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A B S T R A C T

In this study, the isolation of Acinetobacter baumannii in a dog with clinical bilateral otitis externa is described.
Moreover, to investigate the zoonotic potential of the isolate, microbiological examinations on the family
members were performed. An A. baumanniistrain was isolated from nasal swab in one of the dog owners. The
identity of bacterial strains, either from dog and owner, was confirmed by phenotypic and molecular typing
(wgMLST). Furthermore, to assess the pathogenic potential of the isolates a deep characterization of virulence
and antibiotic resistance genes was done by Whole Genome Sequencing (WGS). Finally, the susceptibility to-
wards a wide panel of antimicrobials was investigated. In our knowledge, this is the first recorded case of A.
baumanniiisolation from canine auricular swabs in Italy. And interestingly, this study underlines the possible
spread of this microorganism from human to animal.

1. Introduction

Otitis externa is an inflammation of the external auditory canal from
the pinna to the tympanic membrane commonly observed in canine
patients. It is one of the main reasons of dog presentation to veterinary
examination. Otitis externa has a complex etiology that includes pri-
mary or secondary causes and predisposing factors. Primary causes of
otitis include allergies/hypersensitivities, autoimmune diseases, kera-
tinization disorders, foreign bodies and parasites in the ear canal.
Allergy, especially atopic dermatitis, is the most common primary
trigger for otitis externa [1–3]. However, these cases frequently evolve
into chronic or recurrent otitis, that require specific treatments.

Otitis can be perpetuated by yeasts and bacterial infections. Both
commensal (i.e. Staphylococcus spp. and Malassezia pachydermatis) or
environmental (i.e. Pseudomonas spp.) microorganisms can be involved.
Recently, we reported an update on microbiological causes of canine
otitis externa in Campania Region (Italy), demonstrating a higher pre-
valence of bacterial species (74.6 %), (predominately Staphylococcus
pseudintermedius) compared to yeast species (25.4 %), (predominately
Malassezia pachydermatis) [4]. To the best of our knowledge, A. bau-
mannii associated with microbiological causes of canine otitis externa
has never been reported in literature.

A. baumannii is a gram negative coccobacillus, strictly aerobic,

nonfermenting, non fastidious, nonmotile, catalase-positive, oxidase-
negative bacterium [5]. Multidrug-resistant (MDR) A. baumannii
causing nosocomial infections with high mortality have been raising
serious concerns in humans [6,7]. Thanks to its virulence properties,
MDR A. baumannii has emerged as one of the most troublesome pa-
thogens for health care institutions globally. A. baumannii, together
with Enterococcus faecium, Staphylococcus aureus, Klebsiella pneumoniae,
Pseudomonas aeruginosa and Enterobacter spp., belongs to ESKAPE
group, pathogens exhibiting several virulence factors. These bacteria
are common causes of life-threatening nosocomial infections amongst
critically ill and immunocompromised individuals and are character-
ized by increased antibiotic resistance [8].

In veterinary medicine, data regarding A. baumannii from animals
are still scarce, even if some cases have been recently reported [9,10].
In particular, this bacterial strain has been isolated from pets from
various sites of infection, e.g. urinary tract infections, otitis, abscess,
pneumonia and sepsis [10–13]. Moreover, Acinetobacter spp can survive
on canine healthy skin, where they may be potential reservoirs for in-
fection. The natural reservoir of A. baumannii is actually unknown, but
recent studies detected the presence of acquired carbapenemases in
clinical isolates from pets, suggesting that they may be linked to human
isolates [5,13].

This study describes the isolation and characterization of A.
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baumannii from dog and its owner, by using phenotypical, molecular
and antibiotic resistance typing.

2. Materials and methods

2.1. Dog case presentation

In September 2018, a 10-years-old Cavalier King Charles Spaniel
male, with a history of chronic dermatitis for at least four years, was
taken to visit to a private Veterinary Clinic of Naples, where a bilateral
severe, chronic and purulent otitis externa was diagnosed. The dog did
not receive any antibiotic therapy, because initially a food-allergic otitis
was suspected. Canine auricular swabs were sent from the private
Veterinary Clinic to the Veterinary Microbiology Laboratory of the
Department of Veterinary Medicine and Animal Production (University
of Naples Federico II, Italy).

