Revisto de Ciénciav Veterincwio e Sauide Publicav
Rev. Cién. Vet. Saude Publ., v. 2, n. 1, p. 004-019, 2015

Identification of bacterial multidrug resistance in wounds of pets
(Identificagdo de cepas bacterianas multirresistentes isoladas de feridas de cées e gatos)

BORDIN, J.B.}, SFACIOTTE R.A.P.2, CORONEL, L.G.2, VIGNOTO, V.K.C.*, DE CONTI, J.B.5; PACHALY, J.R.5
OSAKI, S.C.”; WOSIACKI, S.R.®"

! Curso de Especializacio Lato sensu, Modalidade Residéncia Médico-Veterinaria, Programa de Residéncia em
Doencas Infecto-Contagiosas, Campus Regional de Umuarama, Universidade Estadual de Maringa (UEM)

2 Programa de Pés-graduaco Strito sensu, nivel Mestrado, em Ciéncia Animal, Setor Palotina, Universidade Federal do
Parana (UFPR)

® Graduagdo em Medicina Veterinaria, Campus Regional de Umuarama, Universidade Estadual de Maringa (UEM)

* Técnica do Laboratério de Microbiologia Animal, Campus Regional de Umuarama, Universidade Estadual de
Maringa (UEM)

> Docente do Departamento de Medicina Veterinaria, Campus Regional de Umuarama, Universidade Estadual de
Maringa (UEM)

® Docente do Curso de Medicina Veterinaria,Universidade Paranaense (UNIPAR)

" Docente do Departamento de Ciéncia Veterinéria, Setor Palotina, Universidade Federal do Parana (UFPR)

® Docente do Departamento de Medicina Veterinaria, Campus Regional de Umuarama, Universidade Estadual de
Maringa (UEM), Umuarama, PR Cx. Postal: 65 CEP: 87501-970, Brasil. * Autor para correspondéncia:
srwosiacki@uem.br

Artigo enviado em 02/03/2014, aceito para publicacdo em 27/04/2015.

ABSTRACT

The objective of this study was to identify the bacteria present in wounds of dogs and cats, monitor the resistance
profile of the main groups of antimicrobials and identify multidrug-resistant strains of interest in public health. 54
bacterial isolates from 38 wounds were evaluated in 48 dogs and 6 cats from the Veterinary Hospital (HV) of the State
University of Maringd (UEM), Umuarama Regional Campus (CAU) from March 2012 until February 2014. The
evaluation of the isolates, performed in the Laboratory of Veterinary Microbiology of HV-UEM-CAU, consisted of
bacterial identification by morpho-tinturials and biochemical characteristics, antimicrobial susceptibility by disk
diffusion method with 32 antimicrobial and phenotypic research of MRS, MRS-MLSB, ESBL and VRE
strains. Multiple antimicrobial resistance (MAR) was calculated by the MAR index. The results were submitted to
descriptive analysis in order to calculate the absolute and relative frequencies. 55.5% (30/54) of the strains tested were
identified as gram-positive cocci, 35.2% (19/54) as fermenting gram-negative bacilli and 9.3% (5/54) as non-
fermenters. The highest prevalence of strains identified was Staphlococcus spp. (48.1%), followed by Escherichia coli
(11.1%), Citrobacter spp. (7.4%), Pseudomonas spp. (7.4%) and Providencia spp. (5.5%), others were found in small
percentages. A total of 1433 reviews of antimicrobial drugs were conducted where the percentage of drug resistance in
vitro considered by CLSI was 42.3 % (n=606) and with intermediate resistance was 7.4% (n=106), totaling 49.7%
(n=712) rating with partial or total resistance. The average MAR index was 0.42, where 83.3% (45/54) of the isolates
were multiresistant (> 0.2). The drugs regarded as the most susceptible to resistance were penicillin (R=87.5%),
ampicillin (R=79.2%), amoxicillin (R=71.7%), clindamycin (R=80%), oxacillin (R=63 %) (only tested in Gram-
positives), cefoxitin (R=63.3%), tetracycline (R=61%), erythromycin (R=61%) and rifampin (R=52%). Drugs
considered to be less susceptible to bacteria resistance were imipenem (R=0%), meropenem (R=4.5%), polymyxin
(R=9.5%) (only tested in Gram-negative), gentamicin (R=17%), tobramycin (R=19%), amikacin (R=21%) and
neomycin (R=26%). There were found 16 samples phenotypically characterized as MRS, 12 as MRS-MLSB, one as
VRE and 5 as ESBL strains.

KEY-WORDS: animal, antimicrobial resistance, MRS, ESBL.

