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ABSTRACT

Background: Chronic bovine mastitis is linked to biofilm-producing Staphylococcus aureus (bp-
Sa) or Staphylococcus coagulase-negative (bp-Scn).
Objectives: Bp-Sa and bp-Scn were treated with intramammary preparations of either 
enrofloxacin HCl·2H2O-dimethyl-sulfoxide-chitosan (enro-C/DMSO/chitosan) or enro-C 
alone. Their potential to inhibit and degrade biofilm formation in vitro was also assessed.
Methods: Milk samples were obtained from the affected quarters in a herd. Phenotypical 
and genotypical identifications as biofilm-producing Staphylococcus species were carried out. 
Enro-C/DMSO/chitosan and enro-C alone were assessed to determine their in vitro efficacy 
in interfering with biofilm formation and their bactericidal effects. A prolonged eight-day 
treatment with a twice-daily intramammary insertion of 10 mL of enro-C/DMSO/chitosan or 
enro-C alone was set to evaluate the clinical and bacteriological cures on day 10 in 15 cows 
per group and the biofilm-inhibiting ability.
Results: Fifty-seven percent of the isolates were identified as Staphylococcus spp., of which 50% 
were bp-Sa, 46% bp-Scn, and 4% Staphylococcus pseudintermedius. One hundred percent of the 
S. aureus isolated and 77% of Staphylococcus coagulase-negative were biofilm producers. In both 
groups, the icaA and icaD biofilm-producing genes were identified. The experimental preparation 
could inhibit biofilm formation, degrade mature biofilms, and have well-defined microbicidal 
effects on planktonic and biofilm bacteria. The respective clinical and bacteriological cure rates 
were 100% and 80% for enro-C/DMSO/chitosan and 41.7% and 25% for enro-C alone.
Conclusions: Enro-C/DMSO/chitosan eliminates bp-Sa and bp-Scn from cases of chronic 
bovine mastitis.
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INTRODUCTION

Bovine mastitis is a costly disease that results in decreased milk production [1,2]. Despite 
treatment, a mastitis episode may often become chronic [3], accompanied by sustained high 
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somatic cell counts (SCCs) and various outbreaks of clinical mastitis in the same mammary 
quarter during the ongoing lactation cycle. These cases are often associated with biofilm-
forming bacteria, particularly Staphylococcus spp. [4-6].

A biofilm is a bacterial virulence factor that contains bacteria in an extracellular matrix of 
exopolysaccharides. The biofilm adheres to the epithelium of the mammary gland where 
bacteria agglomerate can evade the host’s immune system, resist the effect of antimicrobials, 
and colonize the host’s nearby tissue through a cycle of adhesion-multiplication-exodus-
maturation and dispersion [7,8]. Treating chronic mastitis linked to biofilm-producing 
pathogens is not recommended because of the low efficacy and the risk of horizontal spread 
[9]. In many developing nations, however, this problem is rarely diagnosed, and cows are 
not culled. Hence, a viable treatment is needed. The modified antimicrobial enrofloxacin 
hydrochloride-dihydrate (enro-C) (UNAM Patent 472715-INPI, Mexico) is a more water-
soluble solvate than enrofloxacin that does not irritate the mammary gland. It has a pH of 6.5 
in suspension at 30 mg/mL and achieves high concentrations in mammary tissue. Enro-C has 
shown high success in treating uncomplicated cases of mastitis [10-12] and recurrent chronic 
cases caused by bacteria resistant to fluoroquinolones [13].

This paper proposes that in conjunction with pharmaceutical vehicles that destroy or 
weaken the biofilm without affecting the glandular tissue, an experimental preparation 
containing enro-C, low molecular weight chitosan, and dimethyl sulfoxide (DMSO) could 
effectively treat chronic mastitis. Chitosan is a biocompatible, biodegradable, and non-toxic 
substrate obtained from the exoskeleton of marine crustaceans and has been recognized to 
reduce preformed biofilms and limit the adhesion of pathogens to epithelia [14]. DMSO is 
a pharmaceutical vehicle that increases the diffusion of drugs to the target site, possesses 
antimicrobial activity, and is safe [15-17].

