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ABSTRACT Streptococcus agalactiae can produce a wide variety of virulence factors,
including toxins and proteins which facilitate adhesion to and colonization and inva-
sion of the host cells. There are few reports on the characteristics of field isolates
from bovine mastitis in Poland. Thus, the aim of this study was to determine the
occurrence of types of hemolysis on blood agar, virulence factor genes, and cytotox-
icity of S. agalactiae isolates derived from cows with mastitis across Poland. The
study included 68 isolates. Virulence genes were tested using standard PCR, and cy-
totoxicity was determined using methylthiazol tetrazolium (MTT) and lactate dehy-
drogenase (LDH) tests. Among the tested isolates, 89.7% were b-hemolytic, 8.8%
g-hemolytic, and 1.5% alpha-hemolytic. The only genes detected in all isolates were
the cfb, cspA, hylB, and sip genes. Cytotoxicity assessment based on the LDH test
revealed that isolates were cytotoxic only to Vero cells. However, according to the
results obtained from the MTT test, more than half of the isolates exhibited low cy-
totoxicity to both SK and Vero cells, whereas the other isolates showed moderate or
no cytotoxicity to both cell lines. Our research confirms the prevalence of various vir-
ulence genes in S. agalactiae isolated from Polish dairy herds, which have previously
been found in isolates recovered from human and animal infections. For the first
time, the presence of bac- and scpB-positive isolates of S. agalactiae was determined
in Polish dairy cattle, and the cytotoxicity of bovine isolates was assessed.

IMPORTANCE We believe that this manuscript is one of the few reports on the char-
acteristics of field S. agalactiae isolates derived from cases of bovine mastitis in cows
in Poland in terms of the occurrence of virulence genes and cytotoxicity. For the first
time, the presence of bac- and scpB-positive isolates of S. agalactiae was determined
in Polish dairy cattle, and the cytotoxicity of bovine isolates was assessed.
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S treptococcus agalactiae (group B Streptococcus; GBS) is the main cause of infections
in human neonates and young infants (1). It is also an important opportunistic patho-

gen which colonizes the gastrointestinal and genitourinary tracts, throat, and skin of
healthy adults (2). In cattle, Streptococcus agalactiae is a major etiological agent of clinical
and subclinical mastitis (3), a disease of economic importance (4). Over the past few deca-
des, the incidence of udder inflammation caused by S. agalactiae has decreased due to the
introduction of mastitis control programs in developed dairy countries. However, in recent
years, in some European countries such as Denmark and Finland, this species has increas-
ingly been isolated from bovine mastitis (5, 6). Streptococcus agalactiae also poses a threat
for many other countries, especially those with an emerging dairy industry, such as Brazil
and Colombia (3, 7). Until recently, S. agalactiae has been considered an obligate intra-
mammary pathogen, strictly contagious in cows (8). In studies conducted over the past
few years, S. agalactiae has been isolated from sites other than the bovine udder, such as
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bovine feces, the throats of calves, the vaginas of lactating cows, and the environment of
the animals (8–10).

S. agalactiae may be capable of producing a wide variety of virulence factors,
including toxins (b-hemolysin/cytolysin and CAMP factor), proteins facilitating adhe-
sion to and colonization and invasion of the host cells (FbsA fibrinogen-binding pro-
tein, aC protein, Rib protein, and HylB hyaluronidase), factors determining resistance
to antibacterial peptides (bC protein), and factors which enable avoidance of the host
immune response (ability to produce C5a peptidase, CspA serine protease) (11).

GBS b-hemolysin/cytolysin plays a role in tissue damage (cytolytic function) and
allows bacteria to enter epithelial and endothelial cells, contributing to overcoming
the blood-brain barrier (12, 13). Another S. agalactiae toxin, the CAMP factor, is an
extracellular protein which causes the formation of pores in target cells (14).

FbsA and FbsB are proteins which both bind to human fibrinogen, mediate bacte-
rial adhesion to or invasion of host cells, and contribute to escape from the immune
system. FbsA promotes adhesion to epithelial and endothelial cells (15), whereas FbsB
facilitates host epithelial cell invasion by S. agalactiae (15, 16). S. agalactiae hyaluroni-
dase HylB has been assumed to facilitate the spread of the organism through the tis-
sues of the infected host. It also has a strong influence on the intracellular survival of
these bacteria and stimulation of proinflammatory cytokine secretion, and also plays a
nutritional role (17). The CspA serine protease is involved in the cleavage of fibrinogen
(18) and the degradation of chemokines (19). The surface proteins of S. agalactiae
include the Sip, C, and Rib proteins. The C protein consists of two antigens, aC and bC,
the first of which, encoded by the bca gene, is involved in the penetration of bacteria
into host epithelial cells (20). The bC antigen, encoded by the bac gene, can bind IgA
antibodies and human factor H (21).

The C5a peptidase (serine protease), encoded by the scpB gene, is involved in the
binding of fibronectin and causes specific inactivation of the C5a component of human
complement (22).

So far, no large-scale studies have been conducted in Poland to assess the proper-
ties of field S. agalactiae isolates derived from cases of bovine mastitis in cows across
the country, which would take into account the presence of virulence genes and cyto-
toxicity levels of the isolates. In this context, we aimed to determine the occurrence of
types of hemolysis and virulence factor genes, and to assess the cytotoxicity of S. aga-
lactiae isolates derived from cows with mastitis across Poland.

RESULTS
Type of hemolysis on blood medium. On agar medium with 5% sheep blood, 61

S. agalactiae isolates (89.7%) produced b-type hemolysis. Six isolates (8.8%) showed
the presence ofg-type hemolysis, whereas one isolate was alpha-hemolytic (1.5%).

Occurrence of virulence genes. In all tested S. agalactiae isolates, the presence of a
gene fragment encoding CspA serine protease, the HylB hyaluronidase gene, and the Sip
protein were detected. All isolates were also cfb-positive and produced CAMP factor on
sheep blood medium. Other virulence genes were not present in all isolates. Most of the
isolates were characterized by a fragment of the gene encoding the fibrinogen-binding
protein FbsA (92.6%) and the structural gene of b-hemolysin/cytolysin (95.6%). The cylE
gene was present in the alpha-hemolytic isolate and in all b-hemolytic isolates, whereas it
was absent in three of the six g-hemolytic isolates in the medium supplemented with
sheep blood. The genes for C5a peptidase (scpB) and Rib protein (rib) production, as well
as the genes encoding the a (bca) and b antigens (bac) of the C surface protein, were pres-
ent in less than half of the S. agalactiae isolates (Table 1).

The presence of virulence genes in isolates derived from clinical and subclinical
cases of mastitis was compared. Some genes (bac, bca, fbsA) were encountered more
frequently among isolates derived from clinical mastitis than in those from subclinical
mastitis. However, the presence of the tested virulence genes had no statistically signif-
icant association with the type of mastitis. The relationship between the presence of
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individual virulence genes and inflammation of a cow’s udder was low (Table S1 in the
supplemental material).

Among the tested S. agalactiae isolates, 13 profiles of detected virulence genes were found.
The most common genotype was cfb cspA cylE fbsA hylB sip (45.6% of isolates) (Table 2).

