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4 Institute of Animal Physiology, Slovak Academy of Sciences, Šoltésovej 4-6, 040 01 Košice, Slovakia

Abstract

The Aerococcus viridans isolates from bovine mastitis in Slovakia were isolated and characterized
by classical microbiological and biochemical, and molecular techniques including IGS-PCR and
rep-PCR, ARDRA and 16S rDNA gene sequencing. The substantial variability of antibiotic resis-
tance patterns was observed. The majority of strains were resistant to beta-lactam antibiotics, the
resistance to tetracycline was observed in 3 tested strains, resistance to lincomycin was found in
4 strains and practically all tested strains were sensitive to neomycin and ciprofloxacin. While variable
at a phenotypic level, no significant genetic variability among A. viridans isolates was detected by
molecular DNA based methods. The data obtained suggest that a few A. viridans strains spread
among cow’s population in Slovak farms.
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Introduction

Bovine mastitis is a widespread disease that affects
dairy cows. It causes changes in glandular tissues as
well as it affects the quality and quantity of milk. Bac-
teria involved in bovine mastitis are broadly classified
as either contagious or environmental pathogens
based on their epidemiological association with the
disease (Sandholm et al. 1990). Contagious pathogens
are those organisms transmitted from cow to cow
where the primary reservoir harbouring the pathogens
is the cow. The predominant contagious pathogens
involved in bovine mastitis are Staphylococcus aureus,
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Streptococcus uberis, Strep. dysgalactiae, and Strep.
agalactiae. Environmental pathogens are transmitted
during milking from the environment serving as the
primary source of these organisms. The main patho-
gens in this group are Strep. equinus, Strep. mitis,
Strep. salivarius, Strep. saccharolyticus, Enterococcus
faecalis, E. faecium, E. avium, and Aerococcus viridans
(Forsman et al. 1997). However, these organisms have
a profound importance in both human and veterinary
medicine.

Aerococci exhibit many biochemical and physio-
logical similarities with pediococci, enterococci, lac-
tococci and leuconostocs, and are often confused with
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streptococci (Facklam et al. 1989). Isolates assigned to
this genus are facultatively anaerobic, show a weak
reaction in the catalase test but do not contain cytoch-
rome; they have a G+C content of 35 to 40 mol%.
The genus Aerococcus was initially described includ-
ing a single species, Aerococcus viridans (Williams et
al. 1953). Five new species of Aerococcus have been
further identified: A. urinae, A. sanguinicola, A.
christensenii, A. urinaeequi, and A. urinaehominis (Eu-
zeby 1997). A. viridans are catalase-negative
Gram-positive cocci that resemble staphylococci by
Gram stain, but have biochemical and growth charac-
teristics of streptococci and enterococci (Facklam and
Elliott 1995, Ruoff et al. 1995, Skov et al. 1995). Aero-
coccus viridans has been associated with different hu-
man infections such as endocarditis, urinary tract in-
fections, arthritis, or meningitis (Gopalachar et al.
2004, Popescu et al. 2005). Moreover, this species is
a pathogen for crustaceans, causing gaffkemia in mar-
ine lobsters (Battison et al. 2004, Stewart et al. 2004),
and it has been associated with septicemia in sea
turtles (Torrent et al. 2002). Aerococcus viridans has
also been isolated from the milk of cows with subclini-
cal mastitis (Devriese et al. 1999) and has been asso-
ciated with septicemia in immunodeficient mice (Dag-
naes-Hansen et al. 2004). The role of A. viridans in
the etiology of bovine mastitis, however, is still un-
clear (Devriese et al. 1999).
Aerococcus viridans strains, like the other members of
the Streptococcaceae, are naturally susceptible to
penicillins, macrolides and related drugs, tetracyc-
lines, and chloramphenicol and are intrinsically resis-
tant at a low level to aminoglycosides (Horaud and
Delbos 1987).
The aim of the present study was to monitor the diver-
sity of A. viridans isolates from subclinical cases of
bovine mastitis in Slovakia.

