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Abstract

Background: Coagulase-negative staphylococci (CoNS) are among the leading bacterial causes of bovine mastitis
in many dairy-producing countries. Among the challenges associated with the specific diagnosis of CoNS infections
is the biochemical heterogeneity of the species in the genus and the unavailability of accurate, cost-effective and
up-to-date diagnostic tests. A previous study investigating the diversity of CoNS associated with cases of bovine
mastitis in South Africa, resulted in six CoNS isolates which could not be identified despite the use of a
combination of different molecular assays. The identification and characterisation of the isolates was pursued
further in this study.

Results: The six CoNS isolates in question were identified by sequencing multiple housekeeping genes (dnaJ,
hsp60, rpoB, 16S rRNA) and characterized through the use of matrix-assisted laser/desorption ionization time of
flight mass spectrometry (MALDI-TOF MS) and the Biolog GEN III Microplate™ bacterial identification system.
Sequencing of housekeeping genes identified the isolates as S. devriesei. This Staphylococcus species was only
described in 2010 and this is the first report documenting the isolation of S. devriesei from cases of bovine IMIs in
South Africa. Analysis of mass spectra generated by the six isolates showed intra-species variation which was also
observed when evaluating the metabolic profiles of the isolates using the Biolog GEN III system. Neither the MALDI-
TOF MS nor the Biolog database are currently populated with data relating to S. devriesei, resulting in the isolates
not being identified, in the case of MALDI-TOF MS analysis, or mis-identified as was observed with the Biolog GEN
III system.

Conclusions: The phenotyping data collected during this investigation provides useful information concerning
Staphylococcus devriesei which could be used to populate user system databases thereby ensuring the accurate
identification of isolates in future. The availability of improved diagnostics will in turn facilitate studies to elucidate
the epidemiology, pathogenicity and true prevalence of this species in dairy herds.
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Background
Coagulase-negative staphylococci (CoNS) are a common
cause of bovine intramammary infections (IMIs) or mas-
titis, a disease condition which causes significant finan-
cial losses to the dairy industry worldwide [1, 2]. The
importance of CoNS as mastitis pathogens has been dis-
puted as infections caused by this group of bacteria are
usually mild and remain subclinical [3]. However, this
perception is changing as CoNS have emerged as one of
the leading bacterial causes of IMIs worldwide, including
South Africa [4–6]. Research emanating primarily from
European countries, has provided evidence to suggest
that some CoNS, for example S. chromogenes, are more
specifically adapted to the bovine udder and are capable
of causing more serious infections than some of the
other species [7]. The importance of differentiating and
identifying CoNS to species-level has become increas-
ingly important but is currently limited by the availabil-
ity of appropriate, cost-effective diagnostic tests [8].
The genus Staphylococcus currently comprises of 49

validly described species and 22 subspecies [9]. At least
24 different CoNS have been reported from bovine mas-
titis cases [2]. In order to phenotypically differentiate
CoNS, a large number of biochemical tests need to be
carried out which is both time consuming and costly
[10, 11]. Manual and automated bacterial identification
systems are commercially available to facilitate the iden-
tification of Staphylococcus species, however, many of
these systems have been found to produce inaccurate re-
sults when testing veterinary isolates [11–13]. The rea-
son for this is attributed to the limited number of
veterinary strains evaluated and incorporated into the
reference databases [14]. Variability in the expression of
phenotypic characteristics and the occurrence of pheno-
typic variants may also lead to the misidentification of
Staphylococcus species or subspecies [15–17]. Advances
in the molecular field have seen the development and
application of DNA-based methods for the differenti-
ation and identification of staphylococcal species [10, 14,
18]. Since these methods do not rely upon gene expres-
sion they are not subject to the same pitfalls as pheno-
typing methods [14]. In general, DNA-based methods
have been shown to have a higher discriminatory power
and show greater reproducibility and typeability than
conventional phenotyping methods [14]. The inclusion
of low-quality DNA sequence data in databases may
however present challenges [15, 19].
Amplification and sequencing of variable regions in

the 16S rDNA gene is one of the most commonly ap-
plied approaches used to differentiate bacterial species
[17, 20]. Some reports have suggested that partial 16S
rDNA sequencing of staphylococcal isolates may not al-
ways be discriminatory enough at the subspecies level
[10, 16, 20]. Other housekeeping gene targets that have

been evaluated for their suitability in discriminating be-
tween Staphylococcus species and subspecies include:
chaperone dnaJ (dnaJ) [21]; elongation factor Tu (tuf )
[15], the 60 kDa heat shock protein (hsp60) [22, 23],
glyceraldehyde-3-phosphate (gap) [24], RNA polymerase
B (rpoB) [16, 25] and superoxide dismutase (sodA) [26].
An alternative, protein-based approach to species and

