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RESUMO

Perfil da Sensibilidade Microbiana de Bactérias Isoladas nos Olhos de Caes
com Ceratoconjuntivite Seca

Objetivou-se avaliar o perfil de sensibilidade microbiana de bactérias isoladas dos
olhos de cdes com ceratoconjuntivite seca (CCS). Foram avaliados 65 caes (n=65)
diagnosticados com CCS e 30 céaes (c=30) higidos para o grupo controle. Foram
coletados swabs conjuntivais e realizados os exames microbiologicos cultura em
aerobiose, antibiograma e concentracdo inibitéria minima (CIM) para os antibioticos
cloranfenicol, tobramicina, ofloxacina e moxifloxacina. Com relacdo a sensibilidade
dos antibioticos testados, a polimixina B, a tobramicina e o cloranfenicol obtiveram
maior percentual, enquanto que a tetraciclina o menor percentual. Com relagéo aos
resultados da CIM, foram selecionadas as quinze cepas mais resistentes dos
Staphylococcus pseudintermedius e as quinze cepas mais resistentes dos Gram-
negativos. Para S. pseudintermedius a tobramicina expressou maior percentual de
sensibilidade e a ofloxacina e moxifloxacina menor. Para Gram-negativos, ofloxacina
e moxifloxacina apresentaram (100%) de sensibilidade, tobramicina (93,3%) e
cloranfenicol (80%). Foram detectadas 3 linhagens de S. pseudintermedius
multirresistentes, sendo um isolado sensivel a cefazolina, outro a vancomicina e
outro a polimixina B e amicacina. Em 100% dos animais tratados topicamente com
0s antibidticos selecionados pela sensibilidade, obteve-se a remissédo da infeccdo
bacteriana apos 15 dias. As bactérias isoladas de olhos de cdes com CCS possuem
sensibilidade variavel frente aos antibidticos testados, de acordo com a espécie
considerada. A emergéncia de linhagens quinolona-resistentes de S.
pseudintermedius, agente de prevaléncia mais alta detectada nesses olhos, reforca
a necessidade de identificacdo da bactéria envolvida e perfil de sensibilidade
microbiana, visto que a infeccdo secundaria, pode ser um fator agravante e
perpetuante da CCS.

Palavras-chave: olho seco, céaes, antibiograma, disco-difusdo, concentracao
inibitéria minima



ABSTRACT

Profile of Bacteria Microbial Sensitivity Isolated in Dogs with Eyes
Keratoconjunctivitis Sicca

This study aims to evaluate the microbial sensitivity profile of bacteria isolated from
the eyes of dogs with keratoconjunctivitis sicca (KCS). We evaluated 65 dogs (n=65)
diagnosed with KCS and 30 healthy dogs (c=30) (control group). After diagnosis of
KCS, conjunctival swabs were collected and the microbiological examinations
performed under aerobic culture, antibiogram and minimum inhibitory concentration
(MIC) for the antibiotics chloramphenicol, tobramycin, ofloxacin and moxifloxacin.
With respect to the sensitivity to the tested antibiotics, polymyxin B, tobramycin and
chloramphenicol obtained that highest percentages and tetracycline the lowest
percentage. Regarding the results of the MIC, the fifteen most resistant strains of
Staphylococcus pseudintermedius and the fifteen most resistant strains of Gram-
negative were selected. For S. pseudintermedius, tobramycin demonstrated the
highest percentage of sensitivity and ofloxacin and moxifloxacin the lowest. For
Gram-negative, ofloxacina and moxifloxacina demonstrated (100%) of sensitivity,
tobramycin (93,3%) and chloramphenicol (80%). Three multi-resistant strains of S.
pseudintermedius were detected, one with isolated sensitivity to cefazolin, another to
vancomycin and another to polymyxin B and amikacin. Remission from bacterial
infection was achieved after 15 days in 100% of the animals topically treated with
antibiotics selected according to the sensitivity. The bacteria isolated from the eyes of
dogs with KCS presented variable sensitivity to the tested antibiotics, according to
the species considered. The emergence of quinolone-resistant strains of S.
pseudintermedius, with higher prevalence detected in the eyes, reinforces the need
to identify the bacteria involved and antimicrobial susceptibility profile, as secondary
infections, can be an aggravating and perpetuating factor of KCS.

Key-words dry eye, dogs, antibiogram, disk-diffusion, minimum inhibitory
concentration



LISTA DE SIGLAS

ARVO - Associacdo de pesquisa em visao e oftalmologia - Declaragao para a
utilizacdo de animais na investigacao oftalmologica e visual

CEUA  — Comisséao de uso de animais em experimentacao

CCS — Ceratoconjuntivite seca

CFz — Cefazolina

CIM — Concentracéo inibitéria minima

CIP — Ciprofloxacina

CLO — Cloranfenicol

DD — Disco-difusao

DNA — Acido desoxirribonucleico

ETEST - Avaliacdo da metodologia CIM

GEN — Gentamicina

IC — Intervalo de confianga

mm/min  — Milimetros por minuto

MO — Microrganismo

NEO — Neomicina_

NOR — Norfloxacina

NT — N&o testado

oD — Olho direito

OE — Olho esquerdo

OFX — Ofloxacina

P — Nivel de significancia

POL.B - Polimixina B

S — Sensivel

SRD — Sem raca definida

TCLE — Termo de consentimento livre e esclarecido

TET — Tetraciclina

TF — Teste de fluoresceina

TLS — Teste lacrimal de Schirmer

TOB — Tobramicina

TRB — Teste de rosa bengala

TRFL — Tempo de ruptura do filme lacrimal

pg/mL  — Microgramas por mililitros

v — Intravenosa

x/dia —Vezes ao dia



1

SUMARIO

ARTIGO CIENTIFICO ... oo e e e e,

ANEXO — NORMAS DE PUBLICACAO..........ccoeeiiiiieeieiiie



10
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RESUMO

Obijetivos Avaliar o perfil de sensibilidade microbiana de bactérias isoladas nos olhos de cées

com ceratoconjuntivite seca (CCS).

Procedimento Foram avaliados 65 cées diagnosticados com CCS e 30 cées higidos (grupo
controle). Apos o diagnostico da CCS foram coletados swabs conjuntivais e realizados os
exames microbiologicos cultura em aerobiose, antibiograma e concentracéo inibitéria minima

(CIM) para os antibioticos cloranfenicol, tobramicina, ofloxacina e moxifloxacina.

Resultados Com relacédo a sensibilidade dos antibidticos testados, a polimixina B, a
tobramicina e o cloranfenicol apresentaram percentual mais alto, enquanto que a tetraciclina o
mais baixo percentual. Com relacao aos resultados da CIM, foram selecionadas as quinze
cepas mais resistentes dos Staphylococcus pseudintermedius e as quinze cepas mais
resistentes dos Gram-negativos no teste de antibiograma. Para S. pseudintermedius a
tobramicina expressou maior percentual de sensibilidade e a ofloxacina e moxifloxacina
menor. Para Gram-negativos, ofloxacina, moxifloxacina, tobramicina e cloranfenicol
apresentaram excelente sensibilidade. Foram detectadas 3 linhagens de S. pseudintermedius
multirresistentes, sendo um isolado sensivel a cefazolina, outro a vancomicina e outro a
polimixina B e amicacina. Em 100% dos animais tratados topicamente com os antibidticos

selecionados pela sensibilidade, obteve-se a remisséo da infeccdo bacteriana apés 15 dias.

Conclusdo As bactérias isoladas de olhos de cdes com CCS possuem sensibilidade variavel frente aos
antibioticos testados, de acordo com a espécie considerada. A emergéncia de linhagens quinolona-resistentes de
S. pseudintermedius, agente de prevaléncia mais alta detectada nos olhos, reforca a necessidade de identificacéo
da bactéria envolvida e perfil de sensibilidade microbiana, visto que a infecgdo secundaria, pode ser um fator

agravante e perpetuante da CCS.