MATERIALS AND METHODS

This study was ethically approved at the National Autonomous University of Mexico 
(UNAM) (ID No: SICUAE.MC-2021/4-2). The elaboration of the intramammary preparations 
was carried out in the Department of Physiology and Pharmacology, UNAM, under good 
manufacturing practices. The bacteriological diagnosis and the in vitro evaluation of the 
preparation used were carried out in the Department of Microbiology and Immunology at 
UNAM, and the clinical evaluation was conducted on a farm in Chipilo, Puebla, Mexico.

Intramammary preparations
A control group was treated with a suspension based on enro-C (300 mg in 10 mL), 
commercially available as Enromastic (Laboratorios Aranda S.A. de C.V., México). The 
experimental group was treated with a suspension based on enro-C (300 mg in 10 mL), 
DMSO (Chromasolv, USA) (20 mg/10 mL), and low molecular chitosan (Pharmachem S.A. 
de C.V., Mexico) (50 mg/mL) (enro-C/DMSO/chitosan). These components were weighed 
and re-suspended in distilled water, and the pH was maintained at 6 using a buffer solution. 
The mixture was stirred for 24 h. When the suspension turned visibly homogeneous, 10 mL 
intramammary syringes were filled and stored at 4°C, together with the Enromastic syringes. 
Before administering either preparation, the syringes were gently shaken to homogenize 
the suspension, and their content was inserted into the distal third teat using an aseptic 
technique. The treatments were given twice a day for eight days based on similar trials 
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[18,19], and the dose was maintained at 300 mg per quarter, as previous work revealed high 
efficacy and a lack of apparent tissue toxicity [12].

Study population
The initial selection of second and third-pregnancy Holstein/Friesian cases of mastitis was 
carried out using a direct visual evaluation of stripped milk aided by a black bowl, a California 
mastitis test on each quarter of the affected mammary gland, and by checking the cow’s 
records as having had at least three or more previous treatments in the current milking cycle 
in a given mammary quarter. A SCC greater than 200,000 cells/mL in the last two months 
was set as a prerequisite to enter this trial, and no treatment had been administered in the 
last two weeks [4,6]. Thirty cows, with 98 mammary quarters with mastitis, were initially 
regarded as potentially infected with biofilm-producing Staphylococcus spp., and suffering 
from chronic mastitis. Their milk was studied to isolate the pathogen and identify the 
possible biofilm-forming bacteria.

Bacteriological identification
Twenty mL of milk from each mammary quarter of initially chosen cows were collected 
in 50 mL sterile conical centrifuge tubes, kept at 4°C, and processed within the next 4 
h for bacteriological diagnosis. Bacterial isolation was first carried out on blood agar 
(Bioxon; Becton Dickinson, Mexico). Gram staining, catalase tests, coagulase tests, and 
isolation in salt and mannitol agar (Bioxon; Becton Dickinson), anaerobic mannitol (Hycel; 
REGUSA, Mexico), and P agar (Bioxon; Becton Dickinson) were performed to differentiate 
Staphylococcus species. A pure culture on CAMP-esculin agar (Bioxon; Becton Dickinson) for 
the identification and differentiation of Streptococcus agalactiae, Streptococcus dysgalactiae, or 
Streptococcus uberis, was performed when the isolates did not agree with the genus Staphylococcus 
and were negative to catalase [20].

Biofilm formation ability
Having identified Staphylococcus spp., the modified Congo red agar qualitative phenotypic 
test was performed as proposed by Mariana et al. [21]. Briefly, the strains that formed black 
colonies were considered biofilm producers and those that formed bright red colonies 
were not. The quantitative phenotypic determination was made with the biofilm microtiter 
technique in 96-well flat-bottom tissue culture plates (Greiner Bio-One, Germany) [22] at a 
wavelength of 620 nm. The utilized technique allows a quantitative classification of biofilm 
production in the strains of interest: non-biofilm producers, low biofilm producers, medium 
biofilm producers, and high biofilm producers.

