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Background:  Bovine  mastitis  is  considered  the  most  important  disease  of  worldwide  dairy  industry.  Treat-
ment  of this  disease  is  based  on  the application  intramammary  antibiotic,  which  favors  an  increase  in the
number  of  resistant  bacteria  in the  last  decade.  Photodynamic  inactivation  (PDI)  has  been  investigated
in  different  areas  of Health  Sciences,  and has shown  great  potential  for inactivating  different  pathogens,
without  any  selection  of  resistant  microorganisms.  The  objective  of  this  study  was  to  investigate  the
efficacy  of  PDI  in  the  inactivation  of  pathogens  associated  with  bovine  mastitis.
Methods: We tested  the  effectiveness  of PDI against  antibiotic  resistant  strains,  isolated  from  bovine  masti-
tis,  from  the following  species:  Staphylococcus  aureus,  Streptococcus  agalactiae,  Streptococcus  dysgalactiae,
Corynebacterium  bovis,  and  the  alga  Prototheca  zopfii.  Nine  experimental  groups  were  evaluated:  control,
no treatment;  light  only,  irradiation  of a red light-emitting  diode  (�  =  662  (20)  nm)  for  180  s;  exposure
eterinary medicine to  50  �M methylene  blue  alone  for  5 min;  and  PDI for 5, 10,  30, 60, 120  and  180  s.
Results: S.  dysgalactiae,  S. aureus,  and  C.  bovis  were  inactivated  after  30  s of irradiation,  whereas  S. agalactiae
was  inactivated  after  120 s and  P. zopfii  at 180  s  of  irradiation.
Conclusion:  These  results  show  that  PDI  can  be an interesting  tool  for inactivating  pathogens  for  bovine
mastitis.

©  2015  Elsevier  B.V.  All  rights  reserved.
. Introduction

Although various factors are involved in the development of
astitis, microorganism-mediated infection is considered to be

he leading cause. In addition to reproductive problems and podal
nfections, this disease is thought to be the main contributor of
eductions in milk productivity and quality [1].

The occurrence of this disease involves the interaction between

ifferent factors, including those intrinsic to the animal as well as
uman and environmental aspects. Factors linked to the animal
spects are those related with an impaired immune system. Altered
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neutrophil function, impaired antibody response and inflammatory
cytokines production are usually found at the transition period [2,3]
and in the presence of immunosuppressive infectious diseases [4].
The most susceptible animals can yet develop infectious diseases
such as mastitis and metritis [5,6]. Bacteria are among the main
causative agents of bovine mastitis; however, fungi, yeasts, viruses,
and algae have also been associated with this disease [7,8].

Given its economic importance, treatment strategies for bovine
mastitis have long been investigated. Despite the development
of various active substances for mastitis treatment, there is still
no consensus on the optimal therapeutic approach. In general,
the correct maintenance of the animal homeostasis, adoption of
hygienic sanitary measures and administration of local intramam-
mary antibiotics are respectively the procedures most commonly
used for the prophylaxis and treatment of this disease [1,7,9].
In the last few decades, there has been increased public con-
cern related to the inspection of organs and the persistence of drug
residues in milk products, which has motivated a series of studies
currently under investigation [10–12]. In many countries, there was
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 reduction in the use of antimicrobial substances due to concern
nd public demand. However, the continued or indiscriminate use
f antimicrobial agents for the treatment of bovine mastitis in some
ountries has favored a process of selection of the microorganisms,
esulting in the development of strains resistant to the active com-
ounds [13–15]. Therefore, identification of an efficient treatment
or mastitis through interventions that do not lead to the appear-
nce of biological residues in products of animal origin and do not
romote the selection of drug-resistant microbial populations is
rgently required.

Photodynamic inactivation (PDI) is a therapeutic procedure that
as been investigated for the treatment of microbial diseases. The
ntimicrobial properties from PDI combine a harmless photoacti-
atable dye with visible light and molecular oxygen. Its mechanism
f action is based on the excitation of photosensitive (i.e., light-
ensitive) substances by light at proper wavelengths, resulting
n the formation of reactive oxygen species, which in turn dam-
ge subcellular structures that are fundamental to the survival of
icroorganisms, and so far no resistant microorganisms have been

eported [16–18]. Factors that will determine the selective death
f host cells or microbial inactivation are directly related to the
ffinity of photosensitive molecules used as well as to the light and
hemical dosimetry applied [16].