Palavras-chave olho seco, cées, antibiograma, disco-difuséo, concentracdo inibitéria minima.
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INTRODUCAO

A ceratoconjuntivite seca (CCS), ou olho seco, é uma oftalmopatia comum em cédes que
ocorre geralmente pela deficiéncia do componente aquoso do filme lacrimal pré-corneano, ou
devido a modificacdo da qualidade e/ou diminuigéo da estabilidade da lagrima. A CCS possui
vérias etiologias, sendo a imunomediada mais prevalente. *®

A terapia tdpica da CCS consiste principalmente no uso de imunossupressores como
ciclosporina, tacrolimus ou pimecrolimus e substitutos lacrimais associados ao uso de
antimicrobianos para tratamento de infecgdes secundarias, incluindo gentamicina,
tobramicina, cloranfenicol, ofloxacina, moxifloxacina e gatifloxacina, e anti-inflamatérios
tépicos, mucoliticos e estimulantes parassimpatomiméticos da secrecéo lacrimal. 2°

A superficie ocular € colonizada por bactérias saprofiticas que, conjuntamente, com
fatores humorais, inibem o estabelecimento de microrganismos patogénicos. Em cées higidos
estdo presentes na superficie ocular, principalmente, bactérias Gram positivas, com perfil de
espécies que varia em razéo da localizagdo geogréfica, técnica de cultivo da secrecdo lacrimal,
contato entre animais, densidade populacional e estacées do ano.®®

Em olhos que sofrem uma injuria externa, dependendo do grau e intensidade do trauma,
ou que apresentam modificacdes no filme lacrimal que leva a diminui¢do nas enzimas
antibacterianas (lactoferrina, lisozima e peroxidase), desencadeiam-se processos inflamatorios
superficiais na cdrnea e conjuntiva, com perda de integridade do epitélio, favorecendo o
estabelecimento de bactérias e fungos oportunistas e colonizacéo de estruturas oculares.’

Microrganismos com alta prevaléncia nas conjuntivites de cdes incluem as espécies
Staphylococcus epidermidis, S. pseudintermedius, S. aureus, Streptococcus pneumoniae, E.
coli, Streptococcus spp, Enterobacter sp., e Pseudomonas sp.2 Em cies com CCS, estes
agentes frequentemente expressam resisténcia a varios principios antimicrobianos utilizados

na terapéutica. A identificacdo de multirresisténcias vem reforcar a importancia do uso
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racional dos antimicrobianos e da realizacdo de culturas microbianas e testes de sensibilidade
a antimicrobianos, para nortear a escolha da terapéutica apropriada.®°

A terapia antimicrobiana para doencas oculares, principalmente em conjuntivites,
ceratites e ulceras de cornea, preferencialmente é realizada por via topica por meio de colirios
antimicrobianos, sendo os mais utilizados em medicina veterinaria, cloranfenicol,
aminoglicosideos (neomicina, gentamicina, tobramicina), tetraciclinas, quinolonas de segundo
geracéo (ofloxacina, ciprofloxacina) e de quarta geracéo (gatifloxacina e moxifloxacina). >°

A escolha destes antimicrobianos deve ser respaldada em testes de sensibilidade. O
método de disco-difusdo, de Kirby-Bauer descrito em 1966, € uma técnica de facil execucao e
de baixo custo e estd amplamente disponivel em vérios laboratérios de diagndstico.™
Alternativamente, a determinacdo da concentracao inibitoria minima (CIM), menor dilui¢éo
de um farmaco capaz de inibir o crescimento de microrganismos, vem ganhando notoriedade,
devido a boa sensibilidade, facilidade de execucdo, alta reprodutibilidade e alta confiabilidade
dos resultados. *°

Existem poucos estudos sobre o perfil de sensibilidade de agentes bacterianos
envolvidos em infecgdes secundarias oculares em cdes com CCS. Dessa forma, o objetivo
deste estudo foi avaliar a sensibilidade microbiana pelo método de disco-difuséo e

determinacéo da concentracdo inibitéria minima (CIM) para bactérias isoladas na secrecéo

ocular de cdes com CCS.

MATERIAIS E METODOS

O estudo foi realizado no Hospital Veterinario da Universidade do Oeste Paulista —
UNOESTE, Presidente Prudente, SP. Foram avaliados 65 cées, sem predilegéo de raca, faixa
etaria e sexo, diagnosticados com CCS, cadastrados sob termo de autorizagdo (Termo de

Consentimento Livre e Esclarecido — TCLE) assinado pelos respectivos proprietarios e
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responsaveis pelo projeto, e para o grupo controle foram selecionados aleatoriamente 30 cées
do canil de instituicdo de ensino, higidos (avaliados por exame clinico e laboratorial) e sem
problemas oftdlmicos (avaliados pelo exame ocular com lampada de fenda, Teste Lacrimal de
Schirmer, Teste de Fluoresceina, e Tempo de Ruptura do Filme Lacrimal). O estudo foi
conduzido e aprovado conforme as normas de experimentacao animal da Comissdo de Etica
no Uso de Animais (CEUA) da UNOESTE (protocolo n° 1802 e 1803) e esta de acordo com
as normas da ARVO (Association for Research in Vision and Ophthalmology — Statement for
the use of animals in ophthalmic and visual research).

O diagnostico de CCS foi baseado em sinais clinicos e testes oftalmicos especificos que
incluiram o teste lacrimal de Schirmer (TLS) e tempo de rompimento do filme lacrimal
(TRFL) ou Break Up Time (BUT). Para a realizacdo do TLS, uma tira de papel filtro de 0,5
cm (Teste de Schirmer Ophthalmos®) foi introduzida no saco conjuntival por um periodo de 1
min. Foram considerados caes positivos para CCS, os que apresentaram valores de TLS < 10
mm/min. Para o teste do TRFL uma tira estéril de fluoresceina a 1% (Laboratério
Ophthalmos, Sao Paulo, Brasil) embebida em 1 gota de solucéo fisioldgica foi colocada em
contato com o saco conjuntival. Apds o cdo realizar duas piscadas, a palpebra foi imobilizada
e observou-se a cornea com um biomicroscopio (lampada de fenda portéatil) para determinar o
TRFL. Dois testes sucessivos foram realizados para calcular-se um valor medio de TRFL.
Valores médios de TRFL < 10 seg foram considerados positivos para CCS.™

Para determinar a existéncia de Ulceras de cornea, utilizou-se o teste de fluoresceina
(TF), que consistiu em empregar uma tira estéril de fluoresceina a 1% (Laboratério
Ophthalmos, Séo Paulo, Brasil) embebida em uma gota de solucéo fisioldgica e encosté-la no
saco conjuntival. A presenca de Ulceras de cornea foi evidenciada ap6s exposi¢édo a luz com
areas esverdeadas. Adicionalmente, empregou-se o Teste de Rosa Bengala (TRB) utilizado o

colirio de Rosa Bengala a 1% (Laborat6rio Ophthalmos, S&o Paulo, Brasil), com instilacdo
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prévia de colirio anestésico, para coloracao de células da cdrnea e conjuntiva desvitalizadas
pela CCS. Foi considerado positivo para presenca de células desvitalizadas pela CCS quando
areas da cornea ou conjuntiva se coraram em rosa. **

Ap0s o diagnostico da CCS, foram coletadas amostras da secre¢do ocular da conjuntiva
inferior de ambos os olhos com swabs estéreis de algoddo. As amostras foram semeadas em
placas de Petri contendo agar sangue bovino desfibrinado a 5% e 4gar MacConkey. As placas
semeadas foram incubadas em aerobiose na temperatura de 37°C, durante 24-48 horas.
Colbnias bacterianas isoladas foram classificadas segundo caracteristicas morfotintoriais e
bioquimicas.'? Para os testes de sensibilidade, ap6s o isolamento e a identificacdo, os isolados
foram semeados em caldo cérebro coracéo e incubados a 37° C por 24 horas em aerobiose.
Ap0s este periodo, os caldos foram diluidos em solucéo fisioldgica até atingirem turvacéo
correspondente a escala 0,5 de Mac Farlland. A seguir, com auxilio de um swab estéril, uma
aliquota do caldo foi semeada superficialmente em placas de agar Mueller-Hinton.

Apds o periodo de 30 minutos, necessario para a absorcdo do inoculo, foram
depositados uniformente sobre a superficie do agar, discos de papel-filtro (Cecon, Séo Paulo,
Brasil) contendo os seguintes agente antibacterianos: Cefazolina (30mcg), Ciprofloxacina
(5mcg), Cloranfenicol (30mcg), Gentamicina (10mcg), Neomicina (30mcg), Norfloxacina
(10mcg), Ofloxacina (5mcg), Polimixina B (300mcg), Tetraciclina (30mcg), Tobramicina
(10mcg) e Vancomicina (30mcg) (Fig. 1 A, B). Apos incubacédo de 18 horas, o diametro das
zonas de inibi¢do em torno dos discos foi mensurado com paquimetro e os resultados
expressos em milimetros foram comparados com padrdes internacionais para a interpretagdo
de resultados.*?

