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RESUMO.- [Rápida identificação de agentes causadores 
de mastite por espectrometria de massas MALDI-TOF.] 
A espectrometria de massas (MALDI-TOF MS) tem mostrado 
ser um método alternativo para a identificação de bactérias, 
sendo capaz de identificar as bactérias causadoras de mastite 
em gênero, espécie ou até mesmo subespécie. Com o objetivo 

de identificar os patógenos causadores de mastite em 
grande-escala por esta plataforma, um total de 305 isolados 
bacterianos oriundos de vacas com mastite subclínica foram 
analisados pela cultura microbiológica convencional (CM) e pela 
MALDI-TOF MS acoplada ao software Biotyper. Aproximadamente 
89% das identificações realizadas pela MALDI-TOF MS foram 
consistentes com os resultados obtidos pela CM. Do restante 
de isolados bacterianos (11%), 6,3% foram classificados como 
identificação errônea (discordância de gênero e espécie), e 
4,7% apresentaram concordância de gênero, mas discordância 
da espécie. Os resultados que apresentaram divergência 
estavam mais associados com a identificação das espécies de 
Streptococcus spp. e Enterococcus spp. devido à similaridade 
fenotípica entre os dois gêneros. Estes resultados divergentes 
sugerem que os ensaios bioquímicos podem ser propensos 
a erros de identificação, por isso a MALDI-TOF MS pode ser 
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considerada um método alternativo para superar os erros 
de identificação da CM. A cultura microbiológica padrão e os 
ensaios bioquímicos utilizados na identificação de agentes 
causadores de mastite são demorados, trabalhosos e propensos 
a erros quando utilizados na identificação em nível de espécie. 
No presente estudo, demonstramos que a MALDI-TOF MS 
acoplada ao software Biotyper pode ser considerada um 
método alternativo de identificação de bactérias causadoras 
de mastite em grande-escala quando comparado com a cultura 
microbiológica convencional.

TERMOS DE INDEXAÇÃO: Identificação rápida, mastite, espectrometria 
de massas, MALDI-TOF MS, perfil proteico, mastite subclínica, 
bovinos, bacterioses.

INTRODUCTION
Bovine mastitis is characterized by an inflammation of the 
mammary gland, which directly affects its physiological 
function. This disease is one of the most significant health 
concern in dairy cattle since infected cows have the milk quality 
and yield altered (Barreiro et al. 2010, Gonçalves et al. 2014, 
Tomazi et al. 2014). The majority of mastitis cases occur in 
the subclinical form and may lead to rapid transmission of the 
infection from infected to healthy cows (Halasa et al. 2007).

Several microorganisms may be isolated from cows 
with subclinical mastitis. However, a small group of 
bacteria (Staphylococcus aureus, Streptococcus uberis, 
Streptococcus dysgalactiae, and Escherichia coli) is responsible 
for approximately 80% of mastitis cases (Reis et al. 2011). 
Corynebacterium spp. and coagulase-negative staphylococci 
(CNS), although considered minor pathogens, have also been 
frequently associated with subclinical mastitis (Schukken et al. 
2009, Gonçalves  et  al. 2014). Minor pathogens have been 
increasingly isolated from milk samples of dairy cows, but 
routine milk microbiological procedures have not been able to 
identify these bacteria at the species level in a timely manner.

On average, routine milk microbiological procedures 
take from 3 to 5 d to be completed and require the use of 
various biochemical tests and the need of experienced lab 
personnel (Barreiro  et  al. 2010). Due to the difficulty of 
diagnosis of some microorganisms through conventional 
MC, mass spectrometry (MS) techniques have increasingly 
been used for this purpose (Ryzhov & Fenselau 2001, Bizzini 
& Greub 2010, Sogawa  et  al. 2011, Steensels  et  al. 2011). 
Matrix-assisted laser desorption/ionization time-of-flight 
mass spectrometry (MALDI-TOF MS) has been the technique 
of choice and extensively employed to microorganism 
species-level identification, and is emerging as an alternative 
method for microorganism identification due to high accuracy 
and fast procedures (Fenselau & Demirev 2001, Dubois et al. 
2010, Sogawa et al. 2011). MALDI-TOF MS microorganism 
identification has already been applied worldwide in routine 
analysis in many clinical microbial laboratories for fast and 
reliable diagnostics (Bizzini & Greub 2010, Steensels et al. 
2011, Welker 2011, Braga et al. 2013).

