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Abstract

Kolai M., J. Bardon, I. Vagnerova, P. Sauer, D. Koukalova, J. Petrzelova, L. Cekanova,
R. Pospisil: Resistance to Antibiotics in Strains of Staphylococcus spp., Enterococcus spp. and
Escherichia coli Isolated from Rectal Swabs of Pigs. Acta Vet Brno 2008, 77: 103-1100.

The study aimed at determining the level of resistance of selected bacterial species
(Staphylococcus spp., Enterococcus spp., Escherichia coli) isolated from rectal swabs of pigs to
antimicrobial agents.

The tested strains were isolated from piglets aged 7 to 30 days. Bacterial species were
identified by standard microbiological techniques and susceptibility to antibiotics was determined
quantitatively by the standard microdilution method. Resistance of the Staphylococcus aureus
strain to oxacillin was confirmed by detection of the mecA gene and PBP2a. A total of 115
Staphylococcus spp. isolates were collected. In the case of Staphylococcus aureus, the methicillin-
resistant strain (MRSA) was identified. Moreover, higher frequency of coagulase-negative
staphylococci with minimum inhibitory concentration of oxacillin > 0.5 mg/l was noticed.
Inducible resistance to clindamycin in the Staphylococcus hominis strain was also detected.
The strains of Enterococcus spp. (61 isolates) exhibited high resistance to tetracycline (98.5%),
erythromycin (86.8%) and chloramphenicol (54.4%). Vancomycin-resistant enterococci were not
isolated. In the case of Escherichia coli strains (111 isolates), higher frequency of resistant strains
to tetracycline (81.1%) and ampicillin (62.2%) was documented. Resistance to fluoroquinolones
and production of broad-spectrum B-lactamases was not noticed.

The presented study may be considered as a pilot project assessing the prevalence of resistant
bacteria in piglets kept on a single farm. It demonstrated the presence of resistant strains of
Staphylococcus spp., including one MRSA strain, Enterococcus spp. and Escherichia coli. These
strains may be present as a result of postnatal colonization with both bacterial microflora of dams
and environmental microflora.

Pigs, rectal swabs, bacterial resistance, MRSA, Czech Republic

Bacterial resistance to antimicrobial agents has become a serious problem both in human
and veterinary medicine. It is related to an excessive use of antibiotics which represent an
important part of therapy and, in selected cases, prevention of bacterial infections. On the
other hand, they contribute to the development and spread of bacterial resistance to their
effects. It must be pointed out that bacterial resistance is not a theoretical issue without a
practical impact. In human medicine, multiresistant bacterial strains are associated with
higher rates of death from the infections they cause. Similar data are available in animal
medicine. A case of lethal infection in a dog caused by a methicillin-resistant Staphylococcus
aureus strain — MRSA has been described (Waller 2005).

Bacteria with prominent clinical importance and bacterial resistance include staphylococci
(especially methicillin-resistant strains of Staphylococcus aureus and coagulase-negative
staphylococci), enterococci (in particular vancomycin-resistant isolates) and enterobacteria
producing broad-spectrum B-lactamases (e.g. ESBL and AmpC enzymes). At present,
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human medicine is characterized by a worldwide increase in the prevalence of MRSA.
MRSA have also been confirmed in veterinary practice, e.g. in cattle, chickens, cats, dogs,
horses and a seal (Gortel et al. 1999; Lee 2003; Lilenbaum et al. 1998; O’Mahony et
al. 2005). There is concern about increasing data on the interspecific transfer of MRSA,
i.e. between animals and humans. Seguin et al. (1999) documented prevalence of identical
MRSA in horses and their breeders and a similar relation was suggested by Weese et
al. (2005). Also Van Duijkeren (2004) assumed a MRSA transfer between humans and
dogs. MRSA strains were isolated from animals and veterinary office staff, as described by
O’Mahony et al. (2005). Although the impact of methicillin-resistant coagulase-negative
staphylococci in veterinary medicine has not been specified, these strains may represent
a reservoir of resistance genes (Vengust et al. 2006; Busscher et al. 2006). The same
is true for vancomycin-resistant enterococci (VRE) as their prevalence both in animals
and humans has already been proved in the Czech Republic (Kolaf et al. 2000, 2005).
Broad-spectrum B-lactamases in enterobacteria of animal origin have not been noticed in
the Czech Republic as yet. However, this is one of the most serious issues concerning
antibiotic resistance in humans, with an impact on higher mortality of patients.

