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Abstract

Background and Aim: Staphylococcus argenteus is an emerging species of the Staphylococcus aureus complex. It has 
usually been misidentified as S. aureus by conventional methods and its characteristics. S. argenteus is potentially emerging 
in both humans and animals with an increasing global distribution. This study aimed to differentiate and identify S. argenteus 
from S. aureus collected and isolated from milk samples of subclinical bovine mastitis cases in Maha Sarakham Province, 
Northeastern Thailand.

Materials and Methods: Forty-two isolates of S. aureus were studied from 132 individual milk samples collected from 
subclinical bovine mastitis cases of 15 dairy farms in three districts of Maha Sarakham, Thailand. The identification was 
confirmed by conventional and immune-agglutination methods. Fifteen representative isolates which were suspected 
as being S. argenteus were analyzed by matrix-assisted laser desorption/ionization time-of-flight mass spectrometry 
(MALDI-TOF MS).

Results: The result from MALDI-TOF MS confirmed that seven from 15 isolates were S. argenteus and eight isolates were 
S. aureus.

Conclusion: This study indicated that MALDI-TOF MS used as an identification and classification method could accurately 
differentiate the novel species, S. argenteus, from the S. aureus complex which is usually misdiagnosed. In addition, the 
identification of S. argenteus seems to be very limited in technical difficulty despite the fact that it may be the important 
causative pathogen in bovine mastitis as well as a pathogenic bacterium in food and milk. Therefore, it is essential for both 
bovine medicine and veterinary public health to emphasize and recognize this bacterial pathogen as an emerging disease of 
staphylococcal bacteria that there is a need for further study of S. argenteus infections.
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Introduction

Bovine mastitis is the most prevalent and 
costly disease in dairy cows and the livestock milk 
industry. Losses or reductions in dairy cow milk pro-
duction arise from factors such as changes in milk 
composition, discarded or low-quality milk and cull-
ing, increases in veterinary services, and increases in 
labor costs [1]. Bovine mastitis can be classified as 
clinical mastitis, wherein inflammation appears on the 
udders of dairy cows, and subclinical mastitis, wherein 
there are no visible signs of inflammation or infec-
tion. The disease is mainly caused by Staphylococcus 
aureus, which is responsible not only for contagious 
mastitis but also for environmental mastitis [2]. 
Bovine mastitis caused by staphylococcal infections 
especially in S. aureus infections have become a 
crucial concern in the dairy farm industry worldwide, 
including Thailand. It is essential that we understand 

the prevalence and epidemiology of Staphylococcus 
species to develop programs and strategies for 
controlling and preventing this infectious disease in 
dairy farming areas worldwide [2].

Many incidences of mastitis are directly detected 
based on high somatic cell counts (SCCs) in individual 
cows through data recording of farms and the 
California mastitis test (CMT) [3]. The majority of the 
somatic cells are leukocytes that are observed in milk 
in increasing numbers, usually as an immune response 
by the animal to a mastitis-causing pathogen. SCCs 
can be used to diagnose subclinical mastitis cases in 
herds that display no obvious clinical symptoms of 
the illness and no visible changes in the composition 
of milk [3]. Subclinical mastitis is 40  times more 
common than clinical mastitis [4]; its importance lies 
mainly in that it is often a hidden or invisible prob-
lem for the herd, requiring more concern and more 
vigilance than clinical mastitis.

Recently, the use of many new methods for bacterial 
identification helped to differentiate strains or groups of 
strains and to elucidate the genetic structure of S. aureus. 
These methods include whole-genome sequencing, 
staphylococcal protein A typing, staphylococcal cassette 
chromosome mec typing, multilocus sequence typing 
(MLST), core genome MLST, and matrix-assisted laser 
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desorption/ionization time-of-flight mass spectrometry 
(MALDI-TOF MS) [5-10]. MALDI-TOF MS is a 
technology that can be applied to identify bacteria 
using the distinction of their protein peaks [11], the dif-
ferentiation of spectra or signatures of cell extracts [12], 
and whole cells [13]. Therefore, it has been purposed in 
many studies as a tool to differentiate Staphylococcus 
argenteus from S. aureus. This research revealed the 
novel staphylococcal species S. argenteus, which 
belongs to clonal complex 75 and related ST [14]. Its 
phenotype is similar to that of S. aureus, i.e., it is Gram-
positive cocci in clusters, catalase-positive, and coag-
ulase-positive and shows β-hemolysis on blood agar. 
In fact, S. argenteus likely has been misidentified as 
S. aureus. Nonetheless, it has a dominant characteristic 
that is different from the characteristics of S. aureus, 
i.e.,  it has white-colored colonies or a non-pigmented 
appearance on blood agar due to the lack of staphylox-
anthin, which is a carotenoid pigment providing the 
yellowish or golden color observed in S. aureus colo-
nies [14]. At present, S. argenteus has been clinically 
isolated from humans and is widespread, i.e. there are 
many reports of its prevalence in patients from many 
countries [15]. However, reports of S. argenteus that 
have been isolated from animals are limited, particu-
larly in comparison to a large number of reports of the 
species isolated from livestock. This bacterium has not 
been detected in bovine mastitis cases until now; how-
ever, previous reports have assumed that S. argenteus 
was the cause of some diseases that have been wrongly 
identified to have been caused by S. aureus [16].