A concentracdo inibitoria minima para os isolados de maior relevancia e potencialmente
patogénicos para cdes foram avaliados quanto a sensibilidade frente ao cloranfenicol,

tobramicina, ofloxacina e moxifloxacina pelo método de E-test (Probac, Sdo Paulo, Brasil).
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Uma aliquota do caldo foi semeada superficialmente em placas de agar Mueller-Hinton com
auxilio de swab estéril. Apds 30 minutos, tiras plasticas comerciais impregnadas com
cloranfenicol (0.016 — 256 pg/mL), tobramicina (0.064 — 1024 pug/mL), ofloxacina e
moxifloxacina (0.002 — 32 ug/mL), foram depositadas na superficie do agar. Apos incubacao
a 37°C por 24 horas, os pontos de inibicdo de crescimentos observados em torno das tiras,
correspondente a concentracgdo inibitoria minima, foram computados para cada agente (Fig. 1
C, D). Os padrdes observados foram comparados com os pontos de corte padronizados pelo
Clinical and Laboratory Standards Institute (2012)*? para classificar os isolados como
sensiveis, parcialmente sensiveis e resistentes. Os pontos de corte considerados para S.
pseudintermedius foram: Cloranfenicol S = < 8 pg/mL; moxifloxacina S =< 0,5 pg/mL;
ofloxacina S = < 1 pg/mL e tobramicina S= < 8 pg/mL e para gram negativos de cloranfenicol
S =<8 pg/mL; moxifloxacina S = < 0,5 pg/mL; ofloxacina S = < 2 pg/mL e tobramicina S=
<4 pg/mL.

As prevaléncias de infeccdes bacterianas oculares foram determinadas para cdes com
CCS e cées do grupo controle, estimadas por ponto e por intervalo com 95% de confianca. Os
percentuais de cées positivos no grupo com CCS e controle foram comparados pelo teste
binomial. A concordancia entre os resultados dos testes de sensibilidade aferidas pelo E-test e
disco-difuséo foi aferida por meio da analise do coeficiente Kappa de concordancia. Foi

adotado o nivel de significancia de 5%.
RESULTADOS

Dos 65 cées diagnosticados com CCS, 36/65 (55%) foram fémeas e 29/65 (45%)
machos. Dentre as racas dos animais selecionados, as mais frequentes foram Lhasa Apso e
sem raca definida (SRD) com 17 (26,2%) animais cada, seguido de Poodle com 10 (15,4%),
Pinscher com 5 (7,7%), Yorkshire Terier com 3 (4,6%), Pitbull com 2 (3,1%) e outras 11

ragas com 1,5%.



17

No grupo de animais com CCS, 59 de 65 cées (90,8%, I1C95 = 83,7%-97,8%)
apresentaram cultura positiva para pelo menos um dos olhos. No grupo controle, 11 de 30
caes (36,7%, 1C95% = 19,4%-53,9%) apresentaram cultura positiva para pelo menos um dos
olhos. Os percentuais de positividade foram estatisticamente diferentes entre grupo controle e

com CCS (p <0,0001).

Todos os isolados provenientes do grupo controle foram classificados com S.
pseudintermedius. Para animais com CCS, o perfil microbioldgico consistiu de espécies
bacterianas Gram-positivas e Gram-negativas (Tabela 1). Verificou-se que 7,5% dos
microrganismos foram isolados somente em um dos olhos, enquanto que 92,4% dos

isolamentos foram concordantes em ambos os olhos.

A sensibilidade dos agentes isolados pelo método de disco-difusdo esta descrita na
Tabela 2. Foram selecionados para determinar a CIM pelo método E-test, quinze cepas de S.
pseudintermedius e quinze de gram-negativos (onze cepas de E. coli, trés cepas de
Enterobacter aerogenes e uma cepa de Citrobacter freundii) (Tabela 3). Verificou-se alta
concordancia entre os métodos de disco-difuséo e E-test para cloranfenicol, boa para

ofloxacina e fraca para tobramicina (Tabela 4).

Cées com CCS com isolamentos positivos, caracterizando infeccao ocular, foram
medicados com respaldo dos testes de sensibilidade com colirios antimicrobianos. Em trés
(4,6%) dos 65 cdes foram detectadas linhagens de S. pseudintermedius resistentes a nove ou
mais principios antimicrobianos, incluindo a oxacilina, caracterizando multipla-resisténcia.
Em face destes resultados, procederam-se novos testes de sensibilidade, nos quais verificou-se
que um dos isolados (N4) foi sensivel a cefazolina (Fig. 2 A, B), um (N5) a vancomicina (Fig.
2 C, D) e um (N13) a polimixina B e amicacina (Fig. 2 E, F). Em raz&o da auséncia de

preparac0es comerciais adequadas no mercado brasileiro, optou-se pela prescrigédo de



18

solucBes oftalmicas manipuladas contendo estes principios (Laboratério Ophthalmos®, S&o
Paulo, Brasil). Em 100% dos animais medicados, obteve-se a remisséo da infeccédo bacteriana

apos 15 dias de medicacdo continua (1 gota, em ambos os olhos, 4 vezes ao dia).

DISCUSSAO

A alta porcentagem de cdes com CCS com culturas positivas (90,8%), em relagéo ao
grupo controle (36,7%), reforca a importancia da identificacdo do perfil de agentes
bacterianos e sensibilidade frente a antimicrobianos para nortear critérios no tratamento nesta
patologia. *** Caes com CCS apresentam deficiéncia de filme lacrimal, seja na produgéo ou
na evaporacao, consequentemente, ha diminuicéo nas enzimas antibacterianas (lactoferrina,
lisozima e peroxidase), situacdo que favorece o estabelecimento de bactérias oportunistas da
microbiota superficial dos cées no saco conjuntival, contribuindo para maior frequéncia de

culturas positivas em relacéo aos cées sadios, 0 que corrobora com resultados observados.””

O patdgeno de maior prevaléncia foi S. pseudintermedius, isolado de
aproximadamente 67% das amostras pesquisadas. S. pseudintermedius é uma espécie
coagulase-postiva, saprofitica da pele e mucosas de cées e que comumente coloniza olhos de

cées higidos.*>®

Observou-se predominancia de microrganismos Gram negativos entéricos em relagédo
a outros Gram negativos, com destaque para Escherichia coli que representou
aproximadamente 11% das amostras isoladas, seguido de Enterobacter aerogenes (3%). Esses
resultados sdo condizentes com outros estudos, em que E. coli representou 10% das amostras
isoladas *®'° P. aeuruginosa, microrganismo capaz de secretar enzimas que resultam na
liquefacdo do estroma corneal com répida evolugdo para ulceracdo,’® apresentou baixa
frequéncia em relacdo aos demais agentes, com sensibilidade a todos os antimicrobianos

testados.
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Quando se avaliou a sensibilidade dos agentes isolados pelo método de disco-
difusdo, a tobramicina, apresentou melhor efetividade do que as quinolonas testadas,
ofloxacina e moxifloxacina. Os aminoglicosideos podem ser alternativas adequadas para o
tratamento empirico ou profilatico em oftalmologias de cées, em comparacao as quinolonas
como ciprofloxacina, moxifloxacina e gatifloxacina, antimicrobianos aos quais 0s

microrganismos descritos tem apresentado nos Gltimos dez anos, notével resisténcia. ** 2%

No presente estudo, observou-se boa eficiéncia da Polimixina B e cloranfenicol.
Estes resultados estdo de acordo com o relatado por outros autores. O cloranfenicol é um
antibiotico de amplo espectro e tem sido mais utilizado desde que surgiram Staphylococcus
resistentes a meticilina, porém, devido aos efeitos toxicos em seres humanos, o uso da droga

tem sido limitada. %

Trés cdes que apresentaram linhagens de S. pseudintermedius resistentes a oxacilina,
antimicrobiano considerado como importante marcador de multirresisténcia em infec¢Ges
oculares de humanos.?’ Outros autores relatam também um aumento da resisténcia de S.
pseudintermedius em infeccdes oculares em cdes.?**® Nestes trés casos de resisténcia
observada no presente estudo, testes de sensibilidade adicionais revelaram que estes isolados
apresentaram sensibilidade a dois antibidticos de uso exclusivo injetavel no Brasil, no caso,
vancomicina, antibidtico glicopeptideo utilizado em infec¢des hospitalares e a cefazolina

antibiotico do grupo das cefalosporinas.

Verificou-se menor eficiéncia da tetraciclina frente aos isolados, visto que 40,2%
foram sensiveis a este antibiotico. Este resultado € condizente com outros estudos, que
relataram que mais de 50% de linhagens de S. pseudintermedius isolados de patologias

oftalmicas foram resistentes a tetraciclina.?®



Com relacdo a sensibilidade dos agentes isolados pelo método E-test, verificou-se
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que a tobramicina possui boa efetividade (93,3%) frente a microrganismos Gram-negativos e

Gram-positivos como S. pseudintermedius, o que condiz com os resultados observados em
outros estudos.?”*® De acordo com o E-test, as quinolonas testadas apresentaram baixa
efetividade frente a S. pseudintermedius, com percentuais de resisténcias superiores a 80%.
Considerando que moxifloxacina e ofloxacina sdo quinolonas de uso mais recente,
comumente empregadas para tratamento de oftalmopatias em cées, os resultados sugerem

possivel emergéncia de linhagens resistentes em animais da regido.?

