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RESUMEN 

La mastitis bovina, causada por infecciones bacterianas y la resistencia antimicrobiana 

(RAM) como resultado del uso extensivo de antibióticos para mejorar la producción y el 

tratamiento de enfermedades en animales en período seco, es una preocupación importante para 

la industria lechera. La identificación de los agentes causales y la evaluación de sus perfiles de 

resistencia son esenciales para proporcionar una línea base sobre la RAM y para comprender el 

impacto de la industria lechera con una perspectiva de “Una sola salud”. Se aislaron cepas Gram 

positivas de muestras de leche bovina con mastitis, se identificaron utilizando microbiología 

convencional y secuenciación del gen 16S rRNA con los cebadores 27F y 1492R. Para 

determinar la susceptibilidad a los antimicrobianos, se determinó la concentración mínima 

inhibitoria (MIC) en paneles Sensititre. Se identificaron 21 cepas pertenecientes a 

Staphylococcus aureus (n = 11), Staphylococcus chromogenes (n = 3), Staphylococcus 

devriesei (n = 1), Enterococcus faecium (n = 3) y Enterococcus faecalis (n = 3). Los ensayos 

de MIC mostraron que el 62% (13/21) de las cepas bacterianas exhibieron resistencia a los 

antibióticos probados, mientras que 38% (8/21) de los antibióticos resultaron ser efectivos para 

controlar la mastitis causada por Staphylococcus spp. y Enterococcus spp. in vitro. El 72% de 

S. aureus fueron resistentes a la ampicilina, el 63,6% a la penicilina y una cepa de S. aureus fue 

resistente a la meticilina. Además, S. chromogenes fueron resistentes a la penicilina, mientras 

que E. faecalis mostró resistencia a quinupristina/dalfopristina, rifampicina y tetraciclinas. Un 

análisis general mostró que las cepas resistentes aisladas de muestras de leche bovina con 

mastitis positiva fueron más resistentes a betalactamicos (47,5%), seguidas de la tetraciclina y 

la estreptogramina (13% cada una) y las fluoroquinolonas (10%). Las cepas resistentes 

recuperadas en este estudio brindan una oportunidad para comprender el papel de la industria 

láctea en el desarrollo de la RAM, el potencial zoonótico debido al consumo de leche cruda y 
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derivados contaminados, y la necesidad de que los productores presten mayor atención a la 

mastitis para mejorar la seguridad alimentaria y sus beneficios económicos, así como, que las 

entidades de control brinden herramientas para combatir los desafíos de la industria láctea y 

mejorar la salud pública en la región. 

Key words: MIC, RAM, industria láctea, S. aureus, mastitis bovina, Una Salud. 

.  
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ABSTRACT 

Bovine mastitis, caused by bacterial infections and presence of antibiotic-resistant 

strains resulting from the extensive use of antibiotics to enhance production and treatment of 

diseases in dry-period animals is a major concern for the dairy industry. Identification of the 

causative agents and evaluation of their resistance profiles are essential to provide a baseline of 

knowledge on AMR in mastitis and to understand the impact on the dairy industry with a “One-

Health” perspective. Gram-positive strains were isolated from mastitis-positive bovine milk 

samples, identified using conventional microbiology and 16S rRNA gene sequencing with 

primers 27F and 1492R. To determine antimicrobial susceptibility, the minimum inhibitory 

concentration (MIC) was determined on Sensititre panels. Twenty-one strains were identified 

as Staphylococcus aureus (n=11), Staphylococcus chromogenes (n=3), Staphylococcus 

devriesei (n=1), Enterococcus faecium (n=3), and Enterococcus faecalis (n=3). Determination 

of resistance by MIC showed that 62% (13/21) of the bacterial strain exhibited resistance to the 

antibiotics tested, while 38% (8/21) of the antibiotics were found to be effective in controlling 

mastitis caused by Staphylococcus spp. and Enterococcus spp. in vitro. Among the strains, 72% 

of S. aureus were resistant to ampicillin, 63.6% to penicillin, and one was a methicillin-resistant 

S. aureus strain. In addition, isolates such as S. chromogenes were resistant to penicillin, while 

E. faecalis showed resistance to quinupristin/dalfopristin, rifampicin, and tetracyclines. A 

general analysis showed that Staphylococcus spp. and Enterococcus spp. isolated from mastitis 

bovine milk samples were most resistant to the beta-lactam (47.5%), followed by tetracycline 

and streptogramin (13% each) and fluoroquinolones (10%). The resistant strains recovered in 

this study provide an opportunity to understand the role of the dairy industry in the development 

of AMR, the zoonotic potential due to the consumption of raw milk and contaminated 

derivatives, and the need for farmers to pay greater attention to mastitis to improve food security 
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and its economic benefits, as well as control entities providing tools to combat the challenges 

of the dairy industry and improve public health in the region.  

Key words: MIC, AMR, Dairy industry, bovine mastitis, One Health. 
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PART 1: LITERATURE REVIEW 

Introduction 

The agricultural and livestock sector represents 7.57% of Ecuador's PBI, and the dairy 

industry contributes 0.34% of that total PIB (MAG, 2024). Data from Instituto Nacional de 

Estadística y Censos (INEC) indicate that milk production for 2023 reached 5.7 million liters 

per day, consolidating Pichincha, Cotopaxi, Manabí, Chimborazo, Tungurahua, Carchi, Azuay 

and Santo Domingo de los Tsáchilas as the provinces with the highest production (INEC, 2024). 

Although 51% corresponds to the formal industry (urban and rural) made up of large 

agricultural production units (APU), 49% of the informal industry covers 64% of the rural 

sector, which bases its family economy on subsistence agricultural and livestock production in 

small APUs, giving us a picture of the reality of the sector in our country (CFN, 2024). Ecuador 

deployed a nationwide program, managing to be declared by World Organization for Animal 

Health (WOAH) as foot and mouth disease country free since 2015 (MAG, 2015), however 

there are other diseases that affect cattle and still have high prevalence such as mastitis.  

Mastitis 

Mastitis is an inflammation of mammary tissue with a multifactorial origin, caused by 

mechanical or chemical injuries, or infectious processes due to microorganisms that colonized 

the mammary glands duct system (Kibebew, 2017;Cheng & Han, 2020). The severity of the 

disease is classified into two types: clinical mastitis (CM), where noticeable health deterioration 

in the animal is observed, and subclinical mastitis (SCM), which is less apparent but associated 

with changes in production and milk quality (Zhang et al., 2022; de Souza et al., 2024).   

Economic and productive losses 

Economic losses due to mastitis in the dairy industry include reduced milk production, 

discarded dairy products, treatment costs, and the sacrifice of affected animals. A study 
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conducted in the United States estimate these costs, finding that reduced milk production due 

to mastitis leads to approximately $163 in losses, with an average of $326 lost per affected 

animal (Liang et al., 2017). In Africa, mastitis prevalence reaches 30%, with Ethiopia showing 

the highest incidence, estimating annual losses of $147 per cow positive to mastitis (Hogeveen 

et al., 2019). In Brazil, the cost of losses due to mastitis is estimated around $112 per affected 

animal and Colombia is around $70 - $100 per decrease in production, treatment and animal 

slaughter (Guimarães et al., 2017; Romero et al., 2018; Hurtado-Prieto & Cucunubo-Santos, 

2023; de Souza et al., 2024). 

Diagnostics tests 

California Mastitis Test (CMT) is a qualitative method and Somatic Cell Count (SCC) 

is a quantitative test to predict intramammary infections for the diagnosis of subclinical mastitis 

and give an insight into the milk quality of cattle (Hoque et al., 2015). CMT reagent is an 

anionic detergent, this detergent breaks the membranes of somatic cells (macrophages, 

neutrophils) releasing the intracellular contents (DNA), which denature and form aggregates. 

The viscous gel is proportional to the SCC and the severity can be estimated in ranges from 1 

to 3, being 3 the most severe (Poutrel & Rainard, 1981).  

SCC is a quantitative method that considers the number of somatic cells per milliliter 

of milk present in an individual mammary quarter. An SCC value ≤90 000 cells/mL is 

considered as a negative threshold for mastitis testing because it is normal for the presence of 

somatic cells in the udder (Sharma et al., 2011). But if the value is >200 000 cells/mL, it is 

considered positive and the increase is directly related to the severity of the infection (Alhussien 

& Dang, 2018; Cheng & Han, 2020; Zhang et al., 2022). 

Risk Factor 
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Feeding and temperature influence milk production, animals in warm conditions store 

nutrients and spend more energy for thermal regulation, the breed of the cow and the number 

of calvings is related to the development of infections. Farm management conditions are 

important, a technician farm will be able to perform mechanical milking, have manure 

management, good milking practices and divided areas for dry animals to minimize the risk of 

disease transmission (Liu et al., 2019).  

