
311 

 

www.bsmiab.org/jabet 

 

Rahman et al., J Adv Biotechnol Exp Ther. 2021 Sep; 4(3): 311-321 

Prevalence and population biology of mastitis-causing 

Streptococcus uberis using an MLST based approach 

Aura Rahman1,2, Arittra Bhattacharjee2, Tahmina Tabassum1,2, Mohammad Ariful Islam3, Maqsud Hossain 1,2* 

1Department of Biochemistry and Microbiology, North South University, Baridhara, Basundhara, Dhaka 1229, Bangladesh 
2NSU Genome Research Institute (NGRI), North South University, Baridhara, Basundhara, Dhaka 1229, Bangladesh 
3Department of Microbiology, Jagannath University, Dhaka 1100, Bangladesh 

 

*Corresponding author  

Maqsud Hossain, PhD  

NSU Genome Research Institute 

(NGRI), North South University, 

Baridhara, Bashundhara, Dhaka 

1229, Bangladesh. e-mail: 
muhammad.maqsud@northsouth.edu   

 

Academic editor  

Md. Abdul Hannan, PhD 

Bangladesh Agricultural 

University, Bangladesh 

 

Article info 

Received: 20 February 2021  

Accepted: 19 June 2021  

Published: 24 June 2021  

 

Keywords  

Comparative genomics, 

Evolutionary biology, Mastitis, 

MLST, Phylogenetic analysis, 

Streptococcus uberis. 

ABSTRACT 

Streptococcus uberis is a predominant causative agent of both clinical and 

subclinical varieties of bovine mastitis, an economically significant infection 

affecting dairy industries around the world. Yet, the genetic and evolutionary 

relationships among S. uberis strains from different countries are poorly 

understood. In this study, we used S. uberis’s multilocus sequence typing 

(MLST) method of genotyping to decipher country-wise prevalence of sequence 

types (STs) and ST complexes and to delineate genetic relationships among 

them. Dataset collected from PubMLST database for S. uberis was subjected to 

clonal cluster and phylogenetic analyses using BURST, globally optimized 

eBURST (goeBURST) and neighborhood joining algorithm tools, respectively. 

Whereas certain countries showed clear trends of strain prevalence, others had 

a more equally weighted, diverse population. Occurrence of different severities 

of disease varied among countries and displayed no direct correlation with ST. 

Clonal cluster and phylogenetic analyses predicted the ancestral roles of certain 

prominent STs and indicated possible strain migration and reticulate and 

convergent evolution occurring within the S. uberis population at a global scale. 

Furthermore, genome comparison of selected strains revealed the absence of 

SUB0822-SUB0826 response regulator proteins from ST-5 and ST-6 indicating 

their preference for contagious transmission. Information generated from this 

study would be crucial for monitoring infection outbreaks and directing further 

genomic investigations. 

 

 

  

 

 

 

 

 

 

 

 INTRODUCTION 

Bovine mastitis is a significant and ubiquitous 

infectious disease plaguing dairy cattle, thus affecting 

productivity and profitability of dairy industries 

worldwide [1–4].  Streptococcus uberis is one of the 

most commonly identified pathogenic agents 

responsible for both clinical and subclinical 

(symptomless) bovine mastitis [3,5,6]. A common 

constituent of bovine gut flora, S. uberis can become an 

opportunistic pathogen in hosts with compromised 

immune systems [7]. Countries, especially those with 

large scale dairy industries continue to be challenged 

by mastitis-causing S. uberis, with a recent study 

estimating up to 6.6% loss in milk yield depending on 

time and type of infection [2,7–9].  

During its first identification in animal beddings in the 

1970s, S. uberis was principally classified as an 

environmental causative agent of bovine mastitis, but 

since then, several findings have indicated S. uberis to 

be responsible for both environmental and contagious 

(cow-to-cow) forms of infection depending on its 

strain type [7,10,11]. While different risk mitigation 

strategies such as improved milking practices, post-

milking teat disinfection and antimicrobial 

administration have led to greatly reduced incidences 

of mastitis derived from contagious pathogens, 
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environmental strains of S. uberis continue to be a 

major threat owing to their high degree of genetic 

heterogeneity, diversified pattern of prevalence and 

pathogenicity [12]. The outcome of genetic 

heterogeneity within S. uberis populations is that 

vaccines designed against a particular strain show 

poor efficacy against others [13,14]. This, coupled with 

the complex nature of its infection and transmission, 

makes the development of suitable treatment and 

control strategies a challenge. Hence, a clear 

knowledge about country specific strain prevalence is 

necessary for implementation of effective control 

measures.  