Cytotoxicity of S. agalactiae isolates. The cytotoxicity assessment based on the
amount of lactate dehydrogenase (LDH) released into the medium revealed that S.
agalactiae isolates were cytotoxic only to Vero cells. However, according to the results
obtained from the methylthiazol tetrazolium (MTT) test, more than half of the isolates
exhibited low cytotoxicity to both SK and Vero cells, whereas the other isolates showed
moderate or no cytotoxicity to both cell lines. There were no isolates with high cyto-
toxicity to either examined cell line (Table 3).

Statistical analyses were performed to determine the correlation of the presence of viru-
lence genes with cytotoxicity toward the SK and Vero cell lines. The presence of virulence
genes was not found to be associated with cytotoxicity toward SK and Vero cells according
to the MTT test. However, only the presence of the scpB gene had a significant effect on
the cytotoxicity of isolates to Vero cells (x 2

Yates = 6.94; P = 0.009). A statistically significant
and moderate positive correlation was found between the presence of the scpB virulence
gene and the cytotoxicity of isolates toward Vero cells (RSpr = 0.42; P = 0.013) (supplemental
material, Table S2). No correlation was found between virulence genes and cytotoxicity to
Vero cells according to the LDH test. Due to the lack of variability for cytotoxicity, the SK
cell line could not be analyzed using the LDH test (supplemental material, Table S3).

DISCUSSION

In our study, 68 isolates were identified as S. agalactiae using standard microbiolog-
ical methods, biochemical tests, and standard PCR. The identification methodology of

TABLE 2 Virulence gene profiles of Streptococcus agalactiae isolated from cows presenting
clinical or subclinical mastitis (68 isolates)

Profile no. Genes No. of isolates, n (%)
1 bac bca cfb cspA cylE fbsA hylB scpB sip 4 (5.9)
2 bac bca cfb cspA cylE fbsA hylB sip 1 (1.5)
3 bac cfb cspA cylE fbsA hylB scpB sip 3 (4.4)
4 bac cfb cspA cylE fbsA hylB sip 3 (4.4)
5 bca cfb cspA cylE fbsA hylB scpB sip 1 (1.5)
6 cfb cspA cylE fbsA hylB rib sip 5 (7.3)
7 cfb cspA cylE fbsA hylB scpB sip 13 (19.1)
8 cfb cspA cylE fbsA hylB sip 31 (45.6)
9 cfb cspA cylE hylB scpB sip 3 (4.4)
10 cfb cspA cylE hylB sip 1 (1.5)
11 cfb cspA fbsA hylB rib sip 1 (1.5)
12 cfb cspA fbsA hylB sip 1 (1.5)
13 cfb cspA hylB rib sip 1 (1.5)

TABLE 1 Occurrence of virulence genes in bovine Streptococcus agalactiae isolates (n = 68)
from clinical and subclinical mastitis

Virulence gene
Clinical mastitis
(n = 48), n (%)

Subclinical mastitis
(n = 20), n (%) Pa Total

bac 10 (20.8) 1 (5.0) 0.1062 11/68
bca 5 (10.4) 1 (5.0) 0.4730 6/68
cylE 45 (93.8) 20 (100) 0.6202 65/68
fbsA 45 (93.8) 18 (90.0) 0.5893 63/68
rib 5 (10.4) 2 (10.0) 0.9589 7/68
scpB 16 (33.3) 8 (40.0) 0.6002 24/68
cfb 48 (100) 20 (100) 68/68
cspA 48 (100) 20 (100) 68/68
hylB 48 (100) 20 (100) 68/68
sip 48 (100) 20 (100) 68/68
aStatistical analysis was performed only for virulence factors which were not present in all Streptococcus
agalactiae isolates. A P value of# 0.05 or#0.001 was considered statistically significant.
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this study was not ideal, yet it is frequently used in many commercial diagnostic labo-
ratories. Matrix-assisted laser desorption ionization–time of flight mass spectrometry
(MALDI-TOF MS) and/or whole-genome sequencing would be better (23). In this study,
all S. agalactiae isolates derived from cows presenting either clinical or subclinical mas-
titis were screened for the presence of the genes encoding several known and putative
virulence factors which seem to be associated with pathogenicity in these bacteria.
One of these virulence factors, b-hemolysin/cytolysin, is responsible for the appear-
ance of a characteristic b-hemolysis zone on blood agar. In our own research, the vast
majority of S. agalactiae isolates produced b-type hemolysis on sheep blood (89.7%);
fewer isolates were nonhemolytic (forming g-hemolysis) (8.8%), and alpha-hemolytic
isolates were rarely isolated (1.5%). These results contradict the findings of previously
conducted studies in which, among S. agalactiae isolated from the milk of cows with
clinical or subclinical mastitis, slightly more than half of the isolates were beta-hemo-
lytic (52.9%) (24). In this study, almost all studied isolates were characterized by the
presence of the structural gene of b-hemolysin/cytolysin (cylE) (95.6% of isolates). The
gene was not detected in three of the six nonhemolytic isolates. The remaining three
isolates, despite the presence of the cylE gene, did not produce b-type hemolysis,
which could be due to a lack of expression of the gene. Some studies have demon-
strated the presence of the cylE gene in all tested isolates from dairy cattle with clinical
or subclinical mastitis (25, 26) and clinical forms of the disease (20). On the other hand,
some authors have detected the cylE gene in lower numbers of S. agalactiae isolates
from subclinical (22.2%) (27) and clinical cases of bovine mastitis (78%) (28).

Group B streptococcus can be initially identified based on a positive result of a
CAMP test, which is based on the detection of the diffusing CAMP factor produced by
the majority (95 to 97%) of S. agalactiae strains (29). Incorrect identification of the etio-
logical agents of bovine mastitis may lead to inappropriate management, highlighting
the need to identify microorganisms isolated from milk using rapid and accurate mo-
lecular biology techniques. The CAMP factor-encoding gene (cfb) is the most fre-
quently used target for PCR assays which seemed to be present in all GBS strains (30,
31); however, a recent study has reported the occurrence of a cfb-negative S. agalactiae
isolate (31). Our own research also showed the presence of the cfb gene and the CAMP
protein in all S. agalactiae isolates. The same results have been obtained in other stud-
ies on S. agalactiae from bovine clinical mastitis (28); however, some authors reported
the presence of the cfb gene in 98.8% of isolates from clinical mastitis milk samples
(32). Our results and those obtained by other authors suggest that this toxin is highly
important in S. agalactiae infections. However, a previous study performed using a mu-
rine infection model indicates that it does not play a significant role in systemic GBS
virulence (14).

The other virulence genes found in all isolates tested in our study include the hylB
gene, encoding HylB hyaluronidase, and the cspA gene, encoding the CspA serine pro-
tease. Previous studies have also shown that the hylB gene has been detected in all iso-
lates from milk of cows with clinical or subclinical mastitis (25, 26). The same reports

TABLE 3 Results of cytotoxicity assays which included Streptococcus agalactiae isolates
(n = 34) derived from bovine clinical and subclinical mastitis

Cytotoxicity assay Cell line

No. of bacterial isolates, n (%)

Cytotoxicitya

None Low Moderate High
MTT SK 1 (2.9) 18 (52.9) 15 (44.1) 0 (0)

Vero 8 (23.5) 18 (52.9) 8 (23.5) 0 (0)

LDH SK 34 (100) 0 (0) 0 (0) 0 (0)
Vero 19 (55.9) 15 (44.1)b

aCytotoxicity: low,,50%; moderate, 50 to 85%; high,.85%.
bThe value “15 (44.1)” refers to all levels of cytotoxicity.
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revealed the presence of the cspA gene in all (25) or in the vast majority (96%) (26) of
isolates from dairy cows with mammary gland inflammation.

