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THE IMPACT OF RESPIRATORY DISEASE AND DIARRHOEA
ON PROTEIN PROFILES IN CALVES

Nagyova, V., Soltésova, H., T6thova, Cs., Nagy, O.

Clinic for ruminants
University of Veterinary Medicine and Pharmacy, Komenského 73, 041 81 Kosice
The Slovak Republic

nagyova.vero@gmail.com

ABSTRACT

Diseases of the gastrointestinal and respiratory tracts
of calves may cause disturbances of an animal’s homeo-
stasis with changes of the concentrations of several blood
biochemical parameters including serum proteins. The
aim of this study was to evaluate the impact of diarrhoea
and respiratory diseases on the serum protein profile in
calves. The study was carried out on 33 calves (two to six
months old), which were divided into three groups. In
the first group (Group H), there were 14 clinically healthy
calves, the second and third groups included 9 calves
with respiratory disease (Group R) and 10 calves with
clinically observed diarrhoea (Group D), respectively.
The blood serum was analysed for the concentrations of;
the total proteins, albumins and total immunoglobulins,
with calculations of the globulin concentrations and the
albumin/globulin ratios. In all of the parameters stud-
ied, we found significant differences in the results be-
tween the groups of calves. The highest concentrations

of total proteins were found in calves with respiratory

diseases. The results found between the group of calves
with respiratory diseases and diarrhoea were signifi-
cantly different (P<0.05). The values of the albumins
determined in clinically healthy calves were significantly
higher compared to animals in group R (P<0.05) and
group D (P <0.01). In both groups of the sick calves, the
means of the globulin concentrations were higher than
in the healthy animals. The significantly highest values
of total immunoglobulins compared to healthy animals
(P <0.05) and calves with diarrhoea (P <0.01) were found
in calves with respiratory diseases. The results of the al-
bumin/globulin ratios in healthy calves were significant-
ly higher than in calves with diarrhoea (P <0.05) or res-
piratory signs (P <0.01). The present study suggests that
respiratory diseases and diarrhoea in calves significantly
affect the serum protein profile. These findings may be
important in the diagnostics, prognosis and treatment of

sick animals.

Key words: clinical pathology; diseases; diagnostics;

ruminants; serum proteins



INTRODUCTION

The morbidity in young dairy calves has been the sub-
ject of a large number of studies, and diarrhoea and res-
piratory illnesses have been found to be the most important
diseases [17], [19], [26], [29], [34], [35].

The diseases of the gastrointestinal and respiratory
tracts of calves have a high impact on calf breeding efficacy
and subsequent production. Diseases have a relationship
to increased death losses but also to the indirect costs of
medication and body mass loss. Diseases in an early pe-
riod of life weaken a calf’s condition and causes develop-
mental reduction of immunity that subsequently induces
further health problems and decreases the amount and
quality of their production [11], [13], [34]. Both diarrhoea
and respiratory diseases cause disruption of homeostasis,
which is reflected in the changes of the concentrations of
several blood biochemical parameters. Metabolic changes
associated with neonatal diarrhoea in calves include; dehy-
dration, metabolic acidosis, electrolyte abnormalities (hy-
perkalaemia, hypochloraemia) and an increase of serum
urea and creatinin [25]. Fluid is lost preferentially from the
vascular space and cause impaired cardiovascular and re-
nal functions [3], [9], [15]. There are few studies concerned
with the biochemical changes in the blood of calves with
respiratory diseases. Significant increases were determined
in pCO, [8], concentration of acute phase proteins — espe-
cially haptoglobin, serum amyloid A and fibrinogen [16],
[23], [32] and concentration of the enzyme lactate dehy-
drogenase [14] in the blood. There have been only a few
studies concerning the protein profile of diseased calves

[18], [31]. The metabolic changes as a result of diarrhoea

(as well as the impact of other diseases) on the appetite and
feed intake in sick animal reduce the uptake of nutrients
(including amino acids) may cause an increase of catabo-
lism, inflammatory and immune reactions which may lead
to the possible detrimental effects on the qualitative and
quantitative changes in the serum proteins [4], [22].
Therefore, the aim of this study was to determine the
effects of diarrhoea and respiratory diseases, as the most
common diseases in calves, on changes in the serum pro-

tein profile.

MATERIALS AND METHODS

This study was carried out on 33 calves (Slovak spotted
breed, lowland black spotted breed or their crossbreeds) at
the age from 2 to 6 months. The calves were housed at the
university school farm in Zemplinska Teplica or were sent to
the clinic for ruminants at the University of Veterinary Medi-
cine and Pharmacy in Kosice (Slovak Republic) by the private
veterinarians from conventional dairy farms. Calves were di-
vided into three groups according to their health status. In the
first group (Group H), there were 14 clinically healthy calves
in generally good health without any obvious clinical signs
of illness. The second group (Group R) included 9 calves
with clinical signs of respiratory disease and the third group
(Group D) included 10 calves with clinically observed diar-
rhoea. The health status of the calves was evaluated before the
blood sampling. The examination included; the animal’s his-
tory, behaviour, rectal temperature, heart and breathing rates,
cough, nasal discharge, auscultation of the lungs, faecal con-

sistency and clinical signs of dehydration [10].

Table 1. Results of the blood protein parameters (mean + SD) in healthy calves (H),
calves with respiratory disease (R) and calves with diarrhoea (D)

Group of calves

Parameter P value
H D

TP [g.17] 61.5+3.1 68.9+8.0° 60.0+11.0° <0.05

Alb [g.I7] 39.6+2.172 34.5+4.8° 34.0+3.8% <0.01

Glob [g.I""] 21.9+1.5* 34.8+9.3% 27.0+11.7 <0.01

A/G 1.8 £0.142 1.1+0.58 1.4+04° <0.001

Tlg (U ZST) 21.1+6.1° 29.3+ 4940 18.2+5.58 <0.01

P — significance of differences between the groups of calves;
abAB__ means with different superscripts in rows differ significantly a, b =P < 0.05; A,B=P < 0.01



The blood samples for the analyses of the various pa-
rameters were taken from both healthy and sick animals
immediately after their initial clinical examination, when
the clinical signs of the disease in sick animals were obvious.
The blood samples were collected into serum gel separator
tubes without anticoagulant by direct puncture of v. jugula-
ris. All of the samples were allowed to clot at room temper-
ature and centrifuged at 3000 g for 30 minutes to separate
the serum. The serum samples were neither lipaemic nor
hemolysed. The separated serum was stored at —20 °C until
analysed. The serum was used for the analyses of the con-
centration of; total proteins (TP, g.1™'), albumin (Alb, g.1*)
and total immunoglobulins (TIg, U ZST). The total protein
concentrations were determined by the biuret method and
the concentrations of albumin by the binding method with
bromcresol green using an automated spectrophotometric
biochemical analyzer Alizé (Lisabio, France) and commer-
cial diagnostic tests (Randox, UK). The total concentration
of immunoglobulins was determined by the turbidimetric
zinc sulphate test [27]. The immunoglobulins in the serum
were precipitated with a solution of zinc sulphate and the
intensity of the turbidity was measured spectrophotometri-
cally. The results were read from the calibration curve in
units of zinc sulphate test (U ZST). The globulin concen-
tration (Glob) was determined as a subtraction of albumin
concentration from the concentration of total proteins. The
albumin/globulin ratio (A/G) was calculated from the con-
centration of albumin and globulins.

Arithmetic means (x), standard deviations (SD) and me-
dians for each variable and each group of calves were calcu-
lated using descriptive statistical procedures. The significance
of differences in measured values (P) between the groups
of calves were evaluated by Kruskal-Wallis nonparametric
ANOVA test and Dunn’s multiple comparisons test. All statis-
tical analyses were performed using the programme Graph-
Pad Prism V5.02 (GraphPad Software Inc., California, USA).

RESULTS

The results of the statistical analysis for each blood
protein parameter are shown in Table 1 for each group of
calves. A graphical representation of these data may be seen
in Figures la-e, using the box and whisker plots method.

In all of the parameters we found significant differences

in the results between the groups of calves. The highest

concentrations of total proteins (TP) were found in calves
with respiratory diseases. The mean TP concentration in
calves with diarrhoea was lower than in the healthy ani-
mals. The results found between the group of calves with
respiratory diseases and diarrhoea were significantly differ-
ent (P <0.05). The widest range of individual TP concentra-
tions were recorded in calves with diarrhoea with values
ranging from 47.1 gl to 91.0 g1 (Fig. la).

The values of albumin determined in clinically healthy
calves were significantly higher compared to animals in
group R (P <0.05) and group D (P <0.01). No significant
differences were found between both sick groups of calves.
The individual values of albumin ranged from 26.8 g.I™!
to 31.3 gl in calves with respiratory diseases and from
28.3 gl"'t0 40.2 g.I"in calves of group D (Figure 1b).

In both groups of sick calves, the means of the globu-
lin concentrations were higher than in the healthy animals.
Significant differences in the results were found between
the group of healthy calves and animals with respiratory
diseases (P <0.01). The range of individual values of globu-
lins was wider in sick animals of both groups compared to
the healthy ones (Fig. 1c).

The significantly highest values of the total immuno-
globulins (TIg) were found in calves with respiratory dis-
eases compared to the healthy animals (P <0.05) and calves
with diarrhoea (P<0.01). The mean value in calves with
diarrhoea was lower than the mean value in healthy calves.
Most of the individual higher TIg values were in calves with
respiratory diseases compared to the groups of calves in H
and D (Figure 1d).

The albumin/globulin ratio was the highest in clini-
cally healthy calves and the lowest in calves with respira-
tory diseases. The results of the A/G ratios found in healthy
calves were significantly higher than in calves with diar-
rhoea (P <0.05) and respiratory signs (P <0.01). In all of the
healthy calves, the A/G ratio results were higher than 1.5
and most of the individual values in calves with respiratory

diseases were lower than 1.5 (Fig. le).

DISCUSSION

The laboratory evaluation of serum protein concen-
tration is a part of basic biochemistry testing in animals.
Protein alterations occur commonly as secondary changes

in a large number of diseases and may be the major abnor-
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Fig. 1 a — e: Concentrations of total proteins (a), albumin (b), globulins (c), total immunoglobulins (d) and
albumin — globulin ratio (e) in the groups of calves. The plots show the median (line within the box), 25th and 75th percentiles (box),
minimum and maximum values (whiskers). Groups of calves: H — clinically healthy; R — calves with respiratory disease;
D — calves with diarrhoea



mal finding in a few disease processes. The measurement
of serum protein concentrations often yields important
information that can be helpful for clinicians to assess the
severity of pathological process, related to diseases of ani-
mals [1]. However, few studies have been published regard-
ing the changes in the protein profile of calves with respira-
tory diseases and diarrhoea.

The results suggest that respiratory diseases and diar-
rhoea significantly affect protein profiles in calves. Kraft
and D{irr [12] determined a reference interval for the con-
centration of total protein from 50 to 70g.I"". In our study,
the mean total protein concentrations of each groups of
calves were within this interval, however, there were sig-
nificant differences in the results between the groups. The
mean concentration of serum proteins in calves with respi-
ratory disease was significantly higher than in calves with
diarrhoea. Tothova et al. [31] reported the total concen-
tration of serum protein in calves suffering from chronic
respiratory diseases as 78.4+11.21g.1", which was signifi-
cantly higher than the mean value found in healthy calves
(70.3+£4.89 g.l1"). High level of the total protein in the blood
is usually associated with the inflammatory processes, when
the synthesis of acute phase proteins and the production
of immunoglobulins increases [4]. On the contrary, diar-
rhoea causes increased catabolism, reduced absorption of
protein and the release of proteins back into the intestine,
which leads to hypoproteinaemia [9], [28]. In accordance
with this, the total concentration of serum proteins in calves
with diarrhoea in our study was lower than in healthy ani-
mals. These findings corresponded to the data presented
by Pekcam etal. [18], who also obtained slightly lower
total serum protein concentration in calves suffering from
diarrhoea and arthritis than in healthy calves.

The concentration of albumin was significantly lower in
calves with diarrhoea compared with healthy calves. Similar
results were reported by Santos etal. [24] in Salmonella
ser. Typhymurium infected calves, by Arafa etal. [2] in
buffalo calves with diarrhoea and by Pekcam et al. [18]
in calves suffering from diarrhoea and arthritis. Malabsorp-
tive and secretory forms of diarrhoea result in extensive
loss of proteins from the gastrointestinal tract and there is
a decrease in available amino acids necessary for albumin
synthesis. Hypoalbuminaemia occurs when the rate of loss
exceeds the rate of synthesis [20]. Our study also indicated
a significantly lower serum albumin concentration in calves

suffering from respiratory disease, compared with healthy

animals. The albumin is a negative acute phase protein and
low levels of albumin may be associated with the develop-
ment of the inflammation of the mucous membranes of the
respiratory tract [4]. The most important cause of hypoal-
buminaemia in many diseases may be a change in the vas-
cular permeability and the transfer of albumin into the in-
terstitium during inflammatory states [5]. The extravasation
of plasma albumin during inflammation provides carrier
transport of substances such as zinc, amino acids, fatty acids
and drugs to the site of inflammation. In this way, albumin
serves to potentiate the healing of damaged tissues by trans-
porting zinc and energy substances necessary for collagen
crosslinking and membrane synthesis [6].

In this study, the concentration of globulins in calves suf-
fering from respiratory disease was significantly higher com-
pared to healthy calves. Globulins are a heterogenous group
of proteins, typically cl assified as alpha, beta or gamma
globulins on the basis of their electrophoretic mobility. Hun-
dreds of different types of globulins are present in the serum,
including immunoglobulins, complement proteins, acute
phase proteins, many different enzymes and a variety of pro-
teins that carry lipids, vitamins, hormones, extracellular hae-
moglobin and metal ions [1]. Téthova et al. [31] reported
a significant increase in a,, B, p, and y globulin fractions in
calves with chronic respiratory diseases. Similar results were
reported by Fouad etal. [7] in buffalo calves suffering from
respiratory manifestations. According to Evans [4], hy-
perglobulinemia is usually related to infection and inflam-
mation, due to increased synthesis of acute phase proteins,
complement proteins and immunoglobulins. Inflammation
of the digestive tract in calves with diarrhoea may be the
cause of higher globulin values in the study animals.

The albumin/globulin ratio has been used to aid in the
interpretation of the total protein value. Our results showed
significantly lower values of A/G in calves suffering from
diarrhoea and respiratory disease in comparison with the
healthy calves. The findings correspond with data present-
ed by Fouad etal. [7] in buffalo calves with diarrhoea and
respiratory manifestations. The decrease in A/G values oc-
curs mainly due to the increased immunoglobulin produc-
tion following antigenic stimulation [4]. Kraft and D{rr
[12] determined a reference interval for the A/G in dairy
cows from 0.8 to 1.2. In our study, the A/G ratio in healthy
calves was 1.81+0.12 and these higher values correspond
to the age-related dependence of A/G in cattle found
by Téthova etal. [33].