RESUMO
O objetivo deste estudo foi identificar as bactérias presentes em feridas de cées e gatos, monitorar o perfil de resisténcia
destas aos principais grupos de antimicrobianos e identificar cepas multirresistentes de interesse em salde publica em
amostras clinicas de feridas de animais. Foram avaliados 54 isolados bacterianos provenientes de 38 feridas em 48 cdes
e 6 gatos atendidos no Hospital Veterinario (HV) da Universidade Estadual de Maringa (UEM), Campus Regional de
Umuarama (CAU) entre marco de 2012 até fevereiro de 2014. A avaliacdo dos isolados, realizada no Laboratorio de
Microbiologia Veterinaria da HV-UEM-CAU, consistiu da identificagdo bacteriana por caracteristicas morfo-tinturiais e
bioquimicas, susceptibilidade antimicrobiana pelo método de disco-difusdo com 32 antimicrobianos e pesquisa
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fenotipica das cepas MRS, MRS-MLSB, ESBL e VRE. A mltipla resisténcia aos antimicrobianos (MAR) foi calculada
pelo indice MAR. Os resultados obtidos foram submetidos a andlise descritiva para calculo das frequéncias absoluta e
relativa. 55,5% (30/54) das cepas avaliadas foram identificadas como cocos Gram-positivos, 35,2% (19/54) como
bacilos Gram-negativos fermentadores e 9,3% (5/54) como ndo fermentadores. A maior prevaléncia de cepas
identificadas foi de Staphlococcus spp. (48,1%), sequido de Escherichia coli (11,1%), Citrobacter spp. (7,4%),
Pseudomonas spp. (7,4%) e Providencia spp. (5,5%), os demais foram identificados em pequenas porcentagens. Um
total de 1433 avaliacbes de drogas antimicrobianas foram realizadas, onde o percentual de drogas consideradas
suscetiveis a resisténcia in vitro segundo CLSI foi de 42,3% (n=606) e com resisténcia intermediaria, 7,4% (n=106),
totalizando 49,7% (n=712) das avaliagbes com resisténcia parcial ou total. O indice MAR médio foi de 0.42, onde
83,3% (45/54) das cepas isoladas foram consideradas multirresistentes (>0.2). As drogas consideradas mais suscetiveis
a resisténcia foram: penicilina (R=87,5%), ampicilina (R=79,2%), amoxacilina (R=71,7%), clindamicina (R=80%),
oxacilina (R=63%) avaliada apenas em gram positivos, cefoxitina (R=63,3%), tetraciclina (R=61%), eritromicina
(R=61%) e rifampicina (R=52%). As drogas consideradas menos suscetiveis a resisténcia foram: imipenem (R=0%),
meropenem (R=4,5%), polimixina (R=9,5%) avaliada apenas em gram negativos, gentamicina (R=17%), tobramicina
(R=19%), amicacina (R=21%) e neomicina (R=26%). Foram encontrados 16 amostras caracterizadas fenotipicamente
como MRS, 12 amostras MRS-MLSB, uma amostra VRE e 5 amostras ESBL.

PALAVRAS-CHAVE: animal, resisténcia antimicrobiana, MRS, ESBL.

INTRODUCTION

The wounds, either from accidental or
surgical injury, are characterized by disruption of
the normal continuity of the skin and / or deeper
tissue layers (HOSGOOD, 2003; MOORE et al.,
2003; PAVLETIC, 2003) may be classified in
various ways, taking into account five basic
features: presence of skin breakdown, mechanism
of injury, tissue injury extent, degree of
contamination and color (ANDRADE et al., 2006;
TAZIMA et al., 2008). With respect to the degree
of contamination, the wounds can be classified as
clean (aseptically created in surgery without
respiratory, gastrointestinal or  urogenital
involment); clean-contaminated, which have
minimal contamination and can be surgically
resolved to within six hours of surgery involving
abuse or traumatic wounds in their initial
presentations; contaminated (accidental wounds
with exposure times between six and twelve hours
or presenting cell debris or foreign bodies, but still
have no exudate); and infected or dirty, which
occurred more than twelve hours, with clear signs
of infection or contamination and may present
exudate, devitalized tissue or foreign bodies or with
opening septic wells (BELLAH et al., 1999;
MOORE et al., 2003; FORD et al., 2007; TAZIMA
et al., 2008; GARZOTTO, 2009).

A wound infection interferes with the
repair phase. Infected tissues become infected if
invasive bacteria multiply to 10° microorganisms
per gram of tissue. The development of infection in
wounds depends on the degree of tissue trauma,
presence of a foreign body and competence of the
defense mechanisms of animal. Bacterial toxins and
associated inflammatory infiltrates cause cell
necrosis and vascular thrombosis (HOSGOOD,
2003; ANDRADE et al., 2006; FOSSUM, 2007).

The wounds in dogs and cats are common
in the routine of veterinary clinics and mostly result
from surgical wounds, bites from other animals or
running over (ARIAS et al., 2008).

The inappropriate use of antibiotics to treat
bacterial infections in animals is always much
discussed, as it can contribute to the development
of bacterial resistance, making the treatment more
difficult (ISHII et al., 2011). There is also the
potential risk of continuing the resistance to certain
drugs between humans and animals (COELHO et
al., 2007; SOARES et al., 2008; UMBER and
BENDER, 2009). According to Wannmacher
(2004) antimicrobials are the only drugs that
influence not only the patient being treated, but
throughout the ecosystem where it is inserted, with
deep potential repercussions.

Antimicrobial resistance, according to the
World Health Organization (OMS / WHO), refers
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to the resistance of a microorganism front an
antimicrobial drug for which it was originally
sensitive. According to Wannmacher (2004)
resistance is defined by microbial strains able to
multiply even with the application of therapeutic
doses or high concentrations of antimicrobial. The
evolution of resistant strains is a natural selection
phenomenon which happens when microorganisms
are exposed to antimicrobial drugs. The misuse of
antimicrobial drugs accelerates this natural
phenomenon. The resistance generates great
concern to health professionals; it is a problem that
involves many bacterial species, resistance
mechanisms and transfers this resistance among
certain types of bacteria (GUARDABASSI et al.,
2004; MENDES et al., 2005).

Some bacterial strains are considered of
great importance, especially in hospital settings,
with references in the human line by the high rate
of antimicrobial resistance, called MRSA
(Methicillin-Resistant ~ Staphylococcus — aureus),
VISA (Staphylococcus aureus with Intermediate
Resistance to Vancomycin), VRSA (Vancomycin-
aureus), VRE
(Vancomycin-Resistant ~ Enterococcus), ESBL

Resistant Staphylococcus
(Extended-Spectrum Betalactamase) and MBL
(Metallo-p-Lactamase). In veterinary medicine,
some of these are already known, but few studies
have been conducted for their detection. However,
these multidrug-resistant  strains have great
importance in public health and its research is of
great importance for the prevention of the spread of
resistance genes between animals and humans
bacteria.

