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Bovine mastitis is a disease with a high economic impact on dairy farms and it has been described that
different species of Candida can cause it. The objectives of this study were to evidence the production
of biofilm by strains of Candida Kefyr, to carry out a comparative evaluation of its production by tube
and plate techniques, to determine its interaction with Escherichia coli and Streptococcus dysgalactiae
isolated from bovine mastitis and know the drug susceptibility of each of them. The identification of C.
kefyr was carried out by fermentation and assimilation of carbohydrates, the confirmation of the
identification and minimum inhibitory concentration to antimycotics was carried out with Vitek 2
Systems. Plate and tube biofilm formation assays were performed in triplicate. Analysis of variance
(ANOVA) and Tukey's test were performed, as well as Spearman's correlation to the data obtained. In
plate tests, biofilm formation was demonstrated in seven C. kefyr isolates, as well as synergy in
combinations with E. coli and S. dysgalactiae. However, the inoculum containing the three
microorganisms behaved similarly to that containing only C. kefyr and S. dysgalactiae. It was possible
to demonstrate a correlation between biofilm formation tests in tube and plate. This is the first report in
Mexico of C. kefyr, as well as the production of biofilm in bovine clinical mastitis.
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INTRODUCTION

Mastitis is the inflammatory response of the mammary economy of the production units (Avila and Gutiérrez,
gland to a physical lesion or microbial infection. This 2018; Romero et al., 2018).

condition has an enormous impact on dairy production, There have been more than 135 microorganisms
animal wellbeing and milk quality, and therefore on the identified as etiological agents of bovine mastitis, the



most frequent of which are Staphylococcus aureus,
Escherichia coli, Streptococcus spp and Mycoplasma spp
(Watts, 1988). Other microorganisms such as yeast,
mold, algae and virus can also cause an inflammatory
process in the mammary gland (Watts, 1988). Although
mastitis incidence by fungi is generally low, they can be
considered causal agents for mammary infections, when
antimicrobial treatments are not effective (Bourtzi-
Hatzopoulou et al., 2003; Krukowski et al., 2000).

Fungi are found mainly on soil; some yeast can be
found as normal flora of mucous membranes such as in
the vaginal, oral, rectal and ruminal cavities. They may
get to colonize mammary gland skin in small amounts
and generally, they are opportunistic microorganisms
causing disease in conditions of immunosuppression
(Hassan et al., 2018). The sources of origin are soll,
plants, water, organic material, milker's hands, milk cups,
and multi-dose syringes or treatments that may be
contaminated, or which have not been handled
hygienically which can cause the return of the condition,
once treatment is suspended or improvement without any
treatment. Transmission can happen through the milk
cups, cow to cow, directly through the environment and
from cow to cow during the milking process (Bourtzi-
Hatzopoulou et al., 2003).

In general, yeast mastitis infections have a low
presentation in commercial dairy farms, with a reported
prevalence of around 3%. Nevertheless, there have been
reports of higher prevalence such as in Brazil of up to
17.3% (De Casia dos Santos and Marin, 2005); in
Greece, 6.2% (Bourtzi-Hatzopoulou et al., 2003) and in
Poland, 7.07%, with Candida krusey isolated in 41.33%
of cases and C. kefyr in 32% cases (Wawron et al.,
2010). Other reports mention prevalence of 1 to 4% in
cases of subclinical mastitis, and up to 25% in clinical
mastitis, in dairy herds (Wawron et al., 2010; Bourtzi-
Hatzopoulou et al., 2003).

