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Abstract

Background: Many emergent pathogenic agents are cross-transmitted from animals to humans. Horses are considered
as potential reservoirs of commensal, zoonotic, and multidrug-resistant bacteria. Equine bites could lead to infections
caused by these agents, considering equine species as a public health concern. The more it is known about the equine
oral microbiota the best secondary problems created by their commensal flora can be controlled. There are very few
reports of Serratia rubidaea, a zoonotic and opportunistic bacterium, both in human and veterinary medicine.

Aim: This study aimed to evaluate the Gram-negative microbiota of healthy equine oral cavities and their antimicrobial
susceptibility.

Methods: During equine routine oral procedures, eight healthy horses were selected for this study, after discarding any
abnormal dental conditions. Samples were collected from the subgingival space and gingival margin from the tooth
406 and both the identification and antimicrobial susceptibility test of Gram-negative bacteria were performed.
Results: This study reports the isolation of 32 Gram-negative agents, 27 of which were multidrug-resistant to the
antimicrobial classes tested. High resistance rates were obtained to commonly used antimicrobial drugs, particularly
macrolides and aminoglycosides as to carbapenems that are specific to human medicine. Two multi-drug resistance
strains of S. rubidaea were found in the mouth of two healthy horses.

Conclusion: Most Gram-negative isolates found in healthy horses were zoonotic and multi-drug resistant. This is a
strong reason to consider the horse as an animal with a major place in the “One Health” concept. Equine clinicians
should take precautions when working with horses’ mouths. Antimicrobial sensitivity tests should be taken into
consideration when finding the appropriate antimicrobial therapy protocol. To the authors’ best knowledge, this is the
first report about isolation of S. rubidaea from the mouth of the equine species.
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Introduction

Antimicrobial resistance is a global cause of concern due
to the exponential development of multi drug resistance
(MDR) to the antibiotic classes commonly used in
clinical practice (Isgren, 2018; Nadeem et al., 2020).

Horses are potential reservoirs of antimicrobial resistant
bacteria, which can be cross transmitted with humans
via human-horse contact, presenting this way a public
health concern (Bourély et al., 2020). Furthermore,
the transmission of resistance genes between
human and animal isolates has already been shown
(van Duijkeren et al., 2010; Dolejska et al., 2011).
Therefore, it is important to identify and characterize
equine zoonotic pathogens and their associated
resistance phenotypes. However, multiple studies about

the MDR of equine agents and their evolution will be
necessary to estimate the potential public health problem
that these animals can constitute (Bourély et al., 2020).
Highly resistant bacterial isolates increase the risk of a
delayed appropriate antimicrobial therapy increasing
morbidity, mortality, and costs of treatment (Weese
etal., 2015).

Multidrug resistance, pathogenic, and zoonotic potential
are factors that contribute to a higher interest in some
bacteria species (Bindu et al., 2015; Maddox et al.
2015). Given that nearly 75% of emergent pathogenic
agents are anthropozoonotic, affecting environment,
human and animal health, the “One Health” approach
seems a good way to face this problem (McEwen and
Collignon, 2018; Nichol and Magnus, 2018).
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Serratia spp. are Gram-negative bacteria that usually
cause opportunistic infections (Karkey et al., 2018).
Serratia rubidaea is an opportunistic and zoonotic
bacterium, not very well described in both veterinary and
human medicine. It is mostly found in the environment
(water, soil, and vegetables) and reports about its
isolation are rare. Infections are mostly related with
clinically debilitated individuals or secondary to invasive
procedure and prolonged broad-spectrum antibiotic
administration (Litterio ez al. 2012; Karkey et al., 2018).
Although rare, nosocomial infections with S. rubidaea
are reported, presenting tropism to blood, respiratory and
urinary tracts, which confers them significance in human
medicine (Sekhsokh et al., 2007; Gentille et al., 2014).
There is also a report about the presence of this agent in a
wound infection after a horse bite (Litterio et al., 2012).
This study reports the isolation of 32 Gram-negative
agents, 27 of which were multidrug-resistant to the
antimicrobial classes tested. We also describe the rate
of resistance to equine and human clinically used
antimicrobial drugs, in pathogens isolated from healthy
horses’ mouths. Two multi-drug resistant strains of
S. rubidaea were identified in the mouth of two healthy
and unrelated horses.

Materials and Methods

Animals

Routine oral examinations were performed in two
different equestrian centres, 1 with 15 horses and another
1 with 18. Eight healthy adult horses of different breeds
and ages, without any kind of oral disease and deprived
of systemic or topical antimicrobial therapy in the last
6 months were selected for this study. After a regular
physical exam, an oral examination was performed
to discard any type of gingivitis, periodontitis, or any
other pathological condition of the teeth and mouth.
The entire procedure was conducted in accordance with
the European Animal Welfare Directives (Directive
98/58/CE and Decreto-lei 64/2000).

