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RESUMO.- [Perfil de suscetibilidade a antimicrobianos 
de isolados históricos e contemporâneos de Pasteurella 
multocida de suínos no Brasil.] Pasteurella (P.) multocida 
é o agente da pasteurelose pneumônica em suínos, a qual 
é comumente associada com o estágio final da pneumonia 
enzoótica suína ou complexo das doenças respiratórias 
dos suínos. Apesar de ser uma das doenças mais comuns e 
importantes na suinocultura, dados sobre suscetibilidade 
antimicrobiana de isolados de P. multocida são raros no 
Brasil. Dessa forma, o presente estudo foi realizado para 
determinar e comparar o perfil de suscetibilidade de isolados 
de P. multocida de suínos com lesões de pneumonia ou 
pleurite no Brasil durante dois períodos. Isolados históricos 
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Pasteurella (P.) multocida is the causative agent of pneumonic pasteurellosis in swine, 
which is commonly associated with the final stages of enzootic pneumonia or porcine 
respiratory disease complex. Although this syndrome is one of the most common and 
important diseases of pigs, data on antimicrobial susceptibility of P. multocida isolates 
are uncommon in Brazil. Therefore, the present study was carried out to determine and 
to compare antimicrobial susceptibility profile of Brazilian P. multocida isolated from 
pigs with lesions of pneumonia or pleuritis during two-time periods. Historical isolates 
(period of 1981 to 1997; n=44) and recent isolates (period of 2011 to 2012; n=50) were 
used to determine the MIC of amoxicillin, enrofloxacin, florfenicol and tetracycline by 
microbroth dilution. Florfenicol had the lowest level of resistance for both historical and 
recent isolates (0% and 6%, respectively), while tetracycline had the highest (20.5% and 
34%, respectively). Multi-drug resistance (MDR) to amoxicillin/florfenicol/tetracycline was 
observed in 6% of recent isolates. There was a significant increase (p˂0.05) in resistance 
for amoxicillin and enrofloxacin in recent isolates compared with historic isolates (3.8% 
and 18%, respectively), most likely due to the selective pressure of antimicrobial usage 
to treat and prevent P. multocida infections. The results of this study showed an increase 
of isolates resistant to important drugs used in treatment of P. multocida infections in 
pigs, demonstrating the need for the implementation of rational use of antimicrobials 
in Brazilian swine industry.
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(período de 1981 a 1997; n=44) e contemporâneos (período 
de 2011 a 2012; n=50) foram usados para determinar 
a concentração inibitória mínima (CIM) de amoxicilina, 
enrofloxacina, florfenicol e tetraciclina através do teste de 
microdiluição em caldo. Florfenicol apresentou o menor 
nível de resistência para ambos os isolados históricos e 
contemporâneos (0% e 6%, respectivamente), enquanto 
que tetraciclina apresentou o maior nível de resistência 
(20.5% e 34%, respectivamente). Resistência a múltiplos 
antimicrobianos (amoxicilina, florfenicol e tetraciclina) 
foi observada em 6% dos isolados recentes. Foi observado 
aumento significativo (p˂0.05) na resistência a amoxicilina e 
enrofloxacina em isolados recentes comparado com isolados 
históricos (3.8% e 18%, respectivamente), provavelmente 
devido à pressão de seleção de antimicrobianos usados no 
tratamento e prevenção de infecções causadas por P. multocida. 
Os resultados deste trabalho demostraram o aumento de 
isolados resistentes a importantes drogas utilizadas no 
tratamento de infecções causadas por P. multocida em 
suínos, evidenciando a necessidade da implementação do 
uso racional de antimicrobianos na suinocultura brasileira.

TERMOS DE INDEXAÇÃO: Antimicrobianos, Pasteurella multocida, 
concentração inibitória mínima (CIM), microdiluição em caldo, 
resistência, suínos, bacterioses.

INTRODUCTION
Pasteurella (P.) multocida is the causative agent of pneumonic 
pasteurellosis in swine. It is commonly associated with the 
final stages of enzootic pneumonia or porcine respiratory 
disease complex (Register et al. 2012), wich is one of the most 
frequent and costly disease of pigs, since it has a negative 
impact on weigth gain and feed conversion (Noyes et al. 
1990, Pijoan 2006).

Antimicrobials are still the first choice for prevention 
and control of P. multocida infections in swine. However, the 
use of antimicrobial agents can lead to increase of resistance 
(Schwarz et al. 2001). Monitoring antimicrobial susceptibility 
from P. multocida isolated from pigs over time provides 
valuable information about changes, which may be occurring 
in susceptibility patterns and is an important tool in effective 
antimicrobial therapy (Schwarz & Chaslus-Dancla 2001). 
Besides that, these data can serve as a decision guidance 
to choose the drug therapy and may help to recognize the 
emergence of new resistance phenotypes.

