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Abstract

Proteus spp. are opportunistic multidrug resistant enterobacteria associated with diverse clinical diseases 
in domestic animals. However, Proteus infections in domestic animals are often misdiagnosed or 
considered contaminants in microbiological cultures rather than a primary agent of disease. Descriptions 
of Proteus infections in domestic animals are typically restricted to case reports, retrospective studies, 
or surveillance of other microorganisms. The present study investigated multiple antibiotic resistance 
indices, minimum inhibitory concentrations (MICs), and ESBL production in 73 strains of Proteus 
mirabilis (n = 69) and Proteus vulgaris (n = 4) isolated from domestic animals with various clinical 
manifestations. In dogs, the pathogen was most commonly associated with cystitis (48.21), enteritis 
(21.42%), otitis (14.29%), and conjunctivitis (3.57%). In bovines, the microorganism was predominant 
in cases of enteritis (22.22%), abscess (11.11%), otitis (11.11%), omphalitis (11.11%), and peritonitis 
(11.11%), and in organ fragments (11.11%). In equines (50.0%) and cats (100.0%), diarrhea was the 
main clinical sign. In vitro standard disk diffusion assay showed that the most effective antimicrobials 
against the isolates were imipenem (98.63), norfloxacin (95.89), amikacin (95.89), levofloxacin (90.41), 
ceftriaxone (87.64), and florfenicol (87.67). In contrast, the isolates commonly showed resistance to 
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novobiocin (95.89), azithromycin (57.53), and trimethropim/sulfamethoxazole (39.73). Among the 
73 isolates, the efficacy of amoxicillin/clavulanic acid, gentamicin, ceftriaxone, and ciprofloxacin 
according to MICs was 87.67%, 86.30%, 84.93%, and 82.19%, respectively. The MIC50 values of 
amoxicillin/clavulanic acid, ceftriaxone, ciprofloxacin, and gentamicin were, respectively, 1.0, 0.004, 
0.03, and 1.0 µg/mL. Thirty-three strains (45.21%) showed a antimicrobial multiple resistance index of 
≥0.3. Multidrug resistance profiles of isolates were observed most frequently in dogs (n = 25; 75.76%), 
particularly in those with cystitis (n = 13; 52.0%), followed by bovines (n = 4; 12.12%), equines (n 
= 2; 6.06%), and cats (n = 2; 6.06%). Two (2.7%) strains, obtained from canine skin and feces, were 
diagnosed phenotypically as ESBL-producers. Here, we observed the diversity of Proteus infections in 
domestic animals. The presence of multidrug-resistant isolates and ESBL-producers reinforces the need 
for appropriate antimicrobial use and in vitro antimicrobial tests to support therapy.
Key words: Proteus sp. Multidrug resistant. Extended-spectrum beta-lactamase. Livestock. Companion 
animals.

Resumo

Proteus spp. são enterobactérias oportunistas, multirresistentes aos antimicrobianos, associadas a 
diversas infecções em animais domésticos. No entanto, as infecções por Proteus em animais de produção 
e de companhia são negligenciadas ou, por vezes, o patógeno é considerado “contaminante”, ainda que 
em infecções como agente primário. Os registros de infecções por Proteus sp. em animais domésticos 
estão restritos aos relatos de casos, estudos retrospectivos ou compondo estudos com outros micro-
organismos. O presente estudo investigou o índice de resistência múltipla (IRMA) e a concentração 
inibitória mínima (CIM) de 73 Proteus mirabilis (n=69) e Proteus vulgaris (n=4) a diferentes 
antimicrobianos, bem com a produção fenotípica de ESBL, em isolados obtidos de várias manifestações 
clínicas em animais domésticos. Em cães, o micro-organismo foi identificado predominantemente em 
casos de cistite (48,21%), enterite (21,42%), otite (14,29%) e conjuntivite (3,57%). Nos bovinos, o 
agente foi isolado predominantemente de casos enterite (22,22%), abscesso (11,11%), otite (11,11%), 
onfalite (11,11%), peritonite (11,11%), metrite (11,11%) e em fragmento de órgão (11,11%). Nos 
equinos (50,0%) e felinos (100,0%) o micro-organismo foi isolado principalmente de enterite. A maior 
sensibilidade dos isolados no teste “in vitro” de difusão com discos foi observada para imipeném 
(98,63%), norfloxacino (95,89%), amicacina (95,89%), levofloxacino (90,41%), ceftriaxona (87,64%) 
e florfenicol (87,67%), enquanto a maior resistência das linhagens foi observada para novobiocina 
(95,89%), azitromicina (57,53%) e sulfametoxazole-trimetropim (39,73%). Dentre as 73 linhagens, a 
eficácia da amoxicilina/ácido clavulânico, gentamicina, ceftriaxona e ciprofloxacino utilizando o teste 
de CIM foi, respectivamente, 87,67%, 86,30%, 84,93% e 82,19%. A CIM50 para amoxicilina/ácido 
clavulânico, ceftriaxona, ciprofloxaicno e gentamicina foi, respectivamente, 1,0 µg/mL, 0,004 µg/mL, 
0,03 µg/mL e 1,0 µg/mL. O índice de resistência múltipla aos antimicrobianos (IRMA ≥0,3) foi observado 
em 33 (45,21%) linhagens, variando entre 0,1 a 1. Entre os isolados com perfis de multirresistência, a 
maior ocorrência foi observada em cães (n=25; 75,76%), particularmente em animais com cistite (n=13; 
52,0%), seguido pelos bovinos (n=4; 12,12%), equinos (n=2; 6,06%) e felinos (n=2; 6,06%). A presença 
fenotípica de ESBL foi identificada em dois (2,7%) isolados obtidos de dermatite e fezes de cães. Infere-
se a diversidade de infecções causadas por Proteus em animais domésticos, a presença de isolados 
ESBL-positivos e multirresistentes aos antimicrobianos, reforçando a importância da instituição do 
tratamento do patógeno com respaldo em testes “in vitro” de sensibilidade microbiana e do uso racional 
de antimicrobianos no tratamento de infecções em animais domésticos.
Palavras-chave: Proteus sp. Multirresistência aos antimicrobianos. Beta-lactamases de espectro 
estendido. Animais de produção e de companhia. Manifestações clínicas.
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Introduction

