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Summary

Antimicrobial susceptibility of isolated enterotoxigenic E. coli, Salmonella enterica serovar Choleraesuis,
Pasteurella multocida and Streptococcus suis from pigs was tested in the Veterinary Institute of the Lithuanian
Veterinary Academy. Commensal E. coli and Enterococcus faecalis were also included in the testing as
commensal bacteria. Clinical and pathological material was investigated from various regions of the country.
Isolation and identification of bacteria was done using common methods. The agar diffusion method according
to NCCLS guidelines was applied for antimicrobial susceptibility testing. Enterotoxigenic E. coli showed the
highest resistance to tetracycline (67%), ampicillin (52%) and sulfamethoxazole-trimethoprim (43%). Not less
than 90% of these bacteria were susceptible to colistin, florfenicol and ceftiofur. Salmonella Choleraesuis
demonstrated the highest resistance to tetracycline (53%). Florfenicol, ceftiofur and enrofloxacin were
effective against most strains of salmonella. Pasteurella multocida in most cases were susceptible to all the
tested antimicrobials, however 20% of the isolates were resistant to sulfamethoxazole-trimethoprim. Strepto-
coccus suis demonstrated the highest resistance to tetracycline (43%), lincomycin (40%), sulfamethoxazole-
-trimethoprim (40%), and erythromycin (30%). Ceftiofur was the most effective against S. suis. Commensal
E. coli showed less resistance than enterotoxigenic E. coli, however not less than 25% of isolates were resistant
to tetracycline, sulfamethoxazole-trimethoprim and ampicillin. All the tested Enterococcus faecalis were

susceptible to vancomycin and ceftiofur and 80% of enterococci were resistant to tetracycline.
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The resistance of bacteria to antimicrobials has become
one of the most important topics both in human and ani-
mal medicine. According to EU Directive 2003/99/EC on
the monitoring of zoonoses and zoonotic agents, Member
States must implement a monitoring programme that pro-
vides comparable data on the occurrence of antimicrobial
resistance in zoonotic agents and, in so far as they present
a threat to public health, other agents. A number of coun-
tries have national surveillance programmes to assess bac-
terial susceptibility to antimicrobials among zoonotic and
commensal bacteria isolated from healthy and sick animals.
However there were no sufficient data on the susceptibili-
ty of zoonotic and commensal bacteria isolated from ani-
mals in Lithuania, as there were no national surveillance
programmes on the antimicrobial susceptibility. With the
aim to fill this gap some investigations were implemented
in Lithuanian Institute of Lithuanian Veterinary Academy.

Pork production is a traditional branch of the husbandry
in Lithuania. About one million pigs are breeding in the
country every year. A big concentration of animals and
intensive production is one of the reasons on spreading
highly transmissible diseases. Diagnostics of some infec-
tious diseases of pigs in more cases are complicated. There

are the reasons that usage of broad-spectrum antimicro-
bials to treat animals and also to use some of them, as gro-
wing promoters in pork production are more intensive than
in other branches. Antimicrobials usually are used by pre-
ventive tasks even from the first days of the piglets birth.
By these reasons surveillance on antimicrobial susceptibi-
lity on a regular basis in pig farms must be implemented.

The aim of the investigations was to determine antimi-
crobal susceptibility of some pathogenic and commensal
bacteria isolated from pigs in Lithuania.

Material and methods

Investigations were carried out in Veterinary Institute of
Lithuanian Veterinary Academy, Department of Microbiolo-
gy and Food Safety. Salmonella enterica, enterotoxigenic
Escherichia coli, Pasteurella multocida, and Streptococcus
suis were tested as pathogenic bacteria. Pathological material
was delivered directly to laboratory from all counties. For ini-
tial isolation of bacteria, Tryptone Soy Agar, (BBL, England)
and analogous media were used. For isolation of Salmonella
enterica pre-enrichment (Buffered Peptone Water, Oxoid,
England) and enrichment media (Rappaport Vassiliadis Me-
dia, Oxoid England) were used. Some needful supplements
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(such as blood or sera) were used for isolation of fastidious
microorganisms.