The identification of most prevalent mastitis causing 
pathogens such as Staphylococcus aureus, Corynebacterium spp. 
and CNS by the technique of MALDI-TOF MS has been reported 
and the workflow optimized by our group (Barreiro et al. 2010, 
Gonçalves et al. 2014, Tomazi et al. 2014). However, recent 
evidence suggests that a group of environmental streptococci 

and streptococci-like bacteria, which include bovine mastitis 
pathogenic Streptococcus, Enterococcus, Lactococcus and 
Aerococcus species are prone to misidentification by biochemical 
assays (Werner et al. 2014).

The difficulty of correct identification of environmental 
streptococci and streptococci-like bacteria from bovine 
mastitis has been only possible through the application of 
modern molecular taxonomic approaches, meaning that these 
genera are closely linked (Werner et al. 2014). Thus, their 
identification by conventional MC is not trivial, resulting in 
misidentification of isolates at the genera and species levels 
(Hardie & Whiley 1997, Santos  et  al. 2007). On the other 
hand, for mastitis etiology the use of molecular methods is 
still costly to be routinely used.

The applicability of MALDI-TOF MS to identify microorganisms 
has been suggested since 2001 (Ryzhov & Fenselau 2001) 
and by our group (Barreiro et al. 2010, Gonçalves et al. 2014, 
Tomazi et al. 2014) and others. However, no previous studies 
have investigated the use of MALDI-TOF MS in a large scale 
manner in a milk quality laboratory routine for identification 
of subclinical mastitis causing pathogens. In this context, the 
aim of this study was to identify microorganisms causing 
bovine mastitis in a fast and reliable manner by MALDI-TOF 
MS and compare these results to the conventional MC assays.

MATERIALS AND METHODS
Milk samples collection. Milk samples were collected from 

305 mammary quarters of 77 dairy cows previously diagnosed 
with subclinical mastitis from 13 dairy farms in São Paulo State, 
Brazil. Milk samples were collected aseptically according to the 
recommendations of the National Mastitis Council (Oliver  et  al. 
2004) (NMC) and transported at 4.5°C to laboratory for further 
analysis. The study agreed with Ethical Principles in Animal Research 
adopted by “Ethical Committee in the Use of Animals” of the School 
of Veterinary Medicine and Animal Science of University of São Paulo, 
which was registered by the following protocol numbers: 2418/2011, 
2231/2011 and 2237/2011.

Microbiological culture. Isolation and identification of the 
mastitis causing pathogens were performed according to the 
methodology proposed by NMC (Murray et al. 2003, Oliver et al. 
2004). Approximately 10µL of milk were inoculated onto blood agar 
platea (containing 5% of bovine blood) with the aid of a calibrated 
platinum loop. The plates were aerobically incubated at 37°C and 
checked at 24, 48 and 72 hours after inoculation for the presence of 
bacterial growth. After the incubation period, bacterial colonies were 
classified according to their morphological features (color, appearance, 
size and presence of hemolysis). The isolates were Gram stained and 
differentiated at the species or group level by biochemical testsb 
(Table 1 and 2). Specifically, Corynebacterium spp. were identified 
as a single small, circular colony (approximately 1 mm in diameter) 
with a white-gray or yellowish color and a slightly raised, dry and/or 
flaky, and nonhemolytic appearance once biochemical testsb for its 
species identification have been not recommended (Goncalves et al. 
2014, Oliver et al. 2004). Isolates were stored at -20°C in 1mL of 
brain heart infusion brotha supplemented with 2% glycerinc until 
analysis by MALDI-TOF MS.

