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Abstract

Production of B-lactamases is the most important mechanism for bacterial resistance to penicillin,
cephalosporins, and carbapenems.Antibiotic resistant bacterial isolates pose a higher burden to health care
settings.In this study, extended spectrum B-lactamase (ESBL), metallo B-lactamase (MBL) and AmpC j-
lactamase (AmpC) production were screened among Gram-negative bacterial isolates from the clinical
specimens and the positivity of CTX-M gene among ESBL producers was analyzed. ESBLs, MBL, and
AmpC producers were identified using Combination Disc Method(CDM). Antibiotic susceptibility of
bacterial isolates was screened using Kirby-Bauer disc diffusion method. Positivity of CTX-M genein
ESBL producing bacterial isolates wasanalyzed by Polymerase chain reaction and DNA sequencing. Out
of 73 bacterial isolates, 38 were Escherichia coli, 21Klebsiella pneumoniae, 10Pseudomonas
aeruginosa,3 Proteus vulgaris, and 1Enterobacter aerogenesA total of45 isolates were identified as
ESBL producers followed by 14were AmpC, 11 wereboth ESBL and AmpC,and only 2 wereMBL
producers. Five ESBL producing isolates showed positive for CTX-M andsequencing analysis showed all
five were belonging to CTX-M-15 type.This study finding revealed thatCTX-M-15 type variant was
found among ESBL producers. CTX-M-15 gene positive isolates showed positive for multiple -
lactamase production and possess high level of drug resistance profile compared to non-CTX-M positive
ESBL producers.
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1. INTRODUCTION

Production of B-lactamases is the most important mechanism for bacterial resistance to p-lactam
antibiotics. Especially extended spectrum B-lactamases (ESBLs) producing bacteria are showing
resistance to penicillin and cephalosporin antibiotics. ESBLSs production is mostly encountered in
Escherichia coli and Klebsiellasp. and other Enterobacteriaceae species®. The metallo B-
lactamases (MBLs)are requiring divalent cations as a cofactor forits activity and efficiently
hydrolyze all p-lactam antibiotics except aztreonam?.In Gram-negative bacteria, AmpC f-
lactamase production is either chromosome or plasmid mediated. AmpC beta-lactamasesare
conferring  resistance to amino-penicillins, cephalosporins, oxyimino-cephalosporins,
cephamycins, and monobactams. Cloxacillin and 3-aminophenylboronic acid inhibit AmpC beta-
lactamases, while AmpC beta-lactamase activity is not affected by the ESBL inhibitor clavulanic
acid®*5,
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In ESBLs producing bacteria, CTX-M is one of the plasmid-mediated enzymes with significant
clinical impact and more than 109 CTX-M variants have been identified. CTX-M producers
display a high level of resistance to cefotaxime than to ceftazidime®.CTX-M variants were
classified into the 5 major phylogenetic groups like CTX-M-1, -2, -8, -9, and -25"%.The
prevalence of CTX-M variants is geographically different, but CTX-M-15 and CTX-M-14 are
the most common variants identified inclinically important bacterial etiologies. Most of the
ESBL producers are having multidrug-resistant profile and carry other genes that responsible for
aminoglycosides and trimethoprim-sulfamethoxazole (TMP-SMX) resistance®. Therefore,the
spread of ESBLs producing bacterial pathogens in the hospital and community settings causes a
significant threat by limiting the therapeutic options!®!l. In this study, the gram-negative
bacterial strains isolated from clinical specimens were studied for ESBL, MBL, and AmpC
enzymes production and ESBL producers were analyzed for positivity of CTX-M gene.