The total concentration of immunoglobulins, deter-
mined by the zinc-sulphate turbidity test, is usually used
to screen neonatal calves for possible failure to ingesting
adequate amounts of colostrum or to absorb immuno-
globulins from colostrum [1]. In our study, this test was
used to determine the concentration of immunoglobulins.
Our result showed significantly higher values of TIg in
calves suffering from respiratory disease compared to the
healthy calves. According to Racek et al. [22], a substan-
tial increase in immunoglobulin level is characteristic for a
chronic inflammatory disease. On the contrary, the calves
with clinical signs of diarrhoea were found to have a to-
tal concentration of immunoglobulins slightly lower than
the healthy calves. In general, calves start with the active
production of antibodies within two to three weeks of age
and immune competence occurs only at the age of two or
three months [21]. The half-time decay of colostral immu-
noglobulins in blood is 21 days [30]. Thus, in the period
from three weeks to two months of age, calves may have
lower levels of immunoglobulins. Therefore, this period is
critical for calves, and at high infectious pressure and poor
hygiene, these calves can easily get an infection, including
the digestive tract with clinical presentations of diarrhoea.

Our study demonstrated that respiratory diseases and
diarrhoea in calves may affect the serum protein profile.
While the concentrations of total proteins, globulins and
total immunoglobulins were significantly higher in the
calves with respiratory diseases, the albumin values and al-
bumin/globulin ratio were significantly lower in this group
of calves. In calves with diarrhoea, significantly lower values
of total proteins, albumin and albumin/globulin ratio were
found. The results indicate the effects of these diseases on
the protein profile and it seems to be helpful to assess the se-
verity of pathophysiological changes in blood profile related
to these diseases. These findings may be important in the
diagnostics, prognosis and treatment of sick animals and
contribute to the investigation of clinical biochemistry and

pathology in various disease conditions in farm animals.
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ABSTRACT

In this study we investigated the antifungal activity
of 15 selected essential oils (EOs) against the yeast Mal-
assezia pachydermatis using a modified disc diffusion
method (CLSI M44-A2). Samples (n=18) were obtained
from the external ear canal of healthy dogs. From the
selected essential oils, the best antifungal activity was
shown by tea tree, clove, cinnamon and savory oil. Ex-
cellent efficacy was also found with bergamot, juniper,
lavender, peppermint, sage and oregano oil. The activity
of pine (50 %), chamomile (33 %) and yarrow oil (16 %)
was not effective. The results demonstrated that certain
EOs could be useful as an adjuvant therapy against fun-

gal diseases.

Key words: disc diffusion method; dogs; essential

oils; Malassezia; sensitivity
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INTRODUCTION

Malassezia yeasts are eukaryotic microorganisms placed
in the phylum Basidiomycota [13]. Currently, the genus
Malassezia includes fourteen species, thirteen of which are
lipid-dependent and are most frequently recovered from
humans, ruminants and horses (Malassezia furfur, M. glo-
bosa, M. obtusa, M. restricta, M. slooffiae, M. sympodia-
lis, M. dermatis, M. nana, M. japonica, M. yamatoensis,
M. equina, M. caprae and M. cuniculi); the non-lipid-de-
pendent species, M. pachydermatis, is commonly recovered
from dogs and cats [1], [2], [3], [9], [28].

M. pachydermatis is a lipophilic yeast, which is part of
the cutaneous microflora of several warm-blooded animals
[20]. M. pachydermatis is the species most adapted to ani-
mals and is often found in the ear canal and skin of dogs,
cats and other species of domestic and wild animals [14].

M. pachydermatis is frequently involved as a secondary



factor in canine otitis externa [6]. The dermato-histo-
pathological features of Malassezia dermatitis include an
irregularly hyperplastic and spongiotic superficial perivas-
cular to interstitial dermatitis wherein hyperkeratosis and
lymphocytic exocytosis are prominent [18].

Current therapy of malassezia-dermatitis includes, in
particular, the administration of antiseptic substances and
local antifungals. An alternative and appealing option of
supportive therapy is the use of essential oils.

Essential oils (EOs) are concentrated, hydrophobic
substances containing volatile aromatic compounds from
different parts of plants [23]. EOs are complex mixtures
(of low molecular weights) extracted by steam distillation
and by various solvents [24]. The main constituents of es-
sential oils (mono- and sesquiterpenes including carbohy-
drates, alcohols, ethers, aldehydes and ketones) are respon-
sible for the fragrant and biological properties of aromatic
and medicinal plants. Various EOs produce pharmacologi-
cal effects, demonstrating anti-inflammatory, antioxidant
and anticancerogenic properties [16].

The main objective of this work was to determine the
effectiveness of selected EOs against M. pachydermatis iso-
lated from external ear canals of dogs with confirmed my-

cotic infection.

MATERIALS AND METHODS

Phenotypic and genotypic identification

Isolates (n=18) of M. pachydermatis were obtained
from swabs of the external ear canal of healthy dogs. The
identification of yeasts was performed on the basis of their
detailed phenotypic characteristics according to Kaneko
et al. [17] and confirmed by the genotypic methods ac-
cording to Gaitanis et al. [12] and White etal. [29].
Phenotypic characterization is based on the assessment of
morphology (elliptical cells), growth on Sabouraud dex-
trose agar — SDA, and Dixon’s agar (positive), Tween-
assimilation test (positive), utilization of Cremophor EL
(positive), catalase and beta-glucosidase test (dubious) and
tryptophan-assimilation test (negative). Genotypic iden-
tification began with isolation of DNA by boiling in high
quality (HQ) water. ITS3 and ITS4 primers (Thermo Fisher
scientific, Great Britain) were used for polymerase chain
reaction (PCR). Amplicons were electrophoresed (Elettro-
for, Italy) under the conditions of 120 V/300mA/1 h using

1.5% agarose gel in 1x concentrated tris-acetate — TAE
buffer (Amresco Inc., Canada), and visualized by GelRed™
Nucleic Acid Gel Stain (Biotium Inc., Hayward, USA). For
RFLP diagnostics, we used 3 types of restriction enzymes:
Alul, Banl and Msp1I (BioLabs inc., New England) at 34°C
for 4 h. Restriction products were electrophoresed and vi-

sualized in the same manner as the previous.

Selection of essential oils

Pure essential oils (concentration of 100%) of the fol-
lowing medicinal plants were tested: bergamot (Citrus ber-
gamia), juniper (Juniperus communis), pine (Pinus sylves-
tris), cedar (Cedrus spp.), tea tree (Melaleuca alternifolia),
grapefruit (Citrus paradisi), clove (Syzygium aromaticum),
lavender (Lavandula angustifolia), peppermint (Mentha
piperita), oregano (Origanum vulgare), common yarrow
(Achillea millefolium), chamomile (Matricaria chamomilla),
satureja (Satureja montana), sage (Salvia officinalis) and
cinnamon (Cinnamonum aromaticum). The EOs were ob-
tained from the Calendula company (Nova Lubovna, Slo-

vakia).

The sensitivity testing

The sensitivity of isolates of M. pachydermatis was evalu-
ated by the modified disc diffusion method M44-A2 [8]. The
method is based on pathogen growth inhibition, manifested
by the development of the diffusion zone due to release of the
antifungal substances from impregnated paper discs.

From pure, 7-day old cultures of M. pachydermatis
passaged on Sabouraud dextrose agar with chloramphen-
icol — SCA (Himedia Laboratiries Pvt. Ltd., India), we
prepared the suspension in physiologic saline solution
with 0.1 % of Tween 80 in the concentration of 10° CFU.
ml™, corresponding to standard 1 on the McFarland
scale. Using a sterile swab, we inoculated the suspension
onto nutrient medium — SCA, twice in three directions,
15 minutes apart. We applied a paper discs (Oxoid Ltd.,
United Kingdom) to the surface of the agar. Each disc
(diameter of 6 mm) was impregnated with 15 pl of cor-
responding EO (concentration of 100 %). The cultiva-
tion took place at a constant temperature of 32°C for
96 hours. Subsequently, the size of inhibitory zone was
measured using the Antibiotic zone scale (Himedia Lab-
oratories Pvt. Ltd., India). Since the method M44-A2 is
intended for Candida species [8] and doesn’t include in-

terpretation criteria for Malassezia strains, those isolates
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Table 1. Sizes of the inhibition zones and effectiveness of essential oils against reference strain of
M. pachydermatis (M. p.) CBS 1879 and isolates of M. pachydermatis (n = 18)

M. p. CBS 1879 Isolates of M. pachydermatis (n = 18)

Essential oil Diameter Min-max 2 SsD Effectiveness

[mm] [mm] [mm] [mm] [%]
Tea tree > 40 > 40 40 0 100
Clove >40 >40 40 0 100
Peppermint > 40 >40 40 0 100
Satureja > 40 > 40 40 0 100
Cinnamon > 40 > 40 40 0 100
Oregano 36 32—40 38.83 2.38 100
Bergamot 36 22—40 37.94 5.32 100
Lavender 32 20—40 37.11 6.22 100
Juniper 30 16—40 34.33 8.35 100
Sage 25 16—40 23.78 6.92 100
Grapefruit 25 14—40 21.61 5.65 94
Cedar 22 12—40 24.44 11.73 77
Pine 18 6—40 22.39 15.56 50
Chamomile 14 10—20 14.28 2.65 33
Yarrow 12 0—24 9.67 7.52 16

Abbreviations: Min — max: minimal and maximal diameter of inhibition zone in millimetres
@: arithmetic average of inhibition zone in millimetres; SD: standard deviation in millimetres

which showed inhibition zone greater or equal to 15mm
(2.5-fold larger than disc diameter) were considered to
be sensitive.

As a control we used a reference strain of M. pachyder-
matis CBS 1879 (Utrecht, Netherlands). The validity of test-
ing was confirmed on the basis of the sensitivity of Candida
albicans reference strain CCM 8261 (Brno, Czech Republic)
to itraconazole (10 mg/disc; Himedia Laboratories Pvt. Ltd.,
India). The inhibition zone of 20 mm was detected, which
is in agreement with interpretation criteria specified in the
methodology (18—2 mm). To calculate the arithmetic aver-
age of inhibition zones and of standard deviation values, the
Excel 2013 was used.
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RESULTS

Table 1 shows the results of the antifungal activity of
the tested EOs. The essential oils obtained from bergamot,
juniper, tea tree, clove, lavender, peppermint, oregano, sa-
tureja, sage and cinnamon exhibited an excellent effective-
ness against M. pachydermatis growth. In all of these EOs,
an inhibition zone greater than 15 mm was found, which
corresponds to the 100 % efficiency. The highest antifun-
gal activity was found particularly in tea tree, clove, cin-
namon, peppermint and satureja oil, in which all isolates
reached inhibition zones greater than 40 mm. The EOs of
cedar and grapefruit showed a very active anti-malassezia
potency (77 % and 94 %, respectively). Three of the EOs —



pine, chamomile and yarrow — showed insufficient anti-
fungal properties against M. pachydermatis (50 %, 33 %
and 16 %, respectively).

DISCUSSION

Strong in vitro evidence indicates that EOs can act as
antibacterial agents against a wide spectrum of pathogenic
bacterial strains including Listeria monocytogenes, L.in-
nocua, Salmonella typhimurium, Escherichia coli O157:H?7,
Shigella dysenteria, Bacillus cereus, Staphylococcus aureus
and Salmonella typhimurium. Plant extracts, especially
EOs, may afford a potential alternative to synthetic anti-
viral drugs: they have virocidal properties against Herpes
simplex I [10]. Several EOs can act also on various micro-
scopic fungi, e.g. Aspergillus niger, Geotrichum candidum
[27], Trichophyton rubrum, T.mentagrophytes, Microspo-
rum canis, Epidermophyton floccosum [7], Candida albicans
and Malassezia furfur [11].

According to the results of our study, almost all of the
tested essential oils, except pine, yarrow and chamomile,
showed good activity against M. pachydermatis. The EO of
tea tree, clove, peppermint, satureja and cinnamon had ex-
cellent efficacy. The antifungal effect of tea tree oil is also
mentioned by Carson et al. [4]. Studies investigating the
mechanism of antifungal action have focused almost ex-
clusively on Candida albicans as a model micro-organism.
Similar to results found for bacteria, tea tree oil also alters
the permeability of C. albicans cells.

Hammer etal [15] determined the antifungal effect
of tea tree oil, ketoconazole, econazole and miconazole)
against 54 Malassezia isolates (M.sympodialis — 30 iso-
lates, M. furfur — 10 isolates, M.globosa — 4 isolates,
M. sloofiae —2 isolates a M. obtusa — 1 isolate) by agar
and broth dilution methods. Ketoconazole was more active
than both econazole and miconazole, which showed very
similar activities. M. furfur was the least susceptible spe-
cies. M. sympodialis, M. slooffiae, M. globosa, and M. obtusa
showed similar susceptibilities to the four agents, including
tea tree oil.

Pistelli etal. [23] focused in their study on the de-
termination of the in vitro activity of EOs derived from in-
digenous plants of the Mediterranean (roman chamomile,
lemon, grapefruit, star anise, lavender, peppermint, basil,

marjoram, oregano, rosemary, sage and thyme) to the yeast

M. pachydermatis using the microdilution method. They
found that all of the oils tested, except sage oil, inhibited
the growth of yeast cells at various concentrations (MIC
and MFC 0.8 to 4 %).

Antifungal activity of the essential oil of Thymus caespiti-
tius and a-terpineol, against yeasts (C. albicans, C. glabrata,
C. dubliniensis, C. parapsilosos, C. krusei, C. tropicalis, Cryp-
tococcus neoformans), dermatophytes (M. canis, M. gypseum
T. mentagrophytes, T. interdigitale, T. verrucosum, T. rubrum,
Epidermophyton floccosum) and filamentous fungi (Asper-
gillus niger, A. fumigatus, A. flavus), were studied by Pinto
etal. [22] using the broth macrodilution method. The re-
sults showed a broad-spectrum antifungal activity, includ-
ing all tested fungi and dermatophytes, however Aspergillus
species were resistant.

In another study by Rosato et al. [25] investigated
the possible synergistic anti-Candida effect between Me-
laleuca alternifolia, Origanum vulgare and Pelargonium
graveolens essential oils and the antifungal compound
Amphotericin B. The antifungal activity was assessed us-
ing the agar dilution method in eleven Candida strains
(5 of C. albicans, 1 of C. glabrata, C. guillermondi, C. krusei,
C. parapsilosis and 2 of C. tropicalis). The results obtained
indicated the occurrence of a synergistic interaction be-
tween the essential oils under study and Amphotericin
B. The P. graveolens essential oil appeared to be the most
effective, inhibiting all the Candida species evaluated by
their study.

