
The etiological agent of pig pleuropneumonia is 

classified as belonging to the family Pasteurellaceae, 

genus Actinobacillus. 

The family Pasteurellaceae includes, in addition to 

the genus Actinobacillus, the genera Pasteurella and 

Haemophilus. This family includes Gram-negative, co-

ccoid or coccobacillary germs, 0.2-0.4/0.4-2 µm in 

size. Filamentous tendency and pleomorphism are co-

mmon. They are immobile, aerobic bacteria with vary-

ing degrees of microaerophilia, facultatively anaero-

 Infectious pleuropneumonia is of major economic 

importance, primarily because of mortality losses which, 

in the most susceptible age groups, can reach 60-70% in 

the first year after onset. Morbidity ranges from 8.5 to 

40%, rising to 100% if no treatment is instituted. What 

severely affects the profitability of the farm is that in the 

first phase, mainly the most beautiful fatlings or even 

adults die. In addition to losses due to mortality, there 

are also losses due to lack of weight gain in pigs with 

chronic forms and clinically cured pigs with lung seque-

lae. Medication to control the disease involves other, not 

insignificant, costs. In general, A. pleuropneumoniae is 

sensitive to a wide range of antimicrobials, especially 

chloramphenicol (florfenicol), some macrolides (tilmico-

sin), and quinolone (enrofloxacin and tiamulin). Overuse 

of antibiotics has led over time to the emergence of re-

sistance, a phenomenon recognized worldwide. The 

most commonly used antibiotics for the treatment of re-

spiratory diseases in pigs have been penicillin and tetra-

cyclines, which is why the proportion of strains resistant 

to these antibiotics has risen sharply in recent years. 

They should only be recommended if sensitivity tests re-

commend them. An increase in the frequency of resis-

tance to several antibiotics has been described in several 

countries, in particular to ampicillin, fluoroquinolone, and 

tetracyclines. In this context, the present study aimed to 

establish and evaluate the antimicrobial susceptibility 

and resistance profile of A. pleuropneumoniae strains, as 

well as to evaluate the antimicrobial behaviour of this 

bacterium over 5 years, comparing the results of this 

work with the results previously obtained by the Infecti-

ous Diseases group of the Faculty of Veterinary Medicine 

Timisoara. 
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 Pleuropneumonia infecțioasă a porcului are o impor-

tanță economică majoră, în primul rând datorită pierde-

rilor prin mortalitate care, la categoriile de vârstă cele 

mai susceptibile, pot să ajungă la 60-70% în primul an 

de la apariție. Morbiditatea variază între 8,5 și 40%, a-

jungând chiar la 100% în cazul în care nu este instituit un 

tratament. Ceea ce afectează foarte serios rentabilitatea 

fermei, este faptul că în prima fază mor mai ales grăsunii 

cei mai frumoși sau chiar adulții. La pierderile prin morta-

litate se adaugă pierderile prin nerealizarea sporului în 

greutate la porcii cu forme cronice și la porcii vindecați 

clinic, dar cu sechele pulmonare. Medicația pentru com-

baterea bolii implică alte cheltuieli, deloc neglijabile. În 

general, A. pleuropneumoniae este sensibil la o gamă 

largă de antimicrobiene, în special la cloramfenicoli (flor-

fenicol), unele macrolide (tilmicozin) și quinolone (enro-

floxacin și la tiamulin). Folosirea abuzivă a antibioticelor 

a condus în timp la apariția fenomenului de rezistență, 

fenomen care este recunoscut în toată lumea. Cele mai 

frecvent utilizate antibiotice pentru tratamentul bolilor 

respiratorii la porc au fost penicilinele și tetraciclinele, 

motiv pentru care ponderea tulpinilor rezistente la aces-

te antibiotice a crescut foarte mult în ultimii ani. Ele ar 

trebui recomandate doar în cazul în care testele de sensi-

bilitate le recomandă. O creștere a frecvenței rezistenței 

față de mai multe antibiotice, în special față de ampicili-

nă, floroquinolone, tetracicline a fost descrisă în mai 

multe țări. În acest context, scopul cercetărilor prezen-

tului studiu a fost de a stabili și de a evalua profilul de 

sensibilitate și de rezistență la antimicrobiene al tulpinilor 

de A. pleuropneumoniae, precum și acela de a evalua 

comportamentul acestei bacterii față de antimicrobiene 

pe parcursul a 5 ani, comparând rezultatele acestei lu-

crări cu rezultatele obținute în anii anteriori. 

Cuvinte cheie: tulpini de A. pleuropneumoniae, 

rezistență antimicrobiană, comportament 
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bic; chemoorganotrophic; have both respiratory and 

fermentative metabolism (6, 9, 11, 21, 16, 31, 33). 

Since 2015, the number of serovars (serotypes) of 

A. pleuropneumoniae has increased from 15 to 19, 

with the identification of the cpi locus in previously un-

typable strains (2, 6, 9, 14, 16, 17, 20). All serotypes 

show haemolytic activity.