Materials and Methods

Collection of milk samples and isolation
of bacteria

The samples were taken during 2009 and 2010
years from 6 different farms in Slovakia (Roštár,
Kriváň, Liptovská Kokava, Trhovište, Budča,
Zuberec) with standard zoohygienic conditions using
free stabling. The samples from twelve cows of Hol-
stein breed (4) and Slovak spotted breed (8) on sec-
ond and thrird lactation were used, respectively. Cows
had a latent (5), subclinical (4) or subacute (3) forms
of mastitis. A complex examination of the health
status of the animals included clinical examination of
the mammary gland, bacteriological examination of

collected milk samples (quarter samples), cytological
examination the first portion of milk, NK-test reaction
with subsequent collecting of individual milk samples
(mixed quarters’ samples) for bacteriological examin-
ation, and subsequent cultivation and identification of
pathogenic bacteria. The positive bacteriological re-
sults were commonly detected in all animals.

Quarter foremilk samples were collected asepti-
cally from 12 cows. Before sampling, the first streams
of milk were discarded, and teat ends were disinfec-
ted. The milk samples were transported on ice to the
laboratory. From each sample, 0.01 mL of milk was
cultured on Columbia Blood Agar Bass (Oxoid, Eng-
land) with 5% of defibrinated ram blood and incu-
bated for 48 h at 37oC; the plates were examined after
24 and 48 h of incubation. Selected isolates were fur-
ther characterized. All isolates were recovered in pure
culture from individual animal samples.

Conventional identification of bacterial
isolates

Isolates were obtained from milk samples or gland
skin and tested using conventional tests as previously
described. Twelve selected isolates were typed using
commercially available STREPTO test 24
(PlivaLachema, Czech Republic) identification system
followed by 16S rRNA sequencing (Table 1).

Antimicrobial susceptibility testing

A commercially available HiComb MIC test strips
(Hi Media Laboratories, Pvt. Ltd., India) were used to
determine the minimum inhibitory concentration
(MIC) for 9 antimicrobial agents (amoxicillin,
amoxyclav, ciprofloxacin, erythromycin, lincomycin,
methicillin, neomycin, streptomycin and tetracycline)
according to the protocols supplied by the manufac-
turer.

DNA analysis, PCR primers
and amplifications from A. viridans isolates

Genomic DNA from selected isolates was extrac-
ted from 1.5 ml overnight cultures, grown in BHI me-
dium, using the E.Z.N.A.® Bacterial DNA Kit
(Omega).

About 10 ng of extracted DNA was used as the
template in PCR reactions. The 16S rRNA genes
were amplified from purified DNA using the primers
fD1 and rP2 to generate an amplicon of about 1500
bp (Weisburg et al. 1991). The rep-PCR (random
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Table 1. Characteristics of Aerococcus viridans isolates tested in this study.

Origin Identification

16S rRNA
Farm Source STREPTO test 24 Accession Blastn best hit (%)

number

Isolate Mastitis

R 089 Roštár milk A. viridans HQ917007 A. viridans 100% subclinic
K 123 Kriváň milk A. viridans HQ917004 A. viridans 100% subacute
LK 13 Liptovská Kokava milk A. viridans HQ917005 A. viridans 99.7% latent
T 13 Trhovište milk E. faecium HQ917006 A. viridans 99% latent

T 120 Trhovište milk A. viridans HQ917008 A. viridans 100% latent
S 23 Budča milk Leuconostoc spp. HQ917009 A. viridans 99.8% subclinic

Str 13 Budča milk A. viridans HQ917010 A. viridans 99.9% subacute
Str 54 Budča milk A. viridans HQ917011 A. viridans 99.9% subacute

208 Zuberec udder skin A. viridans HQ917013 A. viridans 99.5% na
219 Zuberec milk A. viridans HQ917012 A. viridans 99.6% latent
293 Zuberec udder skin A. viridans HQ917015 A. viridians 99.6% na
301 Zuberec milk A. viridans HQ917014 A. viridans 99.6% subclinic

The designation, and origin of isolates is shown together with identification results from phenotypic (STREPTO test 24) and
molecular (16S rRNA Accession number and blastn best hit) typing, results of NK test and final classification of animal health
status. (na = not applicable).

