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Streptococcus gallolyticus, formerly known as S. bovis, belongs to the Streptococcus 
bovis/Streptococcus equinus complex (SBSEC). Besides being a part of the gut 
microbiome, this organism has gained interest due to its association with infective 
endocarditis and its strong correlation with colorectal cancer in humans. In veterinary 
medicine, systemic infection caused by S. gallolyticus has been reported in various 
animal populations, including porcine, ruminant, and avian species. Despite its 
clinical importance in humans and animals, two key challenges persist: the limited 
understanding of the pathogenesis due to its ubiquitous nature and inconsistencies 
in diagnostic laboratory reporting of the bacteria in SBSEC. This review summarizes 
the taxonomic characterization of the SBSEC, its clinical manifestations across 
species, current understanding of the bacterial pathogenesis, and the laboratory 
diagnostic assays used for its detection. We will further discuss the importance of 
SBSEC speciation and subspeciation, highlighting their distinct clinical implications 
and potential impact on human and animal health.
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Highlights

	•	 S. gallolyticus (a member of SBSEC) is part of the gut microbiota and a significant 
pathogen in both humans (linked with IE and CRC) and animals (systemic infection in 
ruminants, pigs, and turkeys), with trending host predilections and differences of 
pathogenicity between each member of SBSEC.

	•	 Frequent taxonomical revisions and inconsistent laboratory diagnostic reporting have 
complicated the epidemiology assessment of SBSEC and obscured the distinct clinical 
impact and prevalence of its specific species and subspecies.

	•	 While S. gallolyticus is traditionally considered an opportunistic pathogen, its precise role 
in oncogenesis – whether as a “driver” or “passenger” or “both”– remains a subject of 
debate. Furthermore, this opportunistic label is challenged by findings, where certain 
strains serve as primary pathogens in turkeys.

	•	 Future work on S. gallolyticus should focus on standardizing the laboratory diagnostic 
methods and implementing subspecies-specific reporting as a necessary foundation for 
robust epidemiological and genomic studies that can accurately assess the clinical risks 
of SBSEC for human and animal health.
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1 Introduction

Streptococcus gallolyticus belongs to the Streptococcus 
bovis/Streptococcus equinus complex (SBSEC) and the S. bovis group 
(Schlegel et al., 2003). S. gallolyticus is part of the gut microbiota and 
an opportunistic pathogen, causing systemic infectious diseases and 
deaths in humans and animals (Figure 1). The strong link between 
S. gallolyticus and human infective endocarditis (IE), combined with 
the frequent bacteremia in colorectal cancer (CRC) patients, raises 
questions about its potential role in bacterial-induced cancer 
development. S. gallolyticus was not traditionally considered highly 
relevant in veterinary medicine. However, recent findings indicate a 
growing clinical significance. This includes emerging outbreaks of 
Streptococcus gallolyticus subsp. pasteurianus (Sgp) as a primary 
pathogen in turkey (Gray et al., 2023) and a causative agent of IE in 
pigs (Sitthicharoenchai et al., 2022). These prompt concerns about 
further understanding of bacterial pathogenesis and potential 
interspecies transmission, both animal-to-animal and animal-to-
human. This review provides a comprehensive overview of 
S. gallolyticus, detailing its taxonomic classification, clinical 
presentation across various species, pathogenic mechanism, and 
current laboratory diagnostic methodologies. Furthermore, we will 
discuss the limitations of our understanding of S. gallolyticus and 
approach to fill the knowledge gaps.

Due to the high genomic diversity and the advent of modern 
molecular identification techniques, the taxonomy of S. gallolyticus 
has undergone several major reclassifications. To maintain clarity 
throughout this review, we use the broader term SBSEC when 
discussing findings from studies that refer to the bacteria as S. bovis 

or when specific species or subspecies differentiation within the 
complex is ambiguous.

2 Taxonomic classifications of 
S. gallolyticus

Advances in molecular and biochemical techniques have led to 
multiple reclassifications of SBSEC (Table 1). Historically, S. gallolyticus 
was categorized as S. bovis biotype I and II, which belong to the 
Lancefield Group D non-enterococcal 

streptococci (Orla-Jensen, 1919). This subclassification of S. bovis 
was based on the mannitol-fermenting group (biotype I) and the 
mannitol-negative fermenting group (biotype II) (Facklam, 1972; 
Parker and Ball, 1976). Biotype II was further subdivided into biotypes 
II/1 (non-fermenting) and II/2 (fermenting trehalose) based on DNA 
hybridization and trehalose fermentation results (Coykendall and 
Gustafson, 1985; Coykendall, 1989).

Farrow et al. (1984) further proposed a classification into 1–6 
DNA groups based on the DNA–DNA hybridization, including two 
novel species: S. saccharolyticus (group 5) and S. alactolyticus (group 
6). The term SBSEC was later proposed by the same research group 
based on their findings and a comparable serologic typing system and 
physiological reactions of S. equinus from other researchers (Kilpper-
Bälz et al., 1982; Hillman et al., 1989; Andrewes and Horder, 1906; 
Smith and Shattock, 1962).

In the early 1990s, phylogenetic classification based on small 
subunit rRNA sequences became widely used for differentiating 
streptococcal species (Bentley et al., 1991). S. saccharolyticus was 

FIGURE 1

This figure summarizes the varied infections caused by Streptococcus gallolyticus in different hosts. Streptococcus gallolyticus subsp. gallolyticus (Sgg) 
is primarily linked to human endocarditis and colorectal cancer, as well as endocarditis and sepsis in chickens and meningitis in calves. Streptococcus 
gallolyticus subsp. pasteurianus (Sgp) is the predominant cause of human biliary and urinary tract infections, porcine endocarditis, turkey sepsis, and 
calf meningitis. Infections attributed to Streptococcus bovis/Streptococcus equinus complex (SBSEC) have also been reported, including human 
meningitis and sepsis, pigeon sepsis and rumen acidosis, and mastitis in ruminants; however, the specific species or subspecies was not indicated in 
these particular cases [Created in BioRender. Sitthicharoenchai, P. (2025) https://BioRender.com/r6m6g5b].
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TABLE 1  Timeline of classifications and identification methods of SBSEC.
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S. gallolyticus

S. gallolyticus 

subsp. gallolyticus

(biotype I)

S. macedonicus S. macedonicus

S. gallolyticus 

subsp.
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S. alactolyticus
S. alactolyticus S. alactolyticus S. alactolyticus S. alactolyticus
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S. saccharolyticus
S. saccharolyticus

S. waius
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sig
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n

Some S. bovis  
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S. alactolyticus

Some S. equinus 

strains →

S. saccharolyticus

S. saccharolyticus → 

Enterococcus saccharolyticus

S. caprinus = S. gallolyticus

S. intestinalis = S. alactolyticus

S. waius =  

S. macedonicus
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en
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n 

M
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s) Phenotypic 

characteristics

Sugar 

fermentations

Agglutination

Phenotypic 

characteristics

Biochemical tests

DNA hybridization

Biochemical tests
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characteristics

DNA 

hybridization

Biochemical tests

Phenotypic characteristics

DNA hybridization

16s, 23s ribosomal sequence

Cell protein analysis

Ribotyping

Biochemical tests

Phenotypic 

characteristics

DNA 

hybridization

sodA sequence

Phenotypic 

characteristics

DNA 

hybridization

16s ribosomal 

sequence

Biochemical tests

Re
fe

re
nc

e(
s) Andrewes and 

Horder (1906), 

Orla-Jensen 

(1919)

Facklam (1972), 

Parker and Ball 

(1976)

Farrow et al. (1984)

Coykendall and 

Gustafson (1985), 

Coykendall (1989)

Bentley et al. (1991),  

Bouvet et al., (1997),  

Brooker et al. (1994),  

Schlegel et al., (1999),  

Osawa et al. (1995),  

Schlegel et al. (2000),  

Sly et al. (1997),  

Tsakalidou et al. (1998), 

Vandamme et al. (1999)

Manachini et al. 