2. MATERIALS AND METHODS

Isolation and identification of bacterial isolates

Clinical specimens were streaked on MacConkey agar, 5% sheep blood agar, and Eosine
Methylene Blue agar andincubated at 37°C for 24hours to check the growth pattern.Gram-
staining, catalase, oxidase, and biochemical tests such as sugar fermentation, indole, methyl-red,
Voges-Proskauer, citrate, and nitrate tests were performed for bacterial identification®2,

Combination Disc Methodfor ESBLS, AmpC and MBL production

For identification of ESBL producerscefotaxime and ceftazidime, alone and in combination with
clavulanic acid were used.In this method, bacterial culture suspension adjusted to 0.5
McFarland’s standard was used tomake lawn culture on Mueller Hinton Agar (MHA) plate. The
cefoxitin (30 pg) and cefoxitin- cloxacillin (30 ug/ 200 pg) discs were used for screening of
AmpC productionand imipenem (10ug) alone and in combination with EDTA (750ug) were
were used for screening of MBL production. After incubating overnight at 37°C, a more than
5mm increase in the zone diameter was interpreted as positive for respective B-lactamase
production®®,

Antibiotic Sensitivity Test

The antibiotic susceptibility of the bacteriawasanalyzed using the following antibiotics such as
amikacin(30mcg), aztreonam (30mcg), tetracycline (30mcg), piperacillin-
tazobactam(100/10mcg), ciprofloxacin (5mcg), co-trimoxazole (25mcg), gentamicin (10mcg),
nalidixic acid(30mcg), cefoperazone (75mcg), doxycycline (30mcg), cefotaxime (30mcg),
ceftazidime (30mcg), cefoxitin(30mcg) and imipenem (10mcg) (Himedia, Mumbai) were used to
determine the resistance profile of the isolates. This test was done on MHA plates using Kirby-
Bauer disc diffusion method according to CLSI guidelines®.

Polymerase Chain Reaction (PCR)
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PCR analysis for CTX-M gene from ESBL producers was carried out usingCTX-MU1 forward
primer 5’ATGTGCAGYACCAGTAARGT 3° and CTX-MU2 reverse primer 5’
TGGGTRAARTARGTSACCAGA 3’. Cycling parameters include initial denaturation at 94°C
for 7min, followed by 35 cycles of denaturation at 94°C for 50 sec, annealing at 50°C for40 sec,
amplification at 72°C for 1min and final extension at72°C for5min'*. 1% agarose gel with
ethidium bromide (50 pg/ml) was made in 0.5X TAE buffer was used. 10uL of the amplified
PCR product was mixed with 2uL of sample loading dye and electrophoresis was performed at
100V for 20min.

Phylogenetic analysis

The CTX-M gene sequences from this study were aligned with 22 sequences of CTX-M
belonging to variousCTX-M groups that wereretrieved from GenBank using the program Muscle
software. The aligned sequence was edited and the phylogenetic tree was constructed using
MEGAG6. The phylogenetic relationships among strains were reconstructed by the Maximum
Likelihood method with a boot-strap of 500 using Kimura-2 parameter.

Statistical analysis
Chi-square test was used for determining the significance of association. The p value<0.05 was
considered as significant. Statistical analysis was done by SPSS software version 10.0.

3. RESULTS

A total of 73 bacterial strains were isolated from various clinical samples (62 from Urine, 2 from
Sputum, 6 from Pus, 2 from Throat swab, and 1 from Wound samples) (Table 1). E.coliwas the
predominantly isolated bacterium in this study. The percentages of isolates were
E.coli(52.03%),K.pneumoniae(28.76%), P. aeruginosa(13.69%), Proteus vulgaris(4.10%)and
Enterobacter aerogenes(1.36%). Among the total isolates, 30 (41.09%) were isolated from males
and 43 (58.90%) were from females. Sex and age-wise distribution of various clinical isolates
was shown in Table 2. A total of 45 isolates were identified as ESBL producers by Combination
Disc Method and among them, 44.44% were K. pneumoniae, 42.22%were E.coli, 6.66%were
P.aeruginosa, 4.44%were P. vulgaris and 2.22%were E.aerogenes. Twenty six isolates showed
resistance to cefoxitin andamong them, 19.17% were tested positive forAmpC
production.Among the AmpC producers, 71.42% were K.pneumoniae, P. aeruginosa (14.28%),
P. vulgaris (7.14%),and E.coli(7.14%).0ut of 1lisolates producing both ESBL and AmpC, 9
were K. pneumoniaeand 2were P. aeruginosa. Ten isolates showed resistance to imipenem and
2.73% of P. aeruginosa isolates showed MBL production (Table 4).