Considering that Corynebacterium spp. requires special culture 
needs, isolates were transferred to trypticase soy agara (TSA) 
supplemented with 1% polysorbated to enhance the growth of 
these microorganisms, which require fatty acid supplementation for 
growth (Huxley et al. 2004). For that reason, Corynebacterium spp. 
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isolates were maintained at -20°C in 1mL of trypticase soy brotha 
(TSB) supplemented with 10% glycerinc.

Sample preparation and MALDI-TOF MS measurements. For 
MALDI-TOF MS sample preparation, bacterial strains isolated from 
milk were thawed and cultured for 24h in a BHIa broth. After the 
incubation period, bacterial culture was centrifuged, inactivated in 
75% ethanole HPLC grade, and submitted to bacterial extraction, 
as previously described (Barreiro et al. 2010). Briefly, microtubes 
containing the isolated bacteria inactivated in 75% ethanole solution 
were centrifuged at 13,000×g for 2min, and the supernatant was 
removed by carefully pouring it out from the microtube. A second 
centrifugation step was performed and the remaining liquid was 
carefully removed with a pipette tip. After drying the pellets for 
approximately 15 minutes, a solution of 70% formic acidf was added 
proportionally to the size of pellet to completely dissolve it in order 
to lyse bacterial cells and release mainly the ribosomal proteins, 
which represent the characteristic fingerprinting used for MALDI-TOF 
MS-based identification (Ryzhov & Fenselau 2001). After that, the 
same volume of pure acetonitrilee HPLC grade was added to the 
amount of 70% formic acidf solution previously used, producing 
a bacterial extract in a 1:1 (v/v) ratio of acetonitrilee/formic acidf. 
After, the solution was centrifuged (13,000×g for 2min) to separate 
the bacterial cells debris from the supernatant containing bacterial 
proteins. MALDI-TOF MS analyses were performed in a Bruker Autoflex 
Smart Beam III equipmentg operated in the linear mode and equipped 
with a 337-nm nitrogen laser. FlexControl 3.3 softwareg was used to 
obtain the mass spectra, which were acquired within a range (m/z) 

of 2,000 to 20,000. Each spectrum resulted from the accumulation 
of at least 240 laser shots obtained from 10 different regions of 
the same sample spot. Before analyses, external calibration of the 
equipment was performed with a Bacterial Test Standard Calibrant 
Mixtureg (BTS), covering the mass range between 2,000 and 20,000 Da. 
The BTSg was an Escherichia coli extract including the additional 
proteins RNase A and myoglobin. An extract of Escherichia coli 
(ATCC 25922) was also used as reference sample in order to check 
the calibration previously performed. To prepare the MALDI target 
plate, 1μL of each bacterial extract was manually deposited onto a 
384-spot stainless steel plate and allowed to dry at room temperature. 
After air-drying, each sample was overlaid with 1μL of saturated 
α-cyano-4-hydroxycinnamic acidf matrix solution and left at room 
temperature for drying completely. Sample identification was 
performed in an automated manner through the MALDI Biotyper 
Real Time Classification 3.0 toolg. The result was provided by means 
of a log score with a maximum value of 3.0. Score values higher than 
1.7 were considered reliable for genus identification, and scores 
higher than 2.0 were considered probable for species identification 
(Barreiro et al. 2010). Isolates, which presented identification in 
disagreement between both methods, were called misidentified 
(MI). On the other hand, isolates with identification agreement at 
genus level but not at species level by both identification methods 
were classified as unidentified (UI) (Gonçalves et al. 2014).

The microorganism species-specific identification provided 
by biochemical assays as a gold standard was compared with the 
results of MALDI-TOF MS, thus providing the frequency of diagnosis 
equivalence between the two methods.