Most isolates tested in our study also showed the presence of the fbsA gene, encod-
ing a fibrinogen-binding protein FbsA (92.6% of isolates). Previously, the gene was less
prevalent (42.4%) among S. agalactiae isolates from mastitis (clinical or subclinical
form) in Brazilian dairy herds (3). Interestingly, different results were obtained by Rato
et al. (33), who did not detect this gene in any of the tested S. agalactiae isolates from
the milk of cows with subclinical mastitis in Portugal, which may result from the differ-
ent origin of these isolates. Both studies (3, 33) reported that all isolates were charac-
terized by the presence of the fbsB gene, which encodes another fibrinogen-binding
protein, FbsB. According to the previous reports, the fbsB gene does not seem to par-
ticipate in the attachment of S. agalactiae to fibrinogen; however, it plays a crucial role
in host cell invasion by these bacteria (16). It would be interesting to complete the
characteristics of isolates from our own collection in terms of the presence of the fbsB
gene to attempt to determine whether the FbsB protein is an important factor in the
pathogenesis of mastitis in cows.

The Sip surface protein is highly conserved in S. agalactiae and seems to be present
in all strains. Studies have shown that this protein confers protection against GBS infec-
tions (34). The sip gene was detected in all isolates tested in our study.

Our findings show that the gene which determines the production of the Rib sur-
face protein (rib) and the genes encoding the a (bca) and b (bac) antigens of the C sur-
face protein were less prevalent among S. agalactiae strains. In our research, the rib
gene was detected in 10.3% of the isolates, whereas in previous studies, this gene was
present in 25.9% (27) and 89% (34) of S. agalactiae isolates derived from cases of bo-
vine subclinical mastitis, 33% of isolates from clinical mastitis (28), and 59% of isolates
from both types of mastitis (26). In this study, the bca gene, encoding aC protein, was
found in 8.8% of the isolates, whereas other studies have reported it in 3.4% (3), 36%
(26), 64.7% (24), and 78.9% (35) of S. agalactiae isolates derived from milk of cows with
clinical or subclinical mastitis, and in 37% (28) and 49.3% of isolates from cows with
clinical mastitis (32). On the other hand, in some studies, the bca gene has not been
detected in bovine isolates from subclinical mastitis (27, 36). The bac gene, which enc-
odes the b antigen of the C surface protein, was found in 16.2% of isolates in our
study, similar to another study which reported that 12.3% of isolates derived from
cows with clinical mastitis were bac-positive (32). No isolates with the bac gene were
detected in some reports on S. agalactiae isolated from clinical and subclinical mastitis
(3, 24, 26, 35), subclinical mastitis (36), and clinical mastitis in Polish dairy herds (28).

Previous studies have revealed that, unlike in clinical GBS strains from humans, the
scpB gene encoding the C5a peptidase is not usually present in most tested bovine iso-
lates (35, 36), which suggests that it is not essential for the ability of these pathogens
to cause mastitis in cattle (37). Zhang et al. (32) have reported the occurrence of the
scpB gene in 81.4% of isolates from clinical mastitis, whereas Duarte et al. (24, 35)
found this gene in 50.6 and 65.8% of the tested S. agalactiae isolates from clinical or
subclinical mastitis. Jain et al. (27) and Rato et al. (33) have detected the gene in 22.2
and 21.7% of isolates from bovine subclinical mastitis, respectively. Similar results were
obtained in our research, in which the percentage of isolates carrying this gene was
35.3%. The scpB gene has not been found in some studies on bovine isolates derived
from cows presenting clinical or subclinical mastitis (25, 26), or from clinical mastitis in
Poland (28).

The outcome of an infection of the bovine mammary gland is dependent on the vir-
ulence of the causative pathogen and the host immunity (38, 39). In our study, no asso-
ciation was detected between the presence of individual virulence genes and the type
of mastitis. In case of other mastitis pathogens, none of the virulence factors of
Escherichia coli were associated with the persistence of intramammary infections (40),
and the number of virulence factors of Staphylococcus aureus was not associated with
disease severity in mastitis in cattle (41).
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The MTT and LDH assays are colorimetric methods used to measure bacterial cytotoxicity
caused by bacterial pathogens (25, 42). Kidney epithelial cell lines (SK, Vero) have previously
been efficiently used for this type of research (42, 43). In our study, cytotoxicity assessments
based on LDH and MTT assays revealed that most of the S. agalactiae isolates were noncyto-
toxic or exhibited a low cytotoxic effect against SK and Vero cells. However, several isolates
showed a medium cytotoxic effect to these cell lines at the concentration of bacterial sus-
pension used in this study. To the best of our knowledge, there are only few reports on the
cytotoxicity of field S. agalactiae isolates recovered from bovine mastitis. For example, Pang
et al. (25) studied cytotoxicity among different groups of S. agalactiae bacteria depending
on their source (bovine, human, fish, and environment) and reported that all groups were
cytotoxic to the examined cells in a concentration-dependent manner, with the cytotoxic
effect increasing with increasing concentrations of bacterial suspension. Other reports con-
cern the cytotoxicity of clinical mutant S. agalactiae strains with the genes encoding some
virulence factors deleted (14). Both in those studies and in our own research, the LDH and
MTT tests turned out to be useful for differentiating noncytotoxic isolates from those with
low, moderate, and high cytotoxic effects. Moreover, a statistically significant and moderate
positive correlation was found between the presence of the scpB virulence gene and the cy-
totoxicity of the isolates toward Vero cells in the MTT test.

In conclusion, our research confirms the prevalence of various virulence genes in S.
agalactiae isolated from Polish dairy herds, which have previously been found in isolates
from various human and animal infections. For the first time, the presence of bac- and
scpB-positive isolates of S. agalactiae was confirmed in Polish dairy cattle. Moreover, the
cytotoxicity of Polish bovine isolates was assessed for the first time. Some of the genes
(cspA, fbsA, hylB, sip) were screened for the first time in Polish bovine isolates. Studies on
the characteristics of Polish S. agalactiae isolates will enable us to update our knowledge
about this pathogen. A recent report indicates that the results of molecular epidemiologi-
cal studies of S. agalactiae in some regions cannot be extrapolated to other regions (44).
Further studies are therefore necessary to determine the molecular epidemiology and var-
iability of S. agalactiae isolated from Polish dairy cattle, with the aim of improving mastitis
control programs with regard to S. agalactiae in this country.