Allisolates were screened for MDR profile by Kirby- Bauer disc diffusion method with standard
antibiotics. All the clinical isolates showed the highest degree of resistance to cefotaxime
(94.52%) followed by nalidixic acid (82.19%), ciprofloxacin (78.08%), and doxycycline
(72.60%).  Imipenem resistance was noted among 82.19% of the isolates followed
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byamikacin(61.64%), and cefoxitin(56.16%) (Table 3). E.coli showed highest resistance to
cefotaxime (94.73%) followed by nalidixic acid(84.21%), cefoperazone (81.57%), ciprofloxacin
(76.31%), co—trimoxazole (73.68%), doxycycline(73.68%), and tetracycline (71.05%) and highly
susceptible to imipenem (97.36%) followed by cefoxitin (73.68%), and amikacin (65.78%). K.
pneumoniae showed high level of resistance to cefotaxime (95.23%) followed by ceftazidime
(90.47%), aztreonam (85.71%), ciprofloxacin (80.95%) and cefoperazone (80.95%) and showed
high susceptibility to imipenem (61.90%).P.aeruginosa showed 100% resistance to cefotaxime
and doxycycline, 80% to nalidixic acid, and 100%sensitive toimipenem, ceftazidime, amikacin
and piperacillin-tazobactam. Proteus vulgaris showed 100% resistance to doxycyline,
tetracycline, ciprofloxacin and 100% sensitive to amikacin, tetracycline and cefoxitin.
Enterobacter aerogenes. showed 100 % resistance to cefotaxime, ceftazidime, aztreonam,
piperacillin-tazobactam, ciprofloxacin, co— trimoxazole and gentamicin (Table 3).

A total of 10 isolates showed resistance to cefotaxime and more than 5mm zone of inhibition was
increased when cefotaxime combined with clavulanic acid, hence the above 10 isolates were
subjected to PCR for identification of CTX-Mgene. It was found that five ESBL positive
bacterial isolates showed positive for CTX-Mgenewith a gene size of 593bp. Molecular
characterization of clinical isolates showed 50% positive of CTX-M gene among ESBL
producers(Fig. 1). All CTX-M positive isolates showed positive for AmpC p-lactamase
production and 2 showed positive for both MBL and AmpC B-lactamase production. CTX-M
gene positive isolates showed a high level of drug resistance profile compared to non-CTX-M
positive ESBL producing isolates.

All five CTX-M genes were subjected to DNA sequencing and identified that all these five CTX-
M genes were belonging to CTX-M-15 type. The accession numbers of gene sequences
determined in the present study and deposited in GenBank(KF640078-KF640080 and
KF378591-KF378592).A total of 22 CTX-M gene sequencesbelonging to five different groups,
namely, CTX-M groupl, 2, 9, 8, and 25 were used as the reference sequencesand 5 sequences
obtained from our study were used for the construction of the Phylogenetic tree. The Maximum
likelihood algorithm with a boot strapping of 500 was employed using MEGAG6 software. All
CTX-M sequences obtained in thisstudy fell in to the CTX-M group 1, and the sequences were
closely related to AY080894, EU082208, FJ973572, AY267213 and FJ668755 whereas
HQ734697 and HQ734702 belonging to same group fell into a separate sub lineage (Fig. 2).

