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ABSTRACT

The objective of this study was to assess the ef-
fects of parity and of days in milk (DIM) on milk urea 
(MU) and other milk components in Holstein dairy 
cows. Milk yield was lower (P < 0.05) in primiparous 
cows compared with multiparous cows and tended to 
increase until the third parity and then decrease. The 
MU concentration was lower (P < 0.05) at the first lac-
tation than at the other lactations. Milk fat and protein 
contents were higher (P < 0.05) in the primiparous cows 
than that in multiparous cows and were reduced until 
the third parity and then increased. Lower (P < 0.05) 
milk lactose content was found in primiparous cows 
and tended to increase until the third parity and then 
decreased. Primiparous cows had lower (P < 0.05) dai-
ly protein and fat yields compared with multiparous 
cows. The lowest value of milk yield was recorded dur-
ing the first lactation with a peak of lactation between 
61—90 DIM and a persistence of lactation of 3 %. The 
highest milk yield was confirmed at the third and fourth 
lactations with a peak of lactation between 61—90 DIM 
and a persistence of lactation of 7 % and 6 %. The ef-
fect of DIM on MU confirmed a significant (P < 0.01) 

positive relationships in primiparous and multiparous 
cows. The lowest level of MU concentration was found 
between 0—30 DIM. The content of MU increased and 
the maximum was achieved between 271—305 DIM. It 
is suggested that although MU for nutritional manage-
ment and measures of production or reproduction are 
used, non-nutritional factors should be considered.

Key words: milk yield; non-nutritional factors; 
urea in milk

INTRODUCTION

The content of lactose in milk and the quantity of milk 
are affected by the composition of the feed ration through 
the starch content in total mixed ration (TMR) and its 
rumen fermentation to produce propionic acid, which in 
gluconeogenesis in the liver affects blood glucose levels 
[25]. Precursors for milk protein synthesis in the mam-
mary glands are metabolizable amino acids that are trans-
ported from the small intestine into the mammary glands 
and amino acids mobilized from the body reserves [17]. 
The synthesis of fat in the mammary glands are supported 
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by two sources. The first source is the synthesis of short 
and medium chain fatty acids de novo in the mammary 
glands of acetic acid and beta hydroxybutyric acid after 
the microbial fermentation of carbohydrates in the rumen. 
A second source are long chain fatty acids circulating in 
the blood reserves [4]. 

Urea as a part of the non-protein fraction of nitrogen 
in milk represents the final product of protein metabolism 
in the rumen of ruminants [9]. In dairy cows, urea can be 
found as a component in blood, milk, saliva and urine. The 
ammonia appears as a product of protein or non-protein ni-
trogen components digestion by the microorganisms in the 
rumen. The rumen microflora uses ammonia and energy for 
microbial proteins production. The excess of ammonia in 
the rumen appears when microorganisms are not supplied 
with a sufficient quantity of energy or when the protein 
component in the diet is in surplus. The excess of ammo-
nia enters into the bloodstream and is transported into the 
liver, where it is transferred to urea by metabolic processes 
[5]. Urea is transported by the bloodstream to the kidneys 
and excreted from the organism or is returned to the ru-
men or is transported to the mammary glands, where it can 
easily pass through the cell membrane and increase the 
urea concentration in milk [16]. M a r e n j a k  et al. [18] 
reported that the normal concentration of MU in cow’s 
milk ranges between 10 to 30 mg.dl–1 and  P y t l e w- 
s k i  et al. [22] reported it to be 25 mg.dl–1. 

The concentration of MU depends on various genetic, 
productive, nutritional and non-nutritional factors. Only 
a few researchers have investigated the effects of non-nu-
tritional factors on milk and MU concentration [1, 23]. 
Non-nutritional factors explained 13.3 % of the variation 
in MU [2] and production and environmental factors ex-
plained 37 % of the MU variation in cows [11].

The aim of our study was to determine the effects of 
non-nutritional factors, such as parity and DIM on milk 
yield, milk components and MU in the milk dairy cows.

MATERIALS AND METHODS

Data collection
This study included 5838 Holstein cows from a Slo-

vakian dairy farm from January 2018 to December 2018. 
Cows were selected according to parity: primiparous cows 
(lactation number = 1) and multiparous cows (lactation 

number > 1, range 2—5+). According to DIM, cows were 
grouped into 30 days (d) increments (0—30, 31—60, 61—
90, 91—120, 121—150, 151—180, 181—210, 211—240, 
241—270, 271—305 d). 

The cows were maintained in free-stall housing and fed 
with a TMR, based on corn and alfalfa silage, supplement-
ed with different carbohydrate’s feeds (cereal grains and 
cereal grain by-products) and protein supplements (rape-
seed meal) provided ad libitum. The TMR was formed 
monthly depending on the nutrient requirements according 
to the milk yield and capacity of dry matter intake (DMI) 
for primiparous and multiparous cows. The samples of the 
TMR were taken from the feed manger on the control day 
and were analysed for dry matter (DM), which consistent 
of crude protein (CP), fat, acid and neutral detergent fibre 
(ADF, NDF) and starch analysed by conventional meth-
ods [8]. The DM was determined by weight upon drying 
the sample at 105 °C under the prescribed conditions. The 
CP content was determined by the Kjeldahl method using 
a 2300 Kjeltec Analyzer Unit (Foss Tecator AB, Hoganas, 
Sweden). The fat was determined by the device Det-Gras 
(JP SELECTA, Spain). The ADF and NDF were deter-
mined using Dosi-Fiber Analyzer (JP SELECTA, Spain) 
and the content of starch was determined by polarimetry. 
The net energy of lactation (NEL) and non-fibre carbohy-
drates (NFC) were calculated using regression equations 
according to the National Research Council (NRC) [20].

The cows were milked twice a day and individual milk 
samples were analysed once per month. This took place 
in the Central Analytical Laboratory of Milk with accred-
itation under the registration number 096/5878/2015/2 in 
collaboration with The Breeding Services of Slovakia, us-
ing the breeding information system. Milk samples were 
analysed for the milk protein, fat, lactose and MU concen-
tration by a near-infrared spectrophotometric assay using 
MilkoScan FT+ (Foss Electric, Hillerød, Denmark) and 
BENTLEY FTS (Bentley Instruments Inc., Chaska, USA). 
Daily yields of protein and fat were calculated by multi-
plying the percentage of milk components with milk yield 
per day [24].

Ethical considerations
Data used in this study were obtained with the consent 

of the farm in collaboration with The Breeding Services of 
Slovakia, using the Breeding Information System.
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Statistical analysis
The data were processed by the IBM SPSS Statis-

tics version 24.0 [12]. The results were expressed as the 
means ± standard deviations (SD). One-Way analysis of 
variance (ANOVA) for multiple comparison of means 
were conducted to evaluate the differences in parame-
ters of milk yield, milk components and MU, where the 
parity was set as the main factor at a significance level 
of P < 0.05. Subsequently, the analysis of correlation be-
tween MU concentration (dependent variable) and DIM 
(independent variable) was performed during lactation in 
primiparous and multiparous cows using the correlation 
procedure IBM SPSS Statistics version 24.0 [12]. Differ-
ences between both groups were declared significant at 
P < 0.01. 

RESULTS 

The composition of the dairy herd according to par-
ity is shown in Fig. 1. The dominated group was young 
dairy cows in the first lactation (38.4 %), following the 
dairy cows in second (28.5 %) and third (20.6 %) lactation. 
Dairy cows in fourth, fifth and over lactation represent 
6.8 % and 5.7 % of the herd.

The composition and average concentration of nu-
trients in TMR are presented in Table 1. The nutritional 
composition of TMR for the year fluctuated in the range, 
which was recommended by the nutrient requirement [20] 
for primiparous and multiparous cows. Separate formed 
TMR for primiparous and multiparous cows showed no 
significant differences in the analysed nutrients content. 

Daily intake of nutrients in primiparous and multip-
arous cows are presented in Table 2. The daily intake of 
nutrients, on average for the year and in early lactation 

Fig. 1. Composition of dairy herd according to parity

Table 1. The composition and analysed nutrients content of TMR 
in primiparous and multiparous cows 

 Primiparous 
cows

Multiparous 
cow

Composition of TMR 
[kg]

Corn silage 7.0—39.0 7.0—39.0

Clover silage 6.0—14.0 6.0—16.0

Grass silage 2.0—6.0 2.0—6.0

Alfalfa silage 13.0—22.0 13.0—22.0

Rye silage 7.0—17.0 7.0—17.0

Oat silage 2.0—17.0 2.0—17.0

Alfalfa hay 0.7—3.0 0.8—3.0

Wheat straw 0.5—1.0 0.5—1.0

Cereal grain mixture 0.8—3.7 0.5—4.5

Rapeseed meal 0.4—6.0 0.4—6.0

Wet distillers grains 4.0 4.0

Concentrate mixture 0.3—4.2 0.3—4.5

Nutrients content of TMR 
[g.kg–1 DM]

CP 154.0 ± 12.2 154.3 ± 11.9

Starch 222.4 ± 53.5 220.5 ± 52.2

Fat 41.4 ± 6.3 41.0 ± 5.6

NDF 379.3 ± 42.2 378.5 ± 42.9

ADF 233.5 ± 30.0 234.4 ± 29.6

NFC 351.1 ± 38.8 351.7 ± 39.2

NEL  6.4 ± 0.3  6.4 ± 0.3

DM—dry matter; CP—crude protein; NDF—neutral detergent fibre; ADF—
acid detergent fibre; NFC—non-fibre carbohydrates; NEL—net energy of 

lactation; TMR—total mixed ration
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showed no significant differences between primiparous 
and multiparous cows. Differences were found between 
maxi mum and minimum nutrient intake values.

Effects of parity on milk yield, milk components 
and MU are presented in Table 3. Milk yield was lower 
(P < 0.05) in primiparous cows compared with multipa-
rous cows and tended to increase until the third parity and 
then decrease. 

The mean value of MU for the first lactation was lower 
(P < 0.05) than that of the second, third, fourth and greater 
parity means. 

The milk fat and protein contents were higher (P < 0.05) 
in primiparous cows than that in the multiparous cows 
and tended to be reduced until the third parity and then 

increase. Lower (P < 0.05) milk lactose content was found 
in primiparous cows compared with multiparous cows and 
tended to increase until the third parity and then decrease. 

Primiparous cows had lower (P < 0.05) daily protein 
and fat yields compared with the multiparous cows. 

The dynamics of milk yield in different parities are 
shown in Fig. 2. Evaluation of milk yield according to 
parity confirmed the lowest milk yield during the first 
lactation (32.5 ± 6.4 kg.d–1) with the lowest initial quan-
tity of milk (29.0 ± 7.3 kg.d–1) and the lowest peak of 
lactation (34.8 ± 6.3 kg.d–1) between 61—90 DIM and 
persistence of lactation 3 %. The highest milk yield was 
confirmed in the third and fourth lactation (38.5 ± 10.3; 
37.5 ± 10.0 kg.d–1) with the highest initial quantity of milk 

Table 2. Daily intake of nutrients in primiparous and multiparous cows 

Daily intake of nutrients 
[kg.d–1]

 Primiparous cows Multiparous cows

1st—3rd phase 1st phase 1st—3rd phase 1st phase

± SD
 (Min—Max)

± SD
 (Min—Max)

DMI 21.07 ± 1.7
17.0—24.0

22.77 ± 1.2
21.30—24.30

21.29 ± 2.1
18.00—25.30

23.68 ± 1.8
20.90—26.00

CP intake 3.20 ± 0.3
2.14—3.79

3.45 ± 0.3
2.76—3.79

3.24 ± 0.6
2.23—4.20

3.61 ± 0.4
3.00—4.08

Starch intake 4.69 ± 1.1
3.66—6.45

6.02 ± 0.4
5.30—6.72

4.71 ± 1.4
2.17—6.78

6.10 ± 0.7
4.43—6.75

NDF intake 7.72 ± 1.0
6.10—12.05

8.00 ± 0.3
7.79—8.51

7.78 ± 1.4
6.14—12.51

8.23 ± 0.6
7.79—9.11

NEL intake 132.22 ± 12.4
114.46—161.47

150.66 ± 7.1
141.24—161.47

133.67 ± 24.7
123.20—170.28

156.45 ± 10.6
138.15—170.28

DMI—dry matter intake; CP—crude protein; NDF—neutral detergent fibre; NEL—net energy of lactation

Table 3. Effect of parity on milk yield, milk components and MU

Lactation 
order

Milk yield
[kg.d–1]

MU
[mg.dl–1]

Fat
[%]

Protein 
[%]

Lactose
[%]

Protein yield
[kg.d–1]

Fat yield 
[mg.dl–1]

1 32.5 ± 6.4a 27.42 ± 6.8a 3.75 ± 0.7a 3.25 ± 0.3a 4.75 ± 0.1a 1.05 ± 0.2a 1.20 ± 0.3a

2 37.2 ± 9.3b 27.90 ± 7.2b 3.59 ± 0.7b 3.23 ± 0.3a 4.85 ± 0.2b 1.18 ± 0.3b 1.30 ±0.3b

3 38.5 ± 10.3c 28.30 ± 7.3b 3.52 ± 0.8c 3.18 ± 0.4b 4.95 ± 0.2c 1.20 ± 0.3b 1.32 ±0.4b

4 37.5 ± 10.0b 28.00 ± 7.8b 3.64 ± 0.7d 3.20 ± 0.4b 4.92 ± 0.3c 1.19 ± 0.3b 1.34 ±0.4b

 5+ 34.9 ± 10.5d 28.14 ± 6.8b 3.73 ± 0.8e 3.22 ± 0.3b 4.82 ± 0.2d 1.11 ± 0.3c 1.28 ± 0.4c

MU—milk urea; d—day; a, b, c, d, e—Means within the same column with different superscripts are significantly different at P < 0.05
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Fig. 2. Dynamics of milk yield in different parities

Fig. 3 Effect of DIM on MU concentration in different parities

Fig. 4. Dynamics of milk yield and protein content in different parities
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(37.2 ± 9.1; 40.5 ± 7.3 kg.d–1) and the peak of lactation 
(45.9 ± 7.3; 42.8 ± 9.0 kg.d–1) also between 61—90 DIM 
and persistence of lactation 7 % and 6 %. First lactation 
cows achieved 76 % of the peak for mature cows and 79 % 
of the peak for second lactation cows. Cows at the second 
lactation achieved 94 % of the peak for mature cows.

The effect of the DIM on MU in different parities is 
shown in Fig. 3. The MU concentration was significantly 
(P < 0.01) influenced by the DIM with the coefficient of de-
termination R2 = 0.74 in primiparous cows and R2 = 0.83 
in multiparous cows.

The lowest levels of MU concentration (24.32 ± 7.6; 
25.23 ± 9.1 mg.dl–1) were found between 0—30 DIM in 
primiparous and multiparous cows. In the following DIM, 
the content of MU increased and the maximum concen-
tration (28.63 ± 6.9; 29.13 ± 6.7 mg.dl–1) was achieved be-
tween 271—305 DIM. 

The dynamics of milk yield, protein and fat contents in 
different parities are shown in Fig. 4 and Fig. 5.

According to parities, it was confirmed that lower milk 
yields and higher protein and fat contents occurred in the 
primiparous cows, compared with the multiparous cows. 
According to DIM, it was confirmed that the milk yield 
increased proportionally with an increase of DIM into the 
peak of lactation and thereafter decreased. Protein and fat 
contents decrease into the peak of lactation and then after 
the peak, they tended to increase.

DISCUSSION

The lower milk yields in primiparous cows compared 

to multiparous cows are consistent with a previous study 
by  Y o o n  et al. [27]. The lactation order is associated 
with the age of the cows. When the primiparous cows use 
nutrients from TMR for full development of tissues of the 
mammary gland and body frame, the milk synthesis is lim-
ited [21].

The lower MU content in primiparous cows compared 
to multiparous cows is conditioned by the growth of the 
body and higher efficiency of amino acid utilization. As 
a result, deamination of amino acid and urea formation 
in the liver are reduced [7]. While some studies [10, 16] 
reported that MU was lower in primiparous cows, other 
studies [9, 14, 15] found the highest MU concentration in 
primiparous cows and the lowest in multiparous cows.

Higher milk fat and protein contents in primiparous 
cows were connected with the lower milk yield; when the 
limiting milk yield associated with the growth of mamma-
ry gland and promotes a higher fat and protein contents in 
milk [21]. 

Lower milk lactose in primiparous cows compared 
with multiparous cows and tend to increase until the third 
parity and then decrease is due to increase of milk yield 
during the lactation, when the synthesis of lactose in the 
mammary gland regulates the milk secretion [19]. 

Increased need of nutrients for primiparous cows limits 
milk yield with a decrease in protein and fat yield com-
pared to multiparous cows [21].

The confirmed results of the lowest milk yield during 
the first lactation with the low initial production and peak 
of lactation compared with cows in third and fourth lac-
tation fully correspond to those of B a u l et al. [3], who 
confirmed a sharper course of the lactation curve in the 

Fig. 5. Dynamics of milk yield and fat content in different parities
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group of mature cows as a consequence of a lower start of 
production, with a lower peak and a slower decline in milk 
production after the peak of lactation in primiparous cows 
compared to mature cows. Milk yield increases as pari-
ty proceeds because large cows produce more milk than 
small cows due to large body size and increased mammary 
gland development that comes with repeated pregnancies 
as well as the full development of tissues of the mammary 
gland. Milk yields declined in the fifth and over parity. The 
decline is due to the decline in body condition over the 
recurring pregnancies [21].

The results of the lower MU between 0—30 DIM in 
primiparous and multiparous cows and maximum MU 
concentration between 271—305 DIM correspond to 
those of  Y o o n  et al. [27], who observed the highest val-
ues of MU during late lactation and the lowest during early 
lactation. According to  J í l e k  et al. [14] the lower MU 
content in the first month of lactation is because of the in-
ability of cows to digest a sufficient amount of feed at the 
beginning of the lactation. This can result in a relatively 
lower intake of proteins. In later lactations, as milk pro-
duction declines, the protein requirement also decreases, 
and that MU should also decline. High of MU in the late 
lactations suggests the possibility that, protein is overfed 
in late lactations or the ration contained a different amount 
of rumen degradable protein than earlier in lactations [15].

The declining dynamics of milk yield during lacta-
tion is consistent with conclusions by  V i j a y a k u m a r  
et al. [26], influenced by homeorhetic stimulation of met-
abolic regulation of nutrients intake for milk synthesis, as 
well as the synthetic capacity of mammary gland by differ-
ent recovery of secretory cells at the peak and end of lac-
tation. The increase of milk protein and fat contents during 
lactation is consistent with previous studies by B o n d a n 
et al. [6]. The decrease of milk yield in continuous lac-
tation cause the protein and fat contents to remain more 
concentrated [13].

CONCLUSIONS

Our results confirmed the significant impact of non-nu-
tritional factors (parity and DIM) on milk yield, milk com-
ponents and MU. Results from this study show statistically 
significant (P < 0.05) impact of parity to milk yield, milk 
components and MU. Positive relationships (P < 0.01) be-

tween DIM and MU were also confirmed. These results 
suggest that previously mentioned non-nutritional factors 
should be evaluated when the relationship between MU 
concentration and nutritional management on dairy farms 
is determined.
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ABSTRACT 

A disease of unknown origin connected with severe 
pneumonia was identified in Wuhan (China) in De-
cember 2019. It was named coronavirus disease 2019 
(COVID-19). The disease had rapidly spread all over 
the world, including Europe. The World Health organ-
ization (WHO) declared the disease a pandemic. The 
aim of this study is to summarize and to compare ob-
jectively the epidemiological situation of COVID-19 in 
European countries from 15 February 2020 to 31 De-
cember 2021. Due to the significant difference in the 
population of individual states, all data were calculated 
per 1 million people (parameter/1M). Cases/1M, num-
ber of death/1 M, and % of death (case fatality rate) 
were compared. The actual situation on 31 December 
2021 was quantified by comparing the active cases/1 M 
in each European country. The situation in Europe has 
been compared also with those on the other continents 
of the world, respectively on 31 December 2021. In or-
der to monitor the development of the disease spread 
on the national level, the European countries were 

compared after division into six regions: South, West, 
North, Middle, Balkan and East. These data were re-
corded daily from 15 February to 31 December 2021.