RESULTS
MALDI-TOF MS coupled to the Biotyper version 3.0 was used 
to analyze 305 isolates from milk samples of dairy cows with 
subclinical mastitis. The same isolates were identified by 
conventional MC methodology. From 305 bacterial isolates, 
297 were identified by MALDI-TOF MS with score values 
higher than 2.0, ensuring both genus and species identification. 
From the remaining eight strains, four were identified with 
scores values between 1.7 and 2, which ensures only the 
identification at the genus level. Although the low score 
values do not ensure the secure identification at the bacterial 
species level for these four strains, the species suggested by 
MALDI-TOF MS were two Staphylococcus chromogenes, one 
Staphylococcus pasteuri and one Staphylococcus haemolyticus. 
These isolates are species of CNS and presented concordance 

Table 1. Summary of steps used for identification of 
bacteria of the genus Staphylococcus

Biochemical tests
Staphylococcus spp.

S. aureus CPS non-aureus a CNS b

Morphology
(cocci)

grape-like 
clusters

clusters grape-like 
clusters

Gram staining + + +
KOH - - -

Catalase + + +
Coagulase + + -

Acetoin + - -
a Coagulase Positive Staphylococci non-aureus: the most subclinical 
cases were caused by S. hyicus and S. intermedius, b Coagulase Negative 
Staphylococci. Adapted from Oliver et al. (2004).

Table 2. Summary of steps used for identification of bacteria of the genus Streptococcus and Enterococcus

Biochemical tests
Streptococcus spp.

Enterococcus spp.
S. agalactiae S. dysgalactiae S. uberis S. bovis

Morphology (cocci) tendency to form 
chains single or short chains short chains pairs or chains

singles, pairs 
(diplococci) or short 

chains
Gram staining + + + + +

KOH - - - - -
Catalase - - - - -

CAMP + - +/- - -
Esculin - +/- + + +

Bile esculin - - - + +
Pyr test - - + - +

Adapted from Murray et al. (2003) and Oliver et al. (2004).
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with MC results. The MALDI-TOF MS identification of another 
set of four isolates was not possible. Even though good quality 
mass spectra were acquired, these spectra were therefore 
unmatched with those available in the database. Approximately 
89% (n=264 isolates) of the identifications performed by 
MALDI-TOF MS were consistent with the results obtained 
from the identification of microorganisms by MC at both 
genus and species levels (Table 3).

Therefore, MALDI-TOF MS correctly identified 119 isolates 
as Staphylococcus aureus, 37 as CNS (26 S. chromogenes, 
3 S. epidermidis, 1 S. felis, 1 S. hominis, 1 S. saprophyticus, 
4 S. simulans and 1 S. xylosus), 33 as Streptococcus agalactiae, 
26 as Streptococcus uberis, 1 as Streptococcus dysgalactiae, 
and 48 bacteria isolates were identified as Corynebacterium 
bovis. For all analyzed isolates, the second microorganism 
suggested by the Biotyper software was in agreement with the 
first one. Another aspect, which adds to the results accuracy, 
is that, in most instances, the software may not give a second 
option for those identified microorganism. Protein profiles 

of isolates from milk samples and their identification by 
MALDI-TOF MS Biotyper data processing can be observed 
in the Figures 1 to 3.

From the 297 isolates, 33 isolates (11%) showed discordant 
results between MALDI-TOF MS and biochemical assays 
(Table 3). From 33 strains in disagreement, 19 (6.3%) isolates 
were classified as misidentified (MI) since the results between 
both methods of identification were in discordance for both 
genus and species level. However, 14 isolates (4.7%) showed 
identification agreement at the genus level but not at the species 
level (Table  3), being classified as unidentified at species 
level (UI). The disagreement results were mostly associated 
with identification of Streptococcus and Enterococcus species, 
probably due to the narrow phenotypic similarity between 
these two genera, leading most likely to misidentification 
by the morphological assays. Isolates classified as MI and UI 
were re-analyzed by MALDI-TOF MS and MC.