During the last few decades, there has been an
increase of infections caused by Candida (Sartori et al.,
2014). When yeasts invade the mammary gland, they
may cause a nhon-severe, generalized mastitis that is
resistant to habitual treatments, and recur a few days
after finishing treatment and that improve when there is
no treatment. The most frequent microorganism that
causes mastitis is Candida albicans, although other
species have been described as mastitis causing, such
as Candida krusei, Candida parakrusei, Candida
parapsilosis, Candida guillermondii, Candida famata,
Candida utilis, Candida rugosa, Candida dirferi, Candida
kefyr (Costa et al., 1993; Krukowski et al., 2000; Segundo
et al., 2011).
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Many candida species produce hydrolytic enzymes,
toxins and hemolysins, can adapt to different habitats and
produce biofilm, which is a structured community
imbedded in an extracellular matrix that is generally
composed of water, carbohydrates, proteins and
hexosamines (Panizo and Reviakina, 2001), and adhered
to a surface or to other microorganisms (Flemmins et al.,
2016). It is one of the most important virulence factors
since it ensures the permanence of bacteria in the
mammary gland (Vanderhaeghen et al., 2014).

The ability to form biofilm is associated to infectious
processes and to an increase in antifungal therapy
resistance (Turkyilmaz and Kaynarca, 2010). Yeast may
produce polysaccharides that make them more virulent,
aggressive and difficult to eliminate (Olson et al., 2002;
Panizo and Reviakina, 2001). In the case of C. albicans
they produce biofilm in 40% of the cases, while other
types of Candida produce biofilm in 60% of the cases
(Panizo and Reviakina 2001).

Escherichia coli is one of the most frequent
environmental microorganisms in bovine mastitis cases.
Among its virulence factors are toxins, adhesins, and the
production of capsule. Recurring E. coli mastitis may
derive its persistence from the production of biofilm
(Gomes et al., 2016). Streptococcus dysgalactiae is
another frequent microorganism in bovine clinical and
subclinical mastitis that produces virulence determinants
such as fibronectin and fibrinogen (Gomes et al., 2016),
as well as, produce biofilm, that makes eradication from
dairy herds difficult (Olson et al., 2002). The objectives of
this study were to compare the biofilm formation by the
plate and tube techniques, to know the interaction in the
film formation by C. kefyr, E. coli and Streptococcus as
well as to know the antimicrobial susceptibility in each
one of them.

MATERIALS AND METHODS
Samples

Microorganisms analyzed in this study were isolated from milk
samples taken from a dairy farm in the State of Querétaro México
and sent to CENID Animal Health and Food Safety of the INIFAP
Institute. The milk samples came from cows with clinical mastitis,
seeded into McConkey agar and Blood agar, and incubated at 37°C
for 24 h. Observation of type and color of the colony was done, and
a smear was Gram stained to verify purity of the culture. Once the
presence of yeast was detected in nine samples (coded, A, B, C, D,
E, F, G, H, 1) they were seeded in Sabouraud Dextrose Agar, and
incubated at 37°C for 24 to 48 h. In some samples, besides yeast
isolates, Gram-positive and Gram-negative bacteria were found.
These colonies were then purified, and identification of
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Figure 1. Comparison of absorbance obtained from groups of microorganisms in plate adherence tests.
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E. coli and S. dysgalactiae was made by Gram stain and traditional
biochemical tests using identification tables.

Yeast identification biochemical tests

The methodology used was the one described by Castillo (1974).

Carbohydrate fermentation

A base broth with phenol red, with 1% concentrations added of
maltose, lactose, dextrose or galactose was used.

Carbohydrate assimilation tests

Red phenol broth with carbohydrates added in the concentrations
previously mentioned, plus 1% absolute ethylic alcohol was used.
A positive test was considered to be that in which the media
became turbid, evidencing the growth of yeast.

Automatized yeast identification

In parallel, yeast was identified with Vitek 2 Systems (bioMérieux)
equipment using the Automatized Yeast Identification (YST)
identification card, which contains 46 biochemical tests that
determine use of carbon and nitrogen, as well as enzymatic
activity.

Antifungal susceptibility with Vitek 2

The AST-YSO7 card was used to determine the minimum
inhibitory concentration of C. kefyr strains such as Amphotericin
(0.25 to 8 pg/ml), Caspofungin (0.25 to 4 pg/ml), Fluconazole (1 to
64 pg/ml), Flucytosine (1 to 64 pg/ml), Micafungin (0.06 to 4
png/ml), Voriconazole (0.12 to 8 pg/ml).