Table 2. Primer sequences and PCR conditions used in the study.

Primers Primer sequence (5’ – 3’) Target gene PCR conditionsa

fD1 AGAGTTTGATCCTGGCTCAG 16S rRNA 1
rP2 ACGGCTACCTTGTTACGACTT

IGSRev TACTTAGATGTTTCAGTTCC intergenic spacer
region of rDNA 2IGSFor TGGGGTGAAGTCGTAACAAGGTA

ERIC 1R ATGTAAGCTCCTGGGGATTCAC fingerprint of whole
genome 3

a – 1 = 35x(93oC 60s, 52oC 60s, 72oC 120s); 2 = 35x(94oC 30s, 40oC 45s, 72oC 45s); 3 = 44x(94oC 30s, 35oC 60s, 72oC 90s).

amplified polymorphic DNA) technique with the
primer ERIC 1 was used to characterize interspecific
diversity of Aerococcus isolates. The IGS region
(16S-23S spacer-region) from each isolate was ampli-
fied via PCR using primer pair IGSrev and IGSfor
(Gurtler and Stanisich 1996). The oligonucleotide
primers and PCR conditions used in this study are
summarized in Table 2.

The PCR mixtures (50 μl) contained each
deoxynucleoside triphosphate at a concentration of
200 μM, 2 mM MgCl2, each primer at a concentration
of 1 μM, 1.25 U of Taq DNA polymerase (Invitrogen,
Paisley-UK), and the PCR buffer supplied with the
enzyme. All reactions were carried out in a Personal
Thermal Cycler MJ Mini (Bio-Rad Laboratories,
Richmond, USA). An aliquot of the PCR product was
electrophoresed in a 0.8% agarose gel, stained with
ethidium bromide, and quantified by using a standard
(1 kb DNA Ladder; Invitrogen, USA).

Endonuclease digestion
of amplified 16S rDNA

Amplified 16S rDNAs were digested using restric-
tion endonuclease: RsaI (Fermentas, USA). Approxi-
mately 2 mg of DNA was digested with 10 U of en-
zyme and appropriate Buffer (Fermentas, USA) for at
least 1 h at 37oC. Digests were electrophoresed in
a 1% agarose gel stained with ethidium bromide. Re-
striction fragment sizes were determined by compari-
son to 100 bp DNA ladder (Invitrogen, USA).

Sequencing of 16S rRNA genes
and phylogenetic analysis

16S rDNA PCR products were used to construct
a clone library with InsTAcloneTM PCR Cloning Kit
(Fermentas, Germany). Recombinant colonies were
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Table 3. Antimicrobial susceptibility of Aerococcus viridans isolates.

Strain Amoxicillin Amoxyclav Ciprofloxacin Erythromycin Lincomycin Methicillin Neomycin Streptomycin Tetracycline

str T 13 5 10 5 0.1 0.1 0.1 0.1 5 0.1
LK 13 10 10 5 0.1 5 60 5 0.1 5
str 54 10 30 0.1 0.01 5 240 5 5 0.1
str 13 30 10 0.1 0.1 0.01 240 5 5 0.1
K 123 10 10 0.1 0.1 0.1 120 0.1 5 0.1
S 23 30 30 0.25 0.1 3 240 7.5 0.1 30

T 120 0.5 2 0.01 5 10 120 0.1 5 5
R 089 0,5 4 4 0.1 10 240 5 0.1 0.25

293 0.5 1 5 0.01 5 240 10 60 0.25
208 1 2 0.25 0.01 15 240 3 1 0.01
219 1 2 0.25 0.1 1 240 3 3 0.01
301 1 2 0.01 5 10 240 10 5 0.5

Minimal inhibitory concentration are shown in μg per mililiter.

selected and plasmid DNA extracted using a plasmid
miniprep kit (Qiagen). Sequencing was performed on
both strands. Phylogenetic affiliation of each se-
quence was attributed using the Blastn search algo-
rithm (http://blast.ncbi.nlm.nih.gov/).