In our results, 100 % efficiency was recorded by berga-
mot, juniper, lavender, peppermint, oregano and sage, clove,
satureja and cinnamon essential oil and these results are
comparable to the study of Rusenova and Parvanov
[26]. In their work, twelve essential oils (thyme, clove, cin-
namon, marjoram, tea tree, clary sage, peppermint, lemon,
grapefruit, lemongrass, mandarin and oregano) were test-
ed for inhibitory activity against some microorganisms of
veterinary interest including, Candida spp. and M. pachy-
dermatis using the disc diffusion procedure. According to
their results, the most potent essential oils were cinnamon,
oregano, lemongrass and thyme.

Essential oils of various Juniperus species were tested
by Cavaleiro et al. [5] against selected yeasts — Candida
albicans, C. krusei and C. parapsilosis, moulds — Aspergil-
lus fumigatus and A. flavus and against dermatophytes —
Microsporum canis, M.gypseum, Trichophyton rubrum,

T. mentagrophytes and Epidermophyton floccosum. All es-
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sential oils inhibited dermatophyte strains, C. krusei, C. gla-
brata and C. albicans.

Antifungal action of selected EOs against Aspergillus
niger and Geotrichum candidum was also tested by Verma
et al. [27]. By using different concentrations of EOs (5, 10,
20, 30, 40 and 50 ppm), they concluded that clove, lemon,
orange and peppermint oil, already at the lowest concentra-
tion, had activity comparable to ketoconazole in the same
concentration, whereas the effect of castor, olive and cedar
oil was inadequate.

Eleven feline isolates of Microsporum canis were test-
ed by the microdilution procedure against EOs extracted
from Thymus serpillum, Origanum vulgare, Rosmarinus
officinalis, Illicium verum and Citrus limon by the team
of Mugnaini etal. [19]. Tserpillum and O.vulgare
showed the lowest MICs, followed by I. verum, R. officina-
lis and C.limon. In the in vivo assay, five out of seven cats
treated with EOs recovered clinically, while four of them
showed negative cultures, another two animals healed par-
tially, but still yielded positive cultures.

The antifungal activity of Salvia officinalis essential
oil against Candida (4 ATCC type strains — C. albicans,
C. krusei, C. tropicalis and C. parapsilosis), as well as 4 clini-
cal strains (C. albicans, C. krusei, C. tropicalis and C. glabra-
ta), dermatophytes (clinical strains of Epidermophyton floc-
cosum, Trichophyton rubrum, T mentagrophytes, Micros-
porum canis and M. gypseum) and other filamentous fungi
(Penicillium, Aspergillus, Cladosporium and Fusarium) was
studied by Pinto et al. [21] using the macrodilution broth
method. The oils exhibited a broad antifungal spectrum,

with higher activity against the dermatophyte strains.

CONCLUSIONS

The increasing incidence of resistance to antifungal
agents have caused the refocusing of the current research
efforts toward alternative methods of therapy. Several stud-
ies have documented the advantageous antifungal proper-
ties of EOs. The results obtained in this work suggest a po-
tential use of EOs (especially tea tree, clove, peppermint,
satureja and cinnamon) in the treatment of infections in

dogs caused by M. pachydermatis.
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ABSTRACT

The aim of this study was to evaluate the immuno-
modulatory effects of bacteriocin-producing strains
with probiotic character: Enterococcus faecium EF55,
E. faecium AL41, E. faecium 2019-CCM7421 and pro-
biotic strains: Lactobacillus fermentum AD1-CCM7420,
L. plantarum 17L/1 on the occurrence of CD4 and CD8
T-cell subsets in the spleen and the small intestine and the
production of cytokines IFN-y and IL-10 in experimen-
tal mice. The strains were administered daily at a dose
of 1x10® CFU per mouse. The lactobacilli increased the
proportion of CD4* helper T-cells in the lamina propria
of the small intestine. All strains increased the occur-
rence of cytotoxic CD8* T subpopulation in the epitheli-
um of the small intestine and in the spleen of experimen-
tal mice. E. faecium AL41, L. fermentum AD1-CCM7420
and L. plantarum 17L/1 increased the production of pro-
inflammatory cytokine IFN-y. On the contrary, E. fae-
cium EF55 and E. faecium 2019-CCM7421 stimulated
the production of anti-inflammatory cytokine IL-10.

The data acquired confirmed the strain-specific immu-
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nomodulatory effects of bacteria with probiotic effect in
normal healthy mice. Considering the stimulatory and
inhibitory effects of bacteria on various components of
the immunity, the strains with probiotic properties are
promising candidates for prophylactic or therapeutic

treatment of gastrointestinal tract infections.

Key words: CD4* and CD8" T-cells; cytokines IFN-y,
IL-10; Enterococcus; Lactobacillus; mouse

INTRODUCTION

Probiotic bacteria confer a health benefit to the host
and play an important role in the development and mainte-
nance of the mucosal and the systemic immune responses
of the host [15], [23]. Probiotics should survive the passage
through the gastrointestinal tract and transiently colonize
the gut epithelium to exert their positive effects on the or-
ganism. The most important property for their survival is
the toleration of the highly acidic conditions present in the

stomach and the concentrations of the bile salts in the small



intestine. Probiotic strains are able to inhibit, displace or
compete with pathogens, and thus enhance mucosal bar-
rier activity, but these abilities are strain-dependent [21].
The most interesting property is the polarization of a na-
ive immune system by skewing the immune response from
T-helper 2 (Th2) cells toward Thl cell response. The pro-
motion and modulation of the cell mediated immunity can
be used in: the prevention and treatment of allergic dis-
eases [16]; or the stimulation of the development of a Th2
immune response with an increase in antibody production
which may be applied in the prevention and therapy of gas-
trointestinal disorders associated with inflammation [11],
[17], [26]. In the gut, probiotics interact with the epithelial
cells, Peyer’s patches M-cells, and immune cells. These in-
teractions result in an increase in the number of IgA pro-
ducing cells accompanied by the production of IgM and se-
cretory IgA, which are particularly important in the devel-
opment of mucosal immunity, contributing to the barrier
against pathogenic organisms [26]. In addition, probiotic
bacteria can also affect dendritic cells, which are respon-
sible for the collection of antigens from the gut and their
presentation to the naive T-cells leading to their differenti-
ation to T-helper (Th1, Th2) or T-regulatory lymphocytes
[3]. Probiotics also modulate the secretion of cytokines
(TNF-a, IFN-y, IL-10, IL-12), which play a central role
in maintaining the delicate balance between essential and
excessive activation of immune defence mechanisms [22],
[27]. Probiotic bacteria can kill or inhibit pathogens by
strain-specific mechanisms relying on competition, mole-
cule secretion, and/or immune induction.

The aim of this study was to evaluate the immunomod-
ulatory properties of selected bacterial strains with probi-
otic activity on T cells and cytokine responses in healthy

mice.

MATERIALS AND METHODS

The experiments were performed on 90 pathogen-free
BALB/c male mice, weighing 18—20 g. The animals were
divided in six groups consisting of 15 animals per group:
Control — mice without the administration of bacterial
strains; Group 1 — Enterococcus faecium EF55; Group 2 —
E. faecium AL41; Group 3 — E. faecium 2019-CCM7421;
Group 4 — Lactobacillus fermentum AD1-CCM7420, and
Group 5 — L. plantarum 17L/1. The strains were obtained

from the Institute of Animal Physiology SAS, Kosice, ex-
cept for L. plantarum LP17L/1, which was obtained from
the Research Dairy Institute, Zilina, SR.

Two groups of bacteria were examined, bacterioc-
in-producing strains with probiotic properties and probio-
tic strains (Table 1).

Table 1. Characteristic of the applied
probiotic strains Bacteriocin-producing strains
with probiotic properties

Bacteriocin-producing strains with probiotic properties

Strain Origin

E. faecium EF55 Chicken isolate, producing Ent 55

E. faecium AL41 Environmental isolate, producing Ent M

E. faecium 2019-CCM7421 Rabbit isolate, producing Ent 2019

Probiotic strains

Strain Origin

L. fermentum AD1-CCM7420 Canine isolate

L. plantarum 17L/1 Isolate from stored sheep cheese

The strains were administered to mice daily per os at
a dose of 100 pl (10° CFU.ml™" in Ringer’s solution). Lym-
phocytes from the spleen and the small intestine were la-
belled with rat anti-mouse CD4* FITC (fluorescein isothio-
cyanate-conjugated) and rat anti-mouse CD8* PE (phyco-
erythrin) conjugated monoclonal antibodies (BD Biosci-
ences PharMingen, Belgium), counted on a FACScan flow
cytometer (Becton Dickinson Biosciences, Germany) and
analysed with CellQuest software [4].

The capture ELISA was employed to determine the
concentration of the in vitro production of cytokines in the
splenocytes [4]. The pairs of cytokine-specific monoclo-
nal antibodies used were: R4-6A2 and XMG1.2 for IFN-y;
JES5-2A5 and SXC-1 for IL-10 (BD Biosciences PharMin-
gen, Belgium).

RESULTS AND DISCUSSION
Immunomodulatory effects of three bacteriocin-pro-

ducing strains with probiotic properties of the species En-

terococcus faecium and two probiotic strains of the genus
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Fig. 1. Numbers of splenic CD4+ T lymphocytes in mice after application of bacterial strains
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Fig. 2. Numbers of splenic CD8+ T lymphocytes in mice after application of bacterial strains
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Fig. 3. Percentage proportion of intraepithelial CD4+ T lymphocytes
in the small intestine of mice after application of bacterial strains
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Fig. 5. Percentage proportion of CD4+ T lymphocytes in lamina propria
of the small intestine of mice after application of bacterial strains
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Fig. 8. Production of cytokine IL-10 by splenocytes
of mice after application of bacterial strains

Lactobacillus were tested after long-term oral administra-
tion to healthy mice. There has been several studies dealing
with the effect of probiotic bacteria in healthy models. Most
of these studies have been directed towards the positive ef-
fects of probiotics in the prevention and treatment of gas-
trointestinal disorders, allergies, viral and tumour diseases.

Mucosal T-cells play a central role in maintaining a bar-
rier function and controlling the delicate balance between
immune activation and immune tolerance. Important
components of the intestinal mucosal immunity are free
intraepithelial T-lymphocytes and lamina propria lympho-
cytes involved in the regulation and activity of the immune

responses through the cytokine production. In addition to
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the T-lymphocytes, also B-cells producing IgA, IgM and
IgG antibodies participate in the mucosal immune defence.
The immune responses in the gastrointestinal tract do not
consist only of the local response, but also complex im-
mune interactions that ensure the functioning of the com-
mon mucosal immune system by cell migration via lym-
phatic and blood vessels to the other mucous membranes
of the body. Physiological intestinal microflora significantly
saturated with probiotics performs continuous training of
the gut immune system by: increasing the macrophage’s
phagocytic ability; stimulating IgA-producing cells; and in-
creasing production of cytokines that activate lymphocyte

recirculation back to the mucous membranes [24].



The regulatory mechanisms of host immune response
include CD4* T-helper cells that direct the immune re-
sponse to the Th1 or Th2 type through the specific cytokine
production. Cytotoxic CD8* T lymphocytes represent ef-
fector cells of the immune response. In our experiment, we
examined the presence of CD4* and CD8* T-cell subsets
in the mouse spleen and small intestine. In the spleen, an
insignificant increase in T-helper cells (Figure 1) was ob-
served. However, the cytotoxic T cell subpopulation (Fig-
ure 2) was significantly increased after application of E. fae-
cium AL41 and L.plantarum 17L/1. Similarly, increased
numbers of CD4* and CD8"splenocytes were detected after
high doses of lactic acid bacteria [7], [2], [10]. The benefi-
cial effects of probiotic bacterial strains are related to im-
proved gut mucosal barrier as well as modulation of innate
and acquired immunity. No differences in the occurrence
of CD4* helper T-cells were found in the gut epithelium
(Figure 3), but the presence of cytotoxic CD8* T-cells was
significantly increased after the administration of all tested
strains (Figure 4). We can state, that stimulation of CD8"
T-cells induces not only an activation of immune response,
but also a regulation of the function of the gut epithelial
barrier, which significantly contributes to the establishment
and maintenance of intestinal homeostasis. A reverse rep-
resentation of cell subpopulations was found in the lamina
propria of the small intestine, where the occurrence of CD4*
T-cells was significantly increased (Figure 5) after the ap-
plication of lactobacilli (L. fermentum AD1-CCM7420 and
L. plantarum 17L/1). The occurrence of CD8* T-cells was
inhibited (Figure 6). We assume that the distribution of
cytotoxic CD8*T-cells changed from a deeper layer of the
lamina propria to the superficial epithelial layer. Our data
show that lactobacilli can balance T-cell immunity in the
lamina propria of the small intestine in healthy mice in fa-
vour of a more regulatory status.

The different distribution of the T-cell subpopulations
in various immunological components was observed af-
ter the application of the bacteria Enterococcus. Scharek
et al. [18] found a significant reduction of CD8* T-cells in
the jejunal epithelium of piglets after application of Entero-
coccus faecium SF68. On the contrary, in calves fed with a
milk replacer (Milkivit, Germany) containing E. faecium,
the number of CD4* T-cells was significantly suppressed
in the ileum and mesenteric lymph nodes, while the quan-
tity of CD8* T-cells in blood increased [5]. An increasing
trend in the occurrence of CD3*, CD4* and CD8* T-cells

was described in poultry after the application of E. faecium
EF55 [9]. The results with a growing number of CD4* and
CD8* T-cells were recorded after the application of probiot-
ics (consisting of Lactobacillus plantarum 220, Enterococcus
faecium 26 and Clostridium butyricum Miyari) to calves
[13], [14]. Similarly to our work, Palomar et al. [12] de-
tected an increase in CD4* T-cells in the lamina propria of
the small intestine after the administration of Lactobacillus
casei CRL 431. Differences in the phenotype may also ex-
ist in different parts of the intestine. In the lamina propria
of the large intestine, L.salivarius UCC118 activated the
CD4" and CD8" T-cells and L. plantarum WCESI1 stimu-
lated regulatory T-cells [20]. Also Lactobacillus fermentum
JS and Saccharomyces cerevisiae modulated the intestinal
T-cell immune system in chickens with higher proportions
of CD3*, CD4*, and CD8* T-lymphocytes [1].

