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Acinetobacter baumannii is an aerobic gram-negative opportunistic bacterial pathogen, an emerg-
ing cause of healthcare-associated infections, associated with increased morbidity, mortality and
healthcare costs. It has been widely found in the hospital environment, exhibiting high resistance
to antimicrobials, affecting the spread of healthcare-associated infections and preventing effective
infection control. The role of virulence factors in the pathogenesis of A. baumannii related human
infections remains unclear. Therefore, molecular testing of pathogenic bacteria is an important
tool for improving infection control measures against A. baumannii with combined resistance. The
aim of this study was to analyse A. baumannii infection cases, antimicrobial resistance profiles
and to characterise the genetic heterogeneity of isolates. In general, outbreaks occurring in hospi-
lals are presumed to be clonal, with patient-to-patient transmission of essentially identical strains.
Treatment decisions are based on a combination of in vitro susceptibility assays and empirical re-

sults based on patient outcomes.
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INTRODUCTION

Antimicrobial resistance (AMR) is one of the biggest public
health challenges of our time, already in a stage of crisis at-
tributed to the overuse and misuse of these medications, as
well as a lack of new drug development by the pharmaceuti-
cal industry due to reduced economic incentives and chal-
lenging regulatory requirements. According to the World
Health Organisation (WHO), approximately 700 000 deaths
were reported worldwide in 2014 due to infections caused
by resistant pathogens. The number of such deaths is pro-
jected to rise to 10 million in 2050, if the current situation
does not change significantly (O’Neill et al., 2017).

The biggest concern is imposed by the ‘ESKAPE’ patho-
gens comprised of highly multi-, extended- or pan-drug re-
sistant, such as vancomycin-resistant Enterococcus faecium;
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methicillin-resistant ~ Staphylococcus aureus; Klebsiella
pneumoniae, Acinetobacter baumannii and Pseudomonas
aeruginosa, which are multi-drug resistant, including resis-
tance to carbapenems; and Enterobacter spp., which contain
extended-spectrum beta-lactamases (ESBLs) and carba-
penemases (Rice et al., 2008).

In 2017, WHO compiled a list of “priority” pathogens pos-
ing the greatest threat to human health to help guide and
promote research and the development of new antibiotics.
One of the bacteria that has been given the first or critical
priority grade is the carbapenem-resistant A. baumannii
(Anonymous, 2017).

A. baumannii is an opportunistic bacterial pathogen, an
emerging cause of healthcare-associated infections (HAIs),
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associated with increased morbidity, mortality and health-
care costs (Mazumder, 2021).

The pathogen was first mentioned in 1986 by Bouvet and
Grimont. Based on DNA-DNA hybridisation studies, the
authors discovered three new Acinetobacter species:
Acinetobacter baumannii, Acinetobacter johnsonii, and
Acinetobacter junii (Bouvet et al., 1986).

A. baumannii is one of the pathogens with a high ability to
acquire antimicrobial resistance. The pathogen is character-
ised by a number of resistance mechanisms, including
B-lactamases, aminoglycoside-modifying enzymes, the abil-
ity to cause pore permeability defects in the cytoplasmic
membrane, and an altered “target” in the cell. The coexis-
tence of several of these mechanisms gradually reduces the
number of antimicrobials that could be used to treat A.
baumannii infection (Lee et al., 2017).

Infections caused by the A. baumannii include healthcare-
associated pneumonia, urinary tract, bloodstream, central
nervous system (especially meningitis) and surgical wound
infections (O’Neill et al., 2017). The main risk factors for
such infections are long-term hospital stay, treatment in the
intensive care unit, various invasive procedures, including
lung ventilation, central venous catheters, urinary catheters,
as well as various chronic health conditions, for example,
diabetes and obesity (Diancourt et al., 2010; Anonymous,
2016b). A. baumanii can be detected in various swab speci-
mens, different body fluids (urine, blood), catheter tips, etc.
If the bacterium is identified in sputum or urine samples, it
is more likely to indicate colonisation, not active infection
(Anonymous, 2016a; LiepinS et al., 2016).