This study aimed to investigate the prevalence 
of S. aureus and S. argenteus infections in milk 
samples obtained from bovines affected by sub-
clinical mastitis on dairy farms in Maha Sarakham, 
Northeast Thailand. The molecular diversity of bacte-
rial isolates was determined using MALDI-TOF MS 
and MLST methods to establish the prevalence and 
accurate typing for S. aureus and S. argenteus. This 
molecular epidemiology data will be invaluable for 
developing appropriate alternative control and pre-
vention strategies for these pathogens, particularly 
with respect to the emergence of a new pathogen in 
dairy herds for which there is currently very limited 
data in Thailand.
Materials and Methods

Ethical approval

All research procedures performed in this study 
were approved by the Faculty of Tropical Medicine-
Animal Care and Use Committee (FTM-ACUC), 
Mahidol University, Thailand (FTM-ACUC 005/2016).
Sample collection and preparation

A total of 132 individual milk samples were col-
lected from subclinical mastitis-affected cattle using 
aseptic techniques. Each individual milk sample was 
collected from four quarters (bulk milk) of a cow. The 
classification of milk samples was confirmed by posi-
tive CMT and SCC screenings. Samples were collected 

from 15 dairy farms from Muang, Kantarawichai, 
and Borabue district in Maha Sarakham Province, 
Northeast Thailand. All samples were collected 
between September 2017 and April 2018. All milk 
samples were subjected to bacterial culturing on 
Baird-Parker Agar supplemented with egg yolk 
Tellurite Emulsion (Oxoid, Basingstoke, UK), a 
selective media for coagulase-positive staphylococci. 
Cultures were incubated at 37°C for 24 h. Suspected 
bacterial colonies were identified as S. aureus using 
various conventional methods [17] such as Gram 
staining, the catalase enzyme test, Mannitol Salt Agar 
(MSA) test, tube coagulase test (TCT), the deoxyri-
bonuclease (DNase) test, and the agglutination test, 
which was determined using Dryspot Staphytect Plus 
Kit (Oxoid, Basingstoke, UK) to confirm S. aureus.
MALDI-TOF MS

Fifteen bacterial isolates comprising ten 
white colony color isolates and five golden colony 
color isolates were chosen as representative 
clinical isolates of each study area to examine the 
spectra analysis using the spectrometer MALDI-
TOF MS Biotyper 3.0 database Ultraflex platform 
(Bruker Daltonics, Bremen, Germany). For the criteria 
to select S. aureus isolates as representative isolates, all 
the isolates which had white colony color (10 isolates) 
were selected first. Then, five isolates of bacterial col-
onies that had golden color were chosen randomly. 
However, the criteria for selected five golden colonies 
were chosen as representative isolates from all three 
study areas by random in different farms. For sample 
preparation of each isolate, one colony of bacteria was 
suspended in 500 ml of 70% ethanol; then, the sus-
pension was centrifuged at 13,000 rpm for 5 min. The 
supernatant was discarded; the pellet was air-dried 
and resuspended by adding 25 ml of 70% formic acid 
solution. The bacterial suspension was gently mixed, 
and then 25 ml pure acetonitrile was added to the sus-
pension. It was centrifuged for 2 min at 13,000 rpm to 
extract protein from the pellet [10]. One milliliter of 
crude protein extract was transferred onto a 96-spot 
polished steel target plate (Bruker Daltonics), and it 
was dried at room temperature. The samples were 
covered with 1  ml α-cyano-4-hydroxycinnamic acid 
matrix solution (Bruker Daltonics). For positive con-
trol and calibration reference, the protocol used 1 ml 
bacterial test standard (BTS; Bruker Daltonics). The 
mass range analysis of spectra was performed using 
the MicroFlex tool (Bruker Daltonics). The analysis 
was performed in positive linear mode at the range 
2000-20,000 m/z. Each spectrum obtained after 300 
shots were automatically attained according to the 
system procedure. The identification of microorgan-
isms was performed in duplicate by analyzing the 
score that related to the degree of similarity with 
the reference spectrum contained in the database. 
According to the score analysis, MALDI Biotyper 
score range 2.000-2.299 is suggested for secure genus 
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identification or probable species identification, and 
MALDI Biotyper score 2.300-3.000 is recommended 
for highly probable species identification. The main 
spectrum in this protocol was obtained using MALDI 
Biotyper automated FlexControl software version 3.0 
(Bruker Daltonics, https://bruker-daltonics-flexcon-
trol.software.informer.com/3.0/).
Statistical analysis