MATERIALS ANDMETHODS
Bacterial isolates and sample collection. A total of 68 S. agalactiae isolates were isolated from milk

or mammary secretions from 68 Holstein-Friesian cows presenting clinical (n = 48) and subclinical
(n = 20) mastitis between 2009 and 2012. The isolates came from 68 dairy farms (herds) located in differ-
ent regions of Poland (13 from 16 provinces). To avoid the examination of epidemiologically related iso-
lates, only one isolate per dairy herd was used in this study. Samples of milk or inflammatory secretions
of the mammary gland were taken aseptically by field veterinarians, cooled to 4°C or frozen to 220°C,
and transported to the laboratory. After the samples had reached room temperature, they were mixed
and streaked (0.01 mL) on agar medium with the addition of 5% sheep blood (GRASO). The plate was
incubated at 37°C in an aerobic atmosphere for 18 to 24 h. In the absence of a growth culture, the sam-
ples were incubated for an additional 24 h to allow the growth of slow-growing microorganisms. Milk
samples with visible macroscopic changes were inoculated onto sugar broth to multiply the microorgan-
isms or release them from inside the immune cells, and subsequently streaked on blood agar medium
again.

The clinical condition of the udder was assessed by a veterinarian during sample collection. Milk
samples (or mammary gland secretions) were evaluated in the laboratory based on somatic cell counts
obtained using the Somacount 150 (Bentley Instruments, Inc.) and microbiological test results. The clini-
cal form of mastitis was determined based on the presence of general symptoms (lack of appetite,
increased body temperature), udder changes (edema, redness, soreness), macroscopic changes in mam-
mary secretions (change in smell, consistency, presence of blood, pus, milk clots, clumps of fibrin), an
increased number of somatic milk cells, and pathogenic microorganisms. The subclinical form of mastitis
was diagnosed based on an increased number of somatic cells (over 200,000 cells in 1 mL), the presence
of microorganisms in milk, and the absence of external signs of disease (45).

Reference strains. Besides field S. agalactiae strains, the following reference strains obtained from the
American Type Culture Collection (ATCC) (LGC Standards) were used for quality control: Enterococcus faecalis
ATCC 29212 (negative control for catalase test), Staphylococcus aureus ATCC 25923 (CAMP test, positive control
for catalase test), and Streptococcus agalactiae ATCC 13813 (positive control for cfb, cspA, fbsA, hylB, rib, and sip
genes). All S. agalactiae isolates and reference strains were kept at270°C in Microbank cryovials (Biocorp).

Identification of the isolates using phenotypic methods. Bacteria were cultured using standard
microbiological methods as described previously (29). S. agalactiae colonies were initially identified by
colony morphology, type of hemolysis on agar medium with 5% sheep blood, Gram-staining (Color
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Gram 2 kit; bioMérieux, Marcy-l’�Etoile, France), and a catalase test. The growth of catalase-negative iso-
lates was assessed on Edwards medium with Chodkowski’s modification (29). Subsequently, S. agalactiae
isolates were distinguished from other esculin-negative streptococci using a CAMP test (29). In cases of
doubt, API Strep (bioMérieux) tests were additionally used.

DNA isolation. Under aseptic conditions, a single inoculated bead was removed from the cryovial
(Microbank, Biocorp) and directly streaked onto agar with 5% sheep blood (GRASO). Plates were incu-
bated at 37°C for 24 h, and subsequently, bacterial material derived from a single colony was streaked
again to obtain a pure culture. After incubation for 24 h at 37°C, the culture was inoculated in 1 mL of
brain heart infusion broth (Oxoid) and then incubated at the same temperature. A commercial Genomic
Mini AX Bacteria kit (A&A Biotechnology, Gda�nsk, Poland) was used to isolate genomic DNA from an 18-
h bacterial culture. The DNA obtained in the final stage of isolation was suspended in 300 mL of Tris-
EDTA buffer (10 mM; Promega, Madison, WI) and stored at 220°C.

Detection of the genes with PCR. Phenotypic identification of S. agalactiae isolates was confirmed
by standard PCR. Subsequently, virulence factor genes of S. agalactiae (bac, bca, cfb, cspA, cylE, fbsA,
hylB, rib, scpB, and sip) were tested for all isolates. The concentrations of the components included in the
reaction mixtures used for the amplification of gene fragments were selected experimentally and based
on the source literature. The reaction mixture, at a final volume of 20 mL, contained 0.1 mM of each
primer (0.4 mM for bca and rib), 0.2 mM each deoxynucleotide triphosphate, 2 to 5 mM MgCl2, Green
GoTaq Flexi Buffer, 0.5 U of GoTaq Flexi DNA polymerase (0.25 U for bca and rib), and 1 mL of genomic
DNA. All reagents were obtained from Promega (Madison, WI). The primer sequences and conditions
used for amplification of DNA fragments are presented in Table 4. The reactions were carried out in a
TProfessional Thermocycler (Biometra Ltd.) or a C1000 Touch Thermal Cycler (Bio-Rad, Hercules, CA). A
positive control (DNA isolate containing the tested gene) and a negative control (nuclease-free water)
were included with each reaction.

Electrophoresis. Electrophoretic separation of the amplification products (6 mL) was carried out in
agarose gel (1.5%; Analytical Grade LE Agarose; Promega) containing ethidium bromide at a concentra-
tion of 0.5 mg mL21 of gel (Promega), using 1� Tris-borate-EDTA (TBE) buffer (Sigma-Aldrich) and a volt-
age of 10 V � cm21 of gel. The separated PCR products were visualized using the ImageMaster VDS Gel
Documentation System (Amersham Pharmacia Biotech, Amersham, United Kingdom). Amplicon sizes
were compared with DNA markers (GeneRuler 100-bp Plus DNA Ladder; Thermo Fisher Scientific,

TABLE 4 PCR primers and cycling conditions used to identify and characterize Streptococcus agalactiae isolates (n = 68) frommilk of dairy
cows with clinical or subclinical mastitis

Gene Primer sequence (59!39) Amplicon size (bp)a MgCl2 concn (mM) Reference
16S223S rRNA Fw: TGTTTAGTTTTGAGAGGTCTTG 150b 3 47