Proteus species are members of the animal 
and human enteric microbiota (KOENIG, 2012; 
MURRAY et al., 2007). These bacteria are also 
found in animal breeding facilities and contaminate 
water, food, vegetables, utensils, equipment, and 
surgical instruments used on animals (QUINN et 
al., 2011).

Fecal elimination and a wide distribution in 
the environment facilitate opportunistic Proteus 
infections in animals and humans (MURRAY 
et al., 2007; SONGER; POST, 2005). Although 
urinary tract infections and otitis are the most 
frequent infections of Proteus spp. in domestic 
animals (QUINN et al., 2005, 2011), various other 
clinical conditions have been described, including 
septicemia, neonatal enteritis, uterine infections, 
prostatitis, mastitis, and dermatitis (KOENIG, 2012; 
MURRAY et al., 2007; PHILPOT; NICKERSON, 
2002; RADOSTITS et al., 2007).

An increase in infections by opportunistic 
enterobacteria, including those caused by Proteus 
spp. in domestic animals is a cause for concern, 
because an increase in this condition is generally 
secondary to the improper use of antimicrobials 
during treatments or occurs after invasive diagnostic 
and surgical procedures (GIGUÈRE et al., 2010).

Because there is a higher incidence of human 
and animal infections caused by more pathogenic 
enterobacteria such as Escherichia coli, Salmonella 
spp., Klebsiella pneumoniae, Shigella spp., and 
Enterobacter spp., infections by Proteus spp. do not 
receive attention or these species are considered to 
be contaminants even when they are the primary 
causal agents. However, Proteus spp. have been 
increasingly recovered from humans and animals 
with various clinical manifestations and multidrug-
resistant isolates have emerged as a public health 
concern (O´HARA et al., 2000; QUINN et al., 
2011; SONGER; POST, 2005). In Brazil, studies 
of Proteus spp. isolated from domestic animals 
have been limited to case reports or retrospective 
studies, or as only a part of surveillance focused on 

other microorganisms (CORRÊA; CORRÊA, 1992; 
NELSON; COUTO, 2010; OLIVEIRA et al., 2012; 
PEREIRA et al., 2004).

Proteus spp. and other enterobacteria produce 
enzymes that promote resistance to some beta-
lactamic antimicrobials, including cephalosporins 
and penicillins. Strains that are resistant to various 
antimicrobials in this group are considered extended-
spectrum beta lactamases (ESBL) producers and 
have gained attention among health professionals 
in the past few decades (GIGUÈRE et al., 2010). 
Thus, the aim of present study was to investigate 
the in vitro antimicrobial multiple resistance index 
and minimum inhibitory concentrations (MICs) of 
isolates, as well as the presence of ESBL producers 
in strains of Proteus mirabilis and Proteus vulgaris 
isolated from domestic animals among various 
clinical specimens. 

Materials and Methods

Animals and microorganisms

In total, 73 Proteus strains isolated from 
livestock and companion animals were included in 
this study. The strains were maintained in duplicate 
in tube racks (25°C) and frozen (−20°C) in BHI plus 
glycerol (15%).

Microbiology diagnosis

All clinical specimens used for strain isolation 
(urine, feces, otologic secretions, skin, abscesses, 
synovial fluid, organ fragments, and peritoneal fluid) 
were simultaneously plated on defibrinated sheep 
blood agar (5%) and MacConkey agar. Both cultures 
were maintained under aerobic conditions at 37°C 
for 72 h, with evaluation every 24 h. After 24–48 
hour of incubation, the presence of lactose-negative 
colonies in MacConkey agar and or white-greyish 
colonies with a strong odor, 2–3 mm diameter, 
with concentric circles were considered suggestive 
of Proteus spp. (QUINN et al., 2011; SONGER; 
POST, 2005). Biochemical characterization of each 
isolate was performed using MILi/EPM/Citrate 
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biochemical tests (TRABULSI; ALTERTHUM, 
2005). In parallel, colonies compatible with 
Proteus spp. were subjected to other phenotypic 
tests, such as catalase, urease, gelatin liquefaction, 
nitrate reduction, and esculin fermentation tests 
(MANDELL et al., 2005; MURRAY et al., 2007; 
TORTORA et al., 2005), for species confirmation.

In vitro antimicrobial sensitivity profile (disk 
diffusion method)

All Proteus sp. strains were subjected to in vitro 
antimicrobial sensitivity testing using the standard 
disk diffusion method (BAUER et al., 1966). The 
tests were performed according to recommendations 
of the Clinical Laboratory Standards Institute 
(CLSI, 2013). 