(2002),  

Poyart et al. 

(2002)

Schlegel et al. 

(2003)

This table summarizes the chronological evolution of the SBSEC taxonomy, including key species/subspecies designations, nomenclatural reassignments, and diagnostic methods used across 
decades. Taxonomic reclassifications, such as the renaming of S. bovis biotypes to S. gallolyticus subspecies and the reassignment of certain strains to other genera, were also documented. 
Symbols: → indicates reclassification or reassignment of the (sub) species, synonymous names or sub (species), leading to name change.
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reclassified to the genus Enterococcus (Rodrigues and Collins, 1990). 
Combining the method with biochemical analyses led to the 
identification of novel (sub)species within the SBSEC, including 
S. infantarius (Bouvet et al., 1997), S. macedonicus (Tsakalidou et al., 
1998), S. waius (Schlegel et al., 1999), S. infantarius subsp. infantarius, 
and S. infantarius subsp. coli (Schlegel et al., 2000). In 1995, Osawa et 
al. demonstrated tannase production in S. bovis biotype I. This 
discovery led to S. bovis biotype I being renamed as S. gallolyticus 
(Osawa et al., 1995). Another tannase-producing bacterium in goats, 
S. caprinus, was also reclassified under S. gallolyticus (Brooker et al., 
1994; Sly et al., 1997).

Using DNA-DNA hybridization, S. intestinalis was considered a 
synonym of S. alactolyticus (Vandamme et al., 1999). A sodA gene-
based phylogenetic interference was proposed as a classification 
system by Poyart et al. (2002), confirmed the synonymous 
assignments, and identified novel clusters: S. lutetiensis (previously 
S. infantarius subsp. coli) and S. pasteurianus (previously S. bovis 
biotype II/2) (Poyart et al., 2002). Based on DNA–DNA reassociation, 
S. waius is now considered as S. macedonicus (Manachini et al., 2002). 
The current classification of SBSEC was established by Schlegel et al. 
(2003) using a combination of DNA–DNA hybridization, 16S rDNA 
sequencing, and biochemical tests. This classification system includes 
three subspecies of S. gallolyticus (S. gallolyticus subsp. gallolyticus 
Sgg), S. gallolyticus subsp. macedonicus, S. gallolyticus subsp. 
pasteurianus (Sgp), 1 subspecies of S. infantarius subsp. infantarius 
(Sii), and 3 separate species of S. lutetiensis, S. alactolyticus, and 
S. equinus (Schlegel et al., 2003).

3 S. gallolyticus link to colorectal 
cancer in humans and association 
with infective endocarditis

Members of the SBSEC are commensal bacteria belonging to the 
phylum Firmicutes, a major component of healthy human gut 
microbiota (Hou et al., 2022; Jandhyala et al., 2015). Several studies 
have revealed a shift in gut microbiome diversity in CRC patients, and 
the contribution of intestinal commensal bacteria to tumor 
development (Ahn et al., 2013; Boleij et al., 2011; Thomas et al., 2019; 
Kim and Lee, 2022; Fusco et al., 2024; Paduraru et al., 2025). 
Specifically, reports have demonstrated that fecal carriage of SBSEC is 
higher in CRC patients compared to healthy individuals (Klein et al., 
1977; Périchon et al., 2022), suggesting a link between S. gallolyticus 
and CRC pathogenesis.

The clinical association between CRC and IE was first documented 
by McCoy and Mason (1951). The prevailing hypothesis suggests that 
tumor growth compromises the intestinal barrier, which allows 
opportunistic gut commensal bacteria to enter the bloodstream and 
subsequently colonize the heart valves (Keusch, 1974). This 
connection is supported by clinical data showing that 25 to 80% of 
patients with SBSEC bacteremia also have concomitant (Abdulamir 
et al., 2011). Furthermore, the reported association rate between 
SBSEC IE and CRC across various studies ranges from 18 to 62% 
(Abdulamir et al., 2011). While various species within the SBSEC 
bacteremia are associated with CRC, results from blood culture 
isolates show the strongest link with Sgg and Sgp, and to a lesser 
extent, Sii (Sánchez et al., 2014). Independent of its association with 
CRC, SBSEC has ranked among the top five causes of IE globally since 

the early 2000s (Vogkou et al., 2016; Öberg et al., 2022). Within this 
complex, Sgg has continued to be the predominant pathogen 
responsible for these infections (Öberg et al., 2022).

3.1 Proposed oncogenic mechanisms of 
S. gallolyticus and colorectal cancer

While single pathogens like Helicobacter pylori can directly induce 
tumorigenesis, S. gallolyticus fits the “driver-passenger” model, where 
multiple factors and several species of bacteria can contribute to 
tumor development (Tjalsma et al., 2012). There is an ongoing debate 
about whether S. gallolyticus plays an active role in the initiation of 
CRC through gene mutation (driver) or if its presence is simply a 
result of the tumor environment being suitable for its proliferation 
(passenger), or both (Avril and DePaolo, 2021).

As a “driver,” S. gallolyticus utilizes specific virulence factors to 
adhere and colonize the colonic mucosa. This persistent colonization 
stimulates chronic inflammation, eventually leading to DNA damage 
and tumor transformation. Several key virulence factors have been 
identified that facilitates in the adhesion and persistent colonization 
in the colonic epithelium and tumor cells. These include pilus loci 
(pil1 and pil3) (Martins et al., 2016; Sillanpää et al., 2009), histone-like 
protein A (Boleij et al., 2009), and the Type VII secretion system 
(T7SS) (Taylor et al., 2021). Additionally, the Sgg pathogenicity-
associated region (SPAR) appears essential for the function of T7SS, 
further promoting bacterial adhesion and colonization (Taylor et al., 
2023). Following the adhesion and colonization, Sgg can induce the 
release of specific inflammatory cytokines (e.g., IL-1, COX-2, IL-8). 
These cytokines stimulate inflammation and cell proliferation via the 
Wnt/β-catenin pathway (Abdulamir et al., 2009; Kumar et al., 2017; 
Abdulamir et al., 2010; Moparthi and Koch, 2019). Consequently, 
chronic inflammation coupled with persistent Wnt activation can 
transform pro-oncogenic epithelial cells into cancer cells.

Furthermore, Sgg possesses unique characteristics that support 
the “passenger” role, allowing it to thrive and outcompete other gut 
commensal bacteria in the CRC microenvironment. It can produce 
bacteriocins such as gallocin and toxins from the LXG (leucine, any 
amino acid, glycine) family, that inhibit the growth of other 
commensal species (Aymeric et al., 2018; Taylor et al., 2021). 
Additionally, Sgg is bile-resistant, providing a competitive survival 
advantage in the bile-rich environment of the gut (Rusniok et 
al., 2010).

3.2 Role of pilus 1 in endocarditis 
development

The specific mechanism by which S. gallolyticus promotes IE is 
poorly understood and remains an understudied area. The basic 
development of IE requires a combination of endothelial injury and 
transient bacteremia, followed by bacterial adherence to the damaged 
site, and subsequent formation of vegetative growth. Whole-genome 
analysis of S. gallolyticus has highlighted the pilus and its role in 
adhering to heart tissues (Medrek and Barnes, 1962). Pil1 has been 
shown to bind to collagen types I and IV, initiating bacterial 
attachment and promoting IE development (Danne et al., 2013). 
Collagen type I is abundant in the heart, providing clues to bacterial 
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adhesion. Additionally, pil1 plays a role in biofilm formation, which 
has been shown to aid in the development of IE and help the 
bacterium evade the host’s immune response (Danne et al., 2013; 
Vollmer et al., 2010). The virulence genes gtf, pilB, and fimB were 
further identified in the study (Vollmer et al., 2010). Isenring et al. 
(2018) proposed a further mechanism by which Sgg enhances IE 
formation by disrupting the coagulation pathway related to pil1. 
Certain strains of Sgg were found to bind to FXII/PK via the pil1 
protein. Such action leads to the aggregation and activation of FXII 
on the bacterial surface. This prolonged activated partial 
thromboplastin time and the release of bradykinin, potentially 
enhancing IE formation.