Since mid-2000s, multi locus sequence typing (MLST) 

has emerged as an efficient method of genotyping 

pathogens. Over time, different flavors of MLST 

schemes have evolved, each focusing on different sets 

of genetic factors such as ribosomal genes (rMLST), 

core genes (cgMLST) and whole genome (wgMLST) 

[15–17]. The MLST scheme, originally developed by 

Coffey et al. in 2006, assigns Sequence Types (STs) to S. 

uberis isolates based on the allelic profiles of its seven 

house-keeping genes: carbamate kinase (arcC), D-

alanine-D-alanine ligase (ddl), glucose kinase (gki), 

transketolase (recP), thymidine kinase (tdk), 

triosephosphate isomerase (tpi) and acetyl-coA 

acetyltransferase (yqiL), which were selected due to 

their low propensity towards undergoing mutations 

[16,18]. Since its development, this MLST scheme has 

emerged as the gold standard for typing S. uberis 

isolates, and is widely implemented in research for 

understanding of S. uberis epidemiology and genetic 

diversity in local and national outbreaks [8,19–21]. 

While many studies have focused on S. uberis isolates 

found in specific countries [7–9], our paper utilizes the 

MLST scheme to draw inferences on global trends in 

prevalence patterns and evolutionary relationships 

among STs and ST complexes, enabling us to 

understand the population biology of S. uberis-

mediated mastitis infections around the globe [16,20]. 

Information generated from this study will aid in 

tracking infection outbreak, guiding genomic 

investigations and thus help in the implementation of 

country-specific preventive measures. 

 

MATERIALS AND METHODS 

Database and prevalence analysis 

Publicly available datasets of 1176 S. uberis isolates 

from 17 countries were collected from University of 

Oxford’s MLST database, PubMLST 

(https://pubmlst.org/)[22].The strains were sorted by 

their source of isolation, infection level in the host 

(clinical vs subclinical), and country of origin to 

determine prevalence of STs and ST complexes by 

country and disease type. 

 

Phylogenetic and clustering analyses 

To decipher how STs group into different clonal 

clusters (ST complexes), the BURST (Based Upon 

Related Sequence Types) tool of PubMLST was 

exploited using the default value for group definition 

whereby STs sharing at least 5 out of 7 housekeeping 

alleles with one other member of the group were 

clustered together [23]. To trace the lineage of STs, the 

clustering software, goeBURST (globally optimized 

eBURST) was used with a more stringent definition of 

group whereby strains showing only up to one locus 

variance i.e. single locus variants (SLV) were clustered 

together [24]. The in-built neighbor-joining (NJ) 

algorithm of MLST website’s was used to generate a 

phylogenetic tree of the 1176 strains, based on the 

allelic profiles of the seven housekeeping genes used 

in the MLST scheme, and the resulting tree was 

visualized using iTOL v3 [25]. 

 

In silico analysis of genes and genomes 

The number of polymorphic sites and alleles 

generated from each housekeeping gene was obtained 

from the polymorphic sites analysis tool of PubMLST 

where each gene was aligned with a reference 

sequence from an external database. The genome 

comparator tool of the server was used to compare 

strains of different prevalence and infection capacity 

[18]. The reference strain used was the ST-1 strain, S. 

uberis 0140J (NCBI Reference Sequence: NC_012004.1) 

[26]. ST-5 (C6344) and ST-6 (C5072) were chosen to 

represent highly prevalent strains while the others 

were less common strains. Some strains collected from 

subclinical samples of the UK {ST-3 (B190), ST- 25 

(C5388) and ST- 11 (AB71)} and Canada {ST- 287 

(PE54) and ST- 233 (PE58)} were also compared. All 

STs selected for comparison belonged to ST complex 5. 

