N

N

First report of blaOXA-24 carbapenemase gene, armA
methyltransferase and aac(6’)-Ib-cr among
multidrug-resistant clinical isolates of Proteus mirabilis
in Algeria
Zineb Leulmi, Chouaib Kandouli, [lhem Mihoubi, Kaddour Benlabed,

Abdeslam Lezzar, Jean-Marc Rolain

» To cite this version:

Zineb Leulmi, Chouaib Kandouli, Ilhem Mihoubi, Kaddour Benlabed, Abdeslam Lezzar, et al..
First report of blaOXA-24 carbapenemase gene, armA methyltransferase and aac(6’)-Ib-cr among
multidrug-resistant clinical isolates of Proteus mirabilis in Algeria. Journal of Global Antimicrobial
Resistance, 2019, 16, pp.125-129. 10.1016/j.jgar.2018.08.019 . hal-02444282

HAL Id: hal-02444282
https://amu.hal.science/hal-02444282

Submitted on 21 Oct 2021

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche frangais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.

Distributed under a Creative Commons Attribution - NonCommercial 4.0 International License


https://amu.hal.science/hal-02444282
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://hal.archives-ouvertes.fr

Version of Record: https://www.sciencedirect.com/science/article/pii/S2213716518301668
Manuscript_051ael13d2f5e76e081d798d91131845b

10

11

12

13

14

15

16

17

18

19

20

First report of blapxa-24 Car bapenemase-encoding gene, armA Methyltransferase and
aac(6)-1b-cr producing multidrug-resistant clinical isolates of Proteus mirabilisin

Algeria.

Zineb Leulmi®®, Chouaib Kandouli®, Ilhem Mihoubi®, Kaddour Benlabed®, Abdeslam

Lezzar® , Jean-Marc Rolain®

2Unité de recherche sur les maladies infectieuses et tropicales émergentes, URMITE CNRS-
IRD, UMR 6236, Méditerranée infection, Faculté de Médecine et de Pharmacie, Aix-

Marseille-Université, Marseille, France.
b | aboratoire Microbiologie, CHU d€onstantine-Algérie.

¢ Laboratoire de biologie et environnement, Faculté des Sciences de la Nature et de la Vie.

Université Constantine 1, Algérie.

dLaboratoire de Mycologie, Biotechnologie et de I'Activité Microbienne, Faculté des

Sciences de la Nature et de la Vie. Université Constantine 1, Algérie.
*Corresponding authorlean-Marc Rolain?

Phone: +33(0) 4 91 32 43 75/ +33 (0) 4 86 13 68 28

Email: jean-marc.rolain@univ-amu.fr

Abstract word count = 226
Word count = 2917

Number of tables = 2

Number of figures =0

© 2018 published by Elsevier. This manuscript is made available under the CC BY NC user license
https://creativecommons.org/licenses/by-nc/4.0/


http://www.elsevier.com/open-access/userlicense/1.0/
https://www.elsevier.com/open-access/userlicense/1.0/
https://www.sciencedirect.com/science/article/pii/S2213716518301668
https://creativecommons.org/licenses/by-nc/4.0/
https://www.sciencedirect.com/science/article/pii/S2213716518301668

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

Abstract

Background: Carbapenemase-producing, or carbapenem-resistéetobacteriacegeare

an emerging threat to human and animal health Iseddey are resistant to many of the last-
line antimicrobials available for disease treatm@&ht aim of this study was to analyze
antimicrobial resistance patterns and their engpdanes oP. mirabilisisolated in

Constantine, Algeria

Methods: A total of 106PMP (Proteus- Morganella- Providendiatrains were isolated from
a large variety of clinical specimens, at Universiiospital of Constantine in Algeria, and
identified by the API 20E system and Bruker MALDbB/per 2.0 (MALDI-TOF/MS)
platforms for microbial identification. Diagnostccuracy was determined by independent
comparison of each method to phylogenetic anahas&d on the 16S rRNA gene
sequencing. Antimicrobial susceptibility was detered using disc diffusion and E-test
methods. The presence of antibiotic resistancesyenas screened for by PCR amplification

and sequencing.

