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Summary
Bovine mastitis is a multifactorial disease, caused mainly by bacteria, whose most traditional 
method of treatment is the use of antibiotics. However, incorrect administration of these 
drugs may lead to the emergence of resistant strains. The objective of this study was to identify 
the most common pathogens causing subclinical mastitis in the northwest State of Paraná, 
Brazil and establish their antimicrobial susceptibility profiles. A total of 507 foremilk samples 
were collected in 13 municipalities. Bacteria were identified and their profile of antimicrobial 
susceptibility were tested. The distribution of positive samples was not homogeneous 
among the cities. Streptococcus were the most frequently genus observed (61%), followed 
by Staphylococcus (28%) and other genera (11%). Among streptococci and staphylococci, 
Streptococcus uberis and Staphylococcus aureus were the most frequently identified species, 
respectively. Overall, 40% of the isolates showed resistance to at least one of the antibiotics 
used in this study. A high proportion of cefoperazone resistant Staphylococcus spp. and 
bacitracin resistant Streptococcus were observed. The isolated microorganisms showed 
little resistance to enrofloxacin. The results obtained show the importance of isolating the 
microorganism causing mastitis and testing its resistance to antibiotics before performing 
the treatment of the disease. .

Please refer to the forthcoming article as: Fagnani 2023. Identification and antimicrobial susceptibility of milk isolates from 
cows with subclinical mastitis in the northwest of Paraná State, Brazil. Vet Ital. doi: 10.12834/VetIt.2606.16215.1

Identification and antimicrobial susceptibility of milk 
isolates from cows with subclinical mastitis in the 

northwest of Paraná State, Brazil

Introduction 
Dairy farming is constantly growing in the world. 
Global milk production reached nearly 906 million 
tons in 2020, and Brazil is accounting, on average, for 
7% of this production (FAO, 2021).

Due to the economic rise of the dairy market 
worldwide, it is essential to guarantee the quality 
of the milk produced [Garcia et al. 2019]. One of the 
main factors responsible for reducing milk quality is 
mastitis, the most important disease of cattle and 
the most expensive pathology for the milk industry 
(Rudenko et al., 2021). 

Mastitis is an inflammatory disease of the mammary 
glands that causes changes in glandular tissue and 

may involve several pathogens (Sokolov et al., 2021). 
Among the organisms involved, approximately 100 
types were identified, such as bacteria, fungi, and 
viruses (Rudenko et al., 2021). The primary causative 
agents of mastitis are usually Staphylococci and 
Streptococci, but it is often caused by more than 
one microorganism (Gonzalez‑Peña et al., 2020). 
The most common origin of mastitis is microbial 
infection, but authors reported that its occurrence 
may result from trauma, chemical irritation or due to 
allergies (Kibebew, 2017). 

Mastitis has a direct impact on the profitability of 
dairy cattle, once it causes production decrease and 
changes in the composition of milk (Krewer et al., 
2013). In addition, this disease can be responsible for 
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and Umuarama. Geographically, all of them have 
a humid subtropical climate (Cfa) according to the 
Köppen classification.

The 27 commercial dairy herds involved in this 
study included the producers from a dairy plant in 
Umuarama, selected for convenience based on the 
willingness to participate in this research. Most of 
them were small farms, based on family labor and 
mechanical milking, with an average of 16 ± 5.9 
cows per farm and mean daily milk production of 
14 ± 7.4 L/cow. Most herds were Holstein‑Friesian 
breed type.

Animals and milk sampling
A total of 507 foremilk samples were aseptically 
collected following the National Mastitis Council 
guidelines (Oliver, 2004). Before milking, teat ends 
were cleansed with 70% ethanol and the first three 
squirts were discarded. A total of 10 mL of milk from 
each mammary quarter were collected in sterile 
tubes. The milk samples were cooled with ice packs 
and immediately transported to the laboratory.

Cows were selected based on at least two consecu‑
tive positive scores on California Mastitis Test (CMT), 
which was routinely performed weekly in the farms, 
when the survey was conducted (between Novem‑
ber 2018 and April 2019).

Microbiological analysis
The microbiological cultures of foremilk samples 
were performed according to Koneman and Cury 
(2001), seeding 10 µL aliquots on blood agar plates 
with 5% defibrinated sheep blood, followed by 
incubation at 37 °C for 48 h in aerobic conditions. 
Samples leading to the isolation of more than 
two species were considered as contaminated 
and discarded. Samples presenting two different 
pathogens were recorded as a mixed infection.

Preliminary identification was performed by colony 
morphology, hemolysis, and Gram staining. Further, 
differentiation between genera and species were 
performed according to Oliver, (2004) and Koneman 
and Cury (2001). For Gram positive bacteria, 
catalase was checked to distinguish streptococci 
from staphylococci. Staphylococci were further 
characterized by using coagulase test (sheep 
plasma) and Mannitol salt agar. For streptococci 
identification, sorbitol and mannitol fermentation, 
and arginine and aesculin hydrolysis were performed. 
Streptococci with β‑hemolysis were identified as 
Streptococcus agalactiae. Corynebacterium spp., 
Bacillus spp. and Trueperella spp. were characterized 
to the genus level. Other groups (‘‘other Streptococcus 
spp.,’’ ‘‘other Staphylococcus spp.’’) were used to 
assemble bacterial genus for which less than five 
members were isolated. 

modifications in the parenchyma of the mammary 
gland, causing functional loss and even the death 
of the animal, generating losses that include the 
disposal of contaminated milk, treatment, increased 
labor and veterinary services, and the destination 
of contaminated animals (Pavlenko et al., 2018). 
Mastitis can also become a threat to public health 
due to the spread of pathogens and toxins, or by the 
presence of antibiotic residues in milk (Costa et al., 
2013).

The adopted strategy for the treatment of mastitis 
is based on the differentiation between the clinical 
and subclinical types, the general health status of 
the animal as well as its clinical history. The treatment 
for this disease is the most frequent cause for the 
use of antibiotics in dairy farmers (McDougall et al., 
2017). The correct use of these drugs can eliminate 
or inhibit bacterial growth, but when incorrectly 
administered, resistant strains can be selected (Pérez 
et al., 2020). 