Susceptibility to antibiotics test

Antimicrobial susceptibility of E. coli and Streptococcus
dysgalactiae strains was obtained by the Kirby Bauer method
(Leber et al., 2016).

Tube test biofilm

Tube tests were carried out separately for C. kefyr, E. coli, S.
dysgalactiae, as well as for each of the combinations of C. kefyr
and E. coli; C. kefyr and Streptococcus dysgalactiae (Figure 1).

Inoculum preparation

The technique proposed by Bonillaet al. (2012) was
used, soytrypticase broth was inoculated with a fresh Candida
culture, and incubated at 37°C for 48 h. Once incubated, the tubes
were centrifuged at 1000 rpm for 10 min. Obtained precipitate was
separated and placed in physiological saline solution in tubes for a
second centrifugation for 10 min at 1000 rpm. The precipitate was
again re-suspended in 3 ml of soy trypticase broth in polystyrene
test tubes, incubated at 37°C for 48 h in a horizontal position. As a
positive biofilm formation control, the S. aureus Cowan strain,
commonly used as a positive control for mastitis research, was
used separately and standardized with the McFarland 0.5
tube. The negative control tubes were one with sterile soy
trypticase broth and another with a sterile saline solution. The
tubes were washed three times with a pH 7.3, phosphate buffer
solution (PBS), to remove microorganisms that were not adhered.

Staining and reading

After the wash they were set using absolute ethanol for 5 min, the
excess was removed and then left to dry. Once dry, they were
stained with a 0.1% crystal violet solution for one minute and
rinsed with distilled water to remove excess stain. Positive tubes



were those in which the purple stained biofilm was observed; they
were categorized as: (-) not detected, (+) sensitive (weak
presence), (++) intermediate presence and (+++) strong presence.

Production of biofilm on plate
Inoculum preparation

Before washing and staining of the tubes, 100 pl of culture
inoculated in the tubes was added to 100 pl of soy trypticase broth
for the biofilm formation test. The assay was done in triplicate,
using polystyrene microplates of 96 flat bottom wells for cell
culture, and incubated for 24 h at 37°C aerobically. As positive
control, the S. aureus Cowan strain was inoculated in soy
trypticase broth at a dilution of 1:100, attained by placing 2 pl of
inoculum in 198 pl of soy trypticase broth. After the incubation
time, the broth was eliminated, and the wells of the microplate
were washed three times with PBS; then fixed with absolute
ethanol for 5 min. The excess ethanol was removed, and the plate
left to dry for an hour.

Staining and reading

The plates were stained with a 0.1% crystal violet solution for 1
min, washed with distilled water to remove excess stain, and dried
at room temperature. The plates were read using the ELISA
Labsystemsmultiskan Ascent 354 microplate reader, at a 492 nm
wavelength. Plate and tube tests were carried out in triplicate.

Statistical analysis

An average was obtained from the absorbency results of the three
test repetitions and a analysis of variance test was applied
(ANOVA); a means comparison test (Tukey) with a p<0.05
significance was applied to verify if there was a statistical
difference between the negative control and the isolates that were
under analysis, as well as between the adherence of the following
groups: C. kefyr; C. kefyr + E. coli; C. kefyr + S. dysgalactiae; and
C. kefyr + E. coli + S. dysgalactiae. Spearman's bivariate
correlation test was applied at 99% to determine if there was
association between the adherence in tube and adherence on
plate. The statistical analysis of the data was carried out using the
statistical program IBM SPSS Statistics 22.0.

RESULTS
Identification

The nine yeast isolates (A, B, C, D, E, F, G, H, )
followed the same biochemical and carbohydrate
assimilation pattern; therefore, they were classified as C.
kefyr by biochemical methods and by Vitek 2. Two milk
samples had C. kefyr, S. dysgalactiae and E. coli, while
four milk samples had C. kefyr and S. dysgalactiae, and
in the remaining, three, only C. kefyr was obtained.