Results: a total of 72PMP strains were multidrug- resistant. Among them, isoéate was
resistant to imipenem with minimum inhibitory contmtion > 12 ug/ml. PCR and
sequencing showed the presence of different atitthiesistance encoding genbfactx-m-15
blargm-1, blarem-2,blaper-1 blasny-12 @aadAl, aadA2, armA, aacj@b, aac(6)-1b-cr, aac(3)-la,
ant(2")-l, and forming different profiles. Moreover, thiaoxa-24gene was detected in the

imipenem-resistant strain.

Conclusion: in this study, we found for the first time in Alge@a multidrug resistant

P. mirabilisisolates harborinblapxa-24 armA16S rRNA methylase arahc(6)-1b-crgene.

Keywords. Multidrug-resistantblapxa-24.armamethyltransferasegac(6)-ib-cr, Proteus,

MorganellaandProvidencia
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1. Introduction

Members of the three gend?eoteus, MorganellandProvidencia(PMP) are
components of the normal bacterial flora of thestinal tracts of humans and animals and
are widespread in the environment (1). Owing tarth&ried habitats, members of tRMP
genera have many possible routes of human infeclio@ modes of transmission may
include nosocomial sources, such as hospital feddeguipment, intravenous solutions and
human contact through contaminated skin surfaggsd2sing primary and secondary
infections (1). Interest in the species comprighgse genera has occurred mainly that most
infections are associated with prolonged hospdétin and in the case Broteusand
Morganella spp colonization of indwelling catheters and assiedairinary tract infections
(2). These organisms are intrinsically resistamtitefurantoin and tetracycline, but are
naturally susceptible tf-lactams, aminoglycosides, fluoroquinolones, amdethoprim-
sulfamethoxazole (1;2). However, drug resistanceldesn increasingly reported for these
species, and the diffusion of resistance to extsgectrum cephalosporins due to the
production of extended-spectryiactamases (ESBLS) has become of great concern (3)
since ESBL production iR. mirabiliswas first documented in 1987 (4). Carbapenems are
now employed frequently in the treatment of serioosocomial infections caused by Gram-
negative bacteria, including ESBL-produciggterobacteriaceaés). However, the
emergence of clinical strains of various specieslpcing Class D carbapenemases include
oxacillin-hydrolyzing, or OXA-type enzymes has beeported (6). These class D
carbapenemases have so far been associated wpgmniem-resistamA. baumannistrains (7).
However, the first and only detection of a cliniPalmirabilis strain producing class D
carbapenemase was in France in 2002, producingk&nZ3 enzyme (6).

The purpose of the present study was (i) to detegrtiie rate of antibiotic resistance of

a large series of clinical isolates of #®IP group, from University Hospital of Constantine,



70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

Algeria, against molecules usually prescribed firggntion and (ii) to detect for the first time

the carbapenem-resistdht mirabilis carrying theblapxa-24

2. Materialsand methods

2.1. Bacterial isolates

A total of 106clinical isolateselonging to thé’roteus-Morganella-Providencigroup
were isolated from outpatient and patients hospédlbetween January and December 2011
in the University Hospital of Constantine, Algeralarge variety of clinical specimens were
issued from pus (n = 60), urine (n = 38), sonde §), catheter (n = 1), biological fluids (n =
3) and blood cultures (n = 1) with sex ratio=1aBts were cultured on TSA (Trypticase Soja)
agar plates at 37°C for 18 to 24 hours. Specietifttion was performed by standard
biochemical tests using API20E system (BioMeriddarcy I'Etoile, France) and by use of
the matrix-assisted laser desorption and ionizdtmr-of-flight mass spectrometry (MALDI-
TOF MS) method (Microflex; Bruker Daltonics) as yasly described (8). Additionally,

species identification was confirmed by sequenoinifpe 16S ribosomal RNA gene.

