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Abstract. The purpose of this study was to isolate fungi from the quarter milk of cow udders from 
several dairy herds and to identify the different genera and species involved in mastitis. A total of 2078 
milk samples from normal, clinical and subclinical mastitis quarters from 22 dairy herds of 16 districts 
in the State of Sgo Paulo, Brazil was utilized in this survey. Two hundred and fifty one (12.07%) fungi 
were isolated from the samples. Two hundred and eight of these (82.86%) were yeasts and 30 (11.95%) 
were moulds. The fungi were isolated in pure culture (24.77%) or in cultures mixed with bacteria 
(72.22%). The yeasts isolated were: Cryptococcus spp. (71 strains), Rhodotorula spp. (40), Candida 
spp. (68), Trichosporon cutaneum (21), Aureobasidium pullulans (7), and Pichia ohmeri (1). Moulds 
classified in following genera were also isolated: Aspergillus (3), Penicillium (3), Alternaria (3), Phoma 
(3), Epicoccum (2), and Geotrichum (16). 
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Introduction 

Mastitis is the most important health problem in 
bovine dairy herds. Fernandes [1] stated, that 
Fleischer in 1930 was the first to describe a case 
of mycotic mastitis. Since then, fungi have been 
reported in many other countries as causative 
agents of mastitis. This was well reviewed by 
Giesecke et al. [2], where the authors listed the 
species of fungi isolated in bovine mastitis and 
their literature references. 

The first description of mycotic mastitis by Bra- 
zilian authors dates from 1976, when Minami et 
al. [3] described clinical mastitis caused by Cryp- 
tococcus laurentii in a cow. Following this report 
two other mycotic mastitis occurrences were re- 
ported in Brazil by Mos et al. in 1978 [4]. They 

isolated Candida lusitanae from a Holstein- 
Frisian cow with clinical mastitis. 

The purpose of our study was to isolate fungi 
from the mammary glands of cows from several 
dairy herds and to identify the different genera 
and species involved which could lead to econ- 
omic losses and public health hazards. 

Material and methods 

A total of 2078 milk samples from clinical and 
subclinical mastitis, detected by the California 
Mastitis Test, Schalm & Noorlander [5] and a 
modified Whiteside test, Murphy & Hanson [6] 
from 22 dairy herds of 16 counties of S~o Paulo 
State, Brazil, were examined. Approximately 
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10% of this total represented normal milk 
samples, they were analyzed to detect carriers. 

These milk samples were always aseptically col- 
lected by the same persons that conducted the 
laboratory work. They were kept at as a tempera- 
ture of 0-4 °C, and plated as soon as possible on 
brain-heart-infusion agar (BHI) 1, mannitol salt 
agar 1, aescolin-taUium acetate-crystal violet 
blood agar, and Sabouraud dextrose agar I with 
100 mg chloromycetin. 

The plates for bacterial isolation were incu- 
bated for 72 h at 37 °C and the Sabouraud dex- 
trose agar plates were kept at 25 °C for at least a 
month before being discarded. 

The isolated bacteria were identified according 
to Lennette et al. [7] and classified according to 
Bergey's Manual of Systematic Bacteriology [8, 9] 
using morphological, cultural and biochemical 
characteristics. 

Yeast identification was performed according 
to Lodder [10], Barnett et al. [11] and Kreger- 
van Rij [12]. Mould identification was based on 
the keys of Barnet & Hunter  [13] and Arx [14]. 

Results 

From the 2078 milk samples examined 251 fungi 
were isolated (12.07%). Among these 208 
(82.86%) were yeasts and 30 (11.95%) were 
moulds (Table 1). These 208 yeast isolates were 
classified among 7 genera. The most frequently 
isolated were members of the genus Cryptococcus 
(C. albidus, C. flavus, C. laurentii and C. luteo- 
lus); the second most frequently isolated yeasts 
were Candida spp. (C. albicans, C. catenulata, C. 
ciferri, C. freyschusii, C. famata, C. glabrosa, 
C. globosa, C. guilliermondii, C. haemulonii, C. 
interrnedia, C. krusei, C. rnagii, C. parapsilosis, 
C. rugosa, C. sheatae, C. sorbosa, C. tenuis, C. 
tropicalis, C. zeylanoides, C. variabilis). The gen- 
era and species of fungi isolated are presented in 
Table 1. It was verified that the frequency of 
isolation was as low as 0.00% in some herds. 
These results are remarkable, since fungi are 
ubiquitous in the environment and the lack of 

isolation of these microrganisms in at least four 
herds located in four different counties confirms 
that the adopted methodology for sample collec- 
tion was effective. Among the 251 fungi isolated, 
44.80% were associated with quarters with clini- 
cal mastitis, and 18.40% to quarters with subclin- 
ical mastitis. The occurrence of 31.60% carrier 
quarters (normal quarters harbouring fungi) was 
documented. 