The objective of this study was to identify
the bacteria present in wound of dogs and cats,
monitor the resistance profile of the main groups of
antimicrobial and identify multidrug-resistant
strains of interest in public health.

MATERIAL AND METHODS

There were assessed 54 bacterial isolates
from 38 wounds of pets (48 of dogs and 6 of cats)
which have been met in Veterinary Hospital (HV),
Umuarama Regional Campus (CAU) of the State
University of Maringa (UEM) between March 2012
and February 2014. The evaluation of the isolates
was performed in Veterinary Microbiology
Laboratory, HV-CAU-UEM.

The samples were collected with sterile
swabs in the Small Animal Medical and Surgical
Sector, HV-CAU-UEM, and incubated in BHI
broth (Brain Heart Infusion, OXOID®) at 36 ° C
for 2-24 hours, according to turbidity of broth,
being sequentially inoculated in Agar with 5%
Sheep Blood (defibrinated) (OXOID®) and
MacConkey  (OXOID®) media.  Bacterial
identification was carried out through cultural,
morphological, and biochemical characteristics,
according to ANVISA (2012). Antimicrobial
susceptibility was performed in Muller Hinton Agar
(OXOID®) by disk diffusion method (BAUER et
al., 1966). The inhibition zones were evaluated
according to the CLSI M31-A3 standards (2008)
(R=number of resistant).

The following 12 classes with 32
antimicrobial agents were tested: B-lactam
penicillins: ~ penicillin G (10U);  pB-lactam
aminopenicillin: amoxicillin (10 pg) and ampicillin
(10 ng); P-lactam/  B-lactamase inhibitors
combinations: amoxacillin-clavulanic acid (30 pg)
and ampicillin-sulbactan (20 pg); B-lactam
penicillinase-stable penicillins: oxacillin (1 pg) (just
for Gram-positive); B-lactam cephems
cephalosporin: first generation - cephalexin (30 pg)
and cephalothin (30 pg) and 3rd generation -
ceftriaxone (30 pg); B-lactam cephems cephamycin:
cefoxitin (30 ug); B-lactam carbapenems: imipenem
(10 ng) and meropenem (10 pg); Glycopeptides:

vancomycin (30 pg) (just for Gram-positive);
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Polypeptides: polymyxin (300 ng) (just for Gram-
negative); Aminoglycosides: gentamycin (10 ng),
streptomycin (10 ug), amikacin (30 pg), neomycin
(30 ng) and tobramycin (10 pg); Macrolides: 14-
membered rings - erythromycin (15 pg) and 15-
membered rings - azithromycin (15 pQg);
Lincosamides: clindamycin (2 pg); Ansamycin:
rifampin (5 ng); Phenicols: chloranphenicol (30
ug); Nitrofurantoin: nitrofurantoin (10 ug);
Fluoroguinolone: enrofloxacin (5 pg), norfloxacin
(10 pg), ciprofloxacin (5 pg) and levofloxacin (5
ug); Tetracyclines: tetracycline (30 pg) and
doxycycline (30 ng); Folate pathway inhibitors:
sulfamethoxazole-trimethoprim (25 ng)
(NEWPROV®). Phenotypic detection of multidrug-
resistant strains with public health significance was
performed by disk diffusion using the following
antimicrobials: oxacillin and cefoxitin to MRS
(Methicillin-Resistant Staphylococcus spp.)
according to CLSI (2008); erythromycin and
MRS-MLSB  (Macrolide-

Lincosamide-Streptogamina B Resistant MRS)

clindamycin  to

according to Kim et al. (2004); amoxacillin-

clavulanic acid associated with aztreonam,
ceftazidime, cefotaxime, ceftriaxone and cefepime
to ESBL (Extended-Spectrum Betalactamase),
according to Souza Junior et al. (2004); and
vancomycin to VRE (Vancomycin-Resistant
Enterococcus spp.) according CLSI (2008).

The MAR index, calculated by the number
of antimicrobial resistant divided by the number of
antimicrobials, was evaluated according to
Krumperman (1983).

The results were submitted to descriptive
analysis to calculate absolute and relative
frequencies (PETRIE and WATSON 2009;
SAMPAIO, 2010).

RESULTS

Wounds of 38 animals were evaluated,
totaling 39 samples (wound of one patient was
evaluated in 2 different times of clinical evolution,
both presenting Staphylococcus spp. with initial
MAR index of 0.36 and later 0.7), comprising the
total of 54 strains, where 30 (55.5%) were Gram-
positive cocci and 24 (44.4%) Gram-negative
cocci/bacilli (table 1).

Table 1. Frequency and percentage distribution and MAR index average in bacterial strains of wounds of pets

from Veterinary Hospital of State University of Maringa

Bacterial strain Frequency Percentage MAR Frequency
(average) MAR >0.2
Staphylococcus spp. 26 48,1 0.42 22
& g Streptococcus spp. 2 3,7 0.28 1
© = Enterococcus spp. 1 18 0.18 0
O 8 Micrococcus spp. 1 18 0.22 1
Total 30 55,5 0.39 24
Fermenting strains
Escherichia coli 6 111 0.41 4
Citrobacter spp. 4 7.4 0.49 4
Providencia spp. 3 55 0.39 3
e Serratia spp. 2 3,7 0.54 2
k= Salmonella spp. 1 1,8 0 0
154 Proteus spp. 1 18 0.38 1
g Pantoea agllomerans 1 1,8 0.28 1
© Naéo identificado 1 18 0.48 1
o Total 19 35,2 0.41 16
Non-fermenting strains
Pseudomonas spp. 4 7.4 0.57 4
Burkholderia pseudomallei 1 1,8 0.82 1
Total 5 9,3 0.63 5
TOTAL 54 100 0.42 45

The simple bacterial growth was found in

29 samples. Growth of more than one bacterial type

was found in 14 samples, dual growth was

identified in 8 of this samples and growth of three
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different bacterial types in 3 of them.
Staphylococcus spp. appeared in 64.3% (9/14) of
multiple growths, followed by Escherichia coli
with  21.4% (3/14). growth

associated with gram-negative occurred in 57.1%

Gram  positive

(8/14). A sample showed two strains of Citrobacter
spp. with phenotypic characteristics of different
resistance, than characterized by different strains.