4 Other clinical forms of SBSEC 
infection in humans

The features of non-IE SBSEC infections have been reported 
sporadically; however, they have not been well defined. A 23-year 
retrospective study by Corredoira et al. (2014) investigated patients 
with biliary tract infections caused by SBSEC. It revealed that such 
infections resulting in cholangitis and cholecystitis are commonly 
associated with Sii and Sgp, accounting for 57 and 39% of 51 cases, 
respectively. The infection is often an ascending infection secondary 
to underlying blockage of the biliary tree (Lee et al., 2003; 
Corredoira et al., 2014). SBSEC is also associated with urinary tract 
infections (UTIs). The study, conducted from 1995 to 2012, shows 
that 45% of 88 patients with SBSEC bacteriuria were asymptomatic. 
The remaining patients display symptoms of lower UTIs (35%) or 
upper UTIs (20%) (Matesanz et al., 2014). Notably, Sgp is a 
dominant subspecies that infects urinary systems, and elderly 
women are predisposed to the infection (Clarridge et al., 2001; 
Fernández-Ruiz et al., 2010; Romero et al., 2011). Arthritis, 
osteomyelitis, and spondylodiscitis caused by SBSEC have been 
reported as complications associated with IE through septicemic 
spread (García-País et al., 2016). Moreover, arthritis can also be 
predisposed in patients with prosthetic joints, with Sgg responsible 
for 0.4% of 2,459 cases of prosthetic joint infection (Thompson et 
al., 2020). Lastly, neurological infections caused by SBSEC are 
sporadic, with meningitis reported in only 0.3–5% of cases and 
typically associated with other conditions. Other central nervous 
system (CNS) infections, such as abscesses and subdural empyema, 
are even less frequent (Cabellos et al., 1999; Sánchez et al., 2024; 
Baranda et al., 1985).

5 S. gallolyticus infection in animals

While SBSEC predominantly inhabits the gastrointestinal tract of 
ruminants and poultry, it can be detected in pigs, dogs, horses, and 
wildlife (Hodge and Sherman, 1937; Sillanpää et al., 2009; Maďar et 
al., 2021). Although sporadic opportunistic infections have long been 
recognized in various species, large-scale and cluster outbreaks of this 
bacterium cause significant economic losses in livestock and have 
raised concerns, highlighting the need for greater attention to it in 
veterinary medicine (Park et al., 2021; Sitthicharoenchai et al., 2022; 
Gray et al., 2023). The following section will detail the importance of 
SBSEC in various domestic animal species.

5.1 Rumen acidosis, mastitis, and systemic 
infection report in ruminants

Streptococcus spp. constitutes approximately 0.55% of the fecal 
microbiota in cattle (Dowd et al., 2008), with S. bovis as one of the 
major lactic acid-producing bacteria found in the digestive tracts of 
cattle, sheep, and other ruminants (Hardie, 1986). S. bovis can dominate 
the rumen microbiome when large amounts of soluble carbohydrates 
are provided (Hungate et al., 1952), resulting in excessive production 
of formic acid, acetate, and ethanol, and the development of ruminal 
acidosis (Russell and Baldwin, 1979). Furthermore, SBSEC has been 
one of the known causes of streptococcal mastitis in ruminants 
worldwide (Kabelitz et al., 2021; Kim et al., 2021; Iwanaga et al., 2022). 
The prevalence of SBSEC isolated in cases of mastitis is typically low 
and previously reported to be <1% of all streptococcal infections 
(Kabelitz et al., 2021). However, the emergence and higher prevalence 
of SBSEC-associated mastitis have been reported in certain regions, 
including Korea and Cambodia (Kim et al., 2021; Sophorn et al., 2025). 
SBSEC can also cause opportunistic systemic infection in ruminants. 
Specific subspecies, such as Sgp and Sgg, have been linked to 
suppurative meningitis-meningoencephalitis, causing neurological 
symptoms and mortality in calves with underlying predisposing 
factors, including failure of passive transfer and management issues 
(Seimiya et al., 1992; Sekizaki et al., 2008; Trotta et al., 2019).

5.2 Systemic infections and outbreaks in birds

SBSEC is found ubiquitously in the gastrointestinal tract of avian 
species (Garvie and Bramley, 1979). Opportunistic infection of 
S. gallolyticus resulting in septicemia has been reported in pigeons, 
waterfowls, turkey poults, and chickens (Devriese et al., 1990; De Herdt 
et al., 1994; Droual et al., 1997). However, during 2010 and 2013, 
widespread outbreaks of Sgp were reported in turkey flocks in 
Pennsylvania. The affected poults are at 2–3 weeks of age with clinical 
signs of sudden death (Saumya et al., 2014). Subsequent experimental 
challenge studies further confirmed that Sgp is a primary pathogen that 
causes septicemia in turkey poults (Gray et al., 2023). A shift in poult 
susceptibility to 1.5–2.5 weeks of age was noted in 2023 (Gray et al., 
2024). Septicemia and meningitis were observed in goslings and 
ducklings, respectively (Barnett et al., 2008; Hogg and Pearson, 2009). In 
association with outbreaks of chicken disease, Sgg has been linked to 
endocarditis lesions and necrotic foci in the liver and spleen (De Herdt 
et al., 1994; Chadfield et al., 2007; Saumya et al., 2014). In pigeons, 
S. gallolyticus induces per-acute or acute streptococcal septicemia, 
reaching high mortality, especially in short-beak pigeons (De Herdt et 
al., 1994). Various predisposing factors have also been identified, 
including enteritis associated with viral, protozoal, and other bacteria. 
Additionally, nutritional deficiencies and specific conditions such as cage 
layer fatigue and dermatological lesions have been associated with 
streptococcal infections among avian species (Crispo et al., 2018).

5.3 Emerging cause of infective 
endocarditis in pigs

A retrospective study that analyzed 321 cases provides new 
insights into the common causes of endocarditis in USA domestic 
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swine herds (Sitthicharoenchai et al., 2022). Sgp was recently 
described as the emerging causative agent contributing to 7.59% of 
swine valvular endocarditis. The reported cases of S. gallolyticus-
associated endocarditis in swine were distributed across multiple 
states in the Midwest and Southeastern USA. The clinical signs 
include sepsis and sudden death in nursery to finisher pigs. The 
pathogenesis of Sgp infection of the heart valve remains unclear, 
though intestinal mucosal damage has been proposed as a potential 
predisposing factor.

6 Diagnostic laboratory identification 
of Streptococcus gallolyticus

SBSEC comprises a group of bacteria that can be readily 
grown on routine aerobic bacterial culture from clinical samples. 
The colony morphology on blood agar is small, gray, and exhibits 
γ-hemolysis. On microscopic examination, the bacteria are gram-
positive, diplococci to chain-forming cocci. Common laboratory 
identification methods for SBSEC include biochemical testing, 
sequencing of the 16S rRNA and sodA genes (Poyart et al., 2002; 
Romero et al., 2011), as well as matrix-assisted laser desorption/
ionization–time of flight mass spectrometry (MALDI-TOF MS) 
platforms. However, a single platform to accurately identify all 
SBSEC species and subspecies is not currently available. This 
difficulty arises from the high genetic conservation within the 
complex; for example, the 16S rRNA gene is nearly identical 
between some members of SBSEC (Jans et al., 2015). Recent data 
indicate that subspeciation of S. gallolyticus is most reliably 
achieved through sodA sequencing and the Vitek MS MALDI-TOF 
platform (Putnam et al., 2023). The ability to accurately identify 
SBSEC to the subspecies level is clinically important for the 
diagnosis of Sgg-associated IE and CRC, and its significance is 
increasing in veterinary medicine. Multiplex quantitative 
polymerase chain reaction (qPCR) has been developed to identify 
clinically significant SBSEC subspecies (Lopes et al., 2014). 
However, a limited number of samples were tested, and the 
sensitivity and specificity of this qPCR assay are unclear. Thus, 
there is a need for research efforts to improve and develop more 
robust diagnostic tools for the identification and classification of 
SBSEC. Until then, we recommend that diagnostic laboratories 
report isolates as SBSEC, followed by the species/subspecies or 
undetermined, accompanied by a statement outlining the 
limitations of the testing method used.

