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SUMMARY: The appearance ¢fseudomonas aeruginosarains with multi-resistance to antibiotics is a clinical
problem of great relevance. The methods for detecting these resistances are laborious and slow, which is a complication when
treating patients promptly. In this work, we developed a simple method for simultaneous detection of several carbapenem
resistance genes using a multiplex PCR assay. The PCR assay developed, followed by electrophoretic separation of fragments,
allows to simultaneously identify the presence of 6 antibiotic resistance gEr¥4eM (261 bp) bla-IMP (587 bp),bla-SPM
(648 bp),bla-GIM-1 (753 bp),bla-NDM-1 (813 bp) andla-KPC (882 bp). We analyzed 7 clinical isolatesPoheruginosa
obtained in Chile, finding the resistance gdplasVIM, bla-IMP, bla-SPM, bla-GIMandbla-NDMin 5 of them. We found a
perfect correlation between the detection of various resistance genes by PCR and the results obtained by antibiograms.
Interestingly, 2 of the strains possessed 3 different resistance genes simultaneously. Finally, in this work, we folerttthe pres
of 3 genes never described before in clinical isolatBsagruginosan Chile pla-IMP, bla-SPMandbla-GIM-1). We developed
a rapid multiplex PCR test for the simultaneous detection of up to 6 antibiotic resistance genes of thg-laetafiase
family in P. aeruginosa
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INTRODUCTION

Pseudomonas aeruginoses a well-known This bacterium is one of the most critical pathogens
opportunistic pathogen with major clinical relevancénvolved in healthcare-associated infections (Olaeehal
(Mohammedet al, 2019). This microorganism rarely cau-2010; D"Souzat al, 2019), constituting a latent risk to the
ses disease in healthy people without a predisposing fadiategrity of the patients (Mohammest al, 2019). The
(Faureet al, 2018).P. aeruginosain fact, is commonly treatment for severe infections causedPbyeruginosads
found colonizing injured parts of the body (like burnsoften difficult since it has a natural resistance to a large
surgical wounds, or physical injuries in the eyes), and tivariety of antimicrobials available on the market. Hence,
respiratory tract of people with underlying diseases. Frothe use of carbapenems and broad specfidactam
these colonized areas, it can invade the organism and ca@gebiotics is more frequent (Beyeeal, 2019). However,

necrosis, septicemia, and meningitis (Reeical, 2020; PB-lactams ineffectiveness is widespread because of
Rodriguez-Lucast al., 2020). carbapenemases, present in carbapenem-resistant bacteria
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that can cause serious infections. Furthermore, the increasiegistance of the strains was studied by standard
use of carbapenem has led to a selective pressure, wherentierobiological techniques: microbiological cultures were
resistance mediated by cephalosporinases, sudh asprepared on plates with 20 mL of nutritive agar (Difco
lactamases and sdHactamases, is more frequent, and.aboratories, USA) and were incubated atG7or 24 h.
nowadays it is producing worldwide dissemination of strainBhen, theP. aeruginosaolonies were transferred to 10 mL
with this resistance mechanism. of nutritive broth (Difco Laboratories, USA) and incubated
at 37°C for 16 h with orbital agitation to 180 rpm.
Considering that carbapenem-resisfarg@eruginosa Susceptibility of thd>. aeruginosasolates was tested for a
infections are more common, and the conventional methol@dsge variety of antibiotics using the standard disc agar
to identify the antibiotic resistance pattern of differBnt diffusion method on Mueller-Hinton (Difco Laboratories,
aeruginosastrains are often slow and inefficient, puttingySA) agar plates. A strain ¢flebsiella pneumoniagvas
the patient’s life at risk. Hence, an early and fast detectiased for quality control of the susceptibility studies.
technique is highly desirable.
Genomic DNA isolation: Bacterial genomic DNA was
This study reports an alternative method, with axtracted from 1.5 mL of a culture of the differdnt
genetic approach for the analysis of carbapenem-resistastuginosastrains. Cultures were centrifuged at 12,000 rpm
P. aeruginosarThis new system is based on the identificatiofor 5 min and the pellets were resuspended ind63f TE
of several metall@-lactamase coding genes using duffer (10 mM Tris-HCI, 1 mM EDTA, pH 7.4). 30L of
multiplex PCR test to detect the resistance for diffeent 10 % SDS and BL proteinase K at 20 mgL were added
lactamase antibiotics in a single test. Six carbapeneand the samples were incubated for 3 h at 37°C. Then, 500
resistance genes have been identified and targeted in this of phenol/chloroform/isoamyl alcohol (25:24:1)
study:bla-KPC, bla-VIM, bla-IMP, bla-SPM blaGIM-1,and  (Winkler, Chile) were added, and the samples were
blaNDM-1. centrifuged at 14.000 rpm for 10 min. The agueous phase
was obtained and an equal volume of phenol/chloroform/
isoamyl alcohol (25:24:1) was added. Then, the samples were
MATERIAL AND METHOD centrifuged at 14,000 rpm for 10 min. The DNA from the
agueous phase was precipitated with 1/10 volume of sodium
acetate 3M and 0.6 volume of isopropanol, at -20 °C for 20
Bacterial strain: Seven strains #fseudomonas aeruginosamin. DNA pellets were washed with 70 % ethanol (LBD
and one strain dflebsiella pneumoniawere used for the and centrifuged at 14,000 rpm for 5 min. The pellets were
experiments, and these belong to the culture collection dfied and resuspended in B0 of sterile MiliQ water. To
the Molecular Microbiology Laboratory of the Institute ofevaluate the quality of genomic DNA, an agarose gel
Biomedical Sciences at Universidad Auténoma de Chile.electrophoresis was run (1 % agarose and TAE 0.5X, from
Winkler) for 60 min at 100 volts.
Bacterial culture and antibiogram test: Before the