Overuse of antibiotics has led over time to the e-

mergence of resistance, a phenomenon recognized 

worldwide. The most commonly used antibiotics for 

the treatment of respiratory diseases in pigs have 

been penicillins and tetracyclines, which is why the 

proportion of strains resistant to these antibiotics has 

risen sharply in recent years. They should only be re-

commended if sensitivity tests recommend them. An 

in-crease in the frequency of resistance to several an-

tibiotics has been described in several countries, in 

particular to ampicillin, fluoroquinolone, and tetracy-

clines (1, 9, 20, 21, 28, 32, 33). 

In this context, the present study aimed to esta-

blish and evaluate the antimicrobial susceptibility and 

resistance profile of A. pleuropneumoniae strains, as 

well as to evaluate the antimicrobial behaviour of this 

bacterium over 5 years, comparing the results of this 

work with the previous results obtained by us. 

MATERIALS AND METHODS

Primary cultures were obtained from pathognomo-

nic A. pleuropneumoniae lung lesions on Petri dishes 

with 5% sheep blood agar defibrinated with S. aureus 

strain as a growth factor source. Plates and tubes were 

incubated for 24 h at 37ºC under aerobic conditions. 

In our study, antibiograms were performed by the 

disc diffusion method in pure culture. The standard 

procedure, adopted by the US National Committee for 

Clinical Laboratory Standards (NCCLS), is the Kirby-

Bauer method. This method is a flexible and relatively 

inexpensive technique used in the laboratory (34, 35).

This type of antibiogram is performed on a solid 

medium and is based on the property of the antibiotic 

solutions contained in the antimicrobial discs tablets to 

diffuse into the culture medium, previously seeded 

with the bacterial strain to be tested. The culture me-

dium used for the antibiograms was Mueller Hinton a-

gar supplemented with defibrinated sheep blood 10%. 

This culture medium is considered the best medium 

for routine susceptibility testing because it provides 

good reproducibility, has a low content of sulfonamide, 

trimethoprim, and tetracycline inhibitors, and pro-

vides good conditions for bacterial strain growth (16, 

19, 22, 27). The microbial culture was a BHI broth 

supplemented with 0.1% NAD, seeded with isolated 

colonies, and incubated for 24 hours at 37ºC.  The an-

tibiotics and chemotherapeutics chosen for the anti-

biogram were among those found in the Romanian 

trade, and their therapeutic effect on pulmonary pa-

thogens, especially A. pleuropneumoniae, is known. 

More specifically, the A. pleuropneumoniae strains 

were tested for the following antimicrobial substan-

ces: florfenicol (FFC 30 µg); enrofloxacin (ENF 5 µg); 

penicillin (P 10 I.U.); gentamicin (G 10 µg); cefaclor 

(CL 30 µg); amoxicillin-clavulanic acid (AMC 30 µg); 

amoxicillin (AMX 10 µg); oxytetracycline (O 30 µg); 

erythromycin (E 15 µg); neomycin (N 120 µg); ampi-

cillin (AMP 30 µg). The reading of the antibiogram 

consisted in assessing the size of the antibiotic-in-

duced zone of inhibition, an area where microbial colo-

nies are absent. The inhibition zone diameter is direct-

ly proportional to the sensitivity of the germ. 

The result was noted by the diameter of the zone of 

inhibition, expressed in millimetres, which can be coded 

in terms: of sensitive, intermediate, and resistant. In-

terpretation of the results was done using the bacterial 

susceptibility interpretation table recommended by NC 

CLS (34). It is well known that antibiotic and chemot-

herapeutic susceptibility of bacterial strains in vitro is 

an important indicator of antibiotic efficacy in vivo.
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The standardized A. pleuropneumoniae strain 

ATCC 27090 was used for quality control, the cut-off 

values of which are presented in Table 2.

As no work was done with samples in the pandemic 

period of 2020-2021, we found it useful to extend the 

time interval between 2016-2022, in order to be able to 

interpret correctly the results obtained over 5 years.

RESULTS AND DISCUSSIONS

The A. pleuropneumoniae strains isolated in 2022 

were identified based on cell morphology (small cocci, 

Gram-negative) and cultural characteristics, and on 

the requirement of a staphylococcal strain for the 

growth supplement nicotinamide di-nucleotide (factor 

V). All strains were hemolytic and factor V dependent.

The choice of antibiotics and chemotherapeutics for 

this study was made following the same aspects taken 

into account in previous tests: increased efficacy on 

A.pleuropneumoniae bacteria, ease to administrate, 

rapid absorption and the emergence of resistance to 

an increasing number of antibiotics.

A varied behavior of A.pleuropneumoniae strains 

could be observed, with susceptible and moderately 

susceptible but also resistant strains. The results of the 

testing of the behaviour to antibiotics and chemothera-

peutics are presented in Table 3 and Fig. 1. The results 

between 2016 and 2020 are shown in Table 4 and Fig. 