Susceptibility to antimicrobial and antifungal drugs

S. dysgalactiae showed a similar pattern of susceptibility
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to the twelve antimicrobial drugs analyzed, of which it
was susceptible only to cefalotin, cefotaxime and
cefuroxime, which make evident the high degree of
resistance that the isolated strains have (Table 1). E. coli
were only sensitive to two antimicrobials of the twelve
tested drugs: amikacin and trimethoprim/
sulfamethoxazole (Table 2). Minimum inhibitory
concentrations for the C. kefyr strains were similar in the
nine isolates: amphotericin, 0.25 ug/ml; caspofungin,
0.25 pg/ml; fluconazole, 1 pg/ml; flucytosine, 1 pg/ml;
micafungin, 0.06 pg/ml; voriconazole, 0.12 pg/ml, and
therefore they were classified as sensitive to these drugs.

Biofilm formation tube test

Tube tests were positive in all the cases; nevertheless,
six isolates of C. kefyr presented the most evident
adherence when compared to the other three isolates
and negative controls. In the case of E. coli and S.
dysgalactiae, these were also positive, although the
positive control S. aureus always had a greater biofilm
formation.

Formation of biofilm on plate

Growth of microorganisms was observed in all the wells,
especially where the positive controls were placed.
When subjected to staining there was some degree of
biofilm formation in all the wells. There was a significant
statistical difference (P<0.05) between seven yeast
strains, the E. coli and S. dysgalactiae strains, as well as
the positive control, when compared with the negative
control. Therefore, it can be said that the mentioned
microorganisms had the capacity for forming biofilm on
plate. Furthermore, the remaining yeasts did not have a
significant difference with the negative control.

Regarding the interactions between C. kefyr and E.
coli, C. kefyr and S. dysgalactiae, and C. kefyr, E. coli
and S. dysgalactiae, they all had statistically significant
differences with the negative control. Similarly,
observed absorbances were statistically greater than
those seen in samples that only had C. kefyr (Table 3).

Significant differences were found when comparing
absorbances obtained from inoculum that contained C.
kefyr, and the ones obtained from those that contained
two or three microorganisms with the negative control,
as well as when comparing mixed inoculums with those
that only had C. kefyr (Table 4 and Figure 1).

In the tube tests, the results showed that all the
isolates had some degree of biofilm formation. Most of
the yeast samples, had a weak to intermediate film
formation (+ to ++), while the samples that contained
more than one microorganism had intermediate biofilm
formation values (++); all the positive controls in all
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Table 1. Results of susceptibility to antimicrobial drug tests performed on isolates of S.
dysgalactiae associated to yeast.

Antimicrobial A B C D E F
Cefalotin S S | S S S
Ceftazidime R R R R R R
Erythromycin I | R R R R
Ampicillin R R R R R R
Tetracycline R R R R R R
Trimethoprim/Sulfamethoxazole S | | I I |
Cefotaxime S S S S S S
Gentamicin R R R R R R
Cefuroxime S S S S S S
Pefloxacin I R R R R R
Dicloxacillin R R R R R R
Penicillin R R R R R R
S=Sensitive, |I= Intermediate, R=Resistant.
IBM SPSS Version 22
Table 2. Results of susceptibility to antimicrobial drug tests performed on isolates
of E. coli associated to yeast.
Antimicrobial A B
Cefalotin R R
Chloramphenicol R R
Ceftriaxone R R
Ampicillin R R
Amikacin S S
Trimethoprim/Sulfamethoxazole S S
Cefotaxime R R
Gentamicin R R
Netilmicin R R
Pefloxacin R R
Carbenicillin R R
Nitrofurantoin R R
S=Sensitive, I= Intermediate, R=Resistant.
IBM SPSS Version 22
Table 3. Absorbency obtained in plate adherence tests.
Microorganism A B C D E F G H | (+) CTRL () CTRL
C. kefyr Mean 0171 0.177* 0.079 0.132*  0.156* 0.249* 0.114 0.162*  0.164* 1.041* 0.059
+/- SD 0.054 0.055 0.021 0.029 0.041 0.313 0.048 0.030 0.071 0.129 0.001
C. kefyr + Mean 0.336*  0.318*  0.250*  0.317* 0.288* 0.307* 0.290*  0.289*  0.307* 1.207* 0.060
E. coli +/- SD 0.035 0.061 0.030 0.031 0.040 0.07 0.058 0.020 0.030 0.103 0.003
C. kefyr + Mean 0.443* 0382 0437 0439* 0410 0463 0447*  0430*  0.450" 1.147* 0.060
S. dysgalactiae +/- 8D 0.025 0.040 0.045 0.037 0.020  0.029 0.047 0.018 0.033 0.141 0.001
C. kefyr + Mean 0.267*  0.256* 0.228* 0.247*  0.244* 0.267* 0.271*  0.276*  0.245* 1.087* 0.055
E. coli +

