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Most common pathogens from cows with subclinical
mastitis in northwestern Parana, Southern Brazil and
their antimicrobial susceptibility

Patdgenos mais comuns isolados de vacas com mastite
subclinica no noroeste do Parana e suas resisténcias a
antimicrobianos
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Highlights

Streptococcus mutans was the most frequent pathogen.
Staphylococcus spp. showed 42% overall resistance to Gentamicin + Amoxicillin.
The antibiotic treatment decisions should be based on prior resistance tests.

Abstract

Considering the high prevalence of subclinical mastitis and its impacts on milk production, thematic studies
are needed and can provide strategic datafor its control. This study aimed at investigating the most frequent
microorganisms associated with subclinical mastitis in dairy cows in the northwest State of Parang, Brazil
and its sensitivity to antibiotics. A total of 478 foremilk samples were tested. Streptococci were the most
frequently genus observed (63%), followed by staphylococci (31%). Streptococcus mutans, S. sanguis, and
S. uberis were the most frequently identified species. For Streptococcus spp., the antimicrobial resistance
was higher for Ceftiofur, whereas for Staphylococcus spp. it was also possible to verify a high occurrence of
resistance for Gentamicin + Amoxicillin. Our results strengthen the knowledge of the microbiological agent
and antibiotic-resistance patterns of pathogens at regional level, targeting future strategies to reduce the
environmental spread of pathogenic strains resistant to antibiotics.
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Resumo

Considerando a alta prevaléncia de mastite subclinica e seus impactos na producao de leite, estudos
tematicos sao cada vez mais importantes e podem fornecer dados estratégicos para o controle dessa
infeccao. Este estudo teve como objetivo investigar os microrganismos associados a mastite subclinica
em vacas leiteiras no noroeste do estado do Parana e sua sensibilidade a antibiéticos. Foram testadas 478
amostras de leite. Os estreptococos foram 0s micro-organismos mais frequentemente observados (63%),
seguidos pelos estafilococos (31%). Streptococcus mutans, S. sanguis e S. uberis foram as espécies
identificadas em maior frequéncia. Para Streptococcus spp., a resisténcia antimicrobiana foi maior para
Ceftiofur, enquanto para Staphylococcus spp. foi possivel verificar alta ocorréncia de resisténcia para
Gentamicina + Amoxicilina. Esses resultados ampliam os conhecimentos sobre os agentes microbiolégico
envolvidos em mastites subclinicas e seus padrdes de resisténcia a antibiéticos em nivel regional,
possibilitando estratégias para reduzir a propagacdo ambiental de cepas patogénicas resistentes a

antibidticos.

Palavras-chave: Resisténcia microbiana. Staphylococcus. Streptococcus.

Mastitis in dairy cows is one of the
main diseases that involve antibiotic therapy
worldwide. Despite the many benefits of
these drugs, there is concern regarding
antibiotic residues in food intended for human
consumption and the potential development
and transmission of antimicrobial resistance (
J. P. Oliver et al., 2020).

Although antibiotic resistance
associated with the pathogens of subclinical
bovine mastitis has beenreportedin Braziland
other countries, similar work has never been
conducted in northwest Parana, Brazil. This
study isin line with global co-operative efforts,
such as the Tripartite Alliance between the
WHO, FAO, and OIE, to address antimicrobial
resistance (Rousham et al., 2018). Regarding
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this issue, studies in this field could help to
clarify the spread of drug-resistant strains of
animal origin through environmental routes. It
is well known that propagation of antimicrobial
resistance is beyond geographical borders
and can traverse among animals and humans
across countries (Sharma et al., 2018).

This study aimed at investigating the
most frequent microorganisms associated
with subclinical mastitis in dairy cows in the
northwest State of Parand, Brazil and its
sensitivity to antibiotics. The study was done
on milk collected from 452 cows from 44
dairy farms located within 13 cities from the
northwestern region of the State of Parana,
Southern Brazil (Figure 1).
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Figure 1. Geographic distribution of the 44 dairy herds and milk samples collected from the
northwestern region of the State of Parana (Brazil) between 2018 November and 2019 April.

