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Abstract

Introduction. Mast cell tumors (MCTSs) are the most common skin tumors in dogs, accounting for 16% to 21% of all skin
neoplasms in this species, requiring extensive surgical excision. Despite the routine nature of this surgical procedure,
surgical complications are common due to the biological behavior of the tumor, the specific surgical technique, and the
possibility of bacterial complications. The purpose of this publication is to describe a clinical case and highlight the
increasing prevalence of multidrug-resistant Staphylococcus pseudointermedius strains. To the author's knowledge,
clinical cases of bacterial skin infection caused by a multidrug-resistant S. pseudointermedius strain, which arose as an
early postoperative complication following surgical removal of a poorly differentiated mastocytoma, have not previously
been described in dogs in the Russian Federation.

Description of a clinical case. The patient, an intact male mixed-breed dog, 8 years old, was admitted with complaints
of lethargy, severe pain, swelling, and redness of the skin around the head and left ear. Symptoms developed in the area
of the postoperative incision within 72 hours after surgical removal of a low-differentiated mastocytoma during antibiotic
therapy with amoxicillin and clavulanic acid. A general examination revealed hyperthermia (39.7 °C), severe swelling,
erythema, and exudation around the surgical incision extending to the auricle tissue. Palpation of the affected areas
revealed tenderness. The diagnosis was suggested based on the patient's history, clinical presentation, and cytological
examination results. After changing the antibiotic and before receiving culture results, significant clinical improvements
were noted. The diagnosis was confirmed by culture results.

Discussion. This clinical case confirms the possibility of postoperative bacterial complications associated with multidrug-
resistant strains in modern veterinary practice and highlights the need for and feasibility of abandoning the use of protected
B-lactam antibiotics as first-line treatments.

Conclusion. The data obtained can be used to initiate further research into the prevalence of resistant bacterial strains in
veterinary clinics in our country to further develop infection prevention measures.
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BakTepuajibHOe OCJI0KHEHHE TMOCjJde XHPYPruvecKkoro BMeIIATeIbCTBA, BbI3BaHHOE
MyJIbTHpe3ucTeHTHBIM ITammoM Staphylococcus pseudointermedius (MRSP)

E.A. JlapoBa
Berepunapnas xnunuka Dr.Pets, r. Cankr-IlerepOypr, Poccuiickas denepauns

AHHOTAIIMA

Beeoenue. Omyxomn Tyunbix xietok (OTK) canratoTcst Hambonee pacnpocTpaHeHHBIMU KOKHBIMHA HOBOOOpPA30BaHMAMU Y
cobak. OHu coctaBisioT 1621 % Bcex epMaToNIOrHYecKuX HEOIUIa3Wi y JAHHOTO BHAA, KaK MPABUIIO, TPeOys! IIHPOKOTO
paauKaIbHOTO HccedeHUs. HecMoTps Ha pyTHHHOCTB MHOJOOHOTO OMNEPAaTMBHOIO BMEMIATENBCTBA, IOCTONEPAOHHBIC
TIOCTIEICTBHUS BCTPEYAIOTCS YaCTO M3-32 CHEIM(IIECKOr0 OMONOTHYECKOTO TTOBEICHHS MATOJIOTHH, OCOOCHHOCTEH TEXHUKU
TIPOBEIICHUS TIPOLIEIYPHI, @ TAKAKE BHICOKOW BEPOSITHOCTU MPHCOEIUHEHNS BTOpUIHOH MUKpodmopsl. Llens myOmikanmm —
NO/IPOOHO OMMCATh PEIKUN KIIMHIMYECKUI MpeneIeHT, Hapsay ¢ 3THM aK[EHTUPOBaTh BHUMAHNE NPAKTHKYIOIINX Bpauei Ha
aKTyaJbHOM  MpoGieMe  BO3PACTAIONICTO  PAcmpOCTPaHEHMs  MyJBTHPE3NCTEHTHBIX  mTammoB  Staphylococcus.
pseudintermedius. PasBute HMHGOEKIMH KOXHM KaK paHHETO MOCICONEPAIOHHOTO  OCIOXXHEHHS — PE3CKIUH
Hu3Ko (b G epeHIPOBAHHON MACTOLIMTOMBI, BBI3BAHHOMN MOMMPE3UCTEHTHBIM IITamMMoM S. pseudintermedius y cobak, paHee
HE ONHUCBIBAJIOCH Ha Tepputopun Poccuiickoi @enepanuu.

