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ABSTRACT. Evaluation of a simplified key for the identification of coagulase-positive 
Staphylococcus isolated from bovine mastitis. Three hundred fourty four strains of coagulase-
positive Staphylococcus (CPS), isolated from mastitis cases, underwent phenotypic and genotypic 
tests to evaluate the efficiency of a simplified key, based on phenotypic tests for the 
discrimination of these microorganisms. The tests consisted of amplification of the femA gene 
and hemolysis in blood agar, production of acetoin and fermentation of maltose, mannitol and 
trehalose. Strains that showed negative results in the amplification test of the femA gene or that 
were not identified as Staphylococcus aureus (S. aureus) by phenotypic tests were tested with the 
APISTAPH kit (Biomériux-France), for precise identification of species. Phenotypic tests 
revealed 338 strains (98.25%) as S. aureus, three strains (0.86%) as Staphylococcus hyicus, and three 
microorganisms (0.86%) as Staphylococcus intermedius. PCR demonstrated that 338 (98.25%) 
strains belonged to the S. aureus species, confirming the results for 336 strains from 338 
identified, through a simplified phenotypic key. A high rate of correlation (98.83%) was verifeid 
between the results of genotypic and phenotypic tests for the identification of S. aureus, 
demonstrating the applicability of the proposed key, for the discrimination of this microorganism 
in CPS isolated from bovine mastitis. 
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RESUMO. Avaliação de uma chave de identificação simplificada para Staphylococcus 
coagulase-positivos isolados de mastite bovina. Visando testar a eficiência de uma chave 
simplificada baseada em testes fenotípicos para a discriminação de Staphylocococcus coagulase 
positivos (SCP) isolados de infecções intramamárias de bovinos, 344 amostras destes 
microrganismos foram submetidas a testes fenotípicos e genotípicos. Estes consistiram na 
amplificação do gene femA, na observação de hemólise em ágar sangue, produção de acetoína e 
fermentação de maltose, manitol e trealose. Amostras que apresentaram resultado negativo na 
amplificação do gene femA ou que foram identificadas com não Staphylococcus aureus (S. aureus) por 
meio dos testes fenotípicos foram submetidas ao kit APISTAPH (Biomériux-França) para 
identificação mais precisa. Os testes fenotípicos utilizados na chave simplificada permitiram 
identificar 338 amostras (98,25%) como S. aureus, três amostras (0,86%) como Staphylococcus hyicus 
e três (0,86%) como Staphylococcus intermedius. Por meio da reação em cadeia da polimerase (PCR) 
338 (98,25%) amostras foram identificadas como S. aureus, ratificando os resultados para 336 das 
338 amostras identificadas por meio da chave fenotípica simplificada. Observou-se elevada 
concordância (98,83%) entre os resultados dos testes genotípicos e fenotípicos para a identificação 
de S. aureus, demonstrando a aplicabilidade da chave de identificação proposta para a 
discriminação deste microrganismo entre SCP isolados de casos de mastite bovina. 
Palavras-chave: patógenos da mastite, caracterização, teste de coagulase, PCR, testes bioquímicos. 

Introduction 

The Staphylococcus genus is vastly diversified, 
containing 39 species (HOLT et al., 1994), and it 
usually requires the use of laborious and expensive 
procedures for its correct discrimination. Among the 
species of the genus, S. aureus is prominent as one of 
the species most  frequently  associated  with  bovine 

intramammary infections (IMI) in all continents, 
and it is known as the isolate species that causes the 
greatest losses in dairy farming worldwide 
(ANNEMÜLLER et al., 1999; VASUDEVAN et al., 
2003). 

Despite the fact that S. aureus is more relevant in 
the etiology of bovine mastitis in comparison to 
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other species of the genus (ROBERSON et al., 
1996) and that its control requires the adoption of 
specific measures, the precise identification of this 
microorganism is not carried out by the majority of 
laboratories. This is due to the high costs of 
commercial kits used for the identification and the 
limitations associated to the use of molecular 
techniques, such as the high cost of equipment and 
supplies and the necessity of specialized labour. 
Therefore, the laboratories are only able to classify 
isolates into coagulase-positive (CPS) or coagulase-
negative Staphylococcus, according to the results 
yielded by the tube coagulase test. In most veterinary 
laboratories, CPS isolates are empirically 
discriminated as S. aureus. 