Across-sectional studywasperformed
on commercial dairy herds that supplied milk
to a dairy plant in Umuarama, Parana. From
November 2018 to April 2019 all commercial
dairy herds (44) were recruited for the study.
Out of these, foremilk samples exhibiting two
consecutive positive scores on the California
Mastitis Test (CMT) were considered for
sampling. The CMT was routinely performed
weekly at all farms. Most of these proprieties
were small dairy farms, that used family labor
and mechanical milking, having an average of
16 £ 5.9 cows per farm and mean daily milk
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production of 14 + 7.4 L/cow. Most herds
consisted of cows of the Holstein-Friesian
breed.

A total of 478 foremilk samples
were aseptically collected following the
Microbiological Procedures for the Diagnosis
of Bovine Udder Infection and Determination
of Milk Quality (S. P. Oliver, 2004). Before
milking, teat ends were cleaned with 70%
ethanol and the first three squirts were
discarded. A total of 10 mL of milk from each
quarter were collected in sterile tubes. All
samples were cooled with ice packs and
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immediately transported to the laboratory for
microbiological analyses.

The microbiological cultures of milk
samples were performed according to Winn
et al. (2012), with approximately 10uL seeded
on blood agar plates with 5% defibrinated
ovine blood, followed by incubation at 37 °C
for 48 h in aerobic conditions.

After incubation, a milk sample
was considered positive if: (1) at least one
colony of any pathogen was observed on
the agar plate; (2) two or more colonies for
coagulase negative staphylococci; (3) at
least five colonies for Bacillus spp. Samples
leading to the isolation of more than three
species were considered as contaminated
and discarded. Samples that produced three
or less pathogens were considered as mixed
infections.

The identification of colonies was
performed by evaluation of morphology,
hemolysis, and Gram staining. Further
differentiation = between genera  were
performed according to S. P. Oliver (2004)
and Winn et al. (2012). For Gram positive
cocci, catalase positivity was determined
to distinguish between streptococci and
staphylococci.

Staphylococci were further
characterized by mannitol salt agar selective
medium and tube coagulase test (ovine
plasma). Coagulase positive and mannitol
positive strains were characterized as
Staphylococcus aureus (Kateete et al., 2010).

The streptococci characterization
was confirmed by a combination of sorbitol
and mannitol fermentation and the hydrolysis
of arginine and aesculin. Streptococcus
mutans were characterized by positive
sorbitol and mannitol, negative arginine and
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positive aesculin. Streptococcus uberis or
S. parauberis were characterized by positive
sorbitol and mannitol, positive arginine and
aesculin. S. sobrinus were characterized
by negative sorbitol and positive mannitol.
Streptococcus sanguis were characterized
by negative sorbitol and mannitol, negative
aesculin and positive arginine. Streptococcus
mitis were characterized by negative sorbitol
and mannitol, negative arginine and aesculin.
Streptococci with B-hemolysis and negative
aesculin were identified as Streptococcus
agalactiae (Winn et al., 2012).

Corynebacterium spp. were identified
based on macro and microscopical
morphology by Gram staining, and culture
characteristics, such as Gram-positive rods,
pleomorphic, slightly curved with tapered
or clubbed ends, with singly cells or in pairs,
often in a "V" formation, similar to “Chinese
letters". Corynebacterium spp. were further
identified by nitrate reduction, urease activity
and the presence of hemolysis on blood agar
(Funke & Bernard, 2015).

Bacillus spp. were identified by their
distinct phenotypic and morphological
characteristics, such as Gram-positive rod-
shaped and straight cells, often arranged in
pairs or chains, with rounded or squared ends,
and oval, round or cylindrical endospores
(Bergey, 1994).

Small B-hemolytic colonies, Gram-
positive rods with branching bacilli with
negative reaction in the catalase were
identified as Trueperella spp. (Tomazi et al.,
2018).