Key words: COVID-19; Coronavirus; Europe; 
spread of disease

INTRODUCTION

A respiratory disease of unknown origin was identi-
fied in Wuhan (China) in December 2019 [5, 22]. A novel 
coronavirus named “Severe acute respiratory syndrome 
coronavirus 2” (SARS-CoV-2) was isolated from the clus-
tered cases. The disease caused by SARS-CoV-2 has been 
named Coronavirus Disease 2019 (COVID-19) [12]. The 
first identified case in Europe was detected by the National 
Reference Centre for Respiratory Viruses at the Institute 
Pasteur in Paris (France) on 24 January 2020 [3]. During 
February 2020, there were COVID-19 cases in 35 coun-
tries, with 67,120 confirmed infections and 1,526 deaths. 
China accounted for 99.22 % of infections and 99.87 % of 
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deaths [1]. After the first confirmed cases imported into 
Europe, model studies assumed a high risk of COVID-19 
widespread for Europe, especially in countries with im-
portant international airports [10]. However, the reality ex-
ceeded the assumptions. Due to a global travelling of peo-
ple the virus had rapidly spread all over the world and the 
outbreak is now widespread. On 11 March 2020 the dis-
ease was reported in 114 countries and the Director Gen-
eral of the World Health Organization (WHO) declared 
a pandemic [6]. Currently, the COVID-19 is present in all 
48 European countries; Montenegro (17 March) and Isle 
of Man (19 March) were the last affected countries [15]. 

The attack rate or transmissibility of a virus is indi-
cated by its reproductive number (R0), which represents 
the average number of people to which a single infected 
person will transmit the virus. The R0 is calculated by 
a mathematic model based on epidemiological data. WHO 
estimated that the transmission rate of SARS-CoV-2 virus 
varied between 1.4 and 2.5 [11, 14]. But according to oth-
er models the R0 can be 2.24 to 3.58 [8, 21]. Preliminary 
studies had estimated R0 to be between 1.4 and 3.5 [9, 11]. 
The measure of disease severity is represented by the case 
fatality rate (CFR) expressed as a percentage of death from 
the disease for a particular period. In March 2020, the CFR 
was expected to be at around 2—3 %, but it may vary by 
country [13]. Data dealing total and current numbers of 
cases or mortality can be found on various national and 
global sites. Uniformly processed data are accessible from 
the website Worldometer (https://www.worldometers.info/
coronavirus/), which is a reference website that provides 
counters and real-time statistics for diverse topics. It is 
currently also dealing with the situation in COVID-19 
based on data provided by individual countries from all 
continents of the world [20]. 

The aim of this study is to objectively summarize the 
epidemiological situation in COVID-19 in each European 
country from 15 February 2020 to 31 December 2021. The 
individual countries emphasize the information dealing 
the total number of infected patients, the total number of 
deaths and the total number of active cases, which charac-
terizes the epidemiological situation at a given time. Given 
the markedly different population sizes in different coun-
tries, it is more objective from an epidemiological point of 
view to report prevalence values, i. e. the number of cases, 
the number of deaths or the number of active cases per 
million inhabitants [2].

COVID-19 situation in Europe and on the 
other continents on 31 December 2021

The European situation in comparison with that on the 
other continents is described in Figure 1. All data about 
COVID-19 cases, death, mortality rate (percentage of death) 
and active cases were recorded on 31 December 2021 and 
have been calculated per million of the population of in-
dividual continents of the world, respectively (cases/1 M, 
death/1 M, active cases/1 M). The number of population has 
been recorded based on the Worldometer population data 
also on 31 December 2021. Only the population of countries 
with registered COVID-19 occurrence has been counted. 

In Europe, North America including the Caribbean 
and in South America, all countries are registered. In Asia, 
there are no available data from North Korea. In Africa, 
the data from Saint Helena are inaccessible and in Oceania 
data were registered only in 6 countries from 23 (Austral-
ia, New Zealand, French Polynesia, Papua New Guinea, 
Fiji and New Caledonia). It can be assumed that the num-
ber of total cases can be significantly higher worldwide, 
because the disease can occur with mild atypical symp-
toms, or, even asymptomatic [16]. 

From the Figure 1 it is evident that while in the number 
of cases and deaths per million of the population, the re-
sults were the worst in South America, the actual situation 
(active cases/1 M) was the hardest in North America. The 
CFR was the highest in South America (2.99 %). The aver-
age CFR value in the world (1.89 %). For Europe, this val-
ue has a declining trend over time, but the rate of decrease 
in % of death varies from country to country (details not 
shown). The number of all cases/1 M in Europe was high-
est, up to 120 thousand. 

Epidemiological situation in European countries 
on 31 December 2022

In order to monitor the development of the disease 
spread on the national level, the European countries were 
compared after division into regions. This division does 
not follow exactly the political division of European coun-
tries, but is based on the geographical position of the given 
country. In this article Europe was divided into 6 regions:

South: Italy and Vatican City (Italy & V), Spain, Portu-
gal, Malta, Andorra, San Marino, Gibraltar;

West: Germany, France, United Kingdom (UK), Ire-
land, Switzerland, Belgium, Netherlands, Luxembourg, 
Liechtenstein, Monaco, Channel Islands, Isle of Man;
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Fig. 1. Number of cases per million, number of deaths per million, % of deaths and active cases 
per million worldwide as of 31 December 2021. Data from Worldometer as of 31. 12. 2021

North: Sweden, Finland, Norway, Denmark, Iceland, 
Faroe Islands;

Middle: Austria, Czech Republic, Poland, Slovakia, 
Hungary, Slovenia;

Balkan: Croatia, Serbia, Bosnia and Herzegovina, 
Montenegro, North Macedonia, Albania, Bulgaria, Greece;

East: Russia, Belarus, Ukraine, Latvia, Lithuania, Es-
tonia, Moldova, Romania.

Cases/1 M in individual countries
As described in Table 1, most cases/1 M were recorded 

especially in the southern countries. However, the prev-
alence of the disease is often significantly higher in the 
smaller countries with a smaller area and lower popula-
tions. The population of San Marino at 31 December 2021 
was 33,943/240,966 cases in total, in Andorra the popula-
tion was 77,286 persons/306,520 cases in total. It should 
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be borne in mind that in these countries the infrastructure 
is being built for a given population, and a sudden increase 
in the number of infected people poses as serious a prob-
lem for the health service as in larger countries with larger 
populations.

From epidemiological data, it is known that the virus 
spreads most rapidly in places with high urbanization and 
population density [4]. Therefore, it is understandable that 
in the city-state of San Marino, the case/1M in COVID-19 
was so high. Of the other countries, the situation was quite 

serious in Spain, Moldova or Sweden. The prevalence of 
COVID-19 as of 31 December 2021 was generally lowest in 
Central European countries. WHO highlighted the risks in 
cities and urban environments and the need to put measures 
in place, in particular the benefit of using masks [18, 19].

Death/1 M and the percentage of death 
in individual countries

Although WHO has issued guidelines for surveillance 
and certification of COVID-19 as a cause of death, coun-

Table 1. Southern European countries

State Active cases/1 M Cases/1 M Death/1 M % of death

Italy + Vatican 14 934 101 539 2 278 2.24

Spain 26 378 136 547 1 912 1.40

Portugal 17 603 136 881 1 867 1.36

Malta 26 738 118 368 1 076 0.91

Andorra 39 212 306 520 1 808 0.59

San Marino 29 967 240 966 2 938 1.22

Gibraltar 26 013 258 374 2 969 1.15

Europe 15 145 117 115 2 041 1.74

Data from Worldometer as of 31. 12. 2021

Table 2. Western European countries

State Active cases/1 M Cases/1 M Death/1 M % of death

Germany 8 086 85 246 1 339 1.57

France 26 840 152 280 1 889 1.24

UK 36 167 189 095 2 172 1.15

Ireland 42 757 157 073 1 178 0.75

Switzerland 36 275 152 525 1 408 0,92

Belgium 29 159 179 137 2 427 1.35

Netherlands 27 398 182 225 1 217 0.67

Luxembourg 12 497 161 828 1 427 0.88

Liechtenstein 8 461 159 511 1 802 1.13

Monaco 12 431 130 289 958 0.74

Channel Islands 26 410 156 058 641 0.41

Isle of Man 3 827 159 159 782 0.49

Europe 15 145 117 115 2 041 1.74

Data from Worldometer as of 31. 12. 2021
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tries have not followed uniform rules for reporting the total 
number of deaths due to this disease [17, 18]. A distinction 
should be made between deaths caused directly by COV-
ID-19 and deaths related to COVID-19 [18]. Data for this 
parameter (Table 1—6) are difficult to compare because we 
do not know the key for assigning cause of death to each 
condition. Overall, the highest number of deaths occurred in 
Hungary (4,072/1 M) and the Czech Republic (3,367/1 M), 
the number of deaths in Europe (2,041/1 M) was compared.

Data from some countries are interesting: e. g. in the 
Czech Republic 2.51 times more death/1 M has been re-
ported compared to Germany but the % of death was high-
er in Germany (1.57) than in the Czech Republic (1.46). In 
Hungary, death/1 M was 2.7 times higher than in Austria 
while the % of death was 2.9 times higher. For compari-
son, in Slovakia the mortality rate/1 M was 1.5 times high-
er than in Europe, the % mortality was 1.13 times higher.

Active cases/1 M in individual countries on 
31 December 2021 and the current trend 

On 31 December 2021, the highest number of active cas-
es/1M in Europe was reported from Norway (55,427 cases). 
The value was also high in Ireland (42,757 cases). In the 
other countries in the ranking, the values were at least more 
than 2,000/1 M lower. Unfortunately, after the summer pe-
riod, the number of active cases/1 M increased rapidly in 
many European countries (Table 1—6). In Denmark and 
Hungary, the number of active cases increased more than 
10-fold in one month, in the Czech Republic and Iceland 
more than 5-fold, and in 15 European countries the num-
ber of new cases more than doubled. In many European 
countries, the highest number of new cases per day since 
the COVID-19 outbreak was recorded after 31 August.

Table 3. Northern European countries

State Active cases/1 M Cases/1 M Death/1 M % of death

Sweden 10 528 128 982 1 498 1.16

Finland 38 304 46 869 282 0.60

Norway 55 427 71 884 238 0.33

Denmark 32 097 135 223 561 0.41

Iceland 18 482 84 839 107 0.13

Faroe Islands 14 753 117 295 285 0.24

Europe 15 145 117 115 2 041 1.74

Data from Worldometer as of 31. 12. 2021

Table 4. Middle European countries

State Active cases/1 M Cases/1 M Death/1 M % of death

Austria 3 322 140 765 1 512 1.07

Czech Republic 10 479 230 543 3 367 1.46

Poland 10 085 108 727 2 569 2.36

Slovak Republic 7 876 154 062 3 045 1.98

Hungary 10 968 130 555 4 072 3.12

Slovenia 8 431 223 169 2 688 1.20

Europe 15 145 117 115 2 041 1.74

Data from Worldometer as of 31. 12. 2021
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The COVID-19 spread in the European regions 
from 15 February to 31 December 2021

The first cases of COVID-19 in individual European 
countries were confirmed from 24 January (France, Bor-
deaux) to 19 March (Isle of Man) [3, 7]. However, the rate 
of spread varied from region to region (Table 1—6). In the 
southern and western countries, the virus started to spread 
very soon after its first outbreak (Table 1, 2). Since mid-
March, there has been a rapid increase in cases almost in 
all southern (Table 5), western (Table 2) and northern (Ta-
ble 3) countries. The spread rate was lower in the Central 
European countries (Table 4). In the eastern countries (Ta-
ble 5), the spread has intensified about mid-April. From 

mid-April, the disease started to spread also in the Balkans 
(Table 6). The situation was similar in the Eastern Europe-
an countries, with the exception of the Baltic States, where 
the spread of COVID-19 was smaller and slower.

In terms of deaths within the regions of the Balkan 
countries, Bulgaria had the highest number of deaths/1 M 
throughout the reporting period; its number significant-
ly exceeded that of Bosnia and Herzegovina. Among the 
Western countries, the situation was worst in Belgium, 
the United Kingdom and France (Table 2). The data from 
Sweden (1,498 deaths/1 M) significantly exceeded those 
from the other Nordic countries (Table 3). In Central Euro-
pean countries, the number of deaths more or less slowed 

Table 5. Balkan countries

State Active cases/1 M Cases/1 M Death/1 M % of death

Croatia 6 775 175 850 3 083 1.75

Serbia 2 775 149 613 1 464 0.98

Bosnia & Herzegovina 26 353 89 628 4 136 4.61

Montenegro 13 912 270 675 3 838 1.42

North Macedonia 2 517 108 028 3 821 3.54

Albania 2 175 73 170 1 120 1.53

Bulgaria 15 103 108 748 4 506 4.14

Greece 17 078 117 027 2 009 1.72

Europe 15 145 117 115 2 041 1.74

Data from Worldometer as of 31. 12. 2021

Table 6. Eastern European countries

State Active cases/1 M Cases/1 M Death/1 M % of death

Russia 4 980 71 904 2 115 2.94

Belarus 132 74 022 591 0.80

Ukraine 2 374 84 625 2 213 2.61

Lithuania 9 827 194 999 2 773 1.42

Latvia 6 231 149 154 2 464 1.65

Estonia 11 893 181 799 1 455 0.80

Moldova 858 93 573 2 556 2.73

Romania 585 94 977 3 085 3.25

Europe 15 145 117 115 2 041 1.74

Data from Worldometer as of 31. 12. 2021
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down at the end of May, with the exception of Poland. 
During the whole period under review, the highest number 
of deaths/1 M was in Hungary (4, 072 deaths/1 M) and the 
Czech Republic (3,367 deaths/1 M) (Table 4).

In the Balkan countries, the highest number of deaths/ 
1 M was in Bulgaria (4,506 deaths/1 M) and Bosnia and 
Herzegovina (4,136 deaths/1 M). In the other Balkan coun-
tries, a similar situation started to change in mid-July, with 
data from Bulgaria currently the worst (Table 5). Among 
the eastern countries, despite the high number of total 
deaths in Romania (3,085 deaths/1M), the highest figures 
were in Lithuania and Moldova. The number of deaths/1 M 
in Belarus was lower than in the Baltic States (Table 6).

In each region, there were countries with both worse 
and better situations, but on 31 December 2021 the num-
ber of active cases/1 M was the lowest in Eastern European 
region (Table 6). It is questionable how strongly they will 
be affected by the second wave of the epidemic. It is al-
ready clear that the position of individual countries may 
change completely during the next wave of COVID-19.

COVID-19 appeared in Europe on 24 January 2020 
(France) and by 19 March (Isle of Man) the infection was 
confirmed in all European countries. The total number 
of people infected was naturally higher in countries with 
large populations, but the prevalence (number of cases per 
million) in smaller countries was even higher than in large 
countries. The ranking of countries with a high number 
of all cases is not the same as the ranking of countries by 
COVID-19 prevalence. The virus spreading is not equal-
ly fast in different European regions. The virus started to 
spread first in the southern and western countries, soon in 
the northern region and, to a lesser extent, in the countries 
of Central Europe. 

The number of deaths/1M was generally highest in the 
southern and western regions of Europe as of 31 Decem-
ber 2021, but these figures may be influenced by the meth-
od of certifying COVID-19 as the cause of death. It can be 
assumed that individual European countries are not uni-
form in their assessment of this parameter. The mortality 
rate for new coronaviruses from all continents was highest 
in Europe, although this value is gradually decreasing over 
time. 

The current epidemic situation characterized by the 
number of active cases, more objectively expressed as 
the number of active cases/1M, was worst in Norway 
(55,427 active cases/1 M) and Ireland (42,757 active cases/ 

1 M) as of 31 December 2021. In many countries, however, 
the new wave of COVID-19 has started with a record num-
ber of new cases per day. According to epidemiologists, 
mortality rates may vary because the virus can mutate. By 
comparison, approximately 290,000 to 650,000 people 
die each year worldwide as a result of complications from 
seasonal influenza viruses. The R0 for the common influ-
enza is 1.3. The mortality rate for SARS in 2002—2003 
was 10 %; for MERS in 2012, the mortality rate was 34 %. 
Both coronavirus epidemics were considerably less wide-
spread: 8,096 people were infected with SARS-CoV and 
2,494 with MERS-CoV.
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ABSTRACT

The aim of this study was to investigate the season-
al thermal effect on the prevalence of the sole ulcer in 
dairy cows. The observations were performed on a Hol-
stein-Friesian (HF) dairy farm in Eastern Slovakia. The 
clinical signs of heat stress were recognised in several 
animals during the afternoon milking on July 8, 2015. 
The claw examination done three months after the heat 
stress episode was compared with three examinations: 
twelve and two months prior to the heat stress and ten 
months afterward. The orthopaedic examinations were 
focused on the prevalence of the sole ulcer. Statisti-
cal analysis was performed by running a chi-squared 
test. The temperature-humidity index (THI) on July 8, 
2015, was 88. We found 15.2 %, 18.6 %, 28.1 %, and 
12.9 % cows with sole ulcer in the autumn 2014, spring 
2015, autumn 2015, and spring of the following year, 
respectively (P < 0.05). In conclusion, the results of our 
observations showed that the heat stress in dairy cows 
can be associated with an increase in the prevalence of 
the sole ulcer.

Key words: dairy cows; heat stress; sole ulcer
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INTRODUCTION

Lameness is a severe welfare problem in cattle and has 
detrimental effects on longevity, productivity, and repro-
ductive performance [7]. Digital dermatitis, sole ulcers, 
and white line disease are the most frequently reported 
foot lesions related to the lameness of dairy cows [9, 15]. 
Consequently, the lameness belongs to the most frequent 
cause of the largest economic losses in the dairy industry 
[6]. Regardless of whether foot lesions cause lameness, 
they have a high impact on animal welfare and farm eco-
nomics. Claw disorders that result in either lameness or 
no lame condition are estimated to cost on average $  95 
or $ 18 per case, respectively [3]. The painful lesions as-
sociated with the sole and toe ulcers have resulted in milk 
losses of 574 kg per cow per a 305-day lactation; further-
more, in dairy cows treated for digital dermatitis, milk 
yields increased in the months after treatment compared 
with the period before the treatment [1]. Sole/toe ulcers 
also have been associated with impaired fertility, and sole 
ulcers have been associated with an increased occurrence 
of milk fever [22]. Sole ulcers (Fig. 1), which are one of the 
most severe claw diseases causing lameness, are non-infec-
tious in nature and occur when claw horn formation is dis-
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lesions, such as sole ulcer, are believed to develop from 
increased pedal bone mobility induced by changes in the 
corium at calving [13] and potentially from nutritional in-
sults such as subacute ruminal acidosis [25].

The main aim of this study was to evaluate the effects 
of heat stress on the occurrence of the sole ulcer in dairy 
cows.

MATERIALS AND METHODS

The observations were performed on a middle-scale 
Holstein-Friesian (HF) dairy farm in Eastern Slovakia. All 
dairy cows were milked twice daily (at 06 : 00 and 14 : 30 h) 
and had free access to water and were fed a total mixed ra-
tions (corn silage, corn, soybeans, minerals and vitamins), 
according to their lactational stage. No specific measures 
to protect the animals against the heat stress were taken on 
the farm. The clinical signs of the heat stress (increased 
respiration rate, panting, and sweating) were recognised 
in several animals during the afternoon milking on July 8, 
2015. The claws of dairy cows were controlled three 
month (October 2015) after the heat stress event and the 
results were compared with results of the claw controls 
performed twelve and two months prior to the heat stress 
(October 2014, May 2015), and ten months after it (May 
2016). The weather data of air temperature and relative 
humidity in the region on the day of the heat stress were 
obtained from the Slovak Hydrometeorological Institute 
to calculate temperature-humidity index. The THI was 
calculated as per the equation proposed by the National 
Research Council of the United States [18]: 

THI = (1.8 × T + 32) – (0.55 – 0.0055 × RH) × (1.8 × T – 26)
where 

T is the outdoor ambient temperature in °C, and 
RH is relative humidity expressed in % 

Statistical analysis of differences in sole ulcer prev-
alence among the controls was performed by running 
a chi-squared test using the statistical software StatSoft, 
version 8.0. P values < 0.05 were considered significant.

Ethical statement
All procedures concerning the animals were performed 

in compliance with the national guidelines for animal care.

Fig. 1. Sole ulcer on the outer claw of hind limb

rupted. The underlying tissue then becomes inflamed and 
sometimes exposed [17]. Cows are particularly vulnerable 
around the time of parturition; changes in hormone levels 
cause increased vascular permeability, increasing the risk 
of oedema and ischemia in the hoof [11], while concur-
rent weakening of connective tissue causes the pedal bone 
to drop and compress the corium, further disrupting claw 
horn formation [27].

Heat stress is defined as the sum of external forces 
acting on an animal that causes an increase in body tem-
perature and evokes a physiological response [14]. The 
temperature-humidity index (THI) has been commonly 
used to estimate the effect of heat stress on production and 
reproduction. There is a general agreement that significant 
effects are observed at a mean daily THI of around 72 [29]. 
Documented physiological heat stress coping strategies 
used by dairy cows include: increased respiration rate, 
panting, sweating, reduced milk yield, and reproductive 
performance. Behavioural coping strategies include: mod-
ified drinking and feed intake (e. g., increased water intake 
and shifting feeding times to cooler periods during the 
day), increased standing time, shade seeking, decreased 
activity, and movement [12]. The duration of elevated 
temperatures has an inverse relationship with feed intake. 
Therefore, it is not surprising that heat stress is considered 
a major risk factor for lameness, but whether this associ-
ation is a consequence of increased standing times or due 
to alterations in nutrient metabolism caused by a decrease 
in dry matter intake (DMI) is not known [4]. Claw horn 
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RESULTS

Comparisons of the four claw health controls revealed 
a highest prevalence (P < 0.05) of sole ulcers in the exam-
ination three months after (October 2015) the animals had 
been challenged by heat stress (Table 1). The lowest por-
tion of the sole ulcers was detected in May 2016 (12.7 %) 
without significant differences to terms in May 2015 
(18.619 %) and October 2014 (15.1 %). The local outdoor 
ambient temperature and humidity on July 8, 2015 were 
35.6 °C and 61.3 %, respectively. The calculation of THI 
resulted in the value of 88.