Table 1: Bacterial isolates from various clinical samples

S. Organism Clinical Samples
No Urine Sputum Pus Wound Throat
swab
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1 Escherichia coli 37(50.68%) - 1(1.36%) - -
2 Klebsiella pneumoniae 15(20.54%) | 1(1.36%) | 3(4.10%) - 2(2.73%)
3 | Pseudomonas aeruginosa | 6(8.21%) | 1(1.36%) | 2(2.73%) | 1(1.36%) -
4 Proteus vulgaris 3(4.10%) - - - -
5 Enterobacter aerogenes 1(1.36%) - - - -
Table 2:Age and sex-wise distribution of bacterial isolates
Age Escherichia Klebsiella | Pseudomonas Proteus Enterobacter
S.N coli (38) pneumoniae aeruginosa vulgaris aerogenes
0 (21) (10) ©) (1)
Mal | Femal | Mal | Femal | Mal | Femal | Mal | Femal | Mal | Femal
e e e e e e e e e e
1 |1-20| 3 5 3 2 2 3 2 - - -
2 21— 4 8 1 6 - 1 - 1 - 1
40
3 41 - 6 3 2 - 1 - - - -
60
4 Abov 5 4 - 1 2 - - - -
e 60
Total 24 11 10 3 7 2 1 - 1
Table 3:Antibiotic susceptibility of bacterial isolates from clinical samples
S. | Organism | Interpretatio Antibiotics
No n
X | S|l|lalalF|Z2| 4] a] X X | X| N
Z|E|E NG 5|8 2882258
1 E.coli Sensitive(S) |25 5 (10| 5 |7 | 9|7 | 5|5 |9 (3728|112
1
Intermediate | 9 | 9 2212|1121 2|1 ]1|2]|1]|3
(N
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Resistant(R) | 4 (24 |27 |11(29|28 (1932|3128 - |8 3|1
6| 4
2 K. Sensitive(S) |10 - [ 9| 3 |3 |10 2 |4 |2 |9 |13| 7 |-|-
Pneumonai | Intermediate | 3 | 3 |2 |8 |1 |1 |4 |12 |-|1]|3]|1]|?2
e ()
Resistant(R) | 8 (18 10|10 (17|10 15|16 |17 |12 | 7 |11 |2 |1
019
3 P. Sensitive(S) | 6 | 1 |3 |6 | -|1|5|1]|-]|]-/8]2]|-]686
aeruginosa | Intermediate | 1 | 3 |3 |1 |3 |4 |1 |1 |7 |-|1/]|1]|-/|2
(N
Resistant(R) | 3 |6 | 4|3 |7 |5 |48 |3 ]|10|1 |7 |1]2
0
4 | P.vulgaris | Sensitive(S) | 3 | - | -3 | -] -|1}|-]-1]-11]3]-]|1
Intermediate | - |2 | - | - | - |1 |-|-|2]-1]-1]~-1]1]/-
(N
Resistant(R) | - |1 |3 |- (3|2 |2 |3 |1|3|2]|-]2]2
5 E. Sensitive(S) | 2 | - |1 | - | - | -|-|-|-|2|212]|1]|-]-
aerogenes | Intermediate | - | - | - | - | - | - | - |- | -] -| - -l - -
(N
Resistant(R) | - (1| - |21 (1|11 |1 ,21}|-]|-1]-/[1]1
AMK= amikacin, ATM=aztreonam, TET=tetracycline, TZP= piperacillin-tazobactam,
ClIP=ciprofloxacin, SXT-trimethoprim-sulfamethoxazole, GEN=gentamicin, NAL=nalidixic acid,
CFP=cefoperazone, DOX= doxycycline, IPM= imipenem, FOX=cefoxitin, CTX= cefotaxime,
CAZ=ceftazidime
Table 4:Positivity of ESBL, MBL, and AmpC production among bacterial isolates
S. Organisms ESBL p value AmpC p value MBL p value
No Total | % Tota | % Tota | %
I I
1 E. coli(38) 19 ]26.02| 1.000 1 |01.36 | <0.001* - -
2 K. 20 |27.39| <0.001* | 10 |13.69| 0.827 - -
pneumonia(21)
3 P. 3 04.10 | 0.206 2 (0273 ] 0.058 2 | 0273 | 0.058
aeruginosa(10)
4 P.vulgaris(3) 2 02.73 | 0.564 1 10136 | 0.564 - -
5 | E. aerogenes.(1) 1 01.36 | 1.000 - - - -
Note: * Statistically significant
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Fig. 1: Positivity of CTX-M gene among ESBL producing bacterial isolates
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Fig. 2: Phylogenetic tree for comparison of CTX-M gene sequences with CTX-M

reference sequences
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4. DISCUSSION