The SUB0822-SUB0826 gene set was analyzed using 

STRING v11 (www.string-db.org) to predict protein-

protein interactions (PPIs) [27]. For this, the SUB0822-

SUB0826 protein sequences derived from NCBI were 

fed into the server with S. uberis strain 0140J used as 

http://www.bsmiab.org/jabet
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the reference organism. The types of interactions were 

indicated with different colors by the STRING server.  

 

RESULTS 

Prevalence pattern of S. uberis STs vary by country 

and infection level 

A total of 1176 S. uberis isolates available on PubMLST 

were analyzed and sorted by their source, disease 

state and country of isolation (Table 1). The 1176 

isolates were categorized into a total of 587 different 

STs. The major source of isolates was cattle (n=1016) 

while the rest were retrieved from different 

environmental sources such as dirt and animal 

bedding or from other species such as goat. Inspection 

of disease background of the isolates revealed that six 

countries (Canada, Switzerland, Portugal, India, 

Thailand and China) had only isolates from subclinical 

mastitis, while the 3 isolates of Denmark were taken 

from healthy cows. The remaining countries had 

isolates from both clinical and subclinical varieties of 

mastitis. 

Certain countries showed a visible ST prevalence 

pattern, with specific STs having higher incidences 

among that country’s isolates (Figure 1a). For the UK, 

ST-6, ST-5, ST-20, ST-24 and ST-26 contributed to a 

significantly large percentage (13%, 10.2%, 9.8%, 4.3% 

and 3.8%, respectively) of mastitis in the country. 

Portugal’s three most prevalent STs accounted for 

~63% (n = 19) of the country’s disease-causing isolates. 

On the contrary, some countries such as Sweden and 

Switzerland harbored a more diverse population of 

STs. Moreover, no particular strain showed 

worldwide prevalence. ST-5 and ST-20 for example, 

although highly prevalent in the UK, were absent in 

other countries while strains like ST-91 and ST-184 

that are commonly found in New Zealand were never 

isolated in the UK. Figure 1b depicts the frequency of 

STs by disease background. It can be concluded that 

no clear correlation appears to exist between a 

particular strain type and infection level. ST-5 and ST-

6 exemplify this, as they have been shown to be 

prevalent in clinical and subclinical mastitis infections 

as well as in healthy cattle. 

The high number of STs that were generated from 

1176 isolates meant that very few strains were shared 

between two countries. Table 2 is a list of STs that 

were common between two or more countries. Strains 

that were shared between countries from two different 

continents such as ST-233 (shared among UK, Canada 

and Sweden) give further insights into the evolution 

and global dissemination of certain S. uberis strains. 

 

Table 1. Statistical overview of the disease background, source and country of S. uberis isolates collected from PubMLST. 

Country No. of isolates No. of STs 

Source: Cow 

Source: 

Environment/Other 

Period 

 

Total 

Mastitis 

(Clinical) Mastitis (Subclinical) Healthy/Non-relevant 

UK 468 137 468 107 82 279 0 1970-2005 

New Zealand 265 136 162 34 53 75 103 1993-2004 

Italy 78 52 54 3 4 47 24 2003-2010 

Australia 64 48 64 20 23 21 0 1997-2006 

USA 64 48 31 5 11 15 33 1999-2007 

Canada 63 34 63 0 63 0 0 2007-2008 

Sweden 40 35 40 20 15 5 0 2002-2005 

Switzerland 38 38 38 0 38 0 0 2008 

Portugal 30 14 30 0 30 0 0 2002 

Netherlands 15 11 15 3 11 1 0 1997-1998 

India 13 3 13 0 13 0 0 2009 

Slovakia 13 9 13 12 1 0 0 2015 

France 9 9 9 7 2 0 0 2003-2005 

Thailand 5 2 5 0 5 0 0 2017 

China 4 4 4 0 4 0 0 2018 

Austria 4 4 4 1 3 0 0 2015 

Denmark 3 3 3 0 0 3 0 1999-2000 

n = 1176 587 1016 212 358 446 160  
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Figure 1. a) Frequency of most prevalent S. uberis STs by country. Only countries with 30 or more isolates have been represented. b) 

Frequency of most prevalent S. uberis STs by disease state. (Note: For each country or disease state, up to 5 most prevalent STs have 

been depicted. The numbers in brackets “{}” at the top represent the total number of isolates for each group). 