Twenty-one antimicrobials from ten distinct 
groups recommended for the treatment of Proteus 
spp. infections in domestic animals (NELSON; 
COUTO, 2010; KOENIG, 2012; QUINN et al., 
2011; RADOSTITS et al., 2007) and/or humans 
(MANDELL et al., 2005; MURRAY et al., 
2007; O´HARA et al., 2000;) were used in this 
study as follows: 1) cephalosporin (ceftriaxone, 
30 µg; ceftiofur, 30 µg; cephalexin, 30 µg), 2) 
penicillins of wide spectrum (ampicillin, 10 µg; 
amoxicillin/clavulanic acid, 30 µg), 3) macrolides 
(azithromycin, 15 µg), 4) fluoroquinolones 
(enrofloxacin, 5 µg; ciprofloxacin, 5 µg; norfloxacin, 
10 µg; levofloxacin, 5 µg; marbofloxacin, 5 µg), 
5) aminoglycosides (gentamicin, 10 µg; amikacin, 
30 µg; neomycin, 30 µg; tobramycin, 10 µg), 
6) rifamycin (rifampicin, 5 µg), 7) amphenicols 
(florfenicol, 30 µg; chloramphenicol, 30 µg), 8) 
sulfonamides (sulfamethoxazole/trimethoprim, 25 
µg), 9) non-macrolide glycoside (novobiocin, 30 
µg), and 10) carbapenems (imipenem, 10 µg).

Antimicrobial multiple resistance index and 
antimicrobial resistance profiles

Multiple antimicrobial resistance indices were 
calculated by determining the ratio of the number 

of antimicrobial class(es) against which each isolate 
was resistant and the total number of tested classes 
(10 classes). Strains with index values > 0.3 were 
considered potential sources of resistance genes 
(KRUMPERMAN, 1983). 

MICs

All strains were subjected to minimum 
inhibitory concentration testing (CLSI, 2013) 
using a commercial kit (M.I.C.E. Evaluator, 
Oxoid, Hampshire, UK) and four antimicrobials 
in decreasing concentrations on strips. The tests 
were carried out according to the manufacturer’s 
instructions. The impregnated strips contained 
amoxicillin/clavulanic acid (256–0.015 µg/mL), 
gentamicin (256–0.015 µg/mL), ciprofloxacin (32–
0.002 µg /mL), and ceftriaxone (32–0.002 µg/mL).

ESBL

All Proteus isolates were subjected to ESBL 
phenotypic testing using the disk diffusion 
method and agar with amoxicillin/clavulanic acid 
(30 µg) in the center, surrounded by aztreonam 
(30 µg), ceftriaxone (30 µg), ceftazidime (30 
µg), and cefoperazone (30 µg). The plates were 
incubated for 24 h under aerobic conditions at 
37°C, and measurements were obtained per CLSI 
recommendations (CLSI, 2013). An increases in 
the inhibition halo diameter or distortions around 
the beta-lactam drugs (known as the “ghost zone”) 
indicated that an isolate was an ESBL-producer. 
Klebsiella pneumoniae (ATCC 700603) was used 
as a positive control.

Sampling, analysis, and ethical guidelines 

The microorganisms used in this study were 
used based on convenience because of the difficulty 
in obtaining a large number of Proteus spp. isolates 
from different infections in domestic animals. 
Associations between multidrug resistance, source 
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animal, and clinical infections were determined by 
chi-square and Fisher’s exact tests (TRIOLA, 2005) 
using EPI-INFO 6.04v software and considering P 
< 0.05 as significant. This study was approved by 
the Ethics Committee on Animal Use at the School 
of Veterinary Medicine and Animal Sciences, Univ. 
Estadual Paulista (UNESP), Botucatu, SP, Brazil, 
under protocol number 175/2014.

Results

Strains

Seventy-three Proteus strains were isolated in 
sheep blood agar and MacConkey agar from different 
clinical specimens. Biochemical characterization 
revealed 69 (94.51%) P. mirabilis and 4 (5.49%) P. 
vulgaris isolates.

Origin of isolates 

Among the 69 P. mirabilis isolates, 25 (34.25%) 
were recovered from samples of cystitis, 19 (26.01%) 
enteritis, 9 (12.33%) otitis, 3 (4.11%) abscesses, 3 
(4.11%) arthritis, 3 (4.11%) dermatitis, 2 (2.74%) 
conjunctivitis, 1 (1.37%) omphalitis, 1 (1.37%) 
metritis, 1 (1.37%) peritonitis, 1 (1.37%) surgical 
wound secretion, and 1 (1.37%) organ fragment. Of 
the four P. vulgaris isolates, 2 (2.74%) were isolated 
from cases of cystitis, 1 (1.37%) of dermatitis, and 
1 (1.37%) of metritis. In dogs, cystitis (n = 27; 
48.21%), enteritis (n = 12; 21.42%), and otitis (n = 8; 
14.29%) were the most frequent origins of Proteus 
isolates. Enteritis was the most common origin of 
isolates among bovines (n = 2; 22.22%), equines (n 
= 3; 50.0%), and felines (n = 2; 100.0%). However, 
other miscellaneous infections by Proteus species 
were observed, including abscesses, conjunctivitis, 
arthritis, surgical wounds, dermatitis, omphalitis, 
and peritonitis (Table 1).

