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ABSTRACT

Gram-negative bacilli may commonly produce aminoglycoside modifying enzymes. However, any one of these enzymes alone cannot confer
resistance to all commonly used aminoglycosides because of their narrower substrate specificities(3,13).But ,the mechanism of resistance
mediated by 16S rRNA methylases that methylates residue G1405 is the very high level of resistance to all parenterally formulated
aminoglycosides (MIC>128ug/ml) commonly used (16). Screening for 16S rRNA methylase producing organisms has become an essential
measure to be taken for epidemiological as well as diagnostic purposes when nosocomial spread of such bacteriae is suspected. Only by early
identification of these resistant determinants (armA, rmtB and rmtC) by molecular methods can help us to design appropriate antibiotic and
infection-control policies which are necessary to limit the nosocomial spread of these resistance organisms (2).
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INTRODUCTION

Resistance to commonly used aminoglycoside antibiotics has been on
the rise in clinical isolates of enterobacteriaceae (10). The most
frequent use of aminoglycosides is empiric therapy for serious
infections such as septicemia, intra- abdominal infections,
complicated UTI, and also nosocomial respiratory tract infections
caused by aerobic Gram-negative bacteria and organisms belonging to
family Enterobacteriaceae (3). Apart from the many aminoglycosides
modifying enzymes which causes resistance to this group of
antibiotics, the emergence of high level pan-aminoglycoside
resistance caused by the 16S rRNA methylase genes in clinical
pathogens has been on the increase since its discovery in2003 (13).

There are five types of plasmid-mediated 16s rRNA Methylases
(ArmA, RmtA, RmtB, RmtC, and RmtD) so far identified in East Asia,
Europe, South America and also in India (11, 21). People infected with
resistant organisms are more likely to have longer, more expensive
hospital stays and it also increases the mortality rate (4). In order to
reduce the time to results in identifying pathogens and antibiotic
resistance we can make use of molecular methods to overcome the
limitations encountered in microbiological methods (5, 8). Hence the
present study was designed to confirm the presence of 16srRNA
methylase gene armA (also rmtB and rmtC) in clinical isolates of
Enterobacteriaceae showing high level resistance to commonly used
aminoglycosides both by phenotypic and genotypic methods.

MATERIALSAND METHODS

Study Design

A total of 200 clinical samples were collected and processed for
isolates belonging to the family Enterobacteriaceae from patients
attending the inpatient facility and septic wards of the Mahatma
Gandhi Memorial Government Hospital, Trichy. The clinical samples
included pus swabs from skin ulcers, ear discharges and surgical
wound cases and also from urine samples collected between the period
January 2017 to March 2019. A total of 198 isolates belonging to the
family Enterobacteriaceaec were taken up for the study and their
susceptibility patterns to various antibiotics including aminoglycosides
(Amikacin, Gentamicin netilmicin, Tobramycin) were determined
using Kirby—Bauer Disc Diffusion Method. The minimal inhibitory
concentrations of Amikacin and Gentamicin were determined to
screen for low-level and high-level aminoglycoside resistance and was
further evaluated for the presence of armA gene by PCR method
among the isolates showing high level aminoglycoside resistance.

Disc diffusion method

Amikacin/ Netilmicin discs (30pg Hi Media Labs) were employed.
Sensitivity testing was done according to the standard disc diffusion
method (Bauer ef al., 1996). Zone of inhibition was measured and
interpreted according to CLSI 2018 guidelines, < 14mm resistant, >
17mm or above, sensitive. E.coli ATCC 25923 was used as quality
control. Similarly Gentamicin/Tobramycin discs (10pug Hi Media
Labs) were employed. Zone of inhibition was measured and

interpreted according to CLSI 2018 guidelines, < 12mm resistant, and
> 15mm, sensitive.

Determination of low-level and high-level Aminoglycoside
resistance by MIC

The MICs for Amikacin and Gentamicin (Hi Media Labs) was
determined by agar dilution method. If the MIC value was < 4pg/ml,
isolates were reported to be sensitive, 8 - 64pg/ml to have low-level
resistance, > 128pg/ml to have high-level resistance. E.coli ATCC
25923 was used for quality control.

Molecular Detection of High-Level Aminoglycoside Resistance
Detection of high-level aminoglycoside resistance was done by
performing armA gene PCR. PCR was carried out (50ul reaction)
using the following components in the reaction mixture: 1x PCR Buffer
/200 uM of each ANTP/0.2 uM - Forward Primer/ 0.2 pM - Reverse
Primer /0.2 units - Taq Polymerase/1 pL (5-10ng)—DNA..

