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ABSTRACT: The association of amoxicillin and clavulanic acid has shown high efficacy to treat mastitis worldwide, also promoting a 
shorter milk disposal period compared to other antimicrobials. However, no previous investigations regarding its application to treat mastitis 
in Brazilian dairy cows were developed. This study evaluated the effectiveness of amoxicillin-clavulanic acid to treat Brazilian dairy cows 
with mastitis, comparing it with a reference protocol treatment combination of tetracycline, neomycin and bacitracin. Holstein cows (n = 
468) from three different dairy herds in Brazil were assigned to two groups: combination of tetracycline, neomycin and bacitracin (n = 
178; positive control group) and amoxicillin-clavulanic acid protocol (n = 290). Before the treatment, milk samples were collected and 
cultivated in chromogenic media. After finishing the antimicrobial treatment (intramammary), milk samples were also collected and cultivated 
in chromogenic media. Results from microbiological analysis obtained before and after treatment were compared to determine the healing 
rate. Nine different microbiological agents were identified: eight of environmental origin and one of contagious origin; being eight gram-
positive and one gram-negative bacteria. TThe positive control group and the treatment group showed similar healing rate (86.5% and 90.3%, 
respectively; P > 0.05). No differences were found between the groups for the healing rate, when the causing agent was considered. Therefore, 
it is possible to indicate the amoxicillin-clavulanic acid-based protocol to treat intramammary mastitis in Brazilian dairy cows, achieving great 
healing rates and providing a substantial reduction in milk disposal.
Key words: broad spectrum, dairy cow, intramammary antibiotic, milk disposal, tetracycline.

RESUMO: A associação de amoxicilina e ácido clavulânico tem mostrado alta eficácia para o tratamento mastite em diversos países, além de 
promover um menor período de carência em comparação a outros antimicrobianos utilizados no tratamento da mastite. Apesar disso, estudos 
considerando a sua utilização para o tratamento de mastite bovina nos rebanhos leiteiros brasileiros ainda não foram realizados. Portanto, 
esse estudo teve o objetivo de avaliar a efetividade do uso de amoxicilina associado ao ácido clavulânico no tratamento da mastite bovina 
em rebanhos leiteiros do Brasil e compará-los com os resultados obtidos a partir do uso de um protocolo referência (contendo tetraciclina, 
neomicina e bacitracina). Um total de 468 vacas da raça Holandesa de três diferentes rebanhos brasileiros foi utilizado no estudo, sendo 178 
animais designados para o grupo tetraciclina, neomicina e bacitracina (controle positivo) e 290 animais designados para o grupo amoxicilina-
ácido clavulânico. Antes de iniciar o tratamento, amostras de leite foram coletadas e cultivadas em meio cromogênico. Após finalizar o 
tratamento com os antimicrobianos, por via intramamária, amostras de leite foram novamente coletadas e cultivadas em meio cromogênico. Os 
resultados das análises microbiológicas realizadas antes e após a administração foram comparados para calcular a taxa de cura dos tratamentos. 
Nove diferentes agentes foram identificados nas amostras de leite (oito de origem ambiental e um de origem contagiosa, sendo oito agentes 
gram-positivos e um gram-negativo). O grupo de vacas tratadas com amoxicilina-ácido clavulânico apresentou taxa de cura semelhante à taxa 
de cura dos animais do grupo controle positivo (90,3% vs. 86,5%; P > 0.05). A taxa de cura dos grupos foi semelhante também quando se 
considerou o agente etiológico. Portanto, é possível indicar a associação de amoxicilina com ácido clavulânico no tratamento da mastite bovina 
em rebanhos brasileiros, atingindo boas taxas de cura e possibilitando expressiva redução no período de descarte do leite.
Palavras-chave: amplo espectro, antibiótico intramamário, bovinos de leite, descarte de leite, tetraciclina.

MICROBIOLOGY

INTRODUCTION

Bovine mastitis is among the main 
diseases in dairy production, being the most common 
and biggest cause of loss to producers (RUEGG, 
2003), mainly due to economic impairment as a 
consequence of milk disposal, followed by treatment 

costs (DEMEU et al., 2015). It estimated that milk 
disposal and treatment costs represent up to 45% 
of the expenses related to mastitis occurrence in a 
dairy farm (DOEHRING & SUNDRUM, 2019). 
In addition, mastitis is responsible for the highest 
percentage of antimicrobial use in dairy herds, either 
to treat clinical cases or to prevent cases in the next 
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lactation. (ERSKINE et al., 2002; STEVENS et al., 
2016; DOEHRING & SUNDRUM, 2019).