Bacterial resistance represents a risk to human 
and animal lives (Da Costa and Silva Junior, 2017), 
since pathogenic microorganisms can become 
resistant to all the antibiotics known, causing 
infections more difficult to treat. Due to the type 
of management carried out by the producers, each 
herd may present different resistant strains, and the 
individual evaluation is necessary in order to avoid 
the loss of effectiveness of antimicrobials and the 
environmental contamination by their residues 
(Martins et al., 2007; Serwecińska, 2020).

Bacterial resistance is a global public health problem 
that, despite being difficult to solve, can be managed 
(Fariña, 2016). Some strategies that can be adopted 
to avoid the selection of resistant strains are the 
knowledge of the causative agent of mastitis, its 
sensitivity to antibiotics and the evaluation of the 
epidemiological data (Ashraf and Imran, 2020).

In this way, the objective of this study was to 
investigate the most common pathogens in the 
Parana state from subclinical mastitis and establish 
their antimicrobial susceptibility profiles.

Materials and methods

Study area and sampling
Ethics approval was obtained through the Ethical 
Committee on the Use of Animals of the Pitágoras‑
Unopar University. The study was carried out in 13 
municipalities from the northwest State of Parana, 
Brazil: Amaporã, Cianorte, Goioerê, Janiópolis, 
Loanda, Moreira Sales, Planaltina do Paraná, 
Querência do Norte, Santa Cruz de Monte Castelo, 
Santa Isabel do Ivaí, Tapejara, Tuneiras do Oeste 
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Antimicrobial susceptibility
The disk‑diffusion method on Mueller–Hinton 
agar were performed following the Clinical and 
Laboratory Standards Institute (NCCLS, 1990), 
classifying the isolated pathogens as susceptible 
or resistant. The antibiotics tested were bacitracin, 
cefoperazone, cephalexin, cloxacillin, enrofloxacin, 
gentamicin, Penicillin G, and the combination 
of sulfamethoxazole and trimethoprim, all with 
concentration of 30 μg per disc.

Data analysis
Differences in the distribution of pathogens were 
tested using chi‑square analysis at 5% significance 
level when the absolute frequency was greater than 
five and using Fisher’s test otherwise. The proportion 
of isolates exhibiting resistant phenotypes 
was calculated and presented as prevalence of 
antimicrobial susceptibility, dividing the number of 
resistant isolates by the total tested

Results and discussion

Bacterial isolates
A total of 507 foremilk samples from quarters with 
subclinical mastitis were analyzed, and 336 (66%) of 
them showed microbiological growth in the culture 
media. The distribution of positive samples was not 
homogeneous among the cities (X2 =199.6; p<0.01), 
with a higher rate in Tapejara (89%), Cianorte (82%), 
S.ta Isabel do Ivaí (81%) and Umuarama (72%). 
Tuneiras do Oeste and Goierê showed the lowest 
rates (52% and 50%, respectively) (Figure 1).

The microbiological identification of the positive 
samples is presented in Table I. Streptococci were 
the most frequently genus observed (61% of the 

identified pathogens), followed by staphylococci 
(28%) and other genera (11%) (X2= 131.38; 
p<0.01). Among other genera, the most frequently 
found were Bacillus spp., Trueperella spp. and 
Corynebacterium spp.

Most studies and literature reviews consider 
Staphylococcus spp. as the most frequent genus 
isolated from subclinical mastitis in dairy cows, 
followed by Streptococcus spp. (da Silva Duarte 
et al., 2020; G.A. and J.M., 2011; Santos et al., 
2018). However, in our study we found a higher 
proportion of streptococci, what reinforces that the 
etiology of subclinical mastitis can differ regionally, 
and consequently shows the need for periodic 
monitoring for its control. Thus, we suggest that the 
causative agents of bovine mastitis depend on small‑
scale regional conditions. Amer et al., (2018) argue 
that those differences may be attributed to animal 
breeds, management systems, and/or husbandry.
Among streptococci, Streptococcus uberis was the 
most frequently identified species (76%). This agrees 
with other studies that usually report S. uberis as 
the most frequently identified species in cattle 
(Contreras and Rodríguez, 2011; Valmorbida et al., 
2017). Other streptococci observed were S. mutans 
(13%), S. sanguis (10%) and S. mitis, S. sobrinus and S. 
agalactiae (1%).

The most observed species of the Staphylococccus 
genus was S. aureus (66%), followed by S. epidermidis 
(23%) and S. hyicus (11%). Among Staphylococcus 
spp., S. aureus is the most frequently pathogen 
associated with contagious intramammary infections 
of cattle herds worldwide.  It is an agent that causes 
the greatest losses in dairy farming, presenting high 
pathogenicity and contagiousness (Hogeveen et al., 
2011). Furthermore, microorganisms of this genus 
pose risks to public health, as they can produce 
several virulence factors, especially considering their 
capacity to produce thermostable enterotoxins that 
can remain in milk, thus causing foodborne diseases 
in consumers (Viçosa et al., 2010), in addition to the 
ability to transfer resistance genes to humans (Silva 
et al., 2018).

Antibiotic susceptibility of bacterial 
isolates
The antimicrobial susceptibility was performed in 
290 of the 336 isolates. Overall, 40% of the tested 
isolates showed resistance to at least one antibiotic 
used in this study (Table II). According to chi‑square 
test, the antimicrobial resistance was proportional 
(X2=8.29; p=0.22) between the antibiotics used and/
or their association.

However, when categorized by genus, the 
antimicrobial resistance was not proportional 
between the categories of antibiotics for 
Staphylococcus spp., that showed higher resistance 

Figure 1.  Spatial distribution, absolute and relative frequency of 
foremilk samples with microbiological growth from dairy cows with 
subclinical mastitis in northwest Paraná, Brazil, between 2018 November 
and 2019 April.
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Table I. Occurrence of bacterial resistance to antibiotics in dairy cows from 57 articles published between 2009 and 2018 (n= number of isolates 
analyzed).