Em comparacédo, os Gram-negativos apresentaram-se sensiveis as quinolonas
testadas, o que sugere que a pressao de selecdo sobre estes microrganismos € inferior a
observada para S. pseudintermedius, com excec¢éo de linhagens de E. coli multirresistentes
comumente observadas em infec¢es urinrias.?**° Avaliou-se que existe excelente
concordéncia entre resultados do E-test e Disco-difusdo, para cloranfenicol (0.8421) e

ofloxacina (0.7368), porém limitada para tobramicina (0.3284).

Conclui-se que as bactérias isoladas de olhos de cdes com CCS possuem sensibilidade

variavel frente aos antibioticos testados, de acordo com a espécie considerada. A emergéncia

de linhagens quinolona-resistentes de S. pseudintermedius, agente de prevaléncia mais alta

nos olhos destes animais, reforca a necessidade de identificacdo da bactéria envolvida e perfil

de sensibilidade microbiana, visto que a infeccdo secundéria, pode ser fator agravante e

perpetuante da CCS.
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Tabela 1. Microrganismos isolados de secrecdo ocular de ambos os olhos de cées (n=65) com

CCS.
Microrganismo OD (%) OE (%) Total
OD + OE (%)

Burkholderia cepacia 0 (0,0) 1(1,4) 1(0,8)
Citrobacter freundii 0 (0,0) 1(1,4) 1(0,8)
Corynebacterium sp. 0 (0,0) 1(1,4) 1(0,8)
Enterobacter gergoviae 1(1,6) 0 (0,0 1(0,8)
Klebisiella pneumonae 0(0,0) 1(1,4) 1(0,8)
Serratia spp. 0(0,0) 1(1,4) 1(0,8)
Proteus mirabilis 1(1,6) 1(1,4) 2(1,5)
Pseudomonas aeruginosa 2(3,2) 1(1,4) 3(2,3)
Enterobacter aerogenes 2(3,2) 2(2,9) 4 (3,0)
Escherichia coli 6 (9,5 8 (11,6) 14 (10,6)
Streptococcus sp. 7(11,1) 8 (11,6) 15 (11,4)
Staphylococcus pseudintermedius 44 (69,8) 44 (63,8) 88 (66,7)
Total 63 (100) 69 (100) 132 (100)

OD = olho direito; OE = olho esquerdo.



Tabela 2. Sensibilidade do microrganismo frente aos antibidticos testados pelo método de Disco-difuséo.
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Sensibilidade
Microrganismo CFz CIP CLO GEN NEO NOR OEX POL B TET TOB
N=60 N=132 N=132 N=132 N=132 N=132 N=132 N=72 N=132 N=132

Burkolderia cepacia 1/1 (100%) 1/1 (100%) 1/1 (100%) 1/1 (100%) 1/1 (100%)  1/1 (100%)  1/1 (100%) NT 1/1 (100%) 1/1 (100%)
Citrobacter freundii 1/1 (100%) 1/1 (100%) 0/1 (0%) 1/1 (100%) 1/1(100%)  1/1(100%)  1/1 (100%) NT 0/1 (0%) 1/1 (100%)
Corynebacterium sp. 1/1 (100%) 0/1 (0%) 1/1 (100%) 1/1 (100%) 1/1 (100%) 0/1 (0%) 0/1 (0%) NT 0/1 (0%) 1/1 (100%)
Enterobacter aerogenes 2/2 (100%) 2/4 (50%) 4/4 (100%) 0/4 (0%) 0/4 (0%) 2/4 (50%) 2/4 (50%) 4/4 (100%) 0/4 (0%) 2/4 (50%)
Enterobacter gergoviae 1/1 (100%) 1/1 (100%) 1/1 (100%) 1/1 (100%) 1/1 (100%) 1/1 (100%) 1/1 (100%) NT 1/1 (100%) 1/1 (100%)
Escherichia coli 2/4 (50%) 6/14 (42,9%)  11/14(78,6%)  9/14 (64,3%)  6/14 (42,9%) 11/14 (78,6%) 13/14(92,9%) 9/9 (100%)  8/14 (57,1%)  10/14 (71,4%)
Klebisiella pneumonae 1/1 (100%) 1/1 (100%) 1/1 (100%) 1/1 (100%) 1/1 (100%)  1/1 (100%) 0/1 (0%) NT 1/1 (100%) 1/1 (100%)
Proteus mirabilis 2/2 (100%) 2/2 (100%) 1/2 (50%) 2/2 (100%) 1/2 (50%) 2/2 (100%)  2/2 (100%) NT 0/2 (0%) 2/2 (100%)
Pseudomonas aeruginosa 3/3 (100%) 3/3 (100%) 0/3 (0%) 3/3 (100%) 0/3 (0%) 3/3(100%)  3/3 (100%) NT 0/3 (0%) 3/3 (100%)
Serratia sp. 1/1 (100%) 1/1 (100%) 1/1 (100%) 1/1 (100%) 1/1 (100%)  1/1 (100%)  1/1 (100%) NT 1/1 (100%) 1/1 (100%)
sgﬂmr']‘t’gfnig‘éfus 20/31 (64,5%) 55/88 (62,5%) 80/88 (90,9%)  70/88 (79,5%) 56/88 (63,6%) 61/88 (69,3%) 58/88 (65,9) (Sg’,j;) 34/88 (38,6%)  76/88 (86,4%)
Streptococcus sp. 8/12 (66,7%)  8/15(53,3%)  7/15(46,7%)  14/15(93,3%) 5/15(33,3%) 13/15(86,7%) 14/15(93,3%) 1/1 (100%)  7/15 (46,7%)  10/15 (66,7%)
Total 43/60 (71,6%) 81/132(61,3%) 108/132(81,8%) 104/132(78,8%) 74/132(56,1%) 97/132(73,5%) 96/132(72,7%) 71/72(98,6%) 53/132(40,2%) 109/132(82,6%)

CFZ - Cefazolina; CIP - Ciprofloxacina; CLO - Cloranfenicol; GEN - Gentamicina; NEO - Neomicina; NOR - Norfloxacina; OFX - Ofloxacina;

POL B - Polimixina B; TET - Tetraciclina; TOB — Tobramicina; NT — Nao testado.



Tabela 3. Sensibilidade do microrganismo frente aos antibidticos testados pelo método E-test.

Concentragdo Antimicrobiano
Hg/mL S. pseudintermedius Gram Negativos
(N=15) (N=15)
CLO MOX OFX TOB CLO MOX OFX TOB
0.016 0/30 (0%) 0/30 (0%) 0/30 (0%) 0/30 (0%) 0/30 (0%) 1/30 (3,3%) 0/30 (0%) 0/30 (0%)
0.047 0/30 (0%) 0/30 (0%) 0/30 (0%) 0/30 (0%) 0/30 (0%)  1/30 (3,3%) 0/30 (0%) 0/30 (0%)
<0.064 0/30 (0%) 0/30 (0%) 0/30 (0%) 1/30 (3,3%)  0/30 (0%)  4/30 (13,3%)  1/30 (3,3%) 0/30 (0%)
0.094 0/30 (0%) 0/30 (0%) 0/30 (0%) 1/30 (3,3%)  0/30 (0%) 1/30 (3,3%)  2/30 (6,6%) 0/30 (0%)
0.125 0/30 (0%) 0/30 (0%) 0/30 (0%) 1/30 (3,3%)  0/30 (0%)  4/30 (133%)  3/30 (10%) 0/30 (0%)
0.19 0/30 (0%) 0/30 (0%) 0/30 (0%) 1/30 (3,3%)  0/30 (0%)  2/30 (6,6%)  4/30 (13,3%) 0/30 (0%)
0.25 0/30 (0%) 0/30 (0%) 0/30 (0%) 0/30 (0%) 0/30 (0%) 1/30 (3,3%)  2/30 (6,6%) 1/30 (3,3%)
0.38 0/30 (0%) 0/30 (0%) 2/30 (6,6%) 0/30 (0%) 0/30 (0%) 0/30 (0%) 1/30 (3,3%)  4/30 (13,3%)
0.50 0/30 (0%) 0/30 (0%) 0/30 (0%) 0/30 (0%) 0/30 (0%) 1/30 (3,3%) 0/30 (0%) 6/30 (20%)
0.75 0/30 (0%) 0/30 (0%) 1/30 (3,3%) 0/30 (0%) 0/30 (0%) 0/30 (0%) 1/30 (3,3%) 3/30 (10%)
1.0 0/30 (0%) 0/30 (0%) 0/30 (0%) 1/30 (3,3%)  1/30 (3,3%)  0/30 (0%) 1/30 (3,3%) 0/30 (0%)
15 2/30 (6,6%)  2/30 (6,6%) 0/30 (0%) 0/30 (0%) 0/30 (0%) 0/30 (0%) 0/30 (0%) 0/30 (0%)
2 3/30 (10%) 3/30 (10%) 1/30 (3,3%) 2/30 (6,6%)  3/30 (10%) 0/30 (0%) 0/30 (0%) 0/30 (0%)
3 430 (13,3%)  4/30 (13,3%) 0/30 (0%) 1/30 (3,3%)  3/30 (10%) 0/30 (0%) 0/30 (0%) 0/30 (0%)
4 1/30 (3,3%)  1/30 (3,3%) 0/30 (0%) 1/30 (33%)  2/30 (6,6%)  0/30 (0%) 0/30 (0%) 0/30 (0%)
6 0/30 (0%) 0/30 (0%) 0/30 (0%) 4/30 (13,3%)  3/30 (10%) 0/30 (0%) 0/30 (0%) 0/30 (0%)
8 0/30 (0%) 0/30 (0%) 0/30 (0%) 1/30 (3,3%)  0/30 (0%) 0/30 (0%) 0/30 (0%) 1/30 (3,3%)
12 0/30 (0%) 0/30 (0%) 0/30 (0%) 1/30 (3,3%)  0/30 (0%) 0/30 (0%) 0/30 (0%) 0/30 (0%)
24 3/30 (10%) 3/30 (10%) 0/30 (0%) 0/30 (0%) 0/30 (0%) 0/30 (0%) 0/30 (0%) 0/30 (0%)
>32 2130 (6,6%)  2/30(6,6%)  11/30 (36,7%) 0/30 (0%) 0/30 (0%) 0/30 (0%) 0/30 (0%) 0/30 (0%)
>256 0/30 (0%) 0/30 (0%) 0/30 (0%) 0/30 (0%) 3/30 (10%) 0/30 (0%) 0/30 (0%) 0/30 (0%)
Total de cepas
sensiveis  10/15(66,7%) 0/15(0%) 3/15(20%) 14/15(93,3%)  12/15(80%) 15/15(100%)  15/15(100%)  14/15 (93,3%)

