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ABSTRACT

Enterobacter clogoae |5 a Gram-negative bacteria causing nosocomial infections. In the
past five years, this bacteria has increased resistance to various antiblotics resulting
multidrugs-resistant [MDR] phenotypic. Those antibiotics, including extended-spectrum
beta-lactams, carbapenems, aminoglycosides, and Auoroquinelones. In particular, for
MDR E cloggpe, causing longer hospitalization time, increasing medical costs, also
affecting to morbidity and maortality. This study aimed to determine the minimum
inhibitory concentration [MIC) of cinical E. cloacoe towsrds several antiblotice. This
result could be a basis to evaluate E clogooe resistances for better treatment therapy in
clinical settings. Thl:.E. clpgone was categorized as MDR bacteria simce it resistant to
more than three antiblotie casses including extended-spectrum  beta-Inctams,
carbapenems, aminoglycosides, and foroquinolones,

Keywords: Enterobacter cooceae, Minimum Inhibitory  Concenirotion, Extended-
spectrum beta-loctam, Multi-drug rexsistant

1. Inmtroduction

Enterabacter cloaceoe |5 a stem-shaped Gram-pegative bacteria from the
Enterobacteriacear family that can not form spores [non-spores bacteria) and
is a facultative anacrobe, This genus has several species that are a problem in
the medical world, including the increased antibiotlc resistance that causes the
emergence of multidrug-resistant organisms (MDR). E cloocoe (s one species of
this member that brings a problem In healthcare settings and I= Included as a
nosocomial pathogen. Recently, £ clowooe have increased antibiotic resistance
follvwing an increase [n nosocomial diseases, Including 5% cases of bacteremia
in hospitals, 5% of poeumonia, 4% of urinary tract infections and 10% of post-
operative cases of peritonitis.,

The problem of E cloocoe resistance has been researched since 1990,
Based on that study resulis, Khani et al {2016) concluded that the group of




antibiotics that are often reported o cause resistance to E cloocae is the
extended-spectrum  beta-lactam  class. Furthermore, Fervantl et of [2018)
mentioned the percentage of antibiotic dasses mesistant o 909% extended-
spectrum  beta-lictams, B0% carbapenems, aminogheoside 508,  and
Fluoroquinolone 309, Jin et al research (2018) then added in its conclusion
that in addition to being resistant to hroad-spectral f-lactams, E chweenr is
also resistant to carbapenems, aminoglycosides. and Fluoroguinolones. The
p!irnunn:m:m 5 herelnalter referred to as MDR,

The discovery of MDR E cogceor in carlapenems, f-lactam broosl-
spectrum antithiotics, aminoghcosides, Flugroguinolones, and Monchactams,
affects a new research interest in E clogoee [in et al, 2018}, Wu et al [2018]
stated that a few data on E doacae resistance and the impact of £ cloacae
resistance played & role in the increase of research Interest in E clogooe
fedstance Fu et al [Eﬂ:ﬂﬁ} added that the pl'ul."rll.-t'n ol E, dlogras redigtanee
would impact hospltalization dme, resulting in increased medical costs and the
risk ef morbldity and mortality.

Lock of data on E clogcme resistance to warious antiblotics, the
researchers were interested in researching on E codeoe susceptibllity to
I.'.1I'h..1|:'|-1’!l'|.r|:ll‘:|"|.;|1.'|'.i|.ﬂ'l.'q, aminoghreosides, Muoroquinolones and monoabacterial
antibiotics. This study aimed to determine the minimum inhibitory
conceniration [MIC) value of several antibiotlc groups inhibiting the £
coacae’y growth. The results of this study can then be used w monitor and
control treatment therapies so that an effective and efficient system can be
obtained in the treatment of E cloarae
Results and Discussion
3.1 Results

From this time collection’s péried, only one carbapenem-resistant
Enternlacter coaceae, which 1z alse MDR hacterla wad found. This selate
was successfully amplified with PCR {Figure 1). Vitek 2 identification of this
isolate was E coocege complex. It showed similar results to molecular
ilentification based on a partial sequence of Les rTHNA, BLASTn result of

irimmed-sequence was E  clogcoe  with
EC22 949.78 % similarity [Tabie 1].