Multiplex antibody detection of Sgg pilus antigens has been 
developed in research settings for detecting preneoplastic stages of 
CRC. While results indicate that individuals with detectable Sgg 
antibody face a 40% increased risk of developing CRC within 10 years 
(Butt et al., 2018), the clinical utility is currently limited by the low 
assay sensitivity (16 to 43%) for early detection of CRC (Boleij et al., 
2012). Therefore, these antibody results should be interpreted in 
conjunction with other robust diagnostic methods for CRC.

7 Discussion

Streptococcus gallolyticus infection is a multifaceted issue in 
both human and veterinary medicine. It is a recognized etiology 

of IE in humans and is strongly associated with CRC. Concurrently, 
it has become an emerging pathogen in various production 
animals, inflicting significant economic losses. Despite its 
established role in certain species, such as septicemia in turkeys, 
bovine mastitis, and swine IE, our understanding of the 
pathogenesis remains limited. Significant knowledge gaps remain 
regarding predisposing host conditions, the specific determinants 
of pathogenicity, and the extent of genomic variation among 
isolates from different animal species. While multiple virulence 
factors have been identified in human isolates of S. gallolyticus, 
their prevalence and function in animal clinical isolates have not 
been thoroughly investigated. Furthermore, the potential for 
zoonotic transmission of pathogenic strains and the challenge of 
antimicrobial resistance are of growing concern. Individuals with 
occupational exposure, such as farm workers and abattoir 
employees, or individuals who consume raw meat and dairy 
products, may be at a higher risk of infection.

Complicating this epidemiological assessment is the evolving 
taxonomy of the SBSEC, to which S. gallolyticus belongs. Studies 
have demonstrated that different species and subspecies within 
SBSEC displayed distinct host predilections and potential 
differences in pathogenicity. However, the frequent taxonomical 
revisions have affected the precise tracking of clinical prevalence 
and incidence data for individual species and subspecies of 
SBSEC. Furthermore, variations in diagnostic techniques employed 
by different laboratories for SBSEC identification and how the 
laboratory reports the results (as a complex or by species/
subspecies) complicate the establishment of retrospective 
epidemiological data.

To fill this knowledge gap, future research should prioritize the 
standardization of the laboratory diagnostic methods, coupled 
with adopting the species- or subspecies-specific reporting as a 
foundational step that would significantly enhance our 
understanding of the clinical significance of individual SBSEC 
members. Such efforts should be supported by robust, ongoing 
epidemiological surveillance, with subsequent genomic sequence 
analysis and pathogenicity studies of both human and animal 
isolates, to further assess the interconnected risks to animal and 
public health.

Author contributions

VB: Writing  – original draft, Writing  – review & editing. PS: 
Writing – original draft, Writing – review & editing.

Funding

The author(s) declared that financial support was not received for 
this work and/or its publication.

Acknowledgments

We would like to thank Dr. Michael Rahe for his feedback, 
support, and motivation to pursue research on this topic.

https://doi.org/10.3389/fmicb.2026.1765252
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org


Bamrung and Sitthicharoenchai� 10.3389/fmicb.2026.1765252

Frontiers in Microbiology 07 frontiersin.org

Conflict of interest

The author(s) declared that this work was conducted in the 
absence of any commercial or financial relationships that could be 
construed as a potential conflict of interest.

Generative AI statement

The author(s) declared that Generative AI was not used in the 
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this 
article has been generated by Frontiers with the support of artificial 

intelligence and reasonable efforts have been made to ensure accuracy, 
including review by the authors wherever possible. If you identify any 
issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the 
authors and do not necessarily represent those of their affiliated 
organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or 
claim that may be made by its manufacturer, is not guaranteed or 
endorsed by the publisher.

References
Abdulamir, A. S., Hafidh, R. R., and Abu Bakar, F. (2011). The association of Streptococcus 

bovis/gallolyticus with colorectal tumors: the nature and the underlying mechanisms of its 
etiological role. J. Exp. Clin. Cancer Res. 30:11. doi: 10.1186/1756-9966-30-11

Abdulamir, A. S., Hafidh, R. R., and Bakar, F. A. (2010). Molecular detection, 
quantification, and isolation of Streptococcus gallolyticus bacteria colonizing colorectal 
tumors: inflammation-driven potential of carcinogenesis via IL-1, COX-2, and IL-8. 
Mol. Cancer 9:249. doi: 10.1186/1476-4598-9-249

Abdulamir, A. S., Hafidh, R. R., Mahdi, L. K., Al-jeboori, T., and Abubaker, F. (2009). 
Investigation into the controversial association of Streptococcus gallolyticus with 
colorectal cancer and adenoma. BMC Cancer 9:403. doi: 10.1186/1471-2407-9-403

Ahn, J., Sinha, R., Pei, Z., Dominianni, C., Wu, J., Shi, J., et al. (2013). Human gut 
microbiome and risk for colorectal cancer. J. Natl. Cancer Inst. 105, 1907–1911. doi: 
10.1093/jnci/djt300

Andrewes, F., and Horder, T. (1906). A study of the streptococci pathogenic for man. 
Lancet 168, 775–783. doi: 10.1016/s0140-6736(01)13797-9

Avril, M., and DePaolo, R. W. (2021). Driver-passenger bacteria and their metabolites 
in the pathogenesis of colorectal cancer. Gut Microbes 13:1941710. doi: 
10.1080/19490976.2021.1941710

Aymeric, L., Donnadieu, F., Mulet, C., Du Merle, L., Nigro, G., Saffarian, A., et al. 
(2018). Colorectal cancer specific conditions promote Streptococcus gallolyticus gut 
colonization. Proc. Natl. Acad. Sci. USA 115, E283–E291. doi: 10.1073/pnas.1715112115

Baranda, M. M., Aguirrebengoa, K., Testillano, M., and Aguirre, C. (1985). Brain-
abscess caused by Streptococcus bovis. Eur. J. Clin. Microbiol. 4, 595–596.

Barnett, J., Ainsworth, H., Boon, J., and Twomey, D. (2008). Streptococcus gallolyticus 
subsp. pasteurianus septicaemia in goslings. Vet. J. 176, 251–253. doi: 10.1016/j.
tvjl.2007.02.011

Bentley, R. W., Leigh, J. A., and Collins, M. D. (1991). Intrageneric structure of 
Streptococcus based on comparative analysis of small-subunit rRNA sequences. Int. J. 
Syst. Evol. Microbiol. 41, 487–494.

Boleij, A., van Gelder, M. M., Swinkels, D. W., and Tjalsma, H. (2011). Clinical 
importance of streptococcus gallolyticus infection among colorectal cancer patients: 
systematic review and meta-analysis. Clinical Infectious Diseases 53, 870–878. doi: 
10.1093/cid/cir609

Boleij, A., Roelofs, R., Danne, C., Bellais, S., Dramsi, S., Kato, I., et al. (2012). Selective 
antibody response to Streptococcus gallolyticus pilus proteins in colorectal cancer 
patients. Cancer Prev. Res. (Phila.) 5, 260–265. doi: 10.1158/1940-6207.CAPR-11-0321

Boleij, A., Schaeps, R. M., de Kleijn, S., Hermans, P. W., Glaser, P., Pancholi, V., et al. (2009). 
Surface-exposed histone-like protein a modulates adherence of Streptococcus gallolyticus to 
colon adenocarcinoma cells. Infect. Immun. 77, 5519–5527. doi: 10.1128/IAI.00384-09

Bouvet, A., Grimont, F., Collins, M. D., Benaoudia, F., Devine, C., Regnault, B., et al. 
(1997). Streptococcus infantarius sp. nov. related to Streptococcus bovis and Streptococcus 
equinus. Adv Exp Med Biol. 418, 393–395. doi: 10.1007/978-1-4899-1825-3_94

Brooker, J., O'donovan, L., Skene, I., Clarke, K., Blackall, L., and Muslera, P. (1994). 
Streptococcus caprinus sp. nov., a tannin-resistant ruminal bacterium from feral goats. 
Lett. Appl. Microbiol. 18, 313–318.