DISCUSSION 

Claw lesions are commonly categorized according to 
their aetiology into infectious and non-infectious lesions 
[20]. Infectious lesions include digital dermatitis, inter-
digital dermatitis, heel horn erosion, and foot rot, whereas 
the most common non-infectious lesions are sole ulcer, toe 
ulcer, sole haemorrhage, and white line disease. Non-in-
fectious lesions affect the claw horn, and their occurrence 
is associated with metabolic and hormonal events around 
calving that weaken the foot suspensory apparatus [26], 
lower the Body Condition Score (BCS) [10], toe over-
growth, exposure to hard flooring [24], and thickness 
of the digital cushion [2]. The prevalence of sole ulcers 
can differ according to the parity of the cows. Thus, the 
prevalence of sole ulcers was 4.2 and 27.8 % for parity 1 
and parity >1, respectively [2]. In the large scale study on 
156 dairy farms in Canada, a prevalence of sole ulcer was 
6.4 % which was the second most prevalent foot lesion af-
ter digital dermatitis (21.8 %) in the study [23]. 

Sole ulcer prevalence in the present study varied be-
tween 10 and 20 % in the sessions which were not related 
to the heat stress event. The higher number of the sole ulcer 
detected three months after the heat stress in our study indi-
cate a causative effect of the organ and metabolic changes 

triggered by the body reaction to high ambient temperature 
and humidity. It has been suggested that sole ulcers are a 
consequence of subclinical laminitis [28]. Laminitis is an 
important predisposing cause of claw disorders in cattle. In-
flammation of the corium results in the activation of tissue 
matrix metallo-proteinases (MMPs) that weaken the colla-
gen fibre bundles that make up the suspensory apparatus 
within the claw. Coincident with this is the release of horn 
growth and necrosis factors that contribute to the inflam-
matory process and accelerate claw horn growth [16]. The 
vascular disturbances associated with laminitis preclude the 
normal diffusion of nutrients and oxygen into the living-cell 
layers of the epidermis destined to become claw horn. This 
interrupts the normal differentiation of these cells and leads 
to the formation of weaker or softer claw horn. Some have 
suggested that “claw horn disruption” may be a better term 
for the condition of laminitis, because it more accurately re-
flects the nature of the anatomical and physiological lesions 
associated with laminitis [21]. The pathogenesis of laminitis 
is believed to be associated with a disturbance in the mi-
cro-circulation of blood within the corium which leads to 
weakening of the suspensory apparatus within the claw and 
thus permits downward displacement and rotation of the 
third phalanx (P3). The result is compression of the cori-
um and supporting tissues that lie between P3 and the sole 
which predisposes to the development of sole ulcers [13]. 
Rumen acidosis is considered to be a major predisposing 
cause of laminitis and presumably mediates its destructive 
effects through various vasoactive substances (endotoxins, 
lactate, and possibly histamine) that are released into the 
blood stream in coincidence with the development of rumen 
acidosis. The SubAcute Ruminal Acidosis (SARA) is more 
common than the acute form of this disease. It is generally 
observed when recently calved cows are introduced to a diet 
considerably different than that fed during the dry period. 
Alternatively, it may occur when lactating cows are fed diets 
low in effective fibre. Major clinical manifestations would 
include: variable feed intake, depressed fat test, poor body 
condition despite sufficient energy intake, mild to moderate 

Table 1. Prevalence of sole ulcers in dairy cows challenged by the heat stress in four different periods

October 2014 May 2015 *October May 2016 x2

Cows total 211 210 209 212 NS

Sole ulcer (n) 32a 39a 59b 27a P < 0.05

a, b—prevalence differs (P < 0.05); NS—not significant; *—Heat stress July 8, 2015
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diarrhoea, and occasional cases of epistaxis (nose-bleed) or 
haemoptysis (the expectoration of blood from the mouth). 
Conditions such as laminitis or undefined lameness, abo-
masal disorders, and liver abscesses are generally second-
ary observations [8]. SARA can be triggered not just by 
increased carbohydrate intake but also by heat stress. The 
primary avenues for heat loss during periods of hot weather 
are sweating and panting. In severe heat, panting progresses 
to open-mouth breathing characterized by a lower respira-
tory rate and greater tidal volume. The result is respiratory 
alkalosis as a result of the increased loss of carbon dioxide. 
The cow compensates by increasing urinary output of bicar-
bonate (HCO3

–). Simultaneously, the salivary HCO3
– pool  

for rumen buffering is decreased by the loss of saliva from 
drooling in severely stressed cows. The end result is rumen 
acidosis because of reduced rumen buffering and an overall 
reduction in total buffering. The effect of ambient air tem-
perature on rumen pH was evaluated in lactating Holstein 
cows fed either a high roughage or high concentrate diet in 
both a cool and a hot environment. Rumen pH was lower 
in cows exposed to the higher temperatures and those fed 
the higher concentrate diets [19]. In addition, behavioural 
changes observed and traditionally associated with heat 
stress are confounded by changes in locomotion score that 
typically occur over the late summer months. Increases in 
claw horn lesion development in the late summer may be 
associated with the increase in total standing time per day 
due to heat stress [4].

The environmental conditions driving heat stress in 
dairy cattle are presented using the temperature-humidity 
index (THI), a calculated index that incorporates the ef-
fects of environmental temperature with relative humidity 
[5]. The authors defined THI < 68 to be outside the thermal 
danger zone for cows. Mild signs of heat stress are ob-
served at THI of 68 to 74, and a THI ≥ 75 will cause dras-
tic decreases in production performance. The THI value is 
usually the main determinant for management decisions 
related to heat stress as most meteorological stations close 
to farms provide this data. Therefore, THI of 88 observed 
in the present study speaks clearly for a severe stressful 
event in the examined animals.

CONCLUSIONS

Results of our observations show that the heat stress 

in dairy cows can be associated with increase in the prev-
alence of the sole ulcer. The findings may be useful in 
stressing a need to take measures to prevent the heat stress 
in dairy cows.
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ABSTRACT

Dogs exhibit behavioural heterogeneity as a result 
of their close proximity to people as pets, working ani-
mals, or research animals. This variability stems from 
their natural talents as well as contextual effects. This 
document examines the several types of dog behaviour-
al tests, including those that are used to evaluate dogs 
and others that are used to categorize individual ani-
mals. This study revealed a lack of agreement on all of 
these testing procedures. Individual variations in be-
haviour, or personality differences, may now be quan-
tified and described in the working dog literature. The 
predictive association between certain dog behavioural 
features (if any) and crucial working results is less well-
known.

Key words: behaviour prediction; dog behaviour; 
puppy temperament; temperament
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INTRODUCTION

Studies on the development of behaviour in domes-
tic dogs are crucial for selecting puppies for acceptable 
families, identifying behavioural predispositions at an ear-
ly stage, and predicting their fitness for work as support 
dogs. However, research on the predictive validity of tests 
administered during the socialization phase is mixed. Fur-
thermore, some experts utilize neonatal testing to enhance 
subsequent evaluations of puppy selection as working 
dogs, however these tests have not been verified.

There is a lot of knowledge about the dog’s behaviour-
al expressions and individuality when it comes to testing 
and selecting individuals for specific uses, but there isn’t a 
thorough consensus of ideas. The materials and procedures 
used in the field are discussed in this article.

Dogs exhibit a wide range of behaviour as a result of 
coexisting near to people throughout the domestication 
process, which is due to the individual’s natural qualities. 
We will concentrate on behavioural exams, which relate 
to the proper selection of the individual, as everyone is 
unique in their own way.
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Individual variances in behaviour emerge from the cri-
teria used to assess the fitness of individual canines for 
specific business uses, which are now characterized by 
considerable variability and subjectivity of the assessor of 
individual features.

Characteristics of behavioural testing
Animal behavioural tests are standardized experimen-

tal conditions in which stimuli are used to elicit behaviour 
that is compared statistically to the behaviour of other peo-
ple in the same situation in order to classify the test animal 
[36]. Dog behaviour tests have been created and employed 
in a variety of domains, including: genetic and breeding 
assessments [35], behavioural development and cognitive 
ability assessments [31], and forecasting outcomes such 
as adoption likelihood [22]. The authors focused on the 
role of behavioural tests as predictors of success (i. e., re-
quired performance during/after training and in a working 
position) for “working dogs,” which are defined as dogs 
who have or are chosen for a job that is associated with 
either assistive work, protective work, or detection work, 
and this specialized work is regulated and certified. With 
the growing recognition of working dogs’ value in assist-
ing people with physical, emotional, and developmental 
problems [8, 15, 43], as well as the importance of military 
and police working dogs in today’s global political climate 
[21, 38]; it’s more important than ever to evaluate the qual-
ity of the procedures used to predict the success of these 
working animals in terms of their ability to perform the 
tasks they’ve been trained and specialize in.

Despite the high financial costs of training and acquir-
ing military, police, and assistance dogs [27], dogs perform 
many valuable tasks, contributing to the development and 
performance of multiple industries [7], and the benefits of 
assistance dogs are associated with significant economic 
savings in terms of reduced reliance on conventional sup-
port services [14, 34]. Nonetheless, it is reported that only 
50 % of working canines are fully functioning on average 
in different industries [2, 3, 5, 25]. Another common theme 
in the literature on working dogs is the feature of individu-
al dogs’ performance in specific activities, with behaviour-
al qualities, as well as sensory sensitivity or other physical 
distinctions, being the most likely factors behind their suc-
cess [11, 33]. This has an impact not only on the monetary 
value of the work done, but also on the public’s impression 
of the value of working dogs in society [32].

There are a variety of experimental behavioural tests 
for analysing canine behaviour, such as observation of 
the dog’s behaviour in a novel scenario [29] and a variety 
of questionnaires that are filled out by the owner or han-
dler, such as the Positive and Negative Activation Scale 
(PANAS) [37]. To evaluate attributes that may be essential 
in working dogs, various descriptions such as “character” 
[42], “personality,” and “temperament” are utilized [46]. 
When examining a dog’s behaviour in various contexts, 
a major premise of many behavioural testing methods is to 
watch the dog’s behaviour in numerous situations:
a) subjective assessment of specific behaviour (e. g. rest) 

in a test situation performed by trained or known ob-
servers, e. g. on the Likert scale (e. g. 1 = not at all 
calm; 6 = very calm) [23], or

b) the presence or absence of specific attitudes or behav-
iours (e. g. bites) to quantify behavioural tendencies 
(e. g. aggression) [17].
There is currently no agreement on the terminolo-

gies used to describe the behavioural profiles employed 
in these tests or surveys. These saws can be swapped out 
or utilized differently in various testing. For example, the 
authors refer to the Canine Behavioural Evaluation and 
Research Questionnaire [18] as a behavioural and temper-
amental assessment, while it actually defines the collec-
tion of context-specific behaviour. Some experts believe 
that this classification is improper because it is more accu-
rately described as a “character” or “behavioural profile” 
assessment. Furthermore, most authors reserve the term 
“personality” for instruments that are created expressly to 
characterize more general physiologically based features 
that underpin individual variations (e. g. Monash Ques-
tionnaire on dog personality [23]). The phrase “tempera-
ment,” which is reserved for instruments targeted at more 
limited influence construction and regulation, is widely 
used and misunderstood, e. g. the canine Dog Impulsivity 
Rating Scale; (DIAS) [46]. This distinction might help to 
clarify what is being examined and what the most essential 
aspects of the issue may be.

Although questionnaires can decrease the need for 
time-consuming behavioural tests that can assess behav-
iour in a wide range of scenarios, it is not always easy to 
find someone who knows enough about dogs to fill in the 
items accurately. This is especially true for working dog 
evaluations, which are frequently performed at a young 
age by unknown [4] and known handlers [16]. Behavioural 
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tests have also been demonstrated to provide a more objec-
tive assessment of a dog’s behaviour than relying on the 
handler’s or owner’s own memories and views, which may 
have a skewed view of the dog’s attachment.

The reliability and validity of behavioural observation 
tests should be used to measure their worth [40]. It is ad-
vised that in working dogs in particular, focus be made on 
behavioural assessments based on three essential criteria 
[39]:
1. Evaluator consistency: the degree to which various ob-

servers describe the same person in the same way.
2. Repeat test reliability: how well behavioural tests de-

tect traits that are stable over time and context; indi-
viduals’ results should be generalized across time and 
settings.

3. Predictive validity: in the case of working dogs, the 
feature must be related to some component of perfor-
mance and hence be predictive of certification and/or 
long-term field performance.
In order to predict behaviour, behavioural tests must be 

differentiated based on their reliability and validity. Proce-
dures for testing and evaluating working dogs can not only 
improve the work that these dogs do (by selecting the best 
individuals for each specialty), but they can also decrease 
the time and money spent teaching failing pups. As a re-
sult, the criteria outlined by  S i n n  et al. [39] are critical 
in the development of a test battery.

Review of dog behaviour prediction tests 
Several studies have been done in the past to assess 

puppies and predict their adult temperament. At their study 
in Bar Harbor,  S c o t t  and  F u l l e r  [35] conducted 
a significant number of experiments on puppies and young 
dogs from birth to one year of age. The major goal of these 
tests was to identify behavioural, developmental, and ge-
netic differences among dog breeds. One of the report’s 
most notable result was that several features show a lot 
of stability along the maternal line, implying that ma-
ternal impact is quite essential. The tests in the  S c o t t  
and  F u l l e r  study [35] were not used to forecast how 
the test dogs will be utilized in the future.

They reported a series of repeating tests done on pup-
pies aged 8 to 12 weeks in a later research to predict their 
future usage as guide dogs. After the first tests at the age 
of eight weeks, the tests were found to be acceptable pre-
dictors, indicating that retesting is not required. However, 

the heritability of the studied qualities was found to be low, 
and the impacts of the mother’s surroundings were found 
to be significant.

In Australia,  G o d d a r d  and  B e i l h a r z  [12] re-
viewed guide dog testing and discovered strong heritabil-
ity, particularly for fear. Fear, according to these authors, 
can be assessed as early as 12 weeks of age, making it 
one of the most common reasons for dog rejection. This 
assertion was significantly adjusted in a later publication 
by  G o d d a r d  and  B e i l h a r z  [13], and it was sug-
gested that the predictive value be increased if dogs were 
tested later in life.

A variety of tests on young puppies were also carried 
out in order to assess the impact of various experimental 
circumstances.  D y k m a n  et al. [9] reported a puppy 
test that was used to distinguish between dogs from stable 
and unstable lines.  N e w t o n  et al. [28] compared be-
havioural tests to physiological parameters in a later study, 
concluding that physiological tests can distinguish neuro-
logically unstable and stable dogs with 100 % confidence, 
while behavioural tests can do so with 95 % confidence. 
M a r t i n e k  et al. [26] found that puppies’ capacity to 
move from a cold to a warmer surface differed at four 
months of age, and that this skill correlated with addiction 
testing. Puppy behaviour tests were also documented by 
F o x  [10] and  C a m p e l l  [6], which were used to se-
lect puppies from a litter. The goal of these experiments 
was to see if puppy testing could be used to predict how 
beneficial adults will be.

The goal of puppy behavioural testing is to determine 
the degree of effect of the handler on puppy and adult dog 
behaviour. The findings of behavioural tests performed 
on puppies are then compared to the results of behaviour-
al tests performed on adults, which has proven to be the 
most successful technique for selecting dogs for work and 
breeding [41, 44].

P f a f f e n b e r g e r  et al. [30] evaluated the temper-
ament of border collie puppies in their initial days of life, 
then repeated the tests at 6 weeks with the same puppies. 
Temperament tests in the first week of life did not reveal a 
predictive value of puppy behaviour at 6 weeks in this sam-
ple of 18 border collie puppies. According to P f a f f e n- 
b e r g e r  et al. [30], it is required to determine the valid-
ity and predictive usefulness of temperament tests of pup-
pies at the age of 6 weeks for the tendentious behaviour of 
an adult in adulthood. These findings come from a pilot 
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investigation that will be followed by a study including 
roughly 60 border collie puppies who will be assessed at 
less than one week, six weeks, and eighteen months of age 
to examine the development of an individual’s personality.

According to the findings by  K u t z l e r’s [20] investi-
gations, the predictive validity of puppy tests is more likely 
to be exhibited when testing aggression and submissive-
ness, and less predictive when measuring other character 
qualities including trainability, fear, overall activity, and 
sociability. The author also contends that puppy socializa-
tion is critical for improved obedience and reduced fear re-
sponses, which can be accomplished through puppy classes 
in which puppies of similar ages socialize with one another.

The time and financial demands of questionnaire test-
ing have sparked a new trend. For example, a research on 
the validation of C-BARQ in military canines was under-
taken in Sweden. In their investigation,  F o y e r  et al. 
[11] discovered a link between individual dogs’ success 
and their scores in individual C-BARQ subcategories. 
They discovered a substantial positive association in areas 
like trainability and hyperactivity, as well as a large neg-
ative correlation in areas like non-social dread and fear of 
strangers. They also point to the handler’s strong influence 
on a child’s behaviour during the first year of life, as well 
as behavioural predictive research’s inclination to focus on 
qualities that negatively affect performance [11].

H u n t  et al. [19] used a questionnaire to investigate 
the predictive ability of behavioural tests in guide and as-
sistance dogs. “The revised Puppy Walker Questionare, 
r-PWQ,” which was completed by volunteer puppy carers, 
was used. The questionnaire is for eight-month-old dogs. 
R-PWQ has traits like “distraction” and “excitement,” 
which are common reasons for dogs leaving the guide dog 
program. The Canine Behavioural Assessment and Re-
search Questionnaire (C-BARQ) was used to compare the 
predictive validity of the r-PWQ. The findings suggested 
that r-PWQ can be used to predict a guide dog’s prognosis 
and that it may be more appropriate for guide dog popula-
tions than C-BARQ [19].

B a r n a r d  et al. [4] identified two objectives for 
their research. First, to see if instruments commonly used 
to measure personality in dogs can be used to determine 
individual personality features of puppies as early as 
2 months of age (i. e. an adjective based questionnaire and 
a method of coding behaviour). Second, to look at how 
the two methodologies compare when it comes to defin-

ing behavioural patterns. Overall, the questionnaire and 
behavioural analyses revealed that when puppies are ex-
posed to both social and non-social stimuli in an open-field 
test at 2 months of age, they already demonstrate specific 
behavioural patterns that can be identified for personality 
traits [4]. Both techniques were found to be reliable for 
assessing personality traits, with excellent inter-observer 
reliability in both cases, corroborating prior findings [45], 
and strong personality trait correspondence between the 
two independent measures utilized [4].

The research of  A l b e r g h i n a  et al. [1] is anoth-
er study that is indirectly related to behavioural testing. 
The authors looked at the consistency of assessors and 
the factors that influenced the outcome of a basic puppy 
test. Three people observed the puppies’ conduct, which 
was clearly characterized by the test evaluation categories. 
Except for one subtest, the individual tests were found to 
have a high degree of agreement. Although some protocol 
modifications are required for this subtest, the low varia-
bility and high Kendall’s W values demonstrate the test’s 
validity. The three observers had a modest level of varia-
bility. There are few cases of evaluators agreeing among 
two or more independent observers [24]. According to 
these research, multiple individuals could rate the same 
puppy using this scoring method in the same way [1]. This 
study supports the feasibility of developing a behavioural 
battery that can produce consistent findings when admin-
istered by various test administrations.

CONCLUSIONS

Inconsistencies in terminology, research parameters, 
and success indicators were discovered in the review, as 
well as a general lack of information about the reliabili-
ty and validity of behaviour assessment measures. To in-
crease the knowledge base of what attributes are predictive 
of optimal performance in working dog jobs, improve se-
lection procedures, and reduce working dog redundancy, 
there is a need to standardize the reporting of these compo-
nents of behavioural testing. We recommend that one uti-
lize a framework that explains the test’s direct or indirect 
link to core affect.