Table 1. O
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razil, 2013-2015.
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In vitro antimicrobial sensitivity profiles

In the disk diffusion test, isolates presented 
higher in vitro sensitivities to imipenem (98.63%), 
amikacin (95.89%), norfloxacin (95.89%), 
levofloxacin (90.41%), florfenicol (87.67%), 

ceftriaxone (87.64%), amoxicillin/clavulanic acid 
(86.30%), gentamicin (86.30%), and marbofloxacin 
(86.30%). Furthermore, resistance of strains to 
novobiocin (95.89%), azithromycin (57.53%), 
and sulfamethoxazole/trimethoprim (39.73%) was 
observed (Table 2).

Table 2. In vitro antimicrobial sensitivity pattern based on disk diffusion testing of Proteus mirabilis and P. vulgaris 
strains isolated from domestic animals. Botucatu, SP, Brazil, 2013-2015.

 
Group

Antimicrobials
 

Sensitivity Profile

Sensitive Partially
sensitive Resistant

N (%) N (%) N (%)

Cephalosporin
Cephalexin 54 (73.97) 3 (4.11) 16 (21.92)
Ceftiofur 62 (84.93) 2 (2.74) 9 (12.33)
Ceftriaxone 64 (87.64) 4 (5.48) 5 (6.85)

Penicillin of wide 
spectrum 

Amoxicillin/clavulanic acid 63 (86.30) 3 (4.11) 7 (9.59)
Ampicillin 48 (65.75) 2 (2.74) 23 (31.51)

Macrolides Azithromycin 28 (38.36) 3 (4.11) 42 (57.53)

Fluoroquinolones

Norfloxacin 70 (95.89) 1 (1.37) 2 (2.74)
Ciprofloxacin 61 (83.56) 7 (9.59) 5 (6.85)
Enrofloxacin 55 (75.34) 6 (8.22) 12 (16.44)
Levofloxacin 66 (90.41) 3 (4.11) 4 (5.48) Marbofloxacin 63 (86.30) 3 (4.11) 7 (9.59)

Aminoglycosides

Gentamicin 63 (86.30) 2 (2.74)  8 (10.96)
Neomycin  60 (82.19)  2 (2.74)  11 (15.07)
Tobramycin  62 (84.93)  3 (4.11)  8 (10.96)
Amikacin  70 (95.89)  0 (--)  3 (4.11)

Rifamycins Rifampicin  32 (43.84)  35 (47.94)  6 (8.22)

Amphenicols Chloramphenicol  57 (78.08)  3 (4.11)  13 (17.81)
Florfenicol  64 (87.67)  3 (4.11)  6 (8.22)

Sulfonamides Trimethoprim/sulfa  44 (60.27)  0 (--)  29 (39.73)
Non-macrolide glycoside Novobiocin  3 (4.11)  0 (--)  70 (95.89)

Carbapenem Imipenem  72 (98.63)  0 (--)  1 (1.37)
N = Number of isolates
% = Percentage
Sulfa = Sulfamethoxazole.

Antimicrobial multiple resistance index

Multidrug resistance values ≥ 0.3 were found in 
33 (45.21%) strains, ranging from 0.1 to 1.

Multiple resistance profiles

Distinct profiles of isolates showing multidrug 
resistance against 3–16 drugs were found. Among 
isolates with a multidrug resistance profile, the 

highest occurrence was observed in isolates from 
dogs (n = 25; 75.76%), particularly in those with 
cystitis (n = 13; 52.0%) (Table 3). Multidrug 
resistance profiles in bovines, equines, and felines 
was observed in 12.12% (n = 4), 6.06% (n = 2), and 
6.06% (n = 2) of the isolates, respectively (Table 4). 
One isolate recovered from cystitis was resistant to 
16 of the antimicrobials tested. Only two isolates 
recovered from cystitis were found to have identical 
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profiles (Table 3), although these two isolates were 
obtained from animals in distinct locations. No 
statistically association was observed between the 
multidrug resistance of Proteus species and origin of 
infections in dogs (P = 0.99). For bovines, equines, 

and felines, the most diverse resistance profiles were 
observed in isolates obtained from feces. A bovine 
feces isolate was resistant to 11 antimicrobials, 
while a feline feces isolate was resistant to 10 drugs 
(Table 4).

Table 3. Multidrug antimicrobial resistance profiles of Proteus mirabilis and P. vulgaris isolates from dogs. Botucatu, 
SP, Brazil, 2013-2015.