A total of 1433 antimicrobial ratings were
performed. According to CLSI (2008), 42.3%
(n=606) of evaluations were resistant and 7.4%
(n=106) had intermediate resistance, totaling 49.7%
(n=712) with total or partial resistance.

The MAR

according to Krumperman (1983), the value of this

index average was 0.42,

ratio greater than 0.2 is regarded as multidrug-
resistant strain. Of the 54 strains evaluated, only 9
(16.7%) presented MAR below this
considering thus 83.3% (45/54) of the strains

value,

isolated as multidrug-resistant, these averaging with
0.49 (table 1).

Drugs with greater resistance (above 70%)
were B-lactam penicillins and aminopenicillins:
penicillin (R=87.5%), ampicillin (R=79.2%) and
(R=71.7%);
clindamycin (R=80%); with resistance between 50
and 70%

penicillins: oxacillin (R=63%) evaluated only in

amoxicillin and  lincosamides:

were B-lactam penicillinase-stable

gram  positive strains;  B-lactam  cephems
cephamycin: cefoxitin (R=63.3%); tetracyclines:
tetracycline (R=61%); macrolides: erythromycin
(R=61%); and ansamycin: rifampin (R=52%); and
drugs considered to be less resistant were p-lactam
carbapenems: imipenem (R=0%) and meropenem
(R=4.5%); the polypeptides: polymyxin (R=9.5%),
evaluated only in gram negative; and
aminoglycosides: gentamycin (R=17%),
tobramycin  (R=19%), amikacin (R=21%) and

neomycin (R=26%) (Table 2).

Table 2. Frequency and percentage distribution of resistance to antimicrobial drugs in bacterial strains of
wounds of pets from Veterinary Hospital of State University of Maringé

Antimicrobial agents Gram-positive Gram-negative Total

R (n) % R (n) % R (n) %
Penicillin 25 (29) 86 10(11) 91 35 (40) 88
Amoxacillin 18 (29) 62 20 (24) 83 38 (53) 72
Amoxacillin-clavulanic acid 7(29) 24 18 (24) 75 25 (53) 47
Ampicillin 21 (29) 72 21 (24) 88 42 (53) 79
Ampicillin-sulbactan 2 (22) 9 9 (18) 50 11 (40) 28
Oxacillin 17 (27) 63 - - 17 (27) 63
Cefoxitin 13 (22) 59 6(8) 75 19 (30) 63
Cephalexin 8 (27) 30 16 (22) 73 24 (49) 49
Cephalothin 6 (29) 21 16 (23) 70 22 (52) 42
Ceftriaxone 8 (29) 28 6 (24) 25 14 (53) 26
Meropenem 1(25) 4 1(19) 5 2 (44) 5
Imipenem 0 (18) 0 0 (15) 0 0 (33) 0
Vancomycin 16 (30)* - - - - -
Polymyxin B - - 2(21) 10 2(21) 10
Gentamycin 3(30) 10 6 (24) 25 9 (54) 17
Streptomycin 12 (23) 52 10 (24) 42 22 (47) 47
Amikacin 5 (30) 17 6 (23) 26 11 (53) 21
Neomycin 9 (26) 35 3(21) 14 12 (47) 26
Tobramycin 5 (30) 17 5 (24) 21 10 (54) 19
Erythromycin 14 (29) 48 11 (12) 92 25 (41) 61
Azithromycin 11 (30) 37 11 (23) 48 22 (53) 42
Clindamycin 21 (29) 72 14 (15) 93 35 (44) 80
Rifampin 7 (25) 28 16 (19) 84 23 (44) 52
Chloranphenicol 5 (29) 17 5 (24) 21 10 (53) 19
Enrofloxacin 15 (30) 50 9 (23) 39 24 (53) 45
Norfloxacin 12 (29) 41 9 (24) 38 21 (53) 40
Ciprofloxacin 12 (26) 46 8 (19) 42 20 (45) 44
Levofloxacin 11 (30) 37 6 (23) 26 17 (53) 32
Tetracycline 20 (30) 67 13 (24) 54 33 (54) 61
Doxycycline 10 (30) 33 11 (24) 46 21 (54) 39
Sulfamethoxazole-trimethoprim 16 (30) 53 10 (23) 43 26 (53) 49
TOTAL 328 (831) 395 278 (602) 46.2 606 (1433) 100

* vancomycin was refered just by susceptible
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There  were found 16  samples MLSB, one as VRE and 5 as ESBL (table 3).

phenotypically characterized as MRS, 12 as MRS-

Table 3. Phenotypic profile of resistance by public health bacterial strains of wounds of pets from Veterinary
Hospital of State University of Maringa

Bacterial strain Antimicrobial resistant MAR
MRS 1 OXA, PEN, AMO, AMP, CFE, VAN, EST, NEO, ERI, AZI, CLI, ENO, NOR, LVX, DOX, 0.67
SUT