Currently, mastitis treatment using 
antimicrobials is performed via intramammary 
or systemic, and eight groups of antimicrobials, 
composed of more than 30 different active drugs, 
are available to be used. Despite the large number of 
available protocols to treat bovine mastitis, a challenge 
still faced in this context is the long withdrawal 
periods for some antimicrobials (DOEHRING & 
SUNDRUM, 2019), which increases milk disposal. 
Furthermore, it is important to consider the resistance 
of some strains’ generation since the microorganisms 
reported to be related to the mammary gland and 
responsible for mastitis have different characteristics 
of virulence, pathogenesis and possibly resistance 
(WATTS, 1988; RUEGG, 2013).

In this scenario, the use of products 
containing amoxicillin and clavulanic acid was 
indicated as a potential alternative to counteract 
some limitations regarding bovine mastitis control. 
Amoxicillin is a member of the penicillin group 
of antibiotics that interferes with bacterial cell 
wall synthesis. Its association with clavulanic 
acid extends the spectrum of activity against 
penicillinase-producing bacteria since clavulanic 
acid provides a beta-lactamase inhibitory action 
(CASTLE et al., 2007). Furthermore, the association 
allows reducing amoxicillin levels, enabling a low 
residual load and; consequently, shortening the milk 
disposal period compared to other antimicrobials 
used for mastitis treatment (GRUET et al., 2001). 
This combination has shown high efficacy for 
several bacterial agents causing mastitis worldwide 
(KLIMAITĖ, 2003; PODPEČAN et al., 2004; 
VASIL’ et al., 2009).

However, despite all the advantages related 
to the amoxicillin and clavulanic acid association, to 
our knowledge no previous investigations regarding 
its application to treat mastitis in Brazilian dairy 
cows were developed. Therefore, this study verified 
the therapeutic effectiveness of an amoxicillin-
clavulanic acid-based protocol to treat Brazilian 
dairy cows with non-severe mastitis, comparing it 
with a positive control (a combination of tetracycline, 
neomycin, and bacitracin).

MATERIALS   AND   METHODS

The experiment was carried out between 
November 2019 and June 2020 in three Brazilian 
dairy farms, in the states of Minas Gerais, Paraná, and 
Rio Grande do Sul, with herds of 460, 800, and 750 

dairy cows and an average production of 32, 38 and 
34 liters/cow/day, respectively.

Animals’ selection
Holstein cows presenting non-severe 

mastitis (absence of systemic clinical signs but 
alterations in the foremilk, i.e., presence of blood, flake 
or clots, or watery appearance, in the foremilk, with 
presence or absence of redness or heat in the udder) 
were used. The animals were selected according to 
the following criteria: good general health status, at 
least 3 functional breast quarters, no clinical mastitis 
in the previous 30 days, no history of chronic mastitis, 
1-4 lactation cycles, and average milk production for 
the period > 25 liters/day. On the same day cows were 
selected, milk sample was aseptically collected from 
each animal for microbiological culture in plates 
containing a chromogenic culture media (AccuMast 
Plus®; FERA Animal Health). 

The plating and reading procedures 
were performed according to the manufacturer’s 
recommendations, and cows with only one 
infected mammary quarter and presenting only one 
bacterial strain per mammary quarter were selected, 
excluding those animals with acute mastitis (table 1). 
Furthermore, animals infected with Staphylococcus 
aureus were also not selected, since the farms did 
not apply the same procedures and protocols for 
these cases.

Experimental design, treatment, and efficiency 
evaluation

The 468 selected cows were assigned 
by convenience into two groups: treated with a 
combination of tetracycline, neomycin, and bacitracin 
(n = 178; positive control group) or with amoxicillin-
clavulanic acid (n = 290). The treatments started 
on the same day the animals were diagnosed with 
clinical mastitis (after the first milk collection), and 
the antimicrobials were daily administered. 

For the positive control, the Mastijet 
Forte® was used (Tetracycline Hydrochloride 200 
mg, Neomycin Base 250 mg – equivalent to 365 
mg of Neomycin Sulfate, Zinc Bacitracin 2,000 
IU – equivalent to 28 mg, and Prednisolone 10 mg; 
MSD Saúde Animal). The amoxicillin-clavulanic 
acid treatment was performed using the Synulox® LC 
(Amoxicillin – Trihydrate – 200 mg, Clavulanic Acid 
– Potassium Clavulanate – 50 mg, and Prednisolone 
10 mg; Zoetis).