According to the European Centre for Disease Prevention
and Control Infectious Disease Surveillance Atlas of the
situation in Latvia in 2016, it can be concluded that 73.2%
of all A. baumannii isolates were resistant to carbapenems
(CRAB) and 67.2% exhibited combined resistance (XDR —
multidrug or extensively drug resistant A. baumannii). The
worst situation in Europe in 2016 was in Greece, where
CRAB was identified in 95.4% and XDR in 84% of A. bau-
mannii related cases. In contrast, the best situation in 2017
was observed in Norway, Finland, Netherlands, and Den-
mark, where CRAB and XDR accounted for 0% of the total
number of A. baumannii isolates. Compared to 2017, in
2015 in Latvia CRAB isolates were found in 79.4% and
XDR — in 75.0% of cases (Fournier et al., 2006; Liepins et
al., 2016).

In 2016, results on the prevalence of XDR at Riga East Uni-
versity Hospital between 2009 and 2015 were published. In
2009, 71 cases of XDR were detected, in 2013 this number
reached a maximum of 217 cases, and in 2015 it decreased
to 113 cases. In the period from 2013 to 2015, the number
of cases of invasive A. baumannii infection and colonisation
was studied. In 2013, in the case of invasive infections, 33
cases of XDR were confirmed by detecting pathogens in
blood and cerebrospinal fluid materials. In 2015, this
number decreased to 19 isolates. All patients with sepsis
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and CNS infections received colistin. In 2013, AMR mostly
exceeded 80%, and in 2014 it was already 90%. It should be
noted that resistance to colistin was 0% in 2013 and 4% in
2014 (Anonymous, 2016a).

Distinguishing contamination/colonisation from invasive in-
fection is essential in choosing the principal treatment strat-
egy, as colistin is not indicated in cases of contamination or
colonisation. Unjustified initiation of colistin may increase
the risk of subsequent AMR. Such strains exhibit resistance
to all currently available antimicrobial agents and combina-
tions, including colistin/imipenem, colistin/meropenem,
colistin/rifampicin, colistin/tigecycline, colistin/sulbactam,
colistin/teicoplanin and imipenem/sulbactam (Maragakis et
al., 2008).

In the treatment of drug-resistant A. baumannii infections,
colistin is indicated in cases of XDR, while amikacin is pre-
ferred in patients with CRAB.

In general, outbreaks occurring in hospitals are presumed to
be clonal, with patient-to-patient transmission of essentially
identical strains. Treatment decisions are based on a combi-
nation of in vitro susceptibility assays, and empirical results
are based on patient outcomes. Molecular biology methods
such as pulsed field gel electrophoresis (PFGE) and po-
lymerase chain reaction (PCR) are the basis for strain typing
and evaluation of relatedness, but in some cases identical
molecular typing signature is not sufficient to distinguish
closely related strains. Until now the highest discriminatory
power between two strains can be achieved by whole ge-
nome sequencing (WGS). Analysis of WGS can be useful
in monitoring A. baumannii clonality and genetic related-
ness as well as characterisation of antimicrobial gene profile
and virulence factors to select appropriate treatment (Adams
et al., 2010; Fishbain et al., 2010).

The aim of the study was to analyse cases of A. baumannii
infection, antimicrobial resistance profiles and to character-
ise genetic heterogeneity of A.baumannii isolates.

