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Abstract
Background Throughout a three-year study period, 1,577 bovine clinical mastitis samples and 302 bulk tank samples 
were analyzed from ten Brazilian dairy herds. Enterococcus spp. was isolated and identified in 93 (5.9%) clinical 
mastitis samples. In addition, 258 Enterococcus spp. were isolated from the bulk tank samples of the same herds. The 
identification of Enterococcus spp. isolated from bulk tanks and milk samples of clinical mastitis were accomplished by 
phenotypic characteristics and confirmed by MALDI-TOF Mass Spectrometry (MS). Fisher test was performed to verify 
the difference between bulk tanks and mastitis samples.

Results The following species were identified from clinical mastitis: E. saccharolyticus (62.4%), E. faecalis (19.4%), E. 
faecium (15.1%), E. hirae (1.1%), E. mundtii (1.1%), E. durans (1.1%). Furthermore, from 258 bulk tank milk samples, eight 
enterococci species were isolated: E. faecalis (67.8%), E. hirae (15.1%), E. faecium (4.6%), E. saccharolyticus (4.6%), E. 
mundtii (3.1%), E. caseliflavus ( 2.7%), E. durans (1.2%), E. galinarum (0.8%).

Conclusions The difference in species predominance in bulk tank samples (67.8% of E. faecalis) and clinical mastitis 
(62.4% of E. saccharolyticus) was unexpected and caught our attention. Although Enterococcus spp. are traditionally 
classified as an environmental mastitis agent, in the present study, E. saccharolyticus behaved as a contagious agent of 
mastitis, which consequently changed the control patterns to be implemented.
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Background
Enterococci are commensal bacteria found in the intes-
tines of animals and humans, some strains have become 
important nosocomial pathogens, frequently isolated 
from hospital environments. They can cause severe 
human infections and may present intrinsic resistance or 
low susceptibility to antimicrobials such as aminoglyco-
sides, cephalosporin and some beta-lactams [1–3].

Enterococci are also economically important as etiolog-
ical agents of animal disease, especially for bovine mas-
titis, alongside with Staphylococcus and Streptococcus 
[4]. However, mastitis cases associated with enterococci 
are still undervalued due to the limitations of phenotypic 
diagnostic methods [5, 6]. Fortin et al. [7] and Werner et 
al. [8] reported that between 6.2% and 20% of Enterococ-
cus spp. were misdiagnosed as Streptococcus spp. (such as 
Strep. uberis, Strep. dysgalactiae, and Strep. bovis) based 
on phenotypic methods, and Scillieri et al. [6] corrobo-
rated the observation.

Several methods have been used to identify these 
pathogens, such as biochemicals tests, molecular tech-
niques and sequencing essays [9–11]. Among tech-
niques, the Matrix-Assisted Laser Desorption/Ionization 
time-of-flight mass spectrometry (MALDI-ToF), a fast 
and accurate technology that identifies bacteria by mass 
spectrometry, is highly recommended to improve micro-
organism identification. The same technology has been 
used successfully in research with a similar purpose in 
other countries [5, 6, 9].

Enterococcus was reported worldwide as a cause of 
clinical and subclinical mastitis. Researchers reported 
that enterococci were isolated from 1.2 to 7.6% of all 
clinical mastitis cases [13–15]. Kuyucuoğlu [16] reg-
istered a 10.97% prevalence of Enterococcus spp. in 392 
milk samples from 274 cows with subclinical mastitis in 
Turkey. Song et al. [17] reported a 1.73% prevalence of 
Enterococcus spp. in milk samples from 1153 cows (15 
herds) with signs of clinical mastitis or positive for the 
Lanzhou Mastitis test in China. In a recent study, Pascu 
et al. [18] isolated Enterococcus spp. from 1.72% to 6.9% 
of milk samples from 127 cows (4 herds) with clinical and 
subclinical mastitis in Romania, respectively. Bi et al. [19] 
reported that 35.7% of 894 bulk tank milk samples col-
lected in China were positive for Enterococcus spp.