Table 3. Identification results of bacterial strains obtained by MALDI-TOF MS plus Biotyper data processing versus the 
classical microbiological culture methodology

MALDI-TOF MS Microbiological culture Discordant results
Correctly identified at species level

(scores ≥ 2) n1 Bovine mastitis-causing pathogens n2 MIa UIb

Staphylococcus aureus 119 Staphylococcus aureus 119 0 0
Staphylococcus hyicus 2 CPSc non-aureus 0 0 2

Coagulase-negative staphylococci 37 Coagulase-negative staphylococci 37 0 0
Streptococcus agalactiae 33 Streptococcus agalactiae 33 0 0

Streptococcus uberis 1 Streptococcus agalactiae 0 0 1
Streptococcus dysgalactiae 1 Streptococcus agalactiae 0 0 1
Streptococcus dysgalactiae 1 Streptococcus dysgalactiae 1 0 0

Enterobacter cloacae 4 Streptococcus dysgalactiae 0 4 0
Enterococcus faecalis 7 Streptococcus dysgalactiae 0 7 0

Streptococcus agalactiae 4 Streptococcus dysgalactiae 0 0 4
Streptococcus suis 1 Streptococcus dysgalactiae 0 0 1

Streptococcus uberis 26 Streptococcus uberis 26 0 0
Enterococcus casseliflavus 2 Streptococcus uberis 0 2 0

Enterococcus faecalis 1 Streptococcus uberis 0 1 0
Lactococcus garviae 2 Streptococcus uberis 0 2 0

Lactococcus lactis 1 Streptococcus uberis 0 1 0
Streptococcus agalactiae 2 Streptococcus uberis 0 0 2

Streptococcus dysgalactiae 2 Streptococcus uberis 0 0 2
Streptococcus pluranimalium 1 Streptococcus uberis 0 0 1

Corynebacterium bovis 48 Corynebacterium spp. 48 0 0
Arthrobacter globiformis 1 Corynebacterium spp. 0 1 0

Arthrobacter oxydans 1 Corynebacterium spp. 0 1 0
Subtotal 297 264 19 14

Correctly identified at species level
(scores of 1.7-2)

n1 Bovine mastitis-causing pathogens n2 MIa UIb

Coagulase-negative staphylococci 4 Coagulase-negative staphylococci 4 0 0
Subtotal 4 4 0 0

Total 301 268 19 14
a MI = misidentified, b UI = unidentified, c Coagulase-positive staphylococci; n1 = number of isolates identified by MALDI-TOF MS, n2 = number of isolates 
identified by microbiological culture.
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Fig.1. MALDI-TOF MS spectra for four bacteria isolates from milk samples and their identification by Biotyper data processing. Note that 
all isolates were identified by the conventional microbiological culture analysis as Streptococcus uberis.

Fig.2. MALDI-TOF MS spectra showing protein profiles of seven bacteria isolates from milk samples and their identification by Biotyper data 
processing. Note that all isolates were identified by the conventional microbiological culture analysis as Streptococcus dysgalactiae.
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DISCUSSION
This study aimed to identify microorganisms causing bovine 
mastitis in a fast and reliable manner by MALDI-TOF MS 
and compare these results to the conventional MC assays. 
A total of 264 (89%) isolates analyzed by MALDI-TOF MS 
and Biotyper data processing showed results consistent with 
those obtained by MC (Table  3). Additionally, considering 
that we had 11% of discordant results, it was not possible to 
determine which methodology was more reliable, because 
both MALDI-TOF and MC have limitations, which would 
demand a gold standard method such as DNA sequencing 
for confirmation of the results.

In agreement with MC results, MALDI-TOF MS correctly 
identified all 119 Staphylococcus aureus isolates. Additionally, 
two isolates which were coagulase positive and acetoin negative 
in the MC assay were classified as Staphylococcus hyicus by 
MALDI-TOF MS. These results are similar to those reported 
by other study, in which isolates of Staphylococcus were 
99.3% correctly identified by MALDI-TOF MS (Dubois et al. 
2010), suggesting that MALDI-TOF MS associated with Biotyper 
software is an excellent alternative to traditional methods for 
the identification of Staphylococcus species.