Etiological agents 

 Many microorganisms have been described as important pathogens involved in the 

etiology of contagious mastitis, such as Streptococcus agalactiae, S. uberis, S. dysgalactiae, 

Staphylococcus aureus, Mycoplasma bovis and Corynebacterium bovis, and others such as E. 

coli, Klebsiella pneumoniae, Pseudomonas aeruginosa and coagulase-negative Staphylococci 

(SCN) and Enterococcus spp. are named as environmental mastitis pathogens (Li et al., 2023). 

Other Gram-negative bacteria, coliforms and fungi are related to contamination or poor hygiene 

practices and inadequate cleaning in the milking system (El-Sayed et al., 2017). Contagious 

pathogens are capable of colonizing and caused inflammation on mammary glands in the 

milking process, whilst, environmental or opportunistic bacterial are present on the habitat of 

the animals but, they can take advantage of an animal with low defenses and avoid the immune 

system response to colonize. (Rifatbegović et al., 2024).  

Intramammary infection 

Mastitis develops through three main stages: invasion, infection, and inflammation 

(Ruegg, 2017). Invasion occurs when pathogens, whether contagious or environmental, enter 

the udder canal and reach the mammary alveoli. Infection occurs when the animal's immune 

system is weakened, and its immune response is insufficient to control invading 

microorganisms. The udder duct, lined with keratin, acts as the first line physical barrier to 
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prevent the entry of pathogens and leakage of milk. This keratin layer not only has a structural 

function, but also contains compounds, such as fatty acids with bacteriostatic and bactericidal 

properties, which weaken the membrane of microorganisms, making them more vulnerable to 

osmotic pressure (Ezzat Alnakip et al., 2014).  

If microorganisms manage to cross this barrier, the innate immune response (IIR) is 

activated. IIR mobilizes cells such as nuclear polymorphs (PMN), neutrophils, macrophages 

and dendritic cells. It also utilizes humoral defense mechanisms, such as the release of cytokines 

and reactive oxygen species (ROS) (Stanek et al., 2024).  

Macrophages and dendritic cells have pattern recognition receptors (PRRs), such as 

Toll-like receptors (TLRs), which interact with characteristic structures of microorganisms 

called pathogen-associated molecular patterns (PAMPs). This process increases the production 

of proinflammatory cytokines and triggers the acute phase response (PAR), which includes 

ubiquitination. If the animal controls the infection, the immune system restores homeostasis. 

But if inflammation persists, the adaptive immune response is activated, involving T and B 

lymphocytes. These cells interact with antigen-presenting cells (APCs) to initiate cytotoxicity 

mediated by interleukins (IL) and tumor necrosis factor alpha (TNF-α). This mechanism 

generates the antibodies necessary to eliminate pathogens and establish immunological 

memory, preparing the organism to respond rapidly to future infections (Haxhiaj et al., 2022). 

Antimicrobial mechanisms of action 

Since the discovery of penicillin in 1928, antibiotics have been used to treat infections 

in animals and humans. Antibiotics are bactericidal (with lethal action) and bacteriostatic 

(limiting development) compounds. At the molecular level, their mechanisms of action range 

from inhibition of synthesis to damage of membrane integrity, inhibition of nucleic acids 
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synthesis, as well as inhibition of protein synthesis and control of enzymatic activity from 

metabolism (Calvo & Martínez-Martínez, 2009).  

Inhibition of cell wall synthesis 

The bacterial cell wall is mainly composed of peptidoglycan, a structure formed by 

repeats of N-acetylmuramic acid (NAM) and N-acetylglucosamine (NAG), linked by 

tetrapeptide chains that confer rigidity and resistance (Suárez & Gudiol, 2009). Beta-lactams, 

such as penicillins, cephalosporins, carbapenemics and monobactams, are bactericidal agents 

and act as inhibitors of cell wall synthesis by taking advantage of their beta-lactam ring to 

compete with pentapeptides for binding to the transpeptidase enzyme or penicillin-binding 

protein (PBP) (Bush & Bradford, 2016). Due to their higher affinity for PBP, beta-lactams 

prevent the formation of tetrapeptide cross-links, which are necessary to stabilize 

peptidoglycan. In addition, these antibiotics can activate endolysin enzymes, which break the 

bonds between NAM and NAG molecules, weakening the integrity of the cell wall, leading to 

its lysis and death. (Suárez & Gudiol, 2009). These molecules are effective against Gram-

positive bacteria, such as S. aureus, but in the case of Enterococcus spp., they only exert a 

bacteriostatic action (Calvo & Martínez-Martínez, 2009). 

Inhibition of protein synthesis 

Antibiotics that inhibit protein synthesis act specifically on the bacterial 30S and 50S 

ribosomal subunits at the translation stage. In the 30S subunit, aminoglycosides bind 

irreversibly, causing errors in the reading of messenger RNA (mRNA) and blocking the 

formation of the initiation complex, whereas tetracyclines bind reversibly, prevent the binding 

of transfer RNA (tRNA) to the A site and prevent the incorporation of new amino acids (Lin et 

al., 2018). On the other hand, at the 50S subunit, macrolides and lincosamides bind irreversibly 

and disrupt aminoacyl tRNA binding at the A or P sites, preventing nascent chain elongation; 
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chloramphenicol inhibits peptidyl transferase activity, which is key to peptide bond formation; 

and oxazolidinones block the formation of the initiation complex by preventing the correct 

association of the 30S and 50S subunits (Wilson, 2014). These actions disrupt the synthesis of 

essential bacterial proteins, which stops growth or causes cell death.  

Inhibition of nucleic acid synthesis 

Inhibition in nucleic acid synthesis is based on the disruption of essential processes such 

as DNA replication and transcription. Rifampicin, for example, binds to the beta subunit of 

bacterial DNA-dependent RNA polymerase, blocking the initiation of messenger and ribosomal 

RNA synthesis. On the other hand, quinolones act by inhibiting DNA gyrase (topoisomerase 

II) and topoisomerase IV enzymes, essential for DNA negative supercoiling and unlinking 

newly synthesized DNA, which prevents replication and repair process (Baran et al., 2023). In 

addition, some antibiotics cause direct damage to DNA: metronidazole generates free radicals 

that oxidize genetic material, while nitrofurantoin produces toxic compounds after being 

metabolized, affecting DNA and other bacterial processes. It has also been observed that 

activation of the SOS repair system may contribute to further damage, enhancing the 

bactericidal effect (Calvo & Martínez-Martínez, 2009). 

Disruption of osmotic to the membrane integrity 

External membrane of Gram-negative bacteria consists internally of phospholipids and 

externally of lipopolysaccharides (LPS). LPS has three components antigen O, core and lipid 

A, this lipid has two divalent cations, 𝐶𝑎2 + and 𝑀𝑔2 + that bind and stabilize the phosphates 

molecules (Aguayo et al., 2016). Polymyxin and colistin have affinity for the phosphates of the 

lipid A region of LPS, the cationic diaminobutyric acid (Dab) residues of colistin binds with 

the anionic LPS molecules, by displacing 𝐶𝑎2 + and 𝑀𝑔2 +  from the external cell membrane, 
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leading to permeability changes in the cell envelope, inhibition of the endotoxin activity, break 

the osmotic resistance,  and leakage of cell contents (El-Sayed Ahmed et al., 2020). 

Antimicrobial resistance 

Antimicrobial resistance (AMR) is a phenomenon that occurs naturally among bacteria; 

however, the indiscriminate use by anthropogenic activity and the selective pressure of 

antibiotics has accelerated and facilitated the exchange of acquired antibiotic resistance genes 

(ARGs) (de Souza et al., 2024). Mobile genetic elements (MGEs), such as plasmids, 

transposons, integrons, and gene cassettes are crucial to horizontal genes transfer (HGT) and 

promote recombination and genetic exchange through processes such as conjugation, 

transduction, and transformation of resistance genes between cells (Partridge et al., 2018). 

Others resistance mechanisms include decreased membrane permeability, target alteration, 

inactivating enzymes and efflux mechanisms.  

The ‘Golden Age of Antibiotics’ was a success in reducing mortality associated with 

various infectious diseases. However, the abuse of antibiotics in the medical, veterinary and 

agricultural industries promoted the development and proliferation of resistant strains. By the 

1970s, the introduction of more advanced drugs, such as fifth-generation cephalosporins, was 

necessary to combat infections caused by resistant nosocomial strains (Fernandes et al., 2013).  