Amoxicillin, enrofloxacin, florfenicol and tetracycline are 
commonly used in Brazilian swine herds to prevent or to treat 
respiratory diseases, but data on antimicrobial susceptibility of 
P. multocida isolates are scant (Stepan et al. 1998, Borowski et al. 
2002, Heres 2009, Mores et al. 2015). Moreover, to the best 
of our knowledge, there is no information on antimicrobial 
resistance profiles over time and only one study (Mores et al. 
2015) about minimal inhibitory concentration (MIC) of 
P. multocida isolated in Brazil.

Therefore, this study was carried out to determine and to 
compare antimicrobial susceptibility profiles during two-time 
periods by determining the MIC of selected antimicrobial 
agents for a panel of P. multocida strains isolated from pigs 
with lesions of pneumonia or pleuritis in Brazil.

MATERIALS AND METHODS
A total of 94 Pasteurella multocida isolated from pig lesions of 
pneumonia or pleuritis in Brazil were tested. These isolates belonged 
to two groups: 1) historical isolates, wich comprised 44 isolates 
collected in the state of Rio Grande do Sul, Brazil, from 1981 to 1997; 
2) recent isolates, wich included 50 isolates collected in six states of 
Brazil: Minas Gerais (21 isolates), Rio Grande do Sul (14 isolates), 
São Paulo (6 isolates), Santa Catarina (4 isolates), Mato Grosso 
(4 isolates) and Paraná (1 isolate) from 2011 to 2012. Historical 
isolates were preserved lyophilized and stored at 4-8°C, while 
recent isolates were preserved and stored in brain heart infusion 
(BHI) broth (Oxoid®, Cambridge, UK) containing 50% sheep blood at 
-70°C. Reactivation and preliminary tests for the confirmation of pure 
cultures of P. multocida were performed according to Markey et al. 
(2013) and Townsend et al. (2001) by microbiology and molecular 
assay, respectively.

MIC testing was performed by microbroth dilution method 
in accordance with criteria provided in the Clinical Laboratory 
Standards documents VET01-A4 (CLSI, 2013a) and VET-S2 (CLSI, 
2013b). Isolates were tested against four antimicrobials at the 
listed dilutions: amoxicillin (0.0625-512µg/mL), enrofloxacin 
(0.00098-64µg/mL), florfenicol (0.125-32µg/mL) and tetracycline 
(0.0625-16µg/mL). Staphylococcus aureus (ATCC 29213) was used 
as reference strain for quality control. Prior to MIC testing, bacterial 
isolates were cultured on blood agar base (Oxoid®) supplemented 
with 5% sheep blood and incubated for 18-24h at 37°C. Each isolate 
was suspended in saline to obtain the 0.5 McFarland turbidity. From 
this suspention, 100µL was added to 9,900µL of Cation-adjusted 
Mueller-Hinton broth for plate inoculation. Inoculated plates were 
incubated for 24h at 35°C. The MIC for each isolate was determined 
as the lowest concentration of antimicrobial that prevented visible 
growth. All isolates were tested in triplicate. At least two out of three 
results had to be the same, if not, MIC testing was repeated. MICs 
were summarized and reported as susceptible (S), intermediate (I) 
and resistant (R) according to CLSI veterinary breakpoints (CLSI 
2013b). This applies for the following antimicrobials (expressed as 
µg/mL in parentheses): amoxicillin (S≤0.5, I=1, R≥2), enrofloxacin 
(S≤0.25, I=0.5, R≥1), florfenicol (S≤2, I=4, R≥8) and tetracycline 
(S≤0.5, I=1, R≥2). As described in CLSI, ampicillin standards were 
used for interpreting data of amoxicillin.

Data were described considering values of MIC maximum, MIC 
minimum, MIC 50, MIC 90 and susceptibility profiles by groups of 
strains (historical or recent isolates). A non-parametric analysis 
was used to compare MIC values and susceptibility profiles between 
groups of strains and differences were determined using Fisher´s exact 
test (SAS, Version 9.4, 2012). Results were considered statistically 
significant if p≤0.05.

RESULTS
The MICs of reference strain in each test run were within the 
CLSI acceptable quality control ranges. In the present study, 
MIC range of amoxicillin for Staphylococcus aureus ATCC 29213 
was 1-4µg/mL. The MIC distribution, MIC range, MIC 50, MIC 
90 and antimicrobial resistance profile of four antimicrobial 
for 94 isolates of Pasteurella multocida are summarized in 
Tables 1, 2 and 3.