subspecies-level bacterial identification which is gaining
traction is matrix-assisted laser desorption/ionization
time of flight spectroscopy (MALDI-TOF MS) [11]. This
method examines the pattern of proteins directly from
intact bacterial cells, generating a unique mass-spectral
fingerprint for isolates [27]. Comparison with a spectral
database facilitates the identification of isolates based on
their cellular protein ‘fingerprints’ [28]. The ability of
MALDI-TOF MS to correctly identify CoNS has been
evaluated in both medical and veterinary laboratories
and the technology has been found to provide accurate
and highly reproducible results [29]. Furthermore,
MALDI-TOF MS analysis is quick, technically easy to
perform and cost-effective compared with many molecu-
lar identification techniques [30].
Our research group recently conducted an extensive

study to characterize CoNS implicated in cases of bovine
IMIs recovered from dairy herds across the province of
KwaZulu-Natal (KZN), South Africa [31]. A combination
of techniques including multiplex-PCR (M-PCR),
MALDI-TOF MS and sequencing of the tuf gene were
used to identify the CoNS isolates to species-level. Des-
pite the combinatorial approach used, five CoNS isolates
could not be identified. The purpose of this investigation
was to characterize the isolates further and investigate
the taxonomic standing of the isolates within the
Staphylococcus genus. A sixth isolate, which showed only
a 97% similarity to S. haemolyticus when comparing the
tuf gene sequence with sequences in GenBank, was in-
cluded with the five isolates.

Results
Phenotypic characterization of isolates
A summary of the preliminary phenotyping and molecu-
lar results of the six CoNS isolates is presented in
Table 1. After 48 h of incubation, a small zone of clear
hemolysis was evident around colonies of all the test iso-
lates. Some variation in colony appearance was observed
between the isolates. Colonies of isolates AN22, AN25,
BN7 and FN2 were grey-yellow in color, whilst colonies
of AN3 and AN19 were yellow-orange in appearance.
The phenotypic characterization of the test isolates

using the Biolog GEN III MicroPlate™ identification sys-
tem (Biolog, USA) was carried out in triplicate for each
test isolate. The phenotyping results are summarized in
Table 2. All isolates were uniform in their ability to
utilize: L-alanine, acetoacetic acid, citric acid, dextrin,
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Table 2 Metabolic fingerprints for six Staphylococcus devriesei isolates obtained using the Biolog GENIII Microplate™ identification
system

Assay AN3 AN19 AN22 AN25 BN7 FN2

Carbon sources Dextrin + + + + + +

D-Maltose + + + + + +

D-Trehalose + + + + + +

D-Cellobiose b b b b b b

Gentiobiose + + b b b +

Sucrose + + + + + +

D-Turanose + + + + + +

Stachyose b b b b (−) b

D-Raffinose (−) (−) b b (−) b

α-D-Lactose b + + + + +

D-Melibiose b b b b b b

ß-Methyl-D-Glucoside + b (−) (−) b +

D-Salicin b (−) (−) (−) (−) (−)

N-Acetyl-D-Glucosamine + b b + + +

N-Acetyl-β-D-Mannosamine + b b + b +

N-Acetyl-D-Galactosamine (−) (−) (−) (−) (−) (−)

N-Acetyl-Neuraminic Acid + + + + + +

α-D-Glucose + + + + + +

D-Mannose b b b b b +

D-Fructose + + + + + +

D-Galactose + + + + + +

3-Methyl Glucose b b b b b b

D-Fucose b b b b b b

L-Fucose b b b b b b

L-Rhamnose b b b b b b

Inosine b + + + + +

D-Sorbitol b b b b b b

D-Mannitol + b + + + +

D-Arabitol + + b b + +

myo-Inositol (−) (−) (−) b (−) b

Glycerol + + + + + +

D-Glucose-6-PO4 b b b b b b

D-Fructose-6-PO4 b b b b b b

D-Aspartic acid b b (−) b (−) b

D-Serine (−) (−) (−) (−) (−) b

Gelatin b b (−) (−) (−) b

Glycyl-L-Proline (−) + b (−) b b

L-Alanine + + + + + +

L-Arginine + + (−) (−) (−) +

L-Aspartic Acid b b (−) b (−) +

L-Glutamic Acid + + b b + +

L-Histidine (−) (−) (−) (−) (−) (−)

L-Pyroglutamic Acid (−) (−) b b b +
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Table 2 Metabolic fingerprints for six Staphylococcus devriesei isolates obtained using the Biolog GENIII Microplate™ identification
system (Continued)

Assay AN3 AN19 AN22 AN25 BN7 FN2

L-Serine + + (−) + + +

Pectin + + + + + +

D-Galacturonic Acid b b b b b b

L-Galactonic Acid Lactone b b b b b b

D-Gluconic Acid + + + + + +

D-Glucuronic Acid b b b b b b

Glucuronamide b b b b b b

Mucic Acid (−) (−) (−) b b b

Quinic Acid (−) (−) (−) (−) (−) b

D-Saccharic Acid b b (−) b b b

p-Hydroxy-Phenylacetic Acid (−) (−) (−) (−) (−) (−)

Methyl Pyruvate + + + + + +

D-Lactic Acid Methyl Ester b b b b b b

L-Lactic Acid + + + + + +

Citric Acid + + + + + +

α-Keto-Glutaric Acid (−) (−) b b b b

D-Malic Acid (−) (−) (−) (−) (−) (−)