Phenothiazinium dyes such as methylene blue (MB) have been
roadly investigated as photosensitizer (PS) for both gram-positive
nd negative bacteria demonstrating effective eradication [19]. In
act, much of the use of MB  as a lead compound has been due to its
ow toxicity in the human patient [20]. Another advantage of this
ationic PS is its affinity for targeting microorganisms rather than
ost cells. Therefore, short-period irradiation treatments with MB
end to cause minimal damage to host cells but yet present effective
ntimicrobial activity [21].

In this study, we aimed investigate the ability of PDI to inactivate
ntibiotic-resistant bacterial strains of Staphylococcus aureus, Strep-
ococcus agalactiae, Streptococcus dysgalactiae, Corynebacterium
ovis, and a strain of the alga Prototheca zopfii isolated from cattle
ith clinical mastitis.

. Materials and methods

The study was approved by the animal care and use committee
f the School of Veterinary Medicine and Animal Science, University
f São Paulo, São Paulo, Brazil (reference number 2,246,120,214).

.1. Microorganisms

Due to the importance of the prevalence of clinical or subclinical
astitis in Brazil [22–24], wild-type strains of S. aureus,  S. agalac-

iae, S. dysgalactiae, and C. bovis were chosen. The alga P. zopfii
wild-type strain) was used in this experiment because of its clini-
al importance, not only in Brazil but worldwide. The occurrence of
astitis caused by the alga has been described in several countries
ith no responsive treatment [25,26].

The strains were wild-type isolated from the milk of cows with
linical mastitis at different farms in the State of São Paulo, Brazil.
ilk samples were collected aseptically in sterile tubes, they were

ransported to the lab under refrigeration (4 ◦C), where they were
ubjected to microbiological examination. From each milk sample
ollected, an aliquot of 10 mL  was placed in Petri dishes with 5%
heep blood agar. The dishes were incubated, in anaerobic condi-
ion, at 37 ◦C, and the reading was performed after 24 and 48 h.

he isolated bacteria (S. aureus, S. agalactiae, S. dysgalactiae and
. bovis) were identified according Murray [27]. The RapID sys-
em was used to confirm the result. The same laboratory protocol
sed for the isolation of the bacteria, as described above, was  used
dynamic Therapy 13 (2016) 276–281 277

for the isolation of P. zopfii, but these were identified according
to their morphological, macroscopic and microscopic characteris-
tics, besides determination of assimilation of different substrates
according to Pore [28].

Bacteria were subject to in vitro susceptibility tests with
paper discs containing the following antimicrobial drugs: amikacin
(30 �g), ampicillin (10 �g), cephalexin (30 �g), cephalothin
(30 �g), ceftiofur (30 �g), clindamycin (2 �g), chloramphenicol
(30 �g), enrofloxacin (5 �g), erythromycin (15 �g), gentam-
icin (10 �g), oxacillin (1 �g), penicillin (10 IU), sulfamethoxa-
zole + trimethoprim (25 �g), tetracycline (30 �g), and vancomycin
(30 �g). The tests were carried out on Mueller–Hinton agar plates
with the addition of 5% sheep blood in the cases of Streptococcus spp.
and C. bovis. The disc diffusion method was  performed according to
the technique described by Bauer et al. [29]. Tests were evaluated
based on the measured halo diameter, which reflects the degree
of inhibition on microorganism growth. The concentrations used
and interpretation criteria (inhibition zone diameter) adopted were
chosen based on recommendations of the Clinical and Laboratory
Standards Institute [30].

2.2. Light source and photosensitizer

To assay PDI, a red light-emitting diode (LED probe) was  used
(� = 662 ± 20 nm), with an optical power of 320 mW,  beam diame-
ter of 2 cm,  irradiance of 100 mW/cm2. The LED probe was  fixed on
a holder 1 mm apart from the surface of a microwell plate, which
kept the beam area at 3.14 cm2 and coincided to a single well area
from the 24-well microwell plate. According to the literature, irra-
diance of 100 mW/cm2 does not produce any photothermal effect
since 300 mW/cm2 induces an increased of 0.5 ◦C on solution after
2 min  of irradiation using red light and MB  [31]. Therefore, there
was no need to control the temperature to prevent heating effects.

The PS employed for this study was MB  (Sigma–Aldrich; St.
Louis, MO,  USA), which was  diluted in sterile PBS (phosphate buffer
solution, pH 7.4) to a working concentration of 50 �M.