Onucanue Knunuueckozo cayuas. IlanyenT — cobaka HeCTaHIAPTHOM MOPOABI (METHC), MHTAKTHBINA caMell B BO3pacTe
8 set. )KuBoTHOE MOCTYNMIIO € Kano0aMH BIIaAEbLEB HA BSUIOCTh, BEIPAKCHHYIO O0JIE3HEHHOCTD, OTEK M IIOKPACHEHHUE
KOXKHBIX IIOKDOBOB B O0JIAaCTH TOJOBBl W JIEBOW YIIHOH pakoBUHBI. JlaHHBIE CHMITOMBI BO3HHKJIM BOKPYT
MIOCJICONIEPAlNOHHOTO IIBAa B TEYCHHWE 72 YacoB IOCIE MPOBEACHHUS OSKCTHPNAIMU HHU3KOAN(D(EPEHIIMPOBAHHON
MacTouuToOMbl. [laTosormdecknii mponece CTPEMHTENBHO Pa3BHBANICS Ha (pOHE CTaHAAPTHOH AaHTHOMOTHKOTEpANnu
MpernapaToM aMOKCHUIIWIUIMHA C KJIABYJAaHOBOW KuciaoTod. [Ipu oO0meM OOBEKTHBHOM OCMOTpE ObLIa BBISBIICHA
runeprepmus (Temmneparypa tena 39,7 °C), 3HaUUTENbHBIA OTEK, IpUTEMa, SIKCCYJallusi BOKPYT XUPYPTrUUECKOH paHbI C
NEPEXO0IOM BOCHAJICHUA HAa MATKHUE TKaHU ylHHOﬁ PaKOBUHBI. B X0o4€ majbrnaluu MOPaXCHHBIX YYAaCTKOB OTMEYajlaChb
cwipHas OoneBast peakius. IlepBoHauanpHBIA AMArHo3 ObUT YCTaHOBJEH Ha OCHOBAaHMM COOPAaHHOIO aHAMHE3a,
MaHu(ecTalud CUMITOMOB M PE3yJbTaTOB IPEIBAPUTEIBHOIO IUTOJOTHYECKOT0 uccienoBanus. [locie 3ameHbI
aHTHOAKTEPHATIBHOTO TIPeTapaTa, eme JO MOIyYSHUS] UTOTOBBIX JaHHBIX OaKTEepHOIOTHYECKOTO HCCIEIOBAHUS, ObIIH
3a()MKCUPOBaHbI BEIPAKCHHBIC TO3UTUBHBIE CABUIM B COCTOSHMH TAIlMEHTa. BIIOCIENCTBUN OKOHYATEIbHBIN JHATHO3
MIOJTHOCTBIO MOATBEPAMICS PE3yIbTaTaMHU MUKPOOHOIOTHYECKOTO HCCIIEIOBAHMS.

Oécyacoenue. TlpencraBieHHBId MaTepualy HarsHO JOKa3bIBa€T BO3MOKHOCTH PAa3BUTHA IOCIICOINEPAIMOHHBIX
OaKTepHaJIbHBIX IATOJIOTHH, aCCOIMUPOBAHHBIX C MYJIBTUPE3UCTCHTHOH MHUKPOQIOPOH B peanusx COBPEMEHHOMN
BETepHHAPHOM NMpakTUKK. J{aHHbIH (HaKT MPSIMO aKTyaln3upyeT BOIPOC O HEOOXOAUMOCTH U LIeJIECO00Pa3HOCTH OTKa3a
OT PYTUHHOI'O MCIHOJIb30BAHUA 3alllUIICHHBIX OeTa-JIaKTaAMHBIX aHTHOHOTHKOB B KaueCTBE TCPANCBTUUCCKUX CPCICTB
MIEPBOTO BBIOOPA TPH IEPMATOIOTUIECKUX XUPYPTHUECKUX BMEIIATEeIbCTBAX.