L-Malic Acid b b + + + +

Bromo-Succinic Acid (−) (−) b (−) (−) b

Tween 40 b + b b b +

γ-Amino-Butyric Acid (−) (−) (−) (−) (−) (−)

α-Hydroxy-Butyric Acid b + + b + +

β-Hydroxy-D,L-Butyric Acid (−) (−) (−) (−) (−) (−)

α-Keto-Butyric Acid + b + b b b

Acetoacetic Acid + + + + + +

Propionic Acid + b b + b +

Acetic Acid + + b + b +

Formic Acid + (−) + + + +

Chemical sensitivity assays pH 6 + + + + + +

pH 5 b b (−) (−) (−) b

1% NaCl + + + + + +

4% NaCl + + + + + +

8% NaCl + + + + + +

1% Sodium Lactate + + + + + +

Fusidic acid (−) (−) (−) (−) (−) (−)

D-Serine + + + b + +

Troleandomycin (−) (−) (−) (−) (−) (−)

Rifamycin SV (−) (−) (−) (−) (−) (−)

Minocycline (−) (−) (−) (−) (−) (−)

Lincomycin (−) (−) (−) (−) (−) (−)

Guanidine HCl (−) (−) (−) (−) (−) (−)

Niaproof 4 (−) (−) (−) (−) (−) (−)

Vancomycin (−) (−) (−) (−) (−) (−)
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D-fructose, D-galactose, D-gluconic acid, α-D-glucose,
glycerol, L-lactic acid, D-maltose, methyl pyruvate,
N-Acetyl-D-neuraminic acid, pectin, sucrose, D-trehalose
and D-turanose.
The Biolog GEN III database identified isolates AN3,

AN19, AN22 and BN7 as S. haemolyticus, with similarity
indices (SIM) of 0.612 (0.529–0.720), 0.622 (0.524–
0.674), 0.589 (0.582–0.596) and 0.66 (0.635–0.689). No
identification was assigned to isolate AN25 after 48 h in-
cubation. The closest match to AN25 was S. haemolyti-
cus but the SIM value, 0.221 (0.171–0.267) was lower
than the default cut-off of 0.5; precluding the assignment
of an identification. Isolate FN2 was identified as S. hae-
molyticus (SIM = 0.525) on the first test whilst the subse-
quent two tests identified the isolate as S. aureus subsp.
aureus (SIM = 0.646 and 0.682).

Sequence analysis of housekeeping genes
Amplification and sequencing of the 16S rDNA gene
was carried out in duplicate for each of the test isolates.
Isolates AN19, AN22 and AN25 showed 99.8 to 100%
homology with sequences deposited for S. devriesei in
the European Bioinformatics Institute database (http://
www.ebi.ac.uk). Both attempts at sequencing a partial
fragment of the 16S rRNA gene of AN3, BN7, FN2 re-
sulted in low quality sequences. No further attempts
were made to analyze this data.
The rpoB gene sequences obtained for the six isolates

under evaluation showed 100% homology with S. devrie-
sei sequences in the database. Similarly, partial hsp60 se-
quences for five of the isolates (AN3, AN22, AN19,
AN25, BN7) showed 100% homology with sequences de-
posited for S. devriesei whilst the hsp60 sequence for iso-
late FN2 showed 99.4% homology with S. devriesei
sequences. Partial dnaJ sequences for the test isolates
showed between 99.4 and 100% similarity with S. devrie-
sei sequences. The species-level cut-off values previously
reported for the 16S rRNA, dnaJ, hsp60, rpoB and tuf
genes are 98.7, 97, 97, 94 and 97% respectively [8].

Matrix-assisted laser desorption/ionization time of flight
mass spectrometry analysis
The minimal spanning tree generated from the protein
spectral fingerprints of the six CoNS isolates (Fig. 1)
showed intra-species variation with isolates AN22 and
AN25 clustering apart from the other four isolates.
When the spectra were visualized in conjunction with
the spectra of all Staphylococcus species contained in the
MALDI biotyper database (not shown) the test isolates
grouped together in a cluster comprising of S. aureus, S.
haemolyticus, S. hominis, S. hyicus and S. simulans.

Discussion
The sequencing of multiple housekeeping genes un-
equivocally identified the six isolates as S. devriesei. This
Staphylococcus species was described 8 years ago by Bel-
gian researchers following the characterization of several
isolates recovered from bovine teat apices as well as a
case of bovine subclinical mastitis [8]. Following the ori-
ginal description of the species only sporadic reports can
be found in the literature relating the isolation of S. dev-
riesei. Most of the reports document the isolation of this
coagulase-negative Staphylococcus species from bovine
teat skin, milk or milk by-products [19, 32–34]. A single
report documenting the isolation of S. devriesei from a
foot ulcer of a diabetic patient was found [35]. To the
best of our knowledge this is the first report document-
ing the occurrence of S. devriesei in South Africa.
The six S. devriesei isolates were part of a collection of

102 CoNS isolates recovered from bovine IMIs in a pre-
vious study [31] Staphylococcus chromogenes was the
predominant species identified in the study comprising
almost 80% of the CoNS isolates. The S. devriesei iso-
lates represent the second most common Staphylococcus
species identified in the study with a prevalence of 5.9%
(6/102). The S. devriesei isolates were recovered from
lactating cows in three different herds. In order to assess
the true prevalence and significance of this species as a
causative agent of bovine IMIs, further investigations
will need to be undertaken.

