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ABSTRACT.

t was conducted a cross-sectional descriptive study to genetically characterize
Acinetobacter baumannii, a producer of carbapenemases, was studied, 16 strains
resistant to carbapenems were isolated from patients hospitalized in a German-

Nicaraguan public hospital. The identification of the genus, and species and the susceptibility
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test to antimicrobials were carried out using the VITEK2 compact system. The synergy test was
performed with ethylenediaminetetraacetic acid (10pg or 0.1 uM), from the 0.5 Mc Farland
scale using Kirby Bauer. The genotypic characteristic, multiplex PCR was performed for bla
OXA23, bla OXA40, bla OXA51, and bla OXA58, also for genes class B, bla IMP, bla VIM, bla
GIM, blaSIM, bla SPM and performed a PCR for blaNDM. As a result of the study, the diversity
of genes was demonstrated, 100% of the strains carried OXA51, 87.5% carried OXA40 genes,
combined with OXA51, 13% presented a combination of NDM genes with OXA51, 6% of the
strains presented VIM genes, GIM in combination OXA40 and OXA51, all the strains under
the study of A. baumannii , had multi-resistance, but 100% were sensitive to colistin. It was
concluded that multiresistance in A. baumannii to carbapenems is due to blaOXA51, an intrinsic
gene of this microorganism, and combinations of genes VIM, GIM, NDM, and OXA40, increasing
the hydrolytic capacity to these antibiotics, these genes are shared by plasmids facilitating the

vertical and horizontal transfer.

INTRODUCTION.

Objective: Genetic characterization of Acinetobacter baumannii, resistant to carbapenems,
isolated from clinical samples of patients hospitalized in wards of the German Nicaraguan
Hospital, January 2017 - February 2018.

Acinetobacter baumannii, (A. baumannii), has taken clinical importance due to its ability
to develop multi-resistance to different families of antibiotics, also because of the various
mechanisms it has acquired, such as enzyme-mediated hydrolysis, a decrease of its porins,
expulsion of antibiotics; this opportunistic pathogen has been involved in some endemic
outbreaks in Bolivia, Colombia, Chile, Spain, having great importance genotypic characterization
that leads to multiple resistance (Colén et al., 2009). According to Fresnadillo, has different
types of reservoirs that favor the development of infectious processes in patients such as poor
cleaning of hospital areas and medical instruments of health personnel, as one of the main
routes of infection, In addition to the lack of hand washing, the constant use of the phone
in critical areas, the deterioration of the health of patients, as well as factors of comorbidity,
age, and immune status. This emerging pathogen can survive in adverse conditions in hospital
areas, develop various infectious processes, and lead to the development of bacteremia with a

very poor prognosis (Fresnadillo et al., 2015).

A. baumannii, in 2017, was placed on the list of critical priority pathogens by the World
Health Organization (WHO), for being a microorganism resistant to Carbapenems, which are
used to treat reserved infectious processes presenting refractory to antimicrobial measurement,
limiting pharmacological alternatives, also has a high capacity to spread, Itis eminently a danger
to the lives of patients with prolonged stays in the different health units, important aspects

that must be considered in these infectious processes. Since the appearance of antimicrobials,
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strategies have been implemented to treat infectious processes, perhaps inappropriately or
indiscriminately, but these microorganisms develop multiple ways to defend themselves against
antimicrobial attacks, making it difficult every day to eradicate infectious processes (Opozo et
al.,2009). The difficulty of phenotypically determining the resistance A. baumannii, type OXA,
is due to the lack of enzyme inhibitors, which leads us to the indispensable use of molecular
biology techniques such as PCR, to know genetically the genes are carrying the bacteria, is of
great importance from the point of view of resistance with plasmid transmission to other Gram-
negative bacteria, that’s why we don’t focus on the detection of class B, class D carbapenemase
genes. (Munera et al., 2014) .