Figure 1. Visualization of PCR product amplification of ECZ2 165 rRNA
gene, PCR product length showed 1500 bp band

Table 1. BLASTn results of 165 rRNA . sequence of ECZZ. BLASTn was
performed using the NCBI platform

Isolate | Vitek 2 ID Molecular 165 rRNA | Maximum . Sequence
sequence 1D identity | length
'EC22 | Enterobacter Enterobacter 99.78% | 929bp
cloaceas complex clonceas |

Table Z, The minlmum inhibltory concentration of EC22 agalnst seversl

antimicrobial categories
Mo Antibiotic  Antimicrobial category Milal  MIC
(g/ml}
i ETP Carbapenem 28 (R)
2 MEM Carbapenem z16 (R)
3 CAZ Extended-spectrum cephalosporin 264 (R)
% CRO Extended-spectrum cephalosporin =64 [R)
5 FEP Extended-spectrum cephalospaorin 16{R)
& SAM Penicilling + B lactamase [ nhibitor 232 (R)
7 TZP Antipsendomonal penicilling + B lactamase z12ZB[R)
inhibitor
B GEN Aminoglycoside 216 (R)
: | AME Aminoglycoside 264 (R)
10 CIP Fluoroquinslone =025 [5]
11 AMP Penicillin z3Z (R)
12 KZ First-generation cephalosporin 264 (R)
13 AZT Monobactam =1 [5]
14 SXT Folate-pathway inhibitor =20 5]
15 TGC E]]rcyifjrﬂipe 2(5)

Bold MIC walue [R) means resistant while [5) means susceptible,

Antimicrobial category as follow g rtapencm [ETP), meropenem [MEM);
E:_t:'ndt'd-spn'u'um beta-lactam: Ceftuzidimgy (CAZ). Ceftriaxone {CRO).
Cefepime (FEF); Penicillin + inhibitor: Ampicillin-Sulbactam [SAM],
Piperacillin-Tazobactam (TP  Aminoglveoside:  Gentamicin  (GEN],
Amikacin  [AME]; Fluoroquinolone: Ciprofloxacin [CIP);  Pendicillin:
Ampicillin  [AMP); Monobactam: Aztreomam (AT} Folate-pathway
inhibitor: Trimethoprim-Sulfometoxazole [SXT); Glyeyleyeline: Tigecycline
[TGC).




Z.2.

According 1o Magiorakos et o, 2012, E doocoe that are grouped as
Entervhacteriaceay, could be categorized as multl-drug resistance [MBR)
pathogen if they are resistant to at least three dasses of the antimicrobial
category listed. Based on its Vitek 2 antimicroblal susceptibility test, £
clogear EC22 was cabtegorized as MDR pathogen due to resistant to
carbanemen, extended-spectrum cephalosporin, penicillins + B lactamase
inhibitor, antipseudomonal penicilline +« @ lsctamase  inhibitor
aminoghcoside, and penigillin
Discussion a

DNA sequence analysis was performed using Hasic Local Alignment
Search Tool [BLAST) at the National Center for Biotechnology Information,

National Institute for Health, USA (wwwblastochinlmaihgov). DNA
sequence encodes 165 rRNA on Enterobacter clooceae ECZ2 showed the

tetal score of 1705 with 929 bp aligned with a subject The percentage of
overall analysis [query coverage] was 100%, while the similarity
identiflcation percentage was 99.78 %. Thus the ECZIZ [solate was E
cloaceoe in high confidence.

According to its MIC value, EC22 MIC was resistant to ETP, MEM, CAZ,
CRO, FEP, SAM, TSP, GEN, AME, AMP, while ECZ2 was non-susceptible to
CIP, AEZT, SXT and TGL The study results are in accordance with the
research was conducted by Pallhories et al (2014), which showed that the
administration of ertapenem in E cloaceor produces a value of Mi(gp8
pg/ml or belongs o the category of resistance. MIC test in the study was
performed by semi-automated method Vitek 2 (hioMeneux ).

The resulis of susceptible CIP antibiotic lsslate were also reported by
Linde ot at [2002) that the CIP administration in E cloaceae taken from 2
patients resulted in a MIC value of 025 or susceptible category, Other
studies showed E cloeceae reskstant to carbapensm and CAT antibiotlcs by
Jiang et al {2005). This study reported that £ dooceoe was resistant to
Imipenem and CAT with MIC values =256 pg/ml. Susceptibility tests used
the E-test method.

E cloaceae resistant to various antibiotics has also been studied by
Jean et al (2002) with a percentage of resistance: AMK 14%, Cljy 18%, FEP
2™, TEP 51%. Khar et al [2016) reported that £ closceae resistant to
class [-lactam antiblotics was caused by the presence of ampC chromosame
genes obtained fggm gene transler between bacterial populations through
plasmids called plasmid-mediated AmpC @ -lactamases. The presence of
ampC chromosome genes was proven by PCR that reported from 76 (solates
of E cloaceae tested as many as 36 [47.4 %) olates were detected to
contain empd chromosome genes and contained plasmid-mediated AmpC
-lactamases. ]

Another cause of E closceoe resistance to carbapenem | the presence
of Extended-spectrum beta-lactamase [ESBL). ESBEL is an enzyme that can




hydrolyse antibiotics  penicillin,  first, second, and third-generation
cephalosporing and moenobactam group resulting in B clodcese potentially
resistant to those antiblotics. The existence of ESBL in E, dogooe was shown
in Pailhories et al (201 4), which proved from 50 isolates of E doaceae, 25
isolates (50 %) were ESBL-positive isolates,