Butt, J., Blot, W. J., Teras, L. R., Visvanathan, K., Le Marchand, L., Haiman, C. A., et al. 
(2018). Antibody responses to Streptococcus gallolyticus subspecies gallolyticus proteins 
in a large prospective colorectal cancer cohort consortium. Cancer Epidemiol. 
Biomarkers Prev. 27, 1186–1194. doi: 10.1158/1055-9965.EPI-18-0249

Cabellos, C., Viladrich, P. F., Corredoira, J., Verdaguer, R., Ariza, J., and Gudiol, F. 
(1999). Streptococcal meningitis in adult patients: current epidemiology and clinical 
spectrum. Clin. Infect. Dis. 28, 1104–1108. doi: 10.1086/514758

Chadfield, M., Christensen, J., Decostere, A., Christensen, H., and Bisgaard, M. (2007). 
Geno-and phenotypic diversity of avian isolates of Streptococcus gallolyticus subsp. 
gallolyticus (Streptococcus bovis) and associated diagnostic problems. J. Clin. Microbiol. 
45, 822–827. doi: 10.1128/jcm.00922-06

Clarridge, J. E., Attorri, S. M., Zhang, Q., and Bartell, J. (2001). 16S ribosomal DNA 
sequence analysis distinguishes biotypes of Streptococcus bovis: Streptococcus bovis 
biotype II/2 is a separate genospecies and the predominant clinical isolate in adult males. 
J. Clin. Microbiol. 39, 1549–1552. doi: 10.1128/JCM.39.4.1549-1552.2001

Corredoira, J., Alonso, M., García-Garrote, F., García-Pais, M., Coira, A., Rabuñal, R., 
et al. (2014). Streptococcus bovis group and biliary tract infections: an analysis of 51 
cases. Clin. Microbiol. Infect. 20, 405–409. doi: 10.1111/1469-0691.12333

Coykendall, A. L. (1989). Classification and identification of the viridans streptococci. 
Clin. Microbiol. Rev. 2, 315–328. doi: 10.1128/CMR.2.3.315

Coykendall, A. L., and Gustafson, K. B. (1985). Deoxyribonucleic acid hybridizations 
among strains of Streptococcus salivarius and Streptococcus bovis. Int. J. Syst. Evol. 
Microbiol. 35, 274–280. doi: 10.1099/00207713-35-3-274

Crispo, M., Shivaprasad, H., Cooper, G. L., Bickford, A. A., and Stoute, S. T. (2018). 
Streptococcosis in commercial and noncommercial avian species in California: 95 cases 
(2000–2017). Avian Dis. 62, 152–162. doi: 10.1637/11765-103117-Reg.1

Danne, C., Guérillot, R., Glaser, P., Trieu-Cuot, P., and Dramsi, S. (2013). Construction 
of isogenic mutants in Streptococcus gallolyticus based on the development of new 
mobilizable vectors. Res. Microbiol. 164, 973–978. doi: 10.1016/j.resmic.2013.09.002

De Herdt, P., Haesebrouck, F., Devriese, L., and Ducatelle, R. (1994). Prevalence of 
Streptococcus bovis in racing pigeons. Vet. Q. 16, 71–74. doi: 10.1080/01652176.1994.9694421

Devriese, L., Uyttebroek, E., Gevaert, D., Vandekerckhove, P., and Ceyssens, K. (1990). 
Streptococcus bovis infections in pigeons. Avian Pathol. 19, 429–434. doi: 
10.1080/03079459008418697

Dowd, S. E., Callaway, T. R., Wolcott, R. D., Sun, Y., McKeehan, T., Hagevoort, R. G., 
et al. (2008). Evaluation of the bacterial diversity in the feces of cattle using 16S rDNA 
bacterial tag-encoded FLX amplicon pyrosequencing (bTEFAP). BMC Microbiol. 8, 
1–8. doi: 10.1186/1471-2180-8-125

Droual, R., Ghazikhanian, G., Shivaprasad, H., Barr, B., and Bland, M. (1997). 
Streptococcus bovis infection in Turkey poults. Avian Pathol. 26, 433–439.

Facklam, R. R. (1972). Recognition of group D streptococcal species of human origin 
by biochemical and physiological tests. Appl. Microbiol. 23, 1131–1139

Farrow, J., Kruze, J., Phillips, B., Bramley, A., and Collins, M. (1984). Taxonomic 
studies on Streptococcus bovis and Streptococcus equinus: description of Streptococcus 
alactolyticus sp. nov. and Streptococcus saccharolyticus sp. nov. Syst. Appl. Microbiol. 5, 
467–482. doi: 10.1016/s0723-2020(84)80004-1

Fernández-Ruiz, M., Villar-Silva, J., Llenas-García, J., Caurcel-Díaz, L., Vila-Santos, J., 
Sanz-Sanz, F., et al. (2010). Streptococcus bovis bacteraemia revisited: clinical and 
microbiological correlates in a contemporary series of 59 patients. J. Infect. 61, 307–313. 
doi: 10.1016/j.jinf.2010.07.007

Fusco, W., Bricca, L., Kaitsas, F., Tartaglia, M. F., Venturini, I., Rugge, M., et al. (2024). 
Gut microbiota in colorectal cancer: from pathogenesis to clinic. Best Pract. Res. Clin. 
Gastroenterol. 72:101941. doi: 10.1016/j.bpg.2024.101941

García-País, M. J., Rabuñal, R., Armesto, V., López-Reboiro, M., García-Garrote, F., 
Coira, A., et al. (2016). Streptococcus bovis septic arthritis and osteomyelitis: a report of 
21 cases and a literature review. Semin. Arthritis Rheum: Elsevier 22, 738–746. doi: 
10.1016/j.semarthrit.2016.02.001

Garvie, E. I., and Bramley, A. J. (1979). Streptococcus bovis—an approach to its 
classification and its importance as a cause of bovine mastitis. J. Appl. Bacteriol. 46, 
557–566.

https://doi.org/10.3389/fmicb.2026.1765252
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org
https://doi.org/10.1186/1756-9966-30-11
https://doi.org/10.1186/1476-4598-9-249
https://doi.org/10.1186/1471-2407-9-403
https://doi.org/10.1093/jnci/djt300
https://doi.org/10.1016/s0140-6736(01)13797-9
https://doi.org/10.1080/19490976.2021.1941710
https://doi.org/10.1073/pnas.1715112115
https://doi.org/10.1016/j.tvjl.2007.02.011
https://doi.org/10.1016/j.tvjl.2007.02.011
https://doi.org/10.1093/cid/cir609
https://doi.org/10.1158/1940-6207.CAPR-11-0321
https://doi.org/10.1128/IAI.00384-09
https://doi.org/10.1007/978-1-4899-1825-3_94
https://doi.org/10.1158/1055-9965.EPI-18-0249
https://doi.org/10.1086/514758
https://doi.org/10.1128/jcm.00922-06
https://doi.org/10.1128/JCM.39.4.1549-1552.2001
https://doi.org/10.1111/1469-0691.12333
https://doi.org/10.1128/CMR.2.3.315
https://doi.org/10.1099/00207713-35-3-274
https://doi.org/10.1637/11765-103117-Reg.1
https://doi.org/10.1016/j.resmic.2013.09.002
https://doi.org/10.1080/01652176.1994.9694421
https://doi.org/10.1080/03079459008418697
https://doi.org/10.1186/1471-2180-8-125
https://doi.org/10.1016/s0723-2020(84)80004-1
https://doi.org/10.1016/j.jinf.2010.07.007
https://doi.org/10.1016/j.bpg.2024.101941
https://doi.org/10.1016/j.semarthrit.2016.02.001


Bamrung and Sitthicharoenchai� 10.3389/fmicb.2026.1765252

Frontiers in Microbiology 08 frontiersin.org

Gray, L., Latorre, J., Hernandez-Patlan, D., Solis-Cruz, B., Petrone-Garcia, V., 
Hernandez-Velasco, X., et al. (2023). Isolation, characterization, and experimental 
infection of Streptococcus gallolyticus subspecies pasteurianus from commercial 
turkeys with acute septicemia: a pilot study. Poult. Sci. 102:102950. doi: 10.1016/j.
psj.2023.102950

Gray, L. S., Robbins, K., Gerken, E., Johnson, T. J., Moore, R. W., Amsden, A., et al. 
(2024). Neurological presentation associated with meningoencephalitis caused by 
Streptococcus gallolyticus subsp. pasteurianus in Turkey poults. Avian Dis. 68, 455–460. 
doi: 10.1637/aviandiseases-d-24-00021

Hardie, J. (1986). Streptococcus genus in Bergey's manual of systematic bacteriology. 
New York, US: Springer.