DNA was extracted and purified from the isolated strains using a CTAB-chloroform:isoamyl 
alcohol methodology. The concentration and integrity of the DNA were measured 
by (NanoDrop ND-1000, Wilmington, USA), and the samples were standardized to a 
concentration of 40 ng/μL. The selected biofilm production genes were those associated with 
the ica operon (icaA and icaD) for the production of the Intercellular Adhesion Polysaccharide 
(IAP), the most relevant in biofilm production by the Staphylococcus genus and were detected 
by a polymerase chain reaction (PCR) using a MyTaq DNA polymerase kit (Bioline; Meridian 
Life Science, USA). The PRIMER-BLAST tool was selected for primer design (https://www.
ncbi.nlm.nih.gov/tools/primer-blast/): primers for the icaA gene (321 bp), F – 5'TTA GCA 
CAA TGA AAA CGA AAA GGT3' y R – 5'CGA CAA GAA CTA CTG CTG CGT3' and primers 
for the icaD (78 pb) F – 5'AGC CCA GAC AGA GGG AAT AC3' y R – 5'ACG ATA TAG CGA 
TAA GTG CTG TTT3'. The PCR conditions were as follows: activation at 95°C for 2 min, 
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denaturation at 95°C for 45 sec, alignment at 62°C for 30 sec, amplification at 72°C for 45 sec 
(25 cycles), and a final extension at 72°C for 2 min. The size of the amplicons was checked 
by electrophoresis in a 2% agarose gel stained with Diamond (Promega, USA), which was 
run at 80 V for 45 min to examine the gel in a transilluminator and determine the amplicons 
obtained from PCR. The positive and negative controls for biofilm production were 
Staphylococcus aureus Cowan strain and Escherichia coli, respectively.

Antibacterial activity and biofilm synthesis and degradation effects
The results were compared with a reference S. aureus strain from case 10 because it was 
classified as a phenotypically and genotypically high biofilm producer. The effects of the 
enro-C alone and enro-C/DMSO/chitosan preparation on biofilm synthesis and their 
antibacterial activity were evaluated in 96-well flat-bottom microplates (Greiner Bio-One). 
The standardized inoculum was exposed 1:1 to two different concentrations of enro-C or 
the experimental preparation (low concentration: 10 µg enro-C and medium concentration: 
50 µg enro-C per well). The control for bacterial growth and biofilm formation without 
treatment was also set. The plates were incubated at 37°C for 24 h. The antibacterial activity of 
the preparation was evaluated on planktonic bacteria (BPl) in the supernatant and on bacteria 
contained within the biofilm (BBi). A micro-brush was used to break the matrix and release 
the bacteria inside the biolayer. The effects of the treatments were determined by preparing 
serial tenfold dilutions and comparing the colony-forming units (CFU).

The effects of the enro-C/DMSO/chitosan preparation on biofilm degradation and 
antibacterial activity on microorganisms present within the biofilm were evaluated by 
copying the previous experimental settings and exposing the wells exposed in a 1:1 ratio to 
three different concentrations of enro-C alone or with the experimental preparation at three 
concentrations (enro-C: low [10 µg], medium [50 µg], and high [100 µg]). An untreated 
set of wells served as a control for bacterial growth and biofilm formation. The plates 
were incubated as described elsewhere [13], and evaluations were carried out 24 h and 72 
h later. The supernatant was removed daily, and glucose–trypticasein soy broth (Bioxon; 
Becton Dickinson) plus enro-C or the preparation was added to each well. At the end of the 
procedures, degradation of the previously formed biofilm and the antibacterial activity on 
BPl and BBi were determined from the CFU count compared with the controls, as described 
elsewhere [13]. The results are expressed as the mean of three independent experiments with 
two internal replicates.

Clinical and bacteriological efficacies
The treatments of the mammary quarters with either Enromastic or the enro-C/DMSO/
chitosan preparation were assigned randomly (by blocks due to bacteria). Daily clinical 
evaluations of mammary-quarter conformation, milk organoleptic characteristics, and 
California mastitis tests were performed to determine the case evolution. The end-point 
clinical efficacy was set when milk was shown to be free of organoleptic alterations, 
glands free of pain and swelling, and the California score test was zero (no evidence of 
inflammation) [23]. The end-point for bacteriological efficacy was determined ten days after 
the clinical results were recorded and was based on the negative growth/isolation of S. aureus.