Commensal bacteria (non pathogenic E. coli and Entero-
coccus faecalis) were investigated with the aim to rate com-
mon situation of antimicrobial susceptibility due to the Draft
monitoring programme on the occurrence of antimicrobial re-
sistance according to EU Directive 2003/99/EC. Samples were
collected directly in farms from anus of healthy animals using
sterile swabs. Mac Conkey Agar (BBL, USA) was used for
isolation of E. coli. For isolation of enterococci Slanetz Bar-
tley Agar (Liofilchem, Italy) and Bile Aesculine Agar (Liofil-
chem, Italy) were used. Investigations were carried out in pur-
suance of principles and limitations of monitoring antimicro-
bial resistance among food animal (2).

Identification of isolated bacteria was done using bioche-
mical tests (Crystal, BBL, USA). Escherichia coli and Sal-
monella enterica were serotyped by drop on glass or latex
agglutination test with commercial sera. For Salmonella
typing SIFIN (Germany), for E. coli — Sanofi Diagnostics
Pasteur (France), Oxoid (England) and Bundesinstitut Vete-
rindrmed (Germany) sera were used.

Agar diffusion method according to NCCLS guidelines was
applied for antimicrobial susceptibility testing. Mueller Hin-
ton Agar (Oxoid, England) was used as testing media. Turbi-
dometer MSI-5 (Latvia) was used for determination of optical
turbidity. 60 isolates of Salmonella enterica, 60 isolates of
enterotoxigenic E. coli (ETEC), 30 isolates of Pasteurella
multocida and 30 isolates of Streptococcus suis were tested
for antimicrobial susceptibility. 60 isolates of non-pathogenic
E. coli and 60 isolates of Enterococcus faecalis were tested
for antimicrobial susceptibility as commensal bacteria. Anti-
microbials were selected according to the guidelines of the
Draft Monitoring programme on the occurrence of antimicro-
bial resistance (2004). The following disks (BBL, USA) were
used: ampicillin (10 pg), tetracycline (30 pg), gentamicin
(10 pg), neomycin (10 pg), nalidixic acid (30 pg), enrofloxa-
cin (10 pg), ceftiofur (30 pg), sulfamethoxazole/trimethoprim
(23.75 pg + 1.25 pg), florfenicol (10 pg) and colistin (10 pg).
Results were interpreted by special tables of manufacturer.
Staphylococcus aureus ATCC 25923, Escherichia coli ATCC
25922, and Enterococcus faecalis ATCC 29212 were used as
control microorganisms.

Results and discussion

Bacteriological investigations revealed that Escherichia
coli, Salmonella spp., Streptococcus spp. and Pasteurella
multocida are one of the most spread pathogenic bacteria
in Lithuanian pig farms. In total 300 isolates were tested.
At the period of investigations (2000-2004) 76 strains of
enterotoxigenic E. coli that contained antigens K88, K99
and 987P were isolated. Susceptibility to antimicrobials of
these bacteria is shown in tab. 1. E. coli was the most
spread species of Enterobacteriaceae family in pig herds.
This species appears to be more resistant and adapts in
various unfavourable conditions. Sixty seven percent of
all tested enterotoxigenic E. coli were resistant to tetracy-
clines. Fifty two percent were resistant to broad-spectrum
penicillins (ampicillin) and 43% — to sulfonamide and tri-
methoprim combination. Enterotoxigenic E. coli were less
resistant to colistin, ceftiofur and florfenicol. High resi-
stance of enterotoxigenic E. coli is confirmed and by other
authors. For example in England and Wales up to third
isolated E. coli from pigs are multiresistant (16). In Cana-
da almost all (93%) of tested isolates were resistant to te-
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Tab. 1. Susceptibility of enterotoxigenic E. coli to antimicro-
bials (n = 60)