2.2. Microbiological investigation

For bacteriological examination, each swab was streaked on blood
agar base supplemented with 5% sheep blood, Columbia naladixic acid
agar (CNA), mannitol salt agar (MSA), MacConkey agar (MCA), and
incubated aerobically at 37 °C for 24–48 h. Sabouraud dextrose agar
(SDA) was also used for fungal flora evaluation and was kept at 30 °C
for 7 days. Plates were all purchased from Oxoid Ltd, Uk.

Bacteria were identified by API 20E System (Biomerieux, Italy).
Species identification was also confirmed by matrix-assisted laser des-
orption ionization- time of flight/mass spectrometry (MALDI-TOF/MS)
analysis (Bruker Daltonics, Germany) performed at the Unit of
Microbiology and Virology of the University of Study of Campania
"Luigi Vanvitelli", Naples, Italy.

The isolates were tested for susceptibility to 22 antimicrobial agents
by the Kirby–Bauer disc diffusion method on Mueller–Hinton agar in-
cubated at 37 °C, in accordance with the principles described in The
European Committee on Antimicrobial Susceptibility Testing [14].
Antibiotic resistance profile of the human A. baumannii isolate was
defined according to human CLSI [15] and EUCAST [16] guidelines.
Discs of amoxicillin and clavulanic acid (30 μg), ampicillin (10 μg),
cefotaxime (30 μg), ceftriaxone (30 μg), cephalexin (30 μg), clin-
damycin (2 μg), ciprofloxacin (5 μg), colistin sulfate (10 μg), doxycy-
cline (30 μg), gentamicin (10 μg), imipenem (10 μg), lincomycin (15
μg), meropenem (10 μg), neomycin (10 μg), pradofloxacin (5 μg), tet-
racycline (30 μg), penicillin G (10 IU), cefadroxil (30 μg), fusidic acid
(10 μg), enrofloxacin (5 μg), marbofloxacin (5 μg), trimethoprim/sul-
famethoxazole (1.25/23.75 μg) were tested.

After measuring the inhibition diameters, the strains were categor-
ized as susceptible, intermediate or resistant to the drugs. All antibiotic
resistance determinations were performed twice.

2.3. Specimen collection from pet owners

As the microbiological examination from the canine samples al-
lowed to isolate an A. baumanni, frequently involved in human disease,
a survey investigating the colonization of the pet owners living in the
family was performed. Nasal swabs were collected from two owners,
sharing the same house. Strict instruction was given for self-collection
of nasal swabs. In particular, a sterile swab soaked with normal saline
was inserted into the nares and then gently rotated to guarantee an
adequate contact with the nasal septum. All the swabs were placed in
transport media and stored at 4 °C until culture was done within 8 h of
collection. The dog's owners provided written, informed consent at the
time of enrolment into the study. Microbiological examination was
performed as described above.

2.4. Whole-genome sequencing

Genomic DNA from human and animal A. baumannii isolates was
purified using Dneasy Blood and Tissue Kit (Qiagen, Germany), ac-
cording to manufacturer’s protocol. An indexed genomic library for
each isolate was prepared using the Nextera XT library preparation
workflow (Illumina, CA), following the manufacturer’s instructions.
Whole genome sequencing was performed on an Illumina MiSeq plat-
form generating tagged paired-end reads (2 × 250 bp). The paired-end
raw reads (fastq) were filtered and trimmed using Trimmomatic [17], a
flexible trimmer for Illumina sequence data (https://github.com/
timflutre/trimmomatic). De novo genome assembly was performed
with SPAdesv. 3.12 [18]. The species identification was confirmed for
both the isolates using Average Nucleotide Identity based on Blast
(ANIb) by online available service JSpacesWS (http://jspecies.ribohost.
com/jspeciesws/) as previously described [19].

Isolates were typed by Multi-Locus Sequence Typing (MLST) sub-
mitting whole genome sequences to the MLST database (https://
pubmlst.org/abaumannii/), according to the scheme described by
Diancourt et al. [20], commonly referred as the Pasteur scheme and the
other described by Bartual et al. [21], commonly referred as Oxford
scheme. The new alleles and Sequence Types (ST) were assigned by the
curators of the MLST databases.

