissues, and 1(0.3%)  CVP line (Table 1). 

Table 1. Specimen wise distribution of MDR E. coli 
isolates

Specimen No Percent (%)
Urine 149 49.0
Pus 75 25.0
Sputum 44 15.0
Body fluid 11 3.6
Bile 10 3.3
Blood 9 2.9
Tissue 3 0.9
CVP line 1 0.3
Total 302 100.0

A total of 302 MDR E. coli isolates were analyzed 
for resistance ability and were found to resist most of 
the antimicrobial agents. Among first line antibiotics, 
MDR isolates were found to be 100% resistant toward 
amoxycillin, ceftriaxone, cefotaxime, cefixime, 
ciprofloxacin and cotrimoxazole. 76% (n=230) of 
isolates were resistant to levofloxacin. Likewise, 
among second line of antibiotics, 100.0% of isolates 
were resistant to ceftazidime and ceftriaxone followed 
by amoxycillin/clavulanic acid (77.0%), cefoperazone/
sulbactam (70.0%), piperacillin/tazobactam (61.0%)
and doxycycline (56.0%). Colistin sulphate, 
polymyxin-B and tigecycline were 100% effective 
followed by nitrofurantoin (95.0%), imipenem (87.0%) 
and meropenem (86.0%) indicating these as the most 
potent antimicrobials (Table 2).
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Table 2:Antibiotic susceptibility pattern of MDR E. coli isolates with first and second line antibiotics

Antibiotics Sensitive Resistant
No % No %

First line antibiotics
Amoxycillin 0 0.0 302 100.0
Cefixime 0 0.0 302 100.0
Cefotaxime 0 0.0 302 100.0
Ciprofloxacin 0 0.0 302 100.0
Cotrimoxazole 0 0.0 302 100.0
Levofloxacin 72 24.0 230 76.0
*Nitrofurantoin 132 95.0 17 5.0
*Norfloxacin 0 0.0 149 100.0
Ofloxacin 0 0.0 302 100.0
Second line antibiotics
Amikacin 164 54.0 138 46.0
Amoxycillin/clavulanic acid 68 23.0 234 77.0
Ceftazidime 0 0.0 302 100.0
Ceftriaxone 0 0.0 302 100.0
Cefoperazone/sulbactam 90 30.0 212 70.0
**Chloramphenicol 83 54.0 70 46.0
Colistin sulphate 302 100.0 0 100.0
Doxycycline 134 44.0 168 56.0
Gentamycin 128 42.0 174 58.0
Imipenem 262 87.0 41 13.0
Meropenem 261 86.0 40 14.0
Piperacillin/tazobactam 118 39.0 184 61.0
Polymyxin-B 302 100.0 0 0.0
Tigecycline 302 100.0 0 0.0

	

*only for urine isolates

**except urine isolates 

All 302 MDR strains were resistance to third generation cephalosporins (ceftazidime, ceftriaxone and cefotaxime). 
Among 302 isolates, 65% (n=196) were found to be ESBL producers, 14% (n=41) were MBL producers and 40% 
(n=122) were AmpC producers. Out of 302 isolates, 46% (n=138) were resistance to amikacin and 58% (n=174) 
were resistance to gentamycin.(Figure 1)
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Figure 1. Distribution of aminoglycoside resistant and β-lactamases in MDR E .coli

Table 3:Specimen wise distribution of aminoglycosides-resistantand various β-lactamases producers E. 
coliisolates (n=302)

Clinical 
Specimens

Total 
No.

Amikacin
resistant 
isolates
No.(%)

Gentamycin 
resistant iso-

lates
No.(%)

ESBL
No. (%)

MBL
No. (%)

AmpC
No. (%)

Urine 149 84(56.0) 84 (56.0) 110 (74.0) 19 (13.0) 66 (44.0)
Pus 75 26(35.0) 44 (59.0) 45 (47.0) 8 (11.0) 29 (39.0)
Sputum 44 15(34.0) 22 (50.0) 32 (50.0) 8 (18.0) 20 (45.0)
Body fluid 11 5(45.0) 9 (82.0) 4 (36.0) 1 (9.0) 2 (18.0)
Bile 10 4(40.0) 7 (70.0) 1(10.0) 4(40.0) 2 (20.0)
Blood 9 3(33.0) 6 (67.0) 2 (22.0) 2 (22.0) 2 (22.0)
Tissue 3 1(33.0) 2 (67.0) 2 (67.0) 1(33.0) 0 (0.0)
CVP tip 1 0(0.00 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Total 302 138(46.0) 174 (57.0) 196 (65.0) 43 (14.0) 121 (40.0)

Out of total 302 MDRE. coli strains, maximum gentamycin-resistant 9/11(82.0%) strains were isolated from body 
fluids followed by 7/10 (70.0%) from bile, 6/9 (67.0%) strains from blood and 2/3 (67.0%) from tissue. Among 196 
ESBL producers, 110/149 (74.0%)were isolated from urine .The highest amikacin-resistant isolates 84/149 (56.0%) 
were obtained from urine. Out of 43 MBL producers, 4/10 (40.0%) were isolated from bile and 1/3 (33.0%) were 
isolated from tissue. Maximum AmpC β – lactamase producer were isolated from sputum 22/44 (45.0%) followed 
by urine 66/149 (44.0%). None of β-lactamases producer was isolated from CVP line.
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Figure 2. Co-existence of β-lactamases in gentamycin-resistant MDR E .coli (n=174)

Out of 174 gentamycin-resistantE. coli strains studied, almost all strains produced any of the 3 types of β – lactamases 
i.e. MBL, ESBL and Amp C β–lactamases, either alone or in combinations (Figure 2).75 (42.0 %) were ESBL 
producers, 41 (24.0%) were MBL producers and 60 (34.0 %) were AmpC producers. ESBL and AmpC producers in 
combination were 23 (13.0%) and 14(8.0%) isolates produced both MBL and AmpC in combination. In our study, 
none E. coli isolates were positive for all 3 types of β – lactamases i.e. ESBL, MBL and AmpC β – lactamases in 
combination (Figure 2).