Sample collection

Samples were collected as previously described by
Gao et al. (2016). The mouth was washed with a
sterile saline solution to remove food accumulated.
Then, using a sterile curette and a swab, a sample was
taken from the subgingival space and gingival margin
of the tooth 406. Samples were placed in tubes with
Stuart transport medium, kept at 4°C, and sent to the
Medical Microbiology Laboratory—Antimicrobials,
Biocides and Biofilms Unit, Department of Veterinary
Sciences, UTAD.

Sample processing

Samples were cultured in tubes with Brain Hearth
Infusion (BHI) liquid medium and incubated at 36°C, for
24 hours. After this period, tubes that presented a turbid
medium were considered as having a positive bacterial
growth and Gram-negative selective and differential
growth mediums [Pseudomonas Aeromonas Selective
Agar, Chromocult Coliform Agar, MacConkey and

BHI] were used for the isolation process.

Species identification

After subculture, the isolates were inoculated into the
specific identification cards of the automated VITEK®
2 system using the standard protocol: Gram-negative
bacilli (ID-GNB) (bioMérieux).

Susceptibility testing

Antimicrobial susceptibility test was performed in
Muller-Hinton agar using the disc diffusion test.
The zones of growth inhibition were evaluated
according to the recommendations of Clinical and
Laboratory Standards Institute (CLSI, 2020), after
an incubation of 24 hours at 36°C. Twenty-seven
antimicrobials (AM) of eight different classes that
include B-lactams, aminoglycosides, quinolones,
macrolides, sulfonamides, tetracyclines, amphenicols,
and phosphonic acid derivates group were tested. For
counting effects, the intermedium (I) was considered
as resistant (R) because of the lower antibiotic
susceptibility. Strains exhibiting resistance to 3 or more
categories were considered MDR.

Ethical approval

No ethical approval was needed for this study.

Results and Discussion

After the isolation process, 32 Gram-negative isolates were
identified, including Escherichia coli (n = 14), Enterobacter
cloacae complex (n = 4), Klebsiella pneumoniae (n = 3),
S. rubidaea (n = 2), Pseudomonas fluorescens (n = 2),
Enterobacter aerogenes (n=1), Kluyveraintermedia (n=1),
Pantoea agglomerans (n = 1), Pasteurella pneumotropica
(n=1), Serratia plymuthica (n = 1), Shigella sonnei (n=1),
Sphingomonas paucimobilis (n = 1).

Twenty-seven isolates were MDR. The phenotypic
resistance presented by antibiotics classes was
higher to macrolides (81.3%) and aminoglycosides
(52.3%) and lower to sulfonamides (15.6%) and
tetracyclines (18.8%) (Fig. 1). Concerning percentage
of resistance to each antimicrobial, Figure 2 illustrates
that the overall results were elevated, with the higher
percentage of resistance corresponding to erythromycin
and ticarcillin-clavulanic acid, both with 81.3%, while
piperacillin-tazobactam and imipenem have the lower
percentage, both with 12.5%.

Table 1 contemplates resistance rates of some isolates
toward AM classes tested. Only bacterial species with at
least two tested isolates are shown. All the agents show
high resistance rates to macrolides and f-lactams while
K. pneumoniae was the only with strong resistance to
sulfonamides.

Although some factors such as treatment with AM or
hospitalization have been identified as risk factors for
the development of resistance (Damborg ef al., 2012),
none of the horses included in this study had been
submitted to any antimicrobial therapy in the previous
six months. Furthermore, some horses had never had
contact with an antimicrobial drug in their lives.

As mentioned by Spijk et al. (2016), B-lactams are
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Fig. 1. Percentage of resistance to antimicrobial classes tested.

one of the most important AM categories in veterinary
medicine; therefore, the high percentage of resistance
makes antimicrobial therapy substantially less effective.
Resistance to carbapenems, specially to ertapenem and
meropenem is of critical concern to human medicine
when facing a cross-transmitted agent infection.

Upon our results, we recommend sulfonamides as the
first choice of antimicrobial treatment (Fig. 1).
Although there are many studies describing antimicrobial
resistance in equine medicine, as far as authors know,
none of them focus on the oral microbiota. Furthermore,
bacterial resistance profiles change rapidly over time
(Canton e al., 2008), remarking the importance of
continuous surveillance.