METHODS

A cross-sectional descriptive study was conducted to genetically characterize A. baumannii,
producer of class D carbapenemases, in which 16 strains resistant to carbapenems isolated from
patients hospitalized in the German- Nicaraguan public hospital were studied. The identification
of the genus, species, and the test of susceptibility to antimicrobials was carried out by the
VITEK2 compact system, from the culture in MacConkey three colony forming units (CFU) were
taken, for the preparation of the inoculum, then a homogeneous suspension was made in a test
tube containing 3ml of 0.45% saline, for the remaining cards, 145ul was passed in tubes with
3ml of saline, McFarland 0.5 was conformed to the 0.5 standards by means of DenSiCheK Plus,
and proceeded to mount (GN, AST -XNO6 and AST- GN69), GN: 64 biochemical tests, AST
XNO06: AN, ATM, CF, CTX, CTT, FOX, CPD, CZX, CXM, DOR, MEM, MXF, NA, NOR, PIP, TE, TIC,
TCC, TGC, AST GN69: AMC, AM, SAM, CZ, FEP, CAZ, CRO, CIP, ETP, GM, IPM, LEV, TZP, TM,
SXT. Suspicious strains producing carbapenemases were considered with a Minimum Inhibitory
Concentration (MIC) of 2-4 pg/mL for Imipenem, Meropenem, and 2 pg/mL for Ertapenem
(CLSI., 2020). The synergy test was performed with ethylenediaminetetraacetic acid (10ug or
0.1 uM), from the 0.5 McFarland scale of the strains to be evaluated, the inhibition halo was also
evaluated by Kirby Bauer < 21 mm was incubated 18-24hrs. For genotypic characterization, a
PCR multiplex was performed for blaOXA23, blaOXA40, blaOXAS51, and blaOXAS58 (Colén et
al., 2009). To know, if they carried the NDM gene, he performed a PCR: for blaNDM, (Pasteran
E, 2012)To determine the class B genes, a PCR was performed, multiple for bla IMP, blaVIM,
blaGIM, blaSIM, blaSPM (Escalante et al., 2013).

DNA extraction

it was by heat lysis from the culture on MacConkey agar of 18-24 hours at 37°C, a CFU
pool was taken, inoculated in a 1.5 mL vial containing 100pl of nuclease-free water, was placed
in a boiling water bath for 10 minutes, then centrifuged at 12000 rpm for 5 minutes and 80pl

was extracted from the supernatant, the concentration of DNA extracted in Nanodrop Lite
2763 was determined ( Vilchez et al., 2009).
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Genotypic detection of blaOXA
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A multiplex PCR was performed in Acinetobacter baumannii isolates, in which the following primers were used. See Table 1.

Names of the first Sequence of primers Peso molecular (Pb) Reference
OXA23F 57- GAT CGG ATT GGA GAA CCA GA-3 Columbus et &l., 2009.
OXA23R 5°- ATT TCT GAC CGCATT TCC AT-3° P01 E
OXA40F 5- GGT TAG TTG GCC CCC TTA AA-3
OXA40R 5- AGT TGA GCG AAAAGG GGATT-3 246 Pb
OXAS51F 5'-TAATGC TTT GAT CGG CCT TG-3°
OXA51R 5°-TGG ATT GCA CTT CAT CTT GG-3° 353 b
OXAS5S8F 5°- AAG TAT TGG GGCTTG TGC TG-3°
OXAS58R 5- CCCCTCTGC GCT CTA CAT AC- 37 299 Pb
IMPF 5’-GGAATAGAGTGGCTTAAYTCTC-3’ Gonzales and Al., 2014.
IMPR 5’-CCAAACYACTASGTTATCT-3’ 188 Pb.

VIMF 5’-GATGGTGTTTGGTCGCATA-3’

VIMR 5’-CGAATGCGCAGCACCAG-3’ 390 Pb.

GIMF 5’-TCGACACACCTTGGTCTGAA-3’

GIMR 5’-AACTTCCAACTTTGCCATGC-3’ ATTED.