Table 2 Metabolic fingerprints for six Staphylococcus devriesei isolates obtained using the Biolog GENIII Microplate™ identification
system (Continued)

Assay AN3 AN19 AN22 AN25 BN7 FN2

Tetrazolium Violet (−) (−) (−) (−) (−) (−)

Tetrazolium Blue (−) (−) (−) (−) (−) (−)

Nalidixic Acid + + + + + +

Lithium Chloride + + + + + +

Potassium Tellurite + + + + + +

Aztreonam + + + + + +

Sodium Butyrate + + + + + +

Sodium Bromate b b (−) b b b

+ = Positive; (−) = Negative; b = Borderline
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Preliminary phenotyping and molecular approaches
used to identify the six CoNS, including a M-PCR assay,
MALDI-TOF MS evaluation and tuf gene sequencing,
failed to identify the isolates. Retrospectively, closer evalu-
ation of the MALDI-TOF MS biotyper database (version
3.0) shows that there are no reference spectra for S. dev-
riesei; accounting for the failure to achieve a successful
identification. The current reference database comprises
of only 38 Staphylococcus species with a number of the
more recently described species not being represented in-
cluding: S. agnetis (described in 2012), S. argensis (2015),
S. argenteus (2015), S. jettensis (2013), S. massiliensis
(2010), S. microti (2010), S. petrasii (2013), S. rostri (2010),
S. schweitzeri (2015) and S. stepanovicii (2012) [9]. The ac-
curacy of MALDI-TOF MS analysis, and essentially any
commercially available phenotyping system, is wholly
dependent upon the quality of the reference database used
to match protein or phenotyping profiles. It is therefore
imperative that regular updates are made to system data-
bases to keep abreast with the description of new species
as well as any changes in taxonomy.
Whilst MALDI-TOF MS was used in the initial study

to identify the CoNS isolates, the technology was subse-
quently utilised to assess the relatedness of the six iso-
lates as well as generate mass spectra which could be
used to build up the local instrument database. Whilst
all six isolates clustered together, sub-clusters were
noted indicating intra-species variation with respect to
cellular protein content. Unfortunately, with so few iso-
lates available for evaluation it is difficult to make any
inferences regarding the sub-clusters as no direct correl-
ation can be seen between the clusters and the farm of
origin or the biochemical profiles of the isolates.

To date, all reports documenting the isolation of S.
devriesei have utilised genotyping methods to identify
the bacterial isolates. The original description of the spe-
cies by Supré and co-workers [8] provides the only infor-
mation currently available concerning the phenotypic
and biochemical diversity of this species. The six isolates
characterized in this study conformed to the description
provided by Supré and co-workers [8] in that, colonies
of all isolates were surrounded by a zone of complete
hemolysis. Furthermore, as noted by Supré and
co-workers [8], variation with respect to the color of col-
onies was observed with some isolates presenting
grey-yellow colonies whilst other isolates formed col-
onies which were yellow-orange in color.
The six S. devriesei isolates identified in this study were

characterized using the Biolog GEN III MicroPlate™ (Biolog,
USA) identification system to provide metabolic finger-
prints for the field isolates and contribute to existing know-
ledge available concerning this species. In agreement with
the S. devriesei type strain, KS-SP 60T (=LMG 25332T =
CCUG 58238T), all six of the field isolates in this study had
the ability to utilize D-fructose, D-galactose, α-D-glucose,
glycerol, maltose, sucrose, D-trehalose and turanose. Five of
the six isolates evaluated also utilized D-mannitol and
α-D-lactose with the sixth isolate giving a borderline test re-
action. The inability to utilize L-histidine, D-malic acid,
p-hydroxy-phenylacetic acid, β-hydroxy-D,L-butyric acid,
D-salicin and D-serine were consistent among the test iso-
lates in this study. However, apart from D-salicin, no com-
parisons can be made with the report by Supré and
co-workers [8], as the other substrates listed were not re-
ported. Supré and co-workers [8] utilized the API50CH,
API Staph ID 32 (bioMérieux, France) and the Staph Zym