MATERIALS AND METHODS

This study was conducted at Riga East University Hospital
between May 2015 and October 2016. Isolates, determined
as A. baumannii, were obtained from patient samples for
microbiological investigations, and cultivated on selective
MacConkey agar (HiMedia, India) according to laboratory
methodologies. Culture identification and phenotypic anti-
microbial susceptibility were confirmed by VITEK®2 GN
identification card (bioMerieux, France) to the following
antimicrobial agents: ciprofloxacin, piperacillin/tazobactam,
ampicillin/sulbactam, ceftazidime, imipenem, meropenem,
gentamicin, amikacin, and colistin. According to the Euro-
pean Committee on Antimicrobial Susceptibility Testing
(EUCAST) breakpoints (v. 5.0, valid from 2015-01-01), all
isolates were categorised as susceptible (S), intermediate (I)
or resistant (R). Based on the obtained resistance patterns to
the mentioned antimicrobial agents, all A. baumannii iso-
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lates were divided into three groups: 1) fully susceptible A.
baumannii (no resistance to ciprofloxacin, piperacillin/tazo-
bactam, ampicillin/sulbactam, ceftazidime, imipenem,
meropenem, gentamicin, amikacin and colistin); 2) carbape-
nem resistant A. baumannii (CRAB) — resistant to resistant
to all antimicrobials, except aminoglycosides and colistin;
and 3) multidrug or extensively drug resistant A. baumannii
(XDR) — resistant to all antimicrobials, except colistin.

Whole genome sequencing (WGS) was used to analyse the
genome of A.baumannii isolates. Sequencing and data
analysis were performed at the Institute of Food Safety,
Animal Health and Environment “BIOR”.

DNA extraction and sequencing. Selected isolates were
cultivated on nutrient agar (Biolife, Italy) at 37 °C for 24
hours. For genomic DNA extraction one colony from each
isolate was selected, resuspended in 180 pl lysis buffer from
the QIAamp DNA Mini kit (QIAGEN Manchester Ltd.
Manchester, United Kingdom) and treated according to
manufacturer protocol for Gram-negative bacteria. Concen-
tration of DNA was measured on Qubit and 1 ng was used
for library construction using the Nextera XT Library prep-
aration kit (Illumina, San Diego, California (CA), United
States (US)). Sequencing runs were performed on an Illu-
mina Miseq using V3 chemistry for 2x300-bp paired end
reads. For genome assembly, Velvet 1.1.04 (Zerbino et al.,
2008) was used; each sequence was trimmed until the aver-
age Phred quality was 30 in a window of 20 bp and genome
de novo assembly was done. Expected genome size was 3.9
Mb and targeted coverage was 70x. The genome assembly
was assessed by N50 (minimum 10 000) and the mean ge-
nome coverage (minimum 30x). Samples with parameters
below quality settings were excluded from analysis
(Zerbino et al., 2008).

Data analysis. Genetic relatedness of A. baumannii ge-
nomes was analysed by the Ridom SeqSphere+ 5.0.0 soft-
ware (Ridom, Muenster, Germany) (Jiinemann et al., 2013).
Comparison of genomes was done based on a multilocus se-
quence typing (MLST) scheme elaborated in the Pasteur In-
stitute [5] and core genome (cg) MLST with 2390 targets
and Accessory MLST with 1083 targets schemes (Jiine-
mann et al., 2013., Higgins et al., 2017) . The newly identi-
fied alleles were submitted to the cgMLST nomenclature
server (www.cgmlst.org) maintained by Ridom.

The presence of virulence factors was determined by scre-
ening assembled contigs against VFDB, version 18 March
2018 with ABRicate (https://github.com/tseemann/abri-
cate), using the default settings. For gene presence determi-
nation, the cut-off values were 85% for sequence identity
and 50% for sequence length (Chen et al., 2016).

For calculation of statistical significance, the chi-squared
test and Fischer’s exact test were used where applicable to
calculate the odds ratios (OR) and 95% confidence intervals
(CI) by using two-by-two frequency tables of the respective
overlaps. A p value of 0.05 was considered statistically sig-
nificant.
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Permit No. 9-A/14 of the Medical and Biomedical Research
Ethics Committee of Riga East University Hospital Support
Fund had been issued for this research (Riga, 10.07.2014).