3akniouenue. TlomyvyeHHbIE aHATUTHYECKWE JAHHBIE MOTYT OBITh B JaJbHEWIIEM YCIICIIHO HCIIOJIb30BAHBI JUIS
WHHIUALNA MacIITaOHBIX HMCCIIEIOBAHUH YaCTOTHI BCTPEUYAEMOCTH aHTHOMOTHKOPE3UCTEHTHBIX IITAMMOB OakTepuil B
BETEpUHAPHBIX KIWHUKAX HaIIeH CTpaHbl. DTO aOCOMIOTHO HEOOX0AUMO JUIS TOCIeaAyromei pa3paboTku 3(h(HEeKTHBHBIX
Mep CTPOroi nNpoQuIIaKTHKN BHYTPHOOIBHUYHOTO 3apaXKeHHsI AINEHTOB.

KmoueBnie cioBa: Staphylococcus pseudintermedius, MRSP, OakrepuanbhHas WHOEKIHS KOXH, OakTepUaIbHOE
OCJIOKHEHHE, MACTOIINTOMA KOXKH, MYJIBTHPE3UCTEHTHBIH IITaMM, COOaKa

BaarogapHocTu. ABTOp BbIpaxaeT OJaroJapHOCTh KOJUIEKTHBY OaKTEpHOJIOTMYECKOro oOTzAena BerepuHapHOi
nmaboparopun «[IOUCK» (r. Carkr-IleTepOypr), pyKOBOIUTENIO OaKTEPHOIOTHISCKOTO U MOJIEKYISPHO-TCHETHYECKOTO
otaenoB BerepuHapHOi abopaTopun «[IONCKy, uneny Acconnannu MenumuHcknx Mukpoouosioros C.C. bparunoii 3a
MIPEAOCTaBJICHHBIE TAHHBIE ¥ IOMOIIb B OIIMCAHUN KIIMHUYIECKOTO CITydJasi.

Jdast uutupoBanus. JlaBpoBa E.A. KnuHmdeckwii ciydail OakTepHaIbHOTO OCIOXXHEHHS TIOCIE XHPYPTHIECKOTO
BMEIIATENbCTBA, BEI3BAHHBIA MyNbTHPE3UCTEHTHBIM ITaMmMoM Staphylococcus pseudointermedius (MRSP). Betepunaphsie
kimHnYeckue ciydan. 2026;1(1):7-19.

Introduction. Mast cell tumors (MCTSs) are the most common skin neoplasms among dogs and account for 16—-21%
of all dermatological neoplasms of this species [1]. The choice treatment for mastocytomas is extensive surgical excision.
A unique feature of normal and tumor mast cells is the presence of granules containing a set of bioactive compounds,
including histamine, heparin, proteases, and cytokines [2]. In veterinary medicine, it is widely recognized that the presence
of bioactive compounds in mastocytomas contributes to poor wound healing in the postoperative period; however,
published studies show contradictory results [2]. In a study by Huttenen et al., it was shown that mast cells and their
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mediators (in particular, histamine and heparin) inhibit keratinocyte growth and epidermal regeneration in vitro [3].
Histamine release from mastocytomas can occur spontaneously in physiologically active tumors or be triggered by
aggressive manipulation, chemotherapy, or radiation therapy [4]. After the release of these compounds into the local tissue
environment, upon physical examination — upon completion of mechanical palpation of the affected area — erythema,
edema and papule formation are noted; this phenomenon is known as the Darier’s sign [5]. Killick et al tested the
hypothesis of unsatisfactory healing of postoperative wounds as part of a retrospective comparison of complications in
dogs after complete or incomplete excision with mastocyte and histiocyte, but in the end they were unable to identify
differences in outcomes with incomplete and complete excision with mastocyte in the study population [6]. The most
frequently described complications after surgical removal of mastocytomas are: suture failure due to large resection
margins and high tissue tension, bacterial infections. In one retrospective study, there were no differences in wound
healing time or complication rate between dogs undergoing marginal excision of mast cell tumors and dogs undergoing
marginal excision of soft tissue sarcomas. The only significant risk factor for complications and delayed wound healing
was the use of a skin flap to close an operating wound [7]. Darier’s sign in dogs is the rapid appearance of redness,
swelling and itching (blister and hyperemia) when touching or manipulating a mast cell tumor, due to the release of
histamine (degranulation). It serves as a diagnostic tool for verifying existing neoplasms. It is believed that its appearance
after surgical removal potentially indicates the presence of residual, missing, or metastatic tumor cells, but this claim has
not been confirmed by research.