. +/-SD 0.008 0.034 0.028 0.035  0.032 0022 0.026 0.026 0.032 0.107 0.005
S. dysgalactiae

*Significant difference with the negative control (p<0.05).
IBM SPSS Version 22
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Table 4. Comparison of obtained absorbencies by microorganism groups, in

plate adherence tests.

Microorganisms

Absorbances

Negative Control

C. kefyr

C. kefyr + E.coli

C. kefyr + S. dysgalactiae

C. kefyr + S. dysgalactiae + E. coli

0.063 +/- 0.06
0.129 +/- 0.03 ACDandE
0.278 +/- 0.04 AL 2NIE

0.432 +/- 0.03 ABandC
0.349 +/- 0.02 ABadC

Different letters show significant differences (p<0.05)p

IBM SPSS Version 22

Table 5. Spearman's correlation testto determine the association between the tube and plate tests

for biofilm formation.

Absorbency Tube
Correlation
Absorbency Coefficient 1.000 0.689**
(p<0.01) Sig. (2-tailed) . 0.002
N 54 54
Spearman's Rho Correlati
Tube orretation 0.689* 1.000
<0.01 Coefficient
(p<0.01) Sig. (2-tailed) 0.002 .
N 54 54

**Correlation test with confidence (p<0.01).
IBM SPSS Version 22

repetitions showed strong adherence values (+++).
When comparing the two methods for determining
biofilm formation, Spearman's bivariate correlation test
resulted in a Rho of 0.689 (Table 5).

DISCUSSION

The C. kefyr strains isolated from cases of bovine
mastitis, demonstrated the capacity for biofilm formation
on plastic surfaces; nevertheless, there is not much
information available about biofilm formation by this
microorganism when derived from animal origin strains.
Most of the existing information has been obtained with
human origin strains (Bonilla et al., 2012; Hernandez et
al., 2010).

Yet, the results found by Radford et al. (1998) in
human origin strains, can be extrapolated in which
certain variations may be evident in the formation of
biofilm on different plastic material surfaces. The varying
degrees of biofilm formation in the tube test, in which
three yeast isolates had a lower degree of biofilm
formation when compared with the rest, agree with the
results of the biofilm production plate test, where these
strains had no significant difference with the negative

control. This can be associated with an irregular growth
of the C. kefyr strains, which was more obvious in
certain zones in tube as well as in plate, and in turn, may
be associated to the seeding method or simply with the
natural behavior of the yeast, as described by Vasilas
and Molina (1992).

The fact that there was a significant difference in the
formation of biofilm in the samples where the yeast was
combined with a biofilm producing bacteria, could be an
indication that, if these microorganisms are found
together during an intramammary infection, it might
make the ailment difficult to treat due to complications
related to biofilm production by the microorganisms such
as chronic infections and resistance to antimicrobials.

Interactions between biofilm producing microorganisms
may be antagonistic, mutualistic or commensal (Chaves
et al., 2007; Burmglle et al., 2006). A synergy in the
production of biofilm was found when the isolates of C.
kefyr, E. coli and S. dysgalactiae were combined, since
absorbance was increased significantly. Because the
value or Rho reached 0.689 in Spearman correlation
test, it can be inferred with high confidence (p<0.01) that
there is a good correlation between the biofilm formation
tests carried out in tube and those carried out in plate.