Rv: CGTGGAATTTGATATAGATATTC
16S223S rRNA Fw: GGAAACCTGCCATTTGCG 281b 5 47

Rv: TAACTTAACCTTATTAACCTAG
bac Fw: AAGCAACTAGAAGAGGAAGC 479c 2 48

Rv: TTCTGCTCTGGTGTTTTAGG
bca Fw: TGATACTTCACAGACGAAACAACG 398d 2 49

Rv: TACATGTGGTAGTCCATCTTCACC
cfb Fw: TTTCACCAGCTGTATTAGAAGTA 153e 3 30

Rv: GTTCCCTGAACATTATCTTTGAT
cspA Fw: CGAAGTTCCTGGTTCAGAAGATT 574f 5 50

Rv: TACTGCAGGACGAGCTTTGAAG
cylE Fw: TGACATTTACAAGTGACGAAG 268g 5 51

Rv: TTGCCAGGAGGAGAATAGGA
fbsA Fw: GTAGGTCAACTTATAGGG 289h 3 52

Rv: ATACTTAATTTTCATTGCG
hylB Fw: CACCAATCCCCACTCTACTA 444c 5 48

Rv: TGTGTCAAACCATCTATCAG
rib Fw: TGATACTTCACAGACGAAACAACG 295d 2 49

Rv: CATACTGAGCTTTTAAATCAGGTGA
scpB Fw: CCTGCTAAGACTGCTGATAC 853c 5 48

Rv: CATAAGCATAGTCGTAAGCC
sip Fw: TGAAAATGCAGGGCTCCAACCTCA 293i 5 53

Rv: GATCTGGCATTGCATTCCAAGTAT
aPCR temperatures and conditions are shown in the table footnotes.
b94°C (600 s); 30 cycles of 94°C (60 s), 55°C (60 s), 72°C (60 s); final extension 72°C (420 s).
c94°C (300 s); 30 cycles of 94°C (30 s), 53°C (30 s), 72°C (60 s); final extension 72°C (240 s).
d96°C (180 s); 30 cycles of 95°C (60 s), 58°C (45 s), 72°C (45 s); final extension 72°C (600 s).
e94°C (180 s); 40 cycles of 95°C (1 s), 55°C (30 s), 72°C (120 s); final extension 72°C (300 s).
f94°C (600 s); 35 cycles of 95°C (60 s), 53°C (30 s), 60°C (120 s).
g95°C (600 s); 35 cycles of 95°C (60 s), 55°C (60 s), 72°C (120 s); final extension 72°C (420 s).
h95°C (30 s); 44 cycles of 95°C (1 s), 50°C (15 s), 72°C (30 s).
i96°C (300 s); 30 cycles of 96°C (60 s), 55°C (60 s), 72°C (120 s); final extension 72°C (480 s).
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Waltham, MA) and the PCR product was obtained by amplifying the DNA of the reference strain or iso-
late used as a positive control for the reaction. A positive PCR result was found when an amplicon of a
certain size, expressed in bp, was obtained.

Cytotoxicity. Thirty-four randomly selected S. agalactiae isolates examined in the study were sub-
jected to cytotoxicity testing using two methods: the LDH and the MTT tests.

The cytotoxicity of S. agalactiae isolates toward a SK cell line (swine kidney epithelial cells) and a
Vero cell line (African green monkey kidney epithelial cells) was determined using the in vitro cell-based
method with lactate dehydrogenase, applying the Pierce LDH Cytotoxicity Assay kit (Thermo Fisher
Scientific) according to the manufacturer’s instructions. The SK and Vero cell lines used in the experi-
ment were derived from a cell culture collection of the Ludwig-Maximilian University of Munich and
were obtained from Manfred Gareis.

The SK and the Vero cells were grown in minimum essential Eagle medium with Earle’s salts (MEM;
Sigma-Aldrich, St. Louis, MO), supplemented with 5% fetal bovine serum (FBS; Sigma-Aldrich). Cells were
seeded into 96-well plates 1 day before testing (1.0 � 104/well) and incubated for 24 h at 37°C, 5% CO2,
to obtain confluent growth. According to the manufacturer’s manual, the optimal number of cells/well
plated in 100 mL of medium was determined in preliminary experiments. Bacterial cells were grown in
brain heart infusion broth (Oxoid) at 30°C and harvested after 6 h, when it was anticipated that the cul-
ture had reached a cell density of at least 2 � 108 CFU/mL (0.67 McFarland turbidity determined with a
DEN-1B Densitometer, Grant Instruments, Poland). The bacterial cells were removed by centrifugation at
room temperature (46). The SK and Vero cells were infected with 10 mL of bacterial culture supernatant.
Additionally, MEM medium supplemented with 5% fetal calf serum (FCS) with water-treated SK/Vero
cells was included as a spontaneous control, and SK/Vero cells treated (after 17 h of incubation) with
lysis buffer were used as a positive control (maximum LDH activity). Additionally, serum-free MEM me-
dium and MEM medium supplemented with 5% FCS were used to determine LDH background activity;
absorbance was measured at 492 and 690 nm, and cytotoxicity was calculated according to the formula
included in the manufacturer’s manual.

The tested bacterial isolates were considered cytotoxic if the calculated values were above 20% of the ab-
sorbance obtained from the maximum LDH activity (the SK and the Vero cells treated with 10� lysis buffer)
(46). Therefore, the cytotoxicity test results were defined as either ‘cytotoxic’ or ‘noncytotoxic.’

The MTT assay was performed as described by El-Housseiny et al. (42), with minor modifications. The
Vero and SK cells were maintained in TPP cell culture flasks (Techno Plastic Products AG, Switzerland)
containing minimum essential Eagle medium with Earle’s salts (Sigma-Aldrich) supplemented with 2%
fetal bovine serum (FBS; Sigma-Aldrich) and 100 mg mL21 streptomycin at 37°C in a humidified atmos-
phere of 5% CO2 and 95% air. Prior to conducting the experiment, S. agalactiae isolates were cultured in
trypticase soy broth supplemented with 5% defibrinated sheep blood. Each S. agalactiae isolate was
added to one set of triplicate wells containing cells. The cytotoxicity measurement was carried out at
510 nm, and cytotoxicity was defined as low (,50%), moderate (50 to 85%), or high (.85%) (42).

Statistical analyses. Statistical analysis was performed with MS Excel 365 and Statistica version 13.3
(Microsoft 2020, Statsoft 2019). A chi-squared test, contingent coefficient, and Spearman’s correlation were
used to assess the association between the presence of individual virulence genes and the type of mastitis.
P# 0.05 was considered to be significant and P# 0.001 was considered to be highly significant.

A chi-squared test with Yates continuity correction and Spearman’s correlation was used to determine the
correlation of the presence of virulence genes with cytotoxicity toward the SK and Vero cell lines.

SUPPLEMENTAL MATERIAL

Supplemental material is available online only.
SUPPLEMENTAL FILE 1, PDF file, 0.5 MB.

ACKNOWLEDGMENTS
The collection of S. agalactiae isolates examined in this study was partially investigated at

the former Department of Pathophysiology of Reproduction and Mammary Gland, National
Veterinary Research Institute in Pulawy, in the Bydgoszcz division, where some of the authors
had worked until 2014.

This research and the APC were funded by the Polish Ministry of Education and
Science under the Regional Initiative of Excellence program from 2019 to 2022 (grant
number 008/RID/2018/19).

We declare that we have no competing interests.

REFERENCES
1. Lin C, Chu SM, Wang HC, Yang PH, Huang HR, Chiang MC, Fu RH, Tsai MH,

Hsu JF. 2021. Complicated Streptococcus agalactiae sepsis with/without
meningitis in young infants and newborns: the clinical and molecular
characteristics and outcomes. Microorganisms 9:2094. https://doi.org/10
.3390/microorganisms9102094.

2. An der Mee-Marquet N, Fourny L, Arnault L, Domelier AS, Salloum M,
Lartigue MF, Quentin R. 2008. Molecular characterization of human-
colonizing Streptococcus agalactiae strains isolated from throat, skin,
anal margin, and genital body sites. J Clin Microbiol 46:2906–2911.
https://doi.org/10.1128/JCM.00421-08.

Virulence Genes and Cytotoxicity of S. agalactiae Microbiology Spectrum

May/June 2022 Volume 10 Issue 3 10.1128/spectrum.02224-21 8

https://doi.org/10.3390/microorganisms9102094
https://doi.org/10.3390/microorganisms9102094
https://doi.org/10.1128/JCM.00421-08
https://journals.asm.org/journal/spectrum
https://doi.org/10.1128/spectrum.02224-21


3. Carvalho-Castro GA, Silva JR, Paiva LV, Custódio DAC, Moreira RO, Mian
GF, Prado IA, Chalfun-Junior A, Costa GM. 2017. Molecular epidemiology
of Streptococcus agalactiae isolated from mastitis in Brazilian dairy herds.
Braz J Microbiol 48:551–559. https://doi.org/10.1016/j.bjm.2017.02.004.