Statistical analysis
The statistical package IBM SPSS Version 25 64-bit Edition, 2017 (IBM, USA) was used. 
The Kruskal-Wallis test for independent samples was used to determine the statistical 
significance (p < 0.05) of the antibacterial activity of the experimental preparation under the 
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inhibition and degradation of biofilms. In addition, the inhibition effect of the preparations 
on the formation of biofilms and degradation of the mature biofilm at one and three days 
were examined. The statistical significance (p < 0.05) of the clinical and bacteriological 
efficacy was determined between groups with chronic bovine mastitis due to Staphylococcus 
spp. biofilm producer treated with the proposed preparations. The statistical significance (p 
< 0.05) of the effect of the drug on the etiological agent causing mastitis based on its biofilm 
production capacity was assessed using a Pearson's χ2 test. Bootstrap [24] was also used (n 
= 1,000, confidence interval = 95). Post hoc analysis was performed using G*Power [25] to 
corroborate the adequacy of the sample size with the actual P and ƞ values.

RESULTS

Bacteriological identification
Samples of 98 mammary glands from 30 cows with chronic inflammatory processes were 
studied. In 57% (56/98) of cases, Staphylococcus spp. was isolated; 25% (24/98) were linked to 
Streptococcus spp.; 8% (8/98) presented a mixed infection (Staphylococcus coagulase-negative 
with S. agalactiae); 10% (10/98) did not show bacterial growth. From the Staphylococcus genus, 
50% were S. aureus (28/56); 46% (26/56) were Staphylococcus coagulase-negative; 4% (2/56) 
were S. pseudintermedius. Of the 24 samples positive to Streptococcus spp., 67% (16/24) and 33% 
(8/24) were S. uberis and S. agalactiae, respectively. The Staphylococcus genus was the leading 
etiological agent of chronic bovine mastitis, identified in 65% of the samples.

Phenotypic and genotypic characterization of the isolates
Table 1 lists the ability to produce biofilm. Based on their phenotype, the isolated species of 
the genus Staphylococcus were biofilm producers: 100% for S. aureus and 77% for S. coagulase-
negatives. Fig. 1 shows a representative image of the amplification of the icaA and icaD genes 
associated with biofilm production in the Staphylococcus genus.

Antibacterial activity on biofilm production and degradation
The experimental preparation showed a well-defined inhibitory effect on biofilm formation 
compared to the biofilm without the drug (p < 0.01 in all cases) (Fig. 2A). In addition,  
a significant decrease in bacterial growth of S. aureus was observed, both in planktonic 
bacteria, from 1.8 × 108 CFU/mL to 4.1 × 105 CFU/mL with the low concentration preparation 
(p = 0.002) and up to 4 × 104 CFU/mL with the medium concentration preparation (p < 0.001). 
A similar scenario was also observed in bacteria within the biofilms, i.e., from 2.5 × 1011 CFU/
mL to 6.4 × 107 CFU/mL, and 2.5 × 106 CFU/mL with the low and medium concentrations of 
the preparation (p = 0.02 and p < 0.001, respectively), respectively, as summarized in Table 2. 
As expected, the preparations on bacterial growth proportionally affect biofilm formation.

The enro-C/DMSO/chitosan preparation in the biofilm degradation assay had an antibacterial 
effect against S. aureus, reducing the number of planktonic bacteria from 1.3 × 1011 CFU/mL to 
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Table 1. Bacteriological identification and the phenotypic and genotypic characterization of bacteria isolated from bovine milk with chronic mastitis
Bacteria Biofilm phenotypic production (%) Identification of ica operon 

genesModified Congo red agar Plate microtiter (biofilm producer)
+ − Negative Low Moderate High + −