The approaches may be used to a variety of cynolo-
gy fields. Whether it will be a different concentration of 
working or support dogs, where a technique is still miss-
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ing. Or for use in laic cynology, such as when selecting and 
placing dogs from shelters, where a behavioural profile for 
each dog would be produced to make adoption easier. For 
instance, while selecting a suitable dog for the home that 
is tailored to the personality and temperament of the future 
owner.
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ABSTRACT

There are many differences (morphological, physio-
logical and mechanical) between the lungs of birds and 
the lungs of mammals. Birds have a more efficient ex-
change of oxygen and carbon dioxide than mammals. 
In this article, we studied the presence of four antibod-
ies (actin, α-smooth muscle actin, desmin and elastin) 
in the lungs of geese. Smooth muscle cells (SMCs) im-
munoreactive to actin, α-SMA and desmin were ob-
served in the primary and secondary bronchi and ar-
ranged as a continuous layer. In the tertiary bronchus 
(parabronchus), immunoreactive cells on α-SMA and 
desmin were observed as aggregations of smooth mus-
cle cells in the septum tips in atrial opening. A small 
number of α-SMA and desmin-positive cells were ob-
served on the periphery of the parabronchi and be-
tween the air and blood capillaries. The elastic fibres 
were found in the large bronchi in connection with 
smooth muscle bands. In the parabronchi the elastic 
fibres form an elastic membrane lining the parabron-
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chial lumen. In the blood vessels, the elastic fibres form 
the inner and outer elastic membrane. The individual 
elastic membranes connect neighbouring blood vessels.

Key words: elastin; goose; immunohistochemistry; 
lung; smooth muscle cells

INTRODUCTION

The respiratory system of birds differs significantly 
from that of mammals. Birds have relatively stiff lungs, 
lack a diaphragm, and the lungs open into 9 air sacs that 
act as mosses with a unidirectional airflow pattern [7, 14, 
18]. The birds must be able to exchange gases at a high 
rate, as their oxygen consumption at rest is higher than 
that of all other vertebrates, including mammals, and in-
creases many times during the flight. The volume of gas 
in the lungs of birds is small compared to the volume of 
mammals, but the lungs are connected to large air sacs by 
a  series of tubes, making the total volume of the respirato-



30

ry system about twice as large as mammals of comparable 
size. Due to the constant one-way air flow, the lungs of 
birds are better ventilated than the lungs of mammals.

The smooth muscle can also apply mechanical forc-
es to physically sculpt epithelia [21]. As a mesenchymal 
tissue, the smooth muscle can participate in reciprocal 
signalling with the epithelium to generate complex pat-
terns of epithelial folds. Smooth muscle is now recognized 
as a key contributor to the morphogenesis of branched and 
folded organs [8]. 

Smooth muscle cells (SMCs) are a major structural 
and functional component of many organs during embry-
onic development and adulthood. These cells are a key 
component of the structure and physiology of vertebrates 
[3]. SMCs can be organized very differently and perform 
specialized functions. SMCs play an important role dur-
ing organ development and morphogenesis and provide 
different functions in adulthood depending on their organ 
location and distribution. Although α-SMCs are known to 
play a key role mainly postnatally, their role in lung mor-
phogenesis has been studied in mammals [11, 12]. The po-
sition and morphology of the domain branches are highly 
stereotyped, as is the SMCs pattern, which varies around 
the base of each branch [5].

SMCs are specialized cells found mainly in the walls 
or near hollow organs, including the circulatory and res-
piratory systems [6, 23]. In the lung, SMCs surround the 
bronchial tree and play an important role in the structure 
and function of the airways [24]. These cells form layers 
around the periphery of the bronchial tree, with differences 
in organization between the upper and lower airways [1]. 
SMCs play an integral part in the pathogenesis of chronic 
airway diseases, where they contribute to airway remodel-
ling and inflammation [3].

Actin is a major component of the cytoskeleton and 
is present in most cell types and was localized as a stable 
component of SMCs. Today, smooth muscle is identified as 
a tissue containing cells expressing α-smooth muscle actin 
(α-SMA). α-SMA is a differentiation marker of smooth 
muscle cells and is also present in a special type of fibro-
blast called myofibroblast [28]. Similar to other vascular 
contractile cells, pulmonary arterial smooth muscle cells 
play central roles in physiological and pathologic vascular 
remodelling because of their remarkable ability to dynam-
ically modulate their phenotype to ensure contractile and 
synthetic functions [4].

Desmin is a cytoskeletal protein that has been shown 
to contribute to the mechanical properties of skeletal, 
cardiac and visceral smooth muscle. Desmin influences 
airway compliance, lung recoil, and airway contractile 
responsiveness. Therefore, desmin could be well situated 
to participate in passive and contractile force transmission 
in the lungs. The desmin could also affect the axial me-
chanical properties of the airways [21]. 

Elastin is expressed in most tissues that require elas-
tic recoil. Elastin is a critical component of the pulmo-
nary interstitium, which provides a recoil property into 
the vascular, conductive airways and terminal air space of 
the lungs [13]. The elastin is widely distributed in com-
partments of the mammalian lung including pleura, septa, 
large vessels, and elastic cartilage. Elastin is expressed by 
several types of cells in the lungs, including mesothelial 
cells in the pleura, smooth muscle cells in the airways and 
blood vessels, endothelial cells, and interstitial fibroblasts 
[15]. 

The aim of this study was to describe the presence of 
actin, SMA and desmin in smooth muscle cells and elastin 
in the lungs of geese using immunohistochemical methods. 

MATERIALS AND METHODS 
 
The lungs of five adult clinically healthy geese of Slo-

vak white goose breed were used in this study. The birds 
were sacrificed and their lungs were removed. Lung sam-
ples were excised and fixed in 10 % buffered formalin and 
processed into paraffin sectioning. For histological study, 
5 μm thick sections were stained with Harris haematoxy-
lin and eosin. For immunohistochemical study the sections 
were pre-treated with 3 % H2O2 in methanol and pre-incu-
bated with 2 % goat serum. The sections were incubated 
with the primary antibodies (Table 1) and washed in phos-
phate-balanced salt solution (PBS). Afterwards, the sec-
tions were incubated with biotinylated secondary antibody 
for 45 min, washed in PBS, and finely incubated with avi-
din-biotin-peroxidase complex (ABC kits, Vector Labora-
tories, USA). The reaction product formation was achieved 
by incubating for 10 minutes at room temperature, using 
a mixture of an equal volume of 0.02 % hydrogen peroxide 
and 0.1 % 3,3´-diaminobenzidine tetrahydrochloride made 
in Tris buffer. For negative controls, the first antibody was 
substituted by PBS or by normal rabbit serum.
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Anatomy of bird lungs
Morphologically, the birds’ respiratory system is divid-

ed into lungs (gas exchange part) and air sacs (non-res-
piratory part). The avian lung airway system includes 
a three-layer air duct system, primary bronchus, secondary 
bronchus, and tertiary bronchus. Parabronchus (tertiary 
bronchus) occupy more than half the volume of a bird’s 
lungs in the form of dense bundles of tubes. The wall of 
each parabronchus was pierced by numerous, more or less 
pentagonal or hexagonal openings that connected the air 
lumen to pocket-like compartments called atria which lead 
to the infundibulae. Infundibulae in turn form air capillar-
ies that are tightly connected by a network of blood capil-
laries that form tissue-exchanging tissue in the lungs.

Actin and α-SMA
Goose lungs have actin and α-SMA immunoreactive 

smooth muscle cells organized as plates, bands, or indi-
vidual cells, depending on the location of the site. Smooth 
muscle cells form a well-developed layer in the primary 
bronchi, which, like small bundles, extends into the sec-
ondary bronchi. Actin is expressed in SMCs, which form a 
main layer of blood vessels (Fig. 1). 

The α-SMA-positive SMCs were observed as a distinct 
layer in the wall of the primary and secondary bronchi. In 
addition, positive SMCs were present in the blood vessels 
mainly in arteries where they form a thick layer (Fig. 2). 
In the tertiary bronchus (parabronchus), α-SMA-positive 
cells were found at the tips of the atrial septum. Here, 
the smooth muscle cells were observed as thickening of 
parabronchial wall lining the parabronchial lumen. Indi-
vidual positive smooth muscle cells were observed in the 
interlobular space as one component of the parabronchial 
mantle (Fig. 2). 

Table 1. Antibodies used in the study 

Antibodies Donor Isotype Dilution Source

Actin Rabbit IgG2a 1 : 50 Sanbio

α-Smooth muscle actin Mouse IgG2a 1 : 200 Sanbio

Desmin Mouse IgG1 1 : 5000 Dako

Elastin Mouse IgG2a 1 : 100 Sigma

Fig. 1. Immunostaining for actin. Photomicrograph showing a large blood vessel (LBV), 
intraparabronchial vessel (IPV) and their branches
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Fig. 2. Immunostaining for SMA. Photomicrograph showing a large blood vessel (LBV) 
with bands of desmin-positive smooth muscle cells. Small amounts of positive SMCs are on 

the periphery of the parabronchus (PB) (arrows)

Fig. 3. Immunostaining for SMA. Photomicrograph showing intraparabronchial 
blood vessels (IPV) and their branches with positive SMCs
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Fig. 4. Immunostaining for desmin. Photomicrograph showing a portion of 
the parabronchial lumen (PL) surrounded by a parenchyma. The tips of the parabronchial 
wall contain SMCs intensely stained for desmin (arrows). Two positive intraparabronchial 

blood vessels (IPV) are inside the lung parenchyma

Fig. 5. Immunostaining for elastin. Photomicrograph showing intraparabronchial 
blood vessels (IPV) with positive elastic membranes. The parabronchial lumen (PL) is lined by 
a positive elastic membrane interrupted by atrial invagination (arrowheads). The individual 

elastic membranes connect neighbouring blood vessels (arrows)
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Desmin
In goose lungs, desmin was expressed in the SMCs 

located in the airway walls and inside the parenchyma 
in relation with bronchi. In the primary and secondary in-
trapulmonary bronchi, they form a complete or incomplete 
wall. High accumulation of desmin-positive SMCs was 
observed at the periphery of the parabronchial cavity with 
coarse spikes (Fig. 4). Small amounts of positive SMCs 
were observed between the air capillaries and blood capil-
laries. Individual desmin-positive SMCs were observed in 
the interlobular septum.

 
Elastin

The elastic fibres in the lungs of geese were found 
mainly in the wall of the blood vessels and a thick mem-
brane on the luminal side of the parabronchi. Elastin in the 
blood vessels were seen as a distinct outer elastic mem-
brane (Fig. 5). Some elastic fibres connect neighbouring 
blood vessels. A small accumulation of elastic fibres was 
also present as one component of the fibrous tissue in the 
space between the parabronchi. In addition, a high accu-
mulation of elastic fibres as a thick elastic membrane were 
observed lining the parabronchial cavity. His identity was 
disrupted in the atrial invagination (Fig. 5).

DISCUSSION

Smooth muscle cells surround the epithelium of vari-
ous organs including: the intestine, blood vessels, lungs, 
bladder, ureter, uterus, fallopian tube, and epididymis. The 
fundamental role of airway smooth muscle in the lung for-
mation is particularly evident because this tissue has no 
clear physiological function in adults [9, 20]. The vascular 
and visceral tissues of the lung smooth muscle performs 
a number of tasks that are critical to lung function [26]. 
Mouse smooth muscle cells envelop the airway epithelium 
and progress from a thick layer around the bronchi to thin-
ner bundles around the small conductive airways as well as 
the larger airways in the lungs [26]. Interactions between 
the epithelium and smooth muscle are likely to be predom-
inantly mechanical [9]. 

α-SMA-immunoreactive cells have already been de-
scribed in respiratory bronchioles and alveolar ducts 
[16, 29].  M i t c h e l  et al. [16] and  W a g n e r  et al. 
[27] reported that α-SMA-containing cells are found in 

mature alveolar interstitium. Septal interstitial cells con-
taining α-SMA may play an important role in alveolar 
formation. Immunoelectron microscopy has shown that 
α-SMA is localized mainly in cell protrusions [28]. In rats, 
α-SMA-containing cells were found in primitive alveolar 
septa during perinatal and early postnatal days. In adult 
lungs, α-SMA-positive cells were found only in the alve-
olar ducts, but were not found in the secondary septum. In 
older rats, α-SMA immunoreactive cells were elevated at 
the tips of the septum. These results suggest that some in-
terstitial septal cells are transiently α-SMA positive during 
maturation [28]. In birds, α-SMA-containing cells were 
concentrated in the atrial tips of adults. The increase in 
α-SMA immunoreactive cells in rats may correspond to 
the accumulation of SMCs as we observed in goose lungs.

Desmin is an intracellular load-bearing protein that in-
fluences airway compliance and lung recoil [21]. In the 
lungs, desmin is expressed by smooth muscle cells locat-
ed in the walls of the airways [6] and alveolar ducts [2, 
29]. The desmin filaments expressed in cells containing 
α-SMA are largely circumferentially arranged [21]. This 
arrangement of desmin could affect the axial mechanical 
properties of current cells. According to  S j u v e  et al. 
[22], the desmin fibres contribute to the stabilization of 
the contractile unit and are involved in the transmission of 
stress between contractile units and anchorage sites asso-
ciated with the extracellular matrix. Myofibroblasts, which 
are commonly found in alveolar septa, have been shown 
to express desmin in some species, such as rodents and 
pigs [10]. 

More comprehensive mammalian studies have rein-
forced the notion that the epithelium and endothelium reg-
ulate smooth muscle contraction in vivo by releasing spe-
cific factors.  R u a n  et al. [17] considered the epithelium 
to be an important regulator of smooth muscle contraction 
in many vital organs or tissues through interaction with 
other cell types and the release of epithelial-derived fac-
tors. Among these prostaglandins, they have been shown 
to play a multifaceted role in controlling smooth muscle 
contraction. Endothelium is a source of molecules that ei-
ther stimulate or inhibit the contraction of essential SMCs, 
cytokines and growth factors, as well as nitric oxide and 
endothelin, which affect vascular tone and SMCs contrac-
tion/relaxation. Such factors may interact with other stim-
uli, such as proliferation, migration, and differentiation 
[25]. The fundamental role for airway smooth muscle in 
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shaping the lung is particularly revealing because this tis-
sue has no clear physiological function in the adult [9, 20].

The elastic fibres are important for the elasticity and 
extensibility of lung tissue. In developing lungs, the elas-
tic fibres appear in greatest numbers during the process or 
period of alveolarization [19]. In terms of chemical prop-
erties, elastin is one of the most non-polar proteins secret-
ed by mammalian cells. In addition, elastin is one of the 
longest-lived proteins secreted into the extracellular ma-
trix [19]. In mammals, elastic fibres are present in the lung 
structures such as: the trachea, bronchi, airways including 
the alveoli, alveolar ducts, blood vessels and pleura [13]. 
In the geese, elastin fibres were distributed mainly in the 
bronchi and in the wall of blood vessels. A special organi-
zation of elastic fibres was found in the parabronchi.

Elastin is expressed by several cell types in the lungs, 
including pleural mesothelial cells, airway and blood ves-
sel smooth muscle cells, endothelial cells, and interstitial 
lung fibroblasts [15]. The elastic fibres can be woven into 
many different shapes depending on the mechanical needs 
of the tissue. In large pulmonary vessels, elastin forms 
continuous layers or lamellae that separate the smooth 
muscle layers. Outside the vasculature, the elastic fibres 
form an extensive network of fibres [15]. The specific lo-
calization of elastic fibres in relation to blood vessels in 
geese may represent a functional difference in the oxygen 
demand of birds.
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ABSTRACT

Antimicrobial resistance (AMR) is a global health 
threat, and antimicrobial use in animal production for 
growth enhancement or prophylaxis contributes to the 
development of AMR. A cross-sectional study was con-
ducted to investigate the prevalence of methicillin-re-
sistant Staphylococcus aureus (MRSA) in poultry and 
farm attendants in Kebbi, North-Western Nigeria. 
A total of 207 cloacal and nasal swabs were random-
ly collected from four farms comprising 50 samples 
from each poultry farm and only 7 samples from farm 
attendants. The samples were analysed using routine 
bacteriological culture and identification techniques. 
Presumptive MRSA isolates were confirmed by PCR 
assay and AMR profiles of the isolates were evaluated 
using the Kirby-Bauer disk diffusion method. Of the 
207 samples examined, 37.5 % (75/200) of layer birds 
tested positive for MRSA and 71.4 % (5/7) of farm at-
tendants were MRSA positive. All the isolates were sus-
ceptible to vancomycin, with an AMR index  ˃   0.3. The 
findings of this study indicated colonization of layer 

chickens and humans by multidrug resistant MRSA, 
thus highlighting the potential role of poultry sources 
of transmission of multidrug-resistant MRSA strains to 
humans and vice versa. 

Key words: antibiotics; chickens; Kebbi; Nigeria 

INTRODUCTION

Antimicrobial resistance (AMR) is a worldwide health 
concern [35]. AMR is considered as one of the most seri-
ous public health threats of the century [9, 25, 36]. Over 
the years, research has shown a considerable empirical ev-
idence highlighting the contribution of antimicrobial use 
(AMU) to the overall burden of AMR emergence [4, 19]. 
A major contributing factor to this emergence is the misuse 
of antimicrobials in livestock production. The magnitude 
of usage is expected to increase considerably in the future 
due to increased livestock farming activities [31]. Most 
of the knowledge and assumptions on the prevalence and 
evolution of AMR in animal production systems relate to 
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organisms that often are considered commensals in poultry 
such as Escherichia coli [23], and Staphylococcus aureus 
[25]. 

Methicillin-resistant Staphylococcus aureus (MRSA) 
has been detected in several species of animals [34]. Live-
stock can act as a reservoir and source for the emergence 
of novel MRSA clones in humans [14]. Livestock acquired 
methicillin-resistant Staphylococcus aureus (LA-MRSA) 
in farmers constitutes a major threat to public health and 
the health care system [5, 34]. MRSA prevalence in hu-
mans has been reported to be strongly associated with the 
prevalence in animals and intensity of contact with ani-
mals positive for methicillin-resistant Staphylococcus au-
reus [24]. LA-MRSA has been reported to cause infections 
amongst farm workers and their relatives [14]. 

Researchers have implicated poultry as reservoirs for 
AMR bacteria that may spread to humans, with poultry 
farming widely believed to be a major risk factor for AMR 
in humans [24]. However, quantitative evidence describ-
ing the role of poultry in the emergence and transmission 
of AMR bacteria to human populations is lacking [21], 
particularly in Kebbi State, Nigeria. In the absence of 
routine surveillance of AMR in Kebbi State, understand-
ing the prevalence of AMR is key to developing effective 
strategies targeted towards reduction in the emergence and 
spread of such resistance genes in the future. 

This study investigates the prevalence of methicil-
lin-resistant Staphylococcus aureus (MRSA) and its mul-
ti-drug resistant index in poultry farms and their attendants 
in the Kebbi State, Nigeria. 

MATERIALS AND METHODS

Ethical approval 
All experiments were done in accordance with the 

guidelines to the use and care of animals of the Research 
Ethics Committee of the Faculty of Veterinary Medi-
cine, Usmanu Danfodiyo University, Sokoto (UDUS/
FAREC/03/2019). 

Study area
Kebbi is in North-Western Nigeria and lies between 

latitude 12.45 0N and longitude 4.2 0E. Kebbi State has an 
agriculturally viable environment since it is endowed with 
high soil fertility, vast farmlands and economically via-

ble rivers sheltered by a fine tropical climate. Agriculture 
has remained the major source of revenue and indeed, the 
backbone of the economy of the state. Major food crops in 
the area are: millet, guinea-corn, maize, cassava, potatoes, 
rice, beans, onions, and vegetables.

Sample size determination
A total of 200 cloacal swab samples were randomly 

collected from four different farms within the State. The 
sample size was determined using an estimated prevalence 
of 13.7 % as reported by  K w o j i  et al. [17] in the formu-
la described by  T h r u s f i e l d  [30]: 

 t2 × Pexp (1 – Pexp)
N =
  d2

where  
t2 = Standard deviation (1.96)2

Pexp = Expected MRSA prevalence by  K w o j i  [17] 
  13.7 % i. e. 0.137
d2  =  (0.05)2

  1.962 × 0.137 (1 – 0.137)
N  =            =    180.16
  0.025

Study design and sample collection
A cross-sectional study was conducted between April 

and June 2019. Cloacal swabs were collected from each 
chicken. A total of two hundred laying birds (fifty samples 
from each farm) were randomly sampled from four poul-
try farms in the study area. Also, nasal swabs were tak-
en from apparently healthy farm attendants (whom have 
not used antibiotics in the last three months) after seeking 
their consent. Only seven (7) farm attendants volunteered 
to partake in the study (Farm A: 1, Farm B: 3, Farm C: 1, 
Farm D: 2).

Bacteriological culture and isolation
Upon arrival to the laboratory (central research labo-

ratory, Usmanu Danfodiyo University Sokoto), cloacal 
swabs from poultry were pre-enriched in peptone water 
for 24 h at 37 ºC before inoculation on blood agar contain-
ing 5 % horse blood and incubated aerobically at 37 ºC for 
24 h. Presumptive colonies that characteristically appeared 
like Staphylococcus spp. were preliminarily identified 
using colony morphology and Gram staining for cellular 
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morphology. Colonies that appeared relatively small, cir-
cular, convex, smooth, and grayish to white were picked 
and streaked on a freshly prepared Mannitol Salt agar (Ox-
oid, Basingstoke, UK) and incubated aerobically at 37 °C 
for 24 h. Two to three presumptive colonies of the Staph-
ylococcus species that appeared small, smooth, golden, 
shiny, convex, and with golden yellow zones were picked 
and sub-cultured in nutrient agar (Oxoid) slant and incu-
bated at 37 ºC for 18—24 h. Staphylococcus isolates were 
further confirmed biochemically using catalase and coagu-
lase tests as described by  O c h e i, K o h l h a t k a r [26] 
and  C h e e s b r o u g h  [6]. 