Hillman, J., Andrews, S., Painter, S., and Stashenko, P. (1989). Adaptive changes in a 
strain of Streptococcus mutans during colonisation of the human oral cavity. Microb. Ecol. 
Health Dis. 2, 231–239. doi: 10.3109/08910608909140225

Hodge, H., and Sherman, J. (1937). Streptococcus equinus. J. Bacteriol. 33, 283–289. 
doi: 10.1128/jb.33.3.283-289.1937

Hogg, R., and Pearson, A. (2009). Streptococcus gallolyticus subspecies gallolyticus 
infection in ducklings. Vet. Rec. 165:297. doi: 10.1136/vetrec.165.10.297-a

Hou, K., Wu, Z. X., Chen, X. Y., Wang, J. Q., Zhang, D., Xiao, C., et al. (2022). 
Microbiota in health and diseases. Signal Transduct. Target. Ther. 7:135. doi: 10.1038/
s41392-022-00974-4

Hungate, R., Dougherty, R., Bryant, M., and Cello, R. (1952). Microbiological and 
physiological changes associated with acute indigestion in sheep. Cornell Vet. 
42, 423–449

Isenring, J., Köhler, J., Nakata, M., Frank, M., Jans, C., Renault, P., et al. (2018). 
Streptococcus gallolyticus subsp. gallolyticus endocarditis isolate interferes with 
coagulation and activates the contact system. Virulence 9, 248–261. doi: 
10.1080/21505594.2017.1393600

Iwanaga, M., Imai, N., Kamikawa, A., Shimada, K., Okura, M., Takamatsu, D., et al. 
(2022). Suppurative meningoencephalitis and perineuritis caused by Streptococcus 
gallolyticus in a Japanese black calf. J. Vet. Med. Sci. 84, 53–58. doi: 10.1292/
jvms.21-0518

Jandhyala, S. M., Talukdar, R., Subramanyam, C., Vuyyuru, H., Sasikala, M., and 
Nageshwar Reddy, D. (2015). Role of the normal gut microbiota. World J. Gastroenterol. 
21, 8787–8803. doi: 10.3748/wjg.v21.i29.8787

Jans, C., Meile, L., Lacroix, C., and Stevens, M. J. (2015). Genomics, evolution, and 
molecular epidemiology of the Streptococcus bovis/Streptococcus equinus complex 
(SBSEC). Infect. Genet. Evol. 33, 419–436. doi: 10.1016/j.meegid.2014.09.017

Kabelitz, T., Aubry, E., van Vorst, K., Amon, T., and Fulde, M. (2021). The role of 
Streptococcus spp. in bovine mastitis. Microorganisms 9:1497. doi: 10.3390/
microorganisms9071497

Keusch, G. T. (1974). Opportunistic infections in colon carcinoma. Am. J. Clin. Nutr. 
27, 1481–1485.

Kilpper-Bälz, R., Fischer, G., and Schleifer, K. H. (1982). Nucleic acid hybridization 
of group N and group D streptococci. Curr. Microbiol. 7, 245–250.

Kim, J., and Lee, H. K. (2022). Potential role of the gut microbiome in colorectal 
Cancer progression. Front. Immunol. 12:807648. doi: 10.3389/fimmu.2021.807648

Kim, H., Park, T., Kwon, I., and Seo, J. (2021). Specific inhibition of Streptococcus bovis 
by endolysin LyJH307 supplementation shifts the rumen microbiota and metabolic 
pathways related to carbohydrate metabolism. J. Anim. Sci. Biotechnol. 12:93. doi: 
10.1186/s40104-021-00614-x

Klein, R. S., Recco, R. A., Catalano, M. T., Edberg, S. C., Casey, J. I., and Steigbigel, N. H. 
(1977). Association of Streptococcus bovis with carcinoma of the colon. N. Engl. J. Med. 
297, 800–802.

Kumar, R., Herold, J. L., Schady, D., Davis, J., Kopetz, S., Martinez-Moczygemba, M., 
et al. (2017). Streptococcus gallolyticus subsp. gallolyticus promotes colorectal tumor 
development. PLoS Pathog. 13:e1006440. doi: 10.1371/journal.ppat.1006440

Lee, R. A., Woo, P. C., Lau, S. K., Wong, S. S., and Yuen, K.-Y. (2003). Geographical 
difference of disease association in Streptococcus bovis bacteraemia. J. Med. Microbiol. 
52, 903–908. doi: 10.1099/jmm.0.05199-0

Lopes, P. G., Cantarelli, V. V., Agnes, G., Costabeber, A. M., and d'Azevedo, P. A. 
(2014). Novel real-time PCR assays using TaqMan minor groove binder probes for 
identification of fecal carriage of Streptococcus bovis/Streptococcus equinus complex from 
rectal swab specimens. J. Clin. Microbiol. 52, 974–976. doi: 10.1128/JCM.03253-13

Maďar, M., Kačírová, J., Maďari, A., Mucha, R., Styková, E., and Nemcová, R. (2021). 
Cultivable bacterial diversity of the canine dental plaque as a potential source of bacterial 
infections. Acta Vet. Brno 90, 171–178. doi: 10.2754/avb202190020171

Manachini, P., Flint, S., Ward, L., Kelly, W., Fortina, M., and Parini, C. (2002). Comparison 
between Streptococcus macedonicus and Streptococcus waius strains and reclassification of 
Streptococcus waius (Flint et at. 1999) as Streptococcus macedonicus (Tsakalidou et al. 1998). 
Int. J. Syst. Evol. Microbiol. 52, 945–951. doi: 10.1099/00207713-52-3-945

Martins, M., Porrini, C., Du Merle, L., Danne, C., Robbe-Masselot, C., Trieu-Cuot, P., 
et al. (2016). The Pil3 pilus of Streptococcus gallolyticus binds to intestinal mucins and 
to fibrinogen. Gut Microbes 7, 526–532. doi: 10.1080/19490976.2016.1239677

Matesanz, M., Rubal, D., Iñiguez, I., Rabuñal, R., García-Garrote, F., Coira, A., et al. 
(2014). Is Streptococcus bovis a urinary pathogen? Eur. J. Clin. Microbiol. Infect. Dis. 34, 
719–725. doi: 10.1007/s10096-014-2273-x

McCoy, W., and Mason, J. (1951). Enterococcal endocarditis associated with 
carcinoma of the sigmoid; report of a case. J. Med. Assoc. State Ala. 21, 162–166

Medrek, T., and Barnes, E. M. (1962). The physiological and serological properties of 
Streptococcus bovis and related organisms isolated from cattle and sheep. J. Appl. 
Microbiol. 25, 169–179.