2010 2011 2012 2013 2015 2016 2017 2018

Amikacin - - - -
0.04a 0.04a

- -
(n=69) (n=56)

Amoxicillin - - -
0.59a

-
0.71a 0.05b 0.50a

(n=453) (n=17) (n=313) (n=30)

Ampicillin
0.68de 0.27ab 0.78e 0.68de 0.47c 0.67cde 0.18a 0.48bcd

(n=289) (n=154) (n=242) (n=805) (n=232) (n=39) (n=313) (n=62)

Bacitracin
0.41b

- -
0.08a

- -
0.07a

-
(n=188) (n=194) (n=846)

Cephalexin -
0.00a

-
0.01a 0.13b 0.74c 0.19b

(n=65) (n=453) (n=56) (n=869) (n=32)

Cephalothin
0.13b 0.30b 0.00a 0.01a 0.13b

- - -
(n=188) (n=50) (n=83) (n=546) (n=153)

Cefoperazone
0.20a

- -
0.50b

- - - -
(n=101) (n=352)

Ceftiofur
0.04a 0.02a

-
0.01a

- - - -
(n=101) (n=65) (n=546)

Chloramphenicol
0.26b

-
0.14b 0.05a 0.00a 0.25b

- -
(n=188) (n=180) (n=194) (n=69) (n=32)

Enrofloxacin
0.21b 0.02a 0.00a 0.01a

- -
0.03a 0.09a

(n=101) (n=66) (n=83) (n=453) (n=36) (n=32)

Erythromycin
0.25cd 0.16bc 0.08ab 0.04a 0.39d 0.23abcd 0.20bc 0.72e

(n=227) (n=116) (n=197) (n=275) (n=163) (n=26) (n=120) (n=32)

Streptomycin
0.68b

- -
0.12a

-
0.24a

- -
(n=188) (n=453) (n=46)

Gentamicin
0.20d 0.03ab 0.06bc 0.02a

-
0.16cd 0.75e 0.87e

(n=188) (n=156) (n=242) (n=805) (n=92) (n=2100) (n=30)

Neomycin
0.39b 0.03a

-
0.03a

-
0.43b 0.73c

-
(n=101) (n=118) (n=546) (n=56) (n=1880)

Norfloxacin
0.26b 0.07a

-
0.03a

-
0.12ab

-
0.09ab

(n=188) (n=88) (n=282) (n=26) (n=32)
Data for the Amoxacillin + Clavulanic acid association in 2014 was omitted due to only one entry; a, b,c,d: Proportions followed by equal letters did not differ over the years by the chi-
square test with 5% significance.

for cefoperazone (X2=23.14; p<0.01). Cefoperazone 
is a third‑generation cephalosporin which has 
bactericidal activity to most mastitis pathogens 
(Feßler et al., 2017). The group of cephalosporins 
(mainly cefoperazone, cephalexin, and ceftiofur) is 
currently one of the main groups of antimicrobials 
commercially available for the intramammary 
treatment of mastitis during lactation and drying 
in production animals. Its widespread use in dairy 
farms is one of many factors that contribute to 
the selective pressure of microorganisms resistant 
to cefoperazone (Tomazi and dos Santos, 2020). 
Obviously, the development of antimicrobial 
resistance is not solely dependent on this widespread 
use. Further research focusing on the interactions of 

antimicrobial use and development of resistance 
would be appropriate for establishing preventive 
measures. The high proportion of cefoperazone 
resistant Staphylococcus sp. isolates suggested that 
resistant strains may be circulating in northwest 
Paraná across the investigated dairy farms. 

A possible practical application of our results is 
that cephalexin, gentamicin and enrofloxacin 
continues to maintain its antibacterial activity 
against Staphylococcus genus in the studied area. In 
addition, is advisable to avoid cefoperazone therapy 
when the etiologic agent belongs to Staphylococcus 
genus to increase the cure rates. However, this 
statement has some limitations. It is important to 
point out that there is a close association between 
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Reference State Type of sampling
1 Alencar et al. (2014) Rio de Janeiro Purposive sampling, independent