Bacterial skin infections are widespread among dogs and in most cases are associated specifically with S.
pseudintermedius, while for the most part they occur secondarily against the background of itching, allergic
reactions or endocrine diseases. S. pseudintermedius is a commensal microorganism of the skin microbiome for
dogs and can also be found on the skin — mucous borders in the perianal zone, in nose and lip areas. To date, the
problem of excessive and irrational use of antibiotics in veterinary medicine persists, which has led to the
widespread of resistant strains of microorganisms. The mecA gene, which causes the formation of multidrug
resistance, encodes penicillin-binding protein (PBP2) on the bacterial cell wall, which ensures its resistance not
only to methicillin, but also to all beta-lactam antibiotics, including cephalosporins and carbapenems [8].
Methicillin-resistant Staphylococcus pseudintermedius (MRSP) is a serious problem for veterinarians specializing
in small animals and for veterinary dermatologists due to the extensive multidrug resistance and characteristics of
the nosocomial pathogen. Methicillin-resistant S. pseudintermedius was first reported in North America in 1999 [9].
In Europe, the first cases of MRSP-related skin infections were described in 2007, when this pathogen was isolated
from 23% of all submitted samples from one reference clinic within a year [10]. In the USA, between 2003 and
2004, MRSP accounted for 17% of all isolated staphylococcal strains [11]. Since then, MRSP has been continuously
spreading around the world, and according to numerous studies, infections caused by multidrug-resistant
staphylococci are detected almost everywhere [12]. In 2010, a report was published on the prevalence of methicillin-
resistant S. pseudintermedius in dogs at the veterinary diagnostic laboratory in Italy: among the samples received
over a two-month period, the prevalence of MRSP was 21% (0/48) among isolates of the Staphylococcus
intermedius (SIG) group. All methicillin-resistant strains showed additional resistance to fluoroquinolones,
gentamicin, lincosamides, tetracyclines, and potentiated sulfonamides [13]. A Brazilian study published in 2022
reported multidrug resistance (resistance to 3 classes of antimicrobial drugs) observed in 63.2% of S.
pseudintermedius isolates; 24.5% of them were methicillin-resistant. Half of the MRSP isolates were isolated from
infections in the surgical area [14]. The first report on MRSP detected in pyoderma in dogs in China, published in
2012, indicated the detection of this microorganism in 33 of 260 animals (12.7%) [15]. In 2021, the European Food
Safety Authority (EFSA) recognized Staphylococcus pseudintermedius as one of the three most significant bacteria
with antimicrobial resistance in the EU, posing a threat to the health of dogs and cats [16].

Unfortunately, there are currently no large multicenter studies on the prevalence of MRSP in small pets in Russia.
According to the bacteriological department of the Veterinary Laboratory “POISK” (St. Petersburg) for the first quarter
of 2025, of the 32 samples received by the laboratory labeled “wound discharge”, 40.62% were methicillin-resistant,
59.38% were methicillin-sensitive. A graphical representation of the results is shown in Fig. 1.
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Methicillin-resistant: 40,62%

Methicillin-sensitive: 59,38%
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Fig. 1. Frequency of occurrence of methicillin-resistant Staphylococcus pseudintermedius isolated from wound skin discharge

As for the MRSP spreading and infection with this pathogen, it is likely that MRSP, like MRSA, is able to colonize
clinically healthy animals, while the infectious process develops secondarily as a complication of an underlying
disease [17].

Due to the use of modern methods of asepsis and antisepsis, as well as antibiotic therapy after surgery, clinical cases
of bacterial complications occurring in the early postoperative period are relatively rare. The uniqueness of the described
clinical case lies in the fact that the surgical intervention was performed for a potentially aggressive mast cell neoplasm;
before the operation, the patient had never received antibacterial drugs, which potentially reduced the risk of developing
MRSP infection. At the same time, the high rate of appearance and progression of clinical signs could lead to an erroneous
interpretation of the condition as a complication caused by the biological activity of the neoplasm itself.