In recent years, the emergence and spread of ESBL producing MDR bacteria has increased
worldwide. The spread of CTX-M genes harboring E. coliisolates are dramatically increased and
they are highly associated with community-acquired infections!®. Obtaining current
epidemiological data of ESBL producing drug-resistant bacteriamight be helpful in the planning
of effective empirical therapy and infection control measures.In this study, a total of 73 bacterial
isolates were isolated from various clinical samples. Five different Gram-negative bacterial
strains were isolated in the study and among them E.coli (52.1%) was predominantly isolated
followed by K. pneumoniae (28.76%), Pseudomonas aeruginosa (13.69%), Proteus vulgaris
(4.1%) and E. aerogenes(1.36%). Similar to this study, Abdulrahman et al.(2005) *also reported
that E.coli, Klebsiella sp.,and Pseudomonas sp.are the common isolates obtained in their
study.Urinary Tract Infection (UTI) is the most common infectious disease diagnosed in both
hospitalized and community patients. The increase in nosocomial UTI is a serious concern
because of the longer hospitalization and higher health care costs. The availability of new
antimicrobial agents and improved pharmaceutical management of urinary tract disorders has
been recently improved. Francesco et al. reported that among the pathogens which cause UTI,
E.coli is the major bacterial pathogen isolated from urine sample!’. This study also showed that
out of 62 urine samples processed, 37 showed culture positive for E.coli.

In our previous study'®,a high rate of ESBL production (71.01%) was reported in
E.coliisolatesfollowed by K.pneumoniae (36.6%) and P.aeruginosa (25%) and the emergence of
a multidrug resistance profile in these isolates from patients in Chennai. In this study, it was
found that among the urinary isolates,E.coli and K. pneumoniae showed a high level of ESBL
production.According to a study by Quinn et al.ESBL producing E. coli isolatesshowed
resistance to TMP-SMX, nalidixic acid, gentamicin, and ciprofloxacin®. This study also
revealed that ESBL producers showed resistance to ciprofloxacin, nalidixic acid, gentamicin,
andSXT.AmpC beta-lactamase was detected in 14 (19.17%) isolates. Out of 14 isolates, 4
(5.47%) showed resistance only to AmpC beta-lactamases and 10 isolates showed both AmpC
and ESBL. The positivity of AmpC production is higher in this study compared to other studies
which reported AmpC positive rate as8 and 43%2%-%,

The emergence of MBL producing gram-negative bacterial pathogens poses not only a
therapeutic problem and it is also a serious concern for infection control in clinical setting.
Hemlatha et al. (2005)**reported that 16% of P. aeruginosa isolates were imipenem resistant and
14% were MBL producers. Behera et al.?® found that 14.8% of P. aeruginosaisolates were
resistant to imipenem and 10.53% were tested positive for MBL production.

CTX-M type ESBLs is preferentially hydrolysis cefotaxime and in some regions, it has been the
most widely disseminated ESBL enzyme in the Enterobacteriaceae?®. The CTX-M is an
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important beta-lactamase enzyme responsible for the high drug resistance profile and it presents
either alone or in combination with other ESBL genes?’. Pournaras et al.?®reported 87%
positivity of CTX-M gene in ESBL producers isolated from a tertiary care hospital in Greece. In
a multi-centric study from Russia, 35.9% of E.coli isolated harbored CTX-M gene and 34.9%
ofK. pneumoniae?®. In Italy, a national survey study reported that CTX-M producing strains were
reported with remarkably variable rates (1.2-49.5% were ESBL producers) among the
centres®’.In our study, the CTX-M gene positivity was 50%. This rate is higher when compared
to the study of Kumar et al.(2015)°who reported 21.42% of ESBL producing bacteria harbored
CTX-M gene.

In conclusion, ESBLs producers were high compared to MBL and AmpC B-lactamase producers
and all B-lactamase producing isolates exhibited a multidrug resistance profile. In this study, all
CTX-M gene positive isolates were identified as CTX-M-15 variant type and the findings
provided that evidence of CTX-M15 type of ESBLs producing bacteria is majorly present in the
community. Multiple B-lactamase production might be the reason for genotypic and phenotypic
variations. Strict adherence to the hospital antibiotic policy and good infection control practices
could play a significant role in reducing the emerging of antibiotic resistance in bacterial
pathogens.
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