The CPS group includes S. aureus, S. hyicus,  
S. intermedius, S. schleiferi subsp. schleiferi and  
S. delphini (BES et al., 2000; KONEMAN et al., 
2001), Staphylococcus lutrae (FOSTER et al., 1997) 
and Staphylococus pseudointermedius (DEVRIESE et al., 
2005). S. hyicus and S. intermedius have been 
associated to IMI in bovines (BOTHA; BRAND, 
1987; CAPURRO et al., 1999; ROBERSON et al., 
1996); however, according to Roberson et al. (1996), 
about 95% of CPS samples that are isolated from 
IMI in bovines are represented by S. aureus. 

Though S. aureus is the most frequently involved 
species in the etiology of bovine mastitis in 
comparison to other CPS, the non-discrimination of 
other species makes it difficult to measure the 
importance of each of them in the etiology of IMIs. 
In determined herds, such procedure may cause an 
over-dimensioning of the importance of S. aureus, or 
a sub-dimensioning of the importance of other CPS 
species. Therefore, the objective of this study is to 
test a simplified phenotypic identification key for the 
discrimination of CPS isolates in bovine mastitis cases. 

Material and methods 

For this study, 1,693 milk samples from bovines 
affected by mastitis were microbiologically analyzed. 
These samples came from 38 herds from the Minas 
Gerais State. The samples were aseptically collected 
into sterilised tubes, and then transported to the 
laboratory under refrigeration, being then incubated 
at 37°C/6-12 hours for enrichment. After this 
procedure, they were cultured on blood agar (Blood 
Agar Base, containing 10% of ovine blood) and 
incubated at 37°C/24-48 hours, after which they 
were evaluated for the presence of bacterial growth. 

The sorting of microorganisms from the 
Staphylococcaceae family, belonging to the CPS 

group was performed through assumptive tests, 
according to Quinn et al. (1994). They were based 
on the macroscopic observation of colonies, 
verifying the presence of hemolysis, size and 
pigmentation; observation of microscopic morphology 
through Gram-stained smears, catalase test and tube 
coagulase test, employing leporine plasma. 

Among the microorganisms identified as CPS, 
344 were randomly and proportionally selected for 
the study within the herds. They were submitted to 
the simplified identification key, which consisted of 
hemolysis detection in ovine blood agar, trehalose, 
manitol and maltose fermentation, as well as acetoin 
production (VP), selected on the basis of the 
identification keys proposed by Holt et al. (1994). 
The interpretation of results was made according to 
Table 1. 

Table 1. Simplified key for identification of coagulase positive 
Staphylococcus, adapted from Holt et al. (1994). 

 S. aureus S. intermedius S. hyicus   S. delphini S. schleiferi ssp. 
coagulans 

Hemolysis + d - + + 
VP Test + - - - + 
Fermentation      
   Mannitol +  (d) - + D 
   Maltose + (w) - nd - 
   Trehalose + + + - - 
+ = > positive strains ≥ 90%; - => negative strains ≥ 90% ; nd = > not determined; 
d = > 11-89% positive strains; w = > weak positive reaction; () delayed reaction;  
VP = > Voges Proskauer (acetoin production). 

All the 344 samples selected for the study 
underwent PCR for the amplification of femA, 
aiming to identify S. aureus through its genotype. 
Samples with a negative result in this test or which 
were identified as non-S. aureus through the 
simplified identification key were tested by the 
APISTAPH kit (Biomériux-France), aiming a more 
precise identification. 

The methodology described by Silva and Silva 
(2005) was used for the extraction of bacterial DNA, 
execution of the PCR reaction and electrophoresis. 
Primers obtained from specific S. aureus sequences 
and reported by Berger-Bachi et al. (1989) were 
used in the PCR. Fem1: AAA AAA GCA CAT AAC 
AAG CG and Fem2: GAT AAA GAA GAA ACC 
AGC AG. The amplification product of the femA 
gene must contain 132 base pairs. 

The results of phenotypic and genotypic 
identifications were compared by the Kappa (K) test, 
according to Siegel and Castellan (1988). 

Results and discussion 

Seven-hundred and ninety-six bacteria belonging 
to the Staphylococcaceae family were isolated, out of 
which 580 were identified as CPS. Among these, 
344 samples were randomly and proportionally 
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chosen among the analyzed herds, and then 
submitted to phenotypic and genotypic tests, as 
previously described. 