The migration and activation of the effector cells is me-
diated by cytokines. Local production of cytokines is deter-
mined by the expression and range of inflammatory and
anti-inflammatory immune manifestations and may be
relevant to the clinical outcome of infection. In this study,
the production of pro-inflammatory IFN-y (Thl) and an-
ti-inflammatory IL-10 (Th2) cytokine ex vivo were tested.
Following the administration of lactobacilli (L. fermentum
AD1-CCM7420 and L.plantarum 17L/1) and E. faecium,
ALA41, splenocytes produced significantly higher amount of
IFN-vy (Figure 7). A moderate increase in the production of
cytokine IL-10 leading to a mixed Th1/Th2 type of immune
response was observed (Figure 8). Following the applica-
tion of enterococci E.faecium EF55 and E.faecium 2019,
the production of cytokine IL-10 and a subsequent switch
to the Th2 type of immune response occurred. The au-
thors Kolesarova etal. [6] recorded a similar anti-inflam-
matory effect of E. faecium EF55 on cytokine expression in
the caecum of chickens, or anti-inflammatory effect of E. fae-
cium NCIMB 10415 was found after its addition to the cell
cultures [25]. The anti-inflammatory effect may enhance the
gut defence barrier against pathogens and protect against
pathological effects of inflammatory reactions [26]. How-
ever, a quick inflammatory reaction is necessary to elimi-
nate a pathogen from the host organism. Also, other works
have confirmed an induction of Th1l immune response after
the application of L. brevis HY7401; L. plantarum HY20301;
L. plantarum 06CC2; L. acidophilus and L. paracasei isolates
which were recovered from healthy human faeces [8], [21],

[22]. In contrast, the application of small molecule immuno-
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modulins from L. plantarum WCFS1to mice had an oppo-
site effect, where suppression of pro-inflammatory cytokine
IFN-y was detected [27]. Bacteria L.plantarum WCESI,
L. salivarius UCCL118 and L. lactis MG1363 suppressed the
Th2 response in healthy mice and increased the occurrence
of the regulatory T cell subpopulation [19]. Probiotic bacte-
ria regulate the balance between pro- and anti-inflammatory
mediators, which allow an effective inflammatory response
against pathogens and also reduces the tissue damage.

The results obtained confirmed the strain-specific im-
munomodulatory effects of bacteria with probiotic effects
in normal healthy mice. Among the five tested probiotic
strains, the greatest immunomodulatory potential was con-
firmed in three: Enterococcus faecium AL41, Lactobacillus
fermentum AD1-CCM7420 and Lactobacillus plantarum
17L/1. From the immunological focus, the tested probiotic
strains represent a new strategy in the eradication and pre-
vention of various intestinal infections. However, further
testing of the immunomodulatory properties in view of

immunopathogenic mode of a selected infection is needed.
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ABSTRACT

The microsporidian species, Enterocytozoon bieneu-
si, are important opportunistic pathogen for humans,
causing localized or disseminated infections. Microspo-
ridia spp. are obligatory intracellular parasites, infecting
all major animal groups. Transmission is accomplished
by the fecal-oral route, whether the source of infections
are from infected humans, other animals or contami-
nated water and food. Samples of faeces were collected
from 37 pigs (weaners) from two farms in East Slova-
kia in September 2013 and in September 2014. The fae-
cal samples were collected only from animals display-
ing clinical symptoms (anorexia, diarrhoea, abdominal
pain, weight loss to cachexia) indicating the suspicion of
microsporidiosis. All samples were examined by SYBR
Green RT-PCR analysis. The positive PCR products were
sequenced. The samples of faeces obtained from wean-
ers were analyzed for the presence of microsporidia by
the molecular methods. The real-time SYBR Green PCR
method demonstrated the presence of 5 microsporidia

positives samples. The positive PCR products were sent
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for sequencing. The sequences were compared with the
sequences in GenBank database and were identical with
the sequenced Enterocytozoon bieneusi. These data sug-
gest that human pathogenic microsporidia circulate in
the environment and support the idea that they are zoo-
notic, so they should be considered as a potential public
health threat. This study examined the occurrence of mi-

crosporidia in pigs in the Slovak Republic.

Key words: Enterocytozoon bieneusi; pig; Real-time

PCR; Slovakia; zoonoses

INTRODUCTION

The microsporidian species, Enterocytozoon bieneusi, is
an important opportunistic pathogen for humans, causing
localized or disseminated infections and it belongs to the
most common and most important microsporidia. Fourteen
microsporidial species are considered to be pathogenic for
humans. Microsporidia are obligatory intracellular parasites

infecting all major animal groups. Transmission is accom-



plished by the fecal-oral route, where the sources of infection
are infected humans, other animals or contaminated water
and food [10]. Microsporidia are single-celled intracellular
parasites that cause opportunistic infections in a wide range
of animals, including humans. They are characterized by; the
presence of a nucleated sporoplasm, a coiled polar tube, an
anchoring disk, and the absence of several eukaryotic char-
acteristics, such as mitochondria, Golgi membranes, and eu-
karyotic ribosomes [7], [9], [14], [18]. Microsporidia spores
can be released into the environment via; stool, urine, or
respiratory secretions. They are the infectious stage and can
survive in different environmental matrices such as water,
soil, and food products [17]. The spores of E. bieneusi have
been identified in surface waters in the USA and France [8],
and the possible sources of contamination were suspected
from humans or other animals. Animals are among the most
likely sources of many human infections, but there is no
conclusive evidence that this is the main transmission route.
Moreover, the sources and transmission routes of this or-
ganism are not completely understood. E. bieneusi was first
reported in pigs in 1996 [5]. This organism has also been
found in several other animals, including dogs, cats, rabbits,
monkeys, cattle, horses and pigs [1], [2], [4], [12], [15]. The
fact that E. bieneusi was identified in different animals and
water sources have raised public health concerns about its
potential as a zoonotic and waterborne pathogen [3], [6] and
that the identification of E. bieneusi in animals has raised the
question of the importance of animal reservoirs in the epide-
miology of this pathogen, and the implications of the infec-
tion with this pathogen in infected animals. The information
presented in this review should be useful in understanding
the epidemiology, zoonotic potential, and importance in
public health of E. bieneusi.

MATERIALS AND METHODS

Study population

Samples of faeces were collected from 37 pigs (wean-
ers) from one farm in Eastern Slovakia in September 2013
(11 weaners) and in September 2014 (26 weaners). The
faecal samples were collected from animals with clinical
symptoms, such as anorexia, diarrhoea, and weight loss
to cachexia (collected in September 2013), indicating sus-
pected microsporidiosis and from asymptomatic animals
(collected in September 2014).

MOLECULAR ANALYSIS

DNA isolation

Genomic DNA was extracted from 100 mg stool sam-
ples using the DNA-Sorb-B Nucleic acid Extraction kit
(AmpliSence, Russia) according to the manufacturer’s in-
structions. Before extraction, we homogenized the stool
and disrupted oocysts at 6500 rpm for 90 seconds with the
addition of 0.5-mm-glass beads, 1.0-mm-zircon beads and
a 300 pl lysis solution in homogenizer Precellys 24 (Bertin
technologies). Purified DNA was stored at —-20°C until
used in real-time SYBR Green PCR.

Real-time Sybr Green PCR

For real-time SYBR Green amplification, we used the pro-
cedure by the use of specific primer pair PMP1/PMP2 to am-
plify a 450 bp fragment of the small subunit rRNA gene. PCR
amplification consisted of 40 cycles with annealing 60°C [13].

PCR products were directly sequenced in both direc-
tions. Sequences were aligned and completed using the
Chromas Pro Programme and compared to known se-
quences in the National Centre for Biotechnology Informa-
tion GenBank database.

RESULTS

Samples of faeces were obtained from 37 weaners from
one farm in Eastern Slovakia. The first sampling was in
September 2013 and second sampling was from the same
place in September 2014. The samples were analyzed for
the presence of microsporidia by the real-time SYBR Green
PCR method. This molecular method demonstrated the
presence of 5 microsporidia positives samples. Two posi-
tive weaners from the first collection and three positive
weaners from the second collection were found. The posi-
tive PCR products were sent for sequencing. The sequences
which were compared with the sequences in the GenBank
database were identical on 99 % with the sequence Entero-
cytozoon bieneusi filed under the number KF148056.1.

DISCUSSION

In recent years, the number of reports of the zoonotic

species, E. bieneusi in swine increased significantly. This
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was apparent, not only in piglets [1], [2], but also sows,
which suffered severe diarrhoea and stunting [15]. Sak
et al., [16] identified that 94 % of the tested pigs had E. bi-
eneusi, and this proportion was similar among all age cate-
gories, and significantly higher than any previously reports.
In 1999, Breitenmoser reported E. bieneusi in 35% of
109 pigs, and with even a much higher occurrence, among
weaned piglets [1]. In an 18-month survey at a slaughter
house in Massachusetts, 32 % of 202 finished pigs had E. bi-
eneusi: 18 % of them had microsporidia in their stool sam-
ples and the rest was found in samples of bile [2]. A small
study of six pigs suffering from severe diarrhoea and stunt-
ing, revealed that four of the six animals had microsporidi-
osis (67 %) [15]. Although all studies indicated that micro-
sporidia, and specifically E. bieneusi, can infect swine, it is
not yet clear why there is a broad difference in prevalence
among the different studies. Jeong et al., [11] described
that it is unclear whether E. bieneusi alone caused the dis-
ease, because no other enteric pathogens were searched
for, in these piglets. Nonetheless, the positive rates of E. bi-
eneusi in diarrheic piglets younger than 1 week and 1 to 2
weeks of age were 3 out of 32 (9.4 %) and 6 out of 45 (13 %),
respectively; while no E. bieneusi was detected in the cor-
responding two groups of nondiarrhoeic piglets. This find-
ing indicated that E. bieneusi is one of a possible cause of
diarrheal disease in young piglets. On the other hand, the
organism also produced asymptomatic infections in the
older piglets, as there was a similar prevalence found in
the older diarrheic and nondiarrhoeic piglets (aged older
than 4 weeks). E. bieneusi causes symptoms in piglet groups
and asymptomatic infections in older pigs. Thus, this must
be due to age-related differences in the development of
the immune systems of the animals. The difference in the
prevalence between studies, depend upon climatic con-
ditions, animal housing and adequate disposal of human
waste (manure) on farms. The method of farming impacts
on the transmission between animals infected with spores
from a contaminated environment and it is very likely that
piglets may be infected by their mothers at an early age [16]
and the infection can persist after weaning, making them a
potential reservoir for transmission of spores into the en-
vironment.

In our study, we were the first in Slovakia to detected
microsporidiosis in asymptomatic pigs and pigs with clini-
cal symptoms after weaning, caused by species E. bieneusi.

Precisely because microsporidiosis is rarely associated with
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gastrointestinal symptoms, the infections may remain un-
noticed. The fact, that the infections were repeatedly de-
tected in one place, draws attention to the persistence of
microsporidiosis on the farm.

The different results for the detection of pathogenic
species of E. bieneusi not only in pigs, may show a low
host specificity and other infected animals may constitute
a potential source of human microsporidial infections. The
detection of this species in immunocompetent individuals
highlights the increasing risk of zoonotic transmissions
and the latent course of infections [4], [8]. More detailed
epidemiological studies that draw attention to the distribu-
tion of spores in different geographical areas are needed.
The therapy of microsporidiosis is difficult and in most
cases the infection can become permanent with lifelong
elimination of the spores, which can have economic impact

on the pig industry.

CONCLUSION

This study examined the occurrence of microsporid-
ia in pigs in East Slovakia. The data suggest that human
pathogenic microsporidia circulate in the environment and
supports the idea that they are zoonotic, so they should be

considered as a potential public health threat.
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ABSTRACT

The aim of this study was to evaluate a portable
chemistry analyzer for the determination of blood bio-
chemistry parameters in cattle, and to compare the
concentrations of these variables obtained by portable
analyzer and the standard laboratory methods. Blood
samples were collected from 62 cattle by jugular vene-
puncture into plastic tubes containing lithium heparin
and serum gel separator tubes without anticoagulant.
Blood samples from the lithium heparin tubes were
analyzed by ther portable chemistry analyzer VetScan
VS2 (Abaxis Inc., Union City, USA) using commercially
available Large Animal Profile reagent disks to deter-
mine the plasma values of calcium, magnesium, phos-
phorus, aspartate aminotransferase (AST), gamma glu-
tamyl transferase (GGT), alkaline phosphatase (ALP),
creatine kinase (CK), total proteins, albumin and blood
urea nitrogen converted to urea. Values obtained were

compared with those from the serum samples obtained
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from the same patients using the standard in-house
laboratory methods. Arithmetic means, standard de-
viations and mean differences were determined for all
values. The paired t-test was used to compare the values
determined by both analytical methods. The data were
also subjected to linear regression analysis. Although
there were significant differences between the values for
most of the parameters (except for AST) obtained by the
two analytical methods, the portable chemistry analyzer
provided results that highly significantly correlated with
the values obtained by the standard laboratory methods.
The correlation coefficients were higher than 0.90 for
magnesium, total proteins, albumin, GGT, ALP and CK.
Our results suggest that the portable chemistry analyzer
might provide measurements with clinical utility, but
the development of analyzer-specific reference values is

recommended.

Key words: biochemical variables; blood biochemis-

try; cattle; portable analyzer



INTRODUCTION

The health evaluation of animals includes not only their
physical examination, but also the complete analysis of
blood biochemical parameters. Serum biochemistry analy-
sis can provide important information about the health state
of individual animals or the whole population [1]. Moreover,
the majority of medical decisions are made utilizing the bio-
chemical data. The early diagnosis of alterations in serum
biochemical parameters allows fast and adequate clinical
interventions, and increases the chance of animal survival.
However, this is less possible in farm animals, because clini-
cal evaluation is conducted on farms located far away from
the laboratories that perform these analyses usually using
automated high volume analyzers [18]. With increasing de-
mands on practitioners to make fast decisions regarding pa-
tient care, the point-of-care clinical analyzing systems were
introduced to expedite the acquisition of laboratory data in
critical care and emergency situations [5]. They offer several
benefits, including portability, small volume size, rapid re-
sults and direct control of the samples [8]. Moreover, these
devices can be operated by health care personnel who lack
specialized knowledge of laboratory techniques [25]. The
availability of these analyzers eliminates the time delays to
transport samples to the laboratory and reduces the amount
of blood sampled to measure biochemical parameters [16].
Within minutes, point-of-care testing devices are poten-
tially capable of providing accurate and reliable blood bio-
chemical data, which lead to faster and more reliable clinical
decisions regarding patient management, and assists clini-
cians in choosing more specific diagnostic procedures and
treatments [5], [28].

MATERIAL AND METHODS

Animals and sample collection

This study was carried out on 62 cattle, consisting of
clinical cases submitted to the Clinic for Ruminants at the
University of Veterinary Medicine and Pharmacy in Kosice
by both the Veterinary Teaching Farm and private veter-
inarians from three different conventional dairy farms.
Blood samples were collected from both healthy (n=19)
and diseased animals (n=43).