Primer sequence: Size of armA4 gene—315bp

Forward—5'-ATT CTG CCTATC CTAATT -3'
Reverse—5-ACCTATACTTTATCGTCGTC-3”

PCR Cycling Conditions

An initial denaturation step was carried out at 94°C (2 min), followed
by denaturation at 94°C (1min), annealing at 53°C (Imin) and
elongation at 72°C (1 min) for 30 cycles and a final extension was
carried out for 5 min at 72°C. Agarose gel electrophoresis was then
carried out with the final PCR product at 70V/100mA, with a 100bp
ladder as marker.

RESULTS

Isolation and Identification

All 198 isolates were from inpatients of two tertiary care hospitals in
and around Trichy. The predominant organism in all our
enterobacterial isolates was found to be E.coli 64/198 isolates, the
other isolates being K.pneumoniae, K.oxytoca, C.freundii, C.koseri,
Enterobacter, P.mirabilis and P.vulgaris .The isolates showing
resistance to two or more groups of antibiotics were take-up for this
study. All of 198 isolates were screened for aminoglycoside resistance.
15/198 isolates were found to be resistant to all four amino glycosides
screened.

Antibiotic susceptibility test of Enterobacterial isolates

The antibiotic susceptibility test was done for all 198 isolates. The
antibiotic disks used were amikacin, gentamicin, netilmicin and
tobramycin and also cefotaxime, piperacillin, piperacillin/tazobactam,
ceftazidime, ceftazidime/ clavulanic acid, cotrimoxazole, imepenem,
meropenem, cefipime, ciprofloxacin and ofloxacin.

* Among the aminoglycosides tested, isolates showed highest
resistance to tobramycin 32/198 (16.2%), then gentamicin 24/198
(12.1%), amikacin 21/198 (10.6%) and netilmicin 16/198 (8.1%).
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The orders of resistance for the other antibiotics tested were as
follows: > piperacillin 56/198 (28.3%) > ciprofloxacin 49/198 (24.7%)
cefotaxime 41/198 (20.7%) > ofloxacin 32/198 (16.2%) > cefipime
28/198 (14.1%) > cotrimoxazole 21/198(10.6%) > ceftazidime 20/198
(10.1%)>meropenem 18/198(9.1%) > piperacillin/tazobactam15/198
(7.6%) > ceftazidime/clavulanic acid 14/198 (7.1%) > imipenem
12/198(6.1%).

i screeming for the presence of 165 rRNAmethyase
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INTERPRETATION: Isclates showing resistance to all the 4
aminioglycosides are conzidered to be potential 163 rRNA Methylase

producers.
Figure 1: Phenotypic screening for the presence of 16s rRNA
methylase enzyme
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Figure 2. Resistance Percentage of Enterobacterial isolates to

various antibiotics

15/198 (7.6%) isolates were found to be resistant to all the four

aminoglycosides tested. 42/198 isolates were found to be resistant to

two aminoglycosides tested. 24/74 isolates were found to be resistant

to one aminoglycoside tested.

» 8/15isolates were also ESBL producers, by phenotypic methods.

» Highest sensitivity was seen for imipenem 186/198 (94.1%) with a
sensitivity index higher than all other antibiotics.

MIC determination of the isolates

The MIC of the isolates for gentamicin and amikacin was determined.

e MIC,, and MIC,for gentamicin was 16 pg/ml and 128ug/ml
respectively.

*  MIC,, and MIC,, for amikacin was 16pg/ml and >128ug/ml
respectively.

TABLE - 1 CORRELATION OF MIC TO THE DETECTION OF
16STRNAMETHYLASES

5 26 armA 128
6 50 armA >128
7 51 armA >128
8 52 rmtB 128
9 53 rmtC >128
10 66 rmtB 128
11 67 armA 128
12 71 rmitB >128
13 73 rmtC >128
14 82 armA >128
15 93 rmtC 128

»  The MIC amikacin and gentamicin of all the 15 isolates positive
for 16S rRNA methylases were in the range of >128 and 128 pg/ml
confirming the presence of high level aminoglycoside resistance in
these isolates.