 

Table 2. List of STs shared between two or more countries. 

Between countries from the 

same continent 

 

Between countries from 

different continent 

Countries ST Countries ST 

Italy & 

Portugal 
269  

Canada & 

Portugal 
287 

Italy & Slovakia 304  
Canada & 

Switzerland 
810 

Italy & 

Switzerland 
319  UK & Canada 

59, 

351 

UK &  France 367  
UK & New 

Zealand 

130, 

190 

UK & Sweden 6, 69, 222  
UK, Sweden & 

Canada 
233 

UK & Italy 30, 368    

USA & Canada 394, 446, 455    

New Zealand & 

Australia 
91, 184    

 

 

 

 

 

 

 

Table 3. Number of STs and isolates categorized into ST-5, 

ST-86 and ST-143 complex. 

ST 

Complex 

No. of 

STs No. of isolates 

Prominent 

STs 

ST-5 

complex 

 

77 (13.12%)  321 (31.60%) 
5, 6, 24, 

26, 233 

ST-86 

complex 

 

54 (9.20%)  43 (4.23%) 105 

ST-143 

complex 

 

79 (13.46%)  101 (9.94%) 
91, 85, 

184 

Other 

 

377 (64.22%)  551 (54.23%)  

n = 

 

587   1016   

 

S. uberis ST-5 and ST-143 complexes are more 

prevalent in mastitis infections 

In the MLST database, strains are either classified into 

ST-5 complex, ST-86 complex or ST-143 complex. 

While 35.78% of the STs available in PubMLST were 
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categorized into one of these three groups, a high 

number of STs were not assigned an ST complex 

(Table 3). ST-5 complex housed the most prevalent STs 

in the UK barring ST-20, which probably originated 

from a different lineage. ST-143 complex on the other 

hand carried ST-85, ST-91 and ST-184 all of which are 

prevalent in New Zealand. ST-86 complex accounted 

for a lesser number of STs and only had one 

prominent ST (ST-105) which in fact was isolated only 

from non-mastitis cows. This indicates ST-5 and ST-

143 complexes are more dominant producers of 

mastitis infection in comparison to ST-86 complex.  

Table 4 which demonstrates the distribution of bovine 

isolates from various countries by clinical background 

and ST complexes further demonstrates that ST 

complex 86 accounted for a lower number of mastitis 

cases of both clinical and subclinical varieties.   

However, since all three ST complexes had isolates 

from both clinical and subclinical infections, it can be 

stated that no direct correlation exists between a type 

of ST complex and severity of disease. Overall, a large 

fraction of isolates was not classified into any of the 

three ST complexes, denoting the existence of other 

complexes that are yet to be characterized.  

 

Table 4. Frequency of strains belonging to three major ST complexes, sorted by disease state and country of isolation

 Clinical  Subclinical  Normal 

Country S
T

-5
 

C
o

m
p

le
x 

S
T

-8
6 

C
o

m
p

le
x 

S
T

-1
43

 

C
o

m
p

le
x 

O
th

er
 

S
T

-5
 

C
o

m
p

le
x 

S
T

-8
6 

C
o

m
p

le
x 

S
T

-1
43

 

C
o

m
p

le
x 

O
th

er
 

S
T

-5
 

C
o

m
p

le
x 

S
T

-8
6 

C
o

m
p

le
x 

S
T

-1
43

 