Whole genome MLST (wgMLST) analysis were performed on the
BioNumerics 7.6 (Applied Maths, Belgium) calculation engine using
default settings. The main virulence-associated genes were predicted by
submitting assembled genomes to BacWGSTdb [22] platform (http://
bacdb.org/BacWGSTdb/Tools.php). The acquired antibiotic-resistance
genes were identified by using ABRicate pipeline (https://github.com/
tseemann/abricate), ARG-ANNOT [23], NCBI, CARD [24] and Re-
sFinder [25] as reference databases.

3. Results

The Diff-Quik® staining, performed usually for the routine ear swab
cytology in the private clinic, allowed the observation of numerous
rods, flooring of neutrophilic granulocytes and pus, some erythrocytes,
few Malassezia. Bacterial cultures were set up and a pure and con-
spicuous growth of gram negative bacteria was observed. Based on the
morphological characterization and biochemical behavior, as non-lac-
tose fermenter on MacConkey agar and oxidase negative coccobacilli,
the canine isolates, from both the ears, were identified by using API 20E
system as A. baumannii with an excellent identification level(98.7 %).
The species identification was also confirmed by MALDI-TOF MS with a
log(score) of ≥2.2.

Only one owner, the one having the closest contact with the dog and
with a documented prolonged stay in hospital, resulted colonized by A.
baumannii, which showed an excellent identification level of 92.8 % by
API 20E. Also this isolate was further identified as A. baumannii by
MALDI-TOF MS with a log(score) of ≥2.2.

The draft genome sequences of two A. baumannii strains, respec-
tively ACB004 isolated from dog and ACB003 from its owner, consisted
both of 167 contigs comprising an average of 3.677.006 bp. The
average coverage was estimated at ∼ 100 × . The overall G + C
content of two isolates was 39.15 %. Based on average nucleotide
identity (ANIb) values, obtained by online available service JSpacesWS,
the isolates ACB003 and ACB004 showed a nucleotide identity> 99.94
% and were closely related to A. baumannii reference strain ATCC
17978 with an ANI value>97 %.

Analysis of MLST genes, based either on the Pasteur and the Oxford
schemes, detected the same allelic profiles for both strains, although
they represented new Sequence Types, ST1386 and ST2042 respec-
tively. The allelic numbers for each of the seven loci observed in the
two isolates are shown in Table 1.

The de novo assembled genomes, submitted to calculation engine by
BioNumerics 7.6 produced a wgMLST profile including 3.092 alleles.
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The comparison of characters showed a similarity value of 99.8 % for
the two isolates.

The presence of virulence factor genes was assessed by BacWGSTdb,
which identified a total of 74 genes for ACB003 and 72 genes for
ACB004 with a high average percentage of identity> 95 % (Table 2).

Among these virulence factors, many of them were identified.
Precisely, the following genes were detected: five genes that encoding
for pilus assembly proteins (csuA/B, csuB, csuC, csuDandcsuE); sixteen
genes involved in A. baumannii high-affinity iron acquisition systems,
necessary to survive under iron-limited host environments (basA, basB,
basC, basD, basF, basG, basH, basIandbasJ encoding for acinetobactin
biosynthesis proteins; bauA, bauB, bauC, bauD, bauE, bauF encoding for
the proteins of ferric-acinetobactin complexes receptor; entE involved in
the bacterial iron homeostasis control) and five genes encoding for ef-
flux pumps and other multi-drug resistance systems (adeF, adeG, adeH,
barAand barB).

Using ABRicate pipeline, 1 aminoglycoside resistance gene, 10 pe-
nicillin resistance genes and 13 genes involved in multidrug resistance
mechanisms were predicted. These genes and the relative percentages
of identity are shown in Table 3. With slight exceptions, the same an-
tibiotic resistance genes were predicted for both A. baumannii isolates,
although several differences were identified among the reference da-
tabases (Table 3).

The strains ACB003 and ACB004 displayed the same broad anti-
microbial resistance pattern as shown in Table 4. The isolates were
resistant to penicillins (amoxicillin/clavulanic acid, ampicillin, peni-
cillin), cephalosporins (cefadroxil, cefotaxime,cefalexin), carbapenems
(imipenem, meropenem) and lincosamides (clindamycin, lincomycin),
whereas they were susceptible to several tested antibiotics such as
fluoroquinolones (nalidixic acid, ciprofloxacin, enrofloxacin and mar-
bofloxacin), aminoglycosides (gentamicin, neomycin and strepto-
mycin), sulphonamides and tetracycline.