Recent isolates had higher numeric MIC ranges than 
historical isolates for all antimicrobial tested. MIC 90 was 
also higher in recent isolates, except for tetracycline, that 
presented the same MIC 90 (4µg/mL). Florfenicol had the 
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Table 3. Antimicrobial susceptibility profile of four antimicrobials for 44 historical (H) and 50 recent (R) Pasteurella 
multocida isolates

Susceptibility profile
Frequency (%) of isolates

AMX ENR FFC TET
H R H R H R H R

Resistant 18.2 22 0 18 0 6 20.5 34
Intermediate 47.7 18 0 16 0 0 2.3 10
Susceptible 34.1 60 100 66 100 94 77.3 56
*P 0.0080 ˂0.0001 0.2450 0.0735
AXC = amoxicillin, ENR = enrofloxacin, FFC = florfenicol, TET = tetracycline; *P = Fisher´s exact test descriptive level; differences were considered statistically 
significant when P ≤0.05. Based on CLSI (2013b) standards.

Table 2. Minimum inhibitory concentration (MIC) range, MIC 50 and MIC 90 of four antimicrobials for 44 historical (H) and 
50 recent (R) Pasteurella multocida isolates

MIC (µg/mL) of isolates
AMX ENR FFC TET

H R H R H R H R
MIC minimum 0.125 0.0625 0.00098 0.00098 0.25 0.125 0.0625 0.0625
MIC maximum 4 ˃512 0.06250 64 2 32 4 16
MIC 50 1 0.25 0.00391 0.0625 0.5 0.5 0.25 0.5
MIC 90 2 4 0.01562 1 0.5 1 4 4
AXC = amoxicillin, ENR = enrofloxacin, FFC = florfenicol, TET = tetracycline; MIC 50, MIC 90 = lowest concentration of antimicrobial agent capable of 
inhibiting the growth of 50% and 90% of isolates, respectively.

Table 1. Percentage distribution (%) according to the minimum inhibitory concentration (MIC) of four antimicrobials for 
44 historical (H) and 50 recent (R) Pasteurella multocida isolates

MIC  
(µg/mL)

Frequency (%) of isolates
AXC ENR FFC TET

H R H R H R H R
0.00098 - - 2.3 2 - - - -
0.00195 - - 18.2 6 - - - -
0.00391 - - 52.3 10 - - - -
0.00781 - - 13.6 16 - - - -
0.01562 - - 9.1 6 - - - -
0.03125 - - 2.3 8 - - - -
0.06250 0 10 2.3 10 - - 6.8 2

0.125 4.5 26 0 6 0 2 25 18
0.25 6.8 14 0 2 9.1 8 25 14
0.5 20.5 10 0 16 81.8 68 20.5 22
1 47.7 18 0 16 6.8 12 2.3 10
2 11.4 4 0 0 2.3 4 6.8 14
4 9.1 14 0 0 0 0 13.6 16
8 0 0 0 0 0 0 0 2

16 0 0 0 0 0 4 0 2
32 0 0 0 0 0 2 - -
64 0 0 0 2 - - - -

128 0 0 - - - - - -
256 0 0 - - - - - -
512 0 2 - - - - - -

˃512 0 2 - - - - - -
*P 0.0006 ˂0.0001 0.6696 0.4079

AXC = amoxicillin, ENR = enrofloxacin, FFC = florfenicol, TET = tetracycline; *P = Fisher´s exact test descriptive level; differences were considered statistically 
significant when P≤0.05; - not tested at this antimicrobial concentration.
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lowest level of resistance for both historical and recent isolates 
(0% and 6%, respectively), while tetracycline had the highest 
(20.5% and 34%, respectively).

In historical isolates, 4.5% of the isolates showed simultaneous 
resistance to amoxicillin and tetracycline, while in recent 
isolates 16% of the isolates showed simultaneous resistance 
to amoxicillin/tetracycline (4%), amoxicillin/enrofloxacin 
(4%), and enrofloxacin/tetracycline (8%). Multi-drug 
resistance (MDR) to amoxicillin/florfenicol/tetracycline was 
observed in 6% of recent isolates, while no historical isolates 
presented MDR.

Susceptibility profiles of historical and recent P. multocida 
isolates were significantly different (p˂0.05) only for amoxicillin 
and enrofloxacin, wich had an increase in the resistance of 
3.8% and 18% in recent isolates respectively.

DISCUSSION
In Brazil, the use of antimicrobial to treat respiratory diseases 
is a common practice and can be reflecting in the increase of 
antimicrobial resistance observed overtime. Amoxicillin has 
been used in Brazil since 1995 and is the most commonly 
antimicrobial used via feed or water as a herd medication 
for prophylaxis of pulmonary swine pasteurellosis. Since 
the exposure of a bacteria to antimicrobial agents can lead 
to increase of resistance (Bywater 2004), the frequent use 
of amoxicillin may reflect on the antimicrobial susceptibility 
profile of Pasteurella multocida, as it was observed in our work 
an increase in level of resistance (18.2% historical vs. 22% 
recent isolates) and MIC90 (2µg/mL historical vs. 4µg/mL 
recent isolates). This result is consistent with the findings 
of another study that investigated the susceptible level of 
P. multocida isolates from pigs in the main swine production 
areas in Brazil. In that study, Mores et al. (2015) found the 
resistance level to amoxicillin to be 20%. On the contrary, 
Jong et al. (2014) observed a much lower level of resistance 
and MIC90 (1.3% and 0.25µg/mL respectively) in isolates 
collected in 11 European countries during 2002-2006.