 ‘ESKAPE’ is a group of multi-resistant microorganisms emerged, which includes 

Enterococcus faecium, Staphylococcus aureus, Klebsiella pneumoniae, Acinetobacter 

baumannii, Pseudomonas aeruginosa and Enterobacter spp. These pathogens represent a 

significant threat to public health due to their ability to evade antimicrobial treatments (Baran 

et al., 2023). For example, Enterobacterial species are considered a critical risk due to resistance 

genes such as extended spectrum β-lactamases (ESBL) and vancomycin resistance (Dahmen et 
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al., 2013). Also, Staphylococcus spp. with their resistance to most β-lactams and their ability to 

form biofilms represents a challenge even to last-line drugs such as linezolid (Silva et al., 2023). 

Staphylococcus spp. antimicrobial resistance strategies 

S. aureus is described as the most common bacteria isolated in mastitis. These Gram-

positive cocci produce PBP1 and PBP2, which have different roles in the synthesis of 

peptidoglycan and are essential for cell survival (Silva et al., 2023). Resistance of this bacterium 

occurred in waves, first with the production of inactivating enzymes like penicillinase (PC1) 

encoded by the blaZ gene, which, due to its high affinity for penicillins, hydrolyzed its beta-

lactam ring, thus inactivating the drug (Bush & Bradford, 2020). The second wave of resistance 

came against methicillin, a synthetic drug that introduced the first resistant strains in 1960. The 

production of an alternative PBP, PBP2a, which does not bind to the beta-lactam drug and can 

continue peptidoglycan synthesis despite the presence of antibiotic, is the defining resistance 

mechanism of methicillin-resistant Staphylococcus aureus (MRSA) and is encoded by the 

mecA and mecC genes, which are found on a mobile genetic element in the bacterial 

chromosome of most MRSA strains (Larsen et al., 2022). 

In staphylococci, overexpression of efflux systems such as the TetA (TetA K and TetA 

L) efflux pumps assists the exchange of a proton by a tetracycline molecule against a 

concentration gradient to expel the drug. Another strategy relies on target site modification, for 

example mutations in topoisomerase that reduce the binding affinity of fluoroquinolones, as 

well as the FusB and FusC mechanisms that help the elongation factor EF-G have a 

conformational change despite the presence of fusidic acid and can be released to bind to aa-

tRNAs and continue translation (Foster, 2017). The staphylococcal biofilm is a microbial 

community of cells that form a matrix with their own extracellular polymeric substances (Otto, 

2018). This matrix provides a 1000-fold increased tolerance to antibiotics by having persistent 
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cells that are indifferent to the mechanisms of action of antimicrobials, by having reduced drug 

penetration and by increasing gene expression and acquisition through intercellular 

communication (quorum sensing) (Guo et al., 2022). 

Mechanisms of multi-resistance of Enterococcus spp. 

E. faecalis and E. faecium have a combination of natural and acquired resistance. E. 

faecalis has a PBP5 with modifications in the regions that interact with the β-lactam ring, which 

confers low affinity for ampicillin and intrinsic resistance to cephalosporins and clindamycin 

(Miller et al., 2014). It has acquired resistance to vancomycin mediated by genes such as vanA 

and vanB, which alter the structure of the peptidoglycan precursor and prevent the binding. The 

erm genes induce resistance by ribosomal modification and the msrA genes of plasmid origin 

generate efflux pumps that obtain the energy necessary to pump macrolides (such as 

erythromycin and azithromycin) and streptogramins B out of the bacterial cell through the 

hydrolysis of ATP. The production of modifying enzymes such as acetyltransferases (AAC), 

nucleotidyltransferases (ANT), and phosphotransferases (APH) inactivate the binding of 

aminoglycosides to the ribosome (Torres & Cercenado, 2010).  

Public health and  antibiotics use  

Antibiotics such as beta-lactams and cephalosporins are commonly used to treat 

mastitis, particularly during the dry period, with the aim of preserving milk production, but 

inadequate management of withdrawal times has increased antibiotic residues (Sachi et al., 

2019). The presence of antibiotic residues above safe levels in meat and milk represents a risk 

to human health, due to potential allergic reactions, dysbiosis from food ingested, and the 

development of resistant bacteria (Padol et al., 2015;Olatoye et al., 2016). In recent decades, 

outbreaks associated with the consumption of raw milk contaminated with zoonotic agents such 

as S. aureus, M. bovis, Brucella spp., Campylobacter spp., Listeria monocytogenes, fungi, 
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viruses, and parasites have been reported and mainly of them are considering like etiological 

pathogens in mastitis (Kapoor et al., 2023; Holzhauer & Wennink, 2023). 

The World Health Organization (WHO) and the World Organization for Animal Health 

(WHOA) have proposed strategic objectives with a "One Health" approach, aiming that 

zoonoses and AMR stop been one of the biggest public health problems of the 21st century 

through surveillance, research and mitigation efforts (Kasimanickam et al., 2021;Murray et al., 

2022).  

Antimicrobial susceptibility tests  

Phenotypic assays are used to test the susceptibility of an isolate in vitro against 

antimicrobial drugs and determining the resistant pattern. These tests are characterized by being 

reproducible and the standards are chosen depending on two manuals, The Clinical and 

Laboratory Standards Institute, (CLSI) and European Committee of Antimicrobial 

Susceptibility Testing (EUCAST), which details all the different procedures to follow in case 

of disc diffusion method or Minimum Inhibitory Concentration (MIC) to obtain quantitative 

results. 

The conditions of the inoculum used, and the Muller Hinton medium are based on 

standards, as well as the use of ATCC quality control strains to validate the assays. Results are 

interpreted based on clinical breakpoints defined for each antimicrobial. The measure in 

millimeter is for disc diffusion and concentration µg/mL is for MIC assays classifying strains 

as susceptible, intermediate, or resistant (Kadeřábková et al., 2024). Resistance gene 

amplification by PCR (polymerase chain reaction) or whole genome sequencing (WGS) 

complements phenotypic studies for characterization and mechanisms of AMR-associated 

genes (Galhano et al., 2021). 
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The determination of these profiles in cattle strains in Ecuador could contribute to the 

development of specific strategies to combat AMR and reduce the risks associated with it. 

PART 2: SCIENTIFIC RESEARCH 

Antimicrobial resistance in microorganisms isolated from cow’s positive for mastitis  

Introduction 

Bovine mastitis is a localized inflammation of the mammary glands, usually associated 

with bacterial infections during milking. The most studied etiological microorganisms 

(contagious and environmental) in cases of mastitis have been Staphylococcus aureus, 

Streptococcus agalactiae, S. uberis, Mycoplasma bovis, E. coli and coagulase-negative 

staphylococci (SCN) (El-Sayed et al., 2017). The disease represents a significant economic loss 

on dairy industry worldwide (Ruegg, 2017; Cheng & Han, 2020; Rifatbegović et al., 2024) and 

continues to have high prevalences in many Latin American countries exceeding 40% on farms 

in Colombia and Brazil, with estimates losses of between $70 - $100 per decrease in production, 

treatment and slaughter of the diseased animal (Guimarães et al., 2017; Romero et al., 2018; 

Hurtado-Prieto & Cucunubo-Santos, 2023).  

Ecuador is the 5th largest producer of milk in South America and Pichincha is the main 

dairy-producing province in the country. There are two main milk production systems, intensive 

and extensive, which is an important activity by small-scale producers as a means of subsistence 

(Aguilar & Álvarez, 2019). In APUs, milking represents a critical point for bacterial 

contamination of the animal's udder, favoring the spread of animal diseases and damaging the 

economic sustainability of raw milk production (Aguilar & Álvarez, 2019). The most prevalent 

disease reported in these APUs in different provinces of Ecuador has been bovine mastitis 

(Amer et al., 2018; Aguilar & Álvarez, 2019; Avellán et al., 2019; Ibarra Rosero et al., 2022). 



25 
 

Studies conducted in the province of Los Rios - Ecuador determined that mastitis losses range 

from $ 96 per cow/year (Sánchez et al., 2020). 

 

The “One Health” approach understands the link between animal, human and 

environmental health. The extensive use of therapeutic antibiotics in the cattle industry, as 

growth promoters and prophylactics in cases of intramammary use in the dry-off period of 

animals with mastitis, have contributed to the emergence of beta-lactam antibiotic resistant 

pathogens and antibiotic residues in milk that endanger the consumer (Sachi et al., 2019; Garcia 

et al., 2019; Matailo et al., 2023). Livestock-associated methicillin-resistant Staphylococcus 

aureus (MRSA), vancomycin-resistant E. faecium (VRE) and Enterobacterales resistant to 

carbapenemics and third-generation cephalosporins are on the WHO list of priority pathogens 

because of their ability to cause serious infections in humans (WHO, 2024). Considering that 

these bacteria are part of the causative agents of bovine mastitis and that there is a potential for 

zoonotic transmission from cattle and contaminated feed known as “from farm to fork” (Chen 

& Wu, 2021; Bag et al., 2022; Shekhar, 2024). The study of mastitis in the context of One 

Health highlights the importance of identifying cattle milk bacteria and antimicrobial 

susceptibility profiles to understand the current state of the dairy industry, and to contribute 

with strategies in animal welfare, food safety and public health. 