Pure fungal isolates were obtained in 24.77% 
of the cultures, the remaining 75.22% were mixed 
with bacteria. The bacteria were primarily Sta- 
phylococcus spp., Streptococcus and Corynebac- 
terium (C. boris) spp. 

Table 2 shows the relationship between yeast 
isolates and the intensity of the inflamatory reac- 
tion of the mammary glands, to their presence. 

• This evaluation was based on clinical signs and 
the CMT and Whiteside tests. It can be noted in 
Table 2 that fungi in the genera Candida and 
Cryptococcus were correlated predominantly with 
clinical severity (57.35%, 56.33%, respectively). 
In Table 2 the percentage distribution of mould 
genera was not included because they occurred 
in such reduced numbers that it might lead to 
wrong conclusions. 

Discussion 

The percentage of fungal isolations in surveys 
carried out in many countries varies considerably, 
thus, Awad et al. [15] registered 6.1% isolation 
in Egypt; Yeo & Choi [16] registered 1.3% in a 
Korean survey; Giesecke et al. [17] in South 
Africa registered 12.12% of yeasts isolated from 
bovine quarters; Bellani et al. [18] registered 
4.4% in Italy. 

In the present study there was registered an 
occurrence of 12.07% of fungi (Table 1). The 
survey was conducted, as described previously, in 
22 dairy herds in 18 counties of the state of Silo 
Paulo, Brazil, great differences among the fungal 
isolation percentages in the counties were ob- 
served, ranging from 0.00% to 73.03%. The 



Table 1. Bovine mycotic mastitis. The genera and species of fungi 
districts of the state of Sgo Paulo, Brazil 
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isolated from 2078 milk samples from 22 dairy herds in 16 

Number Genera Species 

71 Cryptococcus 
68 Candida 

40 Rhodotorula 
21 Trichosporon 

7 Aureobasidium 
1 Pichia P. ohmeri 

16 Geotricum G. candidum 
3 Aspergillus spp. not identified 
3 Penicillium spp. not identified 
3 Alternaria spp. not identified 
3 Phoma spp. not identified 
2 Epicoccum spp. not identified 

C. albidus, C. flavus; C. laurentii, C. luteolos 
C. aIbicans; C. catenulata; 
C. ciferri; C. freyschusii 
C. famata; C. glabrosa; 
C. globosa; C. guilliermondii; 
C. haemuloni; C. intermedia, 
C. krusei; C. mogii; 
C. parapsilosis; C. rugosa; 
C. shehatae; C. sorbosa; 
C. tenuisis; C. tropicalis 
C. zeylanoides; C. variabilis 
R. glutinas, R. minuta; R. Rubra 
T. cutaneum 
A. pullulans 

Total 251 
13 unidentified (12.07%) 

Table 2. Relationship of intensity of mammary glands in- 
flammatory reaction and the main yeast isolates, considering 
the analysis of 2078 milk samples from 22 dairy herds of 16 
districts, Sfto Paulo State, Brazil 

Intensity 

Mastiffs 

Genera Clinical Subclinical Cartier 
% % % 

Candida spp. 57.35 20.58 22.05 
Cryptococcus spp. 56.33 8.45 35.21 
Rhodotorula spp. 40.00 22.50 37.50 
Trichosporon spp. 33.33 40.90 22.72 

marked differences may have been due to eco- 
logical and managerial variations in the herds. 

The percentual occurrence of the yeasts was 
higher than moulds. In this study, 208 yeasts were 
isolated (82.86%) and only 30 moulds (11.95%). 
The common occurrence of yeasts, when com- 
pared to moulds, may be due to their better per- 
petuation in the mammary gland and also to the 
fact that some genera of yeasts can utilize anti- 

biotics like penicillin and/or tetracycline as a ni- 
trogen source for growth [19]. 

The identification of the yeasts yielded a variety 
of species (Table 1), some of which have pre- 
viously been described as being pathogenic for 
the bovine mammary gland [15-17, 20, 21]. In 
this survey some species of yeasts that have not 
yet been isolated from bovine mastiffs milk such 
as Candida ciferri, C. shehatas, C. mugii, C. glab- 
rosa, C. freyschyssii, C. haernulonii, C. variabilis, 
Cryptococcus flavus and C. luteolus. These find- 
ings denote a dynamic relationship in the etiology 
of this process suggesting the pathogenic potential 
of these newly encountered species. 