2.3. Study design

S. aureus, S. agalactiae, and S. dysgalactiae were cultivated in
brain-heart infusion (BHI) agar, and P. zopfii in Sabouraud agar
overnight while C. bovis was  grown in blood BHI agar for 2–3 days.
They were then suspended in sterile PBS and homogenized, either
with a vortex agitator (bacteria) or through repeated pipetting (P.
zopfii).

The concentration of the inoculum was determined by assess-
ing the turbidity of the suspension with a spectrophotometer. The
absorbance of the PBS suspension containing the microorganisms
was adjusted to 0.9 (1) at � = 600 nm,  which corresponds to a con-
centration of approximately 108 cfu/mL for bacteria and 105 for P.
zopfii [32]. For PDI assays, bacterial suspensions were diluted to
a working concentration of 107 cfu/mL and P. zopfii concentration
was the same as obtained in the spectrophotometer (105 cfu/mL).

The experimental groups were compared to their respective
control groups (C), which did not receive any light or PS treatment.
Among the light-only (L) groups, suspensions of microorganisms
were irradiated in the absence of MB for 180 s, resulting in a total
of 18 J/cm2 of delivered energy density. To MB  groups, we added
MB  solution to microbial suspension inside the tubes and then they
were placed in the dark during the entire experimental procedure
time to assess the toxicity of the PS alone. For the PDI groups, MB

was added to the suspensions and, after 5 min of pre-irradiation
time, they were irradiated for 5 s, 10 s, 30 s, 60 s, 120 s or 180 s
(energy densities of 0.5 J/cm2, 1 J /cm2, 3 J/cm2, 6 J/cm2, 12 J/cm2

and 18 J/cm2, respectively).
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Fig. 1. Photodynamic inactivation of Streptococcus agalactiae, Streptococcus dys-
galactiae,  Staphylococcus aureus and Corynebacterium bovis. Bacterial strains were
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ncubated with 50 �M methylene blue (MB) for 5 min  and irradiated with a red LED
100  mW/cm2). Data are the means of nine independent experiments and the bars
re  the SD.

After treatments, samples were serially diluted in sterile PBS
nd seeded in their respective proper agar plates (as mentioned
efore) according to the technique described by Jett et al. [33] for
fu/mL quantification. Plate dishes were incubated at 37 ◦C for 24 h
S. aureus,  S. dysgalactiae, S. agalactiae and P. zofpii) and 48 h (C.
ovis) to allow colony visualization.

All microbiological experiments were conducted in triplicates,
nd repeated among three different experimental days, which
otalized n = 9 for all groups.

.4. Statistical analysis

Mean values for microbial counts with the corresponding stan-
ard deviations were calculated. The survival fraction from each
roup was tested for significant differences by using ANOVA
ollowed by Tukey test. P < 0.05 was considered statistically signif-
cant. Statistical comparisons between means were performed by
he software Origin 8.5 (Origin-Lab, Northampton, MA  USA).

. Results

The in vitro susceptibility screening for the tested antimicrobial
rugs is presented at (Table 1). Figs. 1 and 2, displays the suscepti-
ility of tested microorganisms. We  can observe that light and MB
roups did not show any significant microbial inactivation. By the
ther hand, among the bacteria exposed to PDI, a significant inacti-
ation was already observed after 5 s of irradiation (energy density
f 0.5 J/cm2) when compared to the C, L, and MB  groups. However,
. zopfii only began to show slight inactivation after 10s of irra-
iation (energy density of 1 J/cm2), thus indicating that the alga

s less sensitive to PDI when compared to the evaluated bacteria
Figs. 1 and 2).

It can also be perceived from Fig. 1 that microbial sensitivity to
DI is dependent on irradiation parameters and microbial species.
ollowing 5 s or 10 s of irradiation (0.5 J/cm2 and 1 J/cm2) bacterial
oad was reduced about 1–3.5 logs. C. bovis showed the highest PDI
usceptibility when compared to the other analyzed species. After
0 s of irradiation (3 J/cm2), bacterial viability was totally reduced
or S. aureus,  S. dysgalactiae and C. bovis. No significant differences

ere observed for S. agalactiae and P. zopfii microbial reduction

etween 10 and 30 s of irradiation. Following 60 s of irradiation,
. agalacitae displayed a burden reduction of 3 logs compared to
ontrol while P. zopffi reduced about 0.5 log. Complete S. agalactiae
Fig. 2. Photodynamic inactivation of Prototheca zopfii. Algae were incubated with
50  �M methylene blue (MB) for 5 min  and irradiated with a red LED (100 mW/cm2).
Data are the means of nine independent experiments and the bars are the SD.

inactivation was  achieved at 120 s (12 J/cm2) of irradiation and P.
zopfii at 180 s (18 J/cm2) (Fig. 2).