2. As can be seen from Fig. 3 the phenomenon of re-

sistance to strains of A. pleuropneumoniae is found 

with many antimicrobial substances. Although in pre-

vious research the efficacy of florfenicol was 100%, in 

strains isolated in 2022 there was an increase in their 

resistance to florfenicol. The presence of moderately 

susceptible strains and the newly emerging resistance 

raises a question mark about the future evolution of 

florfenicol susceptibility of A. pleuropneumoniae.

Our results are somewhat consistent with those ob-

tained by other authors. Thus, Guttiérrez-Martin et al 

(10), in a study of 229 strains of A. pleuropneumoniae 
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isolated from pigs with pleuropneumonia in Spain, 

obtained a sensitivity ratio of 100% to florfenicol. 

Gutierrez et al (10) also obtained a high sensitivity ra-

tio of A. pleuropneumoniae strains to this antibiotic. 

However, the presence of the 3 resistant strains, to-

gether with the 3 moderately susceptible ones, raises 

a question mark about the future evolution of the 

sensitivity of A. pleuropneumoniae to florfenicol.

For penicillin, there was a slight decrease in the 

number of resistant strains compared to the first study 

period. This may be due to the fact that this antibiotic 

was no longer chosen as the first option in the treat-

ment of pleuropneumonia. Penicillin had good activity 

against strains of A. pleuropneumoniae isolated in 

Denmark, although relatively large numbers of penici-

llin-resistant strains have been reported in Japan and 

other countries (1, 2, 24, 25, 29).  

For erythromycin and tulathromycin, both belon-

ging to the macrolide group, a decrease in the number 

of resistant strains has also been observed, in fact in 

2022 none of the 8 strains tested showed resistance to 

tulathromycin. For tilmicosin, another macrolide co-

mmonly used for the therapy of respiratory disorders 

in pigs and observed to produce cross-resistance with 
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other macrolides and lincomycin, the same increasing 

trend in resistance of A. pleuropneumoniae strains 

was observed in the last test, leading to a reservation 

in its future use in pig farms.

In 2022,the number of amoxicillin-resistant strains 

was decreasing compared to the previous study. On 

the other hand, for amoxicillin-clavulanic acid the re-

sistance found also in 2022 is high, especially as in the 

2016-2019 tests no strain showed resistance. In the 

Czech Republic, a 3-year study found a slightly de-

creasing trend in the number of amoxicillin-resistant 

strains (15). Other antimicrobials with increases in the 

number of resistant strains were ampicillin, oxytetra-

cycline, and cefaclor.

In the literature, data on the efficacy of tetracy-

clines in A. pleuropneumoniae are often contradictory, 

w i t h  s o m e  a u t h o r s  r e c o m m e n d i n g  b o t h 

therapeutically and prophylactically, while others find 

increased resistance of A. pleuropneumoniae strains 

to tetracyclines (6, 9, 10, 14, 19).

This resistance is a consequence of the adminis-

tration of tetracyclines in feed, both as a growth pro-

moter and prophylactically. Long-term administration 

led to the emergence of A. peluropneumoniae strains 

that exhibited tet (B), tet (O), tet (L), and tet (H) 

genes responsible for bacterial resistance (1, 8, 19).

In enrofloxacin, the proportion of resistant strains 

continues to be high, but with a slight downward trend 

in 2022. 

Since a variable behavior of A. pleuropneumoniae 

strains to antimicrobial substances has been observed 

over time, we considered it appropriate to compare 

this behavior over the last 5 years, i.e., 2016-2022.

A 2020 European Medicines Agency (EMA) reco-

mmendation (35) classifies antimicrobials into four 

categories: A - avoid; B - administered with restric-

tions; C - caution; D - caution. For A. pleuropneumo-

niae, amoxicillin and doxycycline are the first options, 

florfenicol, tulathromycin, and tilmicosin – are the se-

cond option, and ceftiofur and enrofloxacin – are the 

last option in the treatment of swine pleuropneumo-

nia.

CONCLUSIONS

The results of the present study showed a high de-

gree of resistance to cefaclor, amoxicillin-clavulanic 

acid, oxytetracycline, ampicillin, and enrofloxacin a-

mong Actinobacillus pleuropneumoniae strains isola-

ted. The only antibiotics to which strains of A. pleuro-

pneumoniae showed no resistance in the 2022 testing 

were florfenicol and erythromycin, both of which were 

considered second choices in treatment. Antimicrobial 

resistance is one of the major problems in veterinary 

medicine, but also in human medicine. Continuous 

monitoring of this resistance phenomenon and the 

responsible use of drugs in farm animals is extremely 

important in the protection against bacterial patho-
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gens. Classes of antibiotics such as cephalosporins 

and fluoroquinolones are relevant to human health 

and their use in farm animals should be limited or avoi-

ded as far as possible. Continued monitoring of the be-

haviour of A. pleuropneumoniae strains is important 

for prompt and appropriate treatment of sick animals 

and to prevent the spread of antimicrobial resistance.
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