Description of the clinical case. The owners of an 8-year-old intact mestizo male turned to a dermatologist for an
appointment from a third-party clinic. The main complaints of the owners were: lethargy of the animal, severe soreness,
swelling and redness of the skin in the area of the head and left auricle. When collecting the medical history, it was found
that the patient had not previously any skin diseases, the dog did not suffer from otitis media and allergic manifestations.
Ecto- and endoparasite treatments were carried out regularly; the animal's diet consisted of commercial feed. A few weeks
before the treatment, the owners noticed a skin formation that was rapidly increasing in size, and therefore they turned to
a surgeon to remove the neoplasm. The surgeon performed an initial diagnosis. The material for cytological examination
was obtained from the neoplasm using a fine — needle aspiration biopsy; according to its results, a preliminary diagnosis
was established — a low-grade mastocytoma. Before anesthesia, general blood tests were performed — clinical and
biochemical, according to the results of which no abnormalities were detected. Three days before going to the
dermatologist, the dog underwent surgery to remove a neoplasm in the head area. A few hours after the intervention, the
patient was discharged from the hospital for home observation. A protective collar was put on the dog, suture treatments
with 0.05% chlorhexidine solution and oral administration of amoxicillin with clavulanic acid at a dose of 18 mg/kg
2 times a day were prescribed. The follow-up examination, suture removal and cancellation of antibiotic therapy were
scheduled by the attending physician on the 10th day after the operation. According to the owners, on the 2nd day after
the surgery, despite following all the recommendations, redness around the stitches was noted; the dog began to show
concern. During the day, erythema spread to the auricle area, the animal stopped allowing it to touch the ear, and crusts
also began to appear. The attending physician recommended that you make an appointment with a dermatologist.

On general examination, the only pronounced abnormalities were hyperthermia (39.7°C) and soreness in the affected
area. Dermatological examination revealed: edema, erythema and exudation in the area of the left side of the muzzle and
the left auricle, spreading to the eyelid area and the ipsilateral surface of the neck (Fig. 2). There were also areas of erosion
along the edge and on the inner surface of the auricle, small crusts. Small papules were visualized along the periphery of
the erythema zone. The entrance to the auditory canal was stenosed due to edema.

10
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The following diagnostic tests were performed: a general clinical blood test, which revealed leukocytosis with a shift
of the leukocyte formula to the left; cytological examination of prints from the skin surface and from under the crusts, as
well as fine needle aspiration biopsy of the skin with the collection of material for cytological examination and
bacteriological culture.

Cytological examination of the obtained samples was performed immediately after taking the material. The material
was stained according to Romanovsky. Microscopic examination was performed using a Micmed-6 microscope (LOMO,
the Russian Federation). In the material obtained from the surface and from the thickness of the skin, multiple
degenerative neutrophils and numerous free-lying coccoid microorganisms were found (Fig. 3, 4); in separate fields of
vision, the coccoid microflora was located in large groups (Fig. 5), phagocytosis of coccoid bacteria was also noted. No
eosinophils or mast cells were detected in the presented samples; free-lying granules of these cells were also not detected.
The cytological picture corresponded to neutrophilic inflammation. The material for bacteriological examination was sent
to the laboratory.

Fig. 2. The clinical picture of the lesions at the initial examination on the day of treatment. Edema, erythema of the skin, exudation in
the area of the left side of the muzzle, the left auricle, spreading to the eyelid area and the ipsilateral surface of the neck

¥

Fig. 3. The colored preparation. A smear is an imprint from the surface of the skin. Immersion magnification
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Fig. 5. A large accumulation of coccoid microorganisms in one of the visual fields. The material obtained by fine needle biopsy from
the skin thickness. Immersion magnification

Regarding the ways of transmission and infection of MRSP, it should be noted that this microorganism, most likely,
colonizes healthy animals in a similar way to MRSA, whereas the infectious process develops secondarily in the form of
complications of the underlying disease [17]. Due to the use of modern methods of asepsis and antisepsis, as well as the
implementation of antibiotic prophylaxis protocols after surgery, cases of bacterial complications in the early
postoperative period are rarely reported. The scientific significance of the described clinical case is due to the fact that
surgical intervention was performed for a potentially aggressive mast cell neoplasm, while the patient had not previously
received antibiotic therapy, which minimized the risk of MRSP carriage. The high rate of progression of symptoms could
lead to erroneous conclusions about complications determined by the biological activity of the tumor itself.