2 Amorim et al. (2016) Pernambuco Purposive sampling, independent

3 Andrade et al. (2010) Paraná Convenience, random, independent

5 Assis et al. (2017) Espírito Santo Convenience, random, independent

6 Bandeira et al. (2013) R.Grande do Sul Purposive sampling, independent

7 Brito et al. (2014) Maranhão Convenience, random, independent

8 Carvalho et al. 2018 Maranhão Convenience, random, independent

9 Casanova et al. (2016) Santa Catarina Purposive sampling, independent

10 Castro et al. (2012) Rio de Janeiro Quota sampling, independent

11 Chagas et al. (2012) Minas Gerais Convenience, random, independent

12 Costa et al. (2013) Minas Gerais Convenience, random, independent

13 Costa et al. (2013) Santa Catarina Snowball sampling, independent

14 Costa et al. (2015) Santa Catarina Convenience, dependend

15 Cunha et al. (2015) Minas Gerais Convenience, random, independent

16 deSantana Neres et al. (2015) Sergipe Convenience, independent

17 Dias et al. (2011) Minas Gerais Quota sampling, independent

18 Farias et al. (2013) R.Grande do Sul Purposive sampling, independent

19 Ferreira et al. (2010) Piauí Quota sampling, independent

20 Filho et al. (2016) Paraná Convenience, random, independent

21 Freitas et al. (2018) R.Grande do Sul Purposive sampling, independent

22 Gonçalves et al. (2018) São Paulo Purposive sampling, independent

23 Jardim et al. (2014) Paraná Convenience, random, independent

24 Jobim et al. (2010) Paraná Convenience, random, independent

24 Jobim et al. (2010) R.Grande do Sul Convenience, random, independent

24 Jobim et al. (2010) Santa Catarina Convenience, random, independent

25 Junior et al. (2015) São Paulo Purposive sampling, independent

26 Kaiser et al. (2015) R.Grande do Sul Purposive sampling, independent

27 Karach et al. (2016) Paraná Convenience, random, independent

28 Kolling et al. (2011) R.Grande do Sul Purposive sampling, independent

29 Krewer et al. (2013) Bahia Convenience, random, independent

29 Krewer et al. (2013) Pernambuco Convenience, random, independent

30 Lange et al. (2017) Paraná Convenience, random, independent

31 Martins et al. (2010) Mato Grosso Convenience,representative, independent

31 Martins et al. (2014) Piauí Purposive sampling, independent

32 Martins et al. (2015) Goiás Convenience, random, independent

33 Melo et al. (2013) Pernambuco Convenience, random, independent

34 Niero 2018 Santa Catarina Purposive sampling, independent

35 Oliveira et al. 2009 Sergipe Convenience, independent

36 Oliveira et al. (2010) Pará Convenience, random, independent

37 Oliveira et al. (2012) Bahia Convenience, random, independent

38 Oliveira et al. (2013) Paraná Simple random sampling, independent

39 Peters et al. (2016) R.Grande do Sul Purposive sampling, independent

40 Rall et al. (2014) São Paulo Purposive sampling, independent

41 Ribeiro et al. 2009 São Paulo Purposive sampling, independent

42 Ruiz et al. (2011) Pernambuco Convenience, random, independent

Supplementary Table I. Sampling technique and representativeness of 57 articles published between 2009 and 2018 that met the inclusion 
criteria of the systematic review.
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Reference State Type of sampling
43 Saab et al. (2014) Paraná Convenience, random, independent

44 Saeki et al. (2011) São Paulo Convenience, independent

45 Santos et al. (2010) Paraná Convenience, random, independent

46 Senhorelo et al. (2013) Espírito Santo Convenience, random, independent

47 Silva et al. (2011) Bahia Convenience, random, independent

48 Silva et al. (2012) Pernambuco Purposive sampling, independent

49 Soethe et al. (2015) Paraná Convenience, random, independent

50 Souza et al. (2016) Minas Gerais Convenience, random, independent

51 Ulsenheimer et al. 2018 R.Grande do Sul Purposive sampling, independent

52 Valmorbida et al. (2017) Santa Catarina Purposive sampling, independent

53 Vesco et al. (2017) R.Grande do Sul Purposive sampling, independent

54 Zanette et al. (2010) Santa Catarina Quota sampling, independent

55 Zimermann et al. (2017) Paraná Purposive sampling, independent

seasonality, bacterial pathogens, and occurrence of 
antimicrobial resistance (Boireau et al., 2018). Thus, 
the current resistance profile may differ from the 
findings above since this research was conducted 
between 2018 November and 2019 April. Another 
drawback is related to the geographical limitation, 

since from an epidemiological point of view, the 
sampling used in this research does not guarantee a 
significant sample at the regional level.  Nevertheless, 
the identification of the microbiological agent is 
essential to the most appropriate choice of the drug 
to be used in therapy. When possible, etiology should 
be determined before treatment, and the spectrum 
of antimicrobial activity should be appropriate for 
the etiological agent (Ruegg, 2020).

Conclusions
Our results strengthen the knowledge of the 
microbiological agent and antibiotic‑resistance 
patterns of pathogens isolated from subclinical 
mastitis in dairy cows at regional level. 

More studies are necessary since the resistance 
pattern among pathogens differs regionally and 
could help to clarify the spread of drug‑resistant 
strains of animal origin through environmental 
routes. The antibiotic treatment decisions should 
be based on resistance tests to avoid the spreading 
of resistant strains in dairy cattle populations of 
northern Parana and beyond. 

Table II. Absolute and relative frequency of pathogens isolated from 
milk of cattle with subclinical mastitis in northwest Paraná, Brazil, 
between 2018 November and 2019 April.

Location (positive 
samples)

Occurrence (%) of antimicrobial resistance in:
Streptococci 

genus
Staphylococci 

genus
Other 

genera
Amaporã (15) 14 (93.3%) 1 (6.7%) 0

Cianorte (31) 13 (41.9%) 12 (38.7%) 6 (19.4%)

Goioere (2) 2 (100%) 0 0

Janiopolis (57) 25 (43.9%) 25 (43.9%) 7 (12.2%)

Moreira Sales (7) 2 (28.6%) 5 (71.4%) 0

St. Cruz do M.C. (55) 38 (69.1%) 7 (12.7%) 10 (18.2%)

St. Isabel do Ivaí (92) 62 (67.4%) 26 (28.3%) 4 (4.3%)

Tapejara (23) 16 (69.6%) 4 (17.4%) 3 (13%)

Tuneiras do Oeste (31) 19 (61.3%) 7 (22.6%) 5 (16.1%)

Umuarama (23) 14 (60.9%) 8 (34.8%) 1 (4.3%)

Total (336) 205 (61.0%) 95 (28.3%) 36 (10.7%)



Fagnani Monitoring antimicrobial resistance at farm level

Veterinaria Italiana 2023, 59 (1), 71-81. doi: 10.12834/VetIt.2606.16215.1 77

Amer S., Gálvez F.L.A., Fukuda Y., Tada C., Jimenez I.L., 
Valle W.F.M., et al. 2018. Prevalence and etiology of 
mastitis in dairy cattle in El Oro Province, Ecuador. 
J Vet Med Sci, 80, 861–868.

Ashraf A. & Imran M. 2020. Causes, types, etiological 
agents, prevalence, diagnosis, treatment, 
prevention, effects on human health and future 
aspects of bovine mastitis. Anim Heal Res Rev, 21, 
36–49.

Boireau C., Cazeau G., Jarrige N., Calavas D., Madec 
J.Y., Leblond A., et al. 2018. Antimicrobial 
resistance in bacteria isolated from mastitis in 
dairy cattle in France, 2006–2016. J Dairy Sci, 101, 
9451–9462.

Contreras G.A. & Rodríguez J.M. 2011. Mastitis: 
Comparative etiology and epidemiology. J 
Mammary Gland Biol Neoplasia, 16, 339–356.

Costa G.M. da, Barros R.A., Custódio D.A. da C., 
Pereira U. de P., Figueiredo D.J. & Silva N. da. 2013. 
Resistência a antimicrobianos em Staphylococcus 
aureus isolados de mastite em bovinos leiteiros 
de Minas Gerais, Brasil. Arq Inst Biol (Sao Paulo), 
80, 297–302.

Da Costa A.L.P. & Silva Junior A.C.S. 2017. Resistência 
bacteriana aos antibióticos e Saúde Pública: uma 
breve revisão de literatura. Estação Científica 
(UNIFAP), 7, 45.

da Silva Duarte V., Treu L., Sartori C., Dias R.S., da 
Silva Paes I., Vieira M.S., et al. 2020. Milk microbial 
composition of Brazilian dairy cows entering the 
dry period and genomic comparison between 
Staphylococcus aureus strains susceptible to the 
bacteriophage vB_SauM‑UFV_DC4. Sci Rep, 10.