Blood samples were collected from the jugular vein into

plastic tubes containing lithium heparin (FL Medical, Tor-
reglia, Italy) for the portable chemistry analyzer VetScan
VS2 and serum gel separator tubes without anticoagulant
(Meus, Piove di Sacco, Italy) for the analyses by the stan-
dard laboratory methods. Well-mixed whole blood from
the lithium heparin tubes was used for the analyses by the
VetScan system within 1 hour after the sample collection.
Blood samples from the tubes with separator gel were al-
lowed to clot for 30 minutes at room temperatures, and
then centrifuged by using the Universal 320 Centrifuge
(Hettich, Tuttingen, Germany) at 3000 g for 30 minutes to
separate the serum. The harvested blood serum was dis-
pensed into tubes and analysed by the standard laboratory

methods within 2 hours after blood collection.

Laboratory analyses

The analyses of the whole blood samples were per-
formed by the portable point-of-care chemistry analyzer
VetScan VS2 (Abaxis Inc., Union City, USA) using commer-
cially available Large Animal Profile reagent disks, which
contained dry reagents for the quantitative determination
of the following analytes: calcium (Ca, mmoll™"), magne-
sium (Mg, mmol.l™"), phosphorus (P, mmoll™"), aspartate
aminotransferase (AST, pkat.l?), gamma glutamyl trans-
ferase (GGT, pkat.l™!), alkaline phosphatase (ALP, pkat.l™"),
creatine kinase (CK, pkat.1™?), total proteins (TP, g.l™!), al-
bumin (Alb, g.I'!), blood urea nitrogen (BUN, mg.dl™'), and
globulins. The blood urea nitrogen was converted to urea
(U, mmol.l""). The globulin is only a calculated value, there-
fore its values were not included in this study. The reagent
disk was loaded with 100 pl of whole blood, placed into the
analyzer and run according to the manufacturer’s instruc-
tions. The device also evaluated and reported the degree of
hemolysis and lipemia in the sample on a scale from 0 to
3*. Moreover, an internal quality control system was used
by the VetScan analyzer.

The parameters evaluated by the point-of-care analyzer
were analyzed also from the serum by the standard in-
house laboratory methods, including automated biochemi-
cal analyzer Alizé (Lisabio, France) for: total proteins, al-
bumin, urea, phosphorus, AST, GGT, ALP, and CK using
commercial diagnostic kits (Randox Laboratories, United
Kingdom), and by atomic absorption spectrophotometer
AAnalyst 100 (flame mathod, Perkin Elmer, Waltham,
Massachusetts, USA) for the concentrations of Ca and Mg.

All laboratory equipment underwent calibration.
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Ca (mmol/l) Mg (mmol/l)

Fig. 1. Correlation and regression analysis between the concentrations of calcium, magnesium, phosphorus, total proteins,
albumin and urea obtained by the portable chemistry analyzer and the standard laboratory methods.
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Fig. 2. Correlation and regression analysis between the values of AST, GGT, ALP and CK obtained
by the portable chemistry analyzer and the standard laboratory method.

Statistical analyses

Arithmetic means (x) and standard deviations (SD) for
each evaluated analyte and method of analysis were calcu-
lated using descriptive statistical procedures. The mean dif-
ference (bias) between values obtained on the same sample
by different methods and SD of the differences were also
determined for all values. The paired t-test was used to
compare the values determined by both analytical methods.
Linear regression and Pearson correlation were determined
for all variables obtained by both the standard laboratory
method and the portable chemistry analyzer. All statistical
analyses were done using the programme GraphPad Prism
V5.02 (GraphPad Software Inc., California, USA). A pre-
cision test by applying the coeflicient of variation analysis
was also conducted on the VetScan system, as well as for

the standard laboratory methods.

RESULTS

The data referring to the concentrations of measured
analytes obtained by both the standard laboratory methods
and the portable chemistry analyzer expressed as means,
standard deviations and mean differences, including the
significance of differences in means between the used
methods are presented in Table 1. The analyses of the re-
lationships between the measured variables are shown in
Table 2 and Figures 1 and 2. The results of the precision
testing are given in Table 3.

The mean concentrations of Ca (P<0.001), Mg (P<
0.05), albumin (P <0.001), urea (P<0.001) and the activi-
ties of GGT (P<0.001) and ALP (P <0.001) obtained with
the portable chemistry analyzer were significantly lower

than the values measured by standard laboratory methods
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Table 1. Comparison of variables analyzed by the standard laboratory method and
the portable chemistry analyzer in the evaluated animals [n = 62; mean + SD]

Variables

Analytical method

P value

Mean difference

Standard method Portable analyzer 5D
Ca [mmol.I"] 249017 2.30+0.15 <0.001 -0.188 +£0.139
Mg [mmol.I7] 0.85+0.30 0.78£0.15 <0.05 -0.040 + 0.061
P [mmol.I""] 1.87 £0.40 2.06 +0.45 <0.001 0.186 +0.202
AST [pkat.I"] 145 £ 0.61 144 +0.62 n.s. -0.015+0.377
GGT [pkat.I"] 0.46 +0.29 0.38+0.26 <0.001 -0.079 + 0.079
ALP [pkat.I""] 2,67 £1.94 1.26 £0.75 <0.001 -1.412 £1.226
CK [pkat.I"] 3.54+2.79 3.84+233 <0.01 0.300 + 0.683
TP [g.I"'] 72.56 +13.19 78.90 + 14.75 <0.001 6.347 £4.010
Alb [g.I7] 3543 +6.21 31.89+£6.42 <0.001 -3.544 + 2.648
U [mmol.I”"] 277 £1.35 1.94+1.09 <0.001 -0.838 +0.709

P — significance of the differences in results

Table 2. Regression analysis of the variables measured
by the standard laboratory method and the portable chemistry
analyzer in the evaluated animals [n = 62]

Table 3. Coefficient of variation [%)]

for the standard laboratory methods and for
the analyzer VetScan in bovine samples

Variables R P value
Ca [mmol.I""] 0.608 <0.001
Mg [mmol.I"] 0914 <0.001
P [mmol.I"] 0.894 <0.001
AST [pkat.I"] 0.814 <0.001
GGT [pkat.I7] 0.962 <0.001
ALP [pkat.I""] 0.975 <0.001
CK [ukat.I7] 0.980 <0.001
TP [g.I7] 0.965 <0.001
Alb [g.I7"] 0913 <0.001
U [mmol.l”"] 0.852 <0.001
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P — significance of correlation
R — Pearson correlation coefficient

cv
Variables
Standard method VetScan

Ca[mmol.l] 1.31 1.09
Mg [mmol.l”"] 3.34 0.74
P [mmol.I""] 5.41 1.55
AST [pkat.I7] 1.83 2.24
GGT [pkat.I"] 8.79 0

ALP [pkat.I"]) 5.82 9.53
CK [pkat.I] 1.98 2.31
TP[g.I"] 0.51 0.99
Alb [g.I""] 1.61 1.24
U [mmol.I""] 2.41 6.49

CV — coefficient of variation



(Table 1). The most marked differences were obtained in
the activities of ALP. The values obtained by the standard
method were more than 2-fold higher compared with
values measured by the portable analyzer. On the other
hand, the concentrations of P (P <0.001) and total proteins
(P<0.001) and the activity of CK (P<0.01) determined
with the VetScan system were significantly higher com-
pared with the values measured by the in-house laboratory
analyzer. No significant differences were detected between
the values of the activity of AST.

Further analysis of the results revealed a positive bias
for the concentrations of phosphorus and total proteins
and for the CK activity. Negative bias was recorded for the
concentrations of Ca, Mg, albumin and urea, and for the
actvities of AST, GGT and ALP (Table 1).

The analyses of the variables obtained by the two ana-
Iytical methods revealed a highly significant correlation
between the results for all measured analytes (Table 2).
The correlation coefficient values were higher than 0.90 for
Mg, GGT, ALP, CK, TP and albumin. The correlation coef-
ficients in the range of 0.80—0.90 were recorded for P, AST
and U. The analysis of the variables measured by the two
methods revealed the lowest correlation coefficient for Ca
(R=0.608, Fig. 1).

The reproducibility of values varied considerably be-
tween the instruments. The coefficients of variation ob-
tained for Ca, Mg, P, GGT and albumin were lower using
the VetScan system (Table 3). On the other hand, the coef-
ficients of variation for AST, ALP, CK, total proteins and
urea were lower by the analyses conducted by the standard

laboratory methods.

DISCUSSION

The majority of blood biochemistry parameters has
been historically measured on large laboratory-bound
equipments and using complicated and time-consuming
assays [22]. Certain measurements require immediate
analysis for maximal accuracy, which is not possible in in-
stances where remotely collected blood is transported back
to a laboratory setting [19]. The so called “point-of-care”
analyzers have been developed to provide improvement in
convenience, patient care, results availability and to help
clinicians in determining a more specific diagnostic proce-

dure and therapy [11]. Such point-of-care systems have to

achieve accuracy and precision of measurement equivalent
to those obtained in the clinical laboratory [20]. Studies
performed in humans, as well as some other mammalian
species, validated the accuracy and reliability of the results
obtained by portable chemistry analyzers [5], [2]. Peird
et al. [18] compared the results of blood electrolyte con-
centrations, blood gas partial pressures and hematocrit ob-
tained by the use of the point-of-care analyzer with those
measured by conventional chemistry analyzer in samples
collected from cattle and sheep. However, studies dealing
with the evaluation of the accuracy of results for biochemi-
cal variables obtained by the portable chemistry analyzer in
cattle are rather scarce. Seeing that species-specific differ-
ences may complicate the reliability of point-of-care devic-
es, leading to inaccurate or imprecise results, the evaluation
of specific physiologic ranges for cattle may be necessary.
Although there were significant differences between the
values for most of the parameters obtained by the two ana-
lytical methods in this study, the portable chemistry analyz-
er provided results that significantly correlated with the val-
ues obtained by the standard laboratory methods. The por-
table chemistry analyzer tended to provide lower values for
calcium, magnesium, GGT, ALP, albumin and urea, while
the results of phosphorus, CK and total proteins obtained
by the VetScan system were higher compared with the stan-
dard laboratory methods. Atkins etal. [1] concluded that
the differences in results of AST, CK, K, Na, TP, Glu and P,
obtained in loggerhead sea turtles by portable and labora-
tory analyzers, were not considered to be clinically signifi-
cant. Stoskopf etal. [24] recorded in ducks higher values
for alkaline phosphatase using the VetScan analyzer, but the
magnitude of this difference did not affect the clinical assess-
ment of a patient. The values of ALP obtained in our study
in cattle by the point-of-care analyzer were lower by more
than half, compared with the results provided by the labora-
tory analyzer, which may be expected to impact the clinical
assessment. Marked differences were observed also for CK,
which showed slightly higher values using the portable ana-
lyzer. Similarly, Stoskopf et al. [24] indicated that the dif-
ferences in CK values, observed between the portable ana-
lyzer and the laboratory-based equipment, were sufficiently
large to affect the clinical assessment of a patient. The differ-
ences observed in our study between the results measured
by the two analytical methods might be caused by the sam-
ple type used for the analysis (serum or plasma). Stoot et

al. [23] concluded also that the input medium is important
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to consider when using point-of-care devices, where whole
blood and plasma are the most prevalent media used. In our
study, serum samples were used to perform standard labo-
ratory analyses, while the VetScan system used extracted
plasma as the input medium. The VetScan chemistry analy-
ser uses centrifugal forces to process heparinized whole
blood samples and distributes diluted plasma to the reaction
chambers and cuvettes in the reagent rotor. Although serum
and heparinized plasma are considered suitable samples for
many chemistry tests, differences in the results obtained be-
tween these two sample types have been reported by some
authors [14], [17]. The principal advantages of heparinized
plasma over serum are the reduction in specimen process-
ing time related to not having to wait for the blood specimen
to clot prior to centrifugation, reduced centrifugation time,
and the avoidance of microclots that can obstruct sample
aspiration probes in automated chemistry instruments
[3]. Reports in the literature are conflicting regarding the
equivalence of biochemistry results for serum and plasma
samples taken from the same individuals. Significant differ-
ences between serum and heparinized plasma results have
been reported for; albumin, alkaline phosphatase, calcium,
chloride, creatine kinase, glucose, lactate dehydrogenase,
phosphorus, potassium and total protein, which in some
cases were large enough to affect clinical interpretation [10].
Significant differences between the values obtained in se-
rum and heparinized plasma were observed by Er et al. [3]
for CK and albumin, with higher values of CK and lower
concentrations of albumin in serum compared to plasma.
Similarly, Hrubec et al. [7] reported lower serum values
of albumin than the corresponding values for plasma, while
the serum values for creatine kinase, calcium, magnesium
and phosphorus were higher than their plasma values. Our
results showed higher serum values of calcium, magnesium
and albumin obtained by the standard laboratory methods,
while the serum concentrations of phosphorus were lower
than the plasma values measured by the VetScan system.
According to Yu et al. [27], the differences observed be-
tween some plasma and serum metabolite concentrations
may be related to coagulation processes. Er et al. [3] report-
ed that lower CK values in plasma may be due to heparin
interference in the assay. Thus, the differences observed in
our study between the values obtained by the standard labo-
ratory methods and the portable chemistry analyzer could
be accounted for by differences found between the type of

sample (serum or plasma) used for the analyses. Therefore,
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when significant differences in the concentrations of bio-
chemistry parameters measured in serum and heparinized
plasma by different methods are obtained, individual refer-
ence intervals for these variables should be established.

Our study showed that the results of the analyzed param-
eters obtained by the point-of-care analyzer and the standard
laboratory methods correlated strongly. Correlation coeffi-
cients were higher than 0.90 for magnesium, GGT, ALP, CK,
total proteins and albumin, while the correlation coefficients
for phosphorus, AST and urea ranged from 0.85 to 0.87.
Sutton et al. [26] found in canine samples, a high level of
correlation for alkaline phosphatase, urea nitrogen and total
protein values obtained by portable and laboratory analyzer
(0.90—0.99). However, albumin, calcium and potassium
had a clinically unacceptable level of correlation. Similarly
for feline samples, a clinically acceptable level of correlation
between the two instruments was found in the values of al-
kaline phosphatase, urea nitrogen and total proteins [26].
On the other hand, the concentrations of albumin, calcium
and potassium correlated slightly (0.16—0.46). In another
study, McCain et al. [13] showed also in reptiles, variable
correlations and significant differences between the results
measured by the portable chemistry analyzer compared with
the reference chemical analyzer. The discrepancy observed
between the results obtained by the portable chemistry ana-
lyzer and the standard laboratory methods could be due to
differences in the methods used for the determination, the
type of analyzer, as well as due to the type of sample col-
lected for the analysis. However, because of some contradic-
tory data, further additional investigations in a larger animal

group are needed to yield satisfactory results.