From the analyzed samples, the simplified 
phenotypic identification key allowed the 
identification of 338 samples (98.25%) as being  
S. aureus, three isolates (0.87%) as S. hyicus, and 
another three (0.87%) isolates as S. intermedius. As 
regards to the PCR, for the amplification of the femA 
gene (Figure 1), 338 samples (98.25%) showed a 
positive result, and the remaining six samples 
(1.75%), negative results.  
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Figure 1. Amplification product of Staphylococcus aureus femA gene.  

Among the 338 samples identified as S. aureus 
through the simplified key, 336 were identified 
through the PCR, resulting in a high correlation  
(k = 0.98; p < 0.01) between the results of 
phenotypic and genotypic tests for this species.  

Included among the isolates with a negative 
PCR result (femA-negative), there were six 
samples that were previously identified by the 
simplified key as being S hyicus (three isolates),  
S. intermedius (one strain) and S. aureus (two 
isolates). These six PCR negative strains 
underwent identification using the APISTAPH 
kit, evidencing that the two isolates, previously 
and phenotypically, identified as S. aureus were 
indeed S. aureus, and the remaining ones were  
S. hyicus. From the three samples identified as  
S. intermedius by the phenotypic identification key, 
one was identified by PCR and by the APISTAPH 
kit as S. hyicus (PCR-negative for femA and 
APISTAPH-positive for S. hyicus), and the 
remaining ones as S. aureus (PCR-positive for 
femA and APISTAPH-positive for S. aureus). The 
three samples identified as S. hyicus by the 
simplified key showed a PCR-negative result, 
thus being confirmed as S. hyicus by the 
APISTAPH kit. Table 2 lists the relation of 
isolates whose identifications were discordants by 
use of phenotipic and genotypic tests and correct 
identification. 

Table 2. Relation of Staphylococcus strains whose identifications 
were discordants by use of phenotipic and genotypic tests and 
correct identification by APISTAPH test. 

Strains Identification by 
Simplified key 

Identification by  
Specific PCR (femA) 

Identification by 
APISTAPH 

88 S. intermedius S. aureus S. aureus 
118 S. aureus non S. aureus S. aureus 
302 S. intermedius S. aureus S. aureus 
325 S. hyicus non S. aureus S. hyicus 
329 S. hyicus non S. aureus S. hyicus 
345 S. hyicus non S. aureus S. hyicus 
1195 S. intermedius non S. aureus S. hyicus 
1340 S. aureus non S. aureus S. aureus 
 

Though the three isolates identified as S. hyicus 
by the simplified key had their identification 
confirmed by the APISTAPH kit, the reduced 
number of isolates of this agent, and of S. intermedius 
in the studied sample did not allow a safe evaluation 
of the efficiency of the identification key proposed 
for the discrimination of these microorganisms. 

We observed that S. aureus was the predominant 
species in the population studied; however, the 
epidemiological importance of different CPS species 
may vary among herds and different areas (BOTHA; 
BRAND, 1987; CAPURRO et al., 1999; 
ROBERSON et al., 1996), consequently requiring 
the judicious discrimination of them. Considering 
the importance of S. aureus in the etiology of bovine 
mastitis, and the potential risk represented to human 
health (ALTEKRUSE et al., 1998; BUYSER et al., 
2001), its correct identification is indispensable to 
allow quantifying the relative importance in the 
epidemiology of IMIs in bovine herds, thus 
allowing, whenever necessary, the adoption or re-
adaptation of specific control measures. 

Conclusion 

The results obtained evidenced the applicability 
of the identification key, proposed for the fast and 
accurate discrimination of S. aureus originated from 
bovine mastitis cases. 

References 

ALTEKRUSE, S. F.; TIMBO, B. B.; MOWBRAY, J. C.; 
BEAN, N. H.; POTTER, M. E. Cheese-associated outbreaks 
of human illness in the United States, 1973 to 1992: Sanity 
manufacturing practices protect consumers. Journal of 
Food Protection, v. 61, n. 10, p. 1405-1407, 1998. 
ANNEMÜLLER, C.; LÄMMLER, C.; ZSCHÖCK, M. 
Genotyping of Staphylococcus aureus isolated from bovine 
mastitis. Veterinary Microbiology, v. 69, p. 217-224, 1999. 
BERGER-BACHI, B.; BARBERISMAINO, L.; 
STRASSLE, A.; KAYSER, F. H. FemA, a host-mediated 
factor essential for methicillin resistance in Staphylococcus 
aureus: molecular cloning and characterization. Molecular 
and General Genetics, v. 219, n. 1-2, p. 263-269, 1989. 