SIMF 5’-TACAAGGGATTCGGCATCG-3’

SIMR 5’-TAATGGCCTGTTCCCATGTG-3’ 270 Pb.

SPME 5’-AAAATCTGGGTACGCAAACG-3’

SPMR 5’-ACATTATCCGCTGAAACAGG-3’ 27LPb.

NDMF 5" AGCACACTT CCT ATCTCG AC 37 Pasteran et onl., 2012.
NDMR 5" GGC GTA GTG CTC AGT GTC 3¢ 212Pb

Table 1. The sequence of carbapenemase primers class B and class D.
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It was performed by conventional PCR for the determination of class B and class D carbapenemases, in the mixture was used
2 pL of DNA, Buffer 10X (5 pL), dNTP's mix 40 mM (2.5 pL), Taq Polymerase 5U / ul (0.5 pL), Primer Forward 10uM (0.5 pL), Primer
Reverse 10uM (0.5 pL), nuclease-free water (18 pL), for a final volume 25 pL, (Pasteran et al., 2012).

Amplification; the genetic identification of type D carbapenemases, was determined by PCR, and the OXA-23, OXA-40, OXA-51,
OXA-58 genes were determined, amplification was performed by the following conditions: denaturation 95 orcs for 4 minutes, followed
by 30 cycles denaturation 94 ° C for 25 seconds, amplification 52 ° C for 40 seconds, 72 ° C, for 50 seconds, final extension 72°C for 6
minutes, final temperature 4°C (Colén et al., 2009).

Detection of class B1 carbapenemases; also known as metallum -lactamases (MBL), by multiplex PCR, the following amplification
program was used: Denaturation at 94 °C for 5 minutes; 36 cycles denaturation at 94°C for 30 seconds; hybridization at 52°C for 40

seconds; amplification 72°C for 50 seconds and a final extension of 72 °C for 5 minutes (Escalante et al., 2013). See table 1.

New Delhi termination (NDM), Amplification is used the following program, denaturation 94°C, for 5 minutes, followed by
35 cycles, 94°C for 30sec, hybridization 50°C for 30sec, amplification 72°C for 60sec, final extension 72°C for 10 min, final 4°C. The
amplification was performed in a MasterCycler, Eppendorf Brand, Model number 5341, (Pasteran et al., 2012). See table 1.

Electrophoresis; The PCR product was evaluated in a 2% agarose gel with 0.5 pg/mL of ethidium bromide, electrophoresis
was run at 120 volts for 60 minutes the DNA bands of the different genotypes were visualized in a camera with ultraviolet light and
photographed. The weights of the bands were evaluated with the positive controls used (Colén et al., 2009). See annex Figures 1 and 2

of electrophoresis.

RESULTS

The universe was comprised of 16 strains of Acinetobacter baumannii, resistant to carbapenems Imipenem and Meropenem,
during the study period, genotypic characterization demonstrated gene diversity, 100% of the strains carried OXA51, 87.5% carried
OXA40 genes but combined with OXA51, 13% presented a combination of NDM genes with OXA51, 6% of the strains presented VIM,
IMT genes in combination OXA40 and OXA51, all strains under the study of A. baumannii, presented multi resistance, but 100% were

sensitive to colistin see graph 2.
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DISCUSSION