CONCLUSIONS

In conclusion, although the results measured by por-
table and laboratory analyzers correlated highly, there were
significant differences between the two analytical methods.
Based on the findings of this study, portable chemistry an-
alyzers for point-of-care testing may be of clinical utility,
they may help to provide better patient care in some cases
by providing biochemical results more rapidly and effec-
tively, especially in the field when rapid results are needed.
However, it should be emphasize that it is important to es-
tablish baseline reference ranges specific for the analyzer

being used and the evaluated animal species.
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ABSTRACT

The genus Malassezia includes lipophilic yeasts which
are an integral part of the commensal skin microbiota of
humans and other warm-blooded animals. These yeasts
are associated with a variety of dermatological disorders
in humans and other animals. This investigation con-
firms the presence of Malassezia species in the external
ear canals of healthy dogs. The isolates of Malassezia
yeasts were identified using the phenotypic (biochemical-
physiological and morphological characteristics) and ge-
notypic methods (PCR, RFLP-Alul, Banl and MspAll).
The presence of Malassezia spp. was investigated in 118
healthy dogs. From 35 positive dogs there were obtained
57 specimens of Malassezia. All 57 isolates were identi-
fied as M. pachydermatis. No other Malassezia species
were detected. The prevalence of isolated Malassezia spp.
in healthy dogs was 29.7%. No statistically significant
difference in the number of positive samples, related to

healthy animals, sex, age and type of ears was observed.

Key words: dogs; incidence; Malassezia; PCR; RFLP

INTRODUCTION

Malassezia species are lipophilic yeasts belonging to Ba-
sidiomycota that colonize the skin of animals and humans.
From a microbiological point of view, Malassezia species
are considered to be the primary fungal pathogen in canine
ears. Under certain conditions these may cause an otitis.
At the present, up to 14 species of Malassezia are known:
M. dermatis, M. japonica, M. obtusa, M. restricta, M. yama-
toensis, M. furfur, M. globosa, M.slooffiae, M.sympodialis,
M. pachydermatis, M. caprae, M.equina, M. cuniculi and
M. nana [2]. Thirteen species are lipid-dependent and only
M. pachydermatis is non lipid-dependent. Up to now, only
M. pachydermatis [1], [3], [12], M. furfur [9], [10], [13] and
M. obtusa in participation with M. furfur [9] have been
identified in dogs.

M. pachydermatis is commonly present on the skin and
mucosa in dogs and cats, but it is not a member of the nor-
mal human microbiota. M. pachydermatis has also been
isolated from the ears and from healthy or lesional skin of
canines and many other animal species [7]. M. pachyder-

matis and M. furfur can cause life-threatening fungaemia
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and deep mycoses in immunocompromised patients and in
preterm neonates [7], [23]. M. furfur has been isolated from;
the scalp, face, dandruff, arms, legs, urine, blood, hair, nails,
eyes and the nasal cavity in humans and occasionally from
cats [8], dogs [9], horses [10] and cows (both healthy and
with otitis) [11]. M. obtusa is a rare species, which has been
mainly isolated from healthy human skin. The species has
occasionally been captured from animals such as dogs with
otitis [9] or healthy horses and goats [10]. The diagnostics
of Malassezia is complicated and it comprises phenotypic
and genotypic identification. The phenotypic examination
is not sufficiently accurate; therefore, the genotypic diag-
nostic is necessary for exact identification.

The aim of this study was to determine the occurrence

and prevalence of Malassezia species in healthy dogs.

MATERIALS AND METHODS

One hundred and eighteen privately owned dogs (in
Kosice) were included in the study. Animals of both sexes
(83 male, 35 female) were age-ranged from two months to
14 years. The samples were collected from both external ear
canals by sterile cotton swabs (Fungi-Quick, Dispolab) and
subsequently inoculated on Sabouraud dextrose agar with
chloramphenicol (SCA) (HiMedia Laboratories Pvt. Ltd.,
Mumbai, India), Modified Sabouraud dextrose agar with
Tween 40 and 80 (SAOT), Modified Leeming & Notman
agar medium (MLNA) [20] and Modified Candida-Chrom
agar (HIT) with Tween 40 [18] respectively. The inoculated
plates were incubated at 32°C for 7 days. The preliminary
identification of yeast was based on both macroscopic ap-
pearance of the colonies and microscopic cell morphology.
Each sample was stained by Gram and examined by mi-
croscopy for the presence of the typical Malassezia yeast
cells. More detailed identification was performed accord-
ing to Kaneko et al. [17]. The DNA was recovered from
solitary colonies grown on MLNA at 32°C for four days.
All phenotypically positive samples recognized as Malas-
sezia yeast cells were investigated by PCR-RFLP.

The Internal Transcribed Spacer 2 region (ITS2)
was amplified by PCR using the ITS3 (5'-GCATCGAT-
GAAGAACGCAGC-3") and ITS4 (5-TCCTCCGCT-
TATTGATATGC-3") primers (Life Technologies, Cali-
fornia, USA) [29]. The PCR was modified according

to Gaitanis et al. [15] and performed in a total volume
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of 50pl. The reaction mixture consisted of 1xconcen-
trated PCR Buffer (Life Technologies, California, USA),
3mmol.I"! MgCl2 (Life Technologies, California, USA),
15pumol of each primer (Life Technologies, California,
USA), 0.1 mmol of dNTPs (Thermo Fisher Scientific, Mas-
sachusetts, USA), 2.5U of Taq polymerase (Life Technolo-
gies, California, USA) and 2 ul of template DNA. Five ul of
the PCR products were analyzed by electrophoresis in 1.5 %
agarose gel at 120V for 1h, the gel was stained (GelRed,
Biotium Inc., California, USA) and visualized under UV
light. The lengths of the amplified DNA fragments were
verified using GeneRuler 100bp DNA Ladder (Thermo
Fisher Scientific, Massachusetts, USA) and ran simultane-
ously.

The restriction endonucleases Alul, Banl and MspAll
(New England Biolabs, Massachusetts, USA) were used for
digestion of the PCR products at 37°C for 3h [14] in the
amount of 10U. The restriction fragments were analyzed
in 3 % GelRed stained agarose gel at 120V for 2 h and were
visualized by UV light. The lengths of the amplified DNA
fragments were verified using Thermo Scientific GeneRuler
Low Range DNA Ladder (Thermo Fisher Scientific, Massa-
chusetts, USA). Reference strains of Malassezia spp. (M. cu-
niculi CBS 11721, M. pachydermatis CBS 1879, M. furfur
CBS 4162, M.slooffiae CBS 7956, M.globosa CBS 7874,
M.nana CBS 9557, M.sympodialis CBS 8334, M.equina
CBS 9969, M. caprae CBS 10434) (CBS-KNAW Fungal Bio-
diversity Centre Utrecht, Netherland) were used as positive
controls.

The data obtained from this study were analyzed by
the software GraphPad Prism Version 5.00 using the chi-
square test and the Fisher s test. Statistical differences were

evaluated with P <0.05 as the level of significance.

RESULTS

Out of the 118 examined dogs, 35 had Malassezia spe-
cies which were detected by cultivation and by microscopi-
cal methods. Due to the differences in macro- and mi-
croscopical characteristics (size of colonies and cells), the
samples were divided into three groups. Group 1 contained
samples (obtained from 14 dogs) which produced only one
type of colony by cultivation. Group 2 consisted of 40 sam-
ples (obtained from 20 dogs) which produced two types of

colonies. Information about the ages and ear-types of dogs



Fig. 1. Cells of M. pachydermatis
(Axio Observer Z.1, Magn. x1000)

Table 1. Numbers of M. pachydermatis positive animals
identified among healthy dogs

Number Number of Prevalence
of totaldogs  positive dogs [%]
Clinical status
Healthy 118 35 29.7
Age
< 1year 10 3 30.0
1—10 years 97 30 309
> 10 years 1 2 18.2
Sex
Male 83 28 337
Female 35 7 20.0
Type of ears
Pendulous 68 21 309
Erect 50 14 28.0

Fig. 2. RFLP identification of M. pachydermatis
Abbreviations:
L—Thermo Scientific GeneRuler Low Range DNA Ladder; 1 —ITS3/4
PCR product of M. pachydermatis; 2—restriction profile with Alul;
3 —restriction profile with Banl; 4 —restriction profile with MspA1l;
5— ITS3/4 PCR product of M. pachydermatis; 6 — restriction profile with
Alul; 7 — restriction profile with BanI; 8 — restriction profile with MspA1I

is reported in Table 1. Three types of colonies with different
cells were found in the sample of one dog (Group 3). Cells
of M. pachydermatis are shown in Fig. 1. From all positive
dogs, we collected a total of 57 specimens. All phenotypi-
cally positive samples were identified and confirmed by
PCR-RFLP as M. pachydermatis (Fig.2). The prevalence
of Malassezia spp. in healthy dogs was 29.7 %. No signifi-
cant differences were related to sex, age and type of ears
(Table1).

DISCUSSION

Malassezia spp. is one of the more important yeasts in
dogs. This yeast plays a substantial role in the appearance
of otitis and dermatitis. One of the problems encountered
in recent studies have been that the results of phenotypic
identification vary from reporter to reporter. Because of the
fact that even 59 % of the isolates identified by phenotypic
means were found to be misidentified after molecular re-
identification [21], for precise identification we used the
genotypic methods based on PCR-RFLP. These genotypic
methods have confirmed the phenotypic identification in

all of our isolates.
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The main goal of this study was to characterize the
prevalence of Malassezia in healthy canine ears and the oc-
currence of individual Malassezia species. The prevalence
of Malassezia spp. in this study was 29.7%. Nardoni
et al. [25] described a 51.6 % occurrence of Malassezia spp.
in healthy dogs. On the other hand, Cafarchia et al
[4] also isolated Malassezia yeasts from 28 % of the dogs
without otitis externa. Kumar et al. [19] detected Malas-
sezia yeasts in 39.39% of healthy ears. Campbell et al.
[5] reported a 17% prevalence of Malassezia in healthy
ears. The authors described higher Malassezia incidence in
dogs with otitis externa than in healthy dogs. Cafarchia
et al. [4] isolated Malassezia yeasts from 57.3 % of the dogs
with otitis and Nardoni et al. [24] detected Malassezia
spp. from 63.4% of the dogs with otitis. However, these
higher percentages may not necessarily be the norm, be-
cause Sarierler and Kirkan [27] in a study of 234 dogs
with otitis externa found M. pachydermatis only in 5.12 %
of samples.

In our study the statistical difference between the type
of ears (pendulous or erect) and the occurrence of Malasse-
zia spp. in diseased dogs was not significant. We suspect that
the type of ears does not influence the incidence of Malasse-
zia but may affect the quantity of these yeasts. Ears are, due
to local conditions — high humidity, presence of cerumen
and air circulation — considered as an ideal environment
for Malassezia growth. Kumar et al. [19] reported that the
percentage of dogs with long pendulous ears and otitis ex-
terna was similar to the percentage of dogs with erect ears
and medium hair on the ears. Also Campbell et al. [5]
indicated that there was no statistically significant relation-
ship with regard to ear type and positive cultures for Mal-
assezia. However, Cafarchia et al. [4] reported that dogs
with pendulous ears showed a higher incidence of infection
than dogs with erect ears and we believe that pendulous ears
can influence the overgrowth of Malassezia yeast and for-
mation of Malassezia chronic otitis. The primary causes of
otitis externa include; hypersensitivity disorders, otic para-
sites, foreign bodies, such as plant, hair or hardened secre-
tions, glandular disorders and conformational defects. Otic
flora acting as opportunists can secondarily complicate oti-
tis. Common pathogenic microorganisms include; bacteria
— Staphylococcus, Pseudomonas, Streptococcus, Proteus, Co-
rynebacterium, Enterococcus and fungi — Malassezia, Can-

dida, Penicillium, Aspergillus and other [28].
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Although some authors described a predisposition to
Malassezia infection in older dogs [6], [22], we did not find
a significant correlation between the occurrence of Malas-
sezia spp. and the age of the healthy dogs, like Plant et al.
reported [26]. The percentage difference in the incidence of
Malassezia between males and females was recorded, but
it was not significant. Also, Nardoni et al. [25] did not
detect gender differences in the incidence of Malassezia.

Different types of colonies were obtained by cultivation
of several samples. Specimens from 20 dogs produced two
types of colonies. In one sample, three types of colonies
were found. The colonies were of various sizes with mi-
croscopically different cells. All isolates were identified as
M. pachydermatis. Three morphological types of M. pachy-
dermatis have been described [16].

In conclusion, all Malassezia isolates in our study
were identified both, phenotypically and genotypically as
M. pachydermatis. Other Malassezia species were not isolat-
ed. M. pachydermatis seems to be the main and single yeast

from the genus Malassezia colonizing healthy canine ears.
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ABSTRACT

The periparturient period is the most critical period in
dairy cows regarding health status and production. Chang-
es in the metabolic profiles, associated with the transition
from the dry period to calving to early lactation, may in-
crease the production of reactive oxygen species (ROS).
The imbalance, between the production of ROS and the
defensive ability of biological systems to detoxify these
reactive intermediates, causes oxidative stress. During the
periparturient period, adequate selenium (Se) trace min-
eral nutrition is important for an effective antioxidant de-
fence system. Selenium exerts its biological effects mainly
through glutathione peroxidase (GPx). The major physi-
ological role of this enzymatically active selenoprotein is
to protect biomembranes and other cellular components
against oxidative challenge and to maintain low levels of
hydroperoxides within the cell. The body’s selenium status
is assessed by the direct measurement of Se concentration
in whole blood and tissues, or indirectly by measuring the
activity of GPx. Many researchers have found a significant
correlation between the Se concentration and the GPx ac-

tivity in the whole blood. Selenium deficiency is respon-
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sible for dysfunctional immune cell responses. Mastitis,
metritis, retained placenta and laminitis are four com-
mon diseases linked to a compromised immune system.
Many health problems also occur in young animals, such
as; increased neonatal mortality, decreased sucking reflex,
weakness, white muscle disease and the higher occurrence
of infectious diseases. The transition period of a dairy cow
is characterised by a decrease of the Se concentration and
the activity of GPx in the blood. During pregnancy, sele-
nium passes in considerable amounts through the placen-
tal barrier to the foetus, thus reducing the selenium body
pool in a pregnant female. The decrease of Se concentra-
tion and GPx activity in the blood of dairy cows one week
after parturition is explained by the higher generation of
ROS during this period compared to the other stages, thus
placing the cows at a greater risk of oxidative stress. There-
fore, the constant monitoring of the selenium concentra-
tion is an important requirement for the regulation of the
body’s antioxidant system, especially during periparturi-

ent period in dairy cows.

Key words: dairy cows; glutathione peroxidase; oxi-

dative stress; periparturient period; selenium;



INTRODUCTION

Oxidation is essential to nearly all cells in the body to
provide energy for vital functions. During aerobic me-
tabolism, 95 to 98 % of the oxygen consumed is reduced to
water, but the remaining fraction may be converted to free
radicals and reactive oxygen species.