Results

Isolation of bacteria from mastitis milk samples

During two years numerous Gram-positive iso-
lates were obtained from mastitis cows in Slovakia.
Most frequently (more than 21.9%) bacteria of Strep-
tococcus genus, mainly S. uberis, were detected fol-
lowed by coagulase negative staphylococci, Ar-
canobacterium sp., and Bacillus sp. Aerococcus
viridans isolates represented of about 1% of isolates.
As knowledge on A. viridans is fairly limited, selected
isolates from 6 farms and 12 animals were further
analysed.

Antimicrobial susceptibility
of A. viridans isolates

Limited data are available on the antimicrobial
susceptibility of A. viridans isolates. Thus, the antimic-
robial susceptibility to different commonly used anti-
microbials was determined (Table 3). Since no speci-
fic minimal inhibition concentrations (MIC) values
for aerococci are available, the MIC values from
Hogeveen (2005) and Watson et al. (1991) were used.
The high level resistance to beta lactam antibiotics
was observed when most strains were resistant to me-
thicillin (MIC more than 60 μg/ml). In about half of
these strains methicillin resistance was accompanied
by amoxicillin (MIC more than 5 μg/ml) and amoxyc-
lav (amoxicillin and clavulanic acid) resistance indica-

ting lacks of beta-lactamase dependent mechanism of
resistance. Variable resistance patterns were observed
for other antibiotics. Practically all tested strains were
sensitive to neomycin and ciprofloxacin, sporadically
resistance to streptomycin and erythromycin was de-
tected. Resistance to tetracycline was observed in
3 tested strains, two of them originated from Budča
farm. Similarly, resistance to lincomycin was found in
4 strains, mainly from Zuberec farm.

Molecular identification
of A. viridans isolates

While extremely variable at resistance patterns,
A. viridans isolates showed very low variability at mol-
ecular level. Partial 16S ribosomal RNA gene nucleot-
ide sequence of all isolates showed high similarity (at
least 99%) to known isolates of A. viridans (Table 1)
Surprisingly, in three cases complete identity was ob-
served to DSD-PW4-OH13 strain of A. viridans iso-
lated from sea water (GenBank accession number
HQ425688).

Genotypic variability
of A. viridans isolates

Limited variability detected on 16S rRNA se-
quence level was confirmed by ARDRA analysis
(Amplified Ribosomal DNA Restriction Analysis).
All isolates produced constantly identical profiles
when tested by restriction endonucleases (data
documented for RsaI restriction endonuclease, Fig.
1A). Similarly, DNA fingerprinting methods targeted
to more variable part of ribosomal RNA operon
(16S-23S intergenic spacer region) confirmed limited
variability of A. viridans isolates. The PCR amplifica-
tion resulted in production of single type of RISA
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Fig. 1. Analysis of genetic variability in Aerococcus viridans isolates. Agarose gel electrophoresis of 16S rDNA amplificons
digested by the restriction enzyme RsaI (part A); RISA generated patterns (part B); ERIC1R generated patterns (part C). Lane
1 – standard of molecular weight; patterns for isolate R 089 – lane 2; K 123 – lane 3; LK 13 – lane 4; T 13 – lane 5; T 120 – lane 6;
S 23 – lane 7; Str 13 – lane 8; Str 54 – lane 9; 219 – lane 10; 208 – lane 11; 301 – lane 12; 293 – lane 13. The size of selected
standard band is shown in basepairs.

profile (Fig. 1B) across all isolates. Since 16S ribosomal
RNA operons are usually highly conserved among the
species, the whole genome fingerprinting technique
based on repetitive element targeted PCR amplifica-
tion was used to analyze genotypic variability in A.
viridans isolates. Using ERIC1R primer similar profiles
(Fig. 1C) for all isolates were obtained confirming
limited variability among A. viridans isolates tested.