MRS 2 OXA, PEN, CFO, AMP, EST, AMI, CLI, TET, DOX 0.36

MRS 3 OXA, PEN, CFO, AMO, AMP, CFE, CFL, CRO, VAN, CLI, RIF, ENO, NOR, CIP, LVX, 0.63
TET, SUT

MRS 4 OXA, PEN, CFO, AMO, AMC, AMP, MER, VAN, EST, NEO 0.36

MRS 5 OXA, PEN, CFO, AMO, AMC, AMP, CFE, CRO, VAN, CLlI, 0.36

MRS 6 OXA, PEN, AMO, AMP, VAN, EST, AMI, NEO, CLI, ENO, NOR, CIP, LVX, TET, DOX, 0.55

SUT
MRS 7 PEN, CFO, AMO, AMP, EST, ERI, AZIl, RIF, ENO, NOR, CIP, LVX, TET, DOX, SUT 0.50
MRS 8 OXA, PEN, CFO, AMO, AMP, CFL, MER, EST, TOB, ERI, AZI, CLI, CLO, ENO, NOR, 0.57
CIP, LVX, TET, SUT
MRS 9 OXA, PEN, CFO, AMO, AMC, AMP, ASB, CFE, CFL, CRO, VAN, GEN, EST, AMI, TOB, 0.80
ERI, CLI, RIF, ENO, CIP, LVX, TET, DOX, SUT
MRS 10 OXA, PEN, CFO, CFE, CFO, VAN, CLI, RIF, TET 0.30
MRS 11 OXA, PEN, CFO, AMO, AMP, CFE, CRO, GEN, EST, AMI, NEO, TOB, ERI, AZI, CLlI, 0.63
ENO, NOR, CIP, SUT

MRS 12 OXA, PEN, AMO, AMP, VAN, ERI, CLI, RIF 0.29

MRS 13 OXA, PEN, CFO, AMO, AMC, AMP, CFL, VAN, EST, ERI, CLI, RIF, TET 0.43

MRS 14 OXA, PEN, CFO, CRO, AMI, AZI, CLI, ENO, TET, SUT 0.37

MRS 15 OXA, PEN, CFO, AMO, AMP, CFE, CRO, RIF, TET, SUT 0.36

MRS 16 OXA, PEN, AMO, AMC, AMP, ASB, CFL, CRO, ERI, AZI, CLI, ENO, NOR, CIP, LVX, 0.63
TET, SUT

VRE PEN, AMO, CFO, VAN, CLlI, 0.22

ESBL 1 AMO, AMP, GEN, EST, TOB, ERI, AZI, CLI, ENO, NOR, CIP, LVX, TET, DOX, SUT, 0.64

CTX*, ATM*, COM*, CAZ*
ESBL 2 AMO, AMC, AMP, CFE, CFO, EST, AZI, CLI, RIF, 0.35
ESBL 3 PEN, AMO, AMP, ASB, CFE, CFL, CRO, EST, ERI, RIF, CLO, ENO, NOR, CIP, LVX, TET, 0.70
DOX, SUT, CTX*, ATM*, CPM*

ESBL4 CEF, PEN, AMO, AMC, AMP, CFE, CFL, CRO, EST, AMI, ERI, AZI, RIF, ENO, NOR, CIP,  0.63
LVX, CTX*

ESBL5 PEN, AMO, AMC, AMP, CFQ, CFL, GEN, ERI, RIF, ENO, NOR, CIP, LVX, TET, DOX,

SUT, CTX*, CRO, ATM*

Legend: 1: OXA = Oxacillin, PEN = Penicillin G, CFO = Cefoxitin, AMO = Amoxacillin, AMC = Amoxacillin-clavulanic acid, AMP =
Ampicillin, ASB = Ampicillin-sulbactan, CFE = Cephalexin, CFL = Cephalothin, CRO = Ceftriaxone, MER = Meropenem, VAN =
Vancomycin, GEN = Gentamycin, EST = Streptomycin, AMI = Amikacin, NEO = Neomycin, TOB -= Tobramycin, ERI = Erythromycin,
AZI = Azithromycin, CLI = Clindamycin, RIF = Rifampin, CLO = Chloranphenicol, ENO = Enrofloxacin, NOR = Norfloxacin, CIP =
Ciprofloxacin, LVX = Levofloxacin, TET = Tetracycline, DOX = Doxycycline, SUT = sulfamethoxazole-trimethoprim, CTX = Cefotaxim,
ATM = Aztreonan, CPM = Cefepime, CAZ = Ceftazidim. *Antimicrobial agents tested just to ESBL identification and not computed in table
values and in text.

DISCUSSION

Arias et al. (2008), studying 20 bacterial
isolates from surgical wounds, found MAR>0.2 in
19 (95%) of strains. The average of MAR index
was 0.7, where three samples had MAR=1.0.
Sfaciotte et al. (2014) found similar values, where
89.4% (17/19) were considered multidrug resistant,
with average of MAR index was 0.65 and
maximum was 1.0. Both studies found higher MAR
values in Gram-negative. However, in both studies
were tested few antimicrobial, 8 and 7 drugs per

sample, respectively. With the increase in number

of drugs tested, this index tends to have lower
values, but with greater reliability, as occurred in
the present study, evaluated an average of 26.5
antimicrobials by samples being tested at least one
antimicrobial drug of each class. Mota et al. (2005)
and Arias and Carrilho (2012) report a gradual
increase in multidrug resistance to antimicrobial
agents in Veterinary Medicine.

The B-lactam penicillins (penicillin with
R=87.5%) and aminopenicillins (ampicillin with
R=79.2% and amoxicillin with R=71.7%) showed

high resistance rates, however, when associated



with beta-lactamase inhibitors (ampicillin-sulbactan
with R=27.5% and amoxacillin-clavulanic acid with
R=47.2%) it was possible to notice the
improvement in sensitivity to drugs with 51.7% and
24.5% of cases respectively. This study thus
recommends the association between
aminopenicillins with beta-lactamase inhibitors.
Avrias et al. (2008) obtained a degree of sensitivity
in samples of contaminated and infected wounds
front amoxacillin-clavulanic acid (25%), being all
Gram-negative samples resistant and approximately
80% of Gram-positive susceptible. The ampicillin
alone, in the same study showed sensitivity less
than 20%. Ishii et al. (2011) detected ampicillin-
resistance in 63.6% of 22 samples. The resistance to
amoxicillin was observed in 64% of 75 samples,
however, associated with clavulanic acid, detected
resistance in 68% of 25 samples, however, the
study does not show parity between the association
and the drugs in the studied strains, for correct
evaluation.