Fig. 1 Minimal spanning tree generated by MALDI biotyper 3.0 software showing the six Staphylococcus devriesei isolates under investigation. The
tree was created by the standard MALDI biotyper MSP creation method where distance values are relative and are always normalized to a
maximum value of 1.00
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(Rosco, Denmark) phenotyping systems to characterize the
original S. devriesei isolates. The profile of substrates incor-
porated into the aforementioned phenotyping systems are
not the same as those included in the Biolog GEN III test
system.
The Biolog GEN III database (version 2.3.1.404) cur-

rently comprises of data for only 35 of the 50 described
Staphylococcus species. None of the Staphylococcus spe-
cies described in the last decade, including S. devriesei,
have been incorporated into the database so far. Conse-
quently the assignment of a correct bacterial identifica-
tion by the Biolog system was not expected for the six
field isolates under evaluation. It is interesting to note
however, that based upon the outcome of the carbon
source utilization and chemical sensitivity assays, the
Biolog database did, in fact, assign identifications to five
of the six isolates. Most notably, four of the isolates were
identified as S. haemolyticus. Phylogenetic studies [8, 10]
have shown that S. devriesei is most closely related to S.
haemolyticus and S. hominis. Consequently, the
mis-identification of the isolates as S. haemolyticus is
understandable. The similarity index values, which rep-
resent the level of agreement with the assigned identifi-
cation, were low (0.589 to 0.66) indicating multiple
mismatches with the profiles of the type strains in the
database. However, since the SIM values were above the
threshold of 0.5 used by the system, a positive identifica-
tion was made. As was discussed for the MALDI-TOF
MS system, the accuracy of any commercial bacterial
identification system is underpinned by the quality of
the database supporting the system. Failure to maintain
current records, will negatively impact the accuracy and
reliability of the system output. Diagnosticians and re-
searchers should be cognisant of these shortcomings to
avoid misidentification of bacterial isolates.

Conclusions
To the best of our knowledge this is the first report doc-
umenting the isolation and analysis of S. devriesei from
bovine IMIs in South Africa. Further sampling is re-
quired to ascertain the true prevalence and relative im-
portance of S. devriesei as a mastitis causing pathogen in
local dairy herds. The characterization studies carried
out in this investigation using both MALDI-TOF MS
and the Biolog GEN III Microplate™ system, will contrib-
ute to the limited knowledge currently available con-
cerning this bacterial species.

Methods
Bacterial isolates
Six CoNS isolates, cultured from sub-clinical cases of bo-
vine mastitis from three commercial dairy farms in KZN,
were isolated in a previous study [31]. Preliminary bac-
teriological testing of the isolates, including the

examination of isolates for coagulase production, the pres-
ence of clumping factor, as well as antimicrobial suscepti-
bility testing of the isolates is described elsewhere [31].

Phenotypic characterization of isolates
Isolates were streaked onto Columbia blood agar (Oxoid,
England) supplemented with 5% sheep blood and the
plates were incubated (Nuaire, USA) aerobically at 35 ±
1 °C. Bacterial colony morphology was documented after
24 and 48 h incubation. All six isolates were tested in
triplicate using the Biolog GEN III MicroPlate™ identifi-
cation system (Biolog, USA). Suspensions of the test iso-
lates were prepared in inoculating fluid A (Biolog, USA)
and the turbidity adjusted to between 90 and 98% trans-
mittance using a turbidometer (Biolog, USA). One hun-
dred microliters of the cell suspension was inoculated
into each well of a GEN III microplate. This was re-
peated for each test suspension. The plates were incu-
bated (Labotec, SA) at 33 °C. Microplates were read
using the Biolog MicroStation™ after 24 and 48 h, and
results were captured and analyzed by the system soft-
ware (GEN III database, version 2.3.1.404).

PCR amplification and sequencing of housekeeping genes
Genomic DNA was prepared from overnight cultures
using the QIAGEN® DNeasy blood and tissue kit
(Germany) according to the manufacturer’s instructions.
Partial fragments of the 16S rRNA gene and three other
housekeeping genes, dnaJ, hsp60 and rpoB were ampli-
fied as previously described [8, 16, 21, 36]. Details of the
primers and PCR amplification conditions are summa-
rized in Table 3. Separate PCR reactions mixtures were
prepared for the amplification of each gene target. Each
reaction mixture comprised of: 1X PCR buffer (Pro-
mega, USA); 4 mM MgCl2, (Promega, USA), 0.2 mM
dNTPs (Promega, USA), 0.25 mM of each primer
(Inqaba Biotechnical Industries, South Africa) and 1 U
HotStart DNA polymerase (Promega, USA). Five micro-
liters DNA template was added to each reaction mixture
before amplification was carried out in a MJ Mini ther-
mocycler (Bio-Rad, USA). Thermocycling conditions for
all PCR assays are shown in Table 3.
The resulting PCR amplicons were electrophoresed in

a 1.5% agarose gel (SeaKem® LE, Lonza, USA) with 1X
Tris-borate-EDTA buffer (Melford, UK) at 100 V for
60 min. A 100 bp molecular weight marker (Thermo
Scientific, USA) was included as a reference standard on
all gels. Following staining in a 0.5 μg/mL ethidium
bromide solution (10 mg/mL) (Bio-Rad, USA) gels were
visualized under ultraviolet light (UVIPro, Uvitec, UK)
and documented. The PCR amplicons were submitted to
Inqaba Biotechnical Industries (South Africa) for se-
quencing. Trace data files were uploaded into CLC Gen-
omics Workbench, version 6.0 (CLC, USA) and
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consensus sequences were generated. Consensus se-
quences were analyzed using the European Bioinformat-
ics Institute website (http://www.ebi.ac.uk).