4. Discussion

Regardless of the abundant literature about the use of PDI
against pathogenic microorganisms such as S. aureus,  no studies
have yet described the use of PDI against S. dysgalactiae, S. agalac-
tiae, C. bovis, P. zopfii species, which are all involved in the etiology
of bovine mastitis. Moreover, no studies have demonstrated the
potential of using PDI against pathogenic algae, which emphasizes
the novelty of this investigation.

Usually, in natural circumstances, concentrations of pathogens
are lower than those used in this experiment. However, we
used a concentration of 107 cfu/mL, since it is standard in other
antimicrobial assays, such as antibiograms and minimal inhibitory
concentration. As the antimicrobial activity is confirmed for this sit-
uation, lower microbial concentrations will represent a much easier
challenge.

Although the aim of the study was not to determine the drug
resistance of certain pathogens in susceptibility tests, the relatively
high occurrence of different resistance patterns in these microor-
ganisms indicates that alternative therapeutic approaches with
broad action spectrum, such as PDI, may be considered as an impor-
tant strategy to manage infectious bovine mastitis.

The pathogenic bacterium S. agalactiae presented higher resis-
tance in the susceptibility tests in vitro when compared to the other
bacteria, and also showed higher resistance to PDI. Several stud-
ies have shown that multiresistant microorganisms can be just as
susceptible to PDI as similar non-multiresistant strains [34]. How-
ever, according to Tegos and Hambin [35] and George et al. [36],
multiresistant strains can be more difficult to eradicate with PDI
compared to antibiotic-susceptible strains. These authors attribute
this difference to the fact that mechanisms of drug resistance in
microorganisms, as efflux pumps could bind phenothiazinium PSs,
resulting in a lower amount of PS accumulating within the bacterial
cell. Therefore, the correlation between high resistance in antibi-
ogram and photoinactivation assays deserves further investigation
in view of our findings.

Among the microorganisms assessed in this study, two  are wor-

thy of deeper discussion. The first is the Staphylococcus genus, and in
particular S. aureus,  which is known for its high resistance to antibi-
otics, thus emphasizing the importance of further investigations to
control the spread of these bacteria in the mammary gland [37,38].
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Table  1
Antimicrobials tested on clinical isolate of Streptococcus agalactiae,  Streptococcus dysgalactiae, Staphylococcus aureus and Corynebacterium bovis.

Antimicrobial drug Strep. agalactiae Strep. dysgalactiae Staph. aureus C. bovis

Amikacin R R S S
Ampicillin R R R R
Cephalexins S S S S
Cephalothin S S S S
Ceftiofur S S S S
Clindamycin S S S S
Chloramphenicol S S S S
Enrofloxacin S S S S
Erythromycin S S S S
Gentamicin R R S S
Oxacillin R R S R
Penicillin R R R R
Sulfamethoxazole + trimethoprim R S S S
Tetracycline S S S S
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Vancomycin S 

 = resistant; S = susceptible.

he second is the Prototheca genus, which merits special attention
ainly due to the lack of efficient treatments for infections of the
ammary gland, from which these pathogens were originally iso-

ated [25]. Our findings show that P. zopfii is less susceptible to
DI when compared to the assessed bacteria. Such results are also
bserved when comparing PDI sensitivity of fungi in relation to
acteria [39]. This fact is commonly associated to the greater com-
lexity of eukaryotic cells, explained by the hazard of damages in
ukaryotic fungi is furtherly reduced by the presence of a mem-
rane that envelopes the nucleus and may  act as a barrier to the
enetration of dyes or their photoproducts. In addition, it is known
hat Prototheca genus is capable of producing endospores [40]. So,
he difficulty of certain exogenous molecules face in diffusing into
pores can be related to the impermeable nature of the spore coat
nd it could be responsible for much of the resistance of spores to
eactive oxygen species [41,42].