406 Costa et al. 

Acta Scientiarum. Biological Sciences Maringá, v. 32, n.4, p. 403-406, 2010 

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. 
Veterinary Microbiology, v. 71, p. 287-294, 2000. 
BOTHA, F. S.; BRAND, P. A. J. A simplified key for 
identification of coagulase-positive staphylococci isolated 
from bovine milk. South African Journal of Dairy 
Sciences, v. 19, n. 2, p. 39-44, 1987. 
BUYSER, M. L.; DUFOR, B.; MAIRE, M.; LAFARGE, 
V. Implications of milk and milk products in food-borne 
diseases in France and different industrialised countries. 
International Journal of Food Microbiology, v. 67,  
n. 1-2, p. 1-17, 2001.  
CAPURRO, A.; CONHA, C.; NILSON, L. 
OSTENSSON, K. Identification of coagulase-positive 
staphylococci isolated from bovine milk. Acta Veterinaria 
Scandinavica, v. 40, n. 4, p. 315-321, 1999. 
DEVRIESE, L. A.; VANCANNEYT, M.; BAELE, M.; 
VANEECHOUTTE, M.; DE GRAEF, E.; SNAUWAERT, 
C.; CLEENWERCK, I.; DAWYNDT, P.; SWINGS, J.;  
DECOSTERE, A.; HAESEBROUCK, F. Staphylococcus 
pseudintermedius sp. nov. a new coagulase-positive species from 
animals. International Journal of Systematic and 
Evolutionary Microbiology, v. 55, n. 4, p. 1569-1573, 
2005. 
FOSTER, G.; ROSS, H. M.; HUTSON, R. A. 
COLLINS, M. D. Staphylococcus lutrae sp. nov., a new 
coagulase-positive species isolated from otters. 
International Journal of Systematic Bacteriology, 
v. 47, n. 3, p. 724-726, 1997. 
HOLT, J. G.; KRIEG, N. R.; SNEATH, P. H. A.; STALEY, 
J. T.; WILLIANS, S. T. Bergeys´s manual of 
determinative bacteriology. 9th ed. Baltimore: Williams 
and Wilkins, 1994. 
 
 

KONEMAN, E. W.; ALLEN, S. D.; JANDA, W. M.; 
SCHRECKENBERGER, P. C.; WINN JUNIOR, W. 
C. Diagnóstico microbiológico: texto e atlas 
colorido. 5. ed. Belo Horizonte: Medsi, 2001. 
QUINN, P. J.; CARTER, M. E.; MARKEY, B. 
CARTER, G. R. Clinical veterinary microbiology. 
London: Wolfe, 1994. 

ROBERSON, J. R.; FOX, L. K.; HANCOCK, D. D.; 
GAY, J. M.; BESSER, T. E. Prevalence of coagulase-
positive staphylococci, others than Staphylococcus aureus 
in bovine mastitis. American Journal of Veterinary 
Research, v. 57, n. 1, p. 54-58, 1996. 

SIEGEL, S.; CASTELLAN, N. Nonparametric 
statistics for the behavioral sciences. 2nd ed. New 
York: McGraw-Hill, 1988. 

SILVA, E. R.; SILVA, N. Coagulase gene typing of 
Staphylococcus aureus isolated from cows with mastitis in 
southeastern Brazil. Canadian Journal of Veterinary 
Research, v. 69, n. 4, p. 260-264, 2005. 

VASUDEVAN, P.; NAIR, M. K. M.; ANNAMALAI, 
T. A.; VENKITANARAYANAN, K. S. Phenotypic and 
genotypic characterization of bovine mastitis isolates of 
Staphylococcus aureus for biofilm formation. Veterinary 
Microbiology, v. 92, n.1, p. 179-185, 2003. 
 
 

Received on February 4, 2009. 
Accepted on August 4, 2009. 
 

 
License information: This is an open-access article distributed under the terms of the 
Creative Commons Attribution License, which permits unrestricted use, distribution, 
and reproduction in any medium, provided the original work is properly cited. 

 