The more we know about equine oral microbiota as well the
related patterns of resistance, the better we can implement

an antimicrobial protocol for some diseases. Moreover,
the potential for human to be exposed to resistant bacteria
via close contact with horses is a problem that has received
much attention (Maddox et al., 2012)

Serratia rubidaea strains belong to samples collected
from two horses from different stables. Their pattern
of resistance demonstrates a phenotypic resistance to
all the macrolides, tetracycline and meropenem, one of
the carbapenems tested. One of the isolates presented
resistance to all the aminoglycosides tested.

Serratia rubidaea has already been isolated by Litterio
et al. (2012) from an infected wound created by a horse
bite in a 2-year-old boy. It is now possible to consider
that the origin of this agent could be the horse’s mouth
instead of the contamination with soil particles found in
the wound. The possibility of wound infection by MDR

Table 1. Resistance rates toward AM classes tested. Only bacterial species with at least 2 tested isolates are shown.

Gram-nesative B- Aminogly- Quinolo- Macroli- Sulfonami- Tetracyc- Phenic- Phos-
g lactamics cosids nes des des lins ols phomycin
E. coli (n=14)  37.5%° 55.4%¢ 17.9%*  92.9%° 7.1%* 0%a 14.3%° 14.3%*
Eé;’ff’ﬁff (n=4)  57.8% 93.8%  18.8%'  100%¢ 25%  25%a  25% 0%?
K. pneumoniae  (n=3) 97.6%¢ 75%¢ 83.3%¢ 100%° 66.7%°¢  66.7%c  66.7%° 66.7%¢
S. rubidaea (n=2) 65.6%° 87.5%° 25%* 100%* 0%* 100% ¢ 0%* 0%*
P, fluorescens  (n=2) 75%° 25%* 25%* 100%* 0%* 0% a 50%”" 100%*

20%—25% resistance.
v26%—50% resistance.

°51%—100% resistance.
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Fig. 2. Percentage of resistance of each antimicrobial. (AML ): amoxicillin; (AMC,): amoxicillin/clavulanate; (TIC,,):

ticarcillin; (TIM,): ticarcillin-clavulanic acid; (PRL

100

): piperacillin; (TZP110): piperacillin-tazobactam; (ATM,):

aztreonam; (KF, ): cephalothin; (IMP, ): imipenem; (FOS,)): Fosfomycin; (FOX,)): cefoxitin; (CAZ,)): ceftazidime;
(CTX,,): cefotaxime; (CRO,)): ceftriaxone; (CFP,)): cefoperazone; (NA,): nalidixic acid; (CIP,): ciprofloxacin;
(MEM ): meropenem; (K,): kanamycin; (TOB,): tobramycin; (CN ): gentamicin; (AK,): amikacin; (SXT,,):
trimethoprim-sulfamethoxazole; (C,): chloramphenicol; (E ,): erythromycin; (TE, ): tetracycline; (ETP ): ertapenem.

S. rubidaea after a horse’s bite should be considered in
human medicine, particularly in ridders or horse owners.
Serratia rubidaea has also been reported as the cause of
bacteraecmia in a 15-year-old patient by Gentille et al.
(2014), and in a 54-year-old patient by Sekhsokh ef al.
(2007). The Serratia rubidaea MDR profile should be
considered in human medicine in cases of bacteraemia
caused by this agent. The antimicrobial protocol used
should be prudent and always based on microbiologic
culture and in vitro antimicrobial susceptibility testing
to make sure what is the best antibiotic for that strain.
As far as this study goes, sulfonamides, amphenicols,
and fosfomycin are good antimicrobial options.
Although rare, these infections can occur, and the etiologic
agent could be cross-transmitted from the horse’s oral
cavity with the particular concern of the massive MDR
of these strains. Serratia rubidaea could make part of
equine oral microbiome probably because of its presence
in water, vegetables and soil. All individuals that work
with horses, mostly veterinarians and dentists, which are
in close contact with the horse’s mouth, should take these
results into account and assure good clinical practices like
the use of gloves during an oral examination.

As mentioned by Spijk et al. (2016), these kind of
studies aid practitioners in making an evidence based
antimicrobial choice when prompt therapy is needed.
The fact that all these zoonotic and MDR agents were
found in healthy horses from two distinct equestrian
centers, that were not submitted to antimicrobial

treatment in the previous 6 months, is a strong reason to
consider the horse as an animal with a major place in the
“One Health” concept. Given the high number of MDR
isolates (n =27), this study praises the importance of the
antimicrobial sensitivity tests to adjust an antimicrobial
protocol preventing the development of resistances.

To the best of authors’ knowledge, this is the first
report of the isolation of S. rubidaea from the mouth
of healthy horses, and with resistance to antibiotics
clinically relevant in human medicine which are used
only in hospital settings (e.g., meropenem).
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