The results of the present study show that, under the conditions
mployed, both pathogenic agents were susceptible to the action
f PDI, thus demonstrating their potential for clinical application.

Despite the successful results and the promising application of
he technique, some studies have shown that PDI does not always
ead to a complete microbial reduction. Nevertheless, its ability to
educe the microbial burden is undeniable, thus allowing patient
ecovery when combined with existing therapies. Chibebe et al.
43,44] observed that a strain of Candida albicans and Enterococ-
us faecium respectively resistant to fluconazol and vancomycin
howed increased susceptibility to antimicrobial compounds after
mall doses of PDI, suggesting that the possible combination of the
wo treatments could increase therapeutic efficiency, treatment
uccess, and clinical recovery.

Regarding photodynamic-induced inactivation, there is still
ontroversy related to its potentially deleterious effects on healthy
ells of an exposed host organism. Although few studies have
ocused on the potential effects of PDI with phenothiazinium dyes
n healthy cells or the immune system, some studies have investi-
ated the action of PDI on fibroblasts, keratinocytes, or neutrophils
45–47]. Tanaka et al. [47] evaluated the action of PDI with differ-
nt PSs on methicillin-resistant Staphylococcus aureus (MRSA) and
eutrophils. The authors concluded that the dose necessary to inac-
ivate MRSA was much lower than that causing neutrophil damage.

oreover, the neutrophils did not show noticeable morphologi-
al changes during irradiation with MB,  and neutrophil viability
as continuously maintained at a high level (>80%) with an energy
ow of 5 J/cm2 or 20 J/cm2. This led the authors to propose that

B-mediated PDI did not cause cytotoxic effects in neutrophils

nder the optimal concentrations used to inactivate MRSA. Simi-
arly, Noodt et al. [48] assessed the action of MB  derivatives-induced
S S S

PDI in fibroblasts in vitro. The results obtained led the authors to
conclude that the enzyme activity of the Golgi apparatus, lyso-
somes, and endoplasmic reticulum was  not affected. Moreover,
according to Zeina et al. [49], the action of MB-mediated PDI on
human keratinocytes caused low toxicity in these cells.

It is known that antineoplasic photodynamic therapy (PDI) is
capable of activating and recruiting several types of immune cells
in mammals, including neutrophils, dendritic cells, macrophages,
T-lymphocytes, and mast cells. However, these studies focused on
the application of PDI, with different PS and light sources [50]. Thus,
elucidating the effects of PDI on isolated leukocytes of bovine milk
and mammary gland tissue under specific experimental conditions
sufficient to inactivate pathogens is of major importance. This assay
would determine the survival threshold of these cells as well as
the possible changes in their viability induced by PDI. With this
information, it would be possible to estimate an optimized and safe
PDI protocol for future clinical trials, inactivating pathogens while
sparing immune cells.

In conventional treatment of bovine mastitis, topical antibiotic
is applied through the teat canal of the mammary gland after milk-
ing. For this reason, we believe that for PDI clinical trials, PS should
be administered after milking, as well as a conventional treatment.
New light sources are constantly being developed and in of them
can be coupled to an optical fiber to deliver light in a specific
target, as for example in root canal decontamination [51]. Other
devices with diffusing fibers have been developed to irradiate cav-
ities such as bladder, esophagus, lung and stomach [52–55]. Unlike
the efficient tools already developed and tested in the fields of
medicine, physiotherapy, dentistry, and even veterinary medicine
for the treatment of different diseases, a proper tool for the treat-
ment of bovine mastitis should be developed to irradiate all the
structures involved, since the microorganisms might be distributed
throughout the entire mammary gland.

This is an initial study that aimed to verify the potential of PDI
to inactivate relevant microorganisms associated to bovine masti-
tis. Future studies should consider an important factor with regard
to the use of PDI as a clinical treatment for bovine mastitis is
that the milk solids creates a physical barrier to light, which may
block its transmission by scattering and absorption phenomena
[56], resulting in a problematic dosimetry calculation. Clinical trials
have demonstrated that light itself might also influence glandu-
lar tissues, resulting in an increase of glandular secretions [57,58].
It makes interesting to carry out further investigations to assess
the effects of this technique on mammary gland tissue in respect

to possible metabolic changes or damage in the tissue itself and,
consequently, on the production of milk.
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The use of PDI in veterinary medicine is still being investigated,
tudies have shown promising results using the technique in the
reatment of different diseases [59–62]. We  believe that further
nvestigations need to be carried out and that they must extrapolate
he in vitro assays.