The high prevalence of Cryptococcus spp. de- 
tected in this study was also observed by Giesecke 
et al. [17] in 1968, but it differed from the results 
obtained by Richard et al. [21] in 1980 and Kadic 
et al. [22] in 1983, where Candida spp. were more 
prevalent. 

Considering the moulds isolated (Table 1), this 
was the first recording of Epicoccum spp. and 
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Phoma spp. associated with bovine mastitis. They 
were isolated in pure culture. This is particularly 
important considering the public health impli- 
cation since Phoma spp. and Epicoccum spp. are 
mycotoxin producers [23-24]. 

Fungi were isolated in pure culture or mixed 
with bacteria. Many of those obtained in pure 
growth were isolated from clinical mastitis 
quarter, showing their pathogenicity to the mam- 
mary gland being either primary or secondary 
disease agents. Even when associated with bac- 
teria, they constitute a real problem once the 
therapy against bacterial mastitis is unsuccessful 
in eliminating the fungi present in the quarter. 
Conditions like the chronic form of mastitis, fre- 
quently subjected to prolonged, excessive and re- 
peated antibacterial therapy, helps the establish- 
ment of fungal or mixed infections (bacteria and 
fungi), represent without doubt the most impor- 
tant predisposing cause of mycotic mastitis. The 
isolation of fungi, post-antibiotic treatments, sug- 
gests that they are not only resistant to them but 
can more readily produce disease in the absence 
of the rapidly multiplying bacterial competitors. 
According to Kauker [25], large doses of anti- 
biotics cause a reduction in the vitamin A content 
in cattle, leading to injury to the udder's epi- 
thelium, thus facilitating the invasion of fungi. 
Many outbreaks of mycotic mastitis have oc- 
curred following intramammary antibiotic ther- 
apy as reported by Hulse [2], Galli [26], and 
Bolck et al. [27]. 

Conclusion 

A level of 12.07% of mycotic mastitis is signifi- 
cant, considering the economic losses represented 
by the decrease in milk production, loss of the 
use of affected quarters, and sometimes of the 
affected cows as well as therapy costs. 

It must be pointed out the public health hazard 
presented by the consumption of fungal con- 
taminated milk because these microorganisms, 
are sometimes resistant to pasteurization, as for 
example, several species of Aspergillus [28]. Be- 

sides the potential risk presented by the fungi 
themselves, the deleterious effects of the toxins 
produced by some species of Aspergillus, Penicil- 
lium, Epicoccum and Phoma, must be taken into 
consideration. 

Therefore, it can be concluded, that there is a 
need to call attention to the increasing particip- 
ation of fungi in the etiology of bovine mastitis 
and that it deserves to be subjected to more de- 
tailed studies. 
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and advice. 

Acknowledgements 

We are grateful to our colleagues Alma Yasod- 
hara Alexandra Hoge, Ana Maria Schmidt, Con- 
stancia Gorniak Murawshi, Ligia Froes Lopes 
Caramori, Luca Mifano, Maria Ines Liberatori, 
Nilson Benites, Sergio Morgulis and Vania Maria 
de Carvalho for their valuable help. 

References 

i. Fleischer 1930, apud: Fernandez MR. Ineidencia de le z 
veduras en la leche de abasto de la provincia de Leon. 
Anales de la Faculdad de Veterinaria de Leon 1972; 18: 
95-150. 

2. Hulse EC. An outbreak of mastiffs in cattle by yeasts 
and the experimental reproduction of the condition. Vet 
Record 1952; 64: 210-1. 

3. Minami PS, Campelli O, Viana SS, Mendes MJS, Paula 
CR. Presenca de Cryptococcus laurentii em leite de vaca 
corn mamite. Atualidades Veterinarias 1976; 4: 8-11. 

4. M6s EN, Birgel EH, Araujo WP, Mendes MJS. Mastite 
por Candida em uma vaca. Rev Faculd Med Vet Zoo 
Universidade de Sao Paulo 1978; 15: 161-4. 

5. Shalm OW, Noorlander DO. Experimental and obser- 
vations leading to development of California Mastitis 
Test. J Am Vet Med Ass 1957; 130: 199-204. 

6. Murphy JM, Hanson JA. A modified Whiteside test for 
the detection of chronic bovine mastitis. Cornell Vet 
1942; 32: 439-44. 



7. Lennette LH, Spauding LH, Truant JP. Manual of clinical 
microbiology, 2nd ed. Washington, DC: American So- 
ciety for Microbiology, 1974. 