FAO. 2021. Dairy market review.

Fariña N. 2016. Bacterial resistance. A global public 
health problem with difficult solution. Memorias 
del Inst Investig en Ciencias la Salud, 14, 4–7.

Feßler A.T., Kaspar H., Lindeman C.J., Peters T., Watts 
J.L. & Schwarz S. 2017. Proposal for agar disk 
diffusion interpretive criteria for susceptibility 
testing of bovine mastitis pathogens using 
cefoperazone 30  μg disks. Vet Microbiol, 200, 
65–70.

G.A. C. & J.M. R. 2011. Mastitis: Comparative etiology 
and epidemiology. J Mammary Gland Biol 
Neoplasia, 16, 339–356.

Gonzalez‑Peña D., Vukasinovic N., Brooker J.J., 
Przybyla C.A., Baktula A. & DeNise S.K. 2020. 
Genomic evaluation for wellness traits in US 
Jersey cattle. J Dairy Sci, 103, 1735–1748.

Hogeveen H., Huijps K. & Lam T.J.G.M. 2011. Economic 

References

aspects of mastitis: New developments. N Z Vet J, 
59, 16–23.

Kibebew K. 2017. Bovine Mastitis : A Review of 
Causes and Epidemiological Point of View. J Biol 
Agric Healthc, 7, 1–14.

Koneman E.W. & Cury A.E. 2001. Diagnóstico 
microbiológico : texto e atlas colorido.

Krewer C.C., Izabela I.P., Amanso E.S., Cavalcante 
N.B., de M. Peixoto R., Pinheiro J.W., et al. 2013. 
Etiology, antimicrobial susceptibility profile of 
Staphylococcus spp. and risk factors associated 
with bovine mastitis in the states of Bahia and 
pernambuco. Pesqui Vet Bras, 33, 601–606.

Martins J.D.F.L., Martins A.D. de O., Milagres R.C.R.M. 
& Andrade N.J. de. 2007. Resistência a antibióticos 
de Staphylococcus aureus isolados de dietas 
enterais em um hospital público de Minas Gerais. 
Semin Ciências Biológicas e da Saúde, 28, 9.

McDougall S., Compton C.W.R. & Botha N. 2017. 
Factors influencing antimicrobial prescribing by 
veterinarians and usage by dairy farmers in New 
Zealand. N Z Vet J, 65, 84–92.

NCCLS. 1990. Document: Performance Standards for 
Antimicrobial Disk Susceptibility Tests.

Oliver S.P. 2004. Microbiological procedures for 
the diagnosis of bovine udder infection and 
determination of milk quality. Verona, Wis  NMC, 
2004, 47 p.

Pavlenko O., Suleymanov S. & Mironova L. 2018. 
Comparative Analysis of Morphological Changes 
in Mammary Gland in Cows when Treating 
Mastitis. , 2018. , 10.2991/agrosmart‑18.2018.102.

Pérez V.K.C., Costa G.M. da, Guimarães A.S., 
Heinemann M.B., Lage A.P. & Dorneles E.M.S. 
2020. Relationship between virulence factors and 
antimicrobial resistance in Staphylococcus aureus 
from bovine mastitis. J Glob Antimicrob Resist, 22, 
792–802.

Rudenko P., Sachivkina N., Vatnikov Y., Shabunin S., 
Engashev S., Kontsevaya S., et al. 2021. Role of 
microorganisms isolated from cows with mastitis 
in Moscow region in biofilm formation. Int J One 
Heal, 14, 40–48.

Ruegg P.L. 2020. Understanding the economic 
impact of mastitis therapy – the role of duration 
and drug selection. Third Am Assoc Bov Pr Annu 
Recent Grad Conf, 53.

Santos E.M.P. dos, Brito M.A.V.P., Lange C., Brito 
J.R.F. & Cerqueira M.M.O.P. 2018. Streptococcus e 
gêneros relacionados como agentes etiológicos 
de mastite bovina. Acta Sci Vet, 35, 17.



Monitoring antimicrobial resistance at farm level Fagnani

78 Veterinaria Italiana 2023, 59 (1), 71-81 doi: 10.12834/VetIt.2606.16215.1

Serwecińska L. 2020. Antimicrobials and antibiotic‑
resistant bacteria: A risk to the environment and 
to public health. Water (Switzerland), 12.

Silva J.G., Alcântara A.M. & Mota R.A. 2018. Mastite 
bovina causada por Staphylococcus spp. 
resistentes à meticilina: revisão de literatura. 
Pesqui Veterinária Bras, 38, 223–228.

Sokolov S., Fursova K., Shulcheva I., Nikanova 
D., Artyemieva O., Kolodina E., et al. 2021. 
Comparative analysis of milk microbiomes and 
their association with bovine mastitis in two 
farms in central Russia. Animals, 11.

Tomazi T. & dos Santos M.V. 2020. Antimicrobial use 
for treatment of clinical mastitis in dairy herds 

from Brazil and its association with herd‑level 
descriptors. Prev Vet Med, 176.

Valmorbida M.K., dos Santos Carneiro D.C., Prior K.C., 
Griebeler E., Troncarelli M.Z. & Dezen D. 2017. 
Etiology and in vitro antimicrobial susceptibility 
profile of strains isolated from bovine mastitis 
in dairy herds from the midwest region of Santa 
Catarina state, Brazil. Acta Vet Bras, 11, 219–225.

Viçosa G.N., Moraes P.M., Yamazi A.K. & Nero L.A. 2010. 
Enumeration of coagulase and thermonuclease‑
positive Staphylococcus spp. in raw milk and fresh 
soft cheese: An evaluation of Baird‑Parker agar, 
Rabbit Plasma Fibrinogen agar and the PetrifilmTM 
Staph Express count system. Food Microbiol, 27, 
447–452.