4. Halasa T, Huijps K, Østerås O, Hogeveen H. 2007. Economic effects of bo-
vine mastitis and mastitis management: a review. Vet Q 29:18–31. https://
doi.org/10.1080/01652176.2007.9695224.

5. Barkema HW, Green MJ, Bradley AJ, Zadoks RN. 2009. Invited review: the
role of contagious disease in udder health. J Dairy Sci 92:4717–4729.
https://doi.org/10.3168/jds.2009-2347.

6. Katholm J, Bennedsgaard TW, Koskinen MT, Rattenborg E. 2012. Quality
of bulk tank milk samples from Danish dairy herds based on real-time po-
lymerase chain reaction identification of mastitis pathogens. J Dairy Sci
95:5702–5708. https://doi.org/10.3168/jds.2011-5307.

7. Keefe G, Chaffer M, Ceballos-Marquez A, Londoño M, Jaramillo M, Toro M.
2010. Effects of Streptococcus agalactiae on the Colombian dairy industry.
American Association of Bovine Practitioners, Albuquerque, NewMexico.

8. Cobo-Ángel C, Jaramillo-Jaramillo AS, Lasso-Rojas LM, Aguilar-Marin SB,
Sanchez J, Rodriguez-Lecompte JC, Ceballos-Márquez A, Zadoks RN.
2018. Streptococcus agalactiae is not always an obligate intramammary
pathogen: molecular epidemiology of GBS from milk, feces and environ-
ment in Colombian dairy herds. PLoS One 13:e0208990. https://doi.org/
10.1371/journal.pone.0208990.

9. Manning SD, Springman AC, Million AD, Milton NR, McNamara SE, Somsel
PA, Bartlett P, Davies HD. 2010. Association of Group B Streptococcus colo-
nization and bovine exposure: a prospective cross-sectional cohort study.
PLoS One 5:e8795. https://doi.org/10.1371/journal.pone.0008795.

10. Jørgensen HJ, Nordstoga AB, Sviland S, Zadoks RN, Sølverød L, Kvitle B,
Mørk T. 2016. Streptococcus agalactiae in the environment of bovine dairy
herds: rewriting the textbooks? Vet Microbiol 184:64–72. https://doi.org/
10.1016/j.vetmic.2015.12.014.

11. Łysakowska M, Bigos M, Wasiela M. 2013. Budowa, regulacja i znaczenie czyn-
ników wirulencji szczepów Streptococcus agalactiae. [in Polish] Post Mikrobiol
52:41–52. http://www.pm.microbiology.pl/web/archiwum/vol5212013041.pdf.

12. Nizet V, Gibson RL, Chi EY, Framson PE, Hulse M, Rubens CE. 1996. Group
B streptococcal beta-hemolysin expression is associated with injury of
lung epithelial cells. Infect Immun 64:3818–3826. https://doi.org/10.1128/
iai.64.9.3818-3826.1996.

13. Doran KS, Liu GY, Nizet V. 2003. Group B streptococcal beta-hemolysin/
cytolysin activates neutrophil signaling pathways in brain endothelium
and contributes to development of meningitis. J Clin Invest 112:736–744.
https://doi.org/10.1172/JCI17335.

14. Hensler ME, Quach D, Hsieh CJ, Doran KS, Nizet V. 2008. CAMP factor is
not essential for systemic virulence of Group B Streptococcus. Microb
Pathog 44:84–88. https://doi.org/10.1016/j.micpath.2007.08.005.

15. Rosenau A, Martins K, Amor S, Gannier F, Lanotte P, van der Mee-Marquet N,
Mereghetti L, Quentin R. 2007. Evaluation of the ability of Streptococcus aga-
lactiae strains isolated from genital and neonatal specimens to bind to human
fibrinogen and correlation with characteristics of the fbsA and fbsB genes.
Infect Immun 75:1310–1317. https://doi.org/10.1128/IAI.00996-06.

16. Gutekunst H, Eikmanns BJ, Reinscheid DJ. 2004. The novel fibrinogen-
binding protein FbsB promotes Streptococcus agalactiae invasion into
epithelial cells. Infect Immun 72:3495–3504. https://doi.org/10.1128/IAI
.72.6.3495-3504.2004.

17. Wang Z, Guo C, Xu Y, Liu G, Lu C, Liu Y. 2014. Two novel functions of hya-
luronidase from Streptococcus agalactiae are enhanced intracellular sur-
vival and inhibition of proinflammatory cytokine expression. Infect
Immun 82:2615–2625. https://doi.org/10.1128/IAI.00022-14.

18. Harris TO, Shelver DW, Bohnsack JF, Rubens CE. 2003. A novel streptococcal
surface protease promotes virulence, resistance to opsonophagocytosis, and
cleavage of human fibrinogen. J Clin Invest 111:61–70. https://doi.org/10
.1172/JCI16270.

19. Bryan JD, Shelver DW. 2009. Streptococcus agalactiae CspA is a serine pro-
tease that inactivates chemokines. J Bacteriol 191:1847–1854. https://doi
.org/10.1128/JB.01124-08.

20. Baron MJ, Filman DJ, Prophete GA, Hogle JM, Madoff LC. 2007. Identifica-
tion of a glycosaminoglycan binding region of the alpha C protein that
mediates entry of group B Streptococci into host cells. J Biol Chem 282:
10526–10536. https://doi.org/10.1074/jbc.M608279200.

21. Areschoug T, Stålhammar-Carlemalm M, Karlsson I, Lindahl G. 2002. Strepto-
coccal beta protein has separate binding sites for human factor H and IgA-Fc.
J Biol Chem 277:12642–12648. https://doi.org/10.1074/jbc.M112072200.

22. Cheng Q, Debol S, Lam H, Eby R, Edwards L, Matsuka Y, Olmsted SB,
Cleary PP. 2002. Immunization with C5a peptidase or peptidase-type III

polysaccharide conjugate vaccines enhances clearance of group B Strep-
tococci from lungs of infected mice. Infect Immun 70:6409–6415. https://
doi.org/10.1128/IAI.70.11.6409-6415.2002.

23. Garza-González E, Bocanegra-Ibarias P, Dinh A, Morfín-Otero R, Camacho-
Ortiz A, Rojas-Larios F, Rodríguez-Zulueta P, Arias CA. 2020. Species iden-
tification of Enterococcus spp: whole genome sequencing compared to
three biochemical test-based systems and two Matrix-Assisted Laser De-
sorption/Ionization Time-of-Flight Mass Spectrometry (MALDI-TOF MS)
systems. J Clin Lab Anal 34:e23348. https://doi.org/10.1002/jcla.23348.

24. Duarte RS, Miranda OP, Bellei BC, Brito MA, Teixeira LM. 2004. Phenotypic
and molecular characteristics of Streptococcus agalactiae isolates recov-
ered from milk of dairy cows in Brazil. J Clin Microbiol 42:4214–4222.
https://doi.org/10.1128/JCM.42.9.4214-4222.2004.