The aim of this study was to identify the bacterial agents responsible for bovine mastitis 

in a farm with intensive and artisanal milking, and to evaluate the antimicrobial susceptibility 

of these strains. We are confident that our results will provide a baseline of knowledge on AMR 

in dairy production.  

Materials and methods  

Bacterial recovery 
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Samples were obtained from a cryovial bank stored at -80°C at the Animal 

Biotechnology Laboratory of the Universidad de las Fuerzas Armadas ESPE. These bacterial 

isolates were recovered from milk samples of cattle diagnosed with mastitis (CM and SCM) 

from farms in Manabí, Salinas de Guaranda and Hacienda “El Prado” (IASA-ESPE). A total of 

73 strains preserved at -80°C in glycerol cryovials and Microbank™ bead cryovials, 

characterized as suspected Staphylococcus sp. by culture and Gram staining methods during an 

undergraduate study, were processed for this study. These samples were cultured in Merck® 

Tryptic Soy Broth (TSB) and incubated for 48 hours with shaking at 220 rpm. Recovered 

colonies were recultured on BD Nutrient Agar (AN) Difco™ solid medium at 37 °C for up to 

24 hours (Vrieling et al., 2015). 

For Gram staining of the isolates recovered, a drop of saline solution was applied to the 

glass slide, and a sterile loop was used to transfer a single colony for fixation. In the case of 

liquid media, a drop was placed directly on the slide. The Gram staining procedure followed 

the protocol from the Microbiology Institute of Universidad San Francisco (IM), using crystal 

violet and iodine for 1 minute, followed by 10 seconds with decolorizing solution, and safranin 

as a counterstain for 30 second. Samples with no growth and bacteria with a different 

morphotype from that of Gram-positive cocci, indicating contamination, were discarded in this 

study. All data have been processed and are available at Appendix A. 

Strains recovered with the Gram-positive cocci morphotype (n = 21) were processed 

using identification algorithms through specific media and enzymatic tests. Gram-positive 

cocci were inoculated onto Mannitol salt agar (MAN) (BD BBL™), DNase agar (BD Difco™) 

and Bile Esculin (BE) (BD BBL™) mediums. A positive (+) value was considered when the 

enzyme reaction was present in the differential media. Positive MAN (+) values were assigned 

to mannitol fermentation, which changes the pH of the medium from red to yellow, negative 
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MAN (-) values were assigned to red colonies that grew and did not ferment mannitol, and 

MAN (+/-) values were assigned to incomplete fermentation, DNAase (+) for the formation of 

the transparent halo on bacterial growth, and BE positive (+) was assigned to esculin hydrolysis 

and reaction with ferric ions, which gives a brown-black halo on the medium (Swan, 1954). 

Catalase tests were performed on all isolates using a drop of 3% hydrogen peroxide, and 

a (+) value was assigned when 𝑂2 release occurred (Chester, 1979). The coagulase test was 

applied to the positive isolates of the previous test, a positive value (+) was assigned to clot 

formation by the conversion of soluble fibrinogen into insoluble fibrin from rabbit plasma by 

the enzyme thrombin (Sperber & Tatini, 1975). 

The isolates selected for the study were cultured in AN medium, and then with a sterile 

loop a colony of each strain were recovered and inoculated in 5 mL of TSB liquid medium to 

be incubated at 37°C for 24 hours for the subsequent DNA extraction step. 

DNA extraction from bacterial strains 

DNA extraction was performed following the protocol of the commercial kit Wizard® 

Genomic DNA Purification (Promega) with modification on DNA rehydration. To obtain the 

cellular pellet of Gram-positive bacteria, 1 mL of culture was centrifuged in sterilized 1.5 mL 

Eppendorf tubes at 13,000 rpm for 3 minutes, discarding the supernatant. This procedure was 

replicated in triplicate and 120 μL of lysozyme was applied to incubated for 40 minutes. 

Cellular lysis was carried out using the buffer provided in the kit, with samples incubated at 

80°C for 5 minutes and then cooled to room temperature before adding RNase solution, 

followed by incubation at 37°C for 30 minutes with shaking at 200 rpm. To precipitate proteins, 

a precipitation solution was added, mixed, and kept on ice for 5 minutes before centrifugation 

at 13,000 rpm for 4 minutes. DNA precipitation was performed using isopropanol and 70% 

molecular-grade ethanol was applied to wash it, using inversion movements. The tubes were 
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allowed to air dry for 20 minutes. Finally, 50 μL of rehydration solution was added to each 

DNA tube, and they were left at 4°C overnight. The DNA samples were stored at -20°C until 

use. 

The DNA concentration was quantified using a Multiskan SkyHigh Microplate 

Spectrophotometer (Thermo Scientific™), and the integrity of the DNA was assessed by 

electrophoresis on a 0.8% agarose gel at 100V for 30 minutes. The bands were visualized using 

the ChemiDoc™ imaging system (BioRad). Samples with concentrations higher than 25 ng/μL 

were diluted for the required PCR condition see Appendix C. 

Molecular identification of 16S rRNA gene 

For molecular identification of the isolates, the 16S rRNA gene sequence of the V1-V9 

region of approximately 1500 bp was amplified by PCR with the universal primers 27F (5ˈ-

AGAGTTTGATCCTGGCTCAG-3ˈ) and 1492R (5ˈ-GGTTACCTTGTTACGACTT-3ˈ), 

following a protocol developed by Frank et al. (2008) with modifications. The PCR reaction 

was carried out in a total volume of 25 µL, including 1 ng/µL of sample DNA in 24 µL of 

Master Mix (Invitrogen), with final concentrations of 1.5 mM MgCl₂, 0.8 mM dNTPs 

(deoxynucleotide triphosphates), 0.4 µM of each primer, and 0.5 units of Platinum Taq DNA 

polymerase (Invitrogen). The PCR conditions in the Pro-Flex™ 3 x 32-well PCR System were: 

an initial denaturation at 95°C for 5 minutes, followed by 35 cycles of denaturation at 95°C for 

30 seconds, annealing at 54°C for 30 seconds, and extension at 72°C for 1.45 minutes, with a 

final extension of 10 minutes (Frank et al., 2008). Observation of the amplicons was done on a 

1.5% agarose gel see Appendix D. The PCR products were sent to Macrogen® (Korea) for 

Sanger sequencing. 

The obtained sequences forward and reverse (n = 42) were cleaned and assembled using 

MacVector software (https://macvector.com/). Consensus sequences were aligned and 

https://macvector.com/
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compared with sequences from databases available in GenBank using BLAST (Basic Local 

Alignment Search Tool) to determine the percentages of identity of homologous sequences.  

Alignment was completed using the ClustalW (http://www.clustal.org/)  tool integrated 

in MEGAX. For phylogenetic analysis, a maximum likelihood dendrogram with 1000 bootstrap 

was built using MEGAX software (http://www.megasoftware.net).  

The algorithm was established with our 21 consensus sequences and 22 high homology 

sequences available in GenBank from different geographical locations (we used sequences with 

percentages > 98%). A Gram-negative E. coli bacterium isolated in a mastitis study was 

included in the alignment (Yalcin et al., 2024). 

Antimicrobial susceptibility testing 

For the in vitro antimicrobial susceptibility analysis, the criteria established by the CLSI 

were followed (CLSI, 2024). Inoculation of 21 strains was standardized to OD600 = 0.063 in 

sterile 0.85% w/v saline solution. A sterile cotton-tipped applicator with the suspension was 

spread on the surface of Mueller Hinton agar (MH) (BD Difco™) using the Kirby-Bauer disk 

diffusion method spread four times in an overlapping direction. Antibiotic discs were placed 

on the agar plate to be incubated at 37°C for 20 hours (Kadeřábková et al., 2024).  

The antibiotics discs used for the antibiogram were ampicillin (AMP, 10 µg), 

vancomycin (VAN, 30 µg), erythromycin (E, 15 µg), cefoxitin (FOX, 30 µg), tetracycline 

(TET, 30 µg), penicillin (P, 10 µg), nitrofurantoin (F/M, 300 µg) and linezolid (LZD, 10 µg). 