The disk-diffusion method on Mueller-
Hinton agar were performed following the
Clinical and Laboratory Standards Institute
(CLSI, 2018), classifying the isolated
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pathogens as susceptible or resistant. The
antibiotics discs used were: (1) association
of Amoxicillin and Clavulanic acid (AMC) (2:1),
(2) association of Gentamicin and Amoxicillin
(GEN) (1:1), and (3) Ceftiofur (CTF), all with
antibiotic concentration of 30 pug per disc.

Differences in the distribution of
pathogens were tested using the Chi square
analysis when the absolute frequency
were greater than 5 and using Fisher's test
otherwise (both at 5% significance level). 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 isolates tested.

Regarding the proportion of herds
affected, almost all (95%) showed at least
one isolate. Staphylococcus aureus (27%),
followed by Streptococcus sanguis (25%), and
Bacillus spp. (25%) were the most frequently
disseminated species across the 44 dairy
herds studied (Table 1). A total of 478 foremilk
samplesfromquarterswith subclinical mastitis
were analyzed, with positive microbiological
culture being isolated from 62% (295/478) of
these samples (Table 1).

Considering the sum of simple and
mixed infections, Streptococci organisms
were the most frequently isolated and
contributed towards 63% (187/295) of all
pathogens identified in cows with subclinical
mastitis from Northern Parana, followed by
Staphylococci (31%) and other members of
other genera (6.5%) (X?= 146.29; p<0.01).

Although  Streptococcus mutans
(44%), Streptococcus sanguis (42%), and
Streptococcus uberis (47%) were the most
frequently identified species, the proportion
between these three species were equally
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distributed (X?= 0.63; p=0.73). The equal
distribution between these members of
Streptococcus identified in this study is
not frequently described, since in most
studies Streptococcus uberis is the most
frequently identified species in cows with
mastitis (Valmorbida et al., 2017). The clinical
importance of this finding is that some
virulence factors involved in streptococcal
pathogenicity are species-specific, what
can lead to the production of antibiotic-
resistance proteins, an important information
to improve the treatment and minimize clinical
complications due to resistant strains (Abril et
al., 2020).

Regarding the considerable proportion
of Streptococcus sanguis (13%) found in this
study, it is important to point out that this
specie is not frequently identified in cattle.
Most commonly, S. sanguis are associated
with oral health, being involved in the
development of dental caries (Gomez et al,,
2021). This finding suggests contamination
during the milking process through a route
that deserve to be further investigate, which
should be related with human contamination
or via the oral-to-udder transmission among
calves.

Among Staphylococci, the most
frequently was S. aureus, with 10.5% of
occurrence among the identified pathogens.
Differently from most studies and literature
reviews that consider Staphylococcus spp.
as the most frequent pathogen isolated from
subclinical mastitis in dairy cows, followed
by Streptococcus spp., we found a higher
proportion of streptococci, which reinforces
that the etiology of subclinical mastitis can
differ regionally, and consequently shows the
need for periodic monitoring for its control.
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Table 1
Frequency of pathogens isolated from cows with subclinical mastitis

Absolute Relative Herds
frequency*  frequency (%) affected (%)

Pathogens isolated

Simple infections

Streptococcus mutans 44 14.9 10 (23%)
Streptococcus sanguis 42 14.2 11 (25%)
Streptococcus uberis 37 12.6 10 (23%)
Streptococcus mitis 9 3.1 3 (7%)

Streptococcus sobrinus 7 2.4 4 (9%)

Streptococcus agalactiae 1 0.3 1(2%)

Streptococcus spp. 24 8.1 21 (48%)
Subtotal 164 55.62 31 (70%)
Staphylococcus aureus 31 10.5 12 (27%)
Coagulase negative staphylococci 16 5.4 11 (23%)
Coagulase positive staphylococci 22 7.5 18 (41%)
Subtotal 69 23.4b 27 (61%)
Bacillus spp. 22 7.5 11 (25%)
Trueperella spp. 9 3.1 5(11%)
Corynebacterium spp. 7 2.4 4 (9%)