Antimicrobials ALY

Susceptible | % | Intermediate | % | Resistant| %
Ampicillin 26 43 3 5 31 52
Tetracycline 17 28 3 5 40 67
Neomycin 47 78 5 8 8 13
Florfenicol 57 95 0 0 3 5
Ceftiofur 56 93 2 3 2 3
Enrofloxacin 52 87 2 3 6 10
Colistin 59 98 0 0 1 2
Trimetho/Sulfa 30 50 4 7 26 43

Tab. 2. Susceptibility of Salmonella Choleraesuis to antimi-
crobials (n = 60)

Antimicrobials ALY

Susceptible | % | Intermediate | % | Resistant| %
Ampicillin 35 58 5 8 20 33
Tetracycline 22 37 6 10 32 53
Nalidixic acid 38 63 2 3 20 33
Florfenicol 58 97 0 0 2 3
Ceftiofur 55 92 3 5 2 3
Enrofloxacin 52 87 3 5 5 8
Colistin 48 80 2 3 10 17
Trimetho/Sulfa 45 75 6 10 9 15

tracycline, and a similar number (91%) were resistant to
sulphonamides. The rates of resistance to ampicillin, neo-
mycin, kanamycin, chloramphenicol, and trimethoprim ran-
ged from 21 to 38%, whereas only 14% ofthe isolates were
resistant to gentamicin (17). Studies of ETEC resistance
in Canada by other authors showed the similar results (12).

Salmonella spp. was common among other pathogenic
bacteria, however prevalence of these bacteria had tenden-
cy to decrease (23). The most common serovar among Sal-
monella enterica was Salmonella Choleraesuis. In Lithu-
anian pig farms other serovars are uncommon but other
epidemiologically important serovars such as S. Enteriti-
dis and S. Typhimurium are found in other species of ani-
mals. Susceptibility of Salmonella Choleraesuis is shown
in tab. 2. Salmonella enterica is one of the most important
zoonotic bacteria that often can be characterized by high
resistance to antimicrobials (4, 13, 22, 24). Our investiga-
tions showed that 53% of S. enterica serovar Choleraesuis
isolates were resistant to tetracyclines and one-third part
of them — to ampicillin and nalidixic acid. Quinolones
became one of the most popular antimicrobials used for
treating animals and poultry; reduced susceptibility to these
compounds are observed worldwide and became serious
problem both in human and veterinary medicine (14, 18).
Reduced susceptibility of salmonella was observed aga-
inst enrofloxacin that shows spreading of appropriate ge-
netic structures encoding resistance to fluoroquinolones
between bacteria (14). The situation according to resistan-
ce of Salmonella in different countries differs from the
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source of isolation and from serotypes. For example in Li-
thuania highest resistant demonstrates Sa/monella that are
isolated from pigs (23). In some countries highest resistance
demonstrates Salmonella isolated from cattle or poultry
(4, 13). Multiresistant isolates of Salmonella were isola-
ted in Lithuania as and in other countries (data not
showed) (23).