2.2. Antibiotic susceptibility testing

Antimicrobial susceptibility was tested with MueHedinton agar by standard disk
diffusion procedure as described by the Antibiog@ommittee of the French society for
microbiology (CA-SFM) (www.sfm.asso.fr). The follawg antibiotics were tested:
Amoxicillin (25 ng), Amoxicillin/Clavulanic acid (20/1Qg), Cefotaxim (3Qug), Ceftazidim
(30 ng), Ceftriaxon (3Qug), Aztreonam (3@g), Imipenem (1Qug), Gentamicin (1mg (10
Ul), Kanamicin (30 Ul), Tobramicin(1Qg), Amikacine (3Qug), Pefloxacin (.9),
Ciprofloxacin (5ug), Ofloxacin (5ug), Triméthoprim/sulfamethoxazol (1,25/23 &) and

Colistin (50u9).
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Strains producing ESBL were detected by the tesyonérgy between a central disk of
amoxicillin/clavulanic acid distant 30mm discs efataxime, ceftriaxone, ceftazidime or
aztreonam. The presence of ESBL was suspectedapmaarance in "champagne cork".

The minimum inhibitory concentrations (MICs) foripenem were determined using

Etest method (AB Biodisk). Interpretations were madcording to CA-SFM breakpoints.

2.3. PCR amplification of resistance-encoding genes

Detection of antimicrobial resistance genes watp®med by Conventional PCR using
the forward and reverse primers for the ESBL gé€bkesen, blasyy blactx-v, blaves, blaper
andblaceg (9) , Fluoroquinolone resistance gengsr@ andgnrB) (10), aminoglycoside-
modifying enzymes (AMEs)yfmA, aac3, aac(p, ant(2""), aph(3), aad,andrmtA) (11) and
carbapenemases, for the strain resistant to imipetayv, blapy, blakpc, blanpm-1, blaoxazs,
blaoxa24. Positive PCR products obtained were sequenced tise Big Dy& terminator
chemistry on an automated ABI 3730 sequencer (Adiiosystems, Foster City, California,
United States). The sequences obtained were anlalgieg BlastN and BlastP against the

NCBI databasehttp:/www.ncbi.nlm.nih.gov/bla¥for characterization.

2.4. Conjugation test

Conjugation experiments were carried out betwemirabilisdonor imipenem
resistant and the azide-resistant recipient siaoliJ53on TSA plates. Transconjugants
were selected on TSA plates supplemented wijtg 2eftazidime (CAZ) ml-1 or gg

cefotaxime (CTX) ml-1 and 100y sodium azide ml-1.

3. Results
3.1. Proteus, Morganella and Providencia isolates
During the study period, a total of 106 isolatesendentified for 3 generd&roteus,

MorganellaandProvidenciaboth by the API20E identification system, by MALDOF MS
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and by sequencing of the 16S rRNA gene. Four spegee recoveredpProteus mirabiliss

the species most frequently isolated and repre$&n& % or 95 strains of &IMP isolated,
followed byProteus vulgari@ndMorganella morganiwith a frequency 4.72% (5 strains) for
each one, anBrovidencia stuartirepresent 0.94 % (1 strain). Among these stra&is,
isolates (79%) were isolated from hospitalizedgdtiand 22 isolates (21%) were isolated

from outpatient

3.2. Antimicrobial susceptibility

Results of antibiotic susceptibility testing foeth06 isolates are summarized in table 1.
A review of the antimicrobial resistance profileisblates from the different clinical
specimens showed that amoxicillin, amoxicillin/aiéanic acid, cefotaxim, tobramicin,
ciprofloxacin, pefloxacin and trimethoprim/sulfarnexazol were the most active antibiotics.
Antibiotics with the lowest activities on all fospecies were aztreonam, gentamicin and
amikacin. All strains were resistant to colisting pust one strain dP. mirabiliswas found to

be resistant to imipenem (ME12 pg/ml, confirmed by E test).

3.3. Resistance gene determination

All 106 strains were checked for the presence @IE $esistance to fluoroquinolones
and aminoglycoside-modifying enzymes encoding gesex) the PCR methods described
above. 72 strains were positive for different genekidingblacrx-m-15 blarem-1,
blarem-2,blaper-1, blasuy-1: aadAl, aadA2, armA, aacf8b, aac(B)-1b-cr, aac(3)-la,
ant(2")-1, and forming different profiles that it has beéown in table 2. Moreover, the
sequencing amplification products confirmed thespnee of thdlapxa-24gene in the

imipenem-resistant strain.
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Conjugal studies betweén coli J53and the imipenem-resistaat mirabilisisolate
was successful with the transfertdd tepm-1, aadA-2andarmA genes. However, it has failed

to transfer carbapenemase resistande twli J53by conjugation.