RESULTS

A total of 93 A. baumannii isolates were included in the
study. Colonisation/contamination was observed in 66%
(n = 61) of cases, while A. baumannii infection was de-
tected in 34% (n = 32) of cases. The colonisation/contami-
nation criteria for A. baumannii were as follows: A. bau-
mannii had no clinical significance for the patient's disease,
as no signs of disease were observed; the empirical antimi-
crobial treatment, which was not directed against A. bau-
mannii, was successful; and A. baumannii obtained by
screening patients (nasopharyngeal or rectal swab) as a re-
sult of an investigation into an outbreak of healthcare asso-
ciated infections. The most prevalent department of isola-
tion was the intensive care unit (60%). Presence of the A.
baumannii microorganism mainly was confirmed on the
20t day of hospitalisation

The distribution of infections was as follows: pneumonia —
17%, deep surgical wound infection — 7%, meningitis, sep-
sis, tracheobronchitis, central venous catheter associated
bacteremia — 2% each, and urinary tract infection and os-
teomyelitis — 1% each. Infection cases were defined ac-
cording to case definitions of healthcare-associated infec-
tions by the European Centre for Disease Prevention and
Control, Point prevalence survey of healthcare-associated
infections and antimicrobial use in European acute care hos-
pitals, protocol version 5.3 (Anonymous, 2016b).

It was found that in 81% (n = 72) of cases the identified A.
baumannii strains were XDR, in 15% (n = 13) — CRAB
and only in 4.5% (n = 4) of cases A. baumannii was sensi-
tive to all tested antimicrobials.

ST and cgMLST were determined using WGS data of all 93
A. baumannii isolates and 76 out of 93 were identified as
ST 2, although in total five different STs were found (Fig.
1). Analysis of ST 2 isolates revealed at least six previously
reported cgMLSTs, the largest group including 43 isolates
while several cgMLSTs were represented by only one iso-
late. Between individual ST2 isolates, difference from O to
35 of the analysed 2390 alleles was observed with average
distance 9.36 alleles (Table 1, Fig. 1). We found strong as-
sociation between ST and AMR status, most of the MRAB
isolates belonging to ST2 (p 0.0001) while CRAB isolates
were more common in ST1 and ST826.

There were eight cases when the second A. baumannii iso-
late was obtained from the same patient after at least three
months. Analysis of isolates demonstrates that the majority
of the second isolates represented the same ST and even the
same cgMLST as the first isolate, but in two cases, two iso-
lates with different ST were observed.

To evaluate pathogenicity of A. baumannii isolates, the
presence of previously known virulence genes was analysed
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Table 1. Heterogeneity of A. baumannii isolates based on the Pasteur
MLST 7 gene scheme and cgMLST scheme based on 2389 genes

ST cgMLST Isolates, | Distance | XDR | CRAB |Sensitive
n between
isolates
(alleles)
ST2 cgMLST 1534 4 0-3 3 0 0
cgMLST 1948 3 34 2 0 0
cgMLST 2161 43 0-17 38 2 0
cgMLST 2838 3 7-8 3 0 0
cgMLST 2839 17 0-10 13 1 1
cgMLST 2841 2 22 2 0 0
cgMLST 2842 1 - 0 1 0
cgMLST 2843 1 - 1 0 0
cgMLST 2844 1 - 1 0 0
cgMLST 2845 1 - 1 0 0
ST826 cgMLST 2840 2 0 0 2 0
new 7 7-53 2 4 0
ST1 new 4 0-22 2 0 1
ST164 cgMLST 1428 2 4 0 2 0
ST570 new 1 - 1 0 0

Proc. Latvian Acad. Sci., Section B, Vol. 75 (2021), No. 2.
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Fig. 1. Genetic diversity of Acinetobacter baumannii
isolates in Riga East University Hospital (2015—
2016). Ridom SeqSphere+ NI tree for 93 samples
based on 2389 columns, pairwise ignoring missing
values, % columns difference. Distance based on col-
umns from A. baumannii cgMLST (2389). Colours
according to ST: green — ST2, purple — ST286, red —
STI, yellow — ST164, blue — ST570.

in WGS data. In total, 71 genes representing various func-
tions in A. baumannii pathogenesis like adherence, inva-
sion, induction of apoptosis, serum resistance, biofilm for-
mation and persistence were analysed (listed in Table 2).
Each isolate contained from 53 to 71, median 59 of selected
virulence genes. We identified several genes like bap, bauA,
abaR that were more often found in the XDR group than in
the CRAB group (Table 3). Two of them, bap and bauA,
were exclusively found in ST2 isolates and were missing in
isolates from other common STs—ST1 and ST826.