Discussion

Mastitis is one of the most economically important
diseases of dairy animals. It causes great economic

losses and affects the quality and quantity of milk. Mas-
titis generally results from interaction between a variety
of microbial infections and host responses in the udder.
Mastitis-causing bacteria classified as contagious are
Strep. agalactiae, Staph. aureus, Arcanobacter pyogenes,
Mycoplasmas; as environmental are Strep. uberis and
dysgalactiae, Escherichia coli and other enterobacteria,
yeasts and molds; and opportunist as coagulase nega-
tive Staphylococcus spp. Aerococcus viridans bacteria
are regularly isolated from mastitis cows. However, it
usually represents a minor part of bacterial population
only. Devriese et al. (1999) reported that A. viridans
species represented 15% of Gram-positive, catalase-
-negative, aesculin degrading cocci isolated from clini-
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cal and subclinical mastitis cases in dairy cows, but
McDonald et al. (2005) found two A. viridans isolates
among 100 Streptococcus spp. causing bovine mastitis
only. However, A. viridans species was detected in 50%
of 48 bulk tank milk samples from 48 dairy farms in
USA (Zadoks et al. 2004).

Commercially available STREPTO test 24 rapid
identification kit identified correctly the majority of A.
viridans isolates in the study. Another two isolates in-
cluded in the study were misidentified by the test but
clearly identified to be A. viridans on the basis of 16S
rRNA analysis. The A. viridans isolates were highly di-
verse in their antibiotic resistance patterns when
a unique pattern was observed for every strain tested.
There are very limited data on cow mastitis A. viridans
antibiotic resistance in the recent literature. Owens et
al. (1991) reported prevalent resistance to streptomycin
(60%) followed by tetracycline (23%), erythromycin
(17%), penicillin (16%) and ampicillin (13%). Com-
pletely different profiles were reported for A. viridans
isolates from swine clinical specimens (Martin et al.
2007). These A. viridans isolates were commonly sus-
ceptible to beta-lactam antimicrobials, but resistant to
streptomycin (90%), tetracycline (95%) and eryth-
romycin (59%). The resistance patterns of our isolates
are much more similar to the patterns of human clini-
cal A. viridans isolates, for which the resistance to
beta-lactams was found to be prevalent (Facklam et al.
2003).

Phylogenetic analysis confirmed very low intras-
pecies variability in A. viridans. All isolates showed the
similarity higher than 99% to the known members of
the A. viridans species. In three cases perfect match of
16S rRNA sequences was found with environmental
isolate of A. viridans from sea water indicating wide-
spread occurrence of this bacterium. Practically no
variability was observed in ARDRA and RISA analysis
indicating that the majority of phenotypic diversity ob-
served is due to epigenetic factors and not due to evol-
utionary divergence. Very limited variability was ob-
served by rep-PCR using ERIC1R primer. Despite re-
stricted distribution of ERIC elements, DNA finger-
printing using repetitive element targeted probes is
a useful tool for DNA based studies of clonal relation-
ships among bacterial isolates (Versalovic et al. 1991).
Our data suggest that only few A. viridans strains
spread among cow population in Slovak farms. The
identity of ERIC1R generated PCR profiles clearly
suggests that strains LK 13 and Str 13 from Liptovska
Kokava or Budča farms are clonaly related. This obser-
vation is in contrast to data obtained by Martin et al.
(2007) who indicated an exposure of swine to multiple
A. viridans strains, what is in accordance with the wide
distribution of A. viridans (Woodward et al. 1998), and
also suggests an opportunistic pathogenic character of

this bacterium. Similarly, Kagkli et al. (2007) reported
the presence of putative new A. viridans species in
Gram-positive cocci from raw milk in a farm dairy envi-
ronment. Despite being variable in antibiotic resistance
profiles, A. viridans isolates from Slovakia represent
homogenous group with limited genetic variability.
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