The MC identified 41 microorganisms as CNS but was 
not able to identify the isolates at the species level. On 
the other hand, when these CNS isolates were analyzed 
by MALDI-TOF MS, the following species were identified: 
Staphylococcus chromogenes (n=26), Staphylococcus simulans 
(n=4), Staphylococcus epidermidis (n=3), Staphylococcus 
felis (n=1), Staphylococcus hominis (n=1), Staphylococcus 
saprophyticus (n=1) and Staphylococcus xylosus (n=1). 
Four additional isolates were identified by MALDI-TOF MS 
only at the genus level, totaling 41 CNS isolates. The rRNA 
sequencing was not performed, but according to previous 
studies, this result shows agreement with the fact that more 
than ten different CNS have been isolated from milk of cows 
with subclinical mastitis and the most frequently identified 
species are S. simulans and S. chromogenes (Thorberg et al. 
2006, Tomazi et al. 2014). MALDI-TOF MS properly identified 
37 out of 41 CNS isolates (90.2%) at species level and the 
remaining four isolates were identified as CNS with scores 
values between 1.7 and 2. These results are in accordance 
with recent studies indicating that MALDI-TOF MS is a reliable 
alternative method for differentiating > 90% of CNS species 
causing bovine subclinical mastitis (Tomazi et al. 2014).

Fig.3. MALDI-TOF MS spectra of three bacterial isolates from milk of cows with subclinical mastitis, and their identification by 
Biotyper data processing. Note that all isolates were identified by the conventional microbiological culture analysis as 
Corynebacterium bovis. The protein profiles for Arthrobacter oxydans and Arthrobacter globiformis are more closely related than 
that for Corynebacterium bovis.
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Microorganisms belonging to Streptococcus genus, such 
as Streptococcus agalactiae, Streptococcus dysgalactiae and 
Streptococcus uberis, are one of the main bacteria genera isolated 
from bovine mastitis and are considered the major cause of 
subclinical mastitis in dairy cows (Keefe 1997, Leigh 1999, 
Erskine et al. 2003). Considering the Streptococcus species 
isolated in our study, 33 out of 35 isolates (94.3%) were correctly 
identified by both methodologies as Streptococcus agalactiae. 
This result seem to be consistent with other studies which 
found that >99% of Streptococcus agalactiae isolates were 
correctly identified by MALDI-TOF MS (Lartigue et al. 2009). 
Two isolates of Streptococcus agalactiae identified by MC 
had probably different identification by MALDI-TOF MS due 
to the erroneous interpretation of the esculin test. Using the 
MC identification did not exclude the possibility of certain 
strains of Streptococcus agalactiae may show a variable result 
(i.e. Streptococcus agalactiae esculin positive). On the other 
hand, phenotypic and biochemical identification methods 
can be inaccurate and unreliable for identification of a large 
and closely related group of environmental streptococci and 
streptococci-like bacteria (Werner et al. 2014). As a matter of 
fact, this finding may explain that the majority of the discordant 
results (n=17) belonged to isolates of the Streptococcus, 
Lactococcus and Enterococcus genus.

A total of 26 out of 37 isolates (70.3%) were identified in the 
present study by both methodologies as Streptococcus uberis, 
which further support that approximately 30% of Streptococcus 
uberis (n=11) identified by MALDI-TOF MS did not show 
concordance to the identification by MC. Regarding 
misidentification among species from the environmental 
streptococci group and streptococci-like bacteria, six isolates 
identified as Streptococcus uberis by MC were identified as 
Enterococcus casseliflavus (n=2), Enterococcus faecalis (n=1), 
Lactococcus garviae (n=2) and Lactococcus lactis (n=1) by 
MALDI-TOF MS MC. The other five isolates were considered 
unidentified, because they had identification agreement at 
the genus level but not at the species level. Three isolates of 
Streptococcus uberis identified by MC had different identification 
by MALDI-TOF MS (Enterococcus spp.) due to the negative 
result of the bile esculin test. In a previous study, 11 out of 
48 isolates (22.9%) identified as Streptococcus spp. by MC 
were identified as Enterococcus spp. by sequence analysis of 
16SrDNA and rpoB genes (Werner et al. 2014). These findings 
raise intriguing questions regarding the nature and extent 
of streptococci-like bacteria causing mastitis. In addition, 
three isolates that were identified as Streptococcus uberis 
using MC were identified by MALDI-TOF MS as belonging 
to the Lactococcus genus (Fig.1). A possible explanation for 
this might be that neither National Mastitis Council23 (NMC) 
guidelines nor commercially available biochemical test kits 
have included Lactococcus genus as a relevant pathogen 
causing bovine mastitis. Thus, it is possible that the frequency 
of Lactococcus spp. associated with bovine mastitis has been 
underreported (Werner et al. 2014).