This study aimed to detect the presence of enterococci 
in Brazilian dairy farms throughout the use of MALDI-
ToF MS and to assess their potential impact on animal 
health and milk quality. The findings of the study show 
the main enterococci species with pathogenic potential 
for causing mastitis that are circulating in dairy products 
in São Paulo and Minas Gerais States, in Brazil.

Results
Throughout a two-year study period, a total of 4275 
bovine clinical mastitis samples as well 302 bulk tank 
samples were analyzed from ten Brazilian dairy herds, 
1577 mastitis-causing pathogens were isolated and iden-
tified, showing a predominance of 1244 environmental 
(78.9%) toward 333 (21.1%) contagious pathogens from 
the clinical mastitis cases. Enterocccus spp were identified 
in 394 samples, among other pathogens as Actinomyces 
spp, Pasteurella, Escherichia coli, Staphylococcus spp and 
Streptococcus spp.

Of the 108 isolates from clinical mastitis samples 
and 286 isolates from bulk tanks that were phenotypi-
cally diagnosed as Enterococcus spp., were subjected to 
MALDI-TOF MS.

Of 394 isolates subjected to MALDI-TOF MS, 89.1% 
(N = 351) were confirmed as different species of Entero-
coccus, and 10.9% (N = 43) were diagnosed as other 
bacterial species. The species most misdiagnosed by phe-
notypic methods were Lactococcus garvieae and Lacto-
coccus lactis.

Through MALDI-ToF Mass Spectrometry, Enterococ-
cus spp. was isolated and identified in 93 (5.9%) clini-
cal mastitis samples. Six different species of enterococci 
were identified in clinical mastitis samples, respectively: 
E. saccharolyticus (62.4%), E. faecalis (19.4%), E. faecium 
(15.1%), E. hirae (1.1%), E. mundtii (1.1%), E. durans 
(1.1%) (Table  1). In addition, 258 Enterococcus spp. 
were isolated from the bulk tank samples of the same 
herds. Eight different species were identified, as shown 
in Table  2: E. faecalis (67.8%), E. hirae (15.1%), E. fae-
cium (4.6%), E. saccharolyticus (4.6%), E. mundtii (3.1%), 
E. caseliflavus (2.7%), E. durans (1.2%), E. gallinarum 
(0.8%). Among the isolated species, Enterococcus fae-
calis (67.8%) showed the highest frequency, followed by 
Enterococcus hirae (15.1%). E. saccharolyticus was the 
enterococci species that showed the highest occurrence 
(p < 0.0001) among clinical mastitis samples (Table 3).

Out of all 58 clinical mastitis cases identified as E. 
saccharolyticus using MALDI-TOF MS, 50 presented 
high-confidence identifications (scores of 2 to 3), while 
8 showed low-confidence identifications (scores of 1.70 
to 1.99). Regarding consistency, only two samples dem-
onstrated a B-level, while the others exhibited an A-level 
consistency. In the 12 bulk tank samples where E. sac-
charolyticus was detected, 10 exhibited high-confidence 
identifications, and 2 had low-confidence. Only one of 
these samples showed B-level consistency. These results 
are detailed in Supplementary Material 1.

Discussion
The occurrence of enterococci in bovine mastitis milk 
samples varies greatly, with some authors reporting 
infrequent findings. Petersson-Wolfe et al. [20] referred 
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to 0.3–1.3% prevalence in milk samples from cows with 
subclinical mastitis in Sweden. Botrel et al. [21] isolated 
these bacteria in 2.4% of milk samples from cows with 
clinical mastitis and 3.1% in subclinical cases in France. 
Hande et al. [22] described Enterococcus spp. in 3.3% of 
milk samples from subclinical mastitic cows in Turkey. 
Although with higher isolation frequency (5.9%), our 
data corroborates with these authors. In contrast, others 
exhibited higher enterococci levels from mastitis cases 
in milk samples, such as Kuyucouglu [16], Cameron et 
al. (2016) [5], Kateete et al. [23], and Różańska et al. [24], 
who have isolated, respectively, from 10.9%, 15.3%,19.5% 
and 21.3% of Enterococcus spp in Turkey, Canada, 
Uganda and Poland.