The halo diameters for the discs from MH medium were measured in millimeters and 

characterized as susceptible, intermediate or resistant based on breakpoints provided by CLSI 

M100 (https://em100.edaptivedocs.net/Login.aspx) and VET01S manuals 

(http://vet01s.edaptivedocs.net/Login.aspx). S. aureus ATCC 25923 was used as internal 

quality control. The strains that exhibited intermediate susceptibility and/or resistance 

http://www.clustal.org/
http://www.megasoftware.net/
https://em100.edaptivedocs.net/Login.aspx
http://vet01s.edaptivedocs.net/Login.aspx
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phenotypes in the antibiogram tests (n = 17) were analyzed by determining the MIC quantitative 

method.  

MIC assays 

Seventy strains were cultured onto Mueller Hinton agar plates and incubated at 37°C 

for 24 hours to obtain overnight culture and isolated colonies. Sensititre™ panels (Thermo 

Fisher) was used for Gram-positive bacteria (GPALL1F), following the kit specifications for 

inoculation. This panel contains 21 antibiotics belonging to 14 families or pharmacological 

classes: beta-lactams [ampicillin (AMP), penicillin (P), oxacillin (OXA+), cefoxitin (FOXS)], 

glycopeptides [vancomycin (VAN)], lipopeptides [daptomycin (DAP)], macrolides 

[erythromycin (ERY)], lincosamides [clindamycin (CLI)], fluoroquinolones [ciprofloxacin 

(CIP), levofloxacin (LEVO), moxifloxacin (MXF)], aminoglycosides [gentamicin (GEN), 

streptomycin (STR)], oxazolidinones [linezolid (LZD)], tetracyclines [tetracycline (TET)], 

phenicols [chloramphenicol (CHL)], nitrofurans [nitrofurantoin (NIT)], sulfonamides 

[trimethoprim/sulfamethoxazole (SXT)], streptogramins [quinupristin/dalfopristin (SYN)] and 

rifamycin [rifampin (RIF)]. Colonies were collected with a sterile loop and inoculated into tubes 

containing sterile demineralized water until a turbidity comparable to the 0.5 McFarland 

standard (OD 600nm = 0.063) was obtained (Kadeřábková et al., 2024).  

A volume of 30 µL of the suspension was added to a tube containing 11 mL cation-

adjusted Mueller Hinton broth and homogenized by inversion. After that, 50 µL of the mixture 

were dispensed into 96 well-plates of the Sensititre panel. Panels were incubated at 37°C for 

20 hours and the read was following the Sensititre Plate Worksheet (Yalcin et al., 2024). Panels 

with slow-growing strains were incubated for up to 24 hours. S. aureus ATCC 25923 were used 

as control. 



31 
 

Results 

Staphylococcus spp. are the major Gram-positive cocci responsible for bovine 

mastitis.  

A recovery rate of 28.76% (21/73) was obtained. The 21 isolates recovered obtained the 

Gram-positive cocci staining morphotype considered for the study, as detailed in the bacterial 

recovery part of the Materials and methods, 9 strains were identified for the Pichincha farms 

(I), 3 strains for Manabí (15, 18 and 19 I) and 9 for Salinas (G) strains. Identification revealed 

the presence of S. aureus with positive coagulase and DNase test in 52.38% (11/21) of the 

samples. Staphylococcus spp. with a negative coagulase test (CNS) in 19.05% (4/21) and 

Enterococcus spp. with a negative catalase test and growth on BE culture medium in 28.57% 

(6/21) of the isolates. The results of growth on selective/differential media and biochemical 

tests are shown in Table 1.  

The amplification and sequencing of the 16S rRNA gene of approximately 1500 bp 

resulted in the identification of isolates corresponded to Staphylococcus aureus (n=11), 

Staphylococcus chromogenes (n=3), Staphylococcus devriesei (n=1), Enterococcus faecium 

(n=3), and Enterococcus faecalis (n=3). All the sequences obtained got a homology percent 

mayor than 98%. Homology percentages for each sequence and accession numbers for bacterial 

sequences from the GenBank database are shown in Table 1. 

Table 1  Phenotypic and molecular identification of Gram-positive cocci isolates. 

 Tests to determine phenotype Genetic identification 

n° Code Microorganisms MAN CAT BE COG 
DNase 

HCl 1N 
% 

homology 

GenBank 

accession 

alignment 

sequences 

GenBank 

accession 

dendrogram 

N 2I S.aureus + +   + + 99,91 CP103860.1 MN889346.1 

2 3I S.aureus + +   + + 100 CP103860.1 MW033903.1 

3 4I S. devriesei - +   -   99,41 MH127803.1 MH127803.1 

4 7I S. chromogenes +/- +   -   99,23 OR142912.1 FJ389197.1 

5 12I S.aureus + +   + + 99,22 MK809241.1 MZ208977.1 



32 
 

6 13I S.aureus + +   + + 99,79 MN889346.1 MN650918.1 

7 14I S.aureus + +   + + 99,93 KF495200.1 MF424800.1 

8 15M S.aureus + +   + + 99,64 JN084557.1 MZ169417.1 

9 16I S.aureus + +   + + 98,98 MK405715.1 MH496644.1 

10 17I S.aureus + +   + + 99,78 CP150756.1 OR770531.1 

11 18M S.aureus + +   + + 100 CP150756.1 MT272781.1 

12 19M S.aureus + +   + + 99,93 CP150756.1 MF424452.1 

13 1G S. chromogenes - +   -   99,71 OR142912.1 OR142912.1 

14 11G S. chromogenes - +   -   99,93 OR142907.1 KJ783392.1 

15 20G E. faecium +/- - +     100 CP130861.1 LC317309.1 

16 24G E. faecalis +/- - +     99,93 ON974825.1 MN379675.1 

17 28G E. faecium +/- - +     99,93 MF424452.1 PP218401.1 

18 29G S.aureus + +   + + 99,85 JN084557.1 JN084557.1 

19 38G E. faecium +/- - +     99,86 CP130861.1 OR793051.1 

20 41G E. faecalis +/- - +     100 MF369841.1 MG694634.1 

21 47G E. faecalis +/- - +     99,86 PQ395783.1 MF369992.1 

22   E. coli               OR889630.1 

 

Note. MAN: mannitol salt agar; Positive (+) MAN was for mannitol fermentation, which changes the 

pH of the medium and turns from red to yellow; MAN negative (-) not ferment mannitol. MAN (+/-) 

incomplete mannitol fermentation; BE: Bilis esculin agar; Positive (+) BE was assigned to the esculin 

hydrolysis and the reaction with ferric ions that gave a brown-black halo; DNase: DNase agar test, 

Positive (+) was assigned when precipitation of the polymerized DNA was produced by applying 

hydrochloric acid and a clear zone was evident; CAT: catalase test, Positive (+) was assigned to the 

release of 𝑂2 upon contact with hydrogen peroxide and (-) when there was no reaction; COG: coagulase 

test; (+) positive was the assay to coagulum formation of rabbit plasma in a tube by the action of the 

coagulase enzyme; % homology: the relationship between this study sequences and GenBank database. 

The analysis obtained using the maximum likelihood with the evolutionary model 

Jukes-Cantor had the highest log likelihood value (-4310.71), indicating a good fit between the 

observed data and the assumed evolutionary model. Forty-four nucleotide sequences were 

analyzed with a total of 1417 positions. Maximum likelihood dendrogram with 1000 bootstrap 

based on the alignment of the 44 sequences is shown in Figure 1. 
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The clustering of bacterial species identified from their 16S rRNA gene sequences 

belongs to two specific groups of bacteria separated into two clades: Staphylococcus sp. and 

Enterococcus sp. The outgroup of the tree indicates that the partial 16S rRNA gene sequence of 

E. coli has the greatest evolutionary distance with respect to the other bacterial groups.  

The isolates from all 3 farms had high bootstrap support values, indicating high 

confidence in the phylogenetic relationship between these isolates. The bootstrap support value 

of 100 between E. faecium and E. faecalis reflected high reliability in the clustering of these 

sequences. 
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Figure 1 Identification of bacteria based on the phylogenetic distance of a 16S rRNA gene 

sequence fragment recovered for antimicrobial susceptibility study. The evolutionary history 

of 21 isolated was inferred using Maximum Likelihood method and Jukes-Cantor model.  
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Antimicrobial susceptibility testing of Gram-positive cocci causing bovine 

mastitis 

Of the total 21 strains identified in the study, 17 strains showed an intermediate 

phenotype or resistance to at least one antibiotic by antibiogram test. The information of the 

antibiograms with the measurement in millimeters from halos of the 21 strains and MIC values 

in µg/mL of the 17 strains is presented in Appendix B. The results of the interpretation of the 

MIC values of the 17 strains are shown below in the Table 2. Strains with resistance to 3 or 

more antibiotic families were considered multidrug resistant. 