Descriptive statistics in Microsoft Excel 
version  2013 (IBM, NY, USA) were used to define 
the occurrence of S. aureus and S. argenteus.
Results

Prevalence of S. aureus
Of the 132 milk samples obtained from 

individual bovine cases affected by mastitis, 28 cases 
(21.21%) presented with S. aureus infection, and 
42 S. aureus isolates were identified using Gram 
staining, the catalase enzyme test, MSA test, TCT, 
the DNase test, and the Dryspot Staphytect Plus Kit 
(Oxoid, Basingstoke, UK), as shown in Table-1.
Identification of S. argenteus by MALDI-TOF MS

From 42 S. aureus isolates, this study chose 
15 representative isolates, including ten white 
colony color isolates, which were suspected to be 
S. argenteus and five golden colony color isolates on 
Columbia agar (Oxoid, Basingstoke, UK), as shown 
in Figure-1 to analyze using MALDI-TOF MS. After 
visual inspection and receiving the spectra result of 
their ionizable cell surface components which were 
compared to the data of spectra in the database from 
Bruker with in-house databases, the result showed 
that they were eight isolates which included three 
white colony color isolates and all five golden col-
ony color isolates that matched to S. aureus database. 
Interestingly, there were seven isolates (all isolates 
were white colony color) that matched to S. argenteus 
database with high score value (>2.3) and identified 
by MALDI-TOF MS to be a novel species of staphy-
lococci called S. argenteus, as shown in Table-2.
Discussion

Staphylococcal bacteria are important pathogens 
that cause bovine mastitis in dairy cows, a subclinical 
intra-mammary infection resulting in economic losses 
to the dairy industry worldwide. In addition, milk 
from infected dairy cows is a major source of entero-
toxigenic S. aureus, leading to food poisoning and 
gastrointestinal disease [18]. In Thailand, especially 
in Maha Sarakham which has intensive dairy farming, 

Staphylococcus spp., particularly S. aureus, is still 
one of the important contagious etiological bacterial 
agents associated with subclinical infections in dairy 
cows [19]. This study investigated the prevalence of 
S. aureus infecting the intra-mammary glands of dairy 
cows in 15 farms from three sub-district areas in Maha 
Sarakham Province of Thailand. Among 132 subclin-
ical mastitis cases, this study identified 42 isolates 
from 28 cases as S. aureus. It found the occurrence of 
S. aureus infection from subclinical mastitis to be mod-
erately high at 21.21%. This may imply that S. aureus 
has continued to be an important bacterial infection in 
dairy cow population, causing high rates of subclinical 
bovine mastitis throughout this study area. This data 
indicate that S. aureus seems to be the common conta-
gious bacterial pathogen of subclinical bovine mastitis 
in Maha Sarakham. Moreover, Witaya [19] found 8% 
of S. aureus isolates causing bovine mastitis in Chiang 
Mai. This comparing data showed the high percentage 
of S. aureus infection in bovine mastitis from the past 
which needs to be concerned for both livestock and 
veterinary public health. An increase in the prevalence 
of S. aureus infections associated with bovine mastitis 
has also been reported in other countries; Northwest 
Iran [20], Jiangsu Province, China [2], Sweden [21], 
Eastern Algeria [22], and Dharwad, and India [23].

Moreover, the identification of S. aureus isolated 
from subclinical bovine mastitis can be studied using 
MALDI-TOF MS. This technique has the potential to 
provide improving more accurate technique for diagnos-
ing bacterial infection and microbial identification. This 
information relates to a previous study that mentioned 
that MALDI-TOF MS can support clinicians or vet-
erinarians in making a precise diagnosis of infectious 
diseases and provide targeted prescriptions, which can 
reduce the potential risks of antimicrobial resistance [24].