C
o

m
p

le
x 

O
th

er
 

UK 83 2 0 22  57 2 2 21  134 7 5 133 

New Zealand 0 3 12 19  3 0 17 33  8 6 29 32 

Italy 0 0 0 3  0 0 0 4  6 1 2 38 

Australia 6 0 4 10  0 3 8 12  0 7 3 11 

USA 0 0 0 5  1 0 1 9  1 0 4 10 

Canada - - - -  4 4 5 50  - - - - 

Sweden 6 1 0 13  2 1 0 12  0 2 0 3 

Switzerland - - - -  4 3 2 29  - - - - 

Portugal - - - -  1 1 3 25  - - - - 

Netherlands 1 0 0 2  0 0 2 9  0 0 0 1 

India - - - -  0 0 0 13  - - - - 

Slovakia 0 0 0 12  0 0 0 1  - - - - 

France 1 0 0 6  0 0 0 2  - - - - 

Thailand - - - -  0 0 0 5  - - - - 

China - - - -  0 0 1 3  - - - - 

Austria 0 0 0 1  1 0 1 1  - - - - 

Denmark - - - -  - - - -  2 0 - 1 

n = 97 6 16 93 73 14 42 229 151 23 43 229 

               

Clonal clusters originating from different countries 

share distant variants 

BURST analysis of strains from different countries 

predicted predominant clones and their ancestral STs. 

The results revealed isolates from the UK and New 

Zealand to form multiple clonal complexes with a 

central or primitive ST: the UK isolates formed three 

clonal complexes with ST-5, ST-6 and ST-233 at the 

center, while New Zealand formed five clonal 

complexes (the highest for any country) with ST-86, 

ST-91, ST-112 and ST-143 at the center (Figure 2). The 

ST-241 complex belonged to Sweden. Other countries 

did not form any clonal complex of their own and 

therefore were not depicted in Figure 2. Lines joining 

ST-5, ST-6 and ST-233 complexes of the UK support 

the common lineage shared by strains under these 

three clonal complexes, while ST-233 complex 

connecting with ST-241 from Sweden demonstrates 

cross-country dissemination of strains. In contrast, 

only two clonal complexes from New Zealand (ST-86 

and ST-162 clusters) formed a linkage. BURST output 

also revealed that triple locus variants (TLVs) are 
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sometimes shared between clonal clusters originating 

from two different geographical regions (Figure 4); ST-

6 complex and ST-86 complex, predominant in the UK 

and New Zealand, respectively, share common distant 

variants. This observation combined with possible 

strain migration over history, underpins the likelihood 

of reticulate as well as convergent evolution occurring 

within S. uberis population worldwide.  

The goeBURST results predicted evolutionary linkage 

between different ST complexes (Figure 3). The 

primary chain of clusters consisted of ST-6, ST-5 and 

ST-233 complexes on one side and ST-184, ST-91 and 

ST-143 complexes on the other. This created two 

topologically distinct zones of clusters, one containing 

STs commonly found in the UK and other European 

countries and another containing STs predominant in 

the Oceanic Countries- New Zealand and Australia 

(Figure 3).  Some anomalous clustering trends such as 

ST-60 of Australia branching from the European ST-

233 complex and ST-851 of Canada clustering with 

Oceanic STs were also observed in the tree. 

 

Figure 2. Clonal clusters of strains from the UK, New Zealand and Sweden. Key: grey circle= ancestral ST; red circle= single locus variant 

(SLV); blue circle= double locus variant (DLV), outside circle= triple locus variant (TLV). TLVs shared between distinct clonal clusters are 

marked by red circles. The figure was generated using PubMLST’s BURST tool. 
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Figure 3. goeBURST analysis showing predicted evolutionary linkage between strains from different geographical regions. It 

predicts an evolutionary pathway leading from ST-5, -6 and -233 predominantly found in the UK to ST-184 and ST-91 that 

frequently occur in New Zealand. Two distinct zones of cluster linkages have been indicated. A few STs clustering with a 

foreign ancestral ST has been labeled by country name. 

 

 

 

Figure 4. A neighbor-joining (NJ) tree of all S. uberis strains 

visualized through iTOL. Locations of prevalent strains from 

countries with high number of isolates have been indicated (ST-5, -6, 

-20, -24 and -26 are prevalent in the UK while ST-85, ST-91, ST-114 

and -184 are prevalent in New Zealand). 