8. Krieg NR, Holt JC. Bergey's manual  of systematic bac- 
teriology. Baltimore: Williams & Wilkins, 1984. 

9. Buchanan RE, Gibbons NE. Bergey's manual of deter- 
minative bacteriology, 8th ed. Baltimore: Williams & 
Wilkins, 1974. 

10. Loder L. The Yeasts: Taxonomic study, 2nd ed. Amster- 
dam: North Holland Publishing Co, 1970. 

11. Barnett JA, Payne RW, Yarrow D. Yeasts characteristics 
and identification, New York: Cambridge University 
Press, 1983. 

12. Krecer van Rig NJW. The Yeasts: A taxonomic study, 
3rd ed. Amsterdam: Elsevier Science Publisher, 1984. 

13. Barnet HL, Hunter BB. Illustrated genera of imperfect 
fungi, 3rd ed. Minneapolis: Burgess Publishing Co, 1972. 

14. Arx JA yon. The genera of fungi sporulating in pure 
culture. Germany. J. Cramer, 1974. 

15. Awad FI, E1 Molla A, Fayed A, Abd el-Halim, M, Refai 
M. Studies of mycotic mastitis in Egypt. J Egyptian Vet 
Med Ass 1980; 40(3): 35-41. 

16. Yeo G, Choi WP. Studies on yeast-like fungi associated 
with bovine mastitis, 1: Epidemiological study; 2: Sensi- 
tivity of yeast-like fungi to antifungal agents. Korean J 
Vet Res 1982; 22: 121-24. 

17. Giesecke WH, Nel EE, van den Heever JW. Blastomy- 
cotic mastitis in South Africa. J S Afr Vet Med Ass 1968; 
39: 69-85. 

18. Bellani L, Nardelli L, Boni P. La mammite bovine en 
Italie du Nord. Bull Off Int Epizootes 1973; 79: 1109-17. 

19. Mehnert B, Ernst K, Gedek W. Hefen als Mastitiserryer 
bein Rind. Zentralblatt Veterinarmed 1964; l la :  97-121. 

20. Kadic S. Latentne bakterijske i gljivicne infekcije vimena 
Krava. Veterinarski Archiv 1978; 48: 101-5. 

21. Richard JL, McDonald JS, Fitchner RE, Anderson AJ, 
Identification of yeasts from infected bovine mammary 

17 

glands and their experimental infectivity in cattle. Am J 
Vet Res 1980; 48: 1991-4. 

22. Kadic S, Hajsig M, Riz Nar S. Kvasci in vimenu krava u 
razlicitim fazama laktacije. Veterinarski Archiv 1983; 53: 
225-31. 

23. Wyllie TD, Morehouse LG. Mycotoxic fungi and chemis- 
try of mycotoxins. New York: Marcel Dekker, 1977; 105- 
6, 459-63. 

24. Wyllie TD, Morehouse LG. Mycotoxicosis of domestic 
and laboratory animals: Poultry and aquatic invertebrates 
and vertebrates. New York: Marcel Dekker, 1977: 45- 
60. 

25. Kauker E. Mastitis caused by Blastomyces. Berl Munc 
Tierarz WZ 1955; 68: 407-9, apud: Lohan CB, Kalra DS, 
Chauhan US. Pathology and pathogenesis of experi- 
mental mycotic mastitis, I: Cryptococcus neoformans in- 
fection. Aryana Agricultural University Res 1977; 7: 67- 
72. 

26. Galli G. Observations and studies on bovine mycotic mas- 
titis. Veterinaria Italiana 1954; 5: 587-604, apud Lohan 
CB, Kalra DS, Chauran US. Pathology and pathogenesis 
of experimental mycotic mastitis, I: Cryptococcus neofor- 
roans infection. Aryana Agricultural University J Res 
1977; 7: 67-72. 

27. Bolck GW, Kuhlmann C, Thime D. Candida pseudo- 
tropicalis as the cause of a mastitis outbreak. Monatshefte 
fur Veterinarmedizin 1967; 22: 289-92, apud: Lohan CB, 
Kalra DS, Chauhan US. Pathology and pathogenesis of 
experimental mycotic mastitis, I: Cryptococcus neofor- 
roans infection. Aryana Agricultural University J Res 
1977; 7(1/2): 7-72. 

28. Beuchat LR. Food and beverage mycology. Westport: 
The Avi Publishing Co, 1978. 

Address for correspondence: Elizabeth Oliveira da Costa, 
Universidade de S~to Paulo, Faculdade de Medicina Veterin~i- 
ria e Zootecnia, Av. Corifeu de Azevedo Marques 2720, CEP: 
05340-000, S~o Paulo, SP, Brazil 