Table-1: Number of cases and Staphylococcus aureus infection cases from subclinical bovine mastitis.

Study area Subclinical mastitis cases Staphylococcus aureus infection cases Percentage of occurrence

Maha Sarakham
Borabue 45 8 17.78
Kantarawichai 72 16 22.22
Muang 15 4 26.67
Total 132 28 21.21

Figure-1: Morphology of staphylococci colony isolates on 
Columbia agar (Basingstoke, UK). (a) White colony color 
isolates suspected as Staphylococcus argenteus. (b) Golden 
colony color isolates suspected as Staphylococcus aureus.

a b
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Interestingly, this study found the occurrence 
of the novel strain of coagulase-positive staph-
ylococci called “S. argenteus” that has been 
isolated from humans in Australia, Cambodia, and 
Thailand [15,16,25]. Seven isolates from ten isolates 
(70%) of S. aureus which had white colony color were 
identified to be S. argenteus by MALDI-TOF MS. It 
may provide the first report of S. argenteus isolated 
from bovine mastitis or livestock animal origin in 
Thailand using MALDI-TOF MS. Therefore, there 
is a clinical need for further study of S. aureus and 
S. argenteus causing bovine mastitis as well as other 
staphylococcal infections in other animals in case of 
increased virulence. A comparison between S. aureus 
and S. argenteus is needed to define its importance in 
the veterinary field and for the benefit of public health.
Conclusion

These findings revealed that the staphylococcal 
bacterium, S. aureus, is still an important pathogen 
causing subclinical bovine mastitis in three areas of 
Maha Sarakham, Thailand, with a high prevalence 
indicating a need for concern over livestock and 
veterinary public health. The molecular identifica-
tion of S. aureus by MALDI-TOF MS showed higher 
discriminatory power than conventional techniques. 
The technique can differentiate S. aureus from the 
other staphylococci. Furthermore, the discovery of 
S. argenteus, a novel strain of coagulase-positive 
staphylococci, in bovine mastitis seems to be the first 
report of S. argenteus isolated from bovine mastitis 
milk samples in Thailand using MALDI-TOF MS.

The phenotype of S. argenteus is similar to that 
of S. aureus, except for the white colony color. To 
differentiate S. argenteus from S. aureus, the molec-
ular-based method MALDI-TOF MS was the most 
appropriate technique available; therefore, the identifi-
cation of S. argenteus by conventional techniques may 
lead to misdiagnosing and a false report of S. aureus. 

Thus, the occurrence of the S. argenteus isolates from 
animals, including livestock origin, is likely to have 
been reported nowhere else. Based on this study, an 
emerging staphylococcal strain, S. argenteus, needs 
to be investigated regarding its infectious abilities, 
virulence factors, and antimicrobial susceptibilities. 
Although this study has documented its association 
with bovine mastitis, this pathogen may also lead to 
other types of infections in other animals.
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Table-2: MALDI‑TOF MS result for Staphylococcus argenteus identification.

Isolate 
no.

Colony 
color

Area Conventional 
identification

MALDI‑TOF MS 
identification

Score value 
(best match)

Score value 
(2nd best match)

DS060 White KW S. aureus S. aureus 2.441 2.426
DS039 White KW S. aureus S. argenteus 2.496 2.12
DS015 Golden KW S. aureus S. aureus 2.447 2.415
DS021 White KW S. aureus S. argenteus 2.743 2.238
DS078 Golden KW S. aureus S. aureus 2.514 2.46
DS066 Golden KW S. aureus S. aureus 2.558 2.492
SS018 White BR S. aureus S. argenteus 2.481 2.311
DS005 Golden BR S. aureus S. aureus 2.46 2.446
DS004 White BR S. aureus S. argenteus 2.354 2.314
DS003 White BR S. aureus S. argenteus 2.761 2.301
B001 White M S. aureus S. aureus 2.503 2.463
B002 Golden M S. aureus S. aureus 2.209 2.133
S001 White BR S. aureus S. aureus 2.17 2.115
B021 White M S. aureus S. argenteus 2.436 2.245
B024 White M S. aureus S. argenteus 2.431 2.351

*KW=Kantarawichai, BR=Borabue, M=Muang, S. argenteus=Staphylococcus argenteus, 
S. aureus=Staphylococcus aureus, MALDI‑TOF MS=Matrix‑assisted laser desorption/ionization time‑of‑flight mass 
spectrometry
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