In our study, we did not find any association between the A.
baumannii virulence gene profile and other parameters like
infection type, patient diagnosis and source of isolates.

DISCUSSION

Antimicrobial resistance is a significant problem in hospi-
tals of many countries, including in Latvia (Anonymous,
2016c; Fitzpatrick et al., 2016., Kanafani et al., 2021).
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Table 2. Virulence gene/number of isolates in relation to virulence

Virulence mechanism
Adherence Omp OmpA(93)
AdeFGH efflux
Biofilm formation pump
Bap bap(77)
Csu fimbriae
PNAG
Enzyme Phospholipase C plc(93)
Phospholipase D pleD(93)
Capsule
Immune evasion
LPS

Acinetobactin
Iron uptake

Virulence gene/ Number of isolates gene is present

adeF(93); adeG(93); adeH(93)
esuA(87); esud/B(87); csuB(90),; csuC(91); csuD(91), csuk(91)
pgaAd(93); pgaB(93): pgaC(93); pgaD(93)

ACICU _00071(88); ACICU_00072(93); ACICU 00073(91);
ACICU_00074(93); ACICU_0087(52); ACICU_00075-00086 (1)
IpsB(93); IpxA(93); [pxB(93); IpxC(93); IpxD(93); IpxL(93);

barA(93); barB(93); basA(92); basC(83); basD(83), basG (92);

bauA(77); bauB(93); bauC(93); bauD(93); bauk(93); bauk(93);

entE(93)
Regulation BfmRS bfmR(93); bfinS(93)
Quorom sensing abal(93); abaR(83)
Serum resistance Pbp pbpG(93)

IpxM(93)

basl(83), basJ(91),

Table 3. Virulence gene presence among XDR A. baumannii and
carbapenem resistant A. baumannii (CRAB)

Virulence gene XDR (n; %) CRAB (n; %) p value*
ACICU_00087 47 (63) 3(23) 0.013
abaR 69 (92) 9 (69) 0.037
Bap 68 (91) 431 < 0.00001
bauA 68 (91) 4 (31) < 0.00001
basC 72 (96) 6 (46) 0
basD 71 (95) 6 (46) 0.0001
basl 67 (89) 11(85) 0.638

* p value calculated for number of XDR and CRAB

A. baumannii resistance also affects the spread of health-
care-associated infections affecting the spread of HAIs and
preventing effective infection control. In order to improve
the current situation, implementation of an antimicrobial
drug management programme (Stewardship programme)
and introduction of an AMR monitoring system is neces-
sary, thus promoting more appropriate use of antimicrobials
and reducing the problem of pathogen resistance. The intro-
duction of such preventive measures in a hospital would
also reduce the incidence of A. baumannii strains with com-
bined resistance, with a particular focus on the right choice
of drugs to reduce selection pressure and further spread of
resistant strains (Owens et al., 2006; Perez et al., 2007).

In our study, culture identification and antimicrobial sus-
ceptibility confirmation by the VITEK®2 GN identification
card (bioMerieux, France) did not affect the interpretation
of the data, because during the study antimicrobial suscepti-
bility of A. baumannii was determined according to the
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EUCAST breakpoints, which was integrated into the
VITEK®2 GN identification card (bioMerieux, France).

In our study, 34% of patients had a confirmed A. baumannii
infection. It is crucial to distinguish colonisation from infec-
tion in order to avoid unjustified initiation of antimicrobial
therapy.

Clinicians and researchers have often considered that infec-
tions caused by A. baumannii are not associated with high
lethality. Healthcare professionals report that the microor-
ganism has not caused a significant increase in mortality in
hospitalised patients, so the mortality caused by A. bauman-
nii infection remains a contentious issue with several stud-
ies showing controversial results (Park et al., 2013; Xiao et
al., 2017).