Fagnani Monitoring antimicrobial resistance at farm level

Veterinaria Italiana 2023, 59 (1), 71-81. doi: 10.12834/VetIt.2606.16215.1 79

Alencar, T. A., de Mendonça, E. D. C. L., Marques, 
V. F., de Melo, D. A., Rojas, A. C. M., da Motta, 
C. C., & de Souza, M. M. S. (2014). Features of 
hygienic‑sanitary conditions at dairy units in the 
Municipalities from the State of Rio de Janeiro, 
Brazil and bacteriological analysis involved in the 
mastitis etiology. Braz J Vet Med, 36(2), 199‑208.

Amorim, V. D. S., Veschi, J., da Silva, I. F., Rosa, D., & da 
Costa, M. M. (2016). Sensibilidade antimicrobiana 
de Staphylococcus spp. isolados de bovinos, 
bubalinos e caprinos com mastite. In: XI Jornada 
de Iniciação Científica da Embrapa Semiárido, 2016, 
Petrolina. Anais... Petrolina: Embrapa Semiárido, 
2016.

Andrade, U. V. C., Hartmann, W., & Masson, M. L. 
(2009). Microbiological isolation, somatic cell 
count and total bacterial count in samples milk. 
Ars Vet, 25(3), 129‑135.

Angelo, I., Ribeiro, M. E. R., Zanela, M. B., Weissheimer, 
C., de Oliveira, J. F., Schramm, R. C., & da Rosa, P. 
P. (2016). Subclinical mastitis in Jersey cows from 
a herd in Southern Rio Grande do Sul: Incidence 
of infectious agents. In: Congresso Brasileiro de 
Zootecnia, 26., 2016, Santa Maria. Cinquenta 
anos de zootecnia no Brasil: anais. Santa Maria: 
Sociedade Brasileira de Zootecnia, 2016.

Assis, A. A. (2017). Prevalência e etiologia da mastite 
bovina em municípios da região do Caparaó/ES. 
Rev Acad Ciênc Anim, 15(Suppl 2), 285‑286.

Bandeira, F. S., Picoli, T., Zani, J. L., & da Silva, W. P. 
(2013). Frequency of Staphylococcus aureus from 
bovine subclinical mastitis cases, in southern Rio 
Grande do Sul, Brazil. Arq Inst Bio, 80(1) 1-6.

Brito, D. A. P., da Silva Oliveira, I. D. S., Brito, D. R. B., 
& Costa, F. N. (2014). Prevalency and etiology 
of dairy cattle mastitis in the Island of São Luís 
in the State of Maranhão, Brazil. Braz J Vet Med. 
36(4):389-395, 2014

Carvalho, A. S. S., Serra, J. L., Rodrigues, L. D. 
C., Rodrigues Junior, L. D. S., Mouchrek, A. 
N., & Ferreira, E. M. (2018). Susceptibility of 
Staphylococcus aureus isolated from raw milk to 
commercial antibiotics. Ciênc Anim Bras, 19.

Casanova, V. P., Appio, J., Kohl, E., Michaelsen, 
T. R., Paim, D. S., Brunetto, T. R., & Girardini, 
L. K. (2016). Bovine mastitis: prevalence and 
antimicrobial susceptibility profile and detection 
of genes associated with biofilm formation in 
Staphylococcus aureus. Semin Cienc Agrar, 37(3), 
1369‑1378.

Castro, B. G., de Souza, M. M. S., & Bittencourt, A. J. 
(2012). Prevalence and etiology of subclinical 

Supplementary References to Supplementary Table I

mastitis in south of Rio de Janeiro State, Brazil. Rev 
Acad Ciênc Anim, 10(3), 263‑268.

Chagas, L. G. D. S., Melo, P. D. C., Barbosa, N. G., 
Guimarães, E. C., & Brito, D. V. D. D. (2012). 
Occurrence of bovine mastitis caused by 
Staphylococcus sp., Streptococcus sp. and Candida 
sp. in a rural area of Indianópolis – Minas Gerais, 
Brazil. Biosci. J., 28(6) 1007‑1014.

Costa, G. M. D., Barros, R. A., Custódio, D. A. D. C., 
Pereira, U. D. P., Figueiredo, D. J., & Silva, N. D. 
(2013). Antimicrobial resistance in Staphylococcus 
aureus isolated from mastitis in dairy herds from 
the state of Minas Gerais, Brazil. Arq Inst Bio, 80(3), 
297‑302.

Costa, H. N., Molina, L. R., Facury Filho, E. J., Moreira, 
G. H. F. A., & Carvalho, A. U. (2015). Longitudinal 
study of subclinical mastitis and milk production 
on crossbred Holstein x Zebu cattle, housed in a 
semi‑intensive system. Arq Bras Med Vet Zoo, 67, 
1501‑1509.

Costa, J. H. C., Hötzel, M. J., Longo, C., & Balcão, L. F. 
(2013). A survey of management practices that 
influence production and welfare of dairy cattle 
on family farms in southern Brazil. J Dairy Sci, 
96(1), 307‑317.

Cunha, A. F., Bragança, L. L. J., Quintão, L. C., Silva, S. 
Q., de Souza, F. N., & Cerqueira, M. M. O. P. (2015). 
Prevalência, etiologia e fatores de risco de mastite 
em rebanhos leiteiros de Viçosa‑MG. Acta Vet Bras, 
9(2), 160‑166.

Dias, R. S., Duarte, V. S., Favaro, V. L. R., Mantovani, H. 
C., da Silva, C. C., da Silva, E. D. A. M., & De Paula, 
S. O. (2011). Awareness of dairy farmers in the 
Zona da Mata Mineira on methods of mastitis 
prevention in dairy cattle and etiological agents 
isolation. Rev Bras Agropec Sust. 1(2) 423‑444.

Ferreira, J. L., Pigatto, C. P., Lins, J., Aguiar Filho, J. L. 
C., & Cavalcante, T. (2010). Bactérias causadoras 
de mastite subclínica em rebanhos leiteiros no 
município de Teresina, Piauí. Rev Cient Elet Med 
Vet, 8(14), 1‑13.

Filho, L. F. C. C, Gonçalves, R. C., Okano, W., da Silva, 
L. C., & Garcia, A. L. (2006). Incidence of subclinical 
mastitis in the beginning of the transition 
period in dairy cattle of UNOPAR´s agricultural 
experimental station in the city Tamarana, Paraná, 
Brazil. J Health Sci, 8(1).