It is not unrealistic to presume that multiresistant bacterial strains may enter the human
food chain as part of foods of animal origin; they may also colonise or infect people who are
in contact with animals. It is well known that pork makes up a significant part of the average
Czech consumer basket. Therefore, the study aimed at determining the susceptibility of
Staphylococcus spp., Enterococcus spp. and Escherichia coli strains isolated from rectal
swabs of piglets to antimicrobial agents. Thus, with respect to the monitoring of antibiotic
resistance, the study is a pilot project.

Materials and Methods

The tested strains of Staphylococcus spp., Enterococcus spp. and Escherichia coli were isolated from 100
piglets kept on a single farm (a farrowing house) in the Olomouc Region. The piglets, aged 7 to 30 days, were
clinically healthy and had not been administered any antibiotics during their lives. All samples were obtained
within the same day. According to the breeder’s data, no antibiotics were administered to the sows in the week
prior to farrowing. At the time of sampling, the total number of piglets of the given age category kept at the
farm was 113. The strains were isolated from 100 rectal swabs collected with a kit containing a swab and a
transport medium (Venturi Transystem - Amies agar gel transport medium with charcoal). The piglets were
randomly selected for sampling from the aforementioned group of 113 individuals. After being delivered to the
laboratory, the swabs were inoculated onto a solid medium (blood agar, Endo agar, XLD agar, Becton Dickinson)
subsequently incubated aerobically at 37 °C for 24 h. Following isolation of enterococci, the swabs were broken-
off into meat-peptone broth with 6.5% NaCl, once again incubated at 37 °C for 24 h. Then the liquid medium
was transferred with a calibrated loop on a blood agar. Twenty four-hour cultivation followed at 37 °C and under
acrobic conditions.

Identification of the aforementioned bacterial strains was carried out by standard microbiological techniques
using commercially produced sets ENTEROtest16, EN-COCCUStest and STAPHYtestl6 (Pliva-Lachema
Diagnostika). In the case of Staphylococcus aureus strains, another commercial set was utilized, Staphaurex
Plus® (Remel) capable of detecting the clumping factor, protein A and other specific antigens characteristic for
Staphylococcus aureus. For identification of enterococci, the PYRAtest for pyrrolinyl arylamidase (Pliva-Lachema
Diagnostika) was used as well. When various species of Staphylococcus spp. and Enterococcus spp. were detected
in a single sample, all strains of the different species were included in the database. When both haemolytic and
non-haemolytic strains of Escherichia coli were present simultaneously, both isolates were included.

To assess susceptibility of the isolated bacteria, the standard microdilution method determining minimum
inhibitory concentrations (MIC) of the tested antibiotics (CLSI 2007; CLSI 2006) was used. At the end of the
epizootic-epidemiological chain there are humans in whom multiresistant bacteria of animal origin may, under
certain circumstances, cause severe diseases. Therefore, the susceptibility tests utilised breakpoints (susceptibility/
resistance criteria) defined by the National Reference Laboratory for Antibiotics, National Institute of Public
Health, Prague and commonly used in the Czech Republic for evaluating resistance in human medicine.

The MIC, and MIC values were calculated as 50% and 90%, respectively, percentiles of the MIC values
of individual antibiotics. The reference strains Escherichia coli ATCC 25922, Escherichia coli ATCC 35218,
Pseudomonas aeruginosa ATCC 27853, Staphylococcus aureus ATCC 29213, Staphylococcus aureus ATCC
25923 and Enterococcus faecalis ATCC 29212 served for protocol quality control.

Detection of the penicillin-binding protein 2a (PBP2a) in Staphylococcus aureus was performed by latex



105

agglutination (MRSA-Screen test, Denka Seiken Co.), an adequate alternative to PCR detection of the mecA4 gene
(Cavassini et al. 1999; Felten et al. 2002). According to Lee et al. (2004), this test is also recommended for
detection of MRSA of animal origin. Susceptibility of staphylococci to penicillin was determined by production
of B-lactamase, using the chromogenic cephalosporin method (Nitrocefin, Oxoid). Susceptibility to clindamycin,
if simultaneous with resistance to erythromycin, was verified by modified disk diffusion test (D-test) where the
zone around the clindamycin disk was narrowed in the section adjacent to the erythromycin disk (Rich et al.
2005).