Table 2 MIC interpretation of 21 antibiotics from Staphylococcus sp. and Enterococcus sp. 

strains of this study. 

 

Note. The assignment of resistance (R), intermedial (I), susceptible (S) and non-susceptible 

(NS) was based on CLSI breakpoints parameters and Sensititre GPALL1F Worksheet. A total 

of 21 measures antibiotics were reported: Ampicillin (AMP), penicillin (P), vancomycin (VA), 

tetracycline (TE), linezolid (LZD), daptomycin (DAP), nitrofurantoin (NITRO), tigecycline 

(TGC), chloramphenicol (CHL), levofloxacin (LEVO), rifampin (RIF), 

quinupristin/dalfopristin (SYN), streptomycin (STR), ciprofloxacin (CIP), cefoxitin (FOXS), 

oxacillin (OXA+), gentamicin (GEN), moxifloxacin (MXF), trimethoprim/sulfamethoxazole 

(SXT), clindamycin (CLI) and erythromycin (E). DTEST (++) indicated inducible clindamycin 

resistance from E to CLI. Blank cells have no interpretation criteria. 

AMP P VA TE LZD DAP NITRO TGC CHL LEVO RIF SYN STR CIP E CLI DTEST FOXS OXA+ GEN SXT MXF

S.aureus 2I R R S S S S S S I S S S S S S - S S S S S

S.aureus 3I R R S S S S S S I S S S S I S - S S S S S

S. devriesei 4I S S S S S S S S S I S S S S S - S S S S S

S.aureus 12I R R R R NS NS I NS I S R R S I R ++ R R S R R

S.aureus 13I R R S S S S S S S S S S S S S - S S S S S

S.aureus 15I S S S S S S S S S S S S S S S - S S S S S

S.aureus 16I R R S S S S S S S S S S S S S - S S S S S

S.aureus 17I R R S S S S S S S S S S S S S - S S S S S

S.aureus 18I S S S S NS S S S I I S S S I S - S S I S S

S.aureus 19I R S S S S S S S S S S S S S S - S S S S I

S. chromogenes 1G S R S S S S S S S S S S S S S - S S S S S

S. chromogenes 11G S R S S S S S S S S S R S S S - S S S R S

E. faecium 20G S S S S S NS I S S S S S S S I

E. faecalis 24G S S S R S S S S I I R R S I I

S.aureus 29G R R S R S S S S S R S S NS R S S - S S S S R

E. faecalis 41G S S S R S S S S S I R R S I S

E. faecalis 47G S S S R S S S S S I S R S S S

S S S S S S S S I S S S S S S - S S S S S

MIC BREACKPOINTS (µg/mL) 

MICROORGANISM

S. aureus  ATCC 25923
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From the data obtained in MIC assays, it is reported that the bacteria had resistance 

profiles for 62% (13/21) of the antibiotics tested. The antibiotics (LZD, DAP, NITRO, TGC, 

CHL, STR, E and GEN) were shown to be effective in 38% (8/21) by in vitro assays for the 

control of mastitis caused by Staphylococcus spp. and Enterococcus spp. A general analysis 

determined that bacteria isolated from mastitis-positive cattle milk samples are most resistant 

to the beta-lactam 47.5% (19/40), tetracycline and streptogramin 13% (5/40) each one and 

fluoroquinolones 10% (4/40). 

S. aureus (strain 12I) showed resistance to multiple drugs in MIC assays, including beta-

lactams, glycopeptides, tetracycline, quinupristin/dalfopristin, streptomycin, moxifloxacin, 

trimethoprim/sulfamethoxazole, lincosamides and rifampin. Intermediate resistance for 

chloramphenicol, nitrofurantoin and erythromycin with positive D-test. And sensibility by 

gentamicin, levofloxacin and ciprofloxacin. S. aureus (strain 29G) was multiresistant to beta-

lactams, tetracyclines and fluoroquinolones, while a single strain of S. chromogenes (11G) was 

multiresistant to beta-lactams, streptogramin and sulfonamide. 

S. devriesei (strain 4I) showed broad susceptibility, except for levofloxacin, which 

showed intermediate resistance and S. chromogenes strain (1G) showed broad antibiotic 

sensitivity, however it showed resistance to penicillin. 

Enterococcus faecalis strains were the strains with the highest resistance profile in 

contrast to E. faecium which was susceptible to all 21 antibiotics in the sensititre panel. E. 

faecalis shows congruence to intrinsic resistance. High levels of resistance to tetracycline and 

rifampicin are observed, in addition to streptogramins. They were intermediate to 

fluoroquinolones.  
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Discussion 

The identification of Gram-positive bacteria in cases of mastitis is common, and several studies 

have been described where these microorganisms are contagious pathogens among cattle such as 

Streptococcus spp., Staphylococcus spp. and Enterococcus spp. (Stanek et al., 2024). S. aureus was the 

most frequently found microorganism in cases of mastitis in farms in Manabí and Quito (IASA) from 

this study, coinciding with phenotypic and genotypic studies in other provinces of Ecuador, such as 

Carchi and El Oro, in cases of clinical and subclinical mastitis in cattle (Amer et al., 2018;Ibarra Rosero 

et al., 2022).  

In multiple studies, CNS are microorganisms associated with subclinical infections in cattle, 

which have a significant impact on milk production (Huang et al., 2000; Holzhauer & Wennink, 

2023;Sigudu et al., 2024). S. chromogenes and S. devriesei strains identified in IASA and Salinas de 

Guaranda farms were in lower proportion, these CNS are considered native udder microbiota and 

environmental sources, but they could play an infectious potential in dysbiosis processes contributing 

to S. aureus colonization and increasing the risk of causing IMI in cases of clinical and subclinical 

mastitis (Wald et al., 2019). Finding S. devreisei is closely related to S. haemolyticus, another 

microorganism described as.common in studies mastitis (Supré et al., 2010).  

In this study, Enterococcus spp. accounted for 28.57% of the recovered strains, with E. faecalis 

and E. faecium being the species identified. A study in Brazil identified E. faecalis (19.4%) and E. 

faecium (15.1%) in clinical mastitis cases, consistent with the data presented (F. F. Guimarães et al., 

2024). Enterococci are part of the intestinal microbiota of humans and animals, but when found in the 

extra-enteric environment, they become opportunistic pathogens that are a source of contamination in 

livestock pens, animal feed and water sources, hence they are used as fecal indicator bacteria (FIB) 

(Byappanahalli et al., 2012;Shahveh et al., 2022). These species are environmental pathogens that cause 

inflammation in the udder if the animal is undergoing a process of infectious mastitis (Kim et al., 2022; 

Liu et al., 2024). 

Antimicrobial resistance is a phenomenon that has occurred in nature, however the use 

of antibiotics in the livestock industry as growth and reproductive enhancers in farms animals 
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has generated selective pressure for bacteria to transfer genes at accelerated rates (Low et al., 

2021;Zhang et al., 2021).  

Therapy to treat mastitis caused by Staphylococcus spp. and Enterococcus spp. is based on 

specific medication with intramammary application in the affected quarter and dry systemic therapy 

with broad spectrum antibiotics (Kapoor et al., 2023). The most used antibiotics for treatment of mastitis 

contain formulations with various beta-lactams including penicillin and cephalosporins, residues of 

these antibiotics have been detected in milk above the permitted levels in several countries including 

Ecuador (Fejzić et al., 2015; Sachi et al., 2019; Matailo et al., 2023). In this study, greater resistance is 

reported for the beta-lactam family, there are circumstances such as non-compliance with withdrawal 

time, extended treatment and poor dosage of the same, so that selective pressure is exerted and 

conditions for the development of resistant strains are given. 

S. aureus strain (12I) was multiresistant to several antibiotics, including methicillin, stands out. 

MRSA is resistant through the acquisition of a single genetic element, the staphylococcal cassette 

chromosome mec (SCCmec). This strain was also found to be resistant to beta-lactams, which is common 

in case of LA-MRSA (Chen & Wu, 2021), and this is known to occur through the acquisition of the 

blaZ gene and mecA gene encoding the beta-lactamase enzyme, vanA operon that prevents vancomycin 

binding and the activity of erm, rpoB, tet, and efflux pump genes for resistance to macrolides, 

lincosamides and streptogramin, rifampicin and tetracycline (Vestergaard et al., 2019). These data are 

important for intervention in occupational LA-MRSA infections involving zoonotic preoccupation if 

the livestock workers or veterinarians has wounds or a disease that weakens his immune system and 

makes him more vulnerable to pathogens (Chen & Wu, 2021). 