25. Pang M, Sun L, He T, Bao H, Zhang L, Zhou Y, Zhang H, Wei R, Liu Y, Wang
R. 2017. Molecular and virulence characterization of highly prevalent
Streptococcus agalactiae circulated in bovine dairy herds. Vet Res 48:65.
https://doi.org/10.1186/s13567-017-0461-2.

26. Hernandez L, Bottini E, Cadona J, Cacciato C, Monteavaro C, Bustamante
A, Sanso AM. 2021. Multidrug resistance and molecular characterization
of Streptococcus agalactiae isolates from dairy cattle with mastitis. Front
Cell Infect Microbiol 30:11. https://doi.org/10.3389/fcimb.2021.647324.

27. Jain B, Tewari A, Bhandari BB, Jhala MK. 2012. Antibiotic resistance and
virulence genes in Streptococcus agalactiae isolated from cases of bovine
subclinical mastitis. Vet Arh 82:423–432. https://hrcak.srce.hr/file/128365.

28. Kaczorek E, Małaczewska J, Wójcik R, Siwicki AK. 2017. Biofilm production
and other virulence factors in Streptococcus spp. isolated from clinical
cases of bovine mastitis in Poland. BMC Vet Res 13:398. https://doi.org/10
.1186/s12917-017-1322-y.

29. Malinowski E, Kłossowska A. 2002. Diagnostyka zaka _ze�n i zapale�n wymie-
nia, p 44–72. [in Polish] National Veterinary Research Institute, Pulawy,
Poland.

30. Ke D, Ménard C, Picard FoisJ, Boissinot M, Ouellette M, Roy PH, Bergeron
MG. 2000. Development of conventional and real-time PCR assays for the
rapid detection of group B streptococci. Clin Chem 46:324–331. https://
doi.org/10.1093/clinchem/46.3.324.

31. Guo D, Xi Y, Wang S, Wang Z. 2019. Is a positive Christie-Atkinson-Munch-
Peterson (CAMP) test sensitive enough for the identification of Streptococcus
agalactiae? BMC Infect Dis 19:7. https://doi.org/10.1186/s12879-018-3561-3.

32. Zhang Z, Yang F, Li XP, Luo JY, Liu LH, Wang D, Zhang YR, Li HS. 2019. Dis-
tribution of serotypes, antimicrobial resistance and virulence genes
among Streptococcus agalactiae isolated from bovine in China. Acta Sci
Vet 47. https://doi.org/10.22456/1679-9216.97254.

33. Rato MG, Bexiga R, Florindo C, Cavaco LM, Vilela CL, Santos-Sanches I.
2013. Antimicrobial resistance and molecular epidemiology of strepto-
cocci from bovine mastitis. Vet Microbiol 161:286–294. https://doi.org/10
.1016/j.vetmic.2012.07.043.

34. Brodeur BR, Boyer M, Charlebois I, Hamel J, Couture F, Rioux CR, Martin D.
2000. Identification of group B streptococcal Sip protein, which elicits
cross-protective immunity. Infect Immun 68:5610–5618. https://doi.org/
10.1128/IAI.68.10.5610-5618.2000.

35. Duarte RS, Bellei BC, Miranda OP, Brito MA, Teixeira LM. 2005. Distribution
of antimicrobial resistance and virulence-related genes among Brazilian
group B streptococci recovered from bovine and human sources. Antimi-
crob Agents Chemother 49:97–103. https://doi.org/10.1128/AAC.49.1.97
-103.2005.

36. Emaneini M, Khoramian B, Jabalameli F, Abani S, Dabiri H, Beigverdi R.
2016. Comparison of virulence factors and capsular types of Streptococcus
agalactiae isolated from human and bovine infections. Microb Pathog 91:
1–4. https://doi.org/10.1016/j.micpath.2015.11.016.

37. Franken C, Haase G, Brandt C, Weber-Heynemann J, Martin S, Lämmler C,
Podbielski A, Lütticken R, Spellerberg B. 2001. Horizontal gene transfer
and host specificity of beta-haemolytic streptococci: the role of a putative
composite transposon containing scpB and lmb. Mol Microbiol 41:
925–935. https://doi.org/10.1046/j.1365-2958.2001.02563.x.

38. Schukken YH, Günther J, Fitzpatrick J, Fontaine MC, Goetze L, Holst O, Leigh J,
Petzl W, Schuberth HJ, Sipka A, Smith DG, Quesnell R, Watts J, Yancey R, Zerbe
H, Gurjar A, Zadoks RN, Seyfert HM, Pfizer Mastitis Research Consortium. 2011.
Host-response patterns of intramammary infections in dairy cows. Vet Immunol
Immunopathol 144:270–289. https://doi.org/10.1016/j.vetimm.2011.08.022.

39. De Vliegher S, Fox LK, Piepers S, McDougall S, Barkema HW. 2012. Invited review:
mastitis in dairy heifers: nature of the disease, potential impact, prevention, and
control. J Dairy Sci 95:1025–1040. https://doi.org/10.3168/jds.2010-4074.

40. Suojala L, Orro T, Järvinen H, Saatsi J, Pyörälä S. 2008. Acute phase response
in two consecutive experimentally induced E. coli intramammary infections

Virulence Genes and Cytotoxicity of S. agalactiae Microbiology Spectrum

May/June 2022 Volume 10 Issue 3 10.1128/spectrum.02224-21 9

https://doi.org/10.1016/j.bjm.2017.02.004
https://doi.org/10.1080/01652176.2007.9695224
https://doi.org/10.1080/01652176.2007.9695224
https://doi.org/10.3168/jds.2009-2347
https://doi.org/10.3168/jds.2011-5307
https://doi.org/10.1371/journal.pone.0208990
https://doi.org/10.1371/journal.pone.0208990
https://doi.org/10.1371/journal.pone.0008795
https://doi.org/10.1016/j.vetmic.2015.12.014
https://doi.org/10.1016/j.vetmic.2015.12.014
http://www.pm.microbiology.pl/web/archiwum/vol5212013041.pdf
https://doi.org/10.1128/iai.64.9.3818-3826.1996
https://doi.org/10.1128/iai.64.9.3818-3826.1996
https://doi.org/10.1172/JCI17335
https://doi.org/10.1016/j.micpath.2007.08.005
https://doi.org/10.1128/IAI.00996-06
https://doi.org/10.1128/IAI.72.6.3495-3504.2004
https://doi.org/10.1128/IAI.72.6.3495-3504.2004
https://doi.org/10.1128/IAI.00022-14
https://doi.org/10.1172/JCI16270
https://doi.org/10.1172/JCI16270
https://doi.org/10.1128/JB.01124-08
https://doi.org/10.1128/JB.01124-08
https://doi.org/10.1074/jbc.M608279200
https://doi.org/10.1074/jbc.M112072200
https://doi.org/10.1128/IAI.70.11.6409-6415.2002
https://doi.org/10.1128/IAI.70.11.6409-6415.2002
https://doi.org/10.1002/jcla.23348
https://doi.org/10.1128/JCM.42.9.4214-4222.2004
https://doi.org/10.1186/s13567-017-0461-2
https://doi.org/10.3389/fcimb.2021.647324
https://hrcak.srce.hr/file/128365
https://doi.org/10.1186/s12917-017-1322-y
https://doi.org/10.1186/s12917-017-1322-y
https://doi.org/10.1093/clinchem/46.3.324
https://doi.org/10.1093/clinchem/46.3.324
https://doi.org/10.1186/s12879-018-3561-3
https://doi.org/10.22456/1679-9216.97254
https://doi.org/10.1016/j.vetmic.2012.07.043
https://doi.org/10.1016/j.vetmic.2012.07.043
https://doi.org/10.1128/IAI.68.10.5610-5618.2000
https://doi.org/10.1128/IAI.68.10.5610-5618.2000
https://doi.org/10.1128/AAC.49.1.97-103.2005
https://doi.org/10.1128/AAC.49.1.97-103.2005
https://doi.org/10.1016/j.micpath.2015.11.016
https://doi.org/10.1046/j.1365-2958.2001.02563.x
https://doi.org/10.1016/j.vetimm.2011.08.022
https://doi.org/10.3168/jds.2010-4074
https://journals.asm.org/journal/spectrum
https://doi.org/10.1128/spectrum.02224-21