Matrix-assisted laser desorption/ionization time of flight
mass spectrometry
Overnight bacterial cultures (< 24 h) were submitted to
the Department of Microbiology and Plant Pathology
(University of Pretoria) for MALDI-TOF MS analysis
(Bruker Daltonik GmbH, Germany). An ethanol/formic
acid extraction was used to prepare isolates before ten
spots were prepared on a steel target plate (MSP 96
polished-steel target) (Bruker Daltonik GmbH, Germany).
Following air-drying, the spots were overlaid with 1 μL
α-cyano-4-hydroxy-cinnamic acid (HCCA) solution (Bru-
ker HCCA matrix portioned, Art. #255344). Three spec-
tral readings were captured from each spot before being
evaluated manually and analyzed using the MALDI bioty-
per software (version 3.0). Two minimal spanning trees
were generated to (i) depict the relationship between the
six CoNS under investigation (Fig. 1) and (ii) evaluate the
relatedness of the test isolates to other Staphylococcus iso-
lates in the MALDI biotyper reference library version 3.0
(Bruker Daltonik GmbH, Germany) based on spectral pat-
terns (not shown).

Abbreviations
CoNS: Coagulase-negative staphylococci; IMI: Intramammary infection;
MALDI-TOF MS: Matrix-assisted laser/desorption ionization time of flight mass
spectrometry; M-PCR: Multiplex polymerase chain reaction; SIM: Similarity
indices

Acknowledgements
The authors would like to thank Mr. Michael Relihan and Ms. Archana
Nunkumar for facilitating and assisting with the testing of isolates using the
Biolog system. Ms. Amelita Lombard is also acknowledged for arranging and
assisting with the MALDI-TOF MS work.

Funding
The research presented herein is funded, in part, by the University of
Pretoria, National Health Laboratory Services, RESCOM, the National Research
Foundation (NRF) Research Technology Fund and the KZN Department of
Agriculture and Rural Development. The MALDI-TOF MS work is supported in
part by the National Research Foundation (NRF) of South Africa (Grant
specific unique reference number, UID 74426).

Availability of data and materials
All relevant data supporting the conclusions of this study are presented
within the article.

Authors’ contributions
All authors contributed to the design of this study. TS carried out all
laboratory analyses. TS, MMK and MME analyzed data and prepared the
manuscript. All authors have read and approved the final manuscript.

Ethics approval and consent to participate
Prior to the commencement of this investigation, ethical approval was
obtained from the Animal Ethics Committee, Faculty of Veterinary Science,
University of Pretoria (H010–13) and the University of Pretoria, Faculty of
Health Sciences Research Ethics Committee (No. 295/2013).

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Allerton Provincial Veterinary Laboratory, KwaZulu-Natal Department of
Agriculture and Rural Development, Private Bag X2, Cascades 3202, South
Africa. 2Department of Medical Microbiology, University of Pretoria, Pretoria
0001, South Africa. 3Tshwane Academic Division, National Health Laboratory
Service, Pretoria 0001, South Africa.

Received: 20 April 2018 Accepted: 17 October 2018

References
1. Schukken YH, González RS, Tikofsky LL, Schulte HF, Santisteban CG,

Welcome FL, Bennett GJ, Zurakowski MJ, Zadoks RN. CNS mastitis: nothing
to worry about? Vet Microbiol. 2009;134:9–14.

2. Vanderhaeghen W, Piepers S, Leroy F, Van Coillie E, Haesebrouck F, De
Vliegher S. Identification, typing, ecology and epidemiology of coagulase
negative staphylococci associated with ruminants. Vet J. 2015;203:44–51.

3. Vanderhaeghen W, Piepers S, Leroy F, Van Coillie E, Haesebrouck F, De
Vliegher S. Effect, persistence, and virulence of coagulase-negative
Staphylococcus species associated with ruminant udder health. J Dairy Sci.
2014;97:5275–93.

4. Petzer I-M, Karzis J, Watermeyer JC, van der Schans TJ, van Reenen R. Trends
in udder health and emerging mastitiogenic pathogens in south African
dairy herds. J S Afr Vet. 2009;80:17–22.

5. Pyӧrälä S, Taponen S. Coagulase-negative staphylococci – emerging mastitis
pathogens. Vet Microbiol. 2009;134:3–8.

Table 3 Amplification of the 16S rRNA, dnaJ, hsp60 and rpoB genes of the coagulase-negative Staphylococcus isolates

Gene
target

Primer
name

Oligonucleotide sequencea

(5′ – 3′)
PCR amplification conditions Size of

amplicon
(bp)

Reference

16S
rRNA

16F27
16R1522

AGAGTTTGATCCTGGCTCAG
AAGGAGGTGATCCAGCCGCA

95 °C for 5 min, 30 cycles of [95 °C for 30 s, 58 °C for 60 s, 72 °C for 90 s]
and a final extension step at 72 °C for 10 min