To evaluate production of ESBL in the strains of Escherichia coli with MIC higher than 1 mg/1 for at least one
of the tested third generation cephalosporins (cefoperazone, cefotaxime, ceftazidime), the double-disk synergy
test (DDST) was used, first described by Jarlier et al. (1988).

The mecA gene in Staphylococcus aureus isolate with confirmed PBP2a was detected by PCR with mecA-F
(5-TCCAGATTACAACTTCACCAGG-3") and mecA-R (5'-CCACTTCATATCTTGTAACG-3") primers
(Oliveira and De Lencastre 2002). One colony of the 24-h culture of Staphylococcus aureus on meat-peptone
agar was transferred to 150 ul of deionized sterile water and heated to 99 °C for 15 min under gentle shaking
(Thermomixer comfort, Eppendorf). The suspension was centrifuged (16 128 g, 2 min) and the supernatant with
partially purified DNA was used for PCR. The 49-ul reaction mixture was prepared as follows: 42.2 ul of H O;
5 ul 10 x reaction buffer; 0.4 ul dNTPs (10 mM); 0.5 ul of individual primers (100 pM) and 0.4 pul of Tag
polymerase (5U/ul) (ANTPs Promega; primers Eastport; other components Top-Bio). 1 ul of DNA isolated from
the tested bacterial isolate was added to the reaction mixture and coated with a layer of mineral oil (Top-Bio). In
the negative control sample, 1 pul of deionized water was added instead of isolated DNA.

The PCR was performed in a minicycler (MJ Research) in the following program: 94 °C 5 min, 94 °C 1 min,
57 °C 1 min and 72 °C 1 min. The cycle was repeated 30 times, with the final step at 72 °C for 10 min. PCR
products were analysed by gel electrophoresis in 2% (w/v) agarose gel. The size of amplified products was
estimated by comparison with a DNA ladder marker (200 - 1500 bp, Top-Bio).

Results

A total of 115 strains of Staphylococcus spp., 61 strains of Enterococcus spp., and 111
strains of Escherichia coli were isolated from the piglet rectal swabs. Of the 115 isolated
staphylococci, 110 strains were found to be coagulase-negative, 5 strains were identified
as Staphylococcus aureus. From the group of 110 coagulase-negative staphylococci,
species identification was possible in 104 strains, whereas adequate identification by
available tests was not achieved in 6 strains. The species proportion within the isolated
staphylococci is shown in Table 1. The results show that the most frequent strains were
Staphylococcus sciuri (26.1%), Staphylococcus lentus (22.6%), Staphylococcus hominis
(13.9%) and Staphylococcus simulans (10.4%).

In the group of isolated staphylococci, 5 strains of Staphylococcus aureus were isolated.

Table 1. Overview of species of the isolated staphylococci Itis of crugial importance that .Orlle.Of
them was identified as a methicillin-

Species Number of strains Percentage . . . .
— resistant strain with simultaneous
Staphylococcus sciuri 30 26.1 . R .
resistance to penicillin, erythromycin,
Staphylococcus lentus 26 22.6 . . . .
— clindamycin and gentamicin. For this
Staphylococcus hominis 16 13.9 . -
- strain, the oxacillin MIC was 8 mg/l.
Staphylococcus simulans 12 10.4 . .8
—— At the same time, latex agglutination
Staphylococcus schleiferi 8 7.0
confirmed the presence of PBP2a.
Staphylococcus sp.* 6 5.2 . -
Resistance to oxacillin was confirmed
Staphylococcus aureus 5 43 .- .
- by positive detection of the mecA
Staphylococcus warneri 5 43
Staphylococcus pulvereri 4 3.5 gegi" the 110 coasulase-negative
Staphylococcus cohnii 3 2.6 g g

staphylococci, 47 (42.7%) strains
were shown to have the oxacillin MIC
> 0.5 mg/l. The dominating species was Staphylococcus sciuri (57.4%), as seen in Table 2
showing the relevant species proportion.