Although bovine mastitis caused by Enterococcus spp. is less frequent compared to other Gram-

positive bacteria (Klimienė et al., 2011), it remains a concern due to its intrinsic resistance to 

aminoglycosides and cephalosporins, as well as its role in the spread of antimicrobial resistance through 

the acquisition and transfer of critical resistance genes, such as vancomycin (Miller et al., 2014). 

Furthermore, studies suggest that the antibiotic resistance observed in Staphylococcus spp. and 

Enterococcus spp. is linked to their ability to form biofilms, which facilitates their persistence in the 
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mammary gland, contributing to recurrent infections and therapeutic failures in mastitis cases (Gomes 

et al., 2016). The presence of antimicrobial-resistant Enterococcus is increasingly recognized as an 

emerging problem in food-producing animals, raising concerns about public health risks in the One 

Health framework (Cagnoli et al., 2024). 

Of the Enterococcus spp. isolates, E. faecalis was the species that presented AMR to 

quinupristin/dalfopristin, rifampin and tetracycline antibiotics. Studies in China have reported that E. 

faecalis is the most prevalent bacterium in bovine mastitis and shows high resistance to tetracyclines 

and erythromycin. (Yang et al., 2019; Liu et al., 2024). Studies in Poland are closer to our results, as 

they report resistance to the same antibiotics with the addition of resistance to nitrofurantoin in E. 

faecium (Rózańska et al., 2019). Without considering an infection by these etiological agents, the use of 

antibiotics to promote animal growth or reproduction continues to be applied (Low et al., 2021).  

The prevalence of mastitis worldwide has decreased but has not been completely eradicated. In 

Ecuador, studies have been carried out for the disease, finding prevalences of 35 % in Carchi, 40 % in 

Azuay, 52.7 % in Los Ríos and up to 80 % for the subclinical type in Zamora Chinchipe (Amer et al., 

2018; Sánchez et al., 2020). The actual prevalence of mastitis in this study could not be estimated, due 

to the low recovery of strains from the biobank. Factors related to long-term storage can cause 

irreversible cell damage mainly in the cell wall. As well as culture growth considerations may mean that 

cells are no longer viable when recovered (Guo et al., 2020). Despite this, we managed to recover 

bacteria to get an overview of the causative agents of mastitis on these farms. 

The dairy industry in Ecuador is strong with and annual production of 5.7 million of liters, the 

highlander supplies more than 70% of the national production of raw milk. In 2022, 0.41 K tons of milk 

and dairy products were exported for a value of $1.34 million, with Colombia, USA and Peru being the 

main consumers (INEC, 2024). Producers must therefore strike a balance between caring for the health 

of the herd, maintaining food security and minimizing the environmental impact of the industry's own 

waste. Mastitis in Ecuadorian livestock is a challenge; there are intrinsic and extrinsic factors associated 

with it. The most related to AMR of the causal agents is found in the extensive use of antibiotics for 

treatment and prophylaxis of drying animals. In these animals, long-acting antibiotics are used, and in 
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many cases the withdrawal time is not respected, causing the milk to present residues related to the loss 

of food safety and increasing the possibility of the development of AMR, directly affecting public health. 

Since 2016, Ecuadorian authorities have generated manuals for producers to obtain GAP 

certification and obtain an economic incentive per liter of milk, but these campaigns have stalled since 

the pandemic and efforts to resume them have been delayed (AGROCALIDAD, 2016). Despite the 

efforts of the control agencies, with programs, it has not been possible to unify them throughout the 

territory, adding to problems such as easy access to intramammary products without prescription by a 

veterinarian and the application of treatments without knowing the pathogen. Mastitis has become a 

disease that is poorly treated and costly for producers because selling a liter of milk at 0.31 cents does 

not cover the cost of $100 per year to treat this disease. (CFN, 2024). 

Without improved farming practices, microbiological identification of the causative agent and 

routine antimicrobial susceptibility studies in veterinary diagnostic laboratories or implementation of 

commercial vaccines (Huilca-Ibarra et al., 2022;Vidlund et al., 2024). Mastitis will continue as a 

neglected disease affecting the beef cattle industry and contributing to the development of antibiotic 

resistance with implications for public health and delaying AMR and zoonosis mitigation strategies in 

the context of One Health. 

 

CONCLUSIONS 

The finding demonstrates a high prevalence of multidrug-resistant strains, particularly in S. 

aureus and Enterococcus faecalis, underscoring the critical need for ongoing vigilance in clinical and 

veterinary settings. 

The identification of an MRSA strain in bovine mastitis-positive samples emphasizes the 

importance of continuous monitoring of animals, milk and raw dairy products, due to the infection risk 

posed to workers. This zoonotic potential should be assessed by veterinarians to enhance occupational 

safety. 
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The intrinsic resistance of Enterococcus spp. and their potential to transfer resistance to other 

pathogens highlight the urgency of control measures, including the rational use of antimicrobials and 

surveillance programs aligned with the “One Health” philosophy. 

It is essential to report bovine mastitis cases to national control authorities, adopt 

microbiological identification for diagnosis, and determine antimicrobial susceptibility profiles to 

ensure effective treatment and mitigate the development of more resistant strains in Ecuador’s livestock 

sector. 
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SUPPLEMENTARY MATERIAL 

Appendix A Table of results of strain recovery from cryovials stored at -80°C 

 
 

 

n° Criovial Farm Code TSB 24h Gram AN 24h Selected n° Criovial Farm Code TSB 24h Gram AN 24h Selected
1 glycerol SalinasG 10sarf rosa growth BG+/CG+ CG+ this study 55 bead IASA 1 growth BG+
2 glycerol SalinasG 9 sarf ngrowth 56 bead IASA 2 growth CG+ CG+ this study
3 glycerol SalinasG 7 sarf growth BG+/CG+ BG+ 57 bead IASA 3 growth CG+ CG+ this study
4 glycerol SalinasG 14 sarf (2) massive 58 bead IASA 4 growth CG+ CG+ this study
5 glycerol SalinasG 14 sarf (1) massive 59 bead IASA 5 growth CG+/CB
6 glycerol SalinasG 17sarf massive 60 bead IASA 6 growth CG+/CB
7 glycerol SalinasG 20sarf massive 61 bead IASA 7 growth BG+ CG+ this study
8 glycerol SalinasG 22sarf massive 62 bead IASA 8 growth CG+/CB
9 glycerol SalinasG 28sarf massive 63 bead IASA 9 growth CG+/CB

10 glycerol SalinasG 32sarf massive 64 bead IASA 10 growth CG+/CB
11 glycerol SalinasG 34sarf growth CG+ CG+ this study 65 bead IASA 11 growth CG+/BG+
12 glycerol SalinasG 29sarf growth BG+/CG+ 66 bead IASA 12 growth CG+ CG+ this study
13 glycerol SalinasG 29sarf (2) growth BG+ 67 bead IASA 13 growth CG+/CB CG+ this study
14 glycerol SalinasG 49sarf growth BG+ 68 bead IASA 14 growth CG+/CB CG+ this study
15 glycerol SalinasG 10sarf massive BG+/BG- 69 bead Manabi 15 (3M) growth CG+ CG+ this study
16 glycerol SalinasG 9sarf (1) massive BG+/CG+ 70 bead IASA 16 growth CG+ CG+ this study
17 glycerol SalinasG 9sarf (2) massive BG+ 71 bead IASA 17 growth CG+/CB CG+ this study
18 glycerol SalinasG 10sarf (8) massive BG+ 72 bead Manabi 18(1M) growth CG+ CG+ this study
19 glycerol SalinasG 16sarf growth BG+ 73 bead Manabi 19 (2M) growth CG+ CG+ this study
20 glycerol SalinasG 26sarf growth BG+/CG+ CG+ this study
21 glycerol SalinasG 10STC ngrowth
22 glycerol SalinasG 19STC growth BG+
23 glycerol SalinasG 29STC ngrowth
24 glycerol SalinasG 4STC growth BG+/CG+ CG+ this study
25 glycerol SalinasG 9STC growth BG+
26 glycerol SalinasG 10STC* growth BG+
27 glycerol SalinasG 10STC2 growth BG+
28 glycerol SalinasG 18STC2 growth CG+ CG+ this study
29 glycerol SalinasG 34STC growth CG+ CG+ this study
30 glycerol SalinasG 13AS ngrowth
31 glycerol SalinasG 26AS massive BG+
32 glycerol SalinasG 28AS growth BG+/BG-
33 glycerol SalinasG 32AS massive BG+
34 glycerol SalinasG 12STC massive BG+
35 glycerol SalinasG 1STC1 ngrowth
36 glycerol SalinasG 1STC2 massive BG+
37 glycerol SalinasG 1STC3 massive BG+
38 glycerol SalinasG 181STC3 growth BG+/CG+ CG+ this study
39 glycerol SalinasG 6AS1 massive
40 glycerol SalinasG 7AS1 ngrowth
41 glycerol SalinasG 9AS1 growth CG+ CG+ this study
42 glycerol SalinasG 17AS1 growth BG+
43 glycerol SalinasG 6AS2 massive BG+
44 glycerol SalinasG 17AS2 growth BG+
45 glycerol SalinasG 7AS3 growth BG-
46 glycerol SalinasG 17AS3 growth BG+
47 glycerol SalinasG 4EMB growth CG+ CG+ this study
48 glycerol SalinasG 38EMB ngrowth
49 glycerol SalinasG 17 8+H EMB growth BG+
50 glycerol SalinasG 7sarf rosa growth BG+
51 glycerol SalinasG 7sarf * growth BG+
52 glycerol SalinasG 7sarf (8) massive BG+
53 glycerol SalinasG 7AS2 growth BG+
54 glycerol SalinasG 9AS3 massive BG+/BG-

BACTERIAL STRAIN BANK SALINAS BACTERIAL STRAIN BANK IASA / MANABI
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Appendix B Table with halo measurement values in antibiograms and interpretation of concentrations for MIC determination. 