Freitas, C. H., Mendes, J. F., Villarreal, P. V., Santos, P. 
R., Gonçalves, C. L., Gonzales, H. L., & Nascente, 
P. S. (2018). Identification and antimicrobial 
suceptibility profile of bacteria causing bovine 
mastitis from dairy farms in Pelotas, Rio Grande 



Monitoring antimicrobial resistance at farm level Fagnani

80 Veterinaria Italiana 2023, 59 (1), 71-81 doi: 10.12834/VetIt.2606.16215.1

do Sul. Braz J Bio, 78, 661‑666.

Gonçalves, J. L., Kamphuis, C., Martins, C. M. M. R., 
Barreiro, J. R., Tomazi, T., Gameiro, A. H., & Dos 
Santos, M. V. (2018). Bovine subclinical mastitis 
reduces milk yield and economic return. Livest Sci, 
210, 25‑32.

Jardim, J. G., de Mello Peixoto, E. C. T., Deminicis, 
B. B., Heinzen, E. L., & Domingues, P. F. (2014). 
Etiological profile of bovine mastitis from dairy 
farms in the Western Paraná, Brazil. Braz J Vet Med, 
36(1), 65‑70.

Jobim, M. B., Lopes, M. A., da Costa, G. M., & Demeu, 
F. A. (2010). Pathogens associated with bovine 
mastitis in dairy herds in the South Region of 
Brazil. Bol Ind Anim, 67(2), 175‑181.

Junior, G. F., Vaso, C., Seixas, A., Lopes, N., Pilon, L., 
Santana, R., & Zafalon, L. (2015). Antimicrobial 
sensitivity of staphylococci aureus isolated of 
mastitis subclinical in cows milk samples. Ars Vet, 
31(2), 117.

Kaiser, T. S., Possebon, K. F., Viero, L. M., & Martins, 
L. V. (2015). Sensibilidade antimicrobiana de 
Staphylococcus aureus isolados em mastites 
bovinas na região noroeste do estado do Rio 
Grande do Sul. In: XXIII Seminário de Iniciação 
Científica. 2015. Retrieved from: <https://
w w w. r e v i s t a s . u n i j u i . e d u . b r / i n d e x . p h p /
salaoconhecimento/article/viewFile/5117/4297> 
Acessed 31 oct. 2021.

Karach, G. M., Ferrari, M. V., Longhi, E., & Liston, M. 
A. (2016). Perfil bacteriano de culturas de leite na 
região sudoeste do Paraná. Arch Vet Sci, 20(4).

Kolling, G. J., Ribeiro, M. E. R., Zanela, M. B., 
Weissheimer, C., Schramm, R., Stumpf, M. T., & 
Santos, C. D. S. (2012). Monitoring of mastitis in a 
Jersey herd in South Rio Grande do Sul ‑ Results of 
2011. In: XI Congresso internacional do leite. Juiz 
de Fora: Embrapa Gado de Leite, 2012.

Krewer, C. C., Lacerda, I. P. D. S., Amanso, E. S., 
Cavalcante, N. B., Peixoto, R. D. M., Pinheiro Júnior, 
J. W., & Mota, R. A. (2013). Etiology, antimicrobial 
susceptibility profile of Staphylococcus spp. and 
risk factors associated with bovine mastitis in the 
states of Bahia and Pernambuco. Pesq Vet Bras, 
33(5), 601‑606.

Lange, M. J., Zambom, M. A., Pozza, M. S., Simoes, 
G. H., Fernandes, T., Tinini, R. C., ... & Anschau, F. 
A. (2017). Typology of milking management: 
analysis of risk factors for subclinical mastitis. Pesq 
Vet Bras, 37(11), 1205‑1212.

Martins, F. W. P., Clementino, D. C., dos Santos 
Moura, H., Martins, I. S., de Alencar Fernandes, P. 
C., & Ferreira, S. B. (2014). Diagnóstico de mastite 
subclínica com os testes: California Mastits Test 
(CMT) e contagem de células somáticas em vacas 

leiteiras na região sul do estado do Piauí, Brasil. 
Rev Ed Cont Med Vet Zoot CRMV-SP, 12(3), 95‑95.

Martins, J. D., Nicolau, E. S., de Mesquita, A. J., & 
Garcia da Veiga Jardim, E. A. (2015). Subclinical 
mastitis in dairy cattle rural properties Goiás. Braz 
J Hyg Anim San, 9(2), 206‑214.

Martins, R. P., da Silva, J. A. G., Nakazato, L., Dutra, 
V., & de Almeida Filho, E. S. (2010). Prevalence 
and infectious etiology of bovine mastitis in the 
microregion of Cuiabá, MT, Brazil. Ciênc Anim Bras, 
11(1), 181‑187.

Melo, R. P. B., Machado, A. C., da Rocha Mota, A., da 
Silva, J. G., de Lima, D. C. V., da Silva, L. B. G., & Mota, 
R. A. (2013). Bactérias isoladas de amostras de 
leite de vacas leiteiras no estado de Pernambuco. 
In: XII Jornada de Ensino, Pesquisa e Extensão – 
Jepex 2013.

Oliveira, A. A., de Melo, C. B., & Azevedo, H. C. (2009). 
Diagnosis and microbiological determination of 
the mastitis in dairy cattle herds from “Tabuleiros 
Costeiros” region in Sergipe State, Brazil. Ciênc 
Anim Bras, 10(1), 226‑230.

Oliveira, C. M. C., Sousa, M. G. S., Silva, N. D. S., 
Mendonça, C. L., Silveira, J. A. S., Oaigen, R. P., & 
Barbosa, J. D. (2011). Prevalência e etiologia da 
mastite bovina na bacia leiteira de Rondon do 
Pará, estado do Pará. Pesq Vet Bras, 31(2), 104‑110.

Oliveira, J. L. P., Kozerski, N. D., da Silva, D. R., da Silva, 
A. V., & de Almeida Martins, L. (2013). Risk factors 
for mastitis and milk quality in the county of 
Altonia‑PR. Arq Ciênc Vet Zoo UNIPAR, 16(1).