A. baumannii, has resistance to different drugs, due to the diversity of resistance
mechanisms such as AMP-C, these hydrolyze Aminopenicillins, also hydrolyze B-lactams,
and very efficiently to Cefepime, also have Serino class D carbapenemases, th ese hydrolyze
very effectively to carbapenems (Munera et al., 2014). In table 4, you can see the diversity of
genes that are carrying the strains of A. baumannii, this finding is important because we are
finding MBL genes, which are almost exclusive to enterobacteria, being sharing these genes,
makes it a highly dangerous microorganism due to its multiresistance and can cause outbreak
in different hospital environments, It should be noted that they are also carrying genes New
Delhi, in Nicaragua this would be the first characterization study of A. baumannii, The OXA51
gene, is chromosomal, this has the characteristic of being little shared, the strains carry 100%,
the OXA40, they only carried it in 87.5%, this is transmitted by plasmids and can be shared
by microorganisms very close to them or share with enterobacteria, two strains presented
a combination of OXA51 and NDM, for 13%, one of the strains presented a combination of
MBL genes such as VIM, GIM, with OXA40 and OXA51, it is necessary to continue monitoring
this pathogen, by the behavior of the genetic characteristics found (Pillonetto et al. , 2013) .
The genes that code for class D carbapenemases have already been studied in countries such
as Colombia, and Bolivia, but in Nicaragua, it is the first study in this type of genes and with a
broader approach in the characterization of MBL and NDM genes (Escalante et al., 2013) (Oliver
et al., 2010).

Room from which the | MBL (blaIMP, blaVIM, OXA (PCR
Number microorganism was blaGIM, blaSIM, blaSPM) | multiplex 23,

isolated & NDM 40,51,58)
1 Surgery VIM, GIM OXA 40, OXA 51
2 ICU-adults NDT OXA 40, OXA 51
3 UCI-newborn NNT OXA 40, OXA 51
4 UCI-newborn NDM OXA 51
5 ICU-adults NDT OXA 40, OXA 51
6 ICU-adults NDT OXA 40, OXA 51 P
7 Gynecology NDT OXA 40, OXA 51 8 %
8 ICU-adults NDT OXA 40, OXA 51 . 3
9 Surgery NDT OXA 40, OXA 51 i §
10 ICU-adults NDT OXA40,0XA51 | % %
11 Surgery NDT OXA 40, OXA 51 E %.

n
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12 ICU-adults NDT OXA 40, OXA 51
13 ICU-adults NDT OXA 40, OXA 51
14 UCI-newborn NDT OXA 40, OXA 51
15 ICU-adults NDM OXA 51

16 ICU-adults NDT OXA 40, OXA 51

Table 2 : NDT. Not detected.

ICU. Intensive Care Unit.

According to the resistance profile in A. baumannii, they present resistance, almost
to all the antibiotics analyzed, having sensitivity to colistin in 100% and tigecycline in 93%,
being the pharmacological alternatives, the versatile behavior of acquiring genes by horizontal
transfer, opens the possibility of presenting short-term resistance to Colistinand this would be
very alarming, Because this is the alternative pharmacology although not very safe as reported
by some researchers for the adverse reactions that this may generate, but it is the alternative
treatment, it is important to note that multi-resistance is due to combinations of genes, VIM,
GIM, NDM, OXA40, OXA51, it should be noted that the hydrolysis of carbapenems, is due
almost exclusively to the OXA51 gene, but is even more enhanced by the other genes (Colén et
al., 2009).

Graph 1. Resistance profile of Acinectobacter baumannii

M Sensitive Intermediate M Resistant
GRAPH 1. Resistance Profile of Acinectobacter baumannii
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CONCLUSIONS.

Multi resistance in A. baumannii to carbapenems is due to blaOXA51, intrinsic gene,
and combinations of genes VIM, GIM, NDM, and OXA40, increasing the hydrolytic capacity to
these antibiotics, these genetic combinations will lead to a high prevalence in hospital-acquired

infections if the associated factors are not controlled.

ANNEXES

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Figure 1. Electrophoresis in 1.5% agarose gel, well 1 molecular marking, well 2, positive control of OXA51,

molecularweight 553 Ph, Well 16 positive control for OXA51 and OXA40( molecular weight 296 Pb). , well ,
3,4,5,6,8,9,10,11,12,13,14,15 OXA40, patients

Figure 2. Agarose gel electrophoresis 2%, New Delhi gene, molecular
weight of 512 Pb, well 1 molecular marker, Well 2 positive control,

well 4 negative control, well 3, patient and.
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