Species Multidrug-resistance profiles  N

Dogs Origin of 
isolates

Cystitis NOR/RIF/SUT/TOB/AZI/CFE/CTF/CRO/CIP/CLO/ENO/OF/AMC/AMP/
MARB/NBC 1

NEO/SUT/TOB/AZI/CFE/CIP/CLO/ENO/GEN/LVX/AMP/MARB/NBC 1
NEO/SUT/AZI/CLO/AMP 1
NEO/SUT/AZI/CLO/ENO/FLO/LVX/AMP/MARB/NBC 2
NEO/SUT/TOB/AZI/CFE/CTF/AMC/AMP/NBC 1
SUT/AZI/ENO/NBC 1
NEO/SUT/CLO/NBC 1
SUT/AZI/AMP/NBC 1
SUT/CFE/CTF/AMC/AMP/NBC 1
AZI/GEN/AMP/NBC 1
SUT/AZI/CLO/AMP/NBC 1
AZI/ENO/NBC 1

Enteritis SUTAZI/CFE/CTF/CRO/AMP/NBC 1
NEO/TET/TOB/AMI/CRO/LVX/NBC 1
CFE/AMC/AMP/NBC 1
AZI/CFE/NBC 1

Otitis
AZI/ENO/NBC 1
SUT/AZI/CLO/AMP/NBC 1
SUT/AZI/ENO/MARB/NBC 1

Conjunctivitis RIF/SUT/CLO/AMP/NBC 1

1
Dermatitis SUT/TOB/AZI/CFE/ENO/GEN/AMP/NBC

Arthritis SUT/CFE/CTF/ENO/AMP/MAR/NBC 1

Abscess CFE/CLO/AMP 1

Surgical 
Wound CFE/AMP/NBC 1

N = Number of isolates, SUT = sulfamethoxazole/trimethoprim, CRO = ceftriaxone, CFT = ceftiofur, CFE = cephalexin, AMP = 
ampicillin, AMC = amoxicillin/clavulanic acid, AZI = azithromycin, ENO = enrofloxacin, CIP = ciprofloxacin, NOR = norfloxacin, 
LVX = levofloxacin, GEN = gentamicin, AMI = amikacin, NEO = neomycin, TOB = tobramycin, RIF = rifampicin, FLO = 
florfenicol, CLO = chloramphenicol, NBC = novobiocin, MARB = marbofloxacin, IMI = imipenem.
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Table 4. Multidrug antimicrobial resistance profiles of Proteus mirabilis and P. vulgaris isolates from livestock and 
cats. Botucatu, SP, Brazil, 2013-2015.

Species Multidrug-resistance profile  N

Bovine Origin of 
isolates
Organ fragments SUT/AZI/CFE/CIP/ENO/AMC/AMP/NBC 1

Metritis RIF/SUT/CFE/CLO/FLO/AMP/NBC 1

Omphalitis AZI/CLO/GEN/AMP/NBC 1

Feces SUT/TOB/AMI/CFE/CTF/CRO/CLO/FLO/AMC/AMP/NBC 1

Equine Isolates Origin

Feces NEO/SUT/TOB/GEN/NBC 1

Synovial Fluid SUT/AZI/NBC 1

Feline Isolates Origin

Feces NEO/SUT/TOB/AMI/AZI/CFE/CTF/CRO/GEN/NBC  
RIF/SUT/AZI/CFE/NBC 

1
1

N = Number of isolates, SUT = sulfamethoxazole/trimethoprim, CRO = ceftriaxone, CFT = ceftiofur, CFE = cephalexin, AMP = 
ampicillin, AMC = amoxicillin/clavulanic acid, AZI = azithromycin, ENO = enrofloxacin, CIP = ciprofloxacin, NOR = norfloxacin, 
LVX = levofloxacin, GEN = gentamicin, AMI = amikacin, NEO = neomycin, TOB = tobramycin, RIF = rifampicin, FLO = 
florfenicol, CLO = chloramphenicol, NBC = novobiocin, MARB = marbofloxacin, IMI = imipenem.

MICs

The MICs revealed that all isolates showed 
sensitivities of 87.67%, 86.30%, 84.93%, and 
82.19% to ceftriaxone, gentamicin, ciprofloxacin, 
and amoxicillin/clavulanic acid, respectively. In 
contrast, the resistance of isolates to these same 
antimicrobials was 12.33%, 12.33%, 12.33%, and 
16.43%, respectively. The MIC50 values (minimum 
inhibitory concentration that inhibited the growth 
of 50% of isolates) for amoxicillin/clavulanic acid, 
ceftriaxone, ciprofloxacin, and gentamicin were 1.0, 
0.004, 0.03, and 1.0 µg/mL, respectively. It was not 

possible to calculate the MIC90 (minimum inhibitory 
concentration that inhibited the growth of 90% of 
isolates) because the effectiveness values (MICs) 
for these antimicrobials were 72.6%, 87.7%, 86.0%, 
and 86.0%, respectively, i.e., below 90% (Table 5).

ESBL

ESBL-producers were identified in two (2.7%) 
canine isolates, one obtained from the skin (animal 
39) and another recovered from feces (animal 42).
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Statistical analysis

There was no statistically significant (P > 0.05) 
association between the antimicrobial sensitivity of 
isolates between MICs and disk diffusion values, 
despite some discrepancies between the results of 
these methods (Tables 2 and 5). There was a bias 
toward higher resistance of isolates on MICs (Table 
5) than disk diffusion tests (Table 2), although this 
difference was not statistically significant (P > 0.05).

Discussion

Proteus mirabilis and P. vulgaris have been 
identified as the causal agents of various diseases in 
livestock, companion animals and wildlife (QUINN 
et al., 2011; SONGER; POST, 2005). The present 
study detected a high frequency of P. mirabilis 
in dogs with urinary tract infections, similar to 
that reported in previous studies (MANDELL et 
al., 2005; NELSON; COUTO, 2010), confirming 
their pathogenicity in this system. Urinary tract 
infections caused by enterobacteria in domestic 
animals may be associated with the proximity of the 
genital region to the perineum that is contaminated 
with feces, which may facilitate urethral infections 
by this group of pathogens, including the Proteus 
spp. (KOENIG, 2012; SIQUEIRA et al., 2009; 
ZIMMEL, 2007). 