 

 

 

Certain prevalent S. uberis STs are ancestral to other 

STs 

The NJ tree (Figure 4) exhibited interspersing of 

strains from different regions and thus no clear divide 

could be visualized between ST groups of different 

countries. The positions of highly prevalent STs from 

the UK (ST-5, ST-6, ST-20, ST-24 and ST-26) and New 

Zealand (ST-84, ST-91, ST-114 and ST-184) exhibit this. 

ST-20 for example is situated farther from the UK’s 

other prevalent STs, thus again denoting its different 

origin from other ST-5 complex strains. ST-6, ST-5 and 

ST-20 are positioned closer to the root in comparison 

to other strains indicating their primitive nature 

(Figure 4).  

 

Genome comparison showed prevalent strains to be 

devoid of regulatory genes 

Analysis of polymorphic sites within each of the seven 

housekeeping genes showed arcC and yqiL carrying 

disproportionately high numbers of polymorphic sites 

with far fewer numbers of alleles, thus indicating 

simultaneous occurrence of multiple mutations in any 

given allele (Figure 5). The other five genes, in 
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comparison, had allele numbers greater than or equal 

to the number of polymorphic sites present in them.  

Genomic comparison of the eight aforementioned 

strains revealed that ST-5 and ST-6 did not carry a set 

of genes (SUB0822, SUB0823, SUB0824/malP, SUB0825 

and SUB0826) which is involved in regulating a cell’s 

response to environmental changes. Genome 

comparison amongst clinical STs and subclinical STs 

of UK and Canada did not point towards any genetic 

markers that might be associated with disease states. 

However, high variability (i.e., loci showing different 

allele types for each strain) was observed for many 

proteins related to replication (e.g. DNA gyrase and 

topoisomerases) as well as for those associated with a 

wide range of metabolic processes.  

 

 

Figure 5. Frequency of polymorphic sites and alleles for the 7 

housekeeping genes involved in the MLST scheme of S. uberis. 

 

SUB0822-SUB0826 form a valid PPI network 

The string server showed a network of protein 

interactions with their function (Figure 6). The green 

and yellow lines between SUB0826 and SUB0825 and 

SUB0823 represent interactions based on gene 

neighborhood and text mining.  The PPI network thus 

clearly showed that SUB0822-SUB0826 generate 

proper signals via response regulator (SUB0822) and 

sensor kinase (SUB0823) which are necessary to 

function sodium-dependent malate transporter 

(SUB0824/malP) and NAD-dependent malic enzyme 

(SUB0825) which needed to produce NADH. SUB0825 

interacts with another set of proteins: Idh, ppdK, 

pdhB, pyk and pta. Combinations of these proteins are 

involved in glycolysis, citric acid cycle and propanoate 

metabolism and a subset of them (ldh, ppdK, pyk and 

pta) have been confirmed to control microbial 

metabolism in diverse environments.  Several 

virulence proteins of S. uberis have been identified in 

recent studies [24]. Significant interactions between 

SUB0822-SUB0826 proteins and virulent proteins were 

not observed except SUB0826 (putative surface-

anchored subtilase family protein) (Figure 6).  

 

 

Figure 6. Protein-protein interaction of SUB822, SUB0823, SUB0824 

(malP), SUB0825 with each other and virulent protein SUB0826. The 

functions of proteins interacting with SUB0825 (Idh, ppdK, pdhB, 

pyk and pta) have been indicated. 

 

DISCUSSION 

Bovine pathogens like S uberis pose a great threat to 

the economy of dairy industries worldwide and 

outbreak of this detrimental organism could cause 

thousands of dairy farmers to incur devastating losses. 

Therefore, it is essential to study the origins of S. uberis 

strains and to monitor their clonal propagations 

periodically. As shown in this study, MLST can be a 

useful tool for dissecting prevalence patterns, and 

evolutionary history of S. uberis strains. Such studies 

could provide crucial information for monitoring 

disease outbreaks and would aid in driving large-scale 

comparative genomic studies, the results of which 

could be utilized to design more discriminative and 

effective treatments. 