Regarding the bacterial susceptibility, marbofloxacin and genta-
micin were prescribed, topically for 14 days. Follow-up was performed
with weekly checks for two months. The treatment allowed the re-
solution of the chronic otitis externa and the dog remained free of
clinical signs already after two weeks from the start of the therapy.

4. Discussion

Among Acinetobacter species, A. baumannii is the most important
member associated with human hospital-acquired infections world-
wide. It is a potential pathogen responsible for opportunistic infections
of lungs, skin, bloodstream, urinary tract, and other soft tissues mostly
in immunocompromised patients [5,26]. Little data about this emerging
pathogen are reported in Veterinary medicine [10], and connection
between human and veterinary strains has not been described yet. The
treatment of these infections in critically ill patients hospitalized in the
intensive care unit (ICU) is a worldwide challenge. Noteworthy, MDR
A. baumannii strains are considered as major threat among microbial
pathogens by the World Health Organization (WHO) and besides me-
thicillin-resistant S. aureus (MRSA), MDR A. baumannii is one of the

most frequently isolated bacteria during outbreaks in burn units, where
they are also funded from staff and environmental samples [13].

In this study the same A. baumannii strain has been isolated from
chronic otitis externa in a dog and from a nasal swab of one of its pet
owners. It is worth noting that this person with an asymptomatic nasal
colonization of A. baumannii was hospitalized for a long period before
the onset of the symptoms in the dog. It is possible to speculate that,
during the hospital stay, the owner has become an A. baumannii re-
servoir, and consequently able to transmit the strain to the dog having a
very close contact.

Here, we investigated the clonal relatedness of the two A. baumannii
isolates by wgMLST, comprising a set of 3.092 genes, showing a simi-
larity value of 99.8 %, which confirmed their genetic identity. Using
both the standardized MLST schemes, they shared the same allelic
profiles identified as new STs. In Italy, the most frequent isolated
human strains is the “Italian strain” ST78. Besides the ST78, the ST2
strain, belonging to International Clonal lineage II, has gradually out-
break in hospitals as cause of epidemics and it is even replacing the
ST78 strains [11]. However, the new ST1386 was very different from
both the described ST78 and ST2.

Several virulence factors have been identified by genomic analyses,
including pilus, outer membrane porins, phospholipases, proteases, li-
popolysaccharides (LPS), capsular polysaccharides, protein secretion
systems, and iron-chelating systems. Both strains shared genes related
to great ability to adhere to cells, to invade and survive as well as to
form biofilm on abiotic surface [11,27]. OmpA (an outer membrane
porin), a well characterized virulence factor, was present in both the
strains analyzed. A random mutagenesis screen showed that the A.
baumannii OmpA mutant is defective in inducing apoptosis in human
epithelial cells. OmpA also plays a major role in adherence and invasion
of epithelial cells by interacting with fibronectin. Moreover, OmpA is
also involved in antimicrobial resistance and biofilm formation in A.
baumannii [26,27].

Biofilm and motility are important and interconnected capacities
that enable bacteria to persist in the environment and colonize the host.
In some bacteria, motility has been associated to increased biofilm
production and virulence (i.e. Pseudomonas aeruginosa). Our strains
showed this ability thanks to OmpA, pili assembly virulence genes (csu/
A, csu/B, csu/C, csu/D, csu/E) and epsA/ptK genes, involved in the
production of lipopolysaccharides (LPS) [26]. Furthermore, biofilm
producers A. baumannii strains are able to survive on inanimate sur-
faces, such as nitrile gloves or equipment, making possible an indirect
transmission [28].

Iron is one of the essential nutrients for bacteria, that need the metal
as an essential cofactor for growth. A. baumannii requires iron to suc-
cessfully cause infections and persist in the host [29]. In aerobic en-
vironments at neutral pH, iron occurs in an insoluble, oxidized, ferric
form, which limits the availability of free iron significantly below the
concentration required for optimal growth [26]. To overcome iron
limitations in both the environment and the host, A. baumannii can
express acinetobactin, a high-affinity siderophore-mediated iron ac-
quisition system. A change in acinetobactin biosynthesis and transport
functions results in a significantly reduction in the ability of A. bau-
mannii ATCC 19606 to persist within epithelial cells and cause cell
damage [26,29,30]. We identified sixteen genes involved in A. bau-
mannii high-affinity iron acquisition systems (Table 2) [30].