4. Discussion

The gener#roteus, MorganellandProvidenciaare considered as one of the most
important human pathogens that often cause senéeions in hospitalized patients and
immunocompromised persons. Different methods déism and identification have been
developed for mo®MP species; however, the treatment of infected peisnoften
problematic due to the development of antibiotgis&nce. The occurrence of MDR and pan
drug-resistanPMP is a growing concern. In this study, we investgithe molecular
mechanism of antibiotic resistanceAMP clinical isolates recovered from University
hospital of Constantine in Algeria. Our data reedajenetic diversity of genes that encode
ESBL with the emergence of new genes.

Epidemiological data regarding ESBLs availableAtgeria report the presence of
different genes such &$a crx-m-3 bla crx-m-14 bla crx-m-15 blatem-110 bla shv-1 blaspy-12
bla shv-28 blaperiandbla veg.1 in various species of Gram-negative bacteria (h2gur
series oPMP isolates, the main molecular support explainirgrésistance to ESBL was the
presence obla ctx-m-15 bla tem-1, bla tem-2, bla per-1andblasyy-11 ESBL encoding genes along
with the coexistence diflapxa-24 Carbapenemase encoding gene for one damirabilis
imipenem-resistant.

The presence dfla spyv -110ene has been observed in only one straih elulgaris This
gene is different from GlIn - Leu substitution atiaonacid 35 to théla sy .1gene, and it's
differing only at position 1 of codon 238 and 243). This gene was previously described in

K. pneumonig14) but never in a strain belonging to #&P group.
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Currently, carbapenems are the most potent antimi@r agents used in the treatment
of serious infections caused by multidrug-resistaam-negative bacteria. especially in the
current context of massive diffusion of flau type ESBLS, but are antibiotics which it is
necessary to preserve (15) . This especially beatktis no current perspective to placing on
the market of new antibiotics. These antibioticgehgood activity against tHeMP group.
Unfortunately, there has been in recent yearsniergence and spread of resistant strains to
carbapenems (16). This resistance is due, mamiyet production of carbapenemases
essentially of class D (oxacillinases) sometimassB (metall@-lactamases).

According to the literature, genes encoding carbapeses have widely been detected
in many bacterial groups in different countrieswéwer, reports oRroteus sppproducing
carbapenemases are rare. Bonnet et al. first Epohtromosome-encoded class D beta-
lactamas@XA-23in P. mirabilisin 2002 in France, which was exclusively found
in Acinetobactesspp (6). Different studies reported femirabilisisolates producing ¥IM-

1 molecular class B metall@dactamase resulting in carbapenem resistance)(3r12008,
Tibbetts et al. first reported a single isolaté®omirabilis harboringblakpc in USA (18). Hu
et al. reported for the first time emergenc@®omirabilis producingblaxpc-2 andgnrD in the
same strain in a Chinese hospital (19), and Citek eeported the first identification of
blapxa-320-aadAlgene cassette, a novel variant of ClagslBctamase, ifP. mirabilisfrom
Turkey (20). Recently, Girlich etl. describe for the first tim#he bla,py-1gene in &roteus
mirabilis clinical isolate (21), in addition, the productiohblapxa-ssin P. mirabilishas been
reported from France (22) and Germany (23). Anotbeent study has demonstrated the
presence oblapxa-ssin Multidrug-ResistanProteus mirabilisStrain from Gaza, Palestine