It seems the increase in antibiotics use during the last
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few years, has contributed to an increase of mycotic
mastitis incidence. It has been suggested that yeast or
fungi multiply during antibiotic therapy, stimulated by the
elimination of antagonistic bacterial flora and a reduction
of vitamin A in the mammary gland tissue (Wawron et
al., 2010; Costa et al, 1993). Mycotic mastitis are
considered environmental mastitis, predominantly
caused by yeast of the Candida genus (Watts, 1988),

Turkyilmaz and Kaynarca (2010), isolated from a total
of 339 milk samples, 12.1% vyeasts, of these, 36.6%
were C. krusei, 7.3% C. kefyr, and 4.9% C. guillermondii.
Furthermore, of the latter they reported that in 36.6% of
them there was the formation of biofilm, as well as in 7
strains of C. krusei and in 4 of Candida kefyr.

Vinitha and Ballal (2007) reported that the production
of biofilm is less frequent in Candida albicans (42.9%)
while other species of Candida produce more, up to
63.4%. Studies carried out in Lublin, Poland, isolated
yeasts in 9.6% of 604 milk samples, of which the most
predominant was C. kefyr with 24.1% (Krukowski et al.,
2000).

In samples from mammary glands with subclinical
mastitis, 9.92% of the 383 samples had Candida,
identifying 15 different species. The most frequent
isolate was C. albicans 13.15% (5/38) and C. krusei
(7.89%; 3/38). In 379 milk samples of clinical mastitis
cases, the most frequent isolate was C. krusei (40.24%),
while other Candida species, C. kefyra mongst them,
had a frequency of 1.7% (Ksouri et al., 2015).

According to studies by Wawron et al. (2010) the
increase in the use of antibiotics in the past few years is
a key factor that contributes to the higher incidence of
yeast in the mammary gland as they demonstrated that
Candida spp. was the most frequently isolated etiological
agent in mycotic mastitis in cows, while the most
abundant species included C. krusei and C. kefyr. There
is great difference in the reports around the world of
yeast isolations in cases of bovine mastitis (Turkyilmaz
and Kaynarca , 2010).

Milanov et al. (2014) studied sensitivity against
antifungal drugs and found that two isolates of C. kefyr
showed resistance against nystatin, which is commonly
used for treating yeast mastitis. Other isolates have
shown resistance to fluconazole and Flucytosine, which
are commonly used in the treatment of human infections
(Hassan et al., 2018; Ochiuzzi et al., 2014). In contrast,
in this study isolated yeasts were sensitive to the anti-
mycotic drugs tested.

Conclusion

The relevance of the capacity of C. kefyr strains to form
biofilm in this study lies on the secondary implications,
since their presence may include the adsorption of other
microorganisms and thus establish protection when

confronted with antimicrobial and/or antifungal agents.
This effect was verified in this study, with the presence
of S. dysgalactiae and E. coli associated to C. kefyr, in
cases of clinical mastitis.

We conclude that C. kefyr is capable of forming biofilm
on plastic materials, although not as strong as that which
is generated by other microorganisms such as some S.
aureus strains, which can then be converted into a
source of infection if it adheres to the materials from
which the mechanical milking equipment are made of.
This situation may generate cases of mastitis where the
presence of these yeasts is complicated with the
presence of other microorganisms such as S.
dysgalactiae or E. coli, amongst others.

A good association was found between the plate and
tube tests for biofilm formation, and therefore the latter
could be used as an indicator of biofilm formation by C.
kefyr on plastic surfaces.

Likewise, an appropriate handling of mammary gland
infectious processes is important, since the finding of
microorganisms highly resistant to most antimicrobial
agents used routinely makes evident the indiscriminate
use of those drugs, and therefore it is recommendable to
use susceptibility tests in all the mastitis control
programs in dairy farms.
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