As previously noted, the accuracy of identifying 
Enterococcus species through phenotypic diagnostic 
methods is limited, as acknowledged by various authors 
[5, 6]. To overcome this challenge, experts recommend 
leveraging more precise techniques, such as MALDI-ToF, 
to assess the diversity of species in mastitis and bulk tank 
samples [6, 25]. A study conducted by Cameron et al. 
[5] utilized MALDI-ToF and successfully identified 296 
environmental streptococci in bovine milk samples from 
Canada and correctly classified eight enterococci as well 
(e.g., E. faecalis (6.8%), E. saccharolyticus(2.7%), E. fae-
cium (1%), E. pseudoavium (1%), E. avium (0.3%), E. hirae 
(0.3%), E.caseiflavus (0.3%), E. vilorum (03%).

Other studies also described frequencies of these 
pathogens: E. faecalis 53.4% and E. faecium 18.6% (43 
isolates) by Kuyucuoğlu [16]; E. faecalis 44.76%, E. fae-
cium 37.14% and E. hirae 4.76% (105 isolates) by Nam et 
al. [26]; E. faecalis 29.62%, E. casseliflavus 7.41%, and E. 
hirae 3.70% (27 isolates) by Ahmed et al. [27].

The data shown in Table 2 indicates that E. faecalis was 
the enterococci species prevalently isolated from milk 
samples (19.4%) and bulk tank samples (67.8%), corrob-
orating with the abovementioned authors. However, E. 
saccharolyticus was the most prevalent species (62.4%) 
isolated from clinical mastitis samples. Therefore, the 
source of milk samples should be considered and indi-
cated, i.e., were the milk samples collected from bulk 
tanks, clinical or subclinical mastitis cases, or milking 
machines milk samples.

E. faecalis is commonly identified as the primary 
enterococci found in mastitic milk. This microbe is typi-
cally present in organic bedding and has an opportunistic 
nature, allowing it to invade mammary glands and cause 
persistent infections. Elhadidy and Zahran [28] dem-
onstrated a correlation between biofilm formation and 
adherence followed by invasion to mammary gland epi-
thelium, and that ability contributes to recurrent infec-
tions and pathogenesis of E. faecalis mastitis.

The scrutiny of Table  3 data shows that the highest 
occurrence of enterococci clinical mastitis cases among Ta
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the ten studied dairy herds were detected in farms A 
(24.7%) and E (20.4%). However, considering enterococci 
isolation from bulk tank samples, the highest enterococci 
isolation occurred in the C (20.9%) and D (20.9%) dairy 
herds. Based on the presented data, the abundance of 
enterococci in the dairy herd environment may not be 
the sole cause of clinical mastitis cases in cows. There are 
other factors to consider, such as the presence and variety 
of virulence factors among different enterococci species 
and strains exhibiting increased pathogenicity. Addition-
ally, the frequency of isolation data for E. saccharolyticus 
and E. faecalis, as presented in Table  3, supports these 
observations.

Although E. faecalis was the dominant species isolated 
(67.8%) in bulk tank samples, it was found to be pres-
ent in only 19.4% of the clinical mastitis samples stud-
ied. On the other hand, E. saccharolyticus (62.4%) was 
the predominant (p < 0.0001) enterococci species iso-
lated from clinical mastitis cases, whereas merely 4.7% 
of these enterococci species were isolated from bulk tank 
samples.