 
 

Note. (*)  Positive Penicillin Disk Zone-Edge Test for β-Lactamase Detection.  GEN500 and STR1000 have no interpretive criteria to 

Staphylococcus species. Daptomycin criteria is only for E. faecalis. The values found in the gray cells show a phenotypic resistance or 

intermedial profile in disk diffusion assays. Blank cells have no interpretation criteria. 

 

AMP10 P10 FOX30 VA30 E15 TE30 LZD10 F/M300 AMP P FOXS VA TET LZD NITRO E CLI DTEST TGC CHLOXA+ LEVO GEN RIF SYN CIP SXT STR MXF DAP

S.aureus 2I 13* 28 13 22 20 14 20 1 0,5 <=6 0,5 <=2 4 <=32 0,5 <=0,5 - 0,12 16 0,5 <=0,25 <=2 <=0,5 <=0,5 <=1 <0,5/9,5 <=0,25 <=0,5

S.aureus 3I 12* 25 16 24 20 16 18 1 1 <=6 1 <=2 2 <=32 1 <=0,5 - 0,12 16 1 1 <=2 <=0,5 <=0,5 <=1 <0,5/9,5 <=0,25 <=0,5

S. devriesei 4I 29 30 36 22 23 23 20 <=0,12<0,06 <=6 0,5 <=2 2 <=32 <=0,25 <=0,5 - 0,25 8 <=0,25 2 <=2 <=0,5 <=0,5 <=1 <0,5/9,5 <=0,25 <=0,5

S. chromogenes 7I 39 30 29 29 25 25 22

S.aureus 12I 11* 21 15 18 11 6 6 >8 >8 >6 >32 >16 >8 >64 >4 >2 ++ >0,5 >16 >4 1 <=2 4 >4 <=1 >4/76 4 >4

S.aureus 13I 13* 24 15 21 19 23 20 2 2 <=6 1 <=2 2 <=32 0,5 <=0,5 - 0,12 8 0,5 <=0,25 <=2 <=0,5 <=0,5 <=1 <0,5/9,5 <=0,25 <=0,5

S.aureus 14I 29 25 12 22 19 22 17

S.aureus 15I 29 23 14 20 17 21 17 <=0,12 0,12 <=6 1 <=2 2 <=32 0,5 <=0,5 - 0,12 8 0,5 <=0,25 <=2 <=0,5 <=0,5 <=1 <0,5/9,5 <=0,25 <=0,5

S.aureus 16I 11* 25 14 20 17 25 17 2 2 <=6 1 <=2 <=1 <=32 0,5 <=0,5 - 0,12 8 <=0,25 <=0,25 <=2 <=0,5 <=0,5 <=1 <0,5/9,5 <=0,25 <=0,5

S.aureus 17I 12* 25 15 24 20 14 17 4 2 <=6 1 <=2 4 <=32 <=0,25 <=0,5 - 0,25 4 <=0,25 <=0,25 <=2 <=0,5 <=0,5 <=1 <0,5/9,5 <=0,25 <=0,5

S.aureus 18I 26 21 15 19 19 12 15 0,25 0,12 <=6 2 <=2 8 <=32 1 <=0,5 - 0,25 16 1 2 8 <=0,5 <=0,5 <=1 <0,5/9,5 <=0,25 <=0,5

S.aureus 19I 25 29 19 25 22 15 21 0,5 0,12 <=6 1 <=2 4 <=32 <=0,25 <=0,5 - 0,25 8 <=0,25 <=0,25 <=2 <=0,5 1 <=1 <0,5/9,5 1 <=0,5

S. chromogenes 1G 10* 27 15 22 19 20 17 <=0,12 0,25 <=6 1 <=2 2 <=32 <=0,25 <=0,5 - 0,12 4 0,5 <=0,25 4 <=0,5 <=0,5 <=1 <0,5/9,5 <=0,25 <=0,5

S. chromogenes 11G 12* 25 16 26 12 14 18 <=0,12 0,25 <=6 1 4 4 <=32 <=0,25 <=0,5 - 0,12 8 0,5 1 <=2 <=0,5 >4 <=1 >4/76 <=0,25 1

E. faecium 20G 23 14 14 20 25 22 11 1 2 1 <=2 2 >64 1 - 8 0,5 <=0,5 <=0,5 <=1 <=1000

E. faecalis 24G 27 16 13 21 7 21 23 0,5 2 2 >16 2 <=32 1 - 0,12 16 2 >4 >4 2 <=1000 <=0,5

E. faecium 28G 21 30 19 28 30 27 26

S.aureus 29G 12* 31 18 22 9 26 19 0,5 1 <=6 0,5 >16 <=1 <=32 0,5 <=0,5 - 0,12 8 <=0,25 >4 <=2 <=0,5 <=0,5 >2 <0,5/9,5 >1000 >4 1

E. faecium 38G 32 29 18 30 31 26 27

E. faecalis 41G 32 16 14 23 6 20 28 0,5 2 1 >16 2 <=32 0,5 - 0,25 8 2 >4 >4 2 <=1000 <=0,5

E. faecalis 47G 29 14 17 22 6 25 22 1 1 1 >16 <=1 <=32 0,5 - 0,12 8 2 2 >4 <=1 <=1000 1

28 27 17 23 24 26 18 0,25 0,12 <=6 1 <=2 4 <=32 0,5 <=0,5 - 0,25 8 0,5 0,5 4 <=0,5 <=0,5 <=1 <0,5/9,5 <=0,25 <=0,5

MIC BREACKPOINTS (µg/mL) 

MICROORGANISM

S. aureus  ATCC 25923

ANTIBIOGRAM HALO (mm)
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Appendix C Table with DNA concentration values and 260/280 ratio values of 

Staphylococcus sp. and Enterococcus sp. samples with the Multiskan reader. 

Code Microorganism DNA (ug/mL) 260/280 260/230  
2I S.aureus 260,4 1,997 1,781  

3I S.aureus 322,3 1,932 2,059 
 

4I S. devriesei 226,9 1,906 1,551  

7I S. chromogenes 61,2 2,083    

12I S.aureus 472 1,832 2,426  

13I S.aureus 319,9 1,913 2,648  

14I S.aureus 187,1 1,964 2,83  

15I S.aureus 85,31 1,891 3,88  

16I S.aureus 247,8 1,884 2,03  

17I S.aureus 26,4 2,398    

18I S.aureus 106,1 2,149    

19I S.aureus 17,6 2,423    

1G S. chromogenes 309 2,065    

11G S. chromogenes 118,6 1,818    

20G E. faecium 125,7 2,113    

24G E. faecalis 483,5 1,907 2,22  

28G E. faecium 12,9 2,251    

29G S.aureus 602,6 2,146    

38G E. faecium 300,8 1,865 2,687  

41G E. faecalis 45,4 2,014 1,789  

47G E. faecalis 6,8 1,634    

Note. The values of 260/230 of the equipment are not reported due to equipment failures in 

the reading of the plate. 

 

 

Appendix D Amplification of the ribosomal 16S rRNA gene of approximately 1500 bp using 

universal primers 27 and 1492R. 

 
 Note. A 3000 base pair molecular weight marker was used, and the 1.5% electrophoresis gel 

was stained with SYBR Safe DNA. The electrophoresis conditions were one hour at 120 

Volts. The arrow indicates the approximate 1500 base pair fragment for the 16S rRNA gene 

amplicon of all samples. A master mix tube with water was used as a negative control (lane 

C-) and as a positive control (lane C+) a S. aureus sample previously characterized in other 

studies. 