development of the multiplex PCR assay, the antibiotiklultiplex PCR assay for the detection of metallo-beta-
lactamase genesBased on the

metallof3-lactamasevim, imp,

Table I. Primers used in PCR assays. -
spm, gim, ndrandkpcsequences

Primer Sequence Tm (°C) DNA Fragment k .

(bp) available in the GenBank
Vim A-f 5'-AGT-GGT-GAG-TAT-CCG-ACA-G 3' 54 261 database, proper primers were
Vim A-r 5'-ATG-AAA-GTG-CGT-GGA-GAC-3' 54 designed (Table I) to amplify
Imp A-f 5'-CTA-CCG-CAG-CAG-AGT-CTT-TG-3' 62 587 these six genes in a single
Imp A-r 5“-AAC-CAG-TTT-TGC-CTT-ACC-AT-3 “ 62 am p | |f| Catl on reac“ on fro m
Spm A-f 5'-CCT-ACA-ATC-TAA-CGG-CGA-CC-3 62 648 genomic DNA. Utilizing the
Spm A-r 5"-TCG-CCG-TGT-CCA-GGT-ATA-AC-3" 62 . detailed in Table |
Ndm_1 A-f 5-GCA-ACC-GCG-CCC-AAC-TTT-GG-3' 66 252 primers detailed in lable |, a
Ndm_1 A 5'-GCT-ATC-GGG-GGC-GGA-ATG-GC-3" 66 multiplex PCR was designed. The
Ndm_1B-f  5-ATG-GAA-TTG-CCC-AAT-ATT-ATG-CAC-3' 66 813 differentp-lactamase genes were
Ndm_1B-r 5'-TCA-GCG-CAG-CTT-GTC-GGC-CAT -3 68 first ampliﬁed individually and
Gim_1-f 5"-ACA-ACC-TTG-ACC-GAA-CGC-AG-3 62 753 then simultaneously, in a
Gim_1-r 5°-ACT-CAT-GAC-TCC-TCA-CGA-GG-3' 62 Mastercveler radient
Kpe B-f 5"-ATG-TCA-CTG-TAT-CGC-CGT-CTA-3' 62 882 y 9
Kpc B-r 5" TTA-CTG-CCC-GTT-GAC-GCC-CAA -3' 66 thermocycler (Eppendorf, USA).

-f = forward primer; -r = reverse primer
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The simultaneous amplification -or multiplex PCRmeropenem; CD30 strain showed resistance to imipenem
assay- was optimized standardizing the DNA concentratiamd meropenem; HSJD?2 strain was resistant to imipenem,
of all the samples to 2Qg/uL. Then, the PCR was meropenem and piperacillin; HSJD4 strain has resistance
optimized for variables like temperature, MgClto meropenem, imipenem, and aztreonam; HSJD6 strain
concentration, and cycle number, until the simultaneoevidenced resistance to aztreonam, imipenem, and
amplification of all the metall@-lactamase genes wasmeropenem.
successful. At this stage, DNA from tlre aeruginosa
strains was mixed witiK. pneumoniaddNA and all the For development to multiplex PCR assay for the
primers. The amplification reaction contained imL  detection of metallo-beta-lactamase genes, first individual
of genomic DNA, 2.54L of buffer 10X, 2uL of 25 mM  amplification using only one pair of primers at a time, with
MgCL, 2L of dNTPs at 10 mM each, L of multiple-F  the template DNA from all strains mixed, showed amplicons
and multiple-R primers to 25M each, 0.51L Tag DNA for bla-VIM (261 bp),bla-IMP (587 bp),bla-SPM (648
Polymerase (5 YiL) from Fermentas Inc. (USA) and bp), bla-GIM-1 (753 bp),bla-NDM-1 (813 bp) andla-
nuclease-free water to adjust the final volume of the reacti&i*C (882 bp) (Fig. 1A)P. aeruginosaenomic DNA was
to 25puL. Standard conditions for the multiplex PCR wereutilized for amplification ofvim, imp, spm, girandndm
5 min to 94 °C, 36 cycles of 30 sec at 94 °C, 50 sec at 68e&juences. Fdpc gene, DNA fronK. pneumoniaavas
°C, 1 min at 72 °C, and a final elongation step of 7 min ased. As can be seen in Figure 1B, multiplex PCR
72 °C. The PCR products were analyzed by agarose geiplification produced the same bands that had been
electrophoresis (2 % agarose, 0.5X TAE). amplified using the pairs of primers individually (Fig. 1A).