The list of differential diagnoses included: deep pyoderma, auricular chondritis associated with deep pyoderma,
incisional complications due to possible incomplete resection of the mastocytoma, as well as dissemination of the process.
Based on cytological examination data, bacterial skin infection was considered the most likely diagnosis. It is not possible
to completely exclude incisional complications based on cytology alone, however, the absence of mast cells in the
obtained material significantly reduced the likelihood of this diagnosis. Due to the rapid manifestation and aggressive
nature of the infection, it was suggested that its etiology was caused by a bacterial strain resistant to previously prescribed
therapy (amoxicillin with clavulanic acid). As a result, it was decided to replace the drug with a representative of the
lincosamide group.

12
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The patient was prescribed clindamycin orally at a dose of 11 mg / kg with an interval of 12 hours until the results of
a bacteriological examination were obtained, as well as antiseptic treatment of the affected areas with 0.5% chlorhexidine
solution. The owners were informed of the need to notify the doctor urgently if their condition worsened or there was no
clinical response within 72 hours. Despite the presence of severe pain, anti-inflammatory drugs were not included in the
therapeutic plan. Nonsteroidal anti-inflammatory drugs were not used due to the possible need to switch to
glucocorticosteroids. The use of steroids, in turn, was postponed until the seeding data was received due to the likelihood
of a repeat biopsy or a repeat surgical stage.

Upon repeated examination on the 5th day of treatment, a positive trend was recorded. Erythema and edema
significantly regressed, algesia decreased, and exudation stopped. Residual effects in the form of peeling and small crusts
were observed. An ulcer with exudative processes, perifocal cortical formation and exposure of auricular cartilage was
detected in the area of the rostral margin of the auricle (Fig. 6-8).

- £33
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Fig. 8. The appearance of lesions on the 5th day of therapy
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By the time of the second examination, the result of the bacteriological examination was ready (Table 1).

The result of a bacteriological examination with determination of sensitivity to antibiotics

Seeding for flora and AC Staphylococcus pseudointermedius 107 CFU/tamp

Sensitivity to drugs

Oxacilline

Ampicillin

Amoxicillin

Lincomycine

Clindamycin

Amoxicillin clavulanat

Co-trimoxasol

Chloramphenicol

Cefixime

Cefalexin

Cefotaxime

Ceftriaxon

Gentamicin

Ciprofloxacin

Erythromycin

Azithromycin

Tetracycline

Doxycycline

N VWV AOODOOON VOO0V AT 0D

Enrofloxacin

R

Comment: S —sensitive, R — resistant, | — moderately resistant. Localization is a wound

discharge from the skin.

Table 1

Based on the results of the bacteriological examination, it was recommended to continue the prescribed antibiotic
therapy until the next follow-up examination with the attending surgeon, scheduled in 2 weeks. Additionally, the
ulceration area was treated with a cream with 1% silver sulfadiazine 2 times a day.

Subsequent follow-up examinations were performed by the attending surgeon. On the 14th day after the surgery, the

patient's stitches were removed.

At a follow-up examination after 3 weeks, a skin defect in the form of an ulcer remained in the area of the auricle
edge. The central part of the ulcer became deeper, while its edges began to epithelize along the periphery. Otherwise, the
skin in the surgical area and on the inner surface of the auricle showed no signs of inflammation, edema and exudation

were absent (Fig. 9).

Fig. 9. Appearance of the skin lesion in the 3rd week of follow-up
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Clindamycin antibiotic therapy in this patient lasted a total of 6 weeks. Then, only external treatments with 0.05%
chlorhexidine solution and 1% silver sulfadiazine cream were used until the ulcer completely healed, which took about
10 weeks. According to the results of the histological examination, a surgically clean edge was confirmed. 8 weeks after
the initial appointment with a dermatologist, an ulcer persisted in the area of the auricle margin, while the surrounding
tissues showed no signs of inflammation (Fig. 10).