Both non-enzymatic and enzymatic mechanisms of antimicrobial
resistance have been described in A. baumannii. The non-enzymatic
mechanism relies mostly on the upregulation of the efflux systems, but
also through alterations of target penicillin-binding proteins, and
changes in the outer membrane protein (OMP) composition [5,26,27].
Different AMR genes, involving all the AMR mechanisms have been
identified in our isolates. Moreover, A. baumannii strains are naturally
resistant to extended spectrum cephalosporins, as they code the AmpC
cephalosporinase [26].

Efflux pumps are associated with resistance against many different

Table 1
Multi-Locus Sequence Typing (MLST) for both strains (ACB003-ACB004) ob-
tained submitting whole genome sequences to the MLST database, according
with the Pasteur scheme and the other referred as Oxford scheme.

Strain ST MLST

cpn60 fusA gltA pyrG recA rplB rpoB

Pasteur ACB003 1386 3 3 2 4 5 4 63
ACB004 1386 3 3 2 4 5 4 63

cpn60 gdhB gltA gpi gyrB recA rpoD
Oxford ACB003 2042 1 213 1 346 63 11 6

ACB004 2042 1 213 1 346 63 11 6
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Table 2
Virulence factor genes profiles for ACB003 and ACB004 predicted by submitting assembled genomes to BacWGSTdb. The data reported refers to percentage of
identity (%Id) of strains, with a high average>95 %.

Class Virulence gene %ID Functional annotation

ACB003 ACB004

Enzyme A1S_0050 94.6 94.6 protein tyrosine phosphatase
A1S_0059 – – glycosyltransferase
A1S_0063 99.4 99.4 UDP-glucose 6-dehydrogenase
abaI 99.4 99.4 N-acyl-L-homoserine lactone synthetase
ABK1_0099 94.9 94.9 WeeH
ABK1_0100 98.2 98.2 galU
ABK1_0102 98.5 98.5 glucose-6-phosphate isomerase
ABSDF0074 90.3 90.3 polysaccharide biosynthesis protein
ABTW07_0082 96.9 96.9 UDP-N-acetyl-D-mannosaminuronate dehydrogenase
ACICU_00071 95.8 95.8 ATPase
ACICU_00075 97.7 97.7 nucleoside-diphosphate sugar epimerase
ACICU_00076 97.1 97.1 pyridoxal phosphate-dependent enzyme
ACICU_00077 97.1 97.1 CMP-N-acetylneuraminic acid synthetase
ACICU_00080 89.9 89.9 sialic acid synthase
BJAB07104_00106 98.6 98.6 Phosphomannomutase
bap 98.3 98.3 hemolysin-type calcium-binding domain-containing protein
entE 97.8 97.8 Peptide arylation enzyme
BJAB0868_00090 98.73 98.7 Periplasmic protein involved in polysaccharide export
galE 98.4 98.4 UDP-glucose 4-epimerase
hemO 99.8 99.8 heme oxygenase
lpsB 97.5 97.5 glycosyltransferase
lpxA 99.0 98.0 UDP-N-acetylglucosamine acyltransferase
lpxB 99.2 99.2 lipid-A-disaccharide synthase
lpxC 100 100 UDP-3-O-3-hydroxymyristoyl N-acetylglucosamine deacetylase
lpxD 99.2 99.2 UDP-3-O-3-hydroxymyristoyl glucosamine N-acyltransferase
lpxL 99.1 99.1 lipid A biosynthesis lauroyl acyltransferase
lpxM 99.9 99.9 Lauroyl/myristoyl acyltransferase
ompA 99.3 99.3 Outer membrane protein-related peptidoglycan-associated (lipo)protein
pbpG 99.1 99.1 D-alanyl-D-alanine endopeptidase
pgaB 98.6 98.58 xylanase/chitin deacetylase
pgaC 98.9 98.9 Glycosyltransferase, probably involved in cell wall biogenesis
plcD 99.2 99.2 Phosphatidylserine/phosphatidylglycerophosphate/cardiolipin synthase-related enzyme
adeF 98.5 98.5 RND family efflux transporter
adeG 97.5 97.5 Cation/multidrug efflux pump
adeH 99.1 99.1 multidrug efflux system outer membrane protein
barA 96.9 96.9 ABC transporter family protein
barB 99.0 99.0 ABC-type multidrug transport system, ATPase and permease component