in dairy cows. Acta Vet Scand 50:18. https://doi.org/10.1186/1751-0147-50
-18.

41. Naushad S, Nobrega DB, Naqvi SA, Barkema HW, De Buck J. 2020.
Genomic analysis of bovine Staphylococcus aureus isolates from milk to
elucidate diversity and determine the distributions of antimicrobial and
virulence genes and their association with mastitis. mSystems 5:e00063-
20. https://doi.org/10.1128/mSystems.00063-20.

42. El-Housseiny GS, Aboulwafa MM, Hassouna NA. 2010. Adherence, invasion
and cytotoxicity of some bacterial pathogens. J Am Sci 6:260–268. http://
www.jofamericanscience.org/journals/am-sci/am0610/30_3063am0610_260
_268.pdf.

43. Gareis M. 2006. Diagnostischer Zellkulturtest (MTT-Test) für den Nachweis
von zytotoxischen Kontaminanten und Rückständen. [in German] J Verbr
Lebensm 1:354–363. https://doi.org/10.1007/s00003-006-0058-6.

44. Reyes J, Chaffer M, Rodriguez-Lecompte JC, Sánchez J, Zadoks RN, Robinson
N, Cardona X, Ramírez N, Keefe GP. 2017. Short communication: molecular ep-
idemiology of Streptococcus agalactiae differs between countries. J Dairy Sci
100:9294–9297. https://doi.org/10.3168/jds.2017-13363.

45. Smith KL, Hillerton JE, Harmon RJ. 2001. Guidelines on normal and abnor-
mal raw milk based on SCC and signs of clinical mastitis. National Mastitis
Council (NMC), Madison, WI.

46. European Food Safety Authority FEEDAP Panel (EFSA Panel on Additives
and Products or Substances used in Animal Feed). 2014. Guidance on the
assessment of the toxigenic potential of Bacillus species used in animal
nutrition. EFSA J 12:3665. https://doi.org/10.2903/j.efsa.2014.3665.

47. Forsman P, Tilsaia-Timisjrvi A, Alatossava T. 1997. Identification of staphy-
lococcal and streptococcal causes of bovine mastitis using 16S-23S rRNA

spacer regions. Microbiology 143:3491–3500. https://doi.org/10.1099/
00221287-143-11-3491.

48. Corrêa AB, Oliveira IC, Pinto T de C, Mattos MC, Benchetrit LC. 2009.
Pulsed-field gel electrophoresis, virulence determinants and antimicro-
bial susceptibility profiles of type Ia group B streptococci isolated from
humans in Brazil. Mem Inst Oswaldo Cruz 104:599–603. https://doi.org/10
.1590/s0074-02762009000400011.

49. Creti R, Fabretti F, Orefici G, von Hunolstein C. 2004. Multiplex PCR assay
for direct identification of group B streptococcal alpha-protein-like pro-
tein genes. J Clin Microbiol 42:1326–1329. https://doi.org/10.1128/JCM
.42.3.1326-1329.2004.

50. Springman AC, Lacher DW, Wu G, Milton N, Whittam TS, Davies HD,
Manning SD. 2009. Selection, recombination, and virulence gene diversity
among group B streptococcal genotypes. J Bacteriol 191:5419–5427.
https://doi.org/10.1128/JB.00369-09.

51. Bergseng H, Bevanger L, Rygg M, Bergh K. 2007. Real-time PCR targeting
the sip gene for detection of group B streptococcus colonization in preg-
nant women at delivery. J Med Microbiol 56:223–228. https://doi.org/10
.1099/jmm.0.46731-0.

52. Gutekunst H, Eikmanns BJ, Reinscheid DJ. 2003. Analysis of RogB-controlled
virulence mechanisms and gene expression in Streptococcus agalactiae. Infect
Immun 71:5056–5064. https://doi.org/10.1128/IAI.71.9.5056-5064.2003.

53. Chotár M, Vidová B, Godány A. 2006. Development of specific and rapid
detection of bacterial pathogens in dairy products by PCR. Folia Microbiol
(Praha) 51:639–646. https://doi.org/10.1007/BF02931632.

Virulence Genes and Cytotoxicity of S. agalactiae Microbiology Spectrum

May/June 2022 Volume 10 Issue 3 10.1128/spectrum.02224-21 10

https://doi.org/10.1186/1751-0147-50-18
https://doi.org/10.1186/1751-0147-50-18
https://doi.org/10.1128/mSystems.00063-20
http://www.jofamericanscience.org/journals/am-sci/am0610/30_3063am0610_260_268.pdf
http://www.jofamericanscience.org/journals/am-sci/am0610/30_3063am0610_260_268.pdf
http://www.jofamericanscience.org/journals/am-sci/am0610/30_3063am0610_260_268.pdf
https://doi.org/10.1007/s00003-006-0058-6
https://doi.org/10.3168/jds.2017-13363
https://doi.org/10.2903/j.efsa.2014.3665
https://doi.org/10.1099/00221287-143-11-3491
https://doi.org/10.1099/00221287-143-11-3491
https://doi.org/10.1590/s0074-02762009000400011
https://doi.org/10.1590/s0074-02762009000400011
https://doi.org/10.1128/JCM.42.3.1326-1329.2004
https://doi.org/10.1128/JCM.42.3.1326-1329.2004
https://doi.org/10.1128/JB.00369-09
https://doi.org/10.1099/jmm.0.46731-0
https://doi.org/10.1099/jmm.0.46731-0
https://doi.org/10.1128/IAI.71.9.5056-5064.2003
https://doi.org/10.1007/BF02931632
https://journals.asm.org/journal/spectrum
https://doi.org/10.1128/spectrum.02224-21

	RESULTS
	Type of hemolysis on blood medium.
	Occurrence of virulence genes.
	Cytotoxicity of S. agalactiae isolates.

	DISCUSSION
	MATERIALS AND METHODS
	Bacterial isolates and sample collection.
	Reference strains.
	Identification of the isolates using phenotypic methods.
	DNA isolation.
	Detection of the genes with PCR.
	Electrophoresis.
	Cytotoxicity.
	Statistical analyses.

	SUPPLEMENTAL MATERIAL
	ACKNOWLEDGMENTS
	REFERENCES