Reactive oxygen species (ROS) are primarily formed as
the end products of the mitochondrial respiratory chain
or by the activation of NADPH-oxidase (nicotinamide
adenine dinucleotide phosphate-oxidase) (52). The most
important ROS forms are superoxide anion (O, "), hydro-
gen peroxide (H,0,) and the most reactive hydroxyl radical
(OH). Increased concentrations of superoxide anion and
hydrogen peroxides are produced during oxidative bursts,
when the phagocytic cells are stimulated by NADPH-oxi-
dase for destroying pathogenic agents [58]. The imbalance
between the production of ROS and the defence ability of
biological systems to detoxify these reactive intermediates
causes oxidative stress. This deleterious process can be an
important mediator of the structural and functional dam-
age of cellular macromolecules (lipids, proteins and nucleic
acids), which is reflected in metabolic disorders and dis-
eases in dairy cows [46]. Oxidative stress is also produced
in multiple physiological processes; from oocyte matura-
tion to fertilization, embryo development, parturition, and
in initiation of preterm labour and lactation. The period of
pregnancy is accompanied by a high energy demand for
many bodily functions, as a result of which, an increased
intake and utilization of oxygen takes place and thereby
augments the level of oxidative stress [50].

Oxidative stress plays a key role in the initiation or pro-
gression of numerous diseases, and especially dairy cows
undergo this deleterious process at the transition period.
Therefore, it must be controlled by supplying all known
antioxidant nutrients and by minimizing the effects of sub-

stances that stimulate reactive oxygen species.

OXIDATIVE STRESS IN PERIPARTURIENT
DAIRY COWS

The periparturient (transition) period is one of the most
stressful periods in the life of dairy cows. It constitutes gen-
erally three weeks prior to calving and continues for three

weeks post-calving. Dairy cows go through dramatic phys-

iological changes to prepare them for the onset of lactation
and subsequently for the climb to their peak milk produc-
tion. The time around calving is also considered to be a criti-
cal period with negative impacts on their energy and protein
metabolism [26]. In periparturient cows, tissues consume
more oxygen through normal cellular respiration during
times of increased metabolic demand in order to provide
the energy needed for the onset of lactation. This increase
in metabolic activity results in the enhanced accumulation
of ROS and the depletion of important antioxidant defences
around the time of calving [16]. The natural balance between
ROS formation and antioxidant defence can be disrupted
further by several other factors including; disease challenge,
obesity, increased plasma non-esterified fatty acid concen-
trations, and environmental stress (i. e., heat stress) [5].
Oxidative stress and metabolic changes of dairy cows
during the transition from late gestation to the peak lac-
tation are responsible for dysfunctional immune cell re-
sponses and increased disease susceptibility. Uncontrolled
or impaired immune and inflammatory responses in per-
iparturient dairy cows are associated with an increased
incidence and severity of infectious diseases including;
metritis, laminitis and mastitis. Antioxidant defence mech-
anisms are capable of slowing or preventing the oxidation
of other molecules by radical scavenging or detoxifying en-

zyme systems [52].

ANTIOXIDANT DEFENCE SYSTEM

In farm animals, the optimum supply with trace el-
ements depends on soil composition, fertilisation and
exploitation. The requirements of these elements are in-
fluenced by; species, rearing technology, type of diet, pro-
duction level, stage of pregnancy, health status, and genetic
predispositions [27]. Adequate trace mineral and vitamin
nutrition during the periparturient period in dairy cows
is essential for an effective antioxidant defence system. It
plays an important role in optimizing immune responses
and in helping the dairy cows cope with the stress of early
lactation and also avoiding many of the most common
diseases occurring shortly after calving [54]. For example,
selenium and Se-containing antioxidant enzymes prevent
oxidative stress by reducing ROS to less reactive molecules,
thus restoring an appropriate balance of reduced and oxi-

dized molecules within the cells.
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Selenium and vitamin E are the most studied antioxi-
dants in relation to the health status in young cows, since
their addition into the rations during the periparturient pe-
riod can reduce the severity and duration of disease occur-
ring during this period. Vitamin E is an integral component
of all lipid membranes, it acts inside them and neutralises
free radicals, as well as those produced by lipid peroxida-
tion. It represents the first line of cellular defence against
free radicals. Selenium performs its biological role in or-
ganism through the enzyme glutathione peroxidase (GPx).
The activity of this enzyme depends on the level of sele-
nium in the food, which can be used as a reliable indicator
of selenium biological availability [33]. However, at certain
concentrations of selenium, the activity of GPx reaches a
plateau, so that any further increase of the selenium level
results in no increase of the activity of this enzyme. High
selenium levels added into food (>5mg.kg™) lead to no lin-
ear increase of the activity of this selenoenzyme [23].

A sufficient antioxidant defence also influences the
reproductive functions in dairy cows by reducing the in-
cidence of postparturient diseases in dairy cows (retained
placenta, metritis and ovarian cysts) and thereby increase

the level of conceptions [22].

ROLE OF SELENIUM AND
GLUTATHIONE PEROXIDASE

Selenium provides a significant dietary source of an-
tioxidant defences. Selenium is recognized as an essential
trace mineral in diets of dairy cattle which is required for
maintenance of biochemical-physiological functions, such
as; biological antioxidants, immune functions, reproduc-
tion and thyroid hormone metabolism. This trace element
is very important for the proper intrauterine and postnatal
development of calves and its deficiency adversely affects
their growth, health and fertility. Selenium is present in all
of the cells and tissues of the body, but its levels in the blood
and tissues are very much influenced by the; dietary sele-
nium form, intake, conversion of absorbed selenium into
a biologically active form and tissue retention [55].

Selenium exerts its biological effects mainly through
enzymatically active selenoproteins. Their biosynthesis
depends on the 21st proteinogenic amino acid selenocys-
teine (SeCys) and thus, on the dietary selenium supply. It

has been suggested that up to 100 selenoproteins may exist
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in mammalian systems, of which up to 30 have been iden-
tified by °Se labelling in vivo. To date, 15 selenoproteins
have been purified or cloned allowing further characteriza-
tion of their biological functions. The first demonstration
of a biochemical function for selenium in animals came in
1973, when the element was discovered to be a constituent
of the enzyme glutathione peroxidase (EC 1.11.1.9, GPx),
which plays an important role in the body, especially in
the antioxidant system. Therefore, the antioxidant protec-
tive system of glutathione peroxidase depends heavily on
the selenium concentration of the body [47]. The major
physiologic role of this selenoenzyme is to protect biomem-
branes and other essential cellular components against an
oxidative challenge and to maintain appropriately low lev-
els of hydroperoxides within the cell, thus decreasing the
potential free radical damage. Glutathione peroxidase ca-
talyses the reduction of hydrogen peroxide and a variety
of hydroperoxides including lipid hydroperoxides to water
and the corresponding alcohols at the expense of the reduc-
ing equivalent glutathione, which serves as specific electron
donor substrate [14].

Selenium uptake and incorporation into erythrocyte
GPx is dependent upon the rate of erythrocyte turnover,
which ranges between 60 and 120 days depending upon the
species [57]. However, as whole-blood Se values increase,
the GPx enzyme becomes saturated, and further increases
in whole-blood Se tend not to be reflected in commensu-
rate increases in GPx activity [38]. Therefore, the estima-
tion of the whole blood GPx indicates the long-term and

the plasma GPx short-term selenium status of the body.

The body’s selenium status

The metabolism of selenium depends on its chemical
state and on the amount supplemented in the diet. Inor-
ganic (selenite, selenate) and organic forms (selenocyste-
ine, selenomethionine residues) of dietary Se supplements
are metabolized differently. These nutritional sources are
utilized for the synthesis of SeCys *“*tRNA to meet to the
SeCys codon for selenoprotein synthesis [32]. SeCys and Se-
Met are present in foods originating from plants and yeasts,
especially those grown in selenium-enriched soils and me-
dia, i.e. selenized plants, mushrooms and yeasts. Research-
ers have shown that organic Se is having 120—200 % more
bioavailability in comparison to the inorganic form of se-
lenium in cattle [6], [24], [29], [35] and in goats [44], [40],
[49]. Slavik etal. [51] also, indicated a higher bioavailabil-



ity of organic than inorganic selenium. Selenium-enriched
yeast was much more effective than sodium selenite (SS) in
increasing the concentration of Se in blood, colostrum and
milk, as well as the GPx activity. Both higher Se level and
GPx activity in the blood of lambs fed the diet supplement-
ed with Se-yeast rather than sodium selenite were reported
by Gresakova etal. [17].

The body’s selenium status is most frequently assessed
either directly from Se concentration levels, or indirectly
by measuring GPx activity [20], [41], [42]. Several publica-
tions are available which describe the relationship between
selenium concentration and GPx activity in dairy cows [11],
[15]. In assessing the selenium status in cattle, Pavlata
et al. [42] used three basic stages of evaluation: deficient
(<70pg of selenium per litre of whole blood), marginal
(70—100pgl™") and adequate (>100 pgl™?). In the study
of Scholz and Stober [48], blood level of selenium
higher than 100pgl™” was also described as an adequate
stage. Guard [18] determined the normal value of seleni-
um in the blood to be more than 120 ug.I}, values between
80—120pg.]™" as marginal Se status, and Se concentrations
lower than 80 pg.I"' as deficient selenium status.

Pavlata et al. [42], [43] evaluated the selenium sta-
tus in animals by measuring GPx activity, and they rec-
ommended the reference levels of GPx activity in whole
blood (<600 pkat.1"* deficiency, 600—700 pkat.I"* marginal,
>700 pkat.I"! adequate). Arthur etal. [4] recorded that in
cattle, the Se concentration of 96 pig.1"* corresponds with GPx
activity of 239 pkat.]"!, whereas, the values given by Tasker
et al. [56] are 76pgl’ and 300pkatl’. Ortman and
Pehrson [39], who studied the effects of various forms of
selenium supplementation in dairy cows, reported erythro-
cytic GPx activity 1400—1 600 pkat.1™! for cows with blood
Se concentrations around 90—10°ug.I". The correspond-
ing values given by Pehrson et al. [45] were 1869 +230
pkatl?and 112+ 11 pgl™

A significant correlation between selenium concen-
tration and GPx activity in whole blood samples was
found by Pavlata et al. [42] (r=0.90; P<0.01). The re-
gression line, defined by the equation y=6.44x+21.4, al-
lowed them to determine the GPx activity of 665.4 pkat.l™
as equivalent to selenium concentration in whole blood
100pugl". Mean Se concentration and mean GPx activ-
ity found in whole blood samples were 78.25+46.67 ug.1™*
and 525.51 + 335.56 pkat.l", respectively. Kovac et al. [27]
got corresponding GPx activity in the range of 569.32—

691.90 pkat.I"!, with the use of the most common reference
selenium value (70.30—100.32 pg.I!) in the whole blood of
dairy cows, and the correlation analysis showed the degree
of dependence between the measured indices (r=0.892;
y=0.0031x - 0.8749).

Selenium deficiency

Selenium deficiency has been linked to various dis-
eases, which have an endemic character. From the patho-
morphological and clinical points of view, these diseases
resemble avitaminosis E. Among them, the most frequent
are nutritional muscular dystrophy in calves and young cat-
tle (heifers after turning to pasture), reproductive disorders
(retained placenta, higher embryo mortality, higher inci-
dence of endometritis and ovarian cysts), higher somatic
cell counts in milk and mastitis, reduced resistance to, and
a higher incidence of respiratory and gastrointestinal infec-
tions in calves [26], [57]. Selenium deficiency can also cause
many health problems in young animals such as; increased
neonatal mortality, decreased sucking reflex, weakness, and
a higher occurrence of infectious diseases [12]. On the oth-
er hand, high concentrations of selenium are accompanied
by severe disorders of; the central nervous system, paraly-
sis, increased salivation, swallowing disorders, hair losses,
and abdominal pain. Selenium intoxication occurs also, in
the incorrect therapy of its deficiency [60].

Because clinically diseases are diagnosed only in severe
selenium deficiency, there is a need to detect subclinical
metabolic disorders with the use the most precise available
methods. Direct analysis of selenium and estimation of
GPx activity in the whole blood are the principal methods
utilized for estimating the selenium status in the body of

dairy cows [39].

SELENIUM AND IMMUNE
CELL FUNCTIONS

The innate immune response plays an important role in
preventing the establishment of infections, but an adequate
selenium nutrition is also needed because of the beneficial
health effects on dairy cattle immune cell functions. Sele-
nium deficiency decreases the activity and lifespan of neu-
trophils, macrophages, and lymphocytes. Mastitis, metritis,
retained placenta and laminitis are four common diseases

linked to a compromised immune system [21].
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Indeed, the ability of neutrophils to rapidly migrate into
mammary tissues and to effectively kill invading pathogens
is a major factor that determines the establishment of new
intramammary infections. Earlier studies have shown that
Se deficiency in dairy cows reduces the ability of both blood
and milk neutrophils to kill mastitis causing pathogens [53].
Selenium supplementation to neutrophils in vitro was effec-
tive at enhancing the chemotactic migration and increased
the production of superoxide needed for bactericidal activ-
ity. Neutrophils obtained from cows with higher concentra-
tions of selenium in the blood also had a greater potential to
produce superoxide and kill bacterial pathogens [10]. Mac-
rophages are a dominant leukocyte type found in healthy
mammary glands and represent another important defence
mechanism during the early stages of infections. During
mastitis, macrophages function by not only phagocytizing
bacteria, but also by releasing cytokines and eicosanoids
that facilitate the migration and bactericidal activities of
neutrophils [2]. Studies have shown that in vitro Se supple-
mentation of mammary gland macrophages enhanced the
production of neutrophil chemotactic factors following
stimulation with Staphylococcus aureus [37]. Lymphocytes
also can play an important role in regulating cellular immu-
nity through the production of immunoregulatory factors
following stimulation. Peripheral blood lymphocytes iso-
lated from Se-deficient dairy cattle had reduced rates of mi-
togen induced proliferation and reduced eicosanoid biosyn-
thesis by way of the 5-lipoxygenase (LOX) pathway when
compared to Se-sufficient cows [8]. Improvements in lym-
phocyte proliferative responses were reported when lym-
phocyte cultures were supplemented in vitro with increas-
ing dose of Se. Cao et al. [7] suggested that the reduced
production of 5-LOX metabolites may be a causative factor
in decreased lymphocyte proliferation and may contribute
to a decreased disease resistance in Se-deficient animals.