(24).
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In our study, the main molecular support of resisgato carbapenems is the presence of
blapxa-24gene encoding a class of carbapenemase D, gewgaltygiresent irA. baumannii
This gene was identified in isolates in 1997, whiakre part of an outbreak in Spain, and
since, it has never been detected in strains thla@A. baumannii (25)In Algeria, this gene
is still rare, with only a very few reports, it wageviously reported in 6 strains Af
baumanniiisolated in 2011 in different hospitals in Tlemgc8etif, Sidi Bel Abbes, Oran and
Tizi Ouzou(26) and in 17 other strains Af baumanniisolated in three different hospitals in
the west of Algeria (Tlemcen, Oran and Sidi Bel Abpfrom 2008 to 2012 (27). However,
the existence dP. mirabilisisolate resistant to carbapenems with a classlRapanemase
blapxaz4type has never been described before. In this reperdescribe what we believe to
be the first reported case of infection caused biyaan of carbapenem resist@rbteus
mirabilis positive for theblapxa-24gene. It is a disturbing trend, given the relagvelcent
discovery of this family of carbapenemase. Whileeeged-spectrurf-lactamase and
carbapenemase activities have previously been dectat inProteusspecies (5;6;17-20),
the addition oblapxa-24t0 the spectrum of resistance factors carried bgrganism that
traditionally has been placed in the low-level egelwous resistance category is equally
troubling.

Conjugating experiments reveal the associatioreaeglargy.;, aadA-2andarmAon
a same genetic structure, since they were foutiteitransconjugant after transfer of a single
plasmid. But the carbapenemase resistanée ofirabilisencoded bylaoxa-24is mainly
referred to the chromosomal gene rather than pthemeidiated factors. According to the
literature, theblapxa-23andblapxa-ssgenes are mostly found on plasmids, whereabltiga-

24 genes have been identified as chromosomally edc(@8). It is tempting to speculate that

genes encodinglapxa-24€nzymes could belong to a subspecieB.ahirabilisthat had
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acquired this type of gene in the distant past.fEservoir (natural producer) of these genes
is unknown, as is the location of the genetic erglea

Aminoglycosides are highly potent, broad spectrmtib&tics with many desirable
properties for the treatment of human infectionssea by both Gram-positive
(Staphylococcus spp., Enterococcus.sppd Gram-negative, includirRyoteus sppstrains.

In the past decade, these antibiotics are no lomggat because of the spread of AMEs
worldwide (34). In this research we observed a hages of AME among multidrug resistant
isolates (30,55%). Acquisition of new resistancemamisms by strains already resistant to
particular antimicrobials creates serious conceue, to the propagation of multidrug
resistant. In our survey, the most prevalent gelweding AME was aac(6)-Ib, present in
59.09% of AME-positive isolates. These resultsamesistent with the literatures data in
which aac(6’)-Ib is considered as the most comnmamant of AME among Gram-negatives,
as well as Gram-positives (29), but resistanderoteusto aminoglycosides still remains low
over other bacteria (30) . In Algeria similar reéswre reported in previous studies on
aminoglycoside resistance mechanisms among diffetencal strains Gram-negative
(12;27;31), except that none of these reports habesl resistance to aminoglycosides in
PMP strains. From these results it is suggested tnaglthe period from 2007 to 2013,
genes coding for AME have become endemic in Algenid have spread among different
species of Gram-negative bacteria.

Despite the existence of strains resistant to dgomolones, no strain carries neither
the gengnrA norgnrB gene. The results of resistance to ciprofloxaaiiserved in our
strains, suggest that the main mechanism of fluonmjone resistance is probably
due to the mutations in genes encoding topoisorasrm@asgyrases which express high levels

of resistance (32). However, one straifPofmirabilisis found carrier genaac(6')- Ib-cr

10
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This variant is an acetyltransferase which is paeminoglycoside modifying enzymes
(AME)-(33).

Fluoroquinolone resistance genes are recent idEitdn in Algeria. The first study
reported the presence of geies in E. cloacaestrains was published in 2008 (34).
Thereafter, several studies have identified difiekariants determinantpr often in
combination with genaac(6')- Ib-cramongEnterobacteriaceastrains (12;27;31). This
determinant was discovered for the first time iO&@ a strain oE. coli gnrApositive in
China (33). In Algeria, the germac(6')-Ib-crwas detected for the first time in 2009 in a strai
of E. cloacae(31). Since then, two other studies have repdhegresence of this gene in
both hospital and community (27;35). But this ghae not been reported in Algeria in strains
belonging to thé?MP group, although it is recently reported in Nortfiiéa in clinical strains
of P. mirabilisandM. morganiiisolated in Tunisia (36). Our study is the firesdription in
Algeria ofaac(6")-lIb-crdeterminant in clinical strains &. mirabilis, this suggesting that
there is a spread of this gene between bactenalpgrand clonal spread witHfMP strains
in North Africa. This plasmid mechanism of quincdoresistance confers a low level of
resistance to fluoroquinolones, but their presexoeed further encourage the move to a

higher level of resistance by mutation selectiothimtarget of these molecules (31).