Staphylococcus aureus 100.0 - 7.1 50.0 21.4 21.4 85.7 14.3
Staphylococcus coagulase-negative 76.9 23.1 53.8 15.4 15.4 15.4 23.1 76.9
Staphylococcus pseudintermedius - 100.0 100.0 - - - - 100.0
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Fig. 2. Effect of the intramammary preparation of enrofloxacin hydrochloride-dihydrate/dimethyl sulfoxide/chitosan on the biofilm production of Staphylococcus 
aureus isolated from chronic bovine mastitis in 96-well polystyrene microplates. (A) Inhibition effect on the formation of S. aureus biofilm. (B) Effect of degradation 
on the mature biofilm of S. aureus (1 day). (C) Effect of degradation on the mature biofilm of S. aureus (three days). Box plots represent the non-outlier extreme 
values, 25th and 75th percentiles and the median of three independent experiments. 
OD, optical density. 
A,B,CThe different letters indicate significant differences between the groups (p < 0.05) according to a two independent groups Wilcoxon test.
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A B C D E F G H

Fig. 1. Detection by multiplex PCR in 2% agarose gel of the icaA (321 bp) and icaD (78 bp) genes associated 
with biofilm production of Staphylococcus aureus isolated from dairy cows suffering chronic mastitis. A: 100 
bp Molecular Weight Marker; B: S. aureus DNA: icaA and icaD genes; C: S. aureus DNA: negative; D: DNA from 
Staphylococcus coagulase-negative: icaA and icaD genes; E: DNA from Staphylococcus coagulase-negative: 
negative; F: Escherichia coli DNA: negative control; G: S. aureus Cowan DNA: positive control icaA and icaD 
genes; H: no DNA: negative control.
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6.7 × 108 CFU/mL with the low concentration preparation (p = 0.02), and up to 5.4 × 106 CFU/mL 
with the medium concentration (p < 0.001). A similar pattern was observed with the number of 
bacteria in the biofilm, i.e., from 1.8 × 1012 CFU/mL to 1.8 × 109 CFU/mL and 1.7 × 109 CFU/mL,  
with the low or medium concentration preparations, respectively (p < 0.001 for both cases) 
(Table 2). The experimental preparation at both low and medium concentrations degraded the 
one-day-old biofilm formed by S. aureus by 30% (p = 0.008) and 40% (p < 0.001), respectively 
(Fig. 2B). Fig. 2C shows how the medium and high concentrations administered for three 
consecutive days can have a more significant degradation effect on the mature biofilm formed 
by S. aureus compared to the low concentration (44% and 52%, respectively; p = 0.05 and p = 
0.003, respectively).

Clinical efficacy
Table 3 lists the results obtained from the clinical cure and bacteriological cure evaluations 
in treating dairy cattle suffering from chronic mastitis. The enro-C/DMSO/chitosan 
preparation had a 100% clinical-cure efficacy and an 80% bacteriological cure. In contrast, 
the preparation containing only enro-C from Enromastic had a clinical and bacteriological 
cure of 41.7% and 25%, respectively (p = 0.04). Table 4 lists the bacteriological efficacy of 
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Table 2. Median values of the CFU/mL obtained with each treatment using the intramammary preparation prototype in the test of enro-C/DMSO/chitosan against 
Staphylococcus aureus
Treatment Biofilm formation inhibition assay (CFU/mL) Mature biofilm degradation assay (CFU/mL)

Planktonic bacteria Bacteria in biofilm Planktonic bacteria Bacteria in biofilm
Control bacteria without treatment 1.8 × 108a 2.5 × 1011A 1.3 × 1011a 1.8 × 1012A

Low concentration of enro-C (10 µg), DMSO (0.00017 µL),  
and chitosan (1.67 µg) per well

4.1 × 105b 6.4 × 107B 6.7 × 108b 1.8 × 109B

Medium concentration of enro-C (50 µg), DMSO (0.00083 µL),  
and chitosan (8.33 µg) per well

4 × 104c 2.5 × 106C 5.4 × 106c 1.7 × 109B

CFU, colony-forming units; enro-C, enrofloxacin hydrochloride-dihydrate; DMSO, dimethyl sulfoxide.
a,b,cDifferent lowercase letters indicate the significant differences between the groups of planktonic bacteria in each assessment (p < 0.05). Independent two- 
group Wilcoxon median comparison tests after the Kruskal-Wallis tests.
A,B,CDifferent capital letters indicate significant differences between the groups of bacteria contained in the biofilm in each assessment (p < 0.05). Independent 
two-group Wilcoxon median comparison tests after the Kruskal-Wallis tests.