Oxacillin and cefoxitin are, according to
CLSI (2008), drugs to predict the Staphylococcus
spp. resistance to all B-lactams. According to Kim
et al. (2012) and Cartwright et al. (2013), oxacillin-
resistance shows the presence of mecA gene of
phenotypic form, since the cefoxitin-resistance with
oxacillin-susceptible show the presence of mecC
gene. These genes are responsible to production an
additional penicillin-binding protein (PBP2a) which
confers low binding affinity to B-lactam drugs. The
Staphylococcus spp. which carrier these genes are
called MRS. Several studies had shown the
existence of MRS in Veterinary Medicine. In this
study, of 26 samples of Staphylococcus spp., 15
were resistant to oxacillin and 12 to cefoxitin,
demonstrating the presence of MRS in 16 (61.54%)
strains of Staphylococcus (with prediction of both
mecA and mecC genes). According to CLSI (2008),

all should be reported as resistant to -lactam drugs.
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Pereira et al. (2009) also reported the detection of
MRS through oxacillin-resistance and detection of
mecA gene in 15% of Staphylococcus samples
obtained from dogs and cats.

The tested B-lactam cephalosporin drugs
had intermediate resistance levels, ranging from
49% to cephalexin, 42 % to cephalothin and 26% to
ceftriaxone. However, when compared bacterial
types, Gram-negative showed greater resistance to
cephalothin  (73%) and cephalexin  (70%).
Associating the data cited above of B-lactam-
resistance predicted by oxacillin and cefoxitin and
cephalosporin-resistance themselves, in infections
by 37 (66.7%) of 54 strains studied are not
recommended the use of a 1st generation of
cephalosporins (cephalexin and cephalothin) and in
25 (46.3%) the use of 3rd generation (ceftriaxone).
Arias et al. (2008) related a degree of resistance in
contaminated and infected wounds samples to
cephalosporin of 75%, on the contrary, the bacteria
were susceptible to cephalexin in almost 70% of
Gram-positive and resistant to all Gram-negative as
well as cephalothin. These authors also comment
that cephalosporins are not effective in preventing
infection in vivo, not being drugs of choice in
treatment of infected wounds, especially those
resulting from animal bites. Ishii et al. (2011)
reported resistance to cephalothin in 61.5% (26), to
cephalexin in 74.7%, (79) and to ceftiofur in 91.6%
(12) of samples.

The B-lactam carbapenems have similar
chemical structure of penicillin, with chemical
characteristics which gives them greater affinity to
PBPs, showing more power and expanded
antibacterial spectrum. In 1979, imipenem emerged,
8 years later, meropenem, with greater activity
against Gram-negative and decreased convulsing
effects (POSSEBON and CAMARGO, 2003). The
use of carbapenems in veterinary medicine in Brazil
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was first reported by Montiani-Ferreira et al.
(1999), although its spread is not wide in this area.

Carbapenems-resistance in
Enterobacteriaceae is a serious world-wide public
health problem, particularly by high mortality and
small number of therapeutic options. After
emergence and spread of ESBLs, carbapenems
were considered the first option for treatment
against these serious infections. In 2005, the first
case of fatal infection due to Klebsiella pneumoniae
resistant to carbapenems was reported in Brazil,
followed by other reports not so infrequently
(RIBEIRO, 2013). The detection of these cases
points to an opportunity to control the spread of this
type of resistance mechanism in Brazil, which can
only be achieved with a large multidisciplinary
effort, which includes, among other measures, early
detection of colonized patients, implementation of
contact precautions and appropriate treatment
(NORDMANN and CORNAGLIA, 2012), as well
as reduced use of these antimicrobial drugs.

This study identified five ESBL strains,
two classified by Escherichia coli (MAR=0.7 e
0.64), two by Citrobacter spp. (MAR=0.59 e 0.35)
and one by Providencia spp. (MAR=0.63), both
carbapenems-susceptible.  According to CLSI
(2008), ESBL strains should be reported to resistant
to all penicillins, cephalosporins and aztreonam.

Carbapenems, in this study, showed 4.5%
of resistance (one MRS and one Burkholderia
pseudomallei). Even though considering that their
antimicrobial activity may be impaired in MRS, the
use of carbapenems is not indicated in 31.5%
(17/54) of the samples. Although there are no clear
rules that prohibit the use of carbapenems in
Veterinary Medicine, these drugs should be used
with caution in order to avoid the pressure of
selection of resistant clones and transmission of
resistance to other bacteria, potentially contacts

with human.
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After the discovery of multidrug-resistant
Gram-positive  bacteria,  especially MRS,
antimicrobial agents, including the glycopeptides
vancomycin and teicoplanin, has been, for many
years, the last alternative for the treatment against
these microorganisms in Medicine. In the early
1990s, strains of Staphylococcus aureus resistant in
vivo (failed therapy) to teicoplanin have been
reported in the USA and Europe (KAATZ et al.,
1990; MANQUAT et al., 1992). In 1997, in Japan,
there were isolated the first strain of
Staphylococcus aureus with reduced susceptibility
to vancomycin (VISA) resulting in a significant
concern about the future of the therapy of infections
caused by these microorganisms (HIRAMATSU et
al., 1997). In 2002, it was first isolated a sample of
Vancomycin-Resistant ~ Staphylococcus — aureus
(VRSA) (CHANG et al., 2003). This isolate was
the first to have the vanA gene that causes
resistance to vancomycin and teicoplanin in
Enterococcus faecalis (SOUSA, 2006). The origin
of the VRSA strain was explained by conjugal
transfer of this gene from Enterococcus and
Staphylococcus (WEESE, 2005). According to
CLSI (2018), the detection of VISA and VRSA
strains should be carried by Minimum Inhibitory
Concentration (MIC) or screen agar screen tests for
vancomycin. Strains with resistance by disk
diffusion for vancomycin should be reassessed by
MIC.