The overall resistance of the 110 isolated coagulase-negative staphylococci to antibiotics
is shown in Table 3. The highest numbers of resistant isolates were found in relation to
penicillin (74.5%), tetracycline (59.1%), erythromycin (30.0%) and clindamycin (30.0%). No

* Coagulase-negative staphylococci of unidentified species
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Table 2. Overview of species of coagulase-negative resistant strains were recorded in the
staphylococci with the oxacillin MIC > 0.5 mg/I cases of vancomycin, teicoplanin and

Species Number of strains Percentage cotrimoxazole.
Staphylococcus sciuri 27 57.4 One strain of  Staphylococcus
Staphylococcus lentus 6 12.8 hominis showed susceptibility to
Staphylococcus hominis 4 8.5 clindamycin, simultaneously = with
Staphylococcus simulans 3 6.4 resistance to erythromycin. However,
Staphylococcus schleiferi 2 43 asthe D-testwas positive, susceptibility
Staphylococcus warneri 1 2.1 to clindamycin was apparently false.
Staphylococcus sp. 4 8.5

Table 3. Resistance of 110 coagulase-negative Staphylococcus spp. strains to antibiotics,
including the MIC range, MIC, and MIC

L breakpoint used MIC,, MIC,, resistance
Antibiotic (mg/l) MIC range (mg/1) (mg/l) (mg/l) %)
penicillin - - - - 74.5
oxacillin - 0.06-1 0.25 0.5 *
erythromycin 0.5 0.06-8 0.25 2 30.0
clindamycin 0.5 0.03-8 0.25 2 30.0
chloramphenicol 4 0.25-32 1 8 7.3
tetracycline 2 0.5-64 4 16 59.1
vancomycin 2 0.125-2 0.5 1 0
teicoplanin 8 0.25-4 0.5 2 0
ciprofloxacin 1 0.03-2 0.125 0.25 0.9
cotrimoxazole 32 0.5-8 2 8 0

* - resistance percentage not stated

The Enterococcus spp. isolates exhibited a high frequency of strains resistant to
tetracycline (98.5%), erythromycin (86.8%) and chloramphenicol (54.4%). By contrast,
100% susceptibility was documented in ampicillin, vancomycin and teicoplanin. It is
obvious that the vancomycin-resistant enterococcus was not isolated (Table 4).

Table 4. Resistance of 61 Enterococcus spp. strains to antibiotics, including the MIC range, MIC, and MIC,

. breakpoint used MIC,, MIC,, resistance
Antibiotic (mg/l) MIC range (mg/l) (mg/l) (mg/l) (%)
ampicillin 8 0.25-2 0.5 1 0
erythromycin 0.5 0.03-16 4 8 86.8
chloramphenicol 4 1-64 8 16 54.4
tetracycline 2 0.25-64 16 32 98.5
vancomycin 2 0.125-2 0.5 1 0
teicoplanin 8 0.125-0.5 0.25 0.5 0
nitrofurantoin 32 2-128 8 16 4.4

Resistance of the tested strains of Escherichia coli to antibiotics is presented in Table
5. The results suggest relatively high susceptibility of these strains. Higher frequencies of
resistant isolates were only documented in tetracycline (81.1%) and ampicillin (62.2%). In
total, 12 strains (10.8%) were resistant to 3 antimicrobial agents simultaneously, i.e. these
may be characterized as multiresistant. In 4 isolates, the cefoperazone MIC ranged from 2
to 4 mg/l, however, the DDST result was negative in all cases.
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Table 5. Resistance of 111 Escherichia coli strains to antibiotics, including
the MIC range, MIC, and MIC;