Yeast 1 0.3 1(2%)

Subtotal 39 13.2¢ 14 (32%)

Mixed infections
Streptococcus. spp.+ Staphylococcus. spp.+

Corynebacterium L b i)
Streptococcus. spp.+ Staphylococcus. spp. 20 6.8 10 (23%)
Trueperella spp. + Streptococcus. spp. 2 0.6 2 (5%)
Subtotal 23 7.8 12 (27%)
Total 295 100 42 (95%)

Footnote: Number of samples containing at least one isolate; a,b,c: proportions followed by different letters in the same
column are significantly different by the Chi-square test (p<0.05).

Thus, we suggest that the causative 22% isolates showed resistance to the

agents of bovine mastitis depend on small- antibiotics used in this study (i.e., association
scale regional conditions, but further studies of amoxicillin and clavulanic acid, association
should be conducted in this sense Overall, of gentamicin and Amoxicillin, and Ceftiofur
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(Table 2). According to chi-square test, the
antimicrobial resistance was proportional
(X2=1.273; p=0.5292) between the antibiotics
and/or association of antibiotics used.

However, when categorized by
genus, the antimicrobial resistance was not
proportional between the three categories
of antibiotics. For Streptococcus spp., the

Table 2

antimicrobial resistance was higher for
Ceftiofur (X?=7.091; p=0.0289), whereas
for Staphylococcus spp. the antimicrobial
resistance was lower for Ceftiofur (X?=6.889;
p=0.0319). It was also possible to verify a
high occurrence of Gentamicin + Amoxicillin
resistant Staphylococcus spp. (Table 2).

Occurrence of antimicrobial resistance of pathogens isolated from subclinical bovine mastitis in
northwest Parand, Brazil between 2018 November and 2019 April

Antibiotic evaluated

(number of analyzed samples)

All samples

Antimicrobial resistance (%)

Amoxicillin + clavulanic acid (n=198) 24.4a
Ceftiofur (n=212) 23.5a
Gentamicin + Amoxicillin (h=204) 19a
Total (n=614) 22.3

Streptococci  Staphylococci Other
organisms organisms organisms
24.8a 25.8b 20.1a
27.1b 10.5a 20a
14a 41.7b 22.2a
22 25.7 20.7

ab: proportions followed by different letters in the same column are significantly different by the Chi-square test (p<0.05).

The high proportion of ceftiofur
resistant  Streptococcus spp. isolates
suggested that extended-spectrum beta-
lactamase producing strains may be
circulating in the investigated dairy farms
within Northwestern Parana.

Apossiblepracticalapplicationofthese
results is that ceftiofur continues to maintain
its antibacterial activity against Staphylococci
genus, but not against Streptococci genus.
Consequently, to increase the cure rates, is
advisable to avoid Ceftiofur therapy when
the etiologic agent belongs to Streptococci
genus. Otherwise, it is highly recommended
to use Ceftiofur when the etiologic agent
belongs to Staphylococci genus. It should
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be highlighted that for subclinical mastitis
the most appropriate treatment is the
administration of antimicrobials at the
beginning of the dry-period (Scherpenzeel et
al.,, 2018).

The high occurrence of Gentamicin
+ Amoxicillin resistant Staphylococcus spp.
(Table 2) contradicts the results from Costa
et al., (2018), who found that Gentamicin
and Amoxicillin was the most efficacious
antimicrobial agents against Staphylococcus
spp. Taken together, these results highlights
that the antibiotic-resistance patterns of
pathogens may differ at regional level once
the investigation of Costa et al. (2018) was
done in the Northeast of Brazil.
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Finally, some limitations need to
be considered. First, it is important to
point out that there is a close association
between 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.

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).

We found a particular profile of
pathogens with high rates of antimicrobial
resistance circulating in cows with subclinical
mastitis from northern Parana. Thus, it is
important that the antibiotic treatment
decisions should be based on prior resistance
tests to avoid the environmental spread of
pathogenic strains resistant to antibiotics in
dairy cattle populations.
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