Oliveira, U. V., Galvão, G. da S., Ribeiro, A. R. da P., 
Andrioli, J. L., & Munhoz, A. D. (2012). Efficacy in 
vitro of gentamicin on bacteria isolated from cows 
with subclinical mastite in microrregion Ilhéus‑
Itabuna, Bahia. Braz J Vet Med, 34(3), 213–218.

Peters, M. D. P., Silveira, I. D. B., & Fischer, V. (2015). 
Impact of subclinical and clinical mastitis on 
sensitivity to pain of dairy cows. Animal, 9(12), 
2024‑2028.

Rall, V. L. M., Miranda, E. S., Castilho, I. G., Camargo, 
C. H., Langoni, H., Guimarães, F. F., ... & Júnior, A. 
F. (2014). Diversity of Staphylococcus species and 
prevalence of enterotoxin genes isolated from 
milk of healthy cows and cows with subclinical 
mastitis. J Dairy Sci, 97(2), 829‑837.

Resin Niero, T. (2018). Prevalência de mastite bovina 
clínica e subclínica no município de Curitibanos/
SC. Retrived from: https://repositorio.ufsc.br/
handle/123456789/192516. Acessed in 08 feb 
2022.

Ribeiro, M. G., Geraldo, J. S., Langoni, H., Lara, G. H. 
B., Siqueira, A. K., Salerno, T., & Fernandes, M. C. 
(2009). Pathogenic microorganisms, somatic cell 



Fagnani Monitoring antimicrobial resistance at farm level

Veterinaria Italiana 2023, 59 (1), 71-81. doi: 10.12834/VetIt.2606.16215.1 81

count and drug residues evaluation in organic 
bovine milk. Pesq Vet Bras, 29(1), 52‑58.

Ruiz, A. K., Ponce, P., Gomes, G., Mota, R. A., Sampaio, 
E., Lucena, E. R., & Benone, S. (2011). Comparison 
of manual and mechanical milking: prevalence 
of subclinical mastitis and microorganisms 
associated with mastitis, in Pernambuco, Brazil. 
Rev Salud Anim, 33(1), 57‑64.

Saab, A. B., Zamprogna, T. O., Lucas, T. M., Martini, K. 
C., Mello, P. L., da Silva, A. V., & Martins, L. A. (2014). 
Prevalence and etiology of bovine mastitis in the 
Nova Tebas, Parana. Semina: Ciênc Agrár, 35(2), 
835‑844.

Saeki, E. K., de Mello Peixoto, E. C. T., Matsumoto, L. 
S., Marcusso, P. F., & Monteiro, R. M. (2011). Mastite 
bovina por Staphylococcus aureus: sensibilidade 
às drogas antimicrobianas e ao extrato alcoólico 
de própolis. Acta Vet Bras, 5(3), 284‑290.

de Santana Neres, W., Santos, O. M., Tuñon, G. I. 
L., & Carneiro, M. R. P. (2015). Antimicrobial 
susceptibility of coagulase positive 
Staphylococcus isolated from cows with mastites  
in Sergipe. Sci Plena, 11(4).

Santos, L. L., Pedroso, T. F. F., & Guirro, E. (2010). 
Etiological profile of bovine mastitis from dairy 
farms of Santa Izabel do Oeste, Paraná, BR. Ciênc 
Anim Bras, 11(4), 860‑866.

Senhorello, I. L. S., de Oliveira Bezerra, A., dos 
Santos, R. P., Ferreira, P. G., Starling, R. Z. C., 
Donatele, D. M., & Clipes, R. C. (2013). Prevalence, 
etiology, antimicrobial susceptibility and risk 
factors associated with mastitis in the dairy cattle 
herd from Alegre municipality, Espírito Santo, 
Brazil. Pubvet, 7, 2189‑2326.

Silva, E. R. D., Pereira, A. M. G., Moraes, W. D. S., 
Santoro, K. R., & Silva, T. R. M. (2012). “ In vitro” 
antimicrobial susceptibility of” Staphylococcus 
aureus” isolated from bovine subclinical mastitis. 

Rev Bras de Saúde Prod Anim, 13(3), 701‑711.

Soethe, E. M., Affonso, M. Z., Neto, A. F. C., Negri 
Filho, L. C., Bronkhorst, D. E., Bogado, A. L. G., ... 
& Okano, W. (2015). Occurrence of pathogens 
causing subclinical mastitis in Jaguapitã county, 
state of Paraná‑Brazil. Semina: Ciênc Agrár, 36(5), 
3233‑3237.

Souza, K. S. S., de Moraes Oliveira, Y. C., Duarte, A. 
F. V., de Oliveira, T. C., de Carvalho Veloso, Á. L., 
Oliveira, P. M. C., & Fernandes, N. D. S. F. (2016). 
Antimicrobial resistance of bacteria isolated from 
dairy cows with subclinical mastitis. Cad Ciênc 
Agrár, 8(2), 83‑89.

Ulsenheimer, B. C., Amarante, G. M., da Silva, L. 
S., & Martins, L. R. V. (2018). Mastitis caused by 
Streptococcus hycus its occurrence and sensitivity 
profile in the northwest region of the state of Rio 
Grande do Sul. Braz J Anim Envir Res, 1(2), 329‑
337.

Valmorbida, M. K., dos Santos Carneiro, D. C., Prior, 
K. C., Griebeler, E., Troncarelli, M. Z., & Dezen, 
D. (2017). Etiology and in vitro antimicrobial 
susceptibility profile of strains isolated from 
bovine mastitis in dairy herds from the Midwest 
region of Santa Catarina state, Brazil. Acta Vet 
Bras, 11(4), 219‑225.

Vesco, J., Siebel, J. C., Suzin, G. O., Cereser, N. D., 
& de Lima Gonzalez, H. (2017). Monitoring of 
agents that cause mastitis and susceptibility to 
antimicrobials. Exp Extens, 22(1), 34‑50.

Zanette, E., Scapin, D., & Rossi, E. M. (2010). 
Antimicrobial susceptibility of Staphylococcus 
aureus isolated from milk samples of bovines 
with suspect mastitis. Unoesc & Ciência-ACBS, 
1(1), 65‑70.

Zimermann, K. F., & Araujo, M. E. M. (2017). Bovine 
mastitis: etiological agents and antimicrobial 
susceptibility. Rev Campo Dig, 12(1).