High-producing transition cows are highly susceptible
to oxidative stress, which Aitken et al. [3] reported to
contribute to mastitis pathogenesis by modifying the ex-
pression of genes coding for proinflammatory factors. The
monitoring of selenium status has a significant impact on
dairy cows and recent research has shown that Se supple-
mentation is effective in reducing the prevalence of; re-
tained placenta, metritis, and cystic ovaries during the early
postpartum period. In this period, the activity of glutathi-
one peroxidase is relatively low, but increases considerably

during early lactation, when it serves as a protective role
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in the proinflammatory state of the mammary gland [54].
As shown by Miranda et al. [34], the reduction in the
number of mammary epithelial cells with advancing lac-
tation is at least in part caused by oxidative stress, which
is accompanied by the loss of contact and cuboidal struc-
ture of cells, and the decrease in their viability as a result of
apoptosis stimulation. Research has shown mammary in-
fections and high somatic cell counts (SCCs) can negatively
impact colostrum quality, calf health and performance
[28]. Maunsell et al. [31] reported cows with persistent
mammary infections produced less colostrum, and colos-

trum with less protein, less fat and a higher SCCs.

SELENIUM AND GPX IN
PERIPARTURIENT DAIRY COWS

The major beneficial health effects of selenium are
thought to be a function of supporting important antioxi-
dant enzyme systems and controlling oxidative stress. In-
deed, several studies have shown that adequate Se supple-
mentation can reduce oxidative stress especially in high
producing dairy cattle during the periparturient period
[54]. Van Saum et al. [59] reported that in the body of a
pregnant female, mainly in the last third of pregnancy, the
uterus is given priority to other organs in the distribution of
some substances, according to the homeorhesis principle.
Where the cow has a marginal level of Se, the foetus still
receives adequate amounts of Se. However, when the cow is
deficient in this element, deficiency is also observed in the
foetus. Gunter etal. [19] also showed that GPx activity in
erythrocytes from calves at birth from cows fed Se-fortified
minerals was higher than in calves from cows fed minerals
with no Se; however, calves from cows supplemented with
seleno-yeast had higher (P <0.05) GPx activity at birth than
calves from cows supplemented with sodium selenite.

The low blood GPx post-partum is considered an indi-
cator of oxidative stress that occurs when this enzyme re-
duces plasma lipid peroxidation. Festild et al. [13] have
monitored GPx activity in dairy cows in different physi-
ological states (dry period, 0—7 days early lactation, lacta-
tion 25—35 days) and they have recorded a decrease of the
mean blood GPx in dairy cows 0—7 days after parturition
as a loss of homeostatic control in the postpartum period.
The average level of GPx in the dry period (advanced gesta-
tion) was 1.36 pkat.g™* Hb, while values related to the stages



of lactation were 1.22 pukat.g™' Hb, and 1.32 pukat.g™* Hb, re-
spectively. The similar decrease of erythrocyte GPx activ-
ity for the cows one week after parturition was observed
by Adela et al [1]. The average GPx activity was main-
tained around 2.15 pkat.g™' Hb in the first week after partu-
rition, and then increased to reach 2.77 pkat.g™ Hb in the
sixth week after parturition; a value comparable with that
of cows in late lactation (2.67 pkat.g™ Hb).

In new-born mammals and during suckling, the satu-
ration of offspring with selenium depends on the satura-
tion of the mother. During pregnancy, selenium passes in
considerable amounts through the placental barrier to the
foetus, thus reducing the body pool of selenium in a preg-
nant female. This is why in late pregnancy, when foetuses
develop and increase their weights most intensively, cows
have much lower serum selenium concentrations com-
pared to non-pregnant heifers and cows [51]. The placental
transfer is more effective than the transmission of selenium
to the calf via the milk. The concentration of selenium in
the milk depends on the amounts and the form of selenium
in the ration [25]. In the first weeks of life, milk is the only
dietary source of Se for new born animals. Its selenium
concentration is significantly increased mainly by products
containing Se organically bound in the form of selenome-
thionine [36]. Ortman and Pehrson [39] reported that
the Se concentrations in milk were increased by 190 % in
cows fed seleno-yeast compared with cows fed inorganic Se
sources. Therefore, increasing concentrations of Se in milk
by supplementing cows with seleno-yeast should improve
the Se status of suckling calves. There are studies in cattle
that make clear that concentration of selenium in milk
or colostrum increases in both the inorganic and organic
supplementation, but were significantly greater when dams

were fed organic selenium [9], [30].

CONCLUSIONS

The periparturient period in dairy cows is accompa-
nied by numerous physiological, metabolic and nutritive
changes. The ways in which they occur and develop have a
great influence on lactation performances, subclinical and
clinical postparturient diseases and reproductive disorders,
thus affecting the profitability of the dairy enterprise. Sele-
nium is an essential trace element of fundamental impor-

tance to health due to its antioxidant, anti-inflammatory

and attributed chemopreventive properties. The presence
of selenium in the active site of GPx enzyme indicates an
important biological role in the normal functioning of liv-
ing cells. The assessment of Se status by measurement of
GPx activity is based on the knowledge of its biological
functions and this measurement is usually preferred for
diagnostic purposes as a less exacting but less expensive
method. The transition period of dairy cows is character-
ised by a decrease of Se concentration and GPx activity in
the blood. The mother’s demands for selenium increase
because selenium is necessary for the foetus and the new-
born offspring. A deficiency of selenium result in biological
dysfunction associated with protein or membrane damage
which is reflected in metabolic disorders and diseases in
periparturient dairy cows.

Selenium supplementation is required to overcome the
deficiency signs and the bioavailability of the same depends
upon the nature of supplements used. Constant monitor-
ing of selenium concentrations is important as it enables
breeders to keep track of the animal’s selenium require-
ments and in time intervene if it is needed. At the same
time, regulating GPx activity reduces the risk of oxidative
stress and metabolic disorders, to which dairy cows, espe-

cially high-producing ones, are vulnerable.
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ABSTRACT

In Slovakia, trout represent fish which have a definite
impact on aquaculture. The fish microflora reported in
this investigation are mainly related to Gram-negative
bacteria. This study focused on staphylococci which are
known to produce antimicrobial substances. Intestines
from 59 trout (three Salmo trutta and 56 Onchorhyn-
chus mykiss) were sampled during the years 2007—2015.
Pure, randomly picked colonies were identified by the
MALDI-TOF identification system and were also gen-
otyped and confirmed by phenotypization. The iden-
tified strains belonged to eight staphylococcal species
(Staphylococcus warneri, S.pasteuri, S.hominis, S.epi-
dermidis, S.aureus, S.capitis, S.haemolyticus, S.equo-
rum) and they fell into five clusters/groups. Four strains
of S. aureus (SA313, SA314, SA318, SA319) inhibited the
growth of S. aureus indicator Sedl 4 (inhibitory zone of
up to 10mm). After treatment with EDTA, concentrat-
ed supernatants of all tested S. aureus strains showed an

inhibitory activity against the indicator strain Sedl 4 and

also against Enterococcus avium EA5, reaching an inhib-
itory activity of up to 800 AU.ml".

Key words: distribution; inhibitory activity; trout;

staphylococci

INTRODUCTION

In Slovakia, trout represent fish which have a significant
impact on the fish producing “industry”. Taxonomically, they
belong to the family Salmonidae. The microbial population
within the digestive tract of fish is rather dense, with the
number of microbiota much higher than those in the sur-
rounding water; the digestive tract provides a favourable
ecological niche for these organisms [16]. In this study we
focused on staphylococci. These bacteria belong to the bac-
terial division of Firmicutes and to the genus Staphylococcus
and are able to produce antimicrobial substances of a pro-
teinaceous character, i.e. bacteriocins [7], [8], [10]. In our

previous study, mainly coagulase-negative staphylococci in
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the trout’s digestive tract were identified [11]. In the micro-
bial profile of fish (trout included), this antimicrobial activity
related to staphylococci has not been described in detail.

The aim of this study was to extend the knowledge about
fish microbiota. Our investigations were also directed to
the potential antagonistic activity of selected staphylococ-
cal strains (due to bacteriocins) which could be utilized
against strains pathogenic for trout, such as, Vibrio cholerae
or Aeromonas salmonidae which are the most frequently
detected infective agents in fish [13], [17].

MATERIALS AND METHODS

The intestines from 59 trout (three Salmo trutta and
56 Onchorhynchus mykiss) were sampled during the years
2007—2015. The source of the trout were from different
waters/rivers/ponds located partially in the central but
mostly in eastern Slovakia. The samples were processed by
a standard microbiological method (ISO, diluted in Ringer
solution, ratio 1:9) and spread onto Mannitol Salt agar and
Baird-Parker agar with a supplement (Difco) for selected
staphylococci. Pure, randomly picked colonies were then
identified by the MALDI-TOF identification system (1) or
genotyped by PCR (4). The species allotment of the strains
was also confirmed by phenotypization (BBL, Gram-posi-
tive kit, Becton and Dickinson, Cockeysville, USA). The
strains (using MALDI-TOF) were identified by evaluating
the value score and their taxonomy was confirmed by com-
parison to the reference strains in Bergey's Manual [2].
For further studies, the strains were stored at -80°C (Mi-
crobank™ | ProLab, USA).

Up to now, only strains of S. aureus have been tested for
antimicrobial activity by the qualitative method against the
principal indicator strain (the most sensitive) Enterococ-
cus avium EA5 (isolated from faeces of piglets) and three
indicator strains S.aureus, i.e. Sedl4, Bokl, SA5 (isolated
from cheeses and mastitis milk) on Brain Heart agar plates
(Difco). The inhibitory zones were expressed in mm. Then,
the supernatants of active strains were treated with EDTA
(to exclude the possible effects of other components), con-
centrated using Concentrator plus 5305 (Eppendorf, Ger-
many) and tested repeatedly against two indicator strains
(E.avium EA5 and S. aureus Sedl 4) by the quantitative agar
spot method [3]. The inhibitory activity was expressed in
Arbitrary Unit per ml (AUml™).
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RESULTS AND DISCUSSION

Thirty-two strains from 59 trout were identified to the
species level. The identified strains belonged to eight differ-
ent staphylococcal species as follows: Staphylococcus war-
neri (10 strains), S.pasteuri (5 strains), S.hominis, S. epi-
dermidis, S.aureus (4 strains to each one species), S. capi-
tis (3 strains), S.haemolyticus (1 strain), and S.equorum
(1 strain). In the case of the MALDI-TOF identification, the
validated evaluation score of most strains was in the range
for the high probable species identification (2300—3000)
or secure genus identification/probable species identifica-
tion (2000—2299). Only a few strains showed an identifi-
cation score for probable genus identification (up to 1999).
Phenotypic tests showed the principal biochemical and
metabolic properties responsible for the appropriate spe-
cies confirmation. The genotyping confirmed the taxonomy
of the isolates, as well. Twenty-eight strains belonged to co-
agulase-negative staphylococci (CoNS); only four S. aureus
strains were coagulase-positive staphylococci (CoPS). Wide
species variation was found among isolated staphylococci;
based on 16S r RNA sequences presented by Takahashi
et al. [19], most staphylococcal species fall into 11 clusters
and the species detected in our study fell into five of these
11 clusters. To summarize, 32 isolated strains were allot-
ted to eight species and to five clusters/groups. The strains,
S.warneri and S. pasteuri were from the S. warneri cluster/
group. S. haemolyticus and S.hominis strains belonged to
the S. haemolyticus group. The strains identified as S. epi-
dermidis and S. capitis were included in the S. epidermidis
group. S.equorum is a species of the S.saprophyticus clus-
ter/group and finally the strains of S. aureus belonged to the
S.aureus cluster/group. In general, the representatives of
the CoNS are the dominant staphylococcal species detected
in animals. Laukova [7] detected S. epidermidis, S. cohnii,
S. xylosus and S. saprophyticus in the rumen of European
bisons and mouflons. The species, S. warneri, S. epidermidis
and S. cohnii, were also those most frequently detected in
the rumenal wall of lambs [8]. Similar to our findings in tr
out, Kandri¢akova [5] reported staphylococcal species
such as, S. equorum, S. warneri, S. haemolyticus, S. hominis,
S. epidermidis in the faeces of ostriches, but S. succinus were
also present in ostrich faeces.

As a follow-up to our previous bacteriocin studies in
staphylococci [9], [10], we decided to also check the bacte-

riocin activity of the identified strains. Up to now, S. aureus



Table 1. Inhibitory activity of the tested Staphylococcus aureus

strains against indicator strains Staphylococcus aureus Sedl 4 and

Enterococcus avium EA5 (tested by the quantitative method and
expressed in Arbitrary Unit per ml — AU.ml")

Inhibitory activity
[AU.mI"]

Tested strains Indicator strains

Sedl 4 EAS
SA313 800 800
SA314 800 800
SA318 400 400
SA319 800 400

S. aureus Sedl 4 — indicator strain isolated from cheese
E. avium EA5 — indicator strain isolated from piglet’s faeces

strains were only checked for bacteriocin activity with the
aim to detect bacteriocin active strain and/or, e.g. aureo-
cin-producing strain. Our examinations showed that four
strains of S. aureus (SA313, SA314, SA318, SA319) inhib-
ited the growth of S. aureus indicator strain Sedl 4 with
an inhibitory zone of up to 10 mm. After treatment with
EDTA, the concentrated supernatants of all tested S. au-
reus strains showed inhibitory activity not only against
the indicator strain Sedl 4, but also against EA5 strain,
reaching an inhibitory activity of up to 800 AU.ml™* (Table
1). Padilla et al. (14) described a S. xylosus strain which
caused mortality in red porgy fish. Bacteriocins are very
good antagonists against Gram-positive bacteria, so there
is a potential of our bacteriocin active strains of S. aureus
for this type of use. Of course, our results are preliminary,
but we will continue in testing to find the spectrum of
inhibitory activity of our isolates. Nowadays, more fre-
quently, the use of probiotics in aquaculture is indicated
[18]. However, probiotic candidates need to be evaluated
according to EFSA rules [15]. But, bacteriocins are not in-
cluded in this evaluation, so maybe after further detailed
in vivo studies a new way for further bacteriocins usage in
aquaculture will be suggested. This is only a hypothesis,
but the number of studies indicating future prospective for
bacteriocin-producing and probiotic strains in aquacul-

ture continues to increase [6], [12].

CONCLUSIONS

A wide variation in the distribution of staphylococcal
species in trout was detected. The strains identified in our
study belonged to eight staphylococcal species and five clus-
ters/groups. S.aureus SA313, SA314, SA318, SA319 inhib-
ited the growth of S. aureus indicator Sedl 4 (inhibitory zone
of up to 10 mm). After treatment with EDTA, concentrated
supernatants of all tested S. aureus strains showed inhibitory
activity not only against the indicator strain of S. aureus Sedl
4, but also against the E. avium EA5 strain reaching an in-
hibitory activity of up to 800 AU.ml™. The bacteriocin active

potential of fish staphylococci was indicated.
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