Pasteurella multocida is one of the most important
agents that causes respiratory diseases, especially in asso-
ciation with other infectious agents, such as Mycoplasma
spp. Capsulotypes A and D of these bacteria are found in
the farms of Lithuania. In this study, toxigenic Pasteurella
multocida of both capsulotypes were tested for antimicro-
bial susceptibility. Results are shown in tab. 3. Pasteurella
multocida as and the other species of family Pasteurella-
ceae is conformist bacteria enable to survive for a long
time only in live organisms. By this reason they are well
adapted to undergo unfavourable factors and to survive.
Our results showed that Pasteurella multocida were com-
paratively susceptible to all classes of antimicrobials.
Exception was sulfamethoxazole-trimethoprim —even 20%
strains of P. multocida were resistant to this combination
of antimicrobials. Results obtained in other countries shows
that most strains of P. multocida is still susceptible to
various antimicrobials. For example in Canada findings
for Pasteurella multocida isolated from the respiratory tract
of pigs and cattle reveal resistance in less than 7% of the
isolates to many antimicrobials tested, such as ampicillin
(0%), ceftiofur (< 1%), and the trimethoprim/sulfametho-
xazole combination (1-6%) (9, 20). On the other hand,
resistance to tetracycline was greater than 15% (20). In the
UK 20% of Pasteurella multocida isolated from pigs were
resistant to neomycin, 8% to tetracycline, 9% to sulfame-
thoxazole-trimethoprim and only 3% — to ampicillin. No
resistant strains were isolated to enrofloxacin (6, 7). How-
ever there are some countries where resistance of P. multo-
cida to some antimicrobials are higher. For example in
Spain 90% of isolated Pasteurella multocida (capsulo-
type A) were resistant to streptomycin and 60% — to linco-
mycin (25). Pasteurella multocida is comparatively suscep-
tible to various unfavourable conditions, however their
mechanism of adaptation differ from other bacteria — this
species like and other related species can survive in orga-
nisms by their localization (outermost from blood vessels
that antimicrobial can not reach them) or surviving in cer-
tain blood cells (macrophages).

Streptococcus suis are one of the most important bacte-
ria among streptococcal infections in pigs (15). There are
no serological data about S. suis serotypes prevalence in
Lithuania, however both biotypes are isolated. The results
of susceptibility to antimicrobials of S. suis are shown in
tab. 4. Streptococcus suis showed the highest resistance to
tetracyclines (43%), lincomycin (40%), sulfonamide-tri-
methoprim combination (40%) and erythromycin (30%).
Thirteen percent of isolates were resistant to enrofloxacin.
It should be noted that S. suis showed resistance to all
tested antimicrobials. These results are in accordance with
many other studies that have described S. suis as mainly
susceptible to these antimicrobial agents. Resistance to
macrolides/lincosamides and tetracyclines described in this
study has also been described in the literature to varying
degrees in different countries. In France, Morvan reported
that 19% of 400 S. suis strains were susceptible to spira-
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Tab. 3. Susceptibility of Pasteurella multocida to antimicro-
bials (n = 30)

Susceptibility

Antimicrobials

Susceptible | % | Intermediate | % | Resistant| %
Ampicillin 27 90 0 0 3 10
Tetracycline 29 97 0 0 1 3
JIBIEL 27 90 0 0| 3 |10
spectinomycin
Ceftiofur 29 97 0 0 1 3
Enrofloxacin 27 90 3 10 0 0
Neomycin 26 87 3 10 1 3
Trimetho/Sulfa 20 67 4 13 6 20

Tab. 4. Susceptibility of Streptococcus suis to antimicrobials
(n=30)

Antimicrobials AL

Susceptible | % | Intermediate | % | Resistant| %
Ampicillin 26 87 3 10 1 3
Tetracycline 15 50 2 7 13 43
Lincomycin 18 60 0 0 12 40
Ceftiofur 29 97 0 0 1 3
Enrofloxacin 26 87 0 0 4 13
Gentamicin 26 87 2 1 2 1
Trimetho/Sulfa 16 53 2 7 12 40
Erythromycin 21 70 0 0 9 30

mycin, 38% to lincomycin and 18% to tetracycline (19).
In the United Kingdom 94% of isolated S. suis were re-
sistant to tetracycline (7). In Italy S. suis were less suscep-
tible to oxytetracycline, sulfamethazine and tilmicosin (5).
In Spain, Reams et al. reported that 33%, 32% and 19% of
S. suis strains were susceptible to erythromycin, clinda-
mycin and tetracycline, respectively (21). In Denmark, 20%
of S. suis strains, isolated from 1995 to 1997, were resi-
stant to erythromycin, spiramycin, tylosin and lincomycin
and 44% to tetracycline (3). In Brasil S. suis were less
susceptible to tetracycline and trimeto/sulfa drugs (10).
These high rates of resistance to macrolides/lincosamides
and to tetracyclines mightbe explained by intensive use of
tylosin (growth promoter) and tetracycline (therapeutic) in
pig production (3).