Treatment length ranged from 3 to 7 days 
(table 1), according to the bacterial agent. Fourteen 
days after starting the treatment, a new collection of the 
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milk and microbiological culture were performed, as 
previously described. Animals whose milk samples did 
not show bacterial growth of the same specie detected in 
the first collection were considered healed, confirming 
the treatment efficiency, and the bacteriological cure 
rate was calculated for each treatment.

Statistical analysis
Data were analyzed using R Studio (v. 

4.3.1). The bacteriological cure rates of treatments 
according to the microbiological agent identified 
were compared using the Chi-square test. The relative 
risk (RR) was determined to establish the differences 
of healing between both treatments. Differences were 
considered significant at P ≤ 0.05.

RESULTS   AND   DISCUSSION

On the first milk collection and 
microbiological culture, nine different bacteriological 
agents were identified (eight gram-positive and only 
one gram-negative: Enterobacter spp.). Considering 
the contamination origin, only one agent was identified 
as contagious (Streptococcus agalactiae). The number 
of cases according to the agents reported and treatment 
groups is described in figure 1. From all the cows treated 
in this study (468), a total of 416 animals presented 
milk samples in which the bacterial growth after 
treatment was not related to the same agent identified 
in the first analysis (treatment onset). Therefore, 416 
out of 468 cows were considered healed from mastitis 
after being treated, regardless of the antimicrobial used 
(healing rate of 88.9%; table 1). 

Considering each treatment, it was observed 
that in the positive control group 154 out of 178 cows 
were classified as healed (healing rate of 86.5%), while 
for the amoxicillin-clavulanic acid-based treatment, the 
healing rate was 90.3% (262/290). The RR value was 
> 1.0 (1.4); however, it was not statistically significant 
(95% confidence interval = 0.84 – 2.33; P = 0.23). The 
healing rates according to the bacteriological agent 
were not different between treatments (table 1).

DOEHRING & SUNDRUM (2019) 
described treatment efficiency and milk disposal period 
as two limitations for controlling bovine mastitis. The 
use of a product containing amoxicillin and clavulanic 
acid could be used as a potential alternative to counteract 
these limitations in the control of bovine mastitis. In our 
study, we assessed the therapeutic effectiveness of this 
association to treat Brazilian dairy cows with mastitis, 
comparing it with a reference intramammary antibiotic 
containing tetracycline, neomycin and bacitracin. To 
our knowledge, this is the first investigation concerning 
the use and effectiveness of amoxicillin-clavulanic 
acid association to treat mastitis in Brazilian herds, 
and our results showed that both treatments had an 
overall bacteriological cure rate > 86%, indicating 
that amoxicillin-clavulanic acid is efficient to treat 
bovine mastitis in Brazilian herds, similarly to studies 
performed worldwide (KLIMAITĖ, 2003; PODPEČAN 
et al., 2004; VASIL’ et al., 2009), and reinforcing the 
feasibility of tetracycline for the same purpose.

Unsurprisingly, the medicine used as 
a positive control in our methodology was an 
intramammary antimicrobial formulated with the 
combination of tetracycline, neomycin, and bacitracin, 

 Table 1 - Bacteriological cure rate in Brazilian dairy cows treated for mastitis using either a combination of tetracycline, neomycin, and 
bacitracin or amoxicillin-clavulanic acid according to the microbiological agent identified. 

 

Agent Total of 
samples 

Tetracycline, neomycin and bacitracin   
(n = 178) Amoxicillin-clavulanic acid (n = 290) P-value 

  Pre-treatment Post-treatment BCR (%) Pre-
treatment 

Post-
treatment BCR (%)  

  Positive 
samples 

Negative 
samples  Positive 

samples 
Negative 
samples   

Aerococcus viridansB 26 12 11 91.67 14 13 92.86 0.91 
Enterobacter spp.A 12 5 4 80 7 7 100 0.37 
Enterococcus spp.A 22 11 9 81.82 11 10 90.38 0.56 
Lactococcus lactisC 27 11 9 81.82 16 14 87.5 0.70 
Coagulase-negative StaphylococciA 126 45 41 91.11 81 75 92.59 0.77 
Staphylococcus haemolyticcusA 34 15 11 73.33 19 17 89.47 0.23 
Streptococcus agalactiaeA 95 33 31 93.94 62 52 83.87 0.11 
Streptococcus dysgalactiaeB 80 28 24 85.71 52 47 90.38 0.53 
Streptococcus uberisC 46 18 14 77.78 28 27 96.43 0.10 