In Veterinary Medicine, studies concerning
glycopeptides-resistance have been limited due to
the little use of these drugs in animals
(MONCHIQUE, 2013). In a study of Haenni et al.
(2010) teicoplanin or vancomycin-resistant strains
were not detectable in 60 Staphylococcus of horses.
According to Monchique (2013), VISA and VRSA
strains have not yet been reported in Veterinary
Medicine, possibly due to lower incidence of
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Enterococcus strains resistant to this antibiotic
(WEESE, 2005).

Enterococcus spp. are intrinsically
resistant to commonly used antibiotics including
cephalosporins and  some  aminoglycosides
(SHEPARD and GILMORE, 2002), and acquire
high level resistance to penicillinfampicillin,
glycopeptides and others aminoglycosides, limiting
the therapeutic practice (SOOD et al., 2008).
Vancomycin is an important antibiotic in the
treatment of these infections, but the efficiency of
this drug has been limited by the emergence of
Vancomycin-Resistant Enterococcus spp. (VRE).
Thus, become one of the most important clinical
bacteria with antimicrobial resistance throughout
the world, with few therapeutic agents capable to
treat infections caused by this microorganism and
with ease transmission of resistance to other
bacteria, especially Staphylococcus spp. (EISNER
et al.,, 2005; FUJITA et al., 1998). In Brazil, the
first isolated in human took place in Curitiba, in
1996, subsequently detected in hospitals in several
cities around the country (DALLA et al., 1998;
D'AZEVEDO et al., 2000; ZANELLA, 2003;
CAMARGO et al., 2006; PALAZZO et al., 2011).

The results of the present study, using the
disk diffusion, show that from 26 samples of
Staphylococcus spp. found, 14 were in vitro
susceptible to vancomycin and 12 require further
evaluation by MIC for this drug. However, an
Enterococcus spp. was considered resistant to
vancomycin. Extensive monitoring of VRE as well
as MRS, VISA and VRSA needs to be done in
veterinary hospitals, reporting the cases and
investigating their origin. Similar to carbapenems,
glycopeptides should be evaluated with caution in
veterinary medicine, in order to prevent the
selection of microorganisms resistant to these two
classes, which can result in cross-resistance

between bacteria of animals and humans.
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Aminoglycosides presented the highest
susceptibility, with resistance of 17% for
gentamicin (10% in Gram-positive and 25% in
Gram-negative), 19% for tobramycin (17% in
Gram-positive and 21% in Gram-negative), 21%
for amikacin (17% in Gram-positive and 26% in
Gram-negative), 26% for neomycin (34.6% in
Gram-positive and 14% in Gram-negative) and
47% for streptomycin (52% in Gram-positive and
42% in Gram-negative). The gentamicin-resistance
in MRS was observed in 2 (12.5%) strains and
intermediate resistance in 3 (18.75%) strains. Arias
et al. (2008) observed gentamycin-susceptibility of
45.45% in contaminated wounds and 64.28% in
infected wounds. Ishi et al. (2008) observed a
resistance of 36.6% (n=41) to gentamycin, 65.4%
(n=26) to neomycin and 33.3% (n=27) to
tobramycin. Sfaciotte et al. (2014) found resistance
to gentamycin in only 12.5% of tested samples,
similar to Smith et al. (2008), with 12.5% and
15.6% in samples of dogs and humans,
respectively, Lilenbaum et al. (2000) found 15.9%
of resistance. According to Farias (2002),
aminoglycosides have been shown to be effective
against staphylococcal infections, being appointed
as drugs of choice in the treatment of these
infections. Thus, in the micro region of Umuarama,
the empirical choice of aminoglycosides, except
streptomycin, is well accepted for the treatment of
animals infections. However, they are not the best
treatment for other locations, as described by Arias
et al. (2008) and Ishii et al. (2011).

The MLSB group of antimicrobials is
formed by Macrolides, Lincosamides and
Streptogramin B, which have different formulas but
with same mechanism of action, by inhibiting
protein synthesis by binding to the 23S rRNA
receptor, which in turn form part of the 50S subunit
of bacterial ribosome. Since 1956, shortly after the

introduction of erythromycin in clinic already had
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MLSB-resistance in Staphylococcus aureus (ROSSI
and ANDREAZZI, 2005; LECLERCQ, 2002). In
Veterinary Medicine, clindamycin is widely used
and also indicated for infections caused by
staphylococci, especially MRSA (FIEBELKORN et
al., 2003). However, Kim et al. (2004) studying the
presence of MLSB-resistance in Staphylococcus
aureus found that 97% of MRSA were resistant to
at least one of the antibiotics of this group.
Epidemiologically cross-resistance among these
three classes of antimicrobial is very important
(DIPERSIO and DIPERSIO, 2005), since they are
widely used in veterinary medicine leading to an
increase resistance in animals infections. In MRSA
isolates from humans and animals, clindamycin-
induced-resistance has been well documented
(RUBIN et al., 2011). It is known that antimicrobial
pressure causes the selection of resistant bacteria to
MLSB group, but the horizontal transfer of
resistance genes is also elucidated (PATTERSON
et al., 2007).