Analysis of WGS of A. baumannii isolates showed that in
2015-2016 there were several clones of ST2 clones circu-
lating in Riga East University Hospital. The ST2 genotype
is associated with multidrug resistance and was previously
reported as an endemic strain in European and USA hospi-
tals, often involved in outbreaks (Fitzpatrick et al., 2016).
In our study, comparison of isolates from reinfection in in-
dividual patients demonstrated that in some cases the strain
was the same as in the first infection episode, but in most
cases the genetic distance was large enough to assume unre-
lated cases of infection. Using WGS, it is possible to follow
development of infection within one patient as well as for
surveillance of larger intra-hospital outbreaks (Kim et al.,
2018; Gramatniece et al., 2019).

In our study we found that the virulence gene profile was
more associated with a certain ST and genotype than other
parameters of infection. Detailed studies of virulence fac-
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tors and their role in pathogenesis allow us to understand
the dominant role of certain ST and target new therapies
against these factors. In hospitals, widely spread ST2 geno-
types carry specific genes like bap and bauA, which provide
an advantage over other STs. bap is known to be involved
in biofilm formation, and bauA is related to iron uptake
(Brossard et al., 2012; Sefid et al., 2015). Further research
is necessary to continue the study.

REFERENCES

Adams, M. D., Chan, E. R., Molyneaux, N. D., Bonomo, R. A. (2010).
Genomewide analysis of divergence of antibiotic resistance determinants
in closely related isolates of Acinetobacter baumannii. Antimicrob. Agents
Chemother., 54 (9), 3569-3577.

Anonymous (2016a). Carbapenem-resistant Acinetobacter baumannii in
healthcare settings. European Centre for Disease Prevention and Control.
https://www.ecdc.europa.eu/en/publications-data/rapid-risk-assessment-
carbapenem-resistant-acinetobacter-baumannii-healthcare (accessed
12.04.2021).

Anonymous (2016b). Point prevalence survey of healthcare-associated in-
fections and antimicrobial use in European acute care hospitals — protocol
version 5.3. European Centre for Disease Prevention and Control, Stock-
holm. https://www.ecdc.europa.eu/en/publications-data/point-prevalence-
survey-healthcare-associated-infections-and-antimicrobial-use-3 (ac-
cessed 12.04.2021).

Anonymous (2016c¢). Surveillance Atlas of Infectious Diseases —
Antimicrobial resistance.
https://ecdc.europa.eu/en/antimicrobial-resistance/surveil-
lance-and-disease-data/data-ecdc (accessed 12.04.2021).

Anonymous (2017). WHO publishes list of bacteria for which new antibiot-
ics are urgently needed.
http://www.who.int/news-room/detail/27-02-2017-who-publishes-list-of-
bacteria-for-which-new-antibiotics-are-urgently-needed (accessed 12
April 2021).

Bouvet, P. J., Grimont, P. A. (1986). Taxonomy of the genus Acinetobacter
with the recognition of Acinetobacter baumannii sp. nov. Acinetobacter
haemolyticus sp. nov. Acinetobacter johnsonii sp. nov. and Acinetobacter
Junii sp. nov. and emended descriptions of Acinetobacter calcoaceticus and
Acinetobacter lwofii. Int. J. Syst. Bacteriol., 36 (2), 228-240.

Brossard, K. A., Campagnari, A. A. (2012). The Acinetobacter baumannii
biofilm-associated protein plays a role in adherence to human epithelial
cells. Infect. Immun., 80 (1), 228-233.

Chen, L., Zheng, D., Liu, B., Yang, J., Jin, Q. (2016). VFDB 2016: Hierar-
chical and refined dataset for big data analysis —10 years on. Nucl. Acids
Res., 44, D694-D697.

Diancourt, L., Passet, V., Nemec, A., Dijkshoorn, L., Brisse, S. (2010). The
population structure of Acinetobacter baumannii: Expanding multi-
resistant clones from an ancestral susceptible genetic pool. PLoS Orne., 5
(4), e10034.