L)
B |

Fig. 10. The appearance of the lesion after 8 weeks

Discussion. Based on the research results obtained and the good response to antibiotic therapy, it can be argued that in this
case there was a bacterial complication caused by the multidrug-resistant strain of St. pseudointermedius. The decision to replace
the antibiotic with a drug from the lincosamide group, clindamycin, which, like amoxicillin with clavulanic acid, belongs to the
first line of antibiotic therapy in dermatology, which is reflected in modern recommendations for the use of antimicrobials in
pyoderma in dogs [18], proved to be justified. It is reported that up to 97.8% of isolates of methicillin-resistant S.
pseudintermedius (MRSP) demonstrate multidrug resistance to three or more antibiotics commonly used in veterinary
medicine [19]. The choice of an antibacterial drug of another group, for example, fluoroquinolones, could be associated with
the further development of antibiotic resistance, which is especially dangerous in an oncological patient due to the potential
need for repeated surgery or chemotherapy.

Methicillin-resistant S. pseudintermedius is rapidly becoming one of the leading causes of various opportunistic infections,
including pyoderma and surgical infections. Literature data on the prevalence of MRSP-related bacterial infections as
complications after surgery are limited. In a retrospective analysis of antimicrobial-resistant isolates from surgical wounds and
bite wounds in dogs and cats conducted in Italy, it was reported that methicillin resistance was detected in most isolates of
Staphylococcus aureus and several isolates of S. pseudintermedius [20]. Surgical infection was reported in 71 out of 659 (11%)
patients after osteotomy of the tibial plateau in dogs, while methicillin-resistant Staphylococcus pseudintermedius caused 20
out of 71 (28%) cases of infection [21]. As far as the author is aware, this clinical case is the first in Russia to describe an
infection caused by the multidrug-resistant Staphylococcus pseudintermedius that occurred after surgical removal of a low-
grade mastocytoma in a dog. The risk factors for MRSP infection have not been fully studied and require further research,
however, staying in a hospital in a clinic where antibiotics are actively used and resistant strains can circulate is probably a
predisposing factor. Further research is also needed on the frequency of occurrence of resistant nosocomial strains common in
veterinary clinics in our country in order to develop measures to prevent infection with such strains and effective disinfection
methods.

Under the current conditions, the absence of a history of antibiotic use does not exclude the possibility of MRSP strains in
patients. In one study, MRSP isolates were obtained from healthy dogs in 2000-2002 and 2009; their proportion among all S.
pseudointermedius isolates was 34.8% (24 out of 69) and 69.6% (32 out of 46), respectively [22]. In another study, the long-
term colonization of dogs with MRSP bacteria was evaluated, and ways of transmitting infection to humans, contact animals,
and environmental objects were studied. Contact animals positive for MRSP were found in 6 of these 7 households. As a rule,
contact animals positive for MRSP were detected only in the presence of index dogs also positive for MRSP. However, in one
household, the index dog became negative for MRSP, while the contact animal was repeatedly positive for MRSP. At the first
sampling, 3 out of 25 (12.0%) people from three different households tested positive for MRSP. During the next four sampling
sessions, none of the human nasal cavity samples tested positive for MRSP. At the last sampling, 2 out of 22 (10.0%) people
from the same household tested positive for MRSP [23]. This is due to MRSP transmission routes, including domestic ones.
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There is evidence of transmission of MRSP strains from infected dogs to the environment and owners [24]. Another study
reports widespread household MRSP infection: positive samples were found in 70% of households, and 44% of all
environmental samples tested positive for MRSP. In all but one of these households, when the index case was positive for
MRSP, the animal remained positive for MRSP [25]. Among the staff of veterinary clinics, 4 out of 141 (3%) were positive for
MRSP. MRSP was isolated from 31 out of 200 environmental samples in 7 out of 13 clinics during the first sampling, and in 3
out of 6 clinics, the environment remained positive for MRSP after cleaning and disinfection, indicating the insufficient
effectiveness of existing sanitation procedures to eliminate MRSP [25]. In veterinary training clinics, mobile phones can be
contaminated with MRSP and MRSA, two opportunistic pathogens that pose a serious danger [26]. During the examination of
veterinarians and staff of veterinary clinics, MRSP was detected in 3-5.3% of nasal mucosa flushes [27]. Hospitalization and
visits to the veterinary clinic are risk factors for MRSP infection; this pathogen should be considered as a hospital infection. An
analogy can be drawn between hospital infections in veterinary medicine and human medicine, in particular with the
epidemiology of multidrug-resistant staphylococcus aureus (MRSA). Methicillin-resistant Staphylococcus pseudintermedius
(MRSP) is one of the main causes of bacterial infections in dogs worldwide [28].