Next, the DNA of each strain & aeruginosavas
RESULTS analyzed by multiplex PCR with all pairs of primers. The
PCR products were analyzed by agarose gel electrophoresis
(2 % agarose, 0.5X TAE). Figure 2 shows the PCR analysis
The antibiogram results showed that &I onCD29, CD30,CD32,CD34 HSJD2, HSJD4, and HSJD6
aeruginosastrains were resistant flactam antibiotics P. aeruginosastrains andK. pneumoniaeFrom all the
and some non@-lactam antibiotics, such as quinolonestrains studied, CD32 and CD34 had no carbapenemases
and aminoglycosides. As a summary, the resistance detegedes (not shown in Fig. 2). On the other hand, strains CD29
to B-lactam antibiotics is described as following: CD2%nd HSJD6 had more than one class of carbapenemases
strain was resistant to imipenem, aztreonam, arggne.
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Fig. 1. Individual and multiplex PCR amplification of metgdactamase genes. (A) Individual PCR amplification. Lane 1: 100 bp
molecular size standard. Laneba-VIM amplicon (261bp). Lane 3: bla-IMP amplicon (587bp). LangaSPMamplicon (648 bp).

Lane 5:blaGIM-1 amplicon (753 bp). Lane ®la-NDM-1 amplicon (813bp). Lane hla-KPC amplicon (882 bp). Lane 8: genomic
DNA from P. aeruginosawithout metallo-b-lactamase gene amplification. (B) Multiplex PCR amplification. Lane 1 shows amplicons
for bla-VIM (261 bp), bla-IMP (587 bphla-SPM(648 bp) bla-GIM-1 (753 bp),bla-NDM-1 (813 bp) andla-KPC (882 bp). Lane 2
corresponds to a 100 bp molecular size ladder DNA standard.
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Fig. 2. Multiplex PCR amplification of different metallo-b-lactamase genes i geruginosatrains. Lanes 1 and 9: 100 bp molecular
size standard. Lane B: aeruginosastrain CD29. Lane 3. aeruginosastrain HSJDG6. Lane #. aeruginosastrain HSJD4. Lane P.
aeruginosastrain HSJD2. Lane ®. aeruginosatrain CD30. The lane 7 is empty. Lan&8pneumoniaeThe numbers over amplified
DNA band identified different gene fragment or amplicon$(@:VIM of 261 bp; 2bla-IMP of 587 bp; 3bla-SPMof 648 bp; 4bla-
GIM of 753 bp; 5bla-NDM of 813 bp; 6bla-KPC of 882 bp).

DISCUSSION endemic of countries like Brasil and Switzerland (Hehg
al., 2015).
The detection dbla-KPCgene was consistent with P. aeruginosadSJD6 was the only strain that tested