Upon reviewing the data in Table  1, it becomes evi-
dent that the prevalence of enterococci species isolated 
from clinical mastitis cases in ten dairy herds is notewor-
thy. Notably, E. saccharolyticus was identified in clinical 

mastitis samples from nearly all dairy herds (7/10) and 
emerged as the primary isolated species in six of these 
herds. Additionally, it is worth mentioning that E. saccha-
rolyticus was present in 83% of clinical cases in dairy herd 
A, where the highest incidence of enterococci clinical 
mastitis was observed. Furthermore, analyzing the data 
of herd A, five animals had E. saccharolyticus prolonged 
clinical mastitis, characterized by subsequent isolation of 
this microorganism within intervals ranging from one to 
five months (five months persistence of clinical mastitis 
was observed in three of these five animals). It is worth 
noting that E. saccharolyticus was isolated from bulk tank 
samples twice in dairy herd A, once during the first year 
of the research period and again throughout the second 
year. As a result, the prevalence of E. saccharolyticus in 
clinical cases and its prolonged presence in the mam-
mary gland leading to clinical mastitis indicate that this 
species of enterococci is a significant mastitis pathogen 
and requires further attention.

The fecal origin of enterococci is a known fact. How-
ever, in dairy farms, Enterococcus species may occupy 
specific ecological niches. In the study of Juliano et al. 
[25]. , E. saccharolyticus was the most prevalent in milk 
samples, and the odds ratio of isolation observed by the 
authors suggests that E. saccharolyticus can disseminate 

Table 2 Enterococcus spp. from bulk tank samples from September 2017 to September 2019 in ten Brazilian dairy herds identified by 
MALDI-TOF MS
Enterococci species (bulk tank) Dairy herds Total

A B C D E F G H I J
Enterococcus casseliflavus 4 1 1 1 7
Enterococcus durans 1 1 1 3
Enterococcus faecalis 16 12 31 35 11 18 23 8 20 1 175
Enterococcus faecium 3 3 3 2 1 12
Enterococcus gallinarum 1 1 2
Enterococcus hirae 1 11 11 2 3 4 7 39
Enterococcus mundtii 1 3 1 1 1 1 8
Enterococcus saccharolyticus 2 1 1 2 1 1 2 2 12
Total 19 14 54 54 14 22 27 13 31 10 258
% 7.4 5.4 20.9 20.9 5.4 8.5 10.4 5.0 12.0 3.9

Table 3 Number and frequency of Enterococcus spp. isolated from bulk tank samples and clinical mastitis cases obtained from ten 
Brazilian dairy herds from September 2017 to September 2019
Dairy Herd Bulk Tank Clinical Mastitis Total p-value
A 19 (45.2%) 23 (54.8%) 42 (100%) 0.3810
B 14 (63.6%) 8 (36.4%) 22 (100%) 0.3612
C 54 (81.8%) 12 (18.2%) 66 (100%) 0.0001
D 54 (96.4%) 2 (3.6%) 56 (100%) < 0.0001
E 14 (42.4%) 19 (57.6%) 33 (100%) 0.5402
F 22 (71%) 9 (29%) 31 (100%) 0.0890
G 27 (87.1%) 4 (12.9%) 31 (100%) 0.0016
H 13 (86.7%) 2 (13.3%) 15 (100%) 0.0291
I 31 (75.6%) 10 (24.4%) 41 (100%) 0.0170
J 10 (71.4%) 4 (28.6%) 14 (100%) 0.2457
Total 258 (73.5%) 93 (26.5%) 351 (100%) < 0.0001
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in the herd in a contagious fashion, with teat cups acting 
as fomites in the transmission process [25]. Corroborat-
ing with the observation of E. saccharolyticus as a conta-
gious pathogen and with a specific niche in dairy farms, 
DIAZ-CAO et al. [13], in a survey comprising 163,741 
samples from dairy cattle quarters, observed that E. sac-
charolyticus was consistently isolated in mastitis samples 
with somatic cell count > 100.000, with percentage of iso-
lation in clinical samples higher than E. faecium. Jackson 
et al. [29] assessed the prevalence of enterococci species 
isolated from fecal samples of 122 dairy herds in the US, 
88.7% of the samples were positive, and 10 species were 
observed. The most prevalent species was E. hirae, fol-
lowed by E. faecalis and E. faecium. E. saccharolyticus 
was not isolated, supporting the hypothesis that entero-
cocci species can have specific niches and unique epide-
miological features.