In the case of this patient, despite the high-quality surgical training, there is a reason to believe that the multidrug-resistant
bacterial strain was acquired during surgery. Preoperative skin asepsis is one of the preventive measures used to reduce the
incidence of infectious complications, as well as to limit the spread of antibiotic resistance. One study evaluated the effectiveness
of two protocols of preoperative skin asepsis in dogs using an aqueous solution of 7.5% povidone iodine or an alcoholic solution
of 2% chlorhexidine. Both protocols were found to be effective: bacterial growth was absent in both animals treated with
povidone-iodine (74%) and animals treated with chlorhexidine (70%). At the same time, bacterial growth persisted after
treatment with povidone-iodine in 26% of cases and chlorhexidine in 30% of cases [29].

To prevent complications in all patients, strict adherence to the rules of asepsis, antisepsis and hygiene in the clinic is
necessary, as well as the introduction of comprehensive training for staff and animal owners. Most infections in the surgical
area are caused by commensal and pathogenic agents of the patient's microbiota, which may include antibiotic-resistant strains.
Preoperative skin asepsis is one of the preventive measures aimed at reducing the incidence of infectious complications and
limiting the spread of antibiotic resistance. Based on the above, it is necessary to develop new measures to prevent infection of
patients with strains of multidrug-resistant microorganisms, improve hygiene approaches in veterinary clinics and establish
careful monitoring of their implementation. Based on the new recommendations for the treatment of bacterial skin infections in
dogs, it can be concluded that the choice of a first-line antibacterial drug should be based not only on international
recommendations, but also on statistics on the spread of MRSP in a particular region, which requires large-scale studies of the
prevalence of MRSP strains in Russia. The continued widespread use of protected beta-lactam antibiotics, in particular
amoxicillin with clavulanic acid, as first—Iline therapy in all areas of veterinary medicine — neonatology, surgery, dermatology,
gastroenterology, emergency medicine, reproductive medicine, and others - may soon lead to a 100% prevalence of MRSP.
According to various national and clinical studies, beta-lactams account for approximately 70% of antimicrobial drug
consumption in the veterinary sector in Australia [30], Italy [31] and Denmark [32]. As far as the author, he is aware that there
are no such studies conducted in Russia, however, the situation is probably similar. There is already an urgent need not only to
limit the use of antibiotics, but also for a rational approach, which should consist in avoiding the use of protected beta-lactams
as first-choice drugs and replacing them with drugs with a narrower spectrum of action. In large cities, the number of patients
with atopic dermatitis, who often suffer from superficial bacterial skin infections, including MRSP carriers, has increased
significantly over the past decades. In addition to observation by a dermatologist, such patients often undergo surgical
interventions — removal of neoplasms, surgical treatment of a ruptured anterior cruciate ligament, and other operations. After
such interventions, the surgeon often prescribes short courses of first-choice antibiotics, lasting up to 10 days, without clarifying
the medical history and coordinating tactics with the treating dermatologist, which can also contribute to the spread of highly
resistant MRSP strains.

Conclusion. This clinical case confirms the importance of timely feedback between the pet owner and the attending
physician, especially in the early postoperative period. In this patient, good compliance with the owners made it possible to
identify the complication in time and start therapy. Despite a fairly long recovery period, more serious consequences were
avoided.

Dogs that have not previously received antibiotic therapy may be potential carriers of MRSP strains. Further studies of the
frequency of occurrence of resistant nosocomial strains common in veterinary clinics in our country are required in order to
develop measures to prevent infection with such strains and effective disinfection methods.

Good compliance with owners and colleagues helps to identify postoperative complications in a timely manner and
effectively treat them. There is already an urgent need not only to limit the use of antibiotics, but also for a rational approach,
which should consist in avoiding the use of protected beta-lactams as first-choice drugs and replacing them with drugs with a
narrower spectrum of action.
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