Genotypic detection of high level aminoglycoside resistance using
armA, rmtB and rmtC gene PCR

Plate 3: Representative Gel Pichure of amA gee PCR
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Figure 3. Gel doc picture of the isolate indicating the presence of
armA gene

All the 198 isolates were tested for the presence of armA, rmtB and
rmtC genes by PCR. Of these, 8 isolates with amikacin MIC
>128ug/ml were found to be positive for armA gene, 3 for rmtB gene
and 4 for rmtC gene , thereby confirming high-level aminoglycoside
resistance in these isolates. Among the 8 armA positive isolates, 6 were
ESBL producers.

Plate : 4 Representatrve Gel Picture of roe5 and rmdC genes PCR.
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Figure 4. Gel doc plcture of isolates indicating the presence of
rmtB and rmtC genes

DISCUSSION

Production of 16S rRNA methylase is suspected when we observe little
or no inhibitory zone with any of the four aminoglycoside disks used
namely amikacin, gentamicin, tobramycin and netilmicin (6, 22).
When considering the MICs of these aminoglycosides used, a cutoff
value of 256pg/ml provides an excellent positive predictive value (5,
8). In the present study, the MIC amikacin and MIC gentamicin of
isolates having high level panaminoglycosideresistace have been
reported to range from 128ug/ml - >128ug/ml, which is close to the
positive predictive value(23). The 16S rRNA methylase genes (armA,

Serial No Strain No | Positive for gene | Amikacin MIC
1 16 armA >128
2 17 armA >128
3 18 armA >128
4 19 rmtC 128
| 6 |—| International Journal of Scientific Research I
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rmtB, rmtC) have been detected by PCR in all these HLR isolates. PCR
seems to be a reliable tool in the detection and confirmation of this
resistance mechanism which confers resistance to all the four
aminoglycosides commonly used (1, 15). The post-transcriptional
methylation of rRNA is the mechanism involved in this high level
aminoglycoside resistance caused by the 16STRNA methylases and it
seems to be efficient even when the corresponding gene is present in a
low copy number (12).

The present study shows that the overall prevalence of 16S rRNA
methylase genes in clinical isolates of Enterobacteriaceae was 7.6 %
which is a little higher than those previously reported of 5.4% in China
(10). ArmA, rmtB and rmtC were detected in 8, 3 and 4 isolates
respectively. Among the 8 armApositive isolates, 3 were found in
Klebsiella pneumoniae, 4 from Escherichia coli and 1 from Klebsiella
oxytoca. The 3 rmtB genes were found in 3 E.coli isolates. The rmtC
genes were found 1 in K.pneumoniae, 2 in Enterobacter sps and 1 in
Proteus mirabilis isolate.

The most prevalent 16S rRNA methylase gene present in our isolates
was the armA gene, which was consistent with findings in other studies
(23). In the 8 isolates producing armA gene 6 were ESBL producers by
phenotypic methods, 4 were resistant to both ciprofloxacin and
cotrimoxazole, which was consistent with previous reports indicating
the association rmtB and armA genes to CTX-M3 and different gnr
genes with CTX-M-1,15,9 (18,24). Our isolates were resistant to
multiple antibiotics and there was an apparently higher prevalence of
armA gene compared with that of rmB and rmtC gene (17). This was
due to its association with the same conjugative plasmid which
harbours the gene for CTX-M-3 encoding ESBLs and its location on
functional transposon Tn1548 (16, 20). ArmA and rmtB may also
spread by horizontal transfer as well as by clonal spread of some
resistant strains (10). The 16S rRNA methylase gene armAd was
previously reported in India in Acinetobacter isolates from Chennai
producing metallo-beta lactamases (7, 9 and 14). Among the
aminoglycosides tested highest level of resistance was observed or
tobramycin (16.2%), followed by gentamicin (12.1%), amikacin
(10.6%), and netilmicin (8.1%).

Although there are many alternative treatment options for MRSA and
VRE there are not much alternatives to treat infections caused by pan-
aminoglycoside resistant gram negative bacteria. The clinical outcome
for patients infected with these organisms is still unclear. Changes in
the prevalence of genes encoding 16S rRNA methylases could be
caused only by changes in antibiotic policies and effective infection
control methods (19). Hence, continued surveillance by both the rapid
genotypic pcr method and also by phenotypic methods is necessary to
understand and optimize antimicrobial therapy and infection-control
methods which in turn could bring down the prevalence of these
resistant determinants (2).

CONCLUSION

Molecular methods can overcome the limitations of microbiological
methods, by reducing the time to results in identifying pathogens and
antibiotic resistance. This enables evidenced based antibiotic use in
critical care settings rather than empirical antibiotic treatment with
broad—spectrum, high-level aminoglycoside antibiotics.
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