Table 3. Clinical and bacteriological efficacy of the experimental preparation of enro-C/DMSO/chitosan compared with enro-C from Enromastic (Laboratorios 
Aranda S.A. de C.V., Mexico) in cases of chronic bovine mastitis
Treatment Clinical cure (%) Bacteriological cure rate (%) Bacteriological cure failure (%) Mammary quarters (No.) Pearson’s χ2 test (p)
Enro-C/DMSO/chitosan 100.0 80.0 20.0 40.0 -
Enro-C 41.7 25.0 75.0 48.0 0.042
Enro-C, enrofloxacin hydrochloride-dihydrate; DMSO, dimethyl sulfoxide.

Table 4. Efficacy of the enro-C/DMSO/chitosan preparation in comparison with enro-C from Enromastic (Laboratorios Aranda S.A. de C.V., Mexico) on biofilm-
producing and non-producing bacteria obtained from chronic bovine mastitis cases
Isolated bacteria Bacteriological efficacy Treatment (%) Total MQ (%) Pearson's χ2 test (p)

Enro-C/DMSO/chitosan Enro-C
Streptococcus spp. Cured 41.7 58.3 100 (24 MQ) -
Staphylococcus non-biofilm producer Cured 33.3 11.1 100 (18 MQ) 0.068

Failed 11.1 44.4
Staphylococcus low biofilm producer Cured 22.2 33.3 100 (18 MQ) 0.070

Failed 0.0 44.4
Staphylococcus moderated biofilm producer Cured 60.0 40.0 100 (10 MQ) -
Staphylococcus high biofilm producer Cured 40.0 20.0 100 (10 MQ) 0.532

Failed 20.0 20.0
Mixed infection Cured 25.0 25.0 100 (8 MQ) 0.147

Failed 50.0 0.0
Total Cured 36.4 34.1 100 (88 MQ) 0.144

Failed 9.1 20.5
Enro-C, enrofloxacin hydrochloride-dihydrate; DMSO, dimethyl sulfoxide; MQ, mammary quarters.
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both preparations based on the biofilm production capacity of the isolated bacteria. Post hoc 
analysis revealed a 0.85 power of this clinical test.

DISCUSSION

The enro-C/DMSO/chitosan components were selected based on the antimicrobial potency, 
enhanced tissue diffusion, and antibiofilm-reported effects, respectively. Enro-C, being a 
zwitterion, can achieve high concentrations beyond the mammary gland cistern and diffuse 
into the interstitial space where the biofilm is present. In addition, it can diffuse into the 
intracellular level where S. aureus can access, survive, and grow [8,10,26]. Low molecular 
weight chitosan was added because of its anti-biofilm effect owing to the electrostatic 
reaction between the positive charges of its NH2

+ groups with the negative charges of the 
exopolymeric proteins, extracellular DNA, and other proteins comprising the biolayer [27]. In 
addition, low molecular weight chitosan has better water solubility and can inhibit bacterial 
enzymatic activity through cation chelation mechanisms. This will block mRNA transcription 
and various metabolic pathways [28]. DMSO allows better tissue diffusion of components 
and has anti-biofilm properties [16,29].

Biofilm production by Staphylococcus spp. is initiated by synthesizing IAP. In this study, three 
different methodologies were used to identify IAP in the bacteria associated with cases of 
chronic bovine mastitis. (1) Congo red agar forms hydrogen bonds between the dye and the 
IAP, and with an improved formula proposed by Mariana and Salman [21] that produces 
better pigmentation in the biofilm-producing colonies, it is evidenced by the growth of black 
colonies in the medium. This stain is an easy, fast, and economical alternative, but it depends 
on the experience and interpretation of the personnel, which increases the error. (2) A plate 
microtiter is considered the gold standard test to quantify biofilm production [30], particularly 
with the modified steps proposed by Peña and Uffo [22], i.e., transferring bacteria to the 
microplate and heating them to avoid losing bacterial cells and polysaccharides attached to the 
walls of the well. Unlike Congo red agar, which only determines if the strain can produce the 
biofilm, biofilm microtitration allows the bacteria to be classified according to their level of 
IAP production into high, moderate, low, and non-biofilm producers. In this context, S. aureus 
isolates exhibited more biofilm-producing bacteria than Staphylococcus coagulase-negative. (3) 
The production capacity of IAP is encoded in the ica operon, composed of the icaA, icaB, icaC, 
and icaD genes. In this study, the icaA and icaD genes were selected for amplification to verify 
that the phenotypical expression of biofilm-forming ability was linked to the referred genes 
[31]. A comparison of the phenotypic methodologies used for biofilm detection showed no 
concordance when classifying the strains. On the other hand, similar percentages of biofilm-
producing strains are observed when comparing the phenotypic methodologies with the PCR 
results in the S. aureus isolates. This was not repeated for Staphylococcus coagulase-negative 
bacteria, as the phenotypic tests identified more biofilm producers than PCR. Considering 
the above, the most reliable method to assess biofilm production is the microtiter biofilm test, 
accompanied by identifying the genes related to this virulence factor.