 
BCR: bacteriological cure rate, A three days of treatment, B five days of treatment, C seven days of treatment. 
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one of the most common drugs to treat bovine mastitis. 
TOMAZI & SANTOS (2020) recently demonstrated 
that intramammary drugs for treating mastitis composed 
of tetracycline, aminoglycoside, and polypeptide 
had the highest frequency of use in dairy herds in 
Brazil, which is due to their known effectiveness. 
In in vitro tests, about 96% of streptococcus isolates 
were susceptible to tetracycline (CONSTABLE et 
al., 2017), and its association with neomycin, and 
bacitracin has already been used as a positive control 
group in other studies to assess alternative treatments 
to bovine mastitis (CORTINHAS et al., 2016). The 
direct comparison between two products with the same 
purpose facilitates choosing the most advantageous 
treatment in the practice routine.

The ideal management in cases of bovine 
mastitis is to first perform microbiological culture 
for identifying the causative agent and then establish 
the most adequate protocol treatment (LAGO et al., 
2011; ROBERSON, 2012). Most of the bacteria 
involved in the mastitis cases of this experiment were 
gram-positive. In cases of gram-positive bacteria, 
intramammary treatment is always recommended, 
except for those caused by Staphylococcus aureus, in 
which a critical evaluation case-by-case is strongly 
suggested, considering the possibility of discarding 
the animal (LAGO et al., 2011; ROBERSON, 2012). 
Our data also showed the occurrence of positive 
samples for gram-negative bacteria: Enterobacter 
spp. These cases were treated either with amoxicillin-
clavulanic acid or with a combination of tetracycline, 

neomycin, and bacitracin to assess the amoxicillin-
clavulanic acid efficiency in Brazilian herds. 
However, it is noteworthy that using antimicrobials to 
treat mastitis is not a practical recommendation when 
the cause involves gram-negative bacteria (PINZÓN-
SÁNCHEZ et al., 2011).

For some authors, the optimal protocol to 
treat bovine mastitis is the one providing the best 
possible cure in conjunction with the shortest possible 
withdrawal period (CRAVEN, 1987; SHIM et al., 
2004). However, due to economic considerations, 
the costs directly related to antibiotic acquisition are 
also fundamental. Indeed, amoxicillin-clavulanic 
acid can be considered a costly product. Some 
years ago, despite the association having been 
widely used for treating mastitis in Chinese dairy 
herds with good clinical efficacy, its application 
was subjected to great restrictions because of its 
expensive price (LI et al., 2014). For this reason, it 
is strongly necessary to consider the treatment cost-
benefit, since the product is efficient and promotes 
a quite short milk disposal period, decreasing the 
costs with the milk withdrawal. According to the 
manufacturers, the intramammary antimicrobial 
used in our methodology required a disposal period 
of nine days, while the alternative protocol required 
only three days of disposal. Considering an average 
daily milk production of 25 liters (the minimum 
value considered to select the cows in this study), it 
is estimated that shortening the milk disposal period 
from nine to three days would allow the producer to 

Figure 1 - Frequency of bovine mastitis-causing agents identified in milk samples from Brazilian cows before the 
treatment with either a combination of tetracycline, neomycin, and bacitracin or amoxicillin-clavulanic acid.
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avoid the discard of 150 liters of milk. 
Overall, our results are useful to set the 

efficiency of this antibiotic association to treat mastitis 
considering the herds used and the bacterial agents 
found in our study. This alternative treatment must 
be considered by veterinarians and farmers when 
establishing mastitis treatment in Brazil, mainly taking 
into account the need for high efficiency and a short 
milk disposal period simultaneously. Moreover, this 
investigation can supply preliminary data for new 
approaches, since further studies focusing on the 
effectiveness of amoxicillin acid clavulanate in dairy 
herds are still needed, mainly considering herds from 
other Brazilian regions, a greater number of animals, 
different bacteriological agents, comparison with other 
drugs, as well as the comparison to a non-treatead group.

CONCLUSION

In conclusion, amoxicillin-clavulanic 
acid presented similar healing rates compared to 
the combination of tetracycline, neomycin, and 
bacitracin, being a feasible alternative to treat mastitis 
in Brazilian dairy herds, providing shorter milk 
disposal and; consequently, decreasing the related 
expenses.
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