1500 [8]

dnaJ SA-(F)
SA-(R)

GCCAAAAGAGACTATTATGA
ATTGYTTACCYGTTTGTGTACC

94 °C for 3 min, 5 cycles of [94 °C for 30 s, 45 °C for 30 s, 72 °C for 60 s],
30 cycles of [94 °C for 30 s, 50 °C for 30 s, 72 °C for 60 s], 72 °C for 3 min

920 [21]

hsp60 hsp60-F
hsp60-R

CAIIIGCIGGIGAYGGIACIACIAC
YKIYKITCICCRAAICCIGGIGCYTT

94 °C for 2 min, [94 °C for 60 s, TDb for 2 min, 72 °C for 5 min], 20 cycles of
[94 °C for 60 s, 35 °C for 2 min, 72 °C for 5 min], 72 °C for 10 min

600 [36]

rpoB 1418f
3554r

CAATTCATGGACCAAGC
CCGTCCCAAGTCATGAAAC

94 °C for 5 min; 30 cycles of [94 °C for 45 s, 52 °C for 60 s, 72 °C for 90 s];
72 °C for 10 min

899 [16]

aAll primers were synthesized by Inqaba Biotechnical Industries (South Africa)
bTD = Touchdown PCR from 45 °C to 35 °C with temperature decrease of 0.5 °C per cycle; I Inosine, K Keto (G or T), Y pyrimidine (C or T)

Schmidt et al. BMC Veterinary Research          (2018) 14:324 Page 9 of 10

http://www.ebi.ac.uk


6. De Vliegher S, Fox LK, Piepers S, McDougall S, Barkema HW. Mastitis in dairy
heifers: nature of the disease, potential impact, prevention, and control. J
Dairy Sci. 2012;95:1025–40.

7. De Visscher A, Supré K, Haesebrouck F, Zadoks RN, Piessens V, Van Coillie E,
Piepers S, De Vliegher S. Further evidence for the existence of
environmental and host-associated species of coagulase-negative
staphylococci in dairy cattle. Vet Microbiol. 2014;172:466–74.

8. Supré K, Haesebrouck F, Zadoks RN, Vaneechoutte M, Piepers S, De Vliegher
S. Some coagulase-negative Staphylococcus species affect udder health
more than others. J Dairy Sci. 2010;94:2329–40.

9. Euzéby JP. List of prokaryotic names with standing in nomenclature –
Genus Staphylococcus. 2015. Available from: http://www.bacterio.net/
staphylococcus.html. [Accessed 14 Mar 2018].

10. Lamers RP, Muthukrishnan G, Castoe TA, Tafur S, Cole AM, Parkinson CL.
Phylogenetic relationships among Staphylococcus species and refinement of
cluster groups based on multilocus data. BMC Evol Biol. 2012;12:171.

11. Becker K, Heilmann C, Peters G. Coagulase-negative staphylococci. Clin
Microbiol Rev 20014. 27:870–926.

12. Bes M, Guérin-Faublée V, Meugnier H, Etienne J, Freney J. Improvement of
the identification of staphylococci isolated from bovine mammary
infections using molecular methods. Vet Microbiol. 2000;71:287–94.

13. Sampimon OC, Zadoks RN, De Vliegher S, Supré K, Haesebrouck F, Barkema
HW, Sol J, Lam TJGM. Performance of API staph ID 32 and staph-Zym for
identification of coagulase-negative staphylococci isolated from bovine milk
samples. Vet Microbiol. 2009;136:300–5.

14. Zadoks RN, Watts JL. Species identification of coagulase-negative
staphylococci: genotyping is superior to phenotyping. Vet Microbiol. 2009;
134:20–8.

15. Heikens E, Fleer A, Paauw A, Florijn A, Fluit AC. Comparison of genotypic
and phenotypic methods for species-level identification of clinical isolates
of coagulase-negative staphylococci. J Clin Microbiol. 2005;43:2286–90.

16. Mellmann A, Becker K, von Eiff C, Keckevoet U, Schumann P, Harmsen D.
Sequencing and staphylococci identification. Emerg Infect Dis. 2006;12:333–6.

17. Wragg P, Randall L, Whatmore AM. Comparison of biolog GEN III
MicroStation semi-automated bacterial identification system with matrix-
assisted laser desorption ionization-time of flight mass spectrometry and
16S ribosomal RNA gene sequencing for the identification of bacteria of
veterinary interest. J Microbiol Methods. 2014;105:16–21.

18. Dubois D, Leyssene D, Chacornac JP, Kostrzewa M, Schmit PO, Talon R,
Bonnet R, Delmas J. Identification of a variety of Staphylococcus species by
matrix-assisted laser desorption ionization – time of flight mass
spectrometry. J Clin Microbiol. 2010;48:941–5.

19. Lange CC, Brito MAVP, Reis DRL, Machado MA, Guimarães AS, Azevedo ALS, et
al. Species-level identification of staphylococci isolated from bovine mastitis in
Brazil using partial 16S rRNA sequencing. Vet Microbiol. 2015;176:382–8.