L breakpoint used MIC,, MIC,, resistance
Antibiotic (mg/l) MIC range (mg/1) (mg/l) (mg/l) %)
ampicillin 4 0.25-128 8 64 62.2
ampicillin/sulbactam 8 0.25-32 1 4 1.8
piperacillin 16 0.5-64 2 8 3.6
piperacillin/tazobactam 16 0.25-4 1 2 0
cefazolin 4 1-32 1 4 7.2
cefuroxime 4 0.25-4 1 2 0.9
cefoxitin 4 0.25-2 1 2 0
cefoperazone 8 0.06-4 0.125 0.5 0
cefotaxime 4 0.03-0.5 0.06 0.125 0
ceftazidime 4 0.03-0.5 0.06 0.125 0
cefepime 4 0.03-0.5 0.06 0.125 0
meropenem 4 0.03-0.5 0.06 0.125 0
gentamicin 4 0.06-0.5 0.125 0.25 0
tobramycin 4 0.125-4 0.25 1 0
amikacin 8 0.25-8 0.5 2 0
ofloxacin 2 0.03-0.5 0.125 0.25 0
ciprofloxacin 1 0.001-0.25 0.06 0.125 0
colistin 4 0.125-1 0.25 0.5 0
tetracycline 2 1-64 16 32 81.1
chloramphenicol 4 0.25-128 2 4 5.4
cotrimoxazole 32 0.25-128 1 64 10.8

Discussion

Bacterial resistance to antibiotics presents an important and dangerous problem in relation
to both therapy of potential infections and epidemiology. One of the health risks posed
by infection or colonization of humans with multiresistant species is the contamination
of foods or raw materials by these strains. In pigs, the main threat is contamination of
slaughtered pigs by their bowel contents. These issues are dealt with by monitoring the
selected zoonotic agents by the State Veterinary Administration of the Czech Republic
(SVA). The monitoring includes microbiological examination of swabs obtained from
processed pig carcasses focusing on Salmonella spp., Escherichia coli O157, Enterococcus
faecalis and Enterococcus faecium (SVA Guideline 2005 °). A summary report of the
results of antibiotic resistance of the monitored pathogens and indicator microorganisms
has not been published as yet. The frequency of multiresistant isolates from processed pig
carcasses is closely related to the level of slaughterhouse hygiene and potential previous
antibiotic therapy of the slaughtered animals. Moreover, the above-mentioned monitoring
does not deal with the issues of coagulase-positive staphylococci. The present pilot study
focused on very young piglets for two reasons. Firstly, the examined animals had not been
exposed to a direct influence of antibiotics but had been colonized after their birth with
both bacterial microflora of their mothers and environmental microflora. Therefore, they
represent “an indicator” of the microbial spectrum and potential of the pig population at
the beginning of its reproductive per10d Secondly, simultaneous smgle samphng of a
large number (100) of swabs was easier. Moreover, the spectrum of microorganisms was
extended by staphylococci in contrast to the SVA monitoring.

In our set of Staphylococcus aureus strains isolated from piglets, one MRSA was
identified. This finding may be considered extremely serious and alarming. Higher
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frequency of coagulase-negative staphylococci (43%) with the oxacillin MIC exceeding
0.25 mg/l is also suggestive of high resistance. However, the oxacillin breakpoint value
for staphylococci is rather problematic. The performance standards for antimicrobial
susceptibility testing (CLSI 2007) recommend 2 mg/l for Staphylococcus aureus and
Staphylococcus lugdunensis strains and 0.25 mg/l for coagulase-negative staphylococci
(except for Staphylococcus lugdunensis). This corresponds with the conclusions of Hajek
et al. (2002) documenting the presence of the mecA gene in 29% of tested strains of
Staphylococcus epidermidis classified as susceptible with the 2-mg/l breakpoint, which
suggests false susceptibility. In their study, Tenover et al. (1999) recommended the
oxacillin breakpoint value for coagulase-negative staphylococci to be 0.25 mg/l, although
they pointed out to potential false resistance in mecA-negative strains of some species, in
particular of Staphylococcus warneri, Staphylococcus capitis, Staphylococcus lugdunensis
and Staphylococcus saprophyticus. False resistance to oxacillin is also possible in the case
of Staphylococcus scuiri strains accounting for 57% of isolates with the oxacillin MIC >
0.5 mg/l in the presented study. Stepanovi¢ et al. (2006) found that Staphylococcus sciuri
strains with positive demonstration of the mecA gene exhibited the oxacillin MIC of at least
2 mg/l. At the same time it must be taken into account that decreased susceptibility may be
also due to PBP alterations other than PBP2a and the absence of the mecA gene may not
necessarily be suggestive of the effects of oxacillin or methicillin (Tenover et al. 1999).
Therefore, exact resistance criteria are extremely difficult to determine.