In conclusion, The acquisition of resistance tdapenems iP. mirabilismay be of
significant concern for physicians because thiswigm is usually resistant to colistin and is
poorly susceptible to tigecycline , which represeaant important option for treating infections

caused by multi-drug-resistant Gram-negative hacill

This study is the first report describing imipenessistan®. mirabilisisolated from
patients in Algeria. We report for the first tinfeetemergence dflapxa-24 and the

cooccurrence of 16S rRNA methylasenAwith blapxa-24in Eastern Algeria. We also report

11
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the first identification of multidrug-resistaRMP isolates harboringlasyy-1:and

aac(6)-Ib-crgenes in Algeria.

The emergence of a combination of resistance garielglP group could pose a public
health problem, thus substantially restrictingttiherapeutic alternatives. Based on this
finding, it would be prudent to systematically r@wiall clinically relevant Enterobacteriaceae
isolates for resistance to carbapenem, even inrastances where the use of this class of
drug for the treatment of the infection would bed likely , i.e., uncomplicated urinary tract

infection.
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Tablel. Phenotypic antimicrobial resistance of PO isolates

AMX AMC CTX CAZ CRO ATM |IMP GN K TOB AK PEF CIP Ok STX CT

P.mirabilis 65,62 25 10,42 4,16 9,38 1,04 1,04 10,42 15,63 ©54,9,38 36,46 31,25 36,46 56,25 100

P.vulgaris 100 16,66 50 16,67 33,33 16,67 O 0 16,66 33,33 0 ,671616,67 16,67/ 33,33 100
M.morganii 80 80 20 20 0 0 0 0 20 0 0 40 40 80 80 100
P.stuartii 0 0 0 0 0 0 0 0 0 0 0 100 100 0 100 100

AMX: amoxicillin; AMC : amoxicillin/clavulanic acig CTX : cefotaxim; CAZ : ceftazidim; CRO : ceftriaw; ATM : Aztreonam; IMP :
imipenem; GN : gentamicine; K : kanamicin; TOB btamicin; AK : amikacin; PEF : pefloxacin; CIP pobfloxacin; OFX : ofloxacin; SXT :
triméthoprim/sulfaméthoxazol; CT : colistine.



Table 2. Genotypic profiles of antimicrobial reaiste ofPMP isolates

Species GroupsGenes Nb of Strains Rate of isolates (%)
1 bl ACTX-M-15 6 5.45
2 blactxm-15+ blatem-1 3 2.73
3 blactx-m-15+ blatem-2 1 0.91
4 bl ATEM-1 29 26.36
5 blatgym.1 +aadA2 3 2.73
6 blatem.1 + blaoxa.os + aadA2 + armA 1 0.91
P. mirabilis 7 blarem.1 + aadAl + aac(3)-la 1 0.91
8 blamem-1 + aac(6')-| b 1 0.91
9 bl aATEM-2 9 8.18
10 blargm-2 + aac(6’)-1b-cr 1 0.91
11 aac(6)-1b 6 5.45
12 aac(6)-1b + ant(2")-1 1 0.91
13 aac(3)-la 1 0.91
1 bl ATEM-1 1 0.91
2 blargm-2 + blaper1 + blagyv-11+ @aadAl+ aac(6)-1b + ant(2")-I 1 0.91
P. wlgaris 3 blargm-2 + blaper.1 + @aadAl+ aac(6)-1b + ant(2")-I 1 0.91
4 blapgr.1 + aac(6’)-|b 1 0.91
5 armA, aadA2 1 0.91
1 bl ATEM-1 1 0.91
M. morganii 2 aac(6)-1b 1 0.91
3 aac(3)-la+ aadA2 + ant(2")-I 1 0.91
P. stuartii 1 aadAl 1 0.91
Total 72 67.92