Moparthi, L., and Koch, S. (2019). Wnt signaling in intestinal inflammation. 
Differentiation 108, 24–32. doi: 10.1016/j.diff.2019.01.002

Öberg, J, Nilson, B, Gilje, P, Rasmussen, M, and Inghammar, M. (2022). Bacteraemia 
and infective endocarditis with Streptococcus bovis-Streptococcus equinus-complex: A 
retrospective cohort. Infect Dis (Lond). 54, 760–765. doi: 10.1080/23744235.2022.2089730

Orla-Jensen, S. (1919). The lactic acid bacteria. Copenhagen: AF Host & Son.

Osawa, R., Fujisawa, T., and Sly, L. I. (1995). Streptococcus gallolyticus sp. nov.; gallate 
degrading organisms formerly assigned to Streptococcus bovis. Syst. Appl. Microbiol. 
18, 74–78.

Paduraru, D. N., Palcau, A. C., Dinca, V. G., Ciuc, D. M., and Constantinescu, A. 
(2025). The role of gut microbiota in colorectal Cancer pathogenesis: a comprehensive 
literature review. Int. J. Mol. Sci. 26:11870. doi: 10.3390/ijms262411870

Park, S. Y., Lee, M., Lim, S. R., Kwon, H., Lee, Y. S., Kim, J. H., et al. (2021). Diversity 
and antimicrobial resistance in the Streptococcus bovis/Streptococcus equinus complex 
(SBSEC) isolated from Korean domestic ruminants. Microorganisms 9:98. doi: 10.3390/
microorganisms9010098

Parker, M., and Ball, L. C. (1976). Streptococci and aerococci associated with systemic 
infection in man. J. Med. Microbiol. 9, 275–302

Périchon, B., Lichtl-Häfele, J., Bergsten, E., Delage, V., Trieu-Cuot, P., Sansonetti, P., 
et al. (2022). 'Detection of Streptococcus gallolyticus and four other CRC-associated 
Bacteria in patient stools reveals a potential "driver" role for Enterotoxigenic Bacteroides 
fragilis' Frontiers in cellular and infection. Microbiology 12:794391. doi: 10.3389/
fcimb.2022.794391

Poyart, C., Quesne, G., and Trieu-Cuot, P. (2002). Taxonomic dissection of the 
Streptococcus bovis group by analysis of manganese-dependent superoxide dismutase gene 
(sodA) sequences: reclassification Of 'streptococcus infantarius subsp. coli'as Streptococcus 
lutetiensis sp. nov. and of Streptococcus bovis biotype 11.2 as Streptococcus pasteurianus sp. 
nov. Int. J. Syst. Evol. Microbiol. 52, 1247–1255. doi: 10.1099/00207713-52-4-1247

Putnam, N. E., Youn, J.-H., Wallace, M. A., Luethy, P. M., Burnham, C.-A. D., 
Butler-Wu, S., et al. (2023). Comparative evaluation of current biochemical-, 
sequencing-, and proteomic-based identification methods for the Streptococcus bovis 
group. J. Clin. Microbiol. 61, e01712–e01722. doi: 10.1128/jcm.01712-22

Rodrigues, U., and Collins, M. D. (1990). Phylogenetic analysis of Streptococcus 
saccharolyticus based on 16S rRNA sequencing. FEMS Microbiol. Lett. 71, 231–234.

Romero, B., Morosini, M.-I., Loza, E., Rodríguez-Baños, M., Navas, E., Cantón, R., 
et al. (2011). Reidentification of Streptococcus bovis isolates causing bacteremia 
according to the new taxonomy criteria: still an issue? J. Clin. Microbiol. 49, 
3228–3233. doi: 10.1128/JCM.00524-11

Rusniok, C., Couvé, E., Da Cunha, V., El Gana, R., Zidane, N., Bouchier, C., et al. 
(2010). Genome sequence of Streptococcus gallolyticus: insights into its adaptation to the 
bovine rumen and its ability to cause endocarditis. J. Bacteriol. 192, 2266–2276. doi: 
10.1128/JB.01659-09

Russell, J. B., and Baldwin, R. (1979). Comparison of maintenance energy expenditures 
and growth yields among several rumen bacteria grown on continuous culture. Appl. 
Environ. Microbiol. 37, 537–543. doi: 10.1128/aem.37.3.537-543.1979

Sánchez, J. C., García, B. A., Lema, E. M. R., García-Pais, M. J., Rodríguez-Macias, A. I., 
González, P. C., et al. (2024). Streptococcus bovis infection of the central nervous system 
in adults: report of 4 cases and literature review. Enfermedades Inf. Microbiol. Clin. 42, 
4–12. doi: 10.1016/j.eimce.2022.06.019

Sánchez, J. C., García-Garrote, F., Coira, A., López-Agreda, H., and 
Alonso-García, M. P. (2014). Colorectal neoplasia associated with Streptococcus 
gallolyticus subspecies pasteurianus. Lancet Infect. Dis. 14, 272–273. doi: 10.1016/
S1473-3099(14)70031-3

Saumya, D., Wijetunge, S., Dunn, P., Wallner-Pendleton, E., Lintner, V., Matthews, T., 
et al. (2014). Acute septicemia caused by Streptococcus gallolyticus subsp. pasteurianus 
in Turkey poults. Avian Dis. 58, 318–322. doi: 10.1637/10617-071813-case.1

Schlegel, L., Grimont, F., Ageron, E., Grimont, P. A., and Bouvet, A. (2003). 
Reappraisal of the taxonomy of the Streptococcus bovis/Streptococcus equinus complex 
and related species: description of Streptococcus gallolyticus subsp. gallolyticus subsp. 
nov., S. gallolyticus subsp. macedonicus subsp. nov. and S. gallolyticus subsp. pasteurianus 
subsp. nov. Int. J. Syst. Evol. Microbiol. 53, 631–645. doi: 10.1099/ijs.0.02361-0

Schlegel, L., Grimont, F., Collins, M. D., Regnault, B., Grimont, P., and Bouvet, A. 
(2000). Streptococcus infantarius sp. nov., Streptococcus infantarius subsp. infantarius 
subsp. nov. and Streptococcus infantarius subsp. coli subsp. nov., isolated from humans 
and food. Int. J. Syst. Evol. Microbiol. 50, 1425–1434.

Schlegel, S. H., Ward, L. J., and Brooks, J. D. (1999). Streptococcus waius sp. nov., a 
thermophilic streptococcus from a biofilm. Int. J. Syst. Evol. Microbiol. 49, 759–767.

https://doi.org/10.3389/fmicb.2026.1765252
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org
https://doi.org/10.1016/j.psj.2023.102950
https://doi.org/10.1016/j.psj.2023.102950
https://doi.org/10.1637/aviandiseases-d-24-00021
https://doi.org/10.3109/08910608909140225
https://doi.org/10.1128/jb.33.3.283-289.1937
https://doi.org/10.1136/vetrec.165.10.297-a
https://doi.org/10.1038/s41392-022-00974-4
https://doi.org/10.1038/s41392-022-00974-4
https://doi.org/10.1080/21505594.2017.1393600
https://doi.org/10.1292/jvms.21-0518
https://doi.org/10.1292/jvms.21-0518
https://doi.org/10.3748/wjg.v21.i29.8787
https://doi.org/10.1016/j.meegid.2014.09.017
https://doi.org/10.3390/microorganisms9071497
https://doi.org/10.3390/microorganisms9071497
https://doi.org/10.3389/fimmu.2021.807648
https://doi.org/10.1186/s40104-021-00614-x
https://doi.org/10.1371/journal.ppat.1006440
https://doi.org/10.1099/jmm.0.05199-0
https://doi.org/10.1128/JCM.03253-13
https://doi.org/10.2754/avb202190020171
https://doi.org/10.1099/00207713-52-3-945
https://doi.org/10.1080/19490976.2016.1239677
https://doi.org/10.1007/s10096-014-2273-x
https://doi.org/10.1016/j.diff.2019.01.002
https://doi.org/10.1080/23744235.2022.2089730
https://doi.org/10.3390/ijms262411870
https://doi.org/10.3390/microorganisms9010098
https://doi.org/10.3390/microorganisms9010098
https://doi.org/10.3389/fcimb.2022.794391
https://doi.org/10.3389/fcimb.2022.794391
https://doi.org/10.1099/00207713-52-4-1247
https://doi.org/10.1128/jcm.01712-22
https://doi.org/10.1128/JCM.00524-11
https://doi.org/10.1128/JB.01659-09
https://doi.org/10.1128/aem.37.3.537-543.1979
https://doi.org/10.1016/j.eimce.2022.06.019
https://doi.org/10.1016/S1473-3099(14)70031-3
https://doi.org/10.1016/S1473-3099(14)70031-3
https://doi.org/10.1637/10617-071813-case.1
https://doi.org/10.1099/ijs.0.02361-0