20. Ghebremedhin B, Layer F, König W, König B. Genetic classification and
distinguishing of Staphylococcus species based on different partial gap, 16S
rRNA, hsp60, rpoB, sodA, and tuf gene sequences. J Clin Microbiol. 2008;46:
1019–25.

21. Shah MM, Iihara H, Noda M, Song SX, Nhung PH, Ohkusu K, et al. dnaJ gene
sequence-based assay for species identification and phylogenetic grouping
in the genus Staphylococcus. Int J Syst Evol Microbiol. 2007;57:25–30.

22. Kwok AY, Su SC, Reynolds RP, Bay SJ, Av-Gay Y, Dovichi NJ, et al. Species
identification and phylogenetic relationships based on partial HSP60 gene
sequences within the genus Staphylococcus. Int J Syst Evol Microbiol. 1999;
49:1181–92.

23. Kwok AYC, Chow AW. Phylogenetic study of Staphylococcus and
Macrococcus species based on partial hsp60 gene sequences. Int J Syst Evol
Microbiol. 2003;53:87–92.

24. Park JY, Fox LK, Seo KS, McGuire MA, Park YH, Rurangirwa FR, et al.
Comparison of phenotypic and genotypic methods for the species
identification of coagulase-negative staphylococcal isolates from bovine
intramammary infections. Vet Microbiol. 2011;147:142–8.

25. Drancourt M, Raoult D. rpoB gene sequence-based identification of
Staphylococcus species. J Clin Microbiol. 2002;40:1333–8.

26. Poyart C, Quesne G, Boumaila G, Trieu-Cuot P. Rapid and accurate species-
level identification of coagulase-negative staphylococci by using the sodA
gene as a target. J Clin Microbiol. 2001;39:4296–301.

27. Wieser A, Schneider L, Jung J, Schubert S. MALDI-TOF MS in microbiological
diagnostics – identification of microorganisms and beyond (mini review).
App Microbiol Biotech. 2012;93:965–74.

28. Carbonnelle E, Mesquita C, Bille E, Day N, Dauphin B, Beretti J-L, et al.
MALDI-TOF mass spectrometry tools for bacterial identification in clinical
microbiology laboratory. Clin Biochem. 2011;44:104–9.

29. Barreiro JR, Ferreira CR, Sanvido GB, Kostrzewa M, Maier T, Wegemann B, et
al. Identification of subclinical cow mastitis pathogens in milk by matrix-
assisted laser desorption/ionization time-of-flight mass spectrometry. J Dairy
Sci. 2010;93:5661–7.

30. Kadlec K, Wendlandt S, Feßler AT, Schwarz S. Methods for the detection of
antimicrobial resistance and the characterization of Staphylococcus aureus
isolates from food-producing animals and food of animal origin. In: Chen C-
Y, Yan X, Jackson CR, editors. Antimicrobial resistance and food safety.
London: Elsevier; 2015. p. 207–32.

31. Schmidt T, Kock MM, Ehlers MM. Diversity and antimicrobial susceptibility
profiling of staphylococci isolated from bovine mastitis cases and close
human contacts. J Dairy Sci. 2015;98:6256–569.

32. Verdier-Metz I, Gagne G, Bornes S, Monsallier F, Veisseire P, et al. Cow teat
skin, a potential source of diverse microbial populations for cheese
production. Appl Environ Microbiol. 2012;78:326–33.

33. Srednik ME, Grieben MA, Bentancor A, Gentilini ER. Molecular identification
of coagulase-negative staphylococci isolated from bovine mastitis and
detection of β-lactam resistance. J Infect Dev Ctries. 2015;9:1022–7.

34. De Visscher A, Piepers S, Haesebrouck F, De Vliegher S. Teat apex
colonization with coagulase-negative Staphylococcus species before
parturition: distribution and species-specific risk factors. J Dairy Sci. 2016;99:
1427–39.

35. Smith K, Collier A, Townsend EM, O’Donnell LE, Bal AM, Butcher J, et al. One
step closer to understanding the role of bacteria in diabetic foot ulcers:
characterising the microbiome of ulcers. BMC Microbiol. 2016;16:54.

36. Zadoks RN, Schukken YH, Wiedmann M. Multilocus sequence typing of
Streptococcus uberis provides sensitive and epidemiologically relevant
subtype information and reveals positive selection in the virulence gene
pauA. J Clin Microbiol. 2005;43:2407–17.

Schmidt et al. BMC Veterinary Research          (2018) 14:324 Page 10 of 10

http://www.bacterio.net/staphylococcus.html
http://www.bacterio.net/staphylococcus.html

	Abstract
	Background
	Results
	Conclusions

	Background
	Results
	Phenotypic characterization of isolates
	Sequence analysis of housekeeping genes
	Matrix-assisted laser desorption/ionization time of flight mass spectrometry analysis

	Discussion
	Conclusions
	Methods
	Bacterial isolates
	Phenotypic characterization of isolates
	PCR amplification and sequencing of housekeeping genes
	Matrix-assisted laser desorption/ionization time of flight mass spectrometry
	Abbreviations

	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