Figure  1 shows spectra of four strains identified as 
Streptococcus uberis by MC. According to MALDI-TOF MS 
results, only one isolate showed protein profile consistent 
with Streptococcus uberis (A2). The remaining three isolates 
showed a comparable fingerprinting with the genus Lactococcus. 
However, the role of Lactococcus genus as a cause of bovine 
intramammary infection is still not clear (Werner et al. 2014).

Another important finding was that only one out of 17 isolates 
(5.9%) was identified by both methodologies as Streptococcus 
dysgalactiae. From the remaining 16 isolates identified as 
Streptococcus dysgalactiae by traditional methods, 11 of them 
were classified as misidentified and 5 were unidentified, 
whereas MALDI-TOF MS identified 11 Enterococcus spp. 
and 5 different species of Streptococcus. Misidentification of 
Streptococcus dysgalactiae may be common in small percentage, 
because esculin test results is variable and Streptococcus 
dysgalactiae subsp. equisimilis (Lancefield Group A,C,G,L) are 
beta-hemolytic, but Streptococcus dysgalactiae subsp. dysgalactiae 
(Lancefield Group C) are not beta-hemolytic (Murray et al. 
2003). Additionally, to correctly differentiate Streptococcus 
dysgalactiae from others streptococci-like bacteria it may be 
necessary to use serological kits or biochemical tests (test e.g. 
growth in 6.5% NaCl), which is costly and time-consuming.

Figure 2 shows one representative MALDI-TOF MS spectra of 
the Streptococcus dysgalactiae (G1) correctly identified by MC. 
Isolates from A1 to F1, identified as Streptococcus dysgalactiae 
through MC, were identified as Enterococcus genus by 
MALDI-TOF MS. Comparing the protein profile obtained 
for these isolates, it is possible to observe that there is no 
chemical similarity with isolate G1 previously identified as 
Streptococcus dysgalactiae for both methodologies.

Due to morphological similarity between Streptococcus, 
Lactococcus, Aerococcus and Enterococcus, possible 
misidentification (Pyr test) or erroneous interpretation 
(esculin and bile esculin test results may be variable, Table 2) 
through biochemical tests may have occurred. In addition, 
twelve out of 89 (13.5%) Streptococcus spp. isolates were 
possibly considered unidentified because there were erroneous 
interpretation of biochemical tests results. These few isolates 
represented only 4% of all isolates evaluated and these few 
failures occurred in the Streptococcus spp. identification at 
species level by MC.

Minor pathogens such as Corynebacterium spp. were also 
identified in this study. Corynebacterium spp. are difficult 
to identify at the species level since these microorganisms 
share phenotypic similarities with other bacteria and require 
numerous biochemical tests in order to be properly identified 
by MC (Bernard 2005). This genus has been increasingly 
isolated in cases of subclinical mastitis and its identification is 
challenging, which may lead to incorrect genus classification 
by MC. Corynebacterium bovis and CNS species are the most 
predominant isolated bacteria from cows with subclinical mastitis, 
which indicates the importance of correct genus and species 
identification of these bacteria (Bexiga et al. 2011). From 50 
isolates, which were previously identified as Corynebacterium 
spp. by MC, 48 (96%) were identified by MALDI-TOF MS as 
Corynebacterium bovis and two isolates were identified as 
belonging to the Arthrobacter genus (Arthrobacter globiformis 
and Arthrobacter oxydans). Bacteria belonging to the Arthrobacter 
genus have been not often isolated from cows with clinical 
and subclinical mastitis. These microorganisms have been 
manly found in soils of different geographical locations; 
therefore suggesting a contamination of these milk samples 
even though morphological similarities occur between these 
genera (Olson et al. 1992, Jones & Keddie 2006).