The ampl chromosome gene s a gene that encodes the f-lactamase
group of AmpC enzyme. The location §-lactamase AmpC enzymes are found
in thegeriplasm £ clogceae. This enzyme Is active in penicillin breakdown,
but is more active in cephalosporins and can hydrolyze cephamicyn such as
cefoxitin, cefotetan, ceftazidime, cefotaxime, and ceftriaxone; and
maonobactams such as aztreanam, although the p-lactamase enzymes of the
Ampl group in hydrolyzsing aztreonam is very weak, The efficacy of this
enzyme will then affect the MIC value {|acoby, 20097].

E. cloaceae is weak in hydrolyzing Aztreonam (AZT) and reported with
i value of MIC < 1 pg/ml meaning AZT & not an effective substrate for
AmpC enzyme from ompC chromosome genes. This study were then
strengthened by Jacoby's study [2009), which showed that the value of Ky
of Ampl engyme fi-lactam from E clogceoe was weak when hydrolyzing
AZT. This means that f-lictamase AmpC enzgymes are not elficlent enough
to hiydrolyze AZT, thus affecting the susceptibility of E cloaceae to AZT by
MIC value 0.06 pg/ml,

Another result from [acoby (2009) also showed that E dogceae had a
high value of K« ensgyme B-lactamase AmpC against CAZ with MIC 215
pg/ml . The evidence was followed the results of this study, which showed
the CAY MIC was z64 pg/mi (resistant ) against £ cloacess BEC22,

Wu ot al [(2018) showed that E. cloocese s a pathogenic bacteria
resistant to ampicilling amoxicillin davulanate, and the first-generation
cephatosporins. f-lactam-resistant £ cloacese generally is caused by AmpC
prlactamase-producer, All f-lactam antibdotics used in this study resulted n
resistance MIC value against £ cloacae in this study, including CAZ, CRO and
FEP.

fi-lactam resistant- E cloeceae in that study was classified as AmpC-
type resistance. This resistance wos caused h'cnphahspurinase ampl
gene mutations mediated by plasmids resulting resistance to all f-lactam
antibiotics, especially third-generation cephalosporing except carbapenem
and cefepime. The percentage of AmpC-type resistance in E clogcead is 50%
and was ﬁ:lll:rwe-tr].r overexpressed of ESBL genes (Ito, 2018). According to
Hanson {2003), the production of B-lactim AmpC enzymes followed by the
production of enzyme ESBL B-lactomase enzyme in E clogceae caused the
effects of AmpC B-lactamase decreased the effects of ESBL-type, 50 it was
challenging to identify ESBL phenotype.

In general, E dloscese is one of the Enterobacteriacese members that
is resistant to third-generation cephalosporins. However, Jin et al [2018)




reported that out of 55 strains of E glogcese were isolated from 12
hospitals in 11 cities in China, 50 strains were detected, resulting in 8 types
of carbapenemase. Ertapenem (ETP) and meropenem [(MEM]) were
carhapenem class that has been resistant to these isolates.

The recent study in accordance with this study showed by Tian et al
[20:20), wha reported that 85 E cloacene revealed a percentage of 100 %
resistant to ertapenem, 518 % to imipenem, and 42.4 % to meropenem
Carbapenemaze s a f-lactamase engyme capable of hydrolyzing and
inactivating carbapenem-type of antibiotics. One of the genes that encode
the enzyme carbapenemase is WaNDM, which causes strong resistance
becouse the plazmids that carry this gene often carmry other antibiotic
reststance genes such as ESBL and AmpC MDR (multi-drug resistant) £
clonceae [Ferrant et al, 2018).

Wang et al [2019]) started that the emergence of MDR was due to
Interaction between non-resistant and resistant E cloaceae by conjugation
or transduction process, This interaction couses the resistant plasmid penes
of resistant E clogcege to move into non-resistant E clogcede, 50 that nog-
resitant E. cloacoae becomes resistant,

The emergence of MER in B cfoocear was shown in the results of a
study by Huong et al [2012) which showed that thirty five E clooceae
tsolates from hospitals in China, harbowred 257% carbapenemase
resistance genes, 65.7% ESBL penes. 77.1% aminoghycoside resistance
penes and 68.6% quinolone resistance gene. These (solates were
categporized as MDR pathopen because 1t was resistant to athiotics
simultanenusly to the resistance gene cirried,

This study’s resutts also prowe that E cloaceae can have a resistanoe
phenotype to various antibiotics or MDR based on the discussion above.
Antibiotics resistant to E doacese are carbapenems, broad-spectrum -
lactams, Penicilims, Aminoglycosides, Fluoroguinolones, and Monobactams.
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