The macrolides tested had intermediate
resistance rates, with 61% of strains resistant to
erythromycin (92% in Gram-negative and 48% in
Gram-positive) and 42% to azithromycin (48% in
Gram-negative and 37% in Gram-positive). Pereira
et al. (2009) found 47.3% of azithromycin-
resistance studying 151 samples, with high
resistance in Gram-negative bacilli, and similar to
the data obtained in this study. The clindamycin-
resistance found here was 80% (100% in Gram-
negative and 72% in Gram-positive), corroborating
the data obtained by Ishii et al. (2011) with 82.3%
and by Sfaciotte et al. (2014) with 100%, indicating
that it is a drug that should not be used in the
antimicrobial ~ therapy  whithout in  vitro
susceptibility.

In the present study, there were detected
50% (13/26) of Staphylococcus spp. resistant to
MLS B group (two drugs tested), 5 (19.2%) were
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resistant to only one drug, 3 (11.5%) had
intermediate resistance to drugs. 12 strains MLSB-
resistant were phenotypically identified as MRS.
Other 3 MRS identified were resistant to
clindamycin or erythromycin.

Chloramphenicol was resistant in 19% of
strains, with greater sensitivity to Gram-positive
(17%) than for Gram-negative (21%). The
chloramphenicol-resistance was detected in 12.5%
(2/16) and intermediate resistance was detected in
6.25% (1/16) of MRS. Sfaciotte et al. (2014) and
Mantilla and Franco (2012) found higher values in
their studies, 56% and 59.2%, respectively.
Resistance still higher to those was found by
Mesquita et al. (2009) with 85.71%. However, Cruz
et al. (2012) detected 35.19% of resistance in
Gram-negative bacilli and 9.52% in
Staphylococcus. These outliers in the literature
show the unquestionable necessity of studies about
antimicrobial resistance at different geographic
regions.

The fluoroquinolones, according to CLSI
(2008), should be reported together, where the
resistance to a drug indicates the resistance of the
entire class. The majority of samples showed
similar values, with a few differences, with
resistance of 45% for enrofloxacin (50% in Gram-
positive and 39% in Gram-negative), 40% for
norfloxacin (41% in Gram-positive and 38% in
Gram-negative), 44% for ciprofloxacin (46% in
Gram-positive and 42% in Gram-negative) and
32% for levofloxacin (37% in Gram-positive and
26.1% in Gram-negative). Of the 16 MRS
phenotypically identified, 9 (56.25%) were resistant
to fluoroquinolones and one (25%) of the 4
Pseudomonas spp. Sfaciotte et al. (2014) showed
greater resistance in the samples studied, between
50 and 78% of resistant strains. Arias et al. (2008)
obtained a degree of sensitivity in samples of
contaminated and infected wounds against
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norfloxacin 58.33%. In 2011, Ishii and colleagues
also in Londrina - PR, detected resistance for
enrofloxacin in 53.8% (n=117), ciprofloxacin in
42.8% (n=84) and orbifloxacin in 100% (n=6).

The sulfamethoxazole-trimethoprim,
sulfonamide evaluated, showed resistance in 49%
of isolates (43% in Gram-negative and 53% in
Gram-positive). Resistance in 62.5% (10/16) of
MRS was detected. Sfaciotte et al. (2014) found
resistance of 100% in samples, Arias et al. (2008)
of 92.3% (12/13) in samples of contaminated and
infected wounds and Dal-Bo et al. (2013) of 75% to
50% by Staphylococcus and Gram-negative bacilli,
respectively. Since Cruz et al. (2012) reported
resistance of 35.19% and 52.38% in Gram-negative
bacteria and Staphylococcus, respectively.

Rifampicin with 51% of resistance and
tetracycline with 60%, are two other drugs not
indicated for empirical antimicrobial therapy
without an in vitro evaluation.

Several studies indicate bacterioscopic
examination or culture at the beginning of animal
care with infected traumatic wound, facilitating the
choice of therapy to be introduced and prior
determination of potentially infectious
microorganisms (ARIAS and PEREIRA, 2002;
PAVLETIC and TROUT, 2006). This procedure, as
introduced in the beginning of the treatment, can
quickly elucidate the causal agent, reducing the
time and cost of treatment, improve the prognosis
and decreasing potentially treatable chronic wounds
in animals.

CONCLUSIONS

Bacterial genus/species found in wounds
of pets are very heterogeneous, comprising mainly
Staphylococcus spp. and Gram-negative fermenters,
particularly Escherichia coli, varying according to
etiology and progression of wound itself.
Antimicrobial resistance in this study corroborate

with others about the increasing of this resistance
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found both in human and veterinary medicine. This
increase in resistance is an important natural event
which occurs due to the selective pressure that
indiscriminate the use of these drugs provides to the
environment. Thus, the judicious use of these drugs
is recommended always combined with in vitro
tests, for evaluating the optimal therapy to be used,
reducing resistance rates to certain drugs already
very resistant and avoiding resistance to drugs still
susceptible.

In this study, there were detected great
importance bacterial strains as MRS, MRS-MLSB,
VRE and ESBL in 40.74% (22/54) of isolates of
wounds of pets. The early identification becomes an
important step to minimize the transmission of
bacterial resistance in animals.

Constant monitoring of bacterial resistance
profile, which varies over years and differs from
place to place, it is a reality that must be observed
by the medical and veterinary professionals both
clinicians and surgeons. The testing for bacterial
identification and their susceptibility to assist in the
proper selection of antimicrobial agent shown
essential due to high bacterial resistance rates
recorded in this and other studies, as well as the
monitoring of local resistance to continued use of
certain antimicrobial drugs . The prudent choice of
adopted antibiotics reduces the use of antibiotics
and consequently the development of bacterial
resistance by selection, especially in hospital
settings.
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