what has been reported so far since the presence of fusitive forbla-GIM-1, and there is no previous report of its
gene has been frequently describelnterobacteriaceae presence in Chile (Honet al, 2015). It was also positive
family bacteria a&. pneumoniaéNordmanret al, 2009), for theNDM-1gene (an 831 bp amplified fragment, Fig. 2).
but it is rarely found oi?. aeruginosgGeet al, 2011).
Thebla-KPC gene has been reported in bacterial isolates The antibiograms indicated resistance to several types
in the USA, Greece, Israel, Brazil, Argentina, Colombiayf antibiotics in the strains tested. These results were
and China (Hongt al, 2015; Leeet al, 2016). corroborated by the PCR assays, proving a perfect match
between beta-lactam antibiotic resistance and the
Identification of thebla-VIM gene was consequentcarbapenemase-coding genes for daaeruginosastrain.
with the data reported in Chile in 2008 (Pértal, 2008), Every strain studied evidenced beta-lactam resistance
where the presence of metafidactamase was mostly due (Imipenem, Meropenem, Aztreonam) and presented one or
to bla-VIM type genes. The emergence of this gene wasore resistance genes to these antibiotics as can be seen in
described in 2004 in Bseudomonas fluorescensiain Figure 2. This data correlates with the emergence and
(Mendeset al, 2004). propagation of multidrug-resistant bacteria worldwide
(Potronet al, 2015).
Analysis of theP. aeruginosastrains for thébla-
IMP gene only detected the presence of a 587 bp amplicon  Overall, a fast and efficient multiplex PCR assay was
in the CD29 strain. This is a novel result since, in previouseated for the simultaneous detection of several mdiallo-
studies of imipenem-resistataeruginosanobla-IMP-  lactamase genes, that can also detect more than one resistance
positive strains were found in Chile (Hoapal, 2015).  gene in each strain. This would help to diminish the detection
time, to take the prompt necessary measures to treat these
Detection of thebla-SPMgene was positive only bacterial infections. Additionally, it reduces analysis costs since
for CD29P. aeruginosatrain. There were no records of ahe detection of these genes was generally done one by one,
bla-SPMpositive strain in Chile; however, they areresulting in high-cost procedures for those requesting the study.
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RESUMEN: La aparicion de cepas deseudomonas Qjaechea, P. M.; Insausti, J.; Blanco, A. & Luque, P. Epidemiologia e im-
aeruginosacon resistencias a diversos antibioticos es un problema pacto de las infecciones nosocomialsd. Intensiva, 34(4356-67,
clinico de gran relevancia. Los métodos de deteccion de dichas resis-2010.
tencias son laboriosos y lentos, lo que genera una complicaciorPétez, A.; Garcia, C. P.; Poggi, M. H.; Braun, J. S.; Castillo, V. C.; Roman,
momento de tratar a los pacientes oportunamente. En este trabajo ded. C.; Lagos, M.; Romeo, O. E.; Porte, T. L.; Labarca et al; Presence
sarrollamos un método simple de deteccion simultanea de varios gene®f metallo 3-lactamases in imipenem-resistRseudomonas
de resistencia a carbapenem, mediante un sistema de PCR muiltiple2eruginosaRev. Med. Chile, 136(#)23-32, 2008.

El ensayo de PCR desarrollado, seguido de una separacf?ﬁ{fo”vA-?POireL L.&Noerann, P Emerging broad-spgctrumr_esistance
electroforética de los amplicones, permite distinguir simultaneamen- N Pseudomonas aeruginosadAcinetobacter baumanniechanisms
te la presencia de 6 genes de resistencia a antibidileegiM (261 e.’nd ep'dem'omgym' J. A.nt'm'cmb' Ag.ems‘ 45(658-85, 2015.

Recio, R.; Manchefio, M.; Viedma, E.; Villa, J.; Orellana, M. A.; Lora-
pb), bla-IMP (587 pb),bla-SPM (648 pb),bla-GIM-1 (753 pb), h F. Predictors of nortality in bloodstream infections
bla-NDM-1(813 pb) ybla-KPC (882 pb). Analizamos 7 aislados cli- Tamayo, J. & Chaves, F. ; 2Ty o :

. _ . caused byPseudomonas aeruginosad impact of antimicrobial
n_lcos o_btenldos en Chile, encontrando en 5 de ellos los genes de "€yesistance and bacterial virulendetimicrob. Agents Chemother.,
sistenciabla-VIM, bla-IMP, bla-SPM bla-GIM Yy bla-NDM. Encon- 64(2)e01759-19, 2020.
tramos una perfecta correlacion entre la deteccion de diversos geRggriguez-Lucas, C.; Fernandez, J.; Martinez-Sela, M.; Alvarez-Vega, M.;
de resistencia y los resultados obtenidos mediante antibiogramas.Moran, N.; Garcia, A.; Menendez, C.; Garcia-Prieto, E. & Rodriguez-
Interesantemente, 2 de las cepas mostraron poseer simultdneamente @uardado, APseudomonas aeruginosemsocomial meningitis in
genes de resistencia distintos. Por (ltimo, en este trabajo encontra-neurosurgical patients with intraventricular catheters: Therapeutic
mos la presencia de 3 genes nunca antes descritos en aislados clinicagpproach and review of the literatusferm. Infecc. Microbiol. Clin.
deP. aeruginosan Chile bla-IMP, bla-SPMy bla-GIM-1). Hemos (Engl. Ed.), 38(2p4-8, 2020.
desarrollado un test rapido de PCR mudiltiple, para la deteccion simul-
tanea de hasta 6 genes de resistencia a antibioticos de la familia.a de
las metallo-b-lactamases Bnaeruginosa
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