Frequéncia de M.O. sensiveis
M.O. - Microrganismo; CLO - Cloranfenicol; MOX - Moxifloxacina; OFX - Ofloxacina; TOB - Tobramicina

*Critérios estabelecidos com base em concentragdes séricas.
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Tabela 4. Percentuais de concordancia de resultados do E-test e Disco Difuséo (DD), e

estimativas dos coeficientes de concordancia de Kappa.

Comparac¢do % concordancia Kappa p Interpretacdo
TOB (E-test x DD) 70,0% 0.3284 0.0263 Fraca
CLO (E-test x DD) 93,4% 0.8421 < 0.0001 Excelente
OFX (E-test x DD) 86,7% 0.7368 < 0.0001 Boa

TOB - Tobramicina; CLO - Cloranfenicol; OFX - Ofloxacina;
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Figura 1. (A) - Perfil de sensibilidade aos antimicrobianos de um isolado de S.
pseudintermedius pelo método disco-difuséo, indicando sensibilidade ao cloranfenicol,
neomicina e polimixina B. (B) - Perfil de sensibilidade aos antimicrobianos de um isolado de
S. pseudintermedius pelo método disco-difusdo, indicando sensibilidade a todos
antimicrobianos testados. (C) - Perfil de sensibilidade aos antimicrobianos ofloxacina e
cloranfenicol de um isolado de S. pseudintermedius pelo método E-test, indicando a
sensibilidade de cloranfenicol. (D) - Perfil de sensibilidade aos antimicrobianos
moxifloxacina e tobramicina de um isolado de S. pseudintermedius pelo método E-test,

indicando sensibilidade de ambos.

CIP - Ciprofloxacina; CLO - Cloranfenicol; GEN - Gentamicina; NEO - Neomicina; NOR - Norfloxacina; OFX

- Ofloxacina; POL. B - Polimixina B; TET - Tetraciclina; TOB - Tobramicina.
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Figura 2. Sinais clinicos (secregdo mucopurulenta, opacidade de cornea e neovascularizagao)
e TLS dos animais que apresentaram resisténcia microbiana e tratados topicamente com
antibioticos sensiveis, além do tratamento convencional para CCS com imunossupressor e
lubrificante ocular. (A) OD animal N4 que apresentou sensibilidade somente & cefazolina e
TLS 0 mm/min. (B) OD do mesmo animal, com melhora dos sinais clinicos e TLS 24
mm/min, apos 1 més de tratamento com colirio manipulado de cefazolina 5%, 1 gota 4x/dia.
(C) OE animal N5 que apresentou sensibilidade somente a vancomicina e TLS de 5mm/min.
(D) OE do mesmo animal, com melhora dos sinais clinicos e TLS 10 mm/min, apds 1 més de
tratamento com colirio manipulado de vancomicina 5%, 1 gota 4x/dia. (E) OE do animal N13
que apresentou sensibilidade a polimixina B e amicacina e TLS 0 mm/min. (F) OE do mesmo
animal, com melhora dos sinais clinicos e TLS 17 mm/min, ap6s 1 més de tratamento com

colirio manipulado de polimixina B 5%, 1 gota 4x/dia.

TLS: Teste Lacrimal de Schirmer, OD: olho direito, OE: olho esquerdo
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ABSTRACT

Objective Evaluate the microbial sensitivity profile of bacteria isolated from the eyes of dogs

with keratoconjunctivitis sicca (KCS).

Procedure We evaluated 65 dogs diagnosed with KCS and 30 healthy dogs (control group).
After a diagnosis of KCS, conjunctival swabs were collected, and microbiological
examinations were performed, including aerobic culture, antibiogram and minimum

inhibitory concentration (MIC) for chloramphenicol, tobramycin, ofloxacin and moxifloxacin.

Results Microorganisms showed the highest sensitivity by percentage to polymyxin B,
tobramycin and chloramphenicol, and the lowest sensitivity to tetracycline. To determine the
MIC, the fifteen most resistant strains of Staphylococcus pseudintermedius and the fifteen
most resistant strains of Gram-negative bacteria were selected. For S. pseudintermedius,
tobramycin demonstrated the highest percentage sensitivity, ofloxacin and moxifloxacin
demonstrated the lowest sensitivity. For Gram-negative bacteria, ofloxacin, moxifloxacin,
tobramycin and chloramphenicol presented excellent sensitivity. Three multi-drug resistant
strains of S. pseudintermedius were detected. One displayed isolated sensitivity to cefazolin,
another to vancomycin and another to polymyxin B and amikacin. Remission from bacterial
infection was achieved after 15 days in 100% of the animals topically treated with antibiotics

selected according to sensitivity.

Conclusion The species of bacteria isolated from the eyes of dogs with KCS presented variable sensitivity to the
tested antibiotics. There is evidence of the emergence of quinolone-resistant strains of S. pseudintermedius, with
further evidence of higher ocular prevalence. This reinforces the need to identify the bacteria involved and their
antimicrobial susceptibility profile, as secondary infections can be exacerbating and perpetuating factors of KCS.

Key-words antibiogram, bacteria, disk-diffusion, dry eye, dogs, minimum inhibitory
concentration
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INTRODUCTION

Keratoconjunctivitis sicca (KCS), or dry eye, is a common ophthalmopathy which
usually occurs in dogs because of a deficiency in the aqueous component of the pre-corneal
tear film or because of modified quality and/or reduction in tear stability. KCS has multiple
etiologies, the most prevalent being immunomediated.

Topical therapy for KCS generally consists of immunosuppressants, such as
cyclosporine, tacrolimus or pimecrolimus, and lachrymal substitutes, combined with
antibiotics for treatment of secondary infections. Typical antibiotics include gentamicin,
tobramycin, chloramphenicol, ofloxacin, moxifloxacin, and gatifloxacin. In addition, topical
anti-inflammatories, mucolytics and parasympathomimetic stimulants of lacrimal secretion
may be used. %°

The ocular surface is colonized by saprophytic bacteria that, together with humoral
factors, inhibit the establishment of pathogenic microorganisms. In healthy dogs, Gram-
positive bacteria are principally present on the ocular surface. Species profiles vary according
to geographical location, tear secretion cultivation technique, contact among other animals,
population density and season.®®

In eyes that have suffered an external injury, superficial inflammation of the cornea and
conjunctiva are triggered, leading to a decrease in antibacterial enzymes (lactoferrin,
lysozyme and peroxidase). This loss of epithelial integrity, depending on the degree and
intensity of trauma and tear film modifications, favors the colonization of ocular structures by
opportunistic bacteria and fungi.’