Perez, F. Hujer, A. M., Hujer, K. M., Decker, B. K., Rather, P. N., Bonomo,
R. A. (2007). Global challenge of multidrug-resistant Acinetobacter
baumannii. Antimicrob. Agents Chemother., 51 (10) 3471-3484.

Fishbain, J., Peleg, A. Y. (2010). Treatment of Acinetobacter infec-
tions. Clin. Infect. Dis., 51 (1), 79-84.

Fitzpatrick, M. A., Ozer, E. A, Hauser, A. R. (2016). Utility of whole genome
sequencing in characterizing Acinetobacter epidemiology and analyzing
hospital outbreaks. J. Clin. Microbiol., 54, 593-612.

Received 22 July 2020
Accepted in the final form 13 April 2021

Proc. Latvian Acad. Sci., Section B, Vol. 75 (2021), No. 2.

Fournier, P. E., Richet, H. (2006). The epidemiology and control of
Acinetobacter baumannii in health care facilities. Clin. Infect. Dis., 42 (5),
692-699.

Gramatniece, A., Silamikelis, 1., Zahare, 1., Urtans, V., Zahare, 1., Dimina,
E., Saule, M., Balode, M., Radovica-Spalvina, I., Klovins, J., Fridmanis,
D., Dumpis, U. (2019). Control of Acinetobacter baumannii outbreak in
the neonatal intensive care unit in Latvia: Whole-genome sequencing pow-
ered investigation and closure of the ward. Antimicrob. Resist. Infect. Con-
trol, 8, 84.

Higgins, P. G., Prior, K., Harmsen, D., Seifert, H. (2017). Development and
evaluation of a core genome multilocus typing scheme for whole-genome
sequence-based typing of Acinetobacter baumannii. PLoS ONE., 12,
e0179228.

Jiinemann, S., Sedlazeck, F. J., Prior, K., Albersmeier, A., John, U., Kali-
nowski, J., Mellmann, A., Goesmann, A., Haeseler, A. von, Stoye, J.,
Harmsen, D. (2013). Updating benchtop sequencing performance compari-
son. Nat. Biotechnol., 31 (4), 294-296.

Kanafani, Z. A., Souha, S. K. (2021). Acinetobacter infection: Epidemiol-
ogy, microbiology, pathogenesis, clinical features, and diagnosis.
https://www.uptodate.com/contents/acinetobacter-infection-epidemiol-
ogy-microbiology-pathogenesis-clinical-features-and-diagnosis (accessed
12.04.2021).

Kim, S. J., Kim, Y.-J., Ko, K. S., (2018). Genomic analysis of consecutive
Acinetobacterbumanii strains from a single patient. Front Microbiol., 9,
2840.

Lee, C.-R., Lee, J. H., Park, M., Park, K. S., Bae I. K., Kim, Y. B, Cha, C. J.
C., Jeong, B. C., Lee, S. H. (2017). Biology of Acinetobacter baumannii:
Pathogenesis, antibiotic resistance mechanisms, and prospective treatment
options. Front. Cell. Infect. Microbiol., 7, 55.

Liepins, M., Simanis, R., Lejnieks, A. (2016). Decreasing prevalence of
multidrug-resistant Acinetobacter Baumannii in Riga East University Hos-
pital. Proc. Latvian Acad. Sci., 70 (4), 232-236.

Maragakis, L. L., Perl, T. M. (2008). Acinetobacter baumannii: Epidemiol-
ogy, antimicrobial resistance, and treatment options. Clin. Infect. Dis., 46
(8), 1254-1263.

Mazumder, S. A. (2021). Acinetobacter.
https://emedicine.medscape.com/article/236891-overview (accessed 8
March 2021).

O'Neill, J. (2016). Tackling drug-resistant infections globally: Final report
and recommendations. Review on Antimicrobial Resistance.
https://www .biomerieuxconnection.com/wp-content/uploads/2018/04/Ta
ckling-Drug-Resistant-Infections-Globally_-Final-Report-and-Recom-
mendations.pdf (accessed 12.04.2021).