Phenotypic characterization of MRSA
Overnight fresh cultures of presumptive S. aureus were 

inoculated onto a freshly prepared Oxacillin Resistance 
Screening Agar Base using appropriate supplement (ORS-
AB; Oxoid, Basingstoke, UK) to determine phenotypic 
methicillin resistance. Presumptive colonies on ORSAB 
that appeared deep blue in color on a colorless background 
were phenotypically considered as MRSA. Media prepa-
ration and interpretation of colonies were carried out as 
described in the manufacturer’s guide. 

Antimicrobial susceptibility test
Antimicrobial susceptibility testing for 7 antibiotics; 

erythromycin (E 15 µg), oxytetracycline (OXT 30 µg), ne-
omycin (N 5 µg), penicillin (P 30 µg), sulfonamide (SUL 
23.75 µg), gentamicin (CN 10 µg) and vancomycin (VAN 
30 µg) that are commonly used in veterinary and human 
medicine in Kebbi State was studied using the disc dif-
fusion method (Oxoid Ltd, Basingstoke, UK). Antibiotic 
discs were dispensed onto bacteria-containing agar plates 
and incubated for a period of 18 hours at 35 °C, according 
to standard protocols. Zones of inhibition were recorded 
and interpreted according to the recommendations of the 
Clinical and Laboratory Standards Institute CLSI [8].

Multiple antimicrobial resistance index (MARI) was 
also determined by dividing the number of antibiotics each 
isolate is resistant to by the total number of antibiotics in-
cluded in the panel.

Genotypic characterization of MRSA
Genomic DNA extraction
Genomic DNA was extracted using the traditional boil-

ing method as described by  C h e n  et al. [7] with slight 

modification. Briefly, a loop-full suspension of overnight 
grown cultures on nutrient agar plate was transferred into 
a 1.5 ml micro-centrifuge tube containing 100 µl of ster-
ile distilled water. The suspension was first incubated 
at room temperature for 5 min, and then heat treated to 
96 °C for 10 min. This was then followed by centrifuga-
tion at 12,000 x g for 5 min. The supernatant (containing 
the DNA) was then collected in a new 1.5 ml tube using 
a micropipette and kept at 4 ºC until used. 

PCR detection of mecA gene 
DNA templates of all the ORSAB positive S. aureus 

isolates were subjected to PCR assay for the detection of 
the 163 bp fragment of the mecA gene using the follow-
ing primers; MecA1 5’-AAAATCGATGGTAAAGTTGG 
C-3’(forward), MecA2 5’AGTTCTGCAGTACCGGAT-
TTGC-3’(reverse) as described by  M e h r o t r a  et al. 
[20]. The PCR assay was performed in a 25 μl reaction 
mixture containing 3 μl of nuclease free water, 5 μl (0.5 μg) 
of the DNA template, 1 μl (0.2 μM) of each forward and 
reverse primer, 2.5 µl of coral red dye and 12.5 μl (100 μM) 
of the master mix (Qiagen). The amplification protocol 
comprised of 35 cycles of amplification with an initial 
denaturation of 94 °C for 5 min, denaturation at 94 °C for 
1 min, annealing at 57 °C for 1 min, extension at 72 °C for 
1 min and then final extension at 72 °C for 7 min. The PCR 
products were visualized after electrophoresis for 45 min 
at 90 volts in a 1 % agarose gel. The amplicons were then 
viewed under a UV trans-illuminator (Biorad Gel Doc XR 
System w/ Universal Hood II). 

Data analysis
The results obtained were presented in tables. Chi-

squared statistics were performed using Invivostat v 4.1 to 
determine possible association between MRSA infection 
and farms sampled. 

RESULTS

S. aureus and MRSA in poultry and farm attendants
Of the 200 poultry cloacal swabs examined 72.0 % 

(144/200) were positive for Staphylococcus aureus based 
on culture, biochemical and molecular characterization. 
Farm B had the highest prevalence with 42/50 (84 %), fol-
lowed by Farm A with 39/50 (78 %). Farms D and C had 
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34/50 (68 %) and 29/50 (58 %) frequencies, respectively. 
There was a statistically significant association (P = 0.02) 
between the recovery rate of S. aureus and Farms with 
farm B more likely to have S. aureus colonization than the 
other farms (Table 1). 

In this study, phenotypic detection of MRSA on ORS-
AB showed that 37.5 % (75/200) of cloacal swabs were 
positive. Farm A had the highest frequency of 25/50 
(50 %), followed by Farm B with a frequency of 21/50 
(42 %), Farms C and D had 17/50 (34 %) and 12/50 (24 %) 

Table 1. Distribution  of Staphylococcus aureus in poultry farms in Kebbi state

Grouping 
factor

No. of 
samples

+ve 
S. aureus χ2 Df P-value

Farm A 50 39 (78%)

Farm B 50 42 (84%) 9.72 3 0.02

Farm C 50 29 (58%)

Farm D 50 34 (68%)

Df—degree of freedom

Table 2. Distribution of MRSA in Poultry farms in Kebbi State

Grouping 
factor

No. of 
samples

+ve 
MRSA χ2 Df P-value

Farm A 50 25 (50%) 7.91 3 0.04

Farm B 50 21 (42%)

Farm C 50 17 (34%)

Farm D 50 12 (24%)

Df—degree of freedom

Fig. 1. Gel image of 163bp gene fragment of the mecA gene 
using 50 bp molecular weight DNA ladder
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Fig. 2. Radar chat of antibiotic sensitivity profile of MRSA isolates (n = 75) 
from poultry farm in Kebbi State

Table 3. Antibiotic resistant pattern of MRSA isolates 
from poultry farms in Kebbi State

Antibiotic resistant 
pattern

Number of 
isolates

Multiple antibiotic 
resistance index

ERY-OXY-NEO-SUL-GEN 1 0.71

OXY-NEO-PEN-SUL-GEN 1 0.71

ERY-OXY-NEO-PEN-GEN 1 0.71

ERY-PEN-SUL-GEN 2 0.60

OXY-NEO-PEN-SUL 2 0.60

ERY-OXY-NEO-PEN-GEN 2 0.71

ERY-OXY-NEO-PEN 5 0.60

ERY-OXY-NEO-PEN-SUL 13 0.71

ERY-OXY-NEO-PEN-SUL-GEN 17 0.86

frequencies, respectively. There was a statistically sig-
nificant association (P = 0.04) between the recovery rate 
of MRSA and Farms with farm A more likely to have 
MRSA colonization than the other farms (Table 2). The 
seven farm attendants sampled and examined, showed 5/7 
(71.4 %) colonization rate for both S. aureus and MRSA. 
PCR amplification of all the eighty (80) positive samples 
on ORSAB for the detection of mecA gene showed 100 % 
positivity (Figure 1). Hence, the overall molecular detec-
tion rate of MRSA from poultry farms studied was 38.6 % 
(80/207).

Antimicrobial resistance profiles of S. aureus and 
MRSA from poultry and farm attendants 

Antimicrobial susceptibility tests revealed that the 
ORSAB positive isolates exhibited varying level of resist-
ance against the antimicrobials tested. Out of the 75 MRSA 
isolates recovered from poultry farms, 43 (57.3 %) of them 
were resistant to erythromycin, oxytetracycline and genta-
mycin, 44 (58.7 %) were resistant to neomycin, 41 (54.7 %) 
and 48 (64 %) were resistant to sulfonamides and penicil-
lin respectively. All isolates were susceptible to vancomy-
cin (Figure 2). A total of 17 isolates were found to show 
multidrug resistance (MDR) with ERY-OXY-NEO-PEN-
SUL-GEN being the most common pattern and the mul-
tiple antibiotic resistance (MAR) index is  ˃   0.2 (Table 3).

DISCUSSION

The emergence of MRSA does not only pose signifi-
cant public health threat challenge but also threatens an-
imal health as an emerging veterinary pathogen of great 
importance throughout the world. Over time, there is 
a steady increase in the prevalence of MRSA colonization 
in healthy food producing animals [10, 29].

In this study, the overall occurrence rate of MRSA 
from poultry farms was 38.6 % with the following rates 
among different farms (Farm A: 50 %, Farm B: 42 %, Farm 
C: 34 % and Farm D: 24 %) and 2.4 % in farm attendants. 
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The isolation rate in our study was much higher than the 
8.82 %, 6.3 % and 7.9 % recorded by  K w o j i  et al. [17], 
B a l e et al. [2] and  M u s a w a  et al. [22], respectively. 
These variations could be attributed to difference in the 
sensitivity of the detection method, sample size, sample 
source and the indiscriminate use of antimicrobials in an-
imal production [13]. It is noteworthy that  M u s a w a  
et al. [22] conducted their research on poultry carcass rinse 
while K w o j i  et al. [17] and  B a l e  et al. [2] only used 
phenotypic characteristics to determine MRSA in their 
study. Contrarily, all S. aureus isolates from apparently 
healthy animals from Tunisia and China were methicil-
lin-susceptible [15, 38]. The absence of MRSA in these 
studies could be attributed to the good management prac-
tices in the study areas as administration of antibiotics is 
regulated in animal farming. The occurrence of MRSA in 
poultry in this study however could be due to indiscrim-
inate use of antibiotics in poultry production by farmers 
without prescription by a veterinarian [19]. MRSA is prob-
ably the best example of a prevalent and important multi-
drug-resistant bacterium that has successfully transitioned 
from an almost exclusively nosocomial setting to being 
widespread in the community [33]. 

Most of the MRSA isolates in this study were multi-
drug-resistant strains (exhibiting resistance to six out of 
seven antibiotics exposed to), a result of which agreed 
with the report of  G a d d a f i  et al. [13] in healthy pigs 
in Kebbi State. The result showed a high resistance to 
penicillin, oxytetracycline, neomycin, erythromycin, gen-
tamicin, and sulfonamides. Reports from  A n u e y i a g u  
and  I s i y a k u  [1], J a h a n  et al. [16] and  G a d d a f i 
et al. [12] in agreement showed a remarkably high MRSA 
resistance to penicillin because it is the drug of choice in 
S. aureus infection. High resistance to oxytetracycline 
noticed in this study could be attributed to the assertion 
by  O l a t o y e  [27] who opinioned that tetracycline is 
commonly used as a feed additive and for prophylaxis in 
animal production in Nigeria. Similarly,  U s m a n  et al. 
[32] opinioned that resistance to tetracycline is a major 
problem in veterinary practices in Nigeria due to avail-
ability and affordability of the medication. High resist-
ance to erythromycin and gentamicin observed in this 
study could possibly reflect its frequent use in livestock 
in the study area. In agreement to this,  A n u e y i a g u  
and  I s i y a k u  [1], reported significant levels of resist-
ance to erythromycin and gentamicin in Nigeria. Results 

of MRSA susceptibility testing from this study showed 
100 % susceptibility to vancomycin. This finding is unsur-
prising because vancomycin is rarely used in the treatment 
of diseases in livestock in the study area [13]. 

Forty-four MRSA strains isolated from this study 
showed multidrug resistance. The isolates were resistant 
to a combination of the four, five and six antibiotics tested. 
B i t r u s  et al. [3] explained that multi-drug resistance 
in S. aureus may be partly attributed to the acquisition of 
resistance determinants domiciled in mobile genetic ele-
ments.  L a y  et al. [18] also opined that the determinants 
of multi-drug resistance are capable of being disseminated 
in a region or between regions because of antibiotic selec-
tive pressure in either livestock or humans. All methicillin 
resistant S. aureus examined in this study had an MAR 
index of 0.6 and above. The MAR index gives an indirect 
indication of the probable source of an organism. An or-
ganism originates from an environment with high levels 
of antibiotic use when its MAR index is greater than 0.2 
[11]. The findings of the current study underscore the cir-
culation of multidrug-resistant MRSA strains among ap-
parently healthy poultry farms and their attendants and 
accordingly, poultry may be considered as a reservoir for 
such multidrug-resistant strains which may easily pass 
to humans through direct contact resulting in horizontal 
transmission between humans, with great public health 
consequences. More so, in Nigeria, the indiscriminate use 
of antibiotics in livestock production could have also con-
tributed immensely to the patterns and index of antibiotic 
resistance recorded in this study.

To date, the correlation between MRSA phenotype and 
genotype must be considered from the surrogate test for 
oxacillin and mecA gene existence [13]. In this study, all 
eighty MRSA strains examined carried the mecA gene, 
indicating that the phenotypic resistance exhibited by the 
strains on ORSAB was due to the possession of the gene. 
This finding agrees with the report of  G a d d a f i  et al. 
[13] who also detected mecA gene in all the forty-four 
MRSA strains isolated from pig farms and their attendants 
in Zuru. Contrarily, our findings differed from the report 
of  M u s a w a  et al. [22] and  Y a k u b u  et al. [37] who 
detected the mecA gene in only fifteen out of thirty-seven 
and twelve out of twenty-two MRSA isolated from poultry 
carcass rinse and some retailed animal products in Sokoto, 
respectively. Phenotypic expression of resistance to methi-
cillin in MRSA varies and each strain has a characteristic 
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profile of the proportion of bacterial cells that grow at spe-
cific concentrations of methicillin [28].

CONCLUSIONS

The antibiotic susceptibility profiles of the MRSA 
strains isolated from poultry showed significant levels of 
resistance to penicillin, erythromycin, gentamicin, and ox-
ytetracycline. This finding is of great public health concern 
because these antibiotics are commonly used in Nigeria 
either therapeutically in human and veterinary practices or 
as growth promoters and for prophylaxis in poultry pro-
duction. This also highlighted the roles of layer chickens 
and possibly eggs as potential sources of infection to hu-
mans. 
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ABSTRACT 

This study was conducted to determine the concen-
trations of mineral substances, such as: calcium (Ca), 
magnesium (Mg), copper (Cu), and zinc (Zn); in the 
blood serum of broiler chicks after supplementation of 
humic substances. Group 1 (G1) was supplemented 
with 0.7 % Humac Natur Mycosorb (HNMy); G2 with 
0.7 % Humac Natur Monogastric (HNM); G3 with 
0.3 % HNMy; and the control group (GC) received a 
basal diet without any supplements. In the G2 group, 
the serum Ca level increased slightly compared to the 
other experimental groups. A statistically significant 
decrease (P < 0.001) in the blood serum of Mg was de-
tected in the broilers from group G2 (0.60 mmol.l–1) 
and G1 (P < 0.05; 0.68 mmol.l–1) in comparison to the 
GC. The Zn in the blood serum of broilers from group 
G2 (22.05 µmol.l–1) was significantly increased (P < 0.05) 
in broilers from group G2 in comparison to the control 
group (19.47 µmol.l–1) and G1 group (19.61 µmol.l–1). 
The serum Cu (12.72 µmol.l–1) was significantly in-
creased (P < 0.001) in broilers from group G2 in com-
parison to the GC (10.28 µmol.l–1). In the group G1 
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SUPPLEMENTATION OF HUMIC SUBSTANCES
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there was a significant decrease (P < 0.05) in the level 
of the Cu in the blood serum (8.69 µmol.l–1) in com-
parison to the serum Cu in broilers from groups G3 
(10.45 µmol.l–1) and G2 (12.72 µmol.l–1). The addition of 
Humac Natur Mycosorb (0.3 % and 0.7 %) in the feed 
caused a strong correlation in the blood serum between 
the Ca and Mg (r = 0.7494; r = 0.7648). The addition 
of 0.3 % Humac Natur Mycosorb in the feed caused a 
high negative correlation (r = –0.7078) in the blood se-
rum between the Mg and Zn. 

Key words: blood serum; broilers; calcium; cop-
per; humic substances; magnesium; zinc 

INTRODUCTION

Nutritionists are constantly looking for viable additives 
because conventional supplements have been criticized 
for negatively affecting the food chain. Humic substances 
(HS), primarily humic acids and fulvic acids, attract the 
deliberate attention of scientists for many reasons. The 
acidic nature of these compounds is explained by the pres-
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ence of carboxyl groups, which allows them to be consid-
ered polycarboxylic acids. Today, however, HS are being 
increasingly applied in practical agriculture. This is ex-
plained by the fact that humic substances have high phys-
iological activity, which is expressed in stimulating the 
growth and development of both plants and animals [5]. 
Humic substances have: antibacterial, antiviral, antithy-
roid and anti-inflammatory effects in animals, improve im-
munity and reduce mortality, and increase poultry growth 
[9], and have shown a strong affinity for binding various 
substances, such as heavy metals [13], minerals [8] and 
aflatoxins [20, 22]. Moreover, including natural additions 
to chickens’ diet, such as humates or HS, has been found to 
positively affect and improve gut health [3], influences the 
increase in absorption of mineral components which are 
necessary for the organism [17]. Mineral components, e.g. 
calcium and phosphorus, enter the composition of tissues 
and body fluids, fulfilling a body-building function [18]. 
S t e p c h e n k o  [21] proved that adding biologically ac-
tive supplements of humic nature to the diets of animals: 
stimulated the metabolic processes and the digestibility of 
nutrients, promoted an increased nitrogen deposition, and 
activated the absorption of calcium and phosphorus, as 
well as some other mineral elements. Differentiated effects 
have been seen in both humic acids and trace elements, 
and especially in Cu and Zn. The Zn, Cu, and Mn are es-
sential trace elements and play multiple biological and 
physiological roles in the development and health of all 
animals, leaving the susceptible to various nutrient and in-
gredient antagonisms that impair absorption. Antagonisms 
can occur between minerals. For example, high levels of 
zinc reduce the availability of copper, and the opposite is 
also true [18]. The influence of humates on changes in bio-
chemical parameters has been studied by some researchers 
[4, 10, 11, 17]. 

The aim of this study was to monitor the effects of hu-
mic acid on selected mineral elements (Ca, Mg, Zn, Cu) 
and their concentrations in the blood serum of broiler 
chickens.

MATERIALS AND METHODS

Animals
One-day-old broiler chicks of hybrid ROSS 308 were 

randomly divided into 4 groups of 20 animals each. Die-

tary treatments were as follows: The broilers were fed with 
a commercial feed mixture BR1, diet for fattening broilers 
within 10 days of age, BR2 diet for growing to 30 days of 
age and BR3 final fed mixture (AGROCASS plus, Ltd. 
Čaňa, Slovak Republic) for the duration of the experiment 
(42 days). 

Experimental design and diet
The control group (GC) was fed a basal diet without 

any supplement. The experimental group G1 was sup-
plemented with 0.7 % Humac Natur Mycosorb (HNMy) 
which represented 0.7 kg.100 kg–1 feed. Group G2 was 
supplemented with 0.7 % Humac Natur Monogastric 
(HNM) and thus enriched with calcium formate. Group 
G3 was supplemented with 0.3 % Humat Natur Mycosorb 
0.3 kg.100 kg–1) feed. The Humac Natur Mycosorb and 
Humac Natur Monogastric were obtained from HUMAC 
Ltd. Košice, Slovak Republic. During fattening, chickens 
had access to water and feed ad libitum. The supplemen-
tation of humic substances to animals in feed does not re-
quire withdrawal periods. The broiler chicks were reared 
on deep litter and microclimate conditions complied with 
the requirements for fattening of broilers. They were 
reared under a conventional temperature regimen at 21 °C. 
The relative humidity was maintained between 60—70 %. 
After fattening, the animals were stunned and killed by 
cervical dislocation. 

Ethical statement
The experiments were carried out in accordance with 

the European directive on the protection of vertebrate an-
imals used for experimental and other scientific purpos-
es (86/609/EU) and with the consent of the State Veter-
inary and Food Administration of the Slovak Republic 
No. 3090/13-221 on the premises for poultry housing of 
the University of Veterinary Medicine and Pharmacy in 
Košice (Slovak Republic). 