Our finding of highly prevalent STs within mastitis 

infections in the UK and Canada is consistent with 

recent findings showing the same STs to be more 

frequent in infected cattle of the respective countries 
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[7,28].. As most other countries showed a far more 

diverse population of STs, this geographical difference 

in prevalence patterns is indicative of different 

mechanisms of infection transmission. Studies in the 

UK have previously revealed that cattle within the 

same herd tend to carry one particular ST [7,10] 

indicating contagious transmission and explaining 

high incidences of certain strains over others in cows. 

On the contrary, strains from countries that have a 

more genetically diverse population of S. uberis likely 

infect cattle from environmental reservoirs such as 

pastures and animal beddings [29]. 

Since no apparent correlation could be established 

between disease severity (clinical vs subclinical) and 

ST or ST complex, this study further confirms the 

combinatorial effect of strain genetics and 

confounding factors (such as environmental and host 

factors), on disease outcome. A recent finding 

demonstrated that Indian strains ST-439 and ST-475 

derived from subclinical infections elicit different 

inflammatory responses in bovine hosts, 

demonstrating that immune responses can largely 

vary from one strain to another at any given infection 

level [30]. 

BURST and goeBURST analyses emphasized the 

likelihood of the UK’s most dominant strains sharing a 

common lineage whereas some of New Zealand’s 

clonal clusters could have emerged from several 

distinct ancestors. In addition, the presence of 

common TLVs between ST complexes originating 

from two different continents underpins the 

possibility of the occurrence of convergent evolution 

within S. uberis population across the world, whereby 

selection of beneficial genes/alleles as a result of 

environmental pressures has led to the emergence of 

strains that can be evolutionarily linked to ancestors 

from different geographical regions. Despite major ST 

complexes of two different continents exhibiting 

spatial separation, the clustering of foreign isolates 

such as those from Canada with both European and 

Oceanic clonal clusters, as observed in goeBURST 

analysis, underpin the complex evolutionary forces as 

mentioned above. Strain migration and subsequent 

gathering of mutations could also explain this genetic 

relatedness to geographically separated groups of 

strains. 

Comparative genomics approaches have revealed 

diverse virulence factors in S. uberis [31]. The 

SUB0822-SUB0826 family of genes that were absent 

from the UK’s prevalent STs formed a valid PPI 

network, indicating that they are both genetically and 

functionally related. Interactions were predicted by 

gene neighborhood, and thus it can be concluded that 

all the genes in the network are topologically 

proximate, while the interactions predicted by text 

mining depict potential protein-protein binding sites. 

As these proteins have been characterized to be 

essential for adapting to environmental changes, it is 

possible that their absence renders ST-5 and ST-6 

incapable of surviving outside the host system, 

making them reliant on cow-to-cow transmission. On 

the contrary, STs possessing this machinery can adapt 

to changing environments outside the host and can 

therefore be held in environmental reservoirs.  

The lack of any stark difference in genetic content 

between the subclinical and clinical strains, however, 

further reinforces the complex nature of S. uberis 

pathogenesis and the involvement of other 

confounding factors in determining disease severity. 

Nevertheless, because of having wgMLST information 

of only a few isolates available, it is difficult to draw a 

definite conclusion regarding the significance of this 

set of proteins in dictating transmission route. In 

future, large scale comparative genomics studies are 

needed to excavate insights regarding the importance 

of gene sets that are vital for the virulence, fitness and 

transmission of S. uberis from both environmental and 

bovine reservoirs.  

 

CONCLUSION 

The results of this study demonstrate that the MLST 

method of genotyping and clonal cluster analyses of 

STs can effectively predict prevalence, evolution and 

migration activity of S. uberis isolates. Information 

from these results can produce inferences regarding 

transmission route of strains, altogether resulting in 

the implementation of more discriminative control 

strategies to prevent future outbreaks.  In conclusion, 

it is pertinent to pave way for large scale genomic 

studies to draw any statistically significant results 

regarding the association of a gene with a particular 

mode of infection (environmental or contagious) and 

disease severity (clinical or subclinical). In addition to 

that, structural analyses of proteins encoded by these 

relevant genes may aid in the design and development 

of treatments to combat clinical and subclinical 

mastitis in different geographical regions. 
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