Owens, R. C., Jr., Rice, L. (2006). Hospital-based strategies for combating
resistance. Clin. Infect. Dis., 42 (Suppl. 4), S173-S181.

Park, S. Y., Choo,J. Y., Kwon,S.H, Yu,S.N., Lee, E.J.,Kim, T. H., Choo,
E. J., Jeon, M. H. (2013). Risk factors for mortality in patients with
Acinetobacter baumannii bacteremia. Inf. Chemother., 45 (3), 325-330.

Rice, L. B. (2008). Federal funding for the study of antimicrobial resistance
in nosocomial pathogens: No ESKAPE. J. Infect. Dis., 197 (8), 1079-1081.

Sefid, F., Rasooli, I., Jahangiri, A., Bazmara, H. (2015). Functional exposed
amino acids of BauA as potential immunogen against Acinetobacter
baumannii. Acta Biotheor., 63 (2),129-149.

Xiao, D., Wang, L., Zhang, D., Xiang, D., Liu, Q., Xing, X. (2017). Progno-
sis of patients with Acinetobacter baumannii infection in the intensive care
unit: A retrospective analysis. Exper. Ther. Med., 13 (4), 1630-1633.

Zerbino, D.R., Birney, E. (2008). Velvet: Algorithms for de novo short read
assembly using de Bruijn graphs. Genome Res., 18 (5), 821-829.

147



ACINETOBACTER BAUMANNII REZISTENTO CELMU GENETISKAS DAZADIBAS RETROSPEKTIVS PETIJUMS RIGAS
AUSTRUMU KLINISKAJA UNIVERSITATES SLIMNICA, LATVIJA

Acinetobacter baumannii ir aerobs gramnegativs oportinistisks mikroorganisms, kas ir ar veselibas apripi saistitu infekciju c€lonis, saistits
ar paaugstinatu saslimstibu, mirstibu un veselibas apripes izmaksam. A. baumannii piemit augsta izturiba pret antimikrobialiem lidzekliem,
kas ietekmé ar veselibas aprupi saistito infekciju izplatiSanos un prasa efektivu infekciju kontroli. Virulences faktoru loma ar A. baumannii
saistito infekciju patogenéze joprojam nav skaidra, tapéc mikroorganisma molekulari genétiska analize ir svarigs lidzeklis, lai uzlabotu
infekcijas kontroles pasakumus rezistentu A. baumannii identifikacijas gadijuma. ST pétijuma merkis bija analizét A. baumannii infekcijas
gadijumus, antimikrobialas rezistences profilu un raksturot A. bhaumannii genétisko heterogenitati un molekulari biologiskos parametrus.
Arstesanas lémuma pamata ir antimikrobialas jutibas testu un empirisko rezultatu kombinacija. Kopuma pétijuma tika icklauti 93 pacienti ar
A. baumannii. A. baumannii infekcija tika atklata 34% (n = 32) gadijumu, savukart kolonizacija/kontaminacija tika novérota 66% (n = 61)
gadijumu. Infekciju sadalijums bija $ads: pneimonija — 17%; dzila kirurgiskas briices infekcija — 7%; meningits, sepse, traheobronhits, ar
centralo venozo katetru saistita bakteriémija — katra pa 2% un urincelu infekcija un osteomielits — katrs pa 1%. Tika konstatéts, ka 81%
(n = 72) gadijuma identificétie A. baumannii celmi bija multirezistenti, 15% (n = 13) — karbapenému rezistenti un 4,5% (n = 4) gadijumu
A. baumannii bija jutigs pret visiem parbauditajiem antimikrobialiem lidzekliem. Analiz&jot A. baumannii izolatu genomu, noskaidrots, ka
pétijuma laika cirkul€ja vairaki ST2 kloni, kas ir saistiti ar daudzu antimikrobialo lidzek]u rezistenci. Petijuma més neatradam saistibu starp
A. baumannii virulences génu profilu un citiem parametriem, pieméram, infekcijas veidu, pacienta diagnozi un mikrorganisma avotu.
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