Blood samples
The blood sera were obtained on day 42 of the life of 

broilers by sampling the blood from vena cutanea ulnaris. 
After proper clotting, the blood samples were centrifuged 
at 3500 rpm for 15 minutes for serum separation. The 
blood serum was diluted 1 : 1 with La2O3 in a 50 ml vol-
umetric flask. This solution was analysed for the content 
of Ca, Mg, Zn, and Cu directly by using a flame atomic 
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Table 1. Composition of the broiler diets

Item
[%]

BR1—Fattening
[1—10 day]

BR2—Growing
[11—30 day]

BR3—Finishing
[31—42 day]

Maize 35.00 40.00 37.00

Wheat 35.00 35.00 36.80

Soybean meal 21.30 18.70 20.00

Dried blood 1.25 – –

Limestone 1.00 1.05 1.12

Monocalcium phosphate 1.00 0.70 1.00

Salt 0.10 0.15 0.20

Lysine 1.20 1.15 0.98

Methionine 0.60 0.46 0.40

Premix 0.50 0.50 0.50

Composition by analysis 

ME 
[MJ.kg–1] 12.01 12.03 12.37

N-substances 
[%] 22.00 19.50 19.00

Ash 
[%] 6.00 4.00—6.00 4.00—6.00

Fat 
[%] 2.50—5.00 6.00—8.00 6.00—10.00

Crude fibre 
[%] Max. 4.00 Max. 4.50 Max. 4.00

Non-phytate phosphorus 
[%] Min. 0.42 Min. 0.40 Min. 0.40

Ca 
[%] Min. 0.90 Min. 0.85 Min. 0.85

Na 
[%] Min. 0.15 Min. 0.14 Min. 0.14

Retinol 
[MJ.kg–1] 12 500 12 500 10 000

Cholecalciferol
[MJ.kg–1] 3 000 3 000 2 000

Alpha-tocopherol 
[mg.kg–1] 50.00 40.00 30.00

Propylgallata
[mg.kg–1] 100.00 100.00 100.00

Narazinb
[mg.kg–1] 70.00 – –

Salinomycin sodiumb 
[mg.kg–1] – 70.00 –

ME—metabolizable energy; a—antioxidant; b—coccidiostat Ca—calcium; Na—sodium
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absorption spectrometer (Unicam Solar, 939, Great Brit-
ain). The flame conditions were those recommended by 
the instrument manufacturer for Ca, Mg, Zn and Cu (wave-
length 422.7; 285.2; 213.9; 324.8 nm, respectively, band 
pass 0.5 nm). Determinations were done according to the 
methodology specified in the List of Official Methods and 
Laboratory Diagnostics of Food and Feed in the Bulletin of 
the Ministry of Agriculture the Slovak Republic, 2004 [12].

Statistical analysis 
The differences between means were determined, ac-

cording to the paired t-test using GraphPad Prism 6 soft-
ware. Correlations between pairs of elements in blood se-
rum in experimental and control groups were determined 

by Pearson correlation analyses. Only samples with de-
tectable mineral levels were included in the analysis. Only 
significant correlations with an r value > 0.3 were reported.

RESULTS AND DISCUSSION

The mean concentrations of Ca, Mg, Zn, and Cu deter-
mined in blood serum of broilers are presented in Table 3.

The level of serum Ca in broilers from the control and 
experimental groups were almost balanced. The mean Ca 
serum levels (2.05; 2.14; 2.16; 2.08 mmol.l–1, respectively) 
were below the physiological range (2.50–3.0 mol.l–1). The 
addition of 0.7 % HNM to feed for broilers increased the Ca 
level in the serum of G1, G2 and G3 groups in comparison 
to the control group. Similarly,  J a ď u t t o v á  et al. [10] 
after the addition of 0.8 % and 1 % of humic substances to 
broiler feed found an increase in Ca (2.90 and 3.23 mmol.l–1, 
resp.) and Mg (0.81 and 0.85 mmol.l–1, resp.).  N a ď  et al. 
[15] found that the supplementation of 0.7 % Humac Natur 
Monogastric to broilers significantly reduced (P < 0.001) 
serum Ca compared to the control group (1.42 mmol.l–1; 
1.98 mmol.l–1) and  A b d e l - M a g e e d [1] noted that 
birds fed a diet supplemented with humic substances at 
low levels showed a decrease in serum Ca and P levels. 
The increase in Ca can affect positively bone metabolism 
and structure [17].  B o g u s l a w s k a - T r y k  et al. [6] 
found that the concentration of Ca in the blood of broilers 
showed a gradual increase along with increasing levels of 
cellulose in the diet. 

Serum Mg values detected in our study in groups G1, 
G2, G3 were slightly lower compared to the control group. 
A significant decrease (P < 0.001) in serum Mg was de-
termined (0.60 mmol.l–1) in broiler chickens supplement-
ed with 0.7 % HNM (G2) while a significant decrease 
(P < 0.05; 0.68 mmol.l–1) was detected in broiler chickens 
fed with the addition of 0.7 % HNMy (G1) in compari-
son to the control group. On the other hand,  K o v a c i k  
et al. [11] observed that the addition of 0.5 % humic acid 
to the feed for pheasants increased the level of the Mg in 
the serum of pheasants.

In contrast, the serum Zn (22.05 µmol.l–1) was signif-
icantly increased (P < 0.05) in broilers from group G2 in 
comparison to the control group (19.47 µmol.l–1) and G1 
group (19.61 µmol.l–1). In our experiment, supplemen-
tation of humic substances (0.7 % HNMy; 0.7 % HNM; 

Table 2. Composition of feed supplements 
(powder, particle size up to 100 µm)

Ingredient
Humac Natur 

Mycosorb (HNMy)
(Group 2)

Humac Natur 
Monogastric (HNM)

(Group 3)

Humic substances 
[%] 60 60

Fulvic acid
[%] 5 5

Formic acid
[%] – 3.24

Ca 
[g.kg–1] 42.278 51.1

Mg 
[g.kg–1] 5.100 4.855

Fe 
[mg.kg–1] 19.046 18.094

Cu 
[mg.kg–1] 15.00 14.25

Zn 
[mg.kg–1] 37.00 35.15

Mn 
[mg.kg–1] 442.00 135.00

Co 
[mg.kg–1] 1.24 1.18

Se 
[mg.kg–1] 1.67 1.59

V 
[mg.kg–1] 42.10 40.00

Mo 
[mg.kg–1] 2.70 2.57

Ca—calcium; Mg—magnesium; Fe—iron; Cu—copper; Zn—zinc; 
Mn—manganese; Co—cobalt; Se—selenium; V—vanadium; 

Mo—molybdenum



50

Table 3. The content of mineral elements in blood serum of broiler chickens

Group Ca
[mmol.l–1]

Mg
[mmol.l–1]

Zn
[µmol.l–1]

Cu
[µmol.l–1]

Control GC 2.05 ± 0.20 0.74 ± 0.07 19.47 ± 0.98 10.28 ± 1.27

G1 2.14 ± 0.31 0.68 ± 0.10* 19.61 ± 2.23 8.69 ± 1.25*

G2 2.16 ± 0.30 0.60 ± 0.06*** 22.05 ± 2.75* 12.72 ± 0.97***

G3 2.08 ± 0.36 0.71 ± 0.10 20.62 ± 2.96 10.45 ± 1.82

The data represent the mean of 6 samples of blood serum from each group; Control group—diet without the addition of humic substances; G1—0.7 % 
HNMy—diet with the addition of Humac Natur Mycosorb; G2—0.7 % HNM – diet with the addition of Humac Natur Monogastric; G3—0.3 % HNMy—diet 

with the addition of Humac Natur Mycosorb; *—P < 0.05 ; ***—P <0.001

0.3  % HNMy) increased the serum Zn levels (19.61; 22.05; 
20.62 µmol.l–1, resp.) in broilers from all three supplement-
ed groups compared to the control group (19.47 µmol.l–1). 
This increase can be attributed to the humac natur addi-
tive used, which binds inorganic ions and facilitates the 
transport of these minerals [9]. Additionally, Zn concentra-
tion in the serum slightly increased in birds supplemented 
with 90 mg.kg–1 of ZnSO4 compared to non-supplemented 
birds [7].  O l u k o s i  et al. [16] conducted experiment 
with supplementation of sulphate or hydroxychloride and 
reported that the higher Zn supplemental level released 
greater quantity of Zn into the blood. 

The serum Cu (12.72 µmol.l–1) was significantly in-
creased (P < 0.001) in broilers from experimental group 
G2 in comparison to the control group (10.28 µmol.l–1). 
On the other hand, the addition 0.7 % HNMy to the feed 
for broilers significantly decreased (P < 0.05) serum Cu 
(8.69 µmol.l–1) in G1 in comparison with serum Cu in 
broilers fed 0.3 % HNMy (10.45 µmol.l–1) and 0.7 % HNM 
(12.72 µmol.l–1). Copper plays an important role in the for-
mation of red blood cells. It is required to absorb, utilize, 
and synthesize haemoglobin, which is necessary for red 
blood cells formation. The addition of humic substances 
to the feed for quails (360; 480; 600 mg.kg–1) caused an 
increase in serum Zn (31.47; 35.79; 35.66 µmol.l–1) and 
a decrease in serum Cu (31.47; 35.79; 35.66 µmol.l–1) in 
three supplemented groups compared to the control broil-
ers [4]. Blood and liver Cu concentrations are positively 
associated with the plasma ceruloplasmin concentration 
[2]. M i l l e r  et al. [14] observed the levels of trace el-
ements in sea ducks’ blood and found that Cu concentra-
tions differed little among species, site, or age class (adult 

females versus ducklings), perhaps due to Cu being close-
ly regulated in the blood.

Table 4 shows the results of correlation analysis that 
revealed some relationships in the blood serum between 
the content of elements in the control and HNM supple-
mented groups.

Results obtained in our study indicated different cor-
relations of the analysed elements in blood components 
as well as the effect on parameters of blood biochemical 
profiles. The addition of Humac Natur Mycosorb (0.3 % 
and 0.7 %) to feed resulted in strong correlation of blood 
serum levels between Ca and Mg (r = 0.7494; r = 0.7648). 
In contrast, the addition of 0.3 % Humac Natur Mycosorb 
in feed caused negative correlation (r = –0.7078) of blood 
serum levels between Mg and Zn. Also, the addition of 
0.3 % Humac Natur Mycosorb to the feed showed a neg-
ative correlation (r = –0.7616) of the blood serum levels 
compared to the control group between the elements Cu 
and Ca. In the other groups mainly medium correlations 
were detected. For comparison, a positive correlation was 
observed for magnesium to zinc in the muscle of broilers 
fed 0.7 % Humac natur [19].

CONCLUSIONS
 
The results of this study demonstrate that the use of 0.7 

% Humac Natur Monogastric as a feed additive signifi-
cantly increased the levels of magnesium, zinc, and copper 
in the blood serum of broilers. The addition of Humac Na-
tur Mycosorb (0.7 % and 0.3 %) to the broiler diet showed 
did not affect significantly the mineral content in the blood 
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serum. The advantages of dietary HA supplementation as 
a feed additive are promising. Humic acid has a favourable 
role in boosting productive performance due to its useful 
impact on nutrient utilization and absorption. 
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ABSTRACT

Methicillin Resistant Staphylococcus aureus (MRSA) 
is an important zoonotic pathogen capable of causing life 
threatening disease conditions in humans. A cross-sec-
tional study was conducted to investigate the presence 
of MRSA in both pet and stray dogs within the Sokoto 
metropolis. A total of 100 oral swabs comprising 50 each 
from pet and stray dogs were collected and analyzed 
using routine bacteriological cultures and molecular 
identifications. Out of the 100 samples examined, 15 % 
(15/100) were positive for MRSA with varying detec-
tion rates of 9/50 (18 %) and 6/50 (12 %) for the pet and 
stray dogs respectively. The statistical analysis showed 
no significant association between the occurrence of 
MRSA and the dogs (P  =  0.401). The study revealed the 
presence of MRSA in dogs within the Sokoto metropolis, 
which presents health risks to pet dog owners, veterinar-
ians, dog catchers and other individuals who may come 
into close contact with these dogs. 

Key words: antibiotics; dogs; Nigeria; Sokoto

INTRODUCTION

Methicillin-resistant Staphylococcus aureus (MRSA) 
is a global public health problem, associated with consid-
erable morbidity and mortality [29]. It is a well-known and 
widespread pathogen that has the ability to cause a wide 
spectrum of clinical diseases in both humans and other ani-
mals [7]. MRSA infections have been on the increase in the 
past few decades and as a result, the community acquired 
methicillin resistant Staphylococcus aureus (CA-MRSA) 
has been reported in many middle- and low-income coun-
tries. Although the origin of the CA-MRSA is still unclear, 
several clones of the pathogen have been reported to be 
rapidly spreading within communities and healthcare set-
tings in many countries. Individuals having close contact 
with animals have been shown to be at a higher risk of 
contracting livestock acquired MRSA [25, 33]. 

Methicillin resistance is conferred by the mecA gene, 
which encodes an aberrant penicillin-binding protein (PB-
P2a) with decreased affinity for β-lactam antibiotics, so 
that PBP2a are able to catalyze the transpeptidation reac-
tion required for peptidoglycan cross-linking thereby, ena-
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bling cell wall synthesis in the presence of high concentra-
tions of β-lactams which otherwise would inhibit the en-
dogenous PBPs; thus, conferring resistance to all β-lactam 
antibiotics [3, 14]. 

There is a sizeable population of stray dogs in Nigeria 
that serve as reservoirs of many environmental pathogens 
and potential source of infections to pet dogs that are let 
outdoors unmonitored. Both dogs share the same outside 
environment and often come into contact with each other 
with or without the knowledge of the owners. Thus, there 
is potential interchange of pathogens between the dogs 
which could consequently extend to the pet owners or 
persons in close contact with dogs such as admirers and 
veterinarians. 

MRSA strains carry a diverse and transmissible genetic 
element designated as MRSA colonization in dogs which 
have been extensively studied in most parts of the world 
with varying prevalence rates of 0—6 % [23]. However, 
despite reports of the pathogen in humans [11] and the un-
ethical use of antibiotics by veterinary quacks and animal 
owners, there is very little information about the presence 
of MRSA in dogs in Nigeria. 

MATERIALS AND METHODS

Ethical approval
All experiments were done in accordance with the 

guidelines to the use and care of animals of the Research 
Ethics Committee of the Faculty of Veterinary Medicine, 
Usmanu Danfodiyo University, Sokoto, Nigeria (UDUS/
FAREC/01/2019).

Study design and sample collection
A cross-sectional study was conducted between March 

and November, 2019. With the consent of the owners, oral 
swabs were collected from pet dogs across the Sokoto me-
tropolis and from stray dogs captured and stationed at the 
Army barracks in Mammy Market, Sokoto. A total of one 
hundred samples comprising 50 each from both pet and 
stray dogs were randomly collected using a swab stick and 
transported in Brain Heart Infusion Broth (BHIB) to the 
Bacterial Zoonoses Laboratory, Usmanu Danfodiyo Uni-
versity, Sokoto, Nigeria. 

Bacteriological culture and isolation
All swab samples were incubated in the transport me-

dium (brain heart infusion broth) for 24  hours at 37 ºC, 
before being inoculated onto blood agar (containing 
5 % sheep blood) and incubated aerobically at 37 ºC for 
24 hours. Colonies that appeared relatively small, circular, 
convex, smooth, and grayish to white and displayed light 
to golden yellow pigment were presumed to be Staphylo-
coccus aureus and were sub-cultured onto Mannitol Salt 
agar (Oxoid, Basingstoke, UK) and incubated aerobically 
at 37 ºC for 24 hours. Presumptive colonies of Staphylo-
coccus aureus were identified as small, smooth, golden, 
shiny, convex, and with golden yellow zones. The colonies 
were then preserved by sub-culturing onto nutrient agar 
(Oxoid) slant and incubated at 37 ºC for 12 hours. The pre-
sumptive Staphylococcus aureus isolates were further con-
firmed using a biochemical test including catalase and co-
agulase tests as described by  O c h e i, K o h l h a t k a r 
[28] and  C h e e s b r o u g h  [5].

Phenotypic and genotypic characterization of MRSA 
To determine phenotypic methicillin resistance, over-

night fresh cultures of S. aureus were inoculated onto 
a freshly prepared Oxacillin Resistance Screening Agar 
Base using the appropriate supplement (ORSAB; Oxoid®). 
Colonies that appeared intense blue on ORSAB were phe-
notypically presumed to be MRSA.

For genotypic characterization, the genomic DNA 
of the presumptive MRSA isolates were extracted using 
a boiling method with slight modifications as described by 
C h e n  et al. [6]. Briefly, a loop-full suspension of over-
night grown cultures on nutrient agar plate was transferred 
into a 1.5 ml micro-centrifuge tube containing 100 µl of 
sterile distilled water. The suspension was first incubated 
at room temperature for 5 minutes, and then heat treated to 
96 °C for 10 minutes. This was followed by centrifugation 
at 12,000 g for 5 minutes. The supernatant (containing the 
DNA) was then collected in a new 1.5 µl tube and kept at 
4 ºC until use. 

PCR detection of the mecA gene 
The DNA templates of all the positive ORSAB S. 

aureus isolates were subjected to PCR for the detection 
of the 163 bp fragment of the mecA gene using that de-
scribed by  M e h r o t r a  [24] (Table 1). The PCR assay 
was performed in a 25 μl reaction mixture containing 3 μl 



56

of nuclease free water, 5 μl (0.5 μg) of the DNA template, 
1 μl (0.2 μM) of each forward and reverse primer, 2.5 µl of 
coral red dye load and 12.5 μl (100 μM) of the Master mix 
(Qiagen). The amplification protocol consisted of 35 cy-
cles of amplification with an initial denaturation of 94 °C 
for 5 min, denaturation at 94 °C for 1 min, annealing at 
57 °C for 1 min, an extension at 72 °C for 1 min and then fi-
nal extension at 72 °C for 7 min. Confirmed mecA through 
sequencing in the lab was used as a positive control, while 
nuclease free water was used in place of DNA template as 
a negative control. The PCR products were visualized after 
electrophoresis for 45 min at 90 volts in 1 % agarose gel. 
The amplicons were then viewed under a UV trans-illumi-
nator (Biorad Gel Doc XR System w/Universal Hood II).

Data analysis
The results presented in tables and percentages were 

computed using Microsoft Excel software version 2010. 
Chi-squared statistics were performed using SPSS v23 to 

Table 1. Oligonucleotide sequences for the detection of mecA gene

Primer name Primer sequence 
[5’ to 3’]

Band size 
[bp]

mecA1_forward AAAATCGATGGTAAAGTTGGC
163 

mecA2_reverse AGTTCTGCAGTACCGGATTTGC

Table 2. Distribution of Staphylococcus aureus in pet and stray dogs

Status Pet dogs  Stray dogs Total

Positive 26 18 44

Negative 24 32 56

Total 50 50 100

P = 0.796; 95 % CI: 0.117—16.444

Fig. 1. Gel image of 163 bp gene fragment of the mecA gene using 100 bp molecular weight DNA ladder

Table 3. Distribution of methicillin resistant 
Staphylococcus aureus in pet and stray dogs

Status Pet dogs Stray dogs Total

Positive 9 6 15

Negative 41 44 85

Total 50 50 100

χ2 = 0.706; p = 0.401, 95 % CI: 0.203—1.899

determine the possible association between MRSA coloni-
zation and the dog type.

RESULTS

Of the 100 oral swabs examined, 44 % (44/100) were 
positive for Staphylococcus aureus based on culture, and 
biochemical characterization. Pet dogs had the highest 
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prevalence with 52 % (26/50), while stray dogs had 36 % 
(18/50). There was no statistically significant association 
(P  =  0.796) between the recovery rate of S. aureus and dog 
type (Table 2). The PCR detection of mecA gene showed 
that 15 % (15/100) of MRSA isolates from dogs were pos-
itive (Figure 1). This comprised 18 % (9/50) from pet dogs 
and 12 % (6/50) from stray dogs. There was no statistical-
ly significant association (P  =  0.40) between the recovery 
rate of MRSA and dog type (Table 3).

DISCUSSION

Methicillin resistance has increasingly been reported 
in staphylococcal isolates from canines in several coun-
tries [2, 16, 17, 36]. In the Sokoto state, the association 
between pet animals and humans has changed in the last 
few years. The number of owned dogs has dramatically 
increased in the society which has made dogs in closer 
contact with humans. This increase in acceptance of dogs 
as pets, partly due to the rising security challenges in the 
State and country at large, has increased the frequency of 
close contact between dogs and humans. Thus, it increases 
the risk of disease transmission between pets and humans. 
In this study, the overall oral carriage of MRSA from dogs 
was 15 % (15/100), which was higher than the reports by 
S a s a k i  et al. [32], A b b o t t   et al. [1], K o t t l e r  et al. 
[19], P e n n a  et al. [30] L o e f f l e r  et al. [22] and 
C h a h  et al. [4] who, respectively, recorded 1.7 %, 1.1 %, 
3.3 %, 3.4 %, 9.0 % and 12.8 % of MRSA in the dogs in the 
Ireland, UK, the US, and Nigeria, respectively. 

This discrepancy is likely due to: differences in the 
breeds of dogs utilized in this study, indiscriminate anti-
biotic medication, which is prevalent in impoverished na-
tions, harsher environmental difficulties often found in the 
study area, and malnutrition, which causes stress and im-
pairs a dog’s immune system. According to  K u t d a n g 
et al. [20] findings, stray dogs and pet dogs raised in un-
derdeveloped nations are more exposed to the outside en-
vironment and therefore, have a higher risk of catching 
diseases than domestic dogs. F l o r a s  et al. [10] added 
to the findings of this investigation by reporting on an in-
creased rate of MRSA identification in dogs in Canada.