Susceptibility of commensal E. coli and Enterococcus
faecalis is shown it tab. 5 and tab. 6 respectively. Resistan-
ce of commensal E. coli was similar as to enterotoxigenic
E. coli. However less number of isolates was resistant to
all antimicrobials, especially to ampicillin (25%). There
were no resistant isolates to ceftiofur and colistin among
non-pathogenic E. coli. Only one strain was resistant to
enrofloxacin and two strains were resistant to florfenicol
and neomycin. Investigations in other European countries
show that resistance of commensal E. coli may very differ.
For example in Sweden only 3.4% of isolated E. coli was
resistant to ampicillin, however in Spain more than a half
of isolates were resistant to this antibiotic. Resistance to
fluoroquinolones (ciprofloxacin) in Spain was more than
50%, however in Germany, Denmark and Sweden only
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Tab. 5. Susceptibility of Enterococcus faecalis to antimicro-
bials (n = 60)

Antimicrobials AR

Susceptible | % | Intermediate | % | Resistant| %
Penicillin 57 95 0 0 3 5
Tetracycline 10 17 2 3 48 80
Vancomycin 60 100 0 0 0 0
Ceftiofur 60 100 0 0 0 0
Enrofloxacin 54 90 2 3 4 7
Neomycin 56 93 1 2 3 5
Gentamicin 58 97 0 0 2 3

Tab. 6. Susceptibility of commensal E. coli to antimicrobials
(n=60)

Antimicrobials B

Susceptible | % | Intermediate | % | Resistant| %
Ampicillin 43 72 2 3 15 25
Tetracycline 32 53 5 25 42
Neomycin 57 95 1 2 2 3
Florfenicol 58 97 0 0 2 3
Ceftiofur 60 100 0 0 0 0
Enrofloxacin 59 98 0 0 1 2
Colistin 60 100 0 0 0 0
Trimetho/Sulfa 38 63 5 8 17 28

14%, 3.5% and 0.5% of isolates were resistant respective-
ly (8, 11).

Enterococci are one the most spread bacteria in pig farms.
Sometimes they can be isolated from infected organs and
likely participate in aetiology of various infections. Our
results showed that 80% of Enterococcus faecalis isolates
were resistant to tetracycline. High resistance to tetra-
cycline of E. faecalis are found and in other countries. For
example in Sweden 63% of isolated E. faecalis from pigs
were resistant to this antibiotic (1). Susceptibility to other
tested antimicrobials was higher, but 100% susceptibility
was only to vancomycin and ceftiofur. VRE (vancomycin
resistant enterococci) is a serious problem in human medi-
cine, however ban of some related antibiotics used as feed
additives conserved highest susceptibility of some bacte-
ria important in human and veterinary medicine.

There are few reasons of reduced susceptibility of non-
pathogenic bacteria to some antimicrobials. Results
showed that non-pathogenic isolates of E. coli and E. fae-
calis had resistance patterns only to separate classes of
antimicrobials. Highest resistance was observed against
these antimicrobials that were used for a long period (te-
tracyclines, sulphonamides, trimethoprim). Less resistan-
ce was observed against other antibiotics that were used
intensive, such as -lactams and aminoglycosides. It could
be explained that different antimicrobials have different
action and different mechanisms of bacterial resistance
exist. There are some antimicrobials that still are very
effective (colistin, ceftiofur).

According to the obtained data may be outlined that the
situation of antimicrobial susceptibility in Lithuanian pig
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farms is not conspicuous in comparison with the data ob-
tained in other countries.
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