Iron acquisition basB 96.9 96.9 non-ribosomal peptide synthetase module
basC 98.4 98.4 lysine/ornithine N-monooxygenase
basD 97.5 97.5 High-molecular-weight protein 2 (HMWP2)
basF 97.1 97.1 acinetobactin biosynthesis protein
basG 97.8 97.8 basG
basH 97.5 97.5 acinetobactin biosynthesis protein
basI 99.8 99.8 hypothetical protein
basJ 98.4 98.4 isochorismate synthetase
bauA 98.8 98.8 Outer membrane receptor protein, mostly Fe transport
bauB 98.0 98.0 bauB
bauC 96.8 96.8 bauC
bauD 97.6 97.6 ferric acinetobactin transport system permease
bauE 99.0 99.0 ferric acinetobactin transport system ATP-binding protein
bauF 97.8 97.8 Vulnibactin utilization protein viuB
BJAB0715_01026 93.5 93.5 Fe2+-dicitrate sensor, membrane component

Pili assembly csuA/B 98.9 – protein CsuA/B; secreted protein related to type I pili
csuB 98.8 98.8 protein CsuB
csuC 98.5 98.5 P pilus assembly protein, chaperone PapD
csuD 98.5 98.5 CsuD
csuE 99.2 99.2 CsuE

Lipase plc 98.3 98.3 phospholipase C
plc 98.4 98.4 phospholipase C

Hypothetical protein A1S_0060 97.4 97.4 hypothetical protein
AB57_0987 96.9 96.9 hypothetical protein
AB57_0992 100 100 hypothetical protein
ABZJ_01015 99.7 99.7 hypothetical protein
ACICU_00881 97.1 97.1 hypothetical protein
BJAB0715_01029 99.7 99.7 hypothetical protein
BJAB0715_01030 99.6 99.6 hypothetical protein
pgaA 98.9 98.9 hypothetical protein
pgaD 99.3 99.3 hypothetical protein

(continued on next page)
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classes of antibiotics. There are different classes of efflux pumps (i.e.the
resistance-nodulation-division superfamily, the multidrug and toxic com-
pound extrusion family, the major facilitator superfamily, and the small
multidrug resistance family transporters) [5,26]. One of the most im-
portant efflux pumps is the AdeFGH, which belongs to the resistance-
nodulation-division superfamily. AdeFGH expression is regulated by the
LysR-type transcriptional regulator AdeL and the TetR-type transcrip-
tional regulator AdeN [31]. A recent result describes that low-dose
antimicrobial therapy increases the expression of AdeFGH and biofilm
production [26,32]. The genomic analyses revealed the presence of
both adeFGH encoding genes and their regulators adeL and adeR, un-
folding the wide antimicrobial resistance.

Inactivation of β-lactams by β-lactamases is the major antibiotic
resistance mechanism in A. baumannii [5,26]. β-lactamases are grouped
into molecular classes, A, B, C, and D [33]. All four classes of β-lacta-
mases were identified in A. baumannii, nevertheless, class D β-lacta-
mases, also known as oxacillinases (OXA), are the most widely β-lac-
tamases found in A. baumannii clinical isolates [27]. β-OXA-type
lactamases are a family of extended spectrum β lactamases (ESBLs) that
are so named thanks to their ability to hydrolyze oxacillin. They confer
resistance to ampicillin and cephalotin, have high hydrolytic activity
against oxacillin and cloxacillin and are weakly inhibited by clavulanic
acid [33].

All strains of A. baumannii have an intrinsic chromosomal blaOXA-
51-like alleles encoding more than 95OXA-51-like variants [5,27,34].
We found blaOXA-93 and blaOXA385 genes, that belong to OXA-51-like

group.
The worldwide interest about A. baumannii is increasing dramati-

cally because of its rising clinical importance. Recent interest about A.
baumannii is mostly due to its seemingly endless capacity to acquire
antibiotic resistance. Moreover, the rapid spread of MDR A. baumannii
as pathogen in critical care unit poses a serious hazard in the clinical
challenge [13].