In fact, in the past, some authors considered that bacteria 
from Arthrobacter genus should be classified into the 
Corynebacterium genus due to the morphological similarities 
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among them. Arthrobacter were originally described as 
being highly aerobic, nutritionally non-exacting and capable 
of liquefying gelatin slowly, but the attempt to distinguish 
species from Arthrobacter and Corynebacterium genus 
through biochemical characteristics failed because of its poor 
circumscription and the genus Arthrobacter was included 
into the Corynebacteriaceae family (Jones & Keddie 2006). 
Fortunately, MALDI TOF MS was able to distinguish these two 
genera through protein fingerprinting, whereas two strains 
were misidentified by the conventional methodology. Figure 3 
shows the protein profile obtained for Corynebacterium bovis 
strain compared with spectra achieved for two strains identified 
as Arthrobacter genus.

Indeed, as already pointed out from previous reports on 
human clinical isolates (Carbonnelle et al. 2011, Croxatto et al. 
2012, Suarez et al. 2013), MALDI-TOF MS was shown to be a 
faster and more accurate technique for the identification of 
bacteria isolated from milk samples compared to classical 
microbiological routine protocols. When tested again on a 
large and diverse set, this protocol allowed us to evaluate 
and identify a great number of strains in a quickly, reliably 
and reproducible manner. The vast majority of the isolates 
identified in this study were Staphylococcus aureus species 
(39%; n=119). Such results corroborate previous studies 
showing that Staphylococcus aureus is one of the predominant 
causes of subclinical mastitis (Reis  et  al. 2011, Lee  et  al. 
2012). In addition, minor pathogens (Corynebacterium spp. 
and CNS) are frequent causes of bovine subclinical mastitis 
and their identification by conventional MC is laborious, 
costly and prone to errors. Besides that, MC only allows the 
identification of Corynebacterium spp. and CNS at genus level. 
Using MALDI/Biotyper technique, it was possible to identify 
these groups of microorganisms at the species level.

The molecular methods (e.g. DNA sequencing) could have 
been performed for the 11% of discordant results (n=33 
isolates) found between both used methods. Although data 
obtained in the present study suggest that identification by 
MALDI-TOF MS was more accurate than the conventional 
method, molecular methods would be the last resource to 
confirm the identification of the discordant results. However, 
a previous study that evaluated molecular methods had 
already reported failures in the identification of Streptococcus 
spp. causing mastitis (Werner et al. 2014). Furthermore, 
our objective was to investigate the use of MALDI-TOF MS 
in a large-scale manner in a milk quality laboratory routine 
for identification of subclinical mastitis causing pathogens 
and for this reason, molecular analyses was not performed 
in our study. Therefore, the decision of not using molecular 
methods may be interpreted as a limitation of the current 
study. Another topic is the applicability of MALDI-TOF 
MS for identification of Gram-negative pathogens that 
was not evaluated in the present study, because we did 
not isolate these pathogens causing subclinical mastitis. 
This applicability has been assessed for identification of 
bacterial strains routinely isolated in a clinical microbiology 
laboratory (Bizzini et al. 2010). The successfully adoption 
of MALDI-TOF MS to milk microbiology routine depends 
on the completeness of the mastitis causing pathogens 
database of Biotyper software.

CONCLUSION
MALDI-TOF MS coupled with Biotyper data processing may be 
considered an alternative tool for routinely identification of 
subclinical mastitis pathogens in large scale in milk samples 
once it showed to be faster and accurate method.
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