Contrarily, higher MRSA carriage of 67.5 % and 51.1 % 
have been reported by V i n c z e  et al. [35] and  I v e r s o n  
et al. [15], respectively. The non-significant statistical as-

sociation (P = 0.401) observed between the presence of 
MRSA and dog type showed that both pet and stray dogs 
harbor the pathogen without preference associated with 
type of living condition. Pet dogs could acquire MRSA 
through contact with humans and other dogs [9]. However, 
the presence of the pathogen in stray dogs indicates possi-
ble contact between pet and stray dogs, which could be di-
rectly or indirectly through sharing the same environment 
[34]. Although, isolation of S. aureus is not uncommon in 
canine infection, MRSA isolation is of great concern as it 
becomes more prevalent among dogs in different regions. 
MRSA isolation among dogs has great public health im-
plications because of the high risk of human infections 
following close contact with dogs [15]. Several studies 
have described potential transmission of MRSA strains be-
tween pet dogs and humans [9, 34]. However, to the best 
of our knowledge, this is the first study on the occurrence 
of MRSA in stray dogs in Nigeria. The presence of the 
pathogen in this type of dogs have serious public health 
consequences as they could serve as reservoir and sources 
of infection for pet dogs and other animals, including live-
stock that could have close contact with these dogs. 

Several studies have suggested that dogs may be one 
of the gates through which MRSA found its way outside 
healthcare facilities leading to possible community trans-
mission of such pathogen among animal and human pop-
ulations [8, 21]. In agreement to this assertion, several 
studies in different countries have reported MRSA strains 
from dogs to be indistinguishable from the human strains 
[7, 26].

The prevalence of S. aureus and MRSA in the nasal 
cavity of dogs was extremely high. These findings show 
that dogs are more likely to get contaminated through their 
nostrils. Contaminations can also occur as a result of scav-
enging of death corpses from backyard poultry farms that 
have been exposed to antibiotics. These data, along with 
those of  R i c h, R o b e r t s [31] and K h a n n a  et al. 
[18], show that nasal sampling is a better way to detect 
MRSA colonization in animals. A single case of MRSA 
discovery from nasal swab samples of 255 dogs, rather 
than from the throat and skin of the same animals was con-
firmed by  R i c h  and  R o b e r t s [31].

The current study’s PCR investigation indicated the 
presence of the mecA gene at 163 bp in 15 of the 20 iso-
lates that were phenotypically MRSA positive. When it 
comes to MRSA detection and characterization, the pres-
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ence of the mecA gene is the gold standard [11]. According 
to studies, the existence of the mecA gene in animals and 
animal products supports this claim [12, 27, 37]. 

Some of the phenotypic MRSA positive isolates did not 
display mecA on amplification, which could imply the oc-
currence of mecA PCR negative MRSA isolates in Sokoto, 
according to the PCR study. G a r c i a - A l v a r e z  et al. 
[13] discovered a novel allele of the mecA gene encoding 
an alternative penicillin binding protein that mediates me-
thicillin resistance in bovine S. aureus isolates and humans 
in the UK, Denmark, and Germany who were Methicil-
lin-resistant but mecA PCR negative in a previous study. 
These unique mecA alleles (mecA LGA251) exhibit a nu-
cleotide similarity of 70 % with the archetypal mecA gene. 
Furthermore, the findings suggest that an additional mecA 
allele is circulating in the environment, which could be ac-
quired by S. aureus and result in the development of a new 
MRSA strain.

CONCLUSIONS

This study showed the presence of MRSA in apparent-
ly healthy dogs (stray and pets) within the Sokoto metrop-
olis of Nigeria. The findings also indicated that both pet 
and stray dogs harbour the pathogen with a potential risk 
of infecting individuals in close contact. There is the need 
to educate pet owners and dog catchers on the potential 
zoonotic transmission of MRSA from dogs and the need to 
take appropriate preventive measures. 
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ABSTRACT

The aim of this study was to evaluate the exterior 
faults in selected Slovak breeds of rabbits of different 
colour varieties according to a current Book of Rabbit 
Standards. Of 336 rabbits from 9 exhibitions organ-
ized in the territory of the Slovak and Czech Republics, 
2 national medium-sized breeds of Liptov Bold-Spotted 
Rabbit (270 pcs) and Nitra Rabbit (66 pcs) were select-
ed. The qualities and exterior faults of typical breed 
traits were evaluated in seven positions including: 
weight, shape, type, coat, top colour (eventually mark-
ings), under-colour (eventually intermediate colour), 
condition and health. Our evaluations showed that the 
most common exterior faults in these categories were 

in the: positions, shape, type, coat, and top-colour. In 
the shape position there were found significant exteri-
or faults, such as slightly protruding hips with slant-
ing rump, and worse legs position with loose skin on 
the body. In the type position, the faults observed in 
all selected breeds included: narrow chest, body too 
lean or too long, more delicate head with ears too fine 
and longer. The coat was usually thick and less elastic 
with a lighter under-colour at the base of the skin and 
non-sharply defined intermediate colour. In the top col-
our position of evaluated breeds there were numerous 
deficiencies involving uneven, and incomplete colour, 
and significant faults in the drawing. The data ob-
tained in this study were innovative, as they represent-
ed a new approach that may help to characterize the 

EVALUATION OF EXTERIOR FAULTS IN SELECTED 
SLOVAK RABBIT BREEDS

Mojcherová, Ľ.1, Zigo, F.1, Ondrašovičová, S.2, Zapletal, D.3

Vargová, M.4, Veszelits Laktičová, K.4

1Department of Nutrition and Animal Husbandry, 
2Department of Biology and Physiology, University of Veterinary Medicine and Pharmacy

Komenského 73, 041 81 Košice
Slovakia 

3Department of Animal Breeding, Animal Nutrition and Biochemistry
Faculty of Veterinary Hygiene and Ecology, University of Veterinary 

and Pharmaceutical Sciences Brno, Palackého tř. 1946/1, Brno 
Czechia 

4Department of Public Veterinary Medicine and Animal Welfare
University of Veterinary Medicine and Pharmacy, Komenského 73, 041 81 Košice

Slovakia

frantisek.zigo@uvlf.sk



62

Slovak breeds of rabbits included in this study and to 
select individuals with the best exterior traits towards 
improving the quality of these breeds.

Key words: assessment; coat; Liptov Bold-Spotted 
rabbit; Nitra rabbit, shape; standard

INTRODUCTION

Today, a wide range of giant, medium, small and dwarf 
rabbit breeds are bred. By breed we mean a group of ani-
mals of the same phylogenetic origin, which has the same 
useful traits and characteristics. The group must be large 
enough. It transmits its characteristics to the offspring as 
long as the conditions of the external environment do not 
change [11, 14]. By 2017, there existed at least 305 breeds 
of domestic rabbit in 70 countries round the world [3].

Among Slovak breeders, national breeds are repre-
sented. Among them there are: Slovak Grey Blue Rex 
and Dwarf Slovak Grey Blue Rex, Blue of Holic Rabbit, 
Nitra Rabbit (Ni), Zobor Rabbit, Zemplin Rabbit, Liptov 
Bold-Spotted Rabbit (LL), Zemplin Rex, Slovak Pastel 
Rabbit, Slovak Pastel Rex and its dwarf form (Dwarf Slo-
vak Pastel Rex), Štrba Gepard Rabbit, Štrba Gepard Rex, 
Chrabrany Rabbit, and Saris Giant Rabbit waiting for rec-
ognition. These national breeds are often exhibited at most 
breeding exhibitions held in the Czech and Slovak Repub-
lics [9, 10]. 

Determining the breeding value of rabbits by assessing 
the exterior at various exhibitions has always been a ma-
jor issue. The breeding efforts of any species of animals 
require certain limits that set the trend for the given field 
[7]. Standards of breeds serve as parameters that help the 
breeders to achieve the optimum appearance in order to get 
as close as possible to the dreamed-of ideal of the breed. It 
is in fact a detailed description of the exterior of individu-
al breeds that characterizes the ideal representative of the 
breed. There is also description of faults—deviations from 
the ideal. Defects are divided according to their severity 
into minor and mayor faults. The purebred animal is eval-
uated at exhibitions by trained judges. They compare the 
animal′s characteristics with the standard requirements. 
The final evaluation serves then as the guiding informa-
tion for the breeding selection of animals within the further 
purebred breeding [16]. 

A summary of all standards is given in the current 
Breed Books of Standards. A relevant pattern book of rab-
bit breeds is a specific publication which is published un-
der the auspices of the Association of Breeders that unites 
the breeders in a given territory. There are prepared, reg-
ularly updated or newly published pattern books for the 
given areas of expertise [8, 9]. 

The aim of this study was to evaluate exterior faults of 
two Slovak breeds of rabbits presented at 9 exhibitions, or-
ganized in the territory of the Slovak and Czech Republics, 
based on the current Book of rabbit standards.

MATERIALS AND METHODS

Selection and characteristics of Slovak rabbit breeds
For the purpose of this study we selected two Slovak 

medium-sized breeds, namely Liptov Bold-Spotted Rabbit 
(270 pcs) and Nitra Rabbit (66 pcs), which were evaluated 
at 9 exhibitions in 2018 and 2019.

Liptov Bold-Spotted Rabbit (LL)
LL is one of the younger Slovak national breeds of rab-

bits. It is a smaller to medium breed with good productivity 
and fertility, which appears more and more often at exhibi-
tions of all kinds (Fig. 1). There are several colour patterns 
of Liptov Bold-Spotted Rabbit: wild-coloured, grey-blue, 
black and blue [1]. The weight is from 3.50 to 4.25 kg. 
The body is stocky, cylindrical and the posture is half-high 
on strong, erect forelegs. The ears are firm with a length 
of 9.0—11.0 cm. The sign of the marking is a white coat 
that starts at the base of ears and runs over the forehead 
and nose towards the lips. The ideal width of the coat is 
1‒3 cm in its centre. A sharp border of the marking and its 
regularity along the entire length is required. Toenails are 
always pigmented [9]. 

Nitra Rabbit (Ni)
Nitra rabbit is one of the favourite Slovak breeds of 

rabbits, mainly for its very good utility properties. Current-
ly, breeders in Slovakia keep 1,300—1,500 Nitra rabbits 
[1]. The Ni breed is the result of a combination of genes of 
three high-quality foreign breeds, namely French Silver, 
Hymalayan and California. At present, they are reared in 
blue and a wild-blue colour and is a favourite breed of rab-
bits especially due to its very good fertility [12]. 
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Nitra rabbits weigh from 4.25 to 5.25 kg. The body 
is very stocky with a strong musculature of the thighs 
and a wide head. The limbs are shorter and stronger and 
the posture is semi-upright. The ears are firm and they 
are 11‒12 cm long. The marking of the head consists 
of a mask and coloured ears. The mask covers the nasal 
part, has a regular oval shape and extends to the eye lev-
el. The marking of the ears is sharply defined at the root. 
The limbs are coloured to the elbow joint or to the heel. 
The toenails are horn-coloured and the colour of eyes are 
light red with a dark red pupil (Fig. 1) [8]. 

Assessment of rabbits and characteristics 
of individual positions 

Exterior features were compared with the faults and 
strengths listed on the evaluation cards of rabbits that were 
assessed at 9 exhibitions in the Czech Republic and Slova-
kia. Observation, evaluation and subsequent awarding of 
prizes at exhibitions were performed by rabbit judges who 
have passed the relevant professional examinations. Prior 
to the self-assessment, the rabbit judge checks the legi-
bility and accuracy of the tattoo. At the beginning of the 
judging, the rabbits are weighed and their sex is checked. 

Fig. 1.  Liptov Bold-Spotted Rabbit and Nitra Rabbit
Photo: Mikurda (2020) and Šimek (2014)

Fig. 2. Evaluation of the rabbit in individual positions
Photo: Britaňáková (2019)
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When evaluating, the examiners try to be as considerate 
as possible so as to disturb the rabbits as little as possi-
ble. If the animal is shy, they give it time to calm down 
and show their normal posture. Judging of a rabbit con-
sists in comparing the exterior of a particular rabbit with 
the requirements of the standard for individual positions 
(Fig. 2). These positions are: weight, shape, type, coat, top 
colour (eventually markings), under colour (eventually in-
termediate colour), condition and health [17, 18]. 

These exterior positions are similar in most of the 
Books of Rabbit Breed Standards but its specific name, 
arrangement and the points maximum depend on the spe-
cific country (Tab. 1). The result of the judging is a rabbit’s 
remarks card with assigned points and notes about indi-
vidual positions, and the total score of points according to 
which the rabbit is classified (Tab. 2) [8, 9]. 

Statistical analysis
Exterior faults and points assigned to the judged breeds 

for individual positions were summarized and statistically 
compared to the rabbit show judges’ remark cards. Sta-
tistical analysis was performed using software Microsoft 
Excel 2007. The dependence between individual posi-
tions of selected breeds was statistically analysed using 
the chi-squared test with the significance level α = 0.05, 
critical value χ2 = 3.502, and testing value—G. Statistical 
independence between individual positions was confirmed 
when G > χ2; the independence was not statistically signif-
icant at testing values of G < χ2.

RESULTS 

The identified exterior deficiencies and advantages 
were evaluated according to individual positions, which 
correspond to the prescribed standard on the rabbit’s re-
mark card. The evaluation of the weight—first position 
of the assessed national breeds of rabbits is shown in 
Figure 3. In this position, deficiencies in reduced weight 
were observed, especially in Ni (10.6 %) that specified 
by the standard. In individuals with reduced weight, only 
points were deducted from total score without the exclu-
sion of rabbits due to insufficient weight.

The occurrence of the most common deficiencies in the 
second position, which is the shape, as shown in Table 3. 
The most common deficiencies in this position in both ana-
lyzed national breeds was protruding pelvic bones in the 

Table 1. Rabbit scoring system and distribution of points

Position number
Czech/Slovak Czech1 Slovak2

Characteristic of position Standard Standard

1 Weight 10 10

2 Shape 20 20

3 Type 20 15

4 Coat 15 20

5 Specific breed traits4 20 20

6 Specific breed traits5 10 10

7 Condition and health 5 5

Total 100 100

Points  are distributed according to the relevant national Rabbit Breed Books of Standards in the 1—Czech Republic, 2—Slovak Republic; 
4, 5—Specific breed traits are given in each specific breed standard

Table 2. Classification scale of rabbit assessment 
is also expressed verbally

Point range Classification

97.0 to 100 Excellent

95.0 to 96.5 Outstanding

93.0 to 94.5 Very good

89.0 to 92.5 Good

85.0 to 88.5 Satisfactory

84.5 and under Not satisfactory

Overall score of rabbits is expressed as several classifications in the 
Slovak Republic. Source: table modified according to  [10]
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LL breed (45.6 %) and in 37.8 % of Ni. The second most 
common faults in this position found of both breeds was 
dewlap, with looser skin on the body (20.4 % of LL and 
12.1 % of Ni), turned to lobes in some individuals. This 
fault with the occurrence of a lobe was observed especially 
in females of both breeds. On the other hand, in the posi-
tion shape were observed individuals in the Ni breed with 
very good formation of the back line (60.6 %).

Table 3 shows the exterior deficiencies in the position 
of the type in which the frame of the body, limbs, exhibi-
tion posture, sexual expression, ears and head were evalu-
ated. From the evaluated individuals of the Ni rabbits, up 
to 15.0 % had a longer, narrower or shorter body and finer 
structure of ears (5.0 %) were found. In the LL breed were 
found narrower or shorter body (12 % of individuals) and 
finer structure of the ears (6.3 % of individuals).

Figure 3. First position—weight assessment
*—P < 0.05, significant differences between the 

compared breeds of rabbits

Table 3. Summary of the most common exterior faults in positions—Shape and Type

Position Exterior faults
LL (270 pcs) Ni (66 pcs)

P value
pcs % pcs %

Shape

Slightly protruding hips 123 45.6 25 37.8 5.040*

Bowed or splayed legs 15 5.6 2 3.0 1.805

Loose skin on the body 55 20.4 8 12.1 3.570*

Dewlap (does) 22 16.8 17 42.5 4.751

Type

Narrow chest/body 
too lean or too long 32 12.0 10 15.0 3.603*

Finer structure of ears 17 6.3 5 7.6 2.704

Irregular shape of ears 38 14.1 0 0 1.557

LL—Liptov Bold-Spotted Rabbit; Ni—Nitra Rabbit; *Chi-squared test significance level α = 0.05; critical value χ2 = 3.502; 
Testing value (G) and statistical independence of individual position was confirmed when G > χ2; the independence was not 

statistically significant when testing value was G < χ2; NS—not significant

Table 4. Summary of the most common exterior faults in positions – Coat

Position
LL (270 pcs) Ni (66 pcs)

P value
pcs % pcs %

Exterior faults

Coat

Poor structure 5 1.9 10 15.0 3.570*

Dense and less elastic 15 5.6 17 26.0 3.890*

Soft or longer 2 0.7 1 1.5 1.502

Exterior advantages

Coat Very good density and
structure of coat 75 28.0 15 23.0 4.203*

LL—Liptov Bold-Spotted Rabbit; Ni—Nitra Rabbit; NS—not significant; *—Chi-squared test significance level α = 0.05; 
critical value χ2 = 3.502; Testing value (G) and statistical independence of individual position was confirmed when G > χ2; 

the independence was not statistically significant when testing value was G < χ2 
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Exterior faults and advantages of position—coat is 
described in Table 4. The coat in both analyzed nation-
al breeds were often less flexible and dense. On the other 
hand, 28 % of LL, and 23 % of Ni rabbits had very good 
density and structure of the coat.

Breeding traits including top colour (eventually mark-
ings), under colour (eventually intermediate colour) 
were assessment in fifth and sixth position. More than 
half of the LL rabbits had marking deficiencies (59.0 %). 
The most common shortcomings in marking in LL and 
their percentage are shown in Figure 4. The most com-
mon faults in the Ni drawing were less defined drawing 
in 36.4 % of the rabbits, lower intensity of colouration 
(22.7 %) and lower or higher marking on limbs in 15.2 % 
of the rabbits (Figure 6).

In the sixth position, the undercoat and the intermedi-
ate colour were evaluated. Mainly, the absence of inter-
mediate colour was a frequent error. From LL individuals 
with wild factor was observed a less pronounced interme-
diate colour (18.6 %). In the Slovak breed of the Ni, the 
most common fault was the yellowish colouring observed 
in 18.2 % of the individuals. The second common faults 
observed in LL rabbits were isolated white hairs in the 
base in 15.6 % of rabbits, followed by a slightly brownish 
cover colour in 13.7 % of the rabbits.

The seventh position is reserved for the evaluation 
of the animal’s condition, pre-exhibition care and health 
which can affect the overall score. In total, faults in health 
care were detected in five rabbits of the Ni breed and seven 
LL rabbits, which represents 3.57 % of the total number of 
336 rabbits. Most animals had untreated claws (3 pcs of Ni 
and 3 pcs of LL breed) and unclean genitals (2 pcs of Ni 
and 4 pcs of LL rabbits).

DISCUSSION

Exterior deficiencies of selected breeds of LL and Ni 
were classified according to individual positions on the re-
mark card. These positions include: weight, shape, type, 
coat, colour and marking, under-colour (eventually inter-
mediate colour) and condition and health. 

Weight is a basic and very important feature of every 
breed. The Ni and LL belong to the group of medium 
breeds of rabbits, which are the most numerous rabbits 
bred and exhibited in Slovakia and the Czech Republic. 
This is probably due to the fact that these rabbits are not 
bred only for exhibitions but also for high quality meat 
or attractive fur. Optimum weight for each breed is speci-
fied by the relevant standard [13]. According to the current 
Books of Standards for rabbits, the ideal weight of Ni is 
in the range of 4.25—5.25 kg and of LL in the range of 
3.50—4.25 kg [14]. It is sometimes problematic to reach 
the minimum required weigh with young exhibited indi-
viduals, which was also confirmed in our study. We ob-
served more frequent deficiencies in the Ni breed (10.6 %) 
involving lower weight than that specified by the standard.

Since the Ni rabbit belongs to the meat-type rabbit 
breeds with a minimum weight of 4.25 at 8 months of age, 
the breeders should ensure an optimum nutrition throughout 
the period of fattening. According to  N e i r u r e r o v á 
and  F i k  [4] rabbits of this breed gain weight most ef-
ficiently between months 2 and 4 of age when they reach 
a carcass weight of about 3 kg. In the following period (af-
ter 4 months of age), the authors recorded reduced weight 
gains in 12 out of 21 females and in 3 out of 15 males 
compared to the standard, which corresponds up to 42 % 
of rabbits with unsatisfactory weight. With respect to the 

Fig. 4. The most common marking deficiencies in LL
LL—Liptov Bold-Spotted Rabbit; Ni—Nitra Rabbit
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above results, it is necessary to focus on the correct fat-
tening regimen of rabbits and checking their weight gains 
before assigning them for exhibitions.