Microorganisms with high prevalence in the dogs studied include the following species:
Staphylococcus epidermidis, S. pseudintermedius, S. aureus, Streptococcus pneumoniae,
Escherichia. coli, Streptococcus spp, Enterobacter sp., and Pseudomonas sp. In dogs with

KCS, these agents often express resistance to several of the antimicrobials principally used.
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The identification of multi-drug resistance reinforces the importance of the rational use of
antimicrobials, in accordance with microbial culture and susceptibility testing, to guide the
choice of therapy.®*

Antimicrobial therapy for eye diseases, especially conjunctivitis, keratitis and corneal
ulcers, is typically performed by the use of topical antibiotic eye drops. The drops most
commonly used in veterinary medicine include either chloramphenicol, aminoglycosides
(neomycin, gentamicin, tobramycin), tetracyclines, and/or second-generation (ofloxacin,
ciprofloxacin) and fourth-generation quinolones (gatifloxacin and moxifloxacin). >°

Antimicrobial choice should be guided by sensitivity testing. The disk-diffusion
method, described by Kirby-Bauer in 1966, is an easy to use, low-cost technique and is
available in many diagnostic laboratories. Alternatively, the determination of the minimum
inhibitory concentration (MIC), the lowest dilution of a drug capable of inhibiting the growth
of microorganisms, has gained prominence due to good sensitivity, ease of implementation
and high reproducibility, and resultant high reliability of results. *°

There are few studies on the sensitivity profiles of bacterial agents involved in
secondary eye infections in dogs with KCS. Therefore, the aim of this study was to evaluate
antimicrobial sensitivity through the disk-diffusion method and determination of MIC of

bacteria isolated from the ocular secretions of dogs with KCS.

MATERIALS AND METHODS

The study was conducted at the Veterinary Hospital of the UNOESTE, Presidente
Prudente, SP. We evaluated 65 dogs diagnosed with KCS, with no predilection for race, age
or gender. Dogs were registered under an authorization form (Term of Free and Informed
Consent - TFIC) signed by the owners and those responsible for the project. The control

group consisted of 30 dogs from the kennel of an educational institution. All were healthy
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(evaluated through clinical and laboratory examinations) and without eye problems (evaluated
through visual examination with slit lamp, the Schirmer Tear test, Fluorescein test, Tear Film
Break-up Time and tonometry). The study was conducted and approved in accordance with
the animal testing regulations of the Ethics Committee on Animal Use (CEUA) of UNOESTE
(Protocol N. 1802 and 1803) and is in accordance with the rules of the ARVO (Association
for Research in Vision and Ophthalmology - Statement for the use of animals in ophthalmic
and visual research).

The diagnosis of KCS was based on clinical signs and specific ophthalmic tests that
included the Schirmer Tear test (STT) and Tear Film Break-up Time (TBUT) or Break Up
Time (BUT). To perform the STT, a 0.5 cm filter paper strip (Teste de Schirmer Ophthalmos®
,S80 Paulo, Brazil) was introduced into the conjunctival sac for a period of 1 minute. The
result was considered positive for dogs who presented values < 10 mm/min. For the TBUT
test, a sterile strip of fluorescein 1% (Ophthalmos Laboratory, Sdo Paulo, Brazil) soaked in 1
drop of saline solution was placed in contact with the conjunctival sac. After the dog blinked
twice, the eyelid was immobilized, and the cornea was observed with a biomicroscope
(portable slit lamp) to determine the TBUT. Two successive tests were performed to calculate
the mean TBUT value. Mean TBUT values of < 10 sec were considered positive for Kcs.M

To determine the existence of corneal ulcers, the fluorescein test (FT) was used, which
consisted of a 1% sterile fluorescein strip (Ophthalmos Laboratory, S&o Paulo, Brazil) soaked
in a drop of saline solution and placed against the conjunctival sac. The test was positive for
the presence of ulcers when areas of the cornea exposed to light presented a greenish tint.
Additionally, the Rose Bengal test (RBT) was performed using rose bengal 1% eye drops
(Ophthalmos Laboratory, Sao Paulo, Brazil) after application of anesthetic eye drops for

detection of corneal and conjunctival staining of cells devitalized by KCS. The test was
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considered positive for the presence of cells devitalized by KCS when areas of the cornea or
conjunctiva revealed pink staining. ™

After the diagnosis of KCS, samples of ocular secretions were collected from the lower
conjunctivae of both eyes with sterile cotton swabs. Samples were plated on Petri dishes
containing 5% defibrinated bovine blood agar and MacConkey agar. The inoculated plates
were incubated under aerobic conditions at 37°C for 24-48 hours. Isolated bacterial colonies
were classified according to morphology, staining and biochemical characteristics.*? Initially,
the isolates for sensitivity testing were seeded in brain-heart infusion broth and incubated at
37°C for 24-48 hours under aerobic conditions. After this period, the broths were diluted in
saline until reaching turbidity of 0.5 on the McFarland scale. One aliquot of the broth was
then seeded superficially on Mueller-Hinton agar plates with a sterile swab.

After the 30-minute period necessary for inoculum absorption, filter paper disks (Cecon,
Sdo Paulo, Brazil) were deposited evenly over the agar surface. These disks contained the
following antibacterial agents: cefazolin (30 mcg), ciprofloxacin (5 mcg), chloramphenicol
(30 mcg), gentamicin (10 mcg), neomycin (30 mcg), norfloxacin (10 mcg), ofloxacin (5 mcg),
polymyxin B (300 mcg), tetracycline (30 mcg), tobramycin (10 mcg) and vancomycin (30
mcg) (Fig. 1 A, B). After 18 hours of incubation, the diameter of the inhibition zones around
the disks was measured with a caliper, and the results, expressed in millimeters, were
compared to international standards for the interpretation of results. *2

The minimum inhibitory concentrations of the most relevant and potentially pathogenic
isolates for dogs were evaluated for sensitivity to chloramphenicol, tobramycin, ofloxacin and
moxifloxacin through the E-test method (Probac, S&o Paulo, Brazil). One aliquot of the broth
was seeded superficially on Mueller-Hinton agar plates with a sterile swab. After 30 minutes,
commercial plastic strips impregnated with chloramphenicol (0.016 — 256 pg/mL),

tobramycin (0.064 — 1024 pg/mL), ofloxacin and moxifloxacin (0.002 — 32 pg/mL) were
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deposited on the agar surface. After incubation at 37°C for 24 hours, the observed points of
growth inhibition corresponding to the minimum inhibitory concentrations were computed for
each agent (Fig. 1C, D). The patterns observed were compared with the cutoffs established by
the Clinical and Laboratory Standards Institute (2012)*?to classify isolates as sensitive,
partially sensitive and resistant. Cutoff points for S. pseudintermedius were: chloramphenicol
S =<8 ng/mL; moxifloxacin =S < 0.5 pg/mL; ofloxacin S =<1 ug/mL and tobramycin S =
< 8 ug/mL. The cutoff points for gram-negative bacteria were: chloramphenicol S =<8
ng/mL; moxifloxacin S =< 0.5 pg/mL; ofloxacin S =<2 ug/mL and tobramycin S=<4
pg/mL.

The prevalence of ocular bacterial infection was determined for both the dogs with
KCS and those in the control group and was estimated by point and interval with 95%
confidence. The percentages of positive dogs in the KCS and control groups were compared
using the binomial test. The agreement between the E-test and Disk-diffusion sensitivity test
results was measured by analyzing the Kappa coefficient of agreement. A level of

significance of 5% was adopted.
RESULTS

Of the 65 dogs diagnosed with KCS, 36 (55%) were female and 29 (45%) were male.
The most common breeds of selected animals were Lhasa Apso and mixed breed (SRD) with
17 (26.2%) dogs each, followed by 10 Poodles (15.4%), 5 Pinschers (7.7 %), 3 Yorkshire

Terriers (4.6%), 2 Pit Bulls (3.1%) and 11 of other breeds (1.5%).

In the group of animals with KCS, 59 of the 65 dogs (90.8%, Cl 95% = 83.7 -97.8%)
were culture-positive for at least one eye. In the control group, 11 of the 30 dogs (36.7%, ClI
95% = 19.4 -53.9%) were culture-positive for at least one eye. These percentages were

significantly different between the control and KCS groups (p <0.0001).
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All isolates from the control group were classified as S. pseudintermedius. For
animals with KCS, the microbiological profile consisted of Gram-positive and Gram-negative
bacterial species (Table 1). It was found that 7.5% of the microorganisms were isolated to

only one eye, whereas 92.4% were concordant for both eyes.

The sensitivity of the isolated agents in accordance with the disk-diffusion method is
described in Table 2. To determine the MIC through the E-test method, fifteen S.
pseudintermedius and fifteen gram-negative strains (eleven of E. coli, three of Enterobacter
aerogenes and one of Citrobacter freundii) were selected (Table 3). High agreement was
verified between the disk-diffusion and E-test methods for chloramphenicol, good agreement

for ofloxacin and weak agreement for tobramycin (Table 4).