Table 5. M
inim

al inhibitory concentration
1, M

IC
50 , and M

IC
90  values for am

oxicillin/clavulanic acid, ceftriaxone, ciprofloxacin, and gentam
icin in 73 Proteus spp. 

isolates from
 dom

estic anim
als. B

otucatu, SP, B
razil, 2013-2015.

A
ntim

icrobial
D

ecreasing concentrations (µg/m
L

)
____________________________________________________________________________________________

N
um

ber of isolates (%
)

M
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50
(µg/m

L
)

M
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90
(µg/m

L
)

A
m

oxicillin/
clavulanic acid

256.0
128.0

64.0
32.0

16.0
8.0

4.0
2.0

1.0
0.5

0.25
0.125

0.06
0.03

0.015
1.0

a
4

2
4

--
2

1
7

16
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5
--

--
--

--
--

C
eftriaxone

32.0
16.0

8.0
4.0

2.0
1.0
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0.12
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0.03
0.015

0.008
0.004

0.002
0.004

b
8

1
--

--
--

1
2

--
--

--
--

--
7

36
18

C
iprofloxacin

32.0
16.0

8.0
4.0

2.0
1.0

0.5
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0.12
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0.015

0.008
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0.002
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3
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0.125
0.06

0.03
0.015

1.0
d

--
--

4
2

3
1

2
5

27
23

5
1

--
--

--
M

IC
50  = M

inim
al inhibitory concentration that inhibited grow

th of 50%
 of isolates, M

IC
90  = M

inim
al inhibitory concentration that inhibited grow

th of 90%
 of isolates µg/m

L = 
m

icrogram
s/m

illiliter, %
 = percentage; R

esistant, interm
ediary, susceptible; a = 72.6%

 effectiveness, b = 87.7%
 effectiveness, c = 86.0%

 effectiveness, d = 86.0%
 effectiveness; 1 

C
linical Laboratory Standard Institute (C

LSI, 2013, 2014).
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Most previous studies of the pathogenicity 
of Proteus spp. in domestic animals were based 
on urinary tract infections. Among the factors 
associated with pathogenicity, the following are 
considered particularly important: fimbriae, which 
promote the adhesion of pathogens to uroepithelial 
cells, (MANDELL et al., 2005), ZapA proteins, 
which degrade surface immunoglobulins in the 
urinary tract mucosa (SONGER; POST, 2005), and 
peritrichous flagella, which facilitate dissemination 
from the urethra (QUINN et al., 2011). In addition, 
urease production hydrolyzes urea and alters the 
local pH, favoring renal calculi that block the passage 
of urine and lead to damage of local cells by excess 
ammonia, predisposing the animals to urolithiasis 
(MANDELL et al., 2005). Proteus spp. located 
inside the calculi can limit immune responses and 
antimicrobial actions, promoting chronic urinary 
system infections as well as dissemination of the 
organism to the kidneys, causing pyelonephritis and 
occasionally septicemia (SONGER; POST, 2005). A 
combination of these virulence factors increases the 
pathogenicity of Proteus spp. to domestic animals 
(KOENIG, 2012; QUINN et al., 2011).

Despite the high occurrence of urinary tract 
infections in this current study, Proteus spp. were 
isolated from various other infections, including 
abscesses, conjunctivitis, arthritis, dermatitis, 
enteritis, otitis, metritis, peritonitis, and umbilical 
infections and were isolated from organs in canine, 
bovine, equine, and feline species. These results are 
similar to those obtained in Brazil (CORRÊA and 
CORRÊA, 1992) and other countries (KOENIG, 
2012; PLUNKET, 2000; QUINN et al., 2011; 
RADOSTITS et al., 2007), who reported a variety of 
Proteus spp. infections in livestock and companion 
animals. These data reinforce the opportunistic 
behavior of Proteus spp. in domestic animals, 
as these organisms are found in the intestinal 
microbiota, water, food, and breeding facilities and 
as contaminants of tools commonly used for animals; 
additionally, they may infect any organ or tissue 
(QUINN et al., 2011; SONGER; POST, 2005).

The identification of Proteus spp. in the otitis 
and dermatitis of livestock and companion animals 
(KOENIG, 2012; RADOSTITS et al., 2007; QUINN 
et al., 2011) has been reported previously (GRECI 
et al., 2011; MEGID et al., 1990; OLIVEIRA et 
al., 2012). These infections are closely associated 
with predisposing conditions such as high humidity, 
which favor contamination of water by Proteus 
spp. in breeding facilities (QUINN et al., 2011; 
SONGER; POST, 2005).

Reports describing Proteus spp. as a primary 
pathogen of domestic animals in enteric infections 
are controversial (NELSON; COUTO, 2010; 
PEREIRA et al., 2004; QUINN et al., 2011; 
RADOSTITS et al., 2007), but their role as the 
causative agent of diarrhea in dogs (KOENIG, 
2012) and domestic ruminants (PEREIRA et 
al., 2004; RADOSTITS et al., 2007) has been 
described. In this study, P. mirabilis was isolated 
from dogs, bovines, equines, and felines with 
enteritis, indicating that the microorganism should 
be included in the differential diagnosis for enteric 
diseases in livestock and companion animals. 