Figure 3. Co-existence of β-lactamases in amikacin-resistant MDR E .coli (n=138)

All amikacin-resistant isolates (n=138) were simultaneously resistant to gentamycin. Out of 138 amikacin-resistant 
E. coli studied, all isolates produced any of the 3 types of β – lactamases i.e. MBL, ESBL and Amp C β–lactamases, 
either alone or in combinations (Figure 3).46 (33.0 %) were ESBL producers, 41 (30.0%) were MBL producers and 
43 (31.0 %) were AmpC producers. ESBL and AmpC producers in combination were 16 (12.0%) and 14 (10.0%) 
isolates produced both MBL and AmpC in combination. None amikacin-resistant E. coli isolates were positive for 
all 3 types of β – lactamases i.e. ESBL, MBL and AmpC β – lactamases in combination. 

65-73

Shrestha B et al.,



71

www.jiom.com.np Journal of Institute of Medicine, December, 2015, 37:3

Discussion
Previous studies on the mechanisms of aminoglycoside 
resistance have shown the production of 
aminoglycoside-modifying enzymes, including (i) 
aminoglycoside acetyltransferases, (ii) aminoglycoside 
phosphotransferases, and (iii) aminoglycoside 
adenyltransferases, to be the primary mechanism 
of resistance. However, any one of these enzymes 
alone cannot confer resistance to all aminoglycosides 
because of their narrower substrate specificities. 
Because gentamicin-modifying enzymes have poor 
activity against amikacin and because amikacin was 
developed from kanamycin to block the access of a 
variety of kanamycin-modifying enzymes to their 
target sites, a relatively low prevalence of amikacin 
resistance is usually observed amongmembers 
of the family Enterobacteriaceae15. Among the 
various aminoglycoside-modifying enzymes, 
acetyltransferases [AAC (6’)-I and AAC (6’)-APH 
(2’)], adenyltransferases [ANT(4’)-I and ANT(4’)-II], 
and phosphotransferases [APH(3’)-II and APH (3’)-
III] have been shown to result in the modification of 
amikacin16.

Co-existence of aminoglycoside modifying enzymes 
along with β-lactamases such as ESBL, AmpC and 
MBL are of increasing clinical concern. ESBLs are 
most commonly produced by E. coli and Klebsiella spp. 
but may also present in other gram negative bacteria17. 
Many multidrug resistant bacteria produce multiple 
β-lactamases including combinations of these different 
enzymes.We noted high prevalence (65.0%) of MDR 
E.coli isolates were ESBL positive. This rate is similar 
to other studies that reported in some other developing 
countries (50-70%)18, 19. By contrast, the prevalence of 
ESBL-producing isolates among Enterobacteriaceae in 
developed nations is much lower:<1% in Sweden 20 and 
1.7% in France .21 This issue is evidently a challenge in 
developing nations, and our study clearly shows that 
it is a matter of urgency in our region. Furthermore, 
the MDR isolates that were obtained from body 
fluid, blood, sputum and urineshowed resistance to 
aminoglycosides (amikacin, and gentamicin), thus 
limiting the treatmentoptions. β-Lactamase-producing 
Enterobacteriaceae often harbor other enzymes  (AmpC, 
MBL, and aminoglycoside modifying enzymes) 
that confer resistance to other antibiotics, including 
carbapenems, cephems, and aminoglycosides.22, 23

A previously published report suggested the spread 

of aminoglycoside modifying enzymes like ArmA 
and RmtB in Enterobacteriaceae isolates globally24, 
and these enzymes were often reported to coexist 
with other resistance determinants, such as ESBL and 
MBL.25, 26Newer 16S ribosomal RNA methylases have 
been identified recently and added to the database of 
aminoglycoside resistance mechanism.22, 27

To our knowledge, no data is available on the prevalence 
of aminoglycoside-resistant MDR E.coli isolates in 
our country. Therefore, we studied the association of 
β-lactamases in aminoglycoside-resistant isolates. We 
observed that the most of the aminoglycoside-resistant 
MDR isolates produced any one of β-lactamases i.e. 
ESBL (42.0 %), MBL (33.0 %) and AmpC (34.0 %). This 
rate is higher than those reported in a Taiwanese study28 

and a Belgian study 29.The respective studies suggested 
an increasing resistance against aminoglycosides and 
β-lactams but the contradiction inresults is due to 
different geographical areas and various numbers of 
different isolates.

In agreement with previous reports 30, 31, β-lactamase 
positive isolates were  susceptible to colistin, 
polymyxins and tigecycline, which were the only 
available therapeutic options for them.

Conclusion
In conclusion, β-lactamases-producing MDR E.coli 
isolates were common in our medical settings and 
they are usually resistance to aminoglycosides. Our 
findings underline the emerging threat of pan-drug 
resistant pathogens that produce various β-lactamases 
disseminating in this region. The increase in multidrug-
resistant E. coli producing ESBLs, MBLs and AmpC 
enzymes has limited therapeutic options.Therefore, 
early identification of infections due to these organisms 
is necessary for prompt institution of appropriate 
treatment and to reduce the mortality in hospitalized 
patients. Further experiments will be needed to evaluate 
other b-lactamase types and novel antibiotic resistance 
mechanisms. It is important to follow antibiotic 
restriction policies to control increasing resistance 
against aminoglycosides, carbapenems and other broad 
spectrum antibiotics
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