Enrofloxacin was introduced to pig use in Brazil in 1988 and 
is widely used to treat pulmonary pasteurellosis. Once more, 
the selective pressure of the antimicrobial may explain the 
increase in level of resistance (0% historical vs. 18% recent 
isolates) and MIC90 (0.01562 vs. 1µg/mL) observed in the 
present study. Different from our study, Nedbalcová & Kučerová 
(2013) found lower level of resistance and MIC90 of enrofloxacin 
(1.5%; ≤0.12µg/mL, respectively) in the Czech Republic. 
The  same author performed a further study (Nedbalcová et al. 
2014) to observe the relationship between antimicrobial 
resistance and its sales. It was observed a logical link among 
consumptions and resistance patterns. Nevertheless, overall 
national sales data have limitations as they do not express 
real exposure of the animals to antimicrobials.

Florfenicol was introduced in Brazilian pig industry in 1999. 
In this study, this drug had the lowest level of resistance for 
both historical and recent isolates (0% and 6%, respectively) 
and a low MIC90 (0.5µg/mL and 1µg/mL respectively). 
This may indicate a high efficiency of the drug and/or a 
difficulty to develop resistance to it. Similar results were found 
elsewhere, such as a much larger study conducted in North 
America (United States and Canada) with 2.389 Pasteurella 
multocida isolates collected during 2001-2010 (Portis et al. 
2013) in wich the level of florfenicol resistance was lower 

than 1%, while the MIC90 was 0.5µg/mL. Another study in 
Korea also showed a high activity of florfenicol (Shin et al. 
2005). In that study, all isolates were susceptible and had a 
MIC ranging from 0.25 to 0.5µg/mL, and MIC90≤0.5µg/mL. 
According to the authors, despite florfenicol has been licensed 
in Korea for treatment of porcine respiratory infections in 
1999, it has not been previously used.

Despite tetracycline therapeutics had a long story of use 
in Brazil (since 1960), its use has been decreasing since 
the 90´s because of high levels of resistance in Brazilian pig 
isolates of Pasteurella multocida (Stepan et al. 1998). More 
recently, the use has been influenced by the need to comply 
with export requirements of some of Brazilian pork importers 
requiring the ban of its use. Furthermore, since tetracycline 
resistance is widespread (Karriker et al. 2012) and its genes 
can be located in plasmid (Kehrenberg et al. 2001), resistant 
strains may still be present in the P. multocida population. 
This could explain the fact that no significant difference 
(p>0.05) was found in susceptibility profiles between strains 
isolated in different periods, with MIC90 of 4µg/mL in both 
historical and recent isolates. In Australia, a similar level of 
resistance and MIC90 (28%; 2µg/mL, respectively) against 
tetracycline were reported in isolates collected from 2002 to 
2013 (Dayao et al. 2014).

In the present study, MDR was defined as resistance to 
three or more antimicrobial classes and 6% of recent isolates 
showed MDR. Pasteurella multocida isolates from pigs in 
Austria from 2002 to 2013 also showed MDR in 4.8% of their 
isolates (Dayao et al. 2014). On the other hand, our results 
showed that none of the historical samples presented MRD, 
demonstrating once more that exposure to antimicrobial 
agents over time can lead to increase of bacteria resistance 
and MDR.

Since the development of new antimicrobial agents is very 
expensive and time consuming, every effort must be undertaken 
to retain the efficacy of substances currently available for 
veterinary use (Boerlin & White 2013). Furthermore, it is not 
possible to stop resistance development, but it is possible to 
slow down the selection and spread of resistance (Schwarz 
& Chaslus-Dancla 2001). This underlines the importance of 
responsible use of antimicrobials when treating P. multocida 
infections and the need to create national monitoring programs 
as those already present in other countries like Germany 
(GERM-Vet), France (Résapath), Czech Republic (Control 
of Veterinary Biologicals and Medicaments - ISCVBM) and 
Europe (VetPath) to investigate quantitatively the in vitro 
susceptibility and assist veterinarians in the selection of the 
most suitable antibiotic and its correct dose.

CONCLUSION
Based on the MIC breakpoints obtained there was an increase 
of resistance in recent isolates for all antimicrobial tested, 
indicating an increase of resistance over time, most likely 
caused by the selective pressure of antimicrobial usage to 
treat and prevent Pasteurella multocida infections in pig farms.
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