Of particular importance is also the demonstrated existence of inducible resistance to
clindamycin in the Staphylococcus hominis strain. This type of resistance is conditioned by a
change in the ribosome target site encoded by the erm genes (Rich et al. 2005). Phenotypically,
it is manifested by simultaneous resistance to erythromycin and clindamycin (the so called
constitutive type) or by resistance to erythromycin and susceptibility to clindamycin (inducible
type). In the case of the inducible type, resistance cannot be demonstrated by the common disk
diffusion or microdilution methods so the aforementioned D-test must be used. If the result is
positive the clindamycin result must be changed to resistant.

The favourable outcome of the presented study is no isolation of VRE previously found in
poultry kept in the same region (Kolaft et al. 2000, 2005). On the other hand, high resistance
to tetracycline was detected, which may be related to a clonal spread of resistant strains and
antibiotic medication in use. No antibiotics were administered either to the sampled piglets or to
their mothers in the week prior to farrowing. However, no reliable historical data were available
concerning the spectrum and amounts of antibiotics used on the farm in the past.

In the case of Escherichia coli, strains resistant to tetracycline and ampicillin were found
to be more frequent. Resistance to ampicillin is probably conditioned by production of
the TEM-1 and TEM-2 B-lactamases. However, neither production of broad-spectrum
B-lactamases nor resistance to fluoroquinolones were demonstrated.

The present study may be considered as a pilot project assessing the prevalence of resistant
bacteria in piglets kept on a single farm. It demonstrated the presence of resistant strains
of Staphylococcus spp., including once MRSA strain, Enterococcus spp. and Escherichia
coli. These strains may be present as a result of postnatal colonization with both bacterial
microflora of piglet mothers and environmental microflora.

Rezistence k antibiotikiim u kmenu Staphylococcus spp., Enterococcus spp.
a Escherichia coli izolovanych z rektalnich vytéra prasat

Cilem prace bylo stanoveni Grovné rezistence vybranych bakteridlnich druht (Escherichia
coli, Staphylococcus spp., Enterococcus spp.) k antimikrobnim piipravkim v chovu prasat.
Testované kmeny byly izolovany od selat ve staii od 7 do 30 dnti. K identifikaci bakterial-
nich druhti byly pouzity standardni mikrobiologické postupy a citlivost k antibiotikiim byla
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urcena kvantitativné diluéni mikrometodou. Rezistence k oxacilinu u kmene Staphylococcus
aureus byla potvrzena prikazem mecA genu a PBP2a. Celkem bylo shromazdéno 115 izola-
th Staphylococcus spp. V pripadé stafylokokil byl identifikovan methicilin-rezistentni kmen

Vv

Staphylococcus aureus (MRSA) a soucasné byla zaznamenana vyssi frekvence vyskytu
koagulaza-negativnich stafylokokd s minimalni inhibi¢ni koncentraci oxacilinu > 0,5 mg/1.
Dale byla prokazana inducibilni rezistence ke klindamycinu u kmene Staphylococcus ho-
minis. Kmeny Enterococcus spp. (61 izolatd) vykazovaly vysokou rezistenci k tetracyklinu
(98,5 %), erytromycinu (86,8 %) a chloramfenikolu (54,4 %). Vankomycin-rezistentni en-
terokoky nebyly izolovany. V ptipadé kmenl Escherichia coli (111 izolati) byla dokumen-
tovana vyssi Cetnost rezistentnich kment k tetracyklinu (81,1 %) a ampicilinu (62,2 %).
Rezistence k fluorochinoloniim a produkce Sirokospektrych B-laktamaz nebyla zaznamena-
na. Piedkladana studie mize byt charakterizovana jako pilotni projekt pro zhodnoceni pre-
valence rezistentnich bakterii u selat na jednotlivych farmach. Studie ukéazala ptitomnost
rezistentnich kment Staphylococcus spp., véetné jednoho kmene MRSA, Enterococcus spp.
a Escherichia coli. Tyto kmeny mtzou byt piitomny v disledku postnatalni kolonizace bak-
terialni mikroflorou matek selat a environmentalni mikroflérou.
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