Bamrung and Sitthicharoenchai� 10.3389/fmicb.2026.1765252

Frontiers in Microbiology 09 frontiersin.org

Seimiya, Y., Ohshima, K., Itoh, H., Ogasawara, N., Okutomo, M., and Tanaka, S. 
(1992). Clinicopathology of meningoventriculitis due to Streptococcus bovis infection in 
neonatal calves. J. Vet. Med. Sci. 54, 871–874. doi: 10.1292/jvms.54.871

Sekizaki, T., Nishiya, H., Nakajima, S., Nishizono, M., Kawano, M., Okura, M., et al. 
(2008). Endocarditis in chickens caused by subclinical infection of Streptococcus 
gallolyticus subsp. gallolyticus. Avian Dis. 52, 183–186. doi: 10.1637/8048-070307-Case

Sillanpää, J., Nallapareddy, S. R., Qin, X., Singh, K. V., Muzny, D. M., Kovar, C. L., et al. 
(2009). A collagen-binding adhesin, Acb, and ten other putative MSCRAMM and pilus 
family proteins of Streptococcus gallolyticus subsp. gallolyticus (Streptococcus bovis 
group, biotype I). J. Bacteriol. 191, 6643–6653. doi: 10.1128/JB.00909-09

Sitthicharoenchai, P., Burrough, E. R., Arruda, B. L., Sahin, O., Dos Santos, J. G., 
Magstadt, D. R., et al. (2022). Streptococcus gallolyticus and bacterial endocarditis in swine, 
United States, 2015-2020. Emerg. Infect. Dis. 28, 192–195. doi: 10.3201/eid2801.210998

Sly, L. I., Cahill, M. M., Osawa, R., and Fujisawa, T. (1997). The tannin-degrading 
species Streptococcus gallolyticus and Streptococcus caprinus are subjective synonyms. 
Int. J. Syst. Bacteriol. 47, 893–894

Smith, D., and Shattock, P. F. (1962). The serological grouping of Streptococcus equinus. 
Microbiology 29, 731–736.

Sophorn, N., Sambo, N., Ohkura, S., Nakamura, S., Matsuyama, S., Murase, T., et al. 
(2025). Emerging of uncommon chronic mastitis from S. Gallolyticus and S. chromogenes 
in a smallholder dairy farm in Cambodia. Transbound. Emerg. Dis. 2025:3621605. doi: 
10.1155/tbed/3621605

Taylor, J. C., Gao, X., Xu, J., Holder, M., Petrosino, J., Kumar, R., et al. (2021). A type 
VII secretion system of Streptococcus gallolyticus subsp. gallolyticus contributes to gut 
colonization and the development of colon tumors. PLoS Pathog. 17:e1009182. doi: 
10.1371/journal.ppat.1009182

Taylor, J. C., Kumar, R., Xu, J., and Xu, Y. (2023). A pathogenicity locus of Streptococcus 
gallolyticus subspecies gallolyticus. Sci. Rep. 13:6291. doi: 10.1038/s41598-023-33178-z

Thomas, A. M., Manghi, P., Asnicar, F., Pasolli, E., Armanini, F., Zolfo, M., et al. (2019). 
Metagenomic analysis of colorectal cancer datasets identifies cross-cohort microbial 
diagnostic signatures and a link with choline degradation. Nat. Med. 25, 667–678. doi: 
10.1038/s41591-019-0405-7

Thompson, J. C., Goldman, A. H., Tande, A. J., Osmon, D. R., and Sierra, R. J. (2020). 
Streptococcus bovis hip and knee periprosthetic joint infections: a series of 9 cases. 
Journal of Bone and Joint Infection. 5, 1–6. doi: 10.7150/jbji.36923

Tjalsma, H., Boleij, A., Marchesi, J. R., and Dutilh, B. E. (2012). A bacterial driver-
passenger model for colorectal cancer: beyond the usual suspects. Nat. Rev. Microbiol. 
10, 575–582. doi: 10.1038/nrmicro2819

Trotta, A., Sposato, A., Marinaro, M., Zizzo, N., Passantino, G., Parisi, A., et al. 
(2019). Neurological symptoms and mortality associated with Streptococcus 
gallolyticus subsp. pasteurianus in calves. Vet. Microbiol. 236:108369. doi: 10.1016/j.
vetmic.2019.07.021

Tsakalidou, E., Zoidou, E., Pot, B., Wassill, L., Ludwig, W., Devriese, L., et al. (1998). 
Identification of streptococci from Greek kasseri cheese and description of Streptococcus 
macedonicus sp. nov. Int. J. Syst. Evol. Microbiol. 48, 519–527.

Vandamme, P., Devriese, L., Haesebrouck, F., and Kersters, K. (1999). Streptococcus 
intestinalis Robinson 1988 and Streptococcus alactolyticus Farrow et al. 1984 are 
phenotypically indistinguishable. Int. J. Syst. Bacteriol. 49, 737–741. doi: 
10.1099/00207713-49-2-737

Vogkou, C. T., Vlachogiannis, N. I., Palaiodimos, L., and Kousoulis, A. A. (2016). 
The causative agents in infective endocarditis: a systematic review comprising 33,214 
cases. Eur. J. Clin. Microbiol. Infect. Dis. 35, 1227–1245. doi: 10.1007/
s10096-016-2660-6

Vollmer, T., Hinse, D., Kleesiek, K., and Dreier, J. (2010). Interactions between 
endocarditis-derived Streptococcus gallolyticus subsp. gallolyticus isolates and 
human endothelial cells. BMC Microbiol. 10, 1–12. doi: 10.1186/1471-2180-10-78

https://doi.org/10.3389/fmicb.2026.1765252
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org
https://doi.org/10.1292/jvms.54.871
https://doi.org/10.1637/8048-070307-Case
https://doi.org/10.1128/JB.00909-09
https://doi.org/10.3201/eid2801.210998
https://doi.org/10.1155/tbed/3621605
https://doi.org/10.1371/journal.ppat.1009182
https://doi.org/10.1038/s41598-023-33178-z
https://doi.org/10.1038/s41591-019-0405-7
https://doi.org/10.7150/jbji.36923
https://doi.org/10.1038/nrmicro2819
https://doi.org/10.1016/j.vetmic.2019.07.021
https://doi.org/10.1016/j.vetmic.2019.07.021
https://doi.org/10.1099/00207713-49-2-737
https://doi.org/10.1007/s10096-016-2660-6
https://doi.org/10.1007/s10096-016-2660-6
https://doi.org/10.1186/1471-2180-10-78

	The evolving story of Streptococcus gallolyticus: classification, pathogenesis, role in human and animal disease, and laboratory diagnostics
	Highlights
	1 Introduction
	2 Taxonomic classifications of S. gallolyticus
	3 S. gallolyticus link to colorectal cancer in humans and association with infective endocarditis
	3.1 Proposed oncogenic mechanisms of S. gallolyticus and colorectal cancer
	3.2 Role of pilus 1 in endocarditis development

	4 Other clinical forms of SBSEC infection in humans
	5 S. gallolyticus infection in animals
	5.1 Rumen acidosis, mastitis, and systemic infection report in ruminants
	5.2 Systemic infections and outbreaks in birds
	5.3 Emerging cause of infective endocarditis in pigs

	6 Diagnostic laboratory identification of Streptococcus gallolyticus
	7 Discussion

	Acknowledgments
	References