Not only in human medicine, but also in veterinary health care,
outbreaks by multidrug resistant A. baumannii in dogs and cats are
potentially highly fatal and difficult to eradicate [35]. It has been stated
that animals can be a potential reservoir of A. baumannii and contribute
to the dissemination of new emerging strains, including those resistant
to carbapenems [11,13,36]. The situation may be different between
food-producing animals and companion animals, which are in more
direct contact with humans [13]. This emphasizes the requirement for
molecular typing to trace potential sources of the isolates and to im-
plement infection control interventions. In this study a comparison of
human and animal isolates was done using a wgMLST approach that
allowed to confirm the identity of the strains even if it remains hard to
define exactly the source of A. baumannii transmission, if owner - dog or
vice-versa.

On the other hand, two different approaches are essential to limit
the spread of antimicrobial-resistant A. baumannii, that are infection
control and antimicrobial control programs. The first requires strict
environmental cleaning, usefulness sterilization of medical equipment
and attention on proper hand hygiene practices. The second is also

Table 2 (continued)

Class Virulence gene %ID Functional annotation

ACB003 ACB004

Regulation A1S_0917 96.0 96.0 transcriptional regulator
abaR 99.6 99.6 eR transcriptional regulator
AB57_0985 97.6 97.6 RNA polymerase sigma factor FecI
bfmR 99.7 99.7 OmpR family response regulator
bfmS 98.5 98.5 Signal transduction histidine kinase

Table 3
Percentages of identity (%Id) of the acquired antibiotic-resistance genes involved in the aminoglycoside, penicillin and multidrug resistance for both A. baumannii
isolates (ACB003-ACB004) using ResFinder (RESF.), ARG-ANNOT (ARGA.), NCBI and CARD as reference databases.

ACB003 ACB004

%Id %Id

Antimicrobial class Genes RESF. ARGA. NCBI CARD RESF. ARGA. NCBI CARD

Aminoglycoside ant(3")-Iia – – 99.8 99.8 – – 99.8 99.8
Penicillin bla A1 – 90.2 – – – 90.2 – –

blaA2 – 97.3 – – – – – –
Zn dependent hydrolase – 98.2 – – – 98.8 – –
ADC-25-1 96.8 – – – 96.8 – – –
ACD-58 – 98.3 – – – 98.3 – –
ADC-163 – – 99.1 – – – 99.1 –
OXA-93 – 98.9 – – – 98.9 – –
Mbl – 97.3 – – – 97.3 – –
Oxa-385 98.9 – 98.9 98.9 98.9 – 98.9 98.9
AmpC beta-lactamase – – – 98.0 – – – 98.0

Multidrug adeH – – – 99.2 – – – 99.2
adeF – – – 97.1 – – – 97.1
adeG – – – 98.5 – – – 98.5
adeL – – – 98.3 – – – 98.3
abeS – – – 98.8 – – – 98.8
abeM – – – 99.3 – – – 99.3
adeN – – – 98.8 – – – 98.8
adeK – – – 99.3 – – – 99.3
adeJ – – – 99.4 – – – 99.4
adeB – – – 79.7 – – – 79.7
adeA – – – 79.8 – – – 79.8
adeR – – – 78.6 – – – 78.6
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important and requires observing the rules concerning the prudent use
of antibiotics in the clinical practices to hinder the growth of new MDR
strains [11].

5. Conclusion

A. baumannii, belonging to ESKAPE pathogens group (including
Enterococcus faecium, Staphylococcus aureus, Klebsiella pneumoniae,
Acinetobacter baumannii, Pseudomonas aeruginosa, and Enterobacter spe-
cies), is of growing interest worldwide. In this study A. baumannii was
isolated from a dog with otitis externa. As in human medicine, A.
baumannii can be considered an emerging opportunistic pathogen also
in veterinary medicine. Furthermore, it can be considered a zoonotic
pathogen and this clinical case demonstrates a possible transmission
between human and dog. As the person with an asymptomatic nasal
colonization of A. baumannii was hospitalized for a long period before
the onset of the symptoms in the dog, we hypothesize that the pet
owner could have been the potential reservoir for the canine infection.
Therefore, further experimental studies are needed in order to under-
stand if this was an isolated case or if A. baumannii can successfully
infect both pets and owners.
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