In the shape position, we assessed: the course of the 
dorsal line, position of the limbs, position of the tail, the 
skin, and the external genital organs [10]. According to our 
previous findings, protruding pelvic bones are one of the 
most common defects in most rabbit breeds [5, 18]. This 
was confirmed also in our study. The protruding hips re-
fers to weak muscling of the rump that is often a problem 
in the meat performance traits among medium breeds of 
rabbits. This group of medium breeds is characterized by 
rapid growth and development of the skeleton during the 
first 6 months of life. In young individuals included in ex-
hibitions, there is often incomplete muscularization, which 
is manifested with protruding pelvic bones in the LL breed 
(45.6 %) and in 37.8 % of the Ni. On the contrary, in the Ni 
breed, we recorded a very good to excellent formation of 
the back line in most individuals (60.6 %). Another most 
common fault in this position were the relatively numer-
ous changes in the skin. The most serious faults in skin 
changes were found in females of the evaluated breeds of 
rabbits, in which looser skin under the neck turned to lobes 
in some individuals. This was observed mainly in females 
of both breeds, Ni (42.5 %) and LL (16.8 %) (Tab. 3).

The rabbit type is a very important position in which 
we evaluate the traits that often define the very exterior 
essence of the breed. The frame of: the body, limbs, exhi-
bition posture, sexual expression, ears and head are eval-
uated [7]. In the group of Ni rabbits, up to 15.2 % of the 
animals had a longer, narrower or shorter body. Of all rab-
bit breeds, the highest incidence of longer neck deficiency 
(3.0 %) was found in the Ni. 

Both breeds evaluated in our study have erect ears. The 
ears of these breeds should be: kept firm, as close together as 
possible, well furred, spoon-shaped, and of ideal length [9]. 
Significant deficiencies in the length of the ears, especially 
the ears longer than the standard length, were observed in 
the LL breed (14.1 %). As a result of this fault (longer ears), 
14 individuals (2.6 %) of this breed were excluded.

In the position of coat,  Z h a n g  et al. [15] and  R o - 
g e r s  et al. [6] reported five basic parameters that are 
evaluated in this position in all rabbit breeds. These are: 
length, balance, density, flexibility, and structure. The ex-
terior hair deficiencies observed in the evaluated medium 
breeds of rabbits included mainly dense, less elastic hair.

In both selected breeds, the coat was most often less 
elastic (31.6 %) and dense. In the position of the coat, Lip-
tov Bold-Spotted Rabbit did not deviate significantly from 
the average; most often the coat was dense and less elastic 
(5.6 %). Ni rabbit had more significant coat faults com-
pared to LL, as in up to 26.0 % of cases a dense and less 
elastic coat was recorded (Tab. 4).

Breeding of rabbits with marking is very popular, but 
achieving a drawing that meets the standard is challenging 
[3]. The Slovak national breed LL has a unique marking 
with very specific coat on the rabbit’s head. Overall, more 
than half of the rabbits of this breed had marking deficien-
cies (59.0 %). The most common shortcomings in marking 
in LL and their percentage are shown in Fig. 5.

The features of the Ni rabbit marking include dark col-
ouration of the ears, nasal mask, tail, and lower limbs [8]. 
The mask covers the nasal part, has a regular oval shape 
and extends to the eye level. The marking on ears is sharp-
ly defined at the root. The limbs are coloured up to the 
elbow joint, or up to the heel. The tail is also coloured. 

Fig. 5. Irregular and ideal white belt on the head in LL
Photo: Britaňaková (2019)
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According to  V a š í č k o v á  et al. [12] low intensi-
ty of colouration and lack of compact colour attributes is 
frequently observed in this breed and was also confirmed 
in our study. The faults found in the Ni drawing involved 
mainly less defined drawing in 36.4 % of the rabbits, low-
er intensity of colouration (22.7 %) and lower or higher 
marking on limbs in 15.2 % of the rabbits (Fig. 6).

In the following position were evaluated mainly the 
undercoat and the intermediate colour. The undercoat 
starts at the skin and continues upwards. We mainly evalu-
ated the colour and integrity of the base. The intermediate 
colour was located between the undercoat and the cover 
hair. It is a coloured stripe that occurs in rabbits with a wild 
factor. The colour and its intensity, width, and border are 
evaluated for the intermediate colour [18]. 

According to  D a l l e Z o t t e  et al. [2] in practice we 
encounter more frequently variations in colour intensity 
rather than the problems with the colour itself. The most 
common type of intermediate colour is yellow-brown to 
rusty brown-red, which is characteristic of the wild colour-
ed LL. The width is prescribed by the standard, but in prac-
tice its evaluation most often depends on the experience of 
the assessor. We consider the absence of intermediate col-
our to be an inadmissible error. In the LL breed with wild 
factor, the most common deficiency was a less pronounced 
intermediate colour (18.6 %).

In the Slovak breed Ni, the colour of the white base 
and eyes are evaluated. Since the base colour is white, the 
most common fault was the yellowish colouring observed 
in 18.2 % of the rabbits. In the LL breed, in addition to the 
undercoat and the intermediate colour, the colour of the 
base and marking and eyes and claws colour are also eval-
uated. The most common faults observed in the LL rabbits 

were isolated white hairs in the base in 15.6 % of rabbits, 
followed by a slightly brownish cover colour in 13.7 % of 
the rabbits. The major fault observed in 1.1 % of the rab-
bits involved the presence of a white claw.

CONCLUSIONS

The results of this study showed that the exterior defi-
ciencies in the positions of weight, shape, type, coat and 
cover colour were most frequently observed in the eval-
uated breeds of rabbits. Insufficient weight was detected 
mainly in Nitra Rabbits and excessive mainly in LL. In the 
shape position, there was observed looser skin on the neck 
of the females, which in some cases turned into a lobe. 
Slightly protruding pelvic limbs was another observed 
fault. On the other hand, in the position shape were ob-
served individuals in the Ni breed with very good forma-
tion of the back line (60.6 %). Many rabbits showed body 
frame deficiencies such as a narrower or shorter body and 
finer and longer ears were relatively common. The coat 
was often dense and less elastic. Many observations in-
volved deficiencies in specific marking. In breeds with 
a wild factor, there was a lighter intermediate colour and 
faults in other colour traits involved lighter undercoat.

Breeders face a difficult task related to breeding and 
selection if they want to preserve a wide variety of rabbit 
breeds for future generations. Only the proper breeding ap-
proach can eliminate exterior deficiencies and strengthen 
the typical breed traits of rabbits. However, selection of 
animals for breeding should respect not only to exterior 
traits but also performance characteristics of rabbits, such 
as fertility, growth, etc. We cannot neglect the fact that not 

Fig. 6. The most common marking deficiencies in Ni rabbit
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only heredity but also breeding conditions, such as feeding 
or breeding hygiene, are involved in shaping of the rabbit 
exterior.
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ABSTRACT

The effects of selenium and vitamin E (Vit. E) were 
evaluated on the macro-elements and their relation-
ships were also surveyed. Lambs were divided into 
4 groups of control, Vit. E, sodium selenite and sodium 
selenite/Vit. E (Se/E). Sodium selenite (0.1 mg.kg–1) and 
Vit. E (8 mg.kg–1) were administered. The mean blood 
selenium was high in sodium selenite. Selenium only in 
the Se groups was continuously increased. The lowest 
and highest blood selenium were in Vit. E and sodium 
selenite, respectively. The mean serum macro-minerals 
were within the normal range. The trend of calcium 
and magnesium in the selenium groups was to increase 
until day 60, but phosphorus was to decline. The lowest 
and highest calcium were observed in the control and 
sodium selenite groups, for magnesium in Vit. E and 
control groups, and for inorganic phosphorus were in 
the control group, respectively. The comparison of min-
erals showed that selenium had a significant increase 
from day 14 to 90 in sodium selenite. Selenium showed 
the most positive relationships with calcium and inor-
ganic phosphorus in Vit. E and sodium selenite. Over-
all, selenium was correlated with macro-minerals on 
day 90 and overall sampling times were with calcium. 

CORRELATIONS BETWEEN SODIUM SELENITE AND 
VITAMIN E WITH SERUM MACRO-MINERALS IN MALE LAMBS

Ramin, A. G., Asri-Rezaie, S., Hajili, A.
 Department of Internal Medicine and Clinical Pathology

Veterinary College, Urmia University, Urmia
 I ran 

Ali_ramin75@yahoo.com

In conclusion, administration of selenium with Vit. E 
increased selenium, which was more observed in the 
sodium selenite group. Sodium selenite alone or with 
Vit. E had no effect on the macro-minerals. The least 
correlation was observed between selenium and mac-
ro-minerals in the Se/E administration. The correlation 
between macro-minerals was positive. It was conclud-
ed that the effect of sodium selenite on treatment and 
prevention of selenium deficiency was more effective 
than other groups. Vit. E per selenium did not change 
the selenium concentration. Selenium administration 
was associated with an increase in calcium level and 
their co-administration is recommended.

Key words: calcium; lambs; selenium; sodium sel-
enite; vitamin E 

INTRODUCTION

Selenium and vitamin E (Vit. E) are considered as the 
most predominant antioxidants in animals, which mini-
mize cell damage against membranes and intracellular per-
oxides, thus increasing the viability and functionality of 
cells [14]. Selenium has a biological action close to Vit. E 
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at the cellular level and is one of the basic constituents of 
glutathione peroxidase, which is an indicator of oxidative 
stress and responsible for removal of hydrogen peroxide 
and hydroperoxide from fats [9]. Selenium components as 
organic and inorganic selenium in the diet of lambs have 
effective roles in improving the immune and nervous sys-
tems [3]. Reportedly, selenium deficiency is associated 
with: reproductive problems [5], production deficiency 
[19], reduced neonatal growth performance [17], and ulti-
mately causes great economic losses. Vit. E is also required 
to prevent oxidation of cell membranes against peroxides 
and therefore neutralizing the oxidative stress [13—45]. It 
has been reported that the combination of Vit. E [23] and 
selenium protects cells from any oxidative stress damages 
[10]. The importance of selenium as a metalloenzyme in 
the health and production of livestock is well established 
[43] and its deficiency is related to immune, gastrointesti-
nal, and respiratory disorders which are characterized by 
signs of: anorexia, emaciation, pica, anaemia, decreased 
wool production, milk, and death [33—46]. Selenium in 
soil and forage is variable, so organic and minerals supple-
ments such as selenium methionine [34] and sodium sel-
enite [41] in concentrate feed [8] will be associated with 
favourable results in lambs and ewes [30]. 

The critical roles of macro-minerals in: anatomical 
development, physiological functions, enzyme structure, 
homeostasis and acid-base balance of blood, interstitial 
fluid osmolarity, and finally, in body growth, production 
and reproduction mechanisms are clear [6]. Calcium is 
the most predominant and abundant macro-mineral with 
various physiological functions in: health, energy metab-
olism, muscle contraction and neuromuscular stimulation 
[4], growth [1], metabolic procedures, and production per-
formance [13]. Magnesium is the third major mineral with 
many: anatomical, physiological, enzymatic, immune, 
weight gain and reproductive functions in ruminants [4—
37]. Inorganic phosphorus has also vital roles in coordina-
tion with calcium in: skeletal formation, as a component 
of cell membranes, various physiological functions, and 
as a part of nucleic acids in energy storage [15—37]. The 
investigation of macro-minerals individually indicates: the 
health status, growth performance, production, and repro-
duction situation [6] in animals. 

The level of macro-minerals could be decreased di-
rectly due to their deficiency in food or indirectly in inter-
actions with trace minerals and cause disturbances in an 

animals’ life [21]. One of the trace minerals is selenium, 
which sometimes causes adverse effects such as compe-
tition and inhibition of absorption of the macro-minerals 
such as calcium, magnesium or inorganic phosphorous [2]. 
A previous study showed the low concentrations of mac-
ro-minerals were associated with high selenium in the diet 
[26] while other studies have not reported the same results 
[7]. Such inconsistent reports led us to examine the role of 
selenium, in lambs which are in the fast growing stage and 
have a crucial need for minerals, and assess the interac-
tions among selenium, calcium, magnesium and inorganic 
phosphorous. The objectives were: 
1)  To determine the level of selenium in the blood of an-

imals experimentally administered sodium selenite, 
Vit. E and Se/E groups; 

2)  To identify the serum level of macro-minerals; 
3) To present the relationships among minerals.

MATERIALS AND METHODS

Animals and sampling
In this study, 16 Makuie male lambs were selected and 

the females were arranged for a different trail. They were 
classified into 4 groups of 4 heads including control, Vit. E, 
sodium selenite and Se/E. The mean and standard error of 
weight of lambs in each group were 21.7 ± 1.13, 20.9 ± 0.75, 
25.2 ± 1.5 and 23.4 ± 0.75 kg, respectively. The overall 
mean ± standard error of weight was 21.89 ± 0.59 kg. The 
lambs were fed twice per day from their mothers’ milk in 
the morning and afternoon. Lambs were free to graze on 
the grains and legumes pasture between milk feeding. Be-
fore performing any tests and medications, the lambs were 
examined for vital and clinical signs such as temperature, 
respiration, and heart rate to ensure their health. 

The lambs in the control group were administered 
0.1 ml.kg–1 saline subcutaneously, Vit. E group received 
8 ml.kg–1 intramuscular Vit. E (Raha pharmaceutical Co, 
Iran), sodium selenite group were injected with 8 ml.kg–1 

sodium selenite subcutaneously (CAS No. 7782-82-3, 
EC Number 231-966-3, USA) and Se/E (Nasr Company, 
Iran) group were injected with the Vit. E/Se (1 ml.20 kg–1 
body weight) according to the dose of medicine [42]. 
The study began on the first day with blood sampling and 
then medication. Then, on days 7, 14, 30, 60, 90 (overall 
6 times), the 5 millilitre of the jugular blood was taken 
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with a long 18-gauge needle and collected in a test tube 
(Glass types, with EDTA for selenium detection and with-
out additives for serum macro-minerals detection, manu-
factured in Iran). Whole blood was used for the selenium 
evaluation and blood serum was centrifuged in 3000 round 
for 15 minutes to isolate the serum for calcium, magnesi-
um and inorganic phosphorus measurement.

Evaluation of samples
The blood selenium concentration was measured by the 

atomic absorption method using an atomic absorption de-
vice (Technicon RA-1000, USA) made by Shimatzo and 
selenium lamp. In this procedure, selenium (Se+4) is com-
bined with 2 and 3 diamino naphthalene and converted to 
a fluorescent form derived from 4 and 5 benzapiazel sele-
nol. For this purpose, 0.25 ml of haemolysed blood, 1 ml of 
a mixture of 15.8 mol.l–1 nitric acid and 11.8 mol.l–1 perchlo-
ric acid were added and heated at 150 °C for 30 minutes. It 
was then stored for 2 hours at 190 °C and 2 hours at 210 °C. 
After cooling the mixture, 0.2 ml of 6 mol.l–1 hydrochloric 
acid was added and stored at 150 °C until nitric acid was no 
longer evaporated. Then, one ml of a solution containing 
20 mmol of EDTA, 7 mol of ammonia solution and 10 mg 
of purple cresol bromide per litre were added to the mixture 
and heated at 140 °C until the solution turned into yellow. 
After this step, it was transferred to a cold medium and 
1.5 ml of 66 mmol.l–1 hydrochloric acid was added to adjust 
the pH between one and two. Fluorescence of the solution 
was measured at an excitation wavelength of 366 nm and 
emission at 544 nm using a spectrofluorometer (Jasco, UK, 
London). Calcium, magnesium and inorganic phosphorus 
were determined by autoanalyzer (autoanalyzer, RA-1000, 
USA) using commercial kits made by Pars Azmoun Iran.

ETHICAL STATEMENT

Ethical clearance was obtained from the Urmia univer-
sity, Urmia, Iran.

Statistical analysis 
SPSS version 23.0 (IBM Corp. Released 2015. IBM 

SPSS Statistics for Windows, Version 24.0. Armonk, NY: 
IBM Corp.) statistical program and case summaries, stu-
dent t-test, one-way analysis of variance (ANOVA) and 
correlation tests (Pearson) were used for each of the pa-
rameters in the groups and sampling times by individually 
or for overalls. The results were drawn and interpreted as 
Tables and Figures in groups and daily sampling. A P value 
less than 0.05 was considered statistically significant.

RESULTS

The mean blood selenium concentration was the high-
est in the sodium selenite group (F-value = 19.4, degree of 
freedom = 3, P < 0.01) (Table 1). The blood selenium con-
tinuously increased in the selenium groups with time; such 
elevation was not observed in the control or Vit. E groups. 
The level of selenium in the Vit. E group showed a slight 
increase up to day 14 which was not statistically different 
compared to the control group (Fig. 1). The highest per-
centage of selenium elevation was in the sodium selenite 
(15.7 %) and the lowest level was observed in the control 
group (7.1 %). Overall, selenium was significantly high in 
the selenium groups. The minimum and maximum blood 
selenium concentrations were 180.4 and 262.8 nmol.l–1 in 
the Vit. E and sodium selenite, respectively.

Table 1. Mean ± SE of lambs blood minerals in 4 groups 
at 6 sampling times in 90 days (n = 24) 

Phosphorus 
[mg.dl–1]

Magnesium 
[mg.dl–1]

Calcium 
[mg.dl–1]

Selenium 
[nmol.l–1]Group/Minerals

6.72 ± 0.251.58 ± 0.168.82 ± 0.33200.5 ± 1.13Control

6.24 ± 0.221.34 ± 0.178.76 ± 0.22198.6 ± 1.64Vitamin E

6.45 ± 0.201.20 ± 0.188.54 ± 0.29226.9 ± 4.82Sodium selenite

6.38 ± 0.221.27 ± 0.188.27 ± 0.35208.4 ± 2.68Sodium selenite/E

6.45 ± 0.221.35 ± 0.178.60 ± 0.30208.6 ± 2.82Overall



73

 Table 2. Mean comparison of lambs’ blood minerals among sampling times in 90 days (n = 24) 

Phosphorus 
[mg.dl–1]

Magnesium 
[mg.dl–1]

Calcium 
[mg.dl–1]

Selenium 
[nmol.l–1]Day/Minerals

0.332.060.021.061

0.5560.1951.133.03†7

0.181.670.979.75**14

0.870.510.2621.28**30

10.58**0.610.4348.45**60

10.67**6.51**4.45*17.21**90

**—P < 0.01; *—P < 0.05; †—P < 0.1 > 0.05 

 Table 3. Mean comparison of lambs’ blood minerals among sampling times in 4 groups (n = 24) 

F-valuesMean SquareSum SquareParametersGroups

6.00**87.52437.61

Control
1.273.0415.182

4.28**1.628.093

1.251.748.684

4.54**166.3831.41

Vitamin E
1.853.7718.842

6.07**1.909.503

2.85**2.3111.544

28.20**2277.911389.21

Sodium selenite
0.761.608.032

2.42**1.406.983

5.16**2.5012.484

18.49**662.43311.941

Sodium selenite/E
1.373.6418.202

4.17**1.889.413

4.41**2.9714.834

selenium [nmol.l–1]; calcium [mg.dl–1]; magnesium [mg.dl–1]; inorganic phosphorus [mg.dl–1]; 
**—P < 0.01; F-value—value of the F distribution

The overall mean blood calcium concentration did 
not show any significant change among the groups 
(F-valve = 0.60, degree of freedom = 3, P = not significant) 
and was within the standard range (Table 1). The calcium 
level varied among the groups for 30 days and showed 
a slight increase at the end, but a decrease was observed 
in selenium groups (Fig. 2). The lowest and highest cal-
cium levels were in the control group and sodium selenite 
groups (3.96 and 10.5 mg.dl–1, respectively).

The overall mean serum magnesium concentration 
in lambs was not statistically different among the groups 
(F-value  1.61; Degree of freedom = 3; Probability = not 
significant) and was within the standard range (Table 1). 
The level of magnesium decreased during the first 30 days 
in all groups but then increased by day 90 in groups al-
though not significant, except in sodium selenite and 
Vit. E groups. The increasing trend of magnesium in the 
Se groups was less than the Vit. E and control groups; it 
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Table 4. Correlations between selenium and blood minerals 
in groups and sampling times (n = 4) 

Phosphorus 
[mg.dl–1]

Magnesium 
[mg.dl–1]

Calcium 
[mg.dl–1]Groups

0.95*0.130.84Selenium 1 day 7 
(Control)

0.860.700.99**Selenium day 7 
(Vit. E)

-0.40-0.470.97**Selenium day 14 
(Se/E)

0.58**-0.70**0.11Selenium day 7 
(Overall)

0.74**-0.53**0.76**Selenium day 7 
(Overall)

**—P < 0.01;  *—P < 0.05

decreased insignificantly at the end of the study. The min-
imum and maximum magnesium level were in Vit. E and 
control groups (0.72—2.61 mg.dl–1), respectively.

The overall mean serum inorganic phosphorus con-
centration in all groups was not statistically different 
(F-value  = 0.17; Degree of freedom = 3; Probability = not 
significant) (Table 1) and