Environmental streptococci, comprising Streptococ-
cus uberis, S. dysgalactiae, and Enterococcus spp., are 
frequent subclinical and clinical mastitis agents in dairy 
cows [6, 8, 30, 31]. These bacteria are abundant in the 
dairy herd environment and are conventionally classified 
as environmental pathogens. However, either S. uberis or 
S. dysgalactiae can be sporadically agents of contagious 
mastitis transmitted cow-to-cow during milking [32, 33]. 
Based on our observations of E. saccharolyticus isolated 
from clinical cases, specifically in dairy herds A and F, it 
behaved more like a contagious pathogen than an envi-
ronmental one. As such, additional research is needed 
to fully understand the relevant epidemiological aspects, 
which are especially important for implementing effec-
tive control measures.

Identifying the enterococci species causing mastitis 
is necessary for a proper pattern of control measures to 
be successfully employed. Therefore, using modern and 
accurate technologies such as MALDI-TOF, in parallel 
with the classical phenotypic identification methods, may 
enhance the identification of enterococci at the species 
level.

Comparing research results can be complex, as many 
factors must be considered, including differences in loca-
tion and time, the sanitary conditions of the herds being 
studied, the sampling methodology used, and the identi-
fication techniques employed. Despite these challenges, 
it is clear that enterococci species play a significant role 
in causing mastitis, and their potential impact on pub-
lic health cannot be ignored. These bacteria have been 
known to cause severe infections in humans, such as bac-
teremia, endocarditis, and urinary tract infections, and 
they may also possess intrinsic resistance or low suscepti-
bility to antimicrobial treatments [1–3, 5] .

Conclusions
The Matrix-assisted desorption ionization-time of flight 
technic was able to identify the main species of entero-
cocci present in mastitis in the studied herds. The pre-
dominance of E. saccharolyticus as an agent of clinical 
mastitis, as well as their long persistence in affected 
animals suggests a particular relevance of these entero-
cocci species as a mastitis pathogen, reinforcing previous 
observation that E. saccharolyticus has specific ecological 
niches and acts as a contagious microbe. Additionally, the 
high occurrence of E. faecalis in bulk tank samples repre-
sents a potential public health risk due to their high anti-
microbial resistance and highlights the need for better 
hygiene measures in these equipment to maintain milk 
quality.

Methods
This study was developed following the Ethics Commit-
tee on Animal Use (CEUA) guidelines and approved by 
the School of Veterinary Medicine and Animal Science 
(FMVZ), São Paulo State University (UNESP), Botucatu, 
São Paulo State, Brazil; protocol number 0136/2017.

Inclusion criteria
A convenience sample of ten dairy farms located in Sao 
Paulo and Minas Gerais states was used for the study. The 
eligibility criteria for the farms were breed (Holstein), 
herd size (> 200 lactating cows that produced > 20  kg of 
milk/d, bulk tank somatic cell count (SCC) < 400,000 
cells/mL), and use of milking equipment. For all farms, 
cows were milked thrice daily and housed in sand-bed-
ded freestalls.

Sampling strategy
Milk samples were collected from all dairy cows that 
experienced clinical mastitis from September 2017 to 
September 2019. These samples were aseptically col-
lected and frozen by farm personnel. After udder hygiene 
procedures (examination of the first milk streams, pre-
dipping, and drying of the teats), the teat end was dis-
infected with cotton pads soaked with 70% alcohol. 
Subsequently, the first streams of milk were discarded, 
and 15 mL of milk were collected in a sterile plastic vial.

Additionally, bulk tank samples were collected monthly 
during the study period.