A plate microtiter was also used to assess the anti-biofilm capacity of the enro-C/DMSO/
chitosan preparation. The determination to carry out studies at one and three days was 
based on the fact that after one day of in vitro culture, a biofilm layer within the well was 
obtained, reaching its maximum point on day three of culture [32]. The enro-C/DMSO/
chitosan preparation had an excellent antimicrobial effect in vitro and reduced biofilm 
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production by S. aureus isolated from clinical cases of chronic bovine mastitis in planktonic 
and biofilm bacteria. Similarly, Felipe et al. [33] reported that chitosan at 100 and 1,600 μg/
mL inhibited and degraded the formation of S. aureus biofilms, respectively. Breser et al. [34] 
found that a combination of chitosan and cloxacillin-Na against Staphylococcus coagulase-
negative, causative of chronic bovine mastitis, inhibited biofilm formation more efficiently 
than each independently. The effects of enro-C/DMSO/chitosan on biofilm formation and 
the degradation of mature biofilm were achieved with the lowest chitosan concentration. i.e., 
10 to 100 times lower than the reported concentrations [34]. Hence, the components of the 
enro-C/DMSO/chitosan may act synergistically against the biofilms tested.

The clinical evaluation of enro-C/DMSO/chitosan showed that the bacteriological cure rate 
was better than those obtained with the Enromastic enro-C alone preparation. On the other 
hand, more studies with a larger number of cows are needed to assess the scope of this 
therapy. The American Academy of Bovine Practitioners recommends that cows suffering 
from chronic mastitis be culled [9]. In contrast, most dairies in Latin America lack the 
diagnostic resources nor the will to follow this recommendation. Hence, conducting clinical 
studies to find and propose new treatment options with better efficacies is relevant. With 
the enro-C/DMSO/chitosan prototype tested, a 100% clinical cure and 80% bacteriological 
cure were achieved, and the inclusion criteria of the clinical cases allowed a well-defined set 
of chronic cases of bovine mastitis caused by biofilm-forming bacteria. Nevertheless, it is 
essential to scale up the results to define how cattle from different ecological niches respond 
to this therapy. Moreover, hygienic and biosecurity measures must be improved on each farm. 
Enro-C, as an intramammary preparation, was reported to treat mastitis successfully [11-13]. 
On the other hand, their case-inclusion criteria and treatment protocols make comparisons 
difficult. For example, the absence of recidivism of the mammary glands treated tested 21 
days after cure, as carried out by Martínez-Cortés et al. [11], was a requisite that could not be 
implemented in this study due to management issues imposed in the farm. There are areas 
of opportunity to improve this preparation, i.e., formulating nano particles of the active 
principles [35] and establishing sequential treatment schemes, if necessary, as proposed by 
Alfonseca-Silva et al. [13] using ceftiofur. In addition, adding some non-antibiotic elements 
may improve efficacy, i.e., vitamin D3 [36-38].

In conclusion, biofilm-producing Staphylococcus species are associated with chronic mastitis 
in cattle. The enro-C/DMSO/chitosan intramammary preparation inhibits and degrades the 
biofilm and eliminates both S. aureus contained within the exopolysaccharide matrix and 
planktonic bacteria. Therefore, the preparation presented in this paper is an acceptable 
option for treating this type of mastitis.
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