Dogs with KCS and positive isolates characterizing eye infection were treated after
sensitivity testing with appropriate antimicrobial eye drops. In 3 (4.6%) of the 65 dogs, S.
pseudintermedius strains characterizing multi-resistance were detected. This was defined as
resistance to nine or more principal antimicrobials, including oxacillin. In light of these
results, these isolates were subjected to new sensitivity tests that revealed that one isolate
(N4) was sensitive to cefazolin (Fig. 2 A, B), one (N5) to vancomycin (Fig. 2 C, D) and one
(N13) to polymyxin B and amikacin (Fig. 2 E, F). Due to the absence of suitable commercial
preparations in Brazil, it was decided to prescribe manipulated compounded ophthalmic
solutions containing these antimicrobials were administered (Laboratério Ophthalmos®, S&o
Paulo, Brazil). In 100% of the treated animals, remission of bacterial infection was achieved

after 15 days of treatment (1 drop in both eyes, four times daily).
DISCUSSION

The high percentage of dogs with KCS with positive cultures (90.8%) compared to

the control group (36.7%) reinforces the importance of identifying the profile and sensitivity
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of bacterial agents to guide antibiotic treatment. **** Dogs with KCS present tear film
deficiencies, either in production or evaporation. Consequently, there is a reduction in
antibacterial enzyme levels (lactoferrin, lysozyme and peroxidase) that favors the colonization
of opportunistic bacteria in the conjunctival sac. In turn, this contributes to a higher frequency

of positive cultures compared to healthy dogs, which corroborates the results observed. %7

The pathogen with the highest prevalence in the eyes of the animals was S.
pseudintermedius, isolated from approximately 67% of the investigated samples. S.
pseudintermedius is a coagulase-positive species, saprophytic in the skin and mucous of dogs,

that commonly colonizes the eyes of healthy dogs.™>*®

A predominance of enteric Gram-negative organisms was observed in relation to
other Gram negatives. Escherichia coli was most prevalent, (approximately 11% of isolates),
followed by Enterobacter aerogenes (3%). These results are consistent with other studies in
which Escherichia coli accounted for 10% of samples isolated. **° P. aeruginosa, a
microorganism capable of secreting enzymes that cause liquefaction of corneal stroma and
rapid progression to ulceration, *® was present in low frequency compared to other agents,

with sensitivity to all antibiotics tested.

When assessing the overall sensitivity of isolated agents through the disk-diffusion
method, tobramycin, the aminoglycoside tested, was more effective than the quinolones
tested, ofloxacin and moxifloxacin. Therefore, aminoglycosides may be more suitable for
empirical or prophylactic treatment of ophthalmopathies in dogs compared to quinolones,
such as ciprofloxacin, moxifloxacin and gatifloxacin-antimicrobials to which the described

microorganisms have developed remarkable resistance in the past decade. ** 2%

Results of the present study revealed good efficacy of polymyxin B and

chloramphenicol. These results agree with those reported by other authors. Chloramphenicol
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is a broad spectrum antibiotic and has been more widely used since the emergence of
methicillin-resistant staphylococci. However, due to its toxic effects in humans, use of the

drug has been limited. %

Three dogs presented S. pseudintermedius strains resistant to oxacillin, an
antimicrobial considered important as a marker of multi-drug resistance in human ocular
infections. 2° Other authors have also reported increased resistance of S. pseudintermedius in
canine ocular infections.?*% In the three cases of resistance observed in the present study,
additional sensitivity tests revealed that these isolates were sensitive to two exclusively
injectable antibiotics in Brazil, vancomycin, a glycopeptide antibiotic used in hospital

infections, and cefazolin, an antibiotic of the cephalosporin group.

Tetracycline had low efficacy against these isolates, with only 40.2% sensitive to this
antibiotic. This result is consistent with other studies that reported resistance to tetracycline in

more than 50% of S. pseudintermedius strains isolated from ophthalmic diseases.?®

Sensitivity testing of the isolated agents using the E-test method revealed that
tobramycin presented good effectiveness against both Gram-negative organisms and Gram-
positive organisms such as S. pseudintermedius. This is consistent with the results observed in
other studies. 2"* According to the E-test, the quinolones tested had low effectiveness against
S. pseudintermedius, with resistance rates above 80%. Considering that moxifloxacin and
ofloxacin have recently entered frequent clinical use for treatment of canine
ophthalmopathies, the results point to the possible emergence of resistant strains among

animals in the region.?®

In contrast, Gram-negative bacteria were sensitive to the quinolones tested, which
suggests that selection pressure on these microorganisms is lower than that observed for S.

pseudintermedius. However, multi-drug resistant E. coli strains, commonly observed in
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urinary infections, are an exception to this finding.2** It was found that excellent agreement
existed between the results of E-test and Disk-diffusion tests for chloramphenicol and

ofloxacin, but limited agreement was observed between tests for tobramycin.

In conclusion, it was found that the bacteria species isolated from the eyes of dogs with
KCS have variable sensitivity to the antibiotics tested. The emergence of quinolone-resistant
strains of S. pseudintermedius, found in high prevalence among the eyes of these animals,
reinforces the need to identify the antimicrobial susceptibility profile of the bacteria involved,

as secondary infections can be an exacerbating and perpetuating factor of KCS.
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Table 1. Microorganisms isolated from ocular secretions of both eyes of dogs (n = 65) with
KCS.

Microorganism Right Eye (%) Left Eye (%) Z:/Z?I
Burkholderia cepacia 0 (0.0) 1(1.4) 1(0.8)
Citrobacter freundii 0 (0.0) 1(1.4) 1(0.8)
Corynebacterium sp. 0(0.0) 1(1.4) 1(0.8)
Enterobacter gergoviae 1(1.6) 0(0.0) 1(0.8)
Klebsiella pneumoniae 0(0.0) 1(1.4) 1(0.8)
Serratia spp. 0(0.0) 1(1.4) 1(0.8)
Proteus mirabilis 1(1.6) 1(1.4) 2(1.5)
Pseudomonas aeruginosa 2(3.2) 1(1.4) 3(2.3)
Enterobacter aerogenes 2(3.2) 2(2.9) 4 (3.0)
Escherichia coli 6 (9.5) 8 (11.6) 14 (10.6)
Streptococcus sp. 7(11.1) 8 (11.6) 15 (11.4)
Staphylococcus pseudintermedius 44 (69.8) 44 (63.8) 88 (66.7)

Total 63 (100) 69 (100) 132 (100)
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Table 2. Sensitivity of microorganisms to the antibiotics tested through the disk-diffusion method.

Sensitivity

Microorganism CFz CIP CLO GEN NEO NOR OFX POL B TET TOB

N=60 N=132 N=132 N=132 N=132 N=132 N=132 N=72 N=132 N=132
Burkholderia cepacia 1/1 (100%) 1/1 (100%) 1/1 (100%) 1/1 (100%) 1/1 (100%) 1/1 (100%) 1/1 (100%) NT 1/1 (100%) 1/1 (100%)
Citrobacter freundii 1/1 (100%) 1/1 (100%) 0/1 (0%) 1/1 (100%) 1/1 (100%) 1/1 (100%) 1/1 (100%) NT 0/1 (0%) 1/1 (100%)
Corynebacterium sp. 1/1 (100%) 0/1 (0%) 1/1 (100%) 1/1 (100%) 1/1 (100%) 0/1 (0%) 0/1 (0%) NT 0/1 (0%) 1/1 (100%)
Enterobacter aerogenes 2/2 (100%) 2/4 (50%) 4/4 (100%) 0/4 (0%) 0/4 (0%) 2/4 (50%) 2/4 (50%) 4/4 (100%) 0/4 (0%) 2/4 (50%)
Enterobacter gergoviae 1/1 (100%) 1/1 (100%) 1/1 (100%) 1/1 (100%) 1/1 (100%) 1/1 (100%) 1/1 (100%) NT 1/1 (100%) 1/1 (100%)
Escherichia coli 2/4 (50%) 6/14 (42.9%)  11/14(78.6%)  9/14 (64.3%)  6/14 (42.9%) 11/14 (78.6%) 13/14 (92.9%) 9/9 (100%)  8/14 (57.1%) 10/14 (71.4%)
Klebsiella pneumoniae 1/1 (100%) 1/1 (100%) 1/1 (100%) 1/1 (100%) 1/1 (100%) 1/1 (100%) 0/1 (0%) NT 1/1 (100%) 1/1 (100%)
Proteus mirabilis 2/2 (100%) 2/2 (100%) 1/2 (50%) 2/2 (100%) 1/2 (50%) 2/2 (100%)  2/2 (100%) NT 0/2 (0%) 2/2 (100%)
Pseudomonas aeruginosa 3/3 (100%) 3/3 (100%) 0/3 (0%) 3/3 (100%) 0/3 (0%) 3/3(100%)  3/3 (100%) NT 0/3 (0%) 3/3 (100%)
Serratia sp. 1/1 (100%) 1/1 (100%) 1/1 (100%) 1/1 (100%) 1/1 (100%) 1/1 (100%) 1/1 (100%) NT 1/1 (100%) 1/1 (100%)
Staphylococeus 20/31 (64.5%)  55/88 (62.5%) 80/88 (90.9%)  70/88 (79.5%) 56/88 (63.6%) 61/88 (69.3%) 58/88 (65.9) >7/58 34/88 (38.6%) 76/88 (86.4%)
pseudintermedius (98.3%)

Streptococcus sp.

8/12 (66.7%)

8/15 (53.3%)  7/15 (46.7%)  14/15(93.3%) 5/15 (33.3%) 13/15 (86.7%) 14/15(93.3%) 1/1 (100%)  7/15 (46.7%)  10/15 (66.7%)

Total

43160 (71.6%)

81/132(61.3%) 108/132(81.8%) 104/132(78.8%) 74/132(56.1%) 97/132(73.5%) 96/132(72.7%) 71/72(98.6%) 53/132(40.2%) 109/132(82.6%)

CFZ - Cefazolin; CIP - Ciprofloxacin; CLO - Chloramphenicol; GEN - Gentamicin; NEO - Neomycin; NOR - Norfloxacin; NT - Not Tested,;

OFX - Ofloxacin; POL B - Polymyxin B; TET - Tetracycline; TOB - Tobramycin.



Table 3. Sensitivity of microorganisms to the antibiotics tested through the E-test method.

Concentration

Antimicrobial
Hg/mL S. pseudintermedius Gram Negatives
(N=15) (N=15)
CLO MOX OFX TOB CLO MOX OFX TOB
0.016 0/30 (0%) 0/30 (0%) 0/30 (0%) 0/30 (0%) 0/30 (0%) 1/30 (3.3%) 0/30 (0%) 0/30 (0%)
0.047 0/30 (0%) 0/30 (0%) 0/30 (0%) 0/30 (0%) 0/30 (0%)  1/30 (3.3%) 0/30 (0%) 0/30 (0%)
<0.064 0/30 (0%) 0/30 (0%) 0/30 (0%) 1/30 (3.3%)  0/30 (0%)  4/30 (13.3%)  1/30 (3.3%) 0/30 (0%)
0.094 0/30 (0%) 0/30 (0%) 0/30 (0%) 1/30 (3.3%)  0/30 (0%) 1/30 (3.3%)  2/30 (6.6%) 0/30 (0%)
0.125 0/30 (0%) 0/30 (0%) 0/30 (0%) 1/30 (3.3%)  0/30 (0%)  4/30 (13.3%)  3/30 (10%) 0/30 (0%)
0.19 0/30 (0%) 0/30 (0%) 0/30 (0%) 1/30 (3.3%)  0/30 (0%)  2/30 (6.6%)  4/30 (13.3%) 0/30 (0%)
0.25 0/30 (0%) 0/30 (0%) 0/30 (0%) 0/30 (0%) 0/30 (0%) 1/30 (3.3%)  2/30 (6.6%) 1/30 (3.3%)
0.38 0/30 (0%) 0/30 (0%) 2/30 (6.6%) 0/30 (0%) 0/30 (0%) 0/30 (0%) 1/30 (3.3%)  4/30 (13.3%)
0.50 0/30 (0%) 0/30 (0%) 0/30 (0%) 0/30 (0%) 0/30 (0%) 1/30 (3.3%) 0/30 (0%) 6/30 (20%)
0.75 0/30 (0%) 0/30 (0%) 1/30 (3.3%) 0/30 (0%) 0/30 (0%) 0/30 (0%) 1/30 (3.3%) 3/30 (10%)
1.0 0/30 (0%) 0/30 (0%) 0/30 (0%) 1/30 3.3%)  1/30 (3.3%)  0/30 (0%) 1/30 (3.3%) 0/30 (0%)
15 2/30 (6.6%)  2/30 (6.6%) 0/30 (0%) 0/30 (0%) 0/30 (0%) 0/30 (0%) 0/30 (0%) 0/30 (0%)
2 3/30 (10%) 3/30 (10%) 1/30 (3.3%) 2/30 (6.6%)  3/30 (10%) 0/30 (0%) 0/30 (0%) 0/30 (0%)
3 430 (13.3%)  4/30 (13.3%) 0/30 (0%) 1/30 (3.3%)  3/30 (10%) 0/30 (0%) 0/30 (0%) 0/30 (0%)
4 1/30 (3.3%)  1/30 (3.3%) 0/30 (0%) 1/30 (3.3%)  2/30 (6.6%)  0/30 (0%) 0/30 (0%) 0/30 (0%)
6 0/30 (0%) 0/30 (0%) 0/30 (0%) 4/30 (13.3%)  3/30 (10%) 0/30 (0%) 0/30 (0%) 0/30 (0%)
8 0/30 (0%) 0/30 (0%) 0/30 (0%) 1/30 (3.3%)  0/30 (0%) 0/30 (0%) 0/30 (0%) 1/30 (3.3%)
12 0/30 (0%) 0/30 (0%) 0/30 (0%) 1/30 (3.3%)  0/30 (0%) 0/30 (0%) 0/30 (0%) 0/30 (0%)
24 3/30 (10%) 3/30 (10%) 0/30 (0%) 0/30 (0%) 0/30 (0%) 0/30 (0%) 0/30 (0%) 0/30 (0%)
>32 2130 (6.6%)  2/30 (6.6%)  11/30 (36.7%) 0/30 (0%) 0/30 (0%) 0/30 (0%) 0/30 (0%) 0/30 (0%)
>256 0/30 (0%) 0/30 (0%) 0/30 (0%) 0/30 (0%) 3/30 (10%) 0/30 (0%) 0/30 (0%) 0/30 (0%)
Total of
sensitive
strains 10/15(66.7%)  0/15(0%) 3/15(20%) 14/15(93.3%)  12/15(80%) 15/15(100%)  15/15(100%)  14/15 (93.3%)

Frequency of sensitive M.O.s. M.O. - Microorganism; CLO - Chloramphenicol; MOX - Moxifloxacin; OFX - Ofloxacin; TOB - Tobramycin
* Criteria established based on serum concentrations.
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Table 4. Percentage agreement of results from E-test and Disk-diffusion (DD) tests, and

estimates of the Kappa coefficients of agreement.

Comparison % agreement Kappa p Interpretation
TOB (E-test x DD) 70.0% 0.3284 0.0263 Weak
CLO (E-test x DD) 93.4% 0.8421 <0.0001 Excellent
OFX (E-test x DD) 86.7% 0.7368 <0.0001 Good

TOB - Tobramycin; CLO - Chloramphenicol; OFX - Ofloxacin
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Figure 1. (A) - Sensitivity profile to antimicrobials of an isolate of S. pseudintermedius

through the Disk-diffusion method, indicating sensitivity to chloramphenicol, neomycin
and polymyxin B. (B) - Sensitivity profile to antimicrobials of one isolate of S.
pseudintermedius through the Disk-diffusion method, showing sensitivity to all
antimicrobials tested. (C) - Sensitivity profile to the antimicrobials ofloxacin and
chloramphenicol of one isolate of S. pseudintermedius through the E-test method,
indicating sensitivity to chloramphenicol. (D) - Sensitivity profile to the antimicrobials
moxifloxacin and tobramycin of one isolate of S. pseudintermedius through the E-test

method, indicating sensitivity to both.

CIP - Ciprofloxacin; CLO - Chloramphenicol; GEN - Gentamicin; NEO - Neomycin; NOR - Norfloxacin;

OFX - Ofloxacin; POL. B - Polymyxin B; TET - Tetracycline; TOB - Tobramycin.



Figure 2. Clinical signs (purulent secretion, corneal opacity and neovascularization) and

STT of animals that presented microbial resistance, topically treated with sensitive
antibiotics, in addition to conventional treatment for KCS with an immunosuppressant
and ocular lubricant. (A) OD of animal N4 which presented sensitivity only to cefazolin
and STT 0 mm/min. (B) OD of the same animal, with improvement in clinical signs and
STT 24 mm/min after 1 month of treatment with manipulated cefazolin 5% eye drops, 1
drop 4x/day. (C) OS of animal N5 which presented sensitivity only to vancomycin and
STT 5 mm/min. (D) OS of the same animal, with improvement in clinical signs and
STT 10 mm/min, after 1 month of treatment with manipulated vancomycin 5% eye
drops, 1 drop 4x/day. (E) OS of animal N13 which presented sensitivity to polymyxin B
and amikacin and STT 0 mm/min. (F) OS of the same animal, with improvement in
clinical signs and STT 17 mm/min, after 1 month of treatment with manipulated
polymyxin B 5% eye drops, 1 drop 4x/day.

STT: Schirmer Tear Test, OD: oculus dexter - right eye, OS: oculus sinister - left eye
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