. Conclusion

Neither light nor MB  inactivates the assessed pathogens tested
n the parameters of this study. PDI was found to effectively inac-
ivate all microorganisms in a dose-dependent way, regardless of
heir resistance phenotype and appears to be a promising option for
he development of new therapeutic approaches to treat bovine

astitis. However, more studies are necessary to investigate the
herapeutic protocols postulated under the present laboratory con-
itions and their application to clinical trials, in which the natural
ccurrence of the disease may  be explored.
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26] J.L. Gonçalves, S.H. Lee, E.P. Arruda, D.P. Galles, V.C. Caetano, C.A. Fernandes de
Oliveira, A.M. Fernandes, M.  Veiga Dos Santos, Biofilm-producing ability and
efficiency of sanitizing agents against Prototheca zopfii isolates from bovine
subclinical mastitis, J. Dairy Sci. (2015), in press.

27] P.R. Murray, E.J. Baron, J.H. Jorgensen, M.L. Landry, M.A. Pfaller, Manual of
Clinical Microbiology, 9th ed., ASM Press., Washington, DC, U.S.A, 2007.

28] R.S. Pore, Prototheca Krüger, in: C.P. Kurtzman, J.W. Fell (Eds.), The Yeasts: A
Taxonomic Study, Elsevier, 1998, pp. 883–887.

29] A.W. Bauer, W.M.  Kirby, J.C. Sherris, M.  Turck, Antibiotic susceptibility testing
by  a standardized single disk method, Am. J. Clin. Pathol. 45 (1966) 493.

30] CLSI (Clinical, Laboratory Standards Institute), Performance Standards for
Antimicrobial Disk and Dilution Susceptibility Tests for Bacteria Isolated From
Animal. Approved Standard, third ed., Clinical and Laboratory Standards
Institute, Wayne, PA, U.S.A, 2008, ISBN: 1- 56,238-660-3CLSI document
M31-A3.

31] R.A. Prates, E.G. Silva, A.E. Yamada, L.C. Suzuki, C.R. Paula, M.S. Ribeiro, Light
parameters influence cell viability in antifungal photodynamic therapy in a
fluence and rate fluence-dependent manner, Laser Phys. 19 (2009)
1038–1044.

32] M.A. Pfaller, L. Burmeister, M.S. Bartlett, M.G. Rinaldi, Multicenter evaluation
of  four methods of yeast inoculum preparation, J. Clin. Microbiol. 26 (1988)
1437–1441.

33] B.D. Jett, K.L. Hatter, M.M.  Huycke, M.S. Gilmore, Simplified agar plate method
for  quantifying viable bacteria, Biotechniques 23 (1997) 648–650.

34] S.P. Tseng, L.J. Teng, C.T. Chen, T.H. Lo, W.C. Hung, H.J. Chen, P.R. Hsueh, J.C.
Tsai, Toluidine blue O photodynamic inactivation on multidrug-resistant
Pseudomonas aeruginosa, Lasers Surg. Med. 41 (2009) 391–397.

35] G.P. Tegos, M.  Hamblin, Phenotiazinium antimicrobial photosensitizers are
substrates of bacterial multidrug resistance pumps, Antimicrob. Agents
Chemother. 50 (2006) 196–203.

36] S. George, M.R. Hamblin, A. Kishen, Uptake pathways of anionic and cationic
photosensitizers into bacteria, Photochem. Photobiol. Sci. 8 (2009) 788–795.

37] J. Sommerhäuser, B. Kloppert, W.  Wolter, M. Zschöck, A. Sobiraj, K. Failing, The
epidemiology of Staphylococcus aureus infections from subclinical mastitis in
dairy cows during a control programme, Vet. Microbiol. 96 (2003) 91–102.

38] M.  Pol, P.L. Ruegg, Relationship between antimicrobial drug usage and
antimicrobial susceptibility of Gram-positive mastitis pathogens, J. Dairy Sci.
90  (2007) 262–273.

39] T. Dai, B.B. Fuchs, J.J. Coleman, R.A. Prates, C. Astrakas, T.G. St Denis, M.S.
Ribeiro, E. Mylonakis, M.R. Hamblin, G.P. Tegos, Concepts and principles of
photodynamic therapy as an alternative antifungal discovery platform, Front.
Microbiol. 3 (2012) 120.
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