In Brazil, Proteus spp. infections in domestic 
animals have been restricted to case reports and 
retrospective surveillance or studies focused on 
other microorganisms (CORRÊA; CORRÊA, 1992; 
NELSON; COUTO, 2010; OLIVEIRA et al., 2012; 
PEREIRA et al., 2004). However, Proteus infections 
may be misdiagnosed or these pathogens may be 
considered a contaminant even when they are the 
primary agents of disease (O´HARA et al., 2000). 
Except in fecal samples, P. mirabilis and P. vulgaris 
isolates were obtained predominantly in pure 
cultures from animals with various extraintestinal 
infections. Despite the presence of Proteus sp. in 
animal feces and in breeding facilities (QUINN et 
al., 2011; SONGER; POST, 2005), the diversity of 
conditions associated with these microorganisms 
suggest the need for veterinary laboratories to 
consider this pathogen a primary agent of various 
infections in livestock and companion animals.

Isolation of P. mirabilis and P. vulgaris, 
particularly from companion animals that have close 
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contact with humans, represents a public health 
concern because of the potential for transmission of 
the pathogen to humans through different secretions 
and excretions, especially to immunosuppressed 
patients, children, and the elderly, or through 
nosocomial infections (BAHASHWAN; SHAFEY, 
2013; MANDELL et al., 2005; O´HARA et al., 
2000; TORTORA et al., 2005).

Aminoglycosides (amikacin, gentamicin, 
and tobramycin), amoxicillin/clavulanate 
acid, cephalosporin (ceftiofur, ceftriaxone), 
fluoroquinolones (ciprofloxacin, enrofloxacin), 
chloramphenicol, rifamycin, and sulfonamides/
trimethoprim are considered first-line antimicrobials 
for treating Proteus spp. infections in domestic 
animals (KOENIG, 2012; LUZZARO et al., 
2001; RADOSTITS et al., 2007). In the current 
study, Proteus strains showed the highest in vitro 
sensitivities to imipenem, norfloxacin, amikacin, 
levofloxacin, ceftriaxone, florfenicol, ceftriaxone, 
marbofloxacin, and amoxicillin/clavulanic acid. 
This suggests the effectiveness of carbapenems, 
fluoroquinolones, aminoglycosides, cephalosporins, 
and amphenicols, as well as synergistic combinations 
(sulfonamides/trimethoprim; amoxicillin/clavulanic 
acid) as first-line drugs for treating infections by 
this pathogen in domestic animals.

The in vitro effectiveness of imipenem in our 
isolates may be attributed to the restricted use of 
this drug in veterinary medicine (KOENIG, 2012; 
OLIVEIRA et al., 2006), despite its indication 
as a drug of choice in human Proteus infections 
(MANDELL et al., 2005; RENNIE; JONES, 
2014). Similarly, the high in vitro effectiveness of 
levofloxacin and marbofloxacin against Proteus 
isolates in this study may have been observed 
because fluoroquinolones have only recently been 
used in veterinary medicine, particularly in dogs 
and equines. Marbofloxacin is a fourth-generation 
fluoroquinolone that was first introduced in Europe 
and is currently used by via parenteral administration 
to treat pneumonia in bovines and swine through 
the intramammary route for bovine mastitis and 

orally for companion animals (GIGUÈRE et al., 
2010). European studies of the in vitro sensitivity of 
different bacterial pathogens isolated from bovines 
(E. coli, Salmonella spp., Mannheimia haemolytica, 
Pasteurella multocida, Staphylococcus aureus, and 
Streptococcus spp.) and from companion animals 
(E. coli, Pseudomonas aeruginosa, Staphylococcus 
intermedius) have shown success with the use of 
marbofloxacin (de MEUNIER et al., 2004a,b). 
This is suggestive that marbofloxacin can be used 
as an alternative antimicrobial to treat various 
clinical conditions in animals, particularly those of 
the urinary, respiratory, and dermatological tracts 
(KROEMER et al., 2014).

Bacterial resistance to antimicrobials and the 
emergence of multidrug-resistant microorganisms 
are emergent public health threats (GIGUÈRE 
et al., 2010; RIBEIRO, 2008; TAVARES, 2007; 
TRABULSI; ALTHERTUM, 2005). In veterinary 
medicine, multi-resistant microorganisms likely 
result from the excess use of antimicrobials as 
“growth promoters” for poultry and swine, use of 
prophylaxis measures for specific diseases (such 
as in dry cow therapy), and improper use of some 
drugs (underdosing, overdosing and treatment 
discontinuation) (ANDRADE; GIUFFRIDA, 2008; 
GIGUÈRE et al., 2010; RIBEIRO, 2008). 

Resistance of Proteus spp. to novobiocin, 
azithromycin, and sulfamethoxazole/trimethoprim 
was observed in the 73 strains of Proteus spp. in this 
study. The resistance of isolates to novobiocin and 
sulfamethoxazole/trimethoprim may be attributed to 
the use of these drugs in veterinary medicine since 
1950 (GIGUÈRE et al., 2010; TAVARES, 2007), 
with prolonged selective pressure for multidrug 
resistance of the strains. 