Laboratory methods
According to the National Mastitis Council (1999) [34] 
guidelines, milk samples were cultured for microbiologi-
cal diagnosis. Samples were initially plated on blood agar 
and MacConkey and subjected to biochemical reactions 
for phenotypic identification of mastitis-causing patho-
gens. The colonies that were morphologically compat-
ible with enterococci were analyzed using Gram stain 
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microscopy and catalase and hemolysins tests. After-
ward, samples were submitted to the following biochemi-
cal assays proposed by Facklam and Collins [35] and 
updated by Teixeira et al. [36]: growth in halophyte broth 
(6.5% NaCl), esculin hydrolysis, hydrolysis of L-pyrrolid-
onyl-beta-naphthylamide (PYR), arginine decarboxylase 
test, pigment production, motility, tetrazolium reduction, 
mannitol, arabinose, raffinose, and sorbitol fermentation 
test. Bulk tank samples were plated (0.1 mL) on Entero-
coccosel agar (Becton, Dickinson and Company, New Jer-
sey, USA) for selective isolation of Enterococcus spp. Four 
esculin-positive colonies from each plate were selected 
for identification; one was removed from the center and 
three from the periphery of the plate, at 120° angles) [34]. 
Plates were incubated for 24 h at 37 °C, and colonies were 
selected for further identification as described above.

The isolates that were presumptively diagnosed as 
Enterococcus spp., and for species differentiation, colo-
nies were analyzed by Matrix-assisted desorption ioniza-
tion-time of flight (MALDI-TOF). Samples were analyzed 
using the MALDI-TOF equipment (Bruker Daltonics, 
Bremen, Germany). The microorganisms were identified 
by their protein profile (mass spectra) by the Microflex 
LT MS software, flexControl (version 3.4), which is com-
pared with a database of microbial spectra present in the 
equipment (MALDI Biotyper Real-Time Classification 
(RTC) and Offline Classification (OC; version 3.1) [37]. 
These analyses were performed at the Qualileite FMVZ-
USP laboratory.

To perform the analysis, sterile wooden sticks were 
used to apply the isolated colony to the plates used for 
agent identification, each plate containing 96 wells 
(Bruker Daltonics Inc., Billerica, MA). After applying 
the colony, the plate was left to dry at room temperature. 
Subsequently, 1.0 µL of 40% formic acid solution was 
applied into each well for extraction and left to dry. Then, 
1.0 µL of matrix solution α-cyano-4-hydroxycinnamic 
acid diluted in 50% acetonitrile, 47.5% water, and 2.5% 
trifluoroacetic acid (Sigma-Aldrich Canada Inc., Oakville, 
ON, Canada) was added onto each well. Once the plate 
dried, the analysis was performed by mass spectrometry. 
For interpreting the results, the manufacturer advised 
the following scores: 2.000 to 3.000 was considered prob-
able species identification; 1.700 to 1.999 indicated genus 
identification; <1.700 was considered unreliable identifi-
cation (5).

Statistical analysis and sample size calculation
In order to accurately test the hypothesis of a significant 
difference in Enterococcus strain distribution between 
mastitis and environmental samples, the estimated accu-
racy of pertinent statistics was taken into account when 
determining the necessary sample size. To achieve an 
80% statistical power and an alpha level of 5%, it was 

determined that each group (mastitis or environmental) 
would require twenty-three Enterococcus samples. This 
sample size would allow for testing the hypothesis that 
there is a 40% difference in the prevalence of the predom-
inant Enterococcus strain between the two sample types. 
These calculations were performed using the online tool 
StatsToDo (www.statstodo.com).

A Fisher’s test was conducted to compare the distribu-
tion of Enterococcus species strains in mastitis and bulk 
tank samples. The analysis was conducted using SAS 
software, version 9.4, developed by the SAS Institute in 
Carry, NY. A significance level of 0.05 was considered for 
the analysis.

Abbreviations
MALDI-ToF  Matrix-assisted laser desorption/ionization time-of-flight mass 

spectrometry
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