Different strategies have been proposed for 
monitoring the multidrug resistance of bacteria, 
particularly to conventional drugs (TAVARES, 
2007). Although the antimicrobial multiple 
resistance index was originally used for E. coli 
(KRUMPERMAN, 1983), this index has recently 
been used for other enterobacteria, including gram-
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positive species (GIRARDINI et al., 2013). In 
this study, multidrug resistance index ≥ 0.3 was 
observed in 33 (45.21%) isolates, particularly from 
dogs (n = 25; 75.76%) with cystitis (n = 13; 52%). 
The multidrug resistance found in our isolates 
associated with canine cystitis indicates the need 
for the rational use of antimicrobials to treat this 
clinical condition in companion animals. Despite the 
diverse antimicrobial resistance profiles observed 
in isolates obtained from livestock and companion 
animals in the current study (with simultaneous 
resistance against 3–16 drugs), only two P. 
mirabilis strains isolated from dogs with cystitis 
showed the same drug-resistance profile (resistance 
simultaneously to neomycin, sulfamethoxazole/
trimethoprim, azithromycin, chloramphenicol, 
enrofloxacin, florfenicol, levofloxacin, ampicillin, 
marbofloxacin, and novobiocin), suggesting the 
transmission and maintenance of resistant strains in 
the same breeding environment or region. However, 
this hypothesis was rejected because of the different 
origins of the isolates.

The MIC is the lowest in vitro concentration of 
a specific antimicrobial that can inhibit the growth 
of a microorganism. In general, the MIC values 
of amoxicillin/clavulanic acid, ciprofloxacin, 
ceftriaxone, and gentamicin observed in Proteus 
isolates were consistent with those previously 
described for domestic animals (GIGUÈRE et al., 
2010; GROBBEL et al., 2007). Comparison of the 
in vitro sensitivities of the isolates to the MICs and 
disk diffusion method showed similar results, with 
identical values for ceftriaxone and gentamicin, 
lower effectiveness of ciprofloxacin, and greater 
effectiveness of amoxicillin/clavulanic acid 
particularly in the MIC test. These results indicate 
that both in vitro techniques were effective for 
assessing the sensitivity profiles of Proteus isolates 
in this study. 

Carbapenem (imipenem)-resistant and ESBL-
producing enterobacteria are considered one of the 
most serious public health problems worldwide 
(GIGUÈRE et al., 2010). This study found only one 

imipenem-resistant isolate, which may be attributed 
to the infrequent use of this drug in veterinary 
medicine (GIGUÈRE et al., 2010; OLIVEIRA et 
al., 2006). However, although imipenem is the drug 
of choice for treating infections by Proteus sp. in 
humans (BAHASHWAN; SHAFEY, 2013), isolates 
resistant to this drug having an animal origin are 
a recent public health concern (RENNIE; JONES, 
2014).

Of the 73 strains of Proteus spp. enrolled in this 
study, only two were EBSL-positive. Nevertheless, 
studies involving Proteus spp. and other 
enterobacteria from different countries including 
Brazil (SIQUEIRA et al., 2014) frequently identified 
ESBL-producing strains in domestic animals 
(THOMSON, 2010), highlighting the potential for 
ESBL-producers strains to be transmitted from 
animals-to-humans (SCHAUFLER et al., 2015). In 
humans, ESBL-producing enterobacteria are closely 
associated with nosocomial infections (GIGUÈRE 
et al., 2010). High hospital mortality was reported 
in 99 patients with septicemia resulting from 
multiple drug-resistant P. mirabilis infection; 50% 
of these patients were infected with ESBL-positive 
strains, and 30 of these individuals died from these 
infections (TUMBARELLO et al., 2012). 

Multidrug-resistant and ESBL-positive P. 
mirabilis and P. vulgaris isolates observed in 
our study obtained from different domestic 
animals confirm the need for increasing concern 
among health professionals regarding multidrug-
resistant bacteria (GIGUÈRE et al., 2010). In vitro 
antimicrobial sensitivity tests cannot predict the 
in vivo effectiveness of drugs in all cases because 
other factors such as the etiologic agent, drug, 
inflammatory process, and tissues involved also 
contribute to the resolution of infection. However, 
previous studies of the in vitro sensitivity patterns of 
bacteria may increase the success rates in treatment 
protocols for animal infections (GIGUÈRE et al., 
2010; RIBEIRO, 2008). Based on our findings, the 
selection of first-line drugs for treatment should be 
based on local in vitro resistance patterns. Indeed, 



787
Semina: Ciências Agrárias, Londrina, v. 38, n. 2, p. 775-790, mar./abr. 2017

Antimicrobial multiple resistance index, minimum inhibitory concentrations, and extended-spectrum beta-lactamase...

the responsible use of antimicrobials for domestic 
animals is an emergent precept of the “One Health” 
concept, to conserve these drugs for human therapy 
approaches (RABINOWITZ et al., 2013).

Conclusion

This study highlights the diversity of the clinical 
manifestations and opportunistic behaviors of 
Proteus spp. infections in livestock and companion 
animals, showing their predominance in urinary 
tract infections, enteritis, and otitis. Our results 
also reinforce the importance of determining the 
in vitro susceptibility pattern of isolates before 
initiating therapy to improve antimicrobial therapy 
approaches. Furthermore, the high occurrence of 
resistant isolates and presence of ESBL-producing 
P. mirabilis strains isolated from dogs indicates 
multidrug resistance, reinforcing the need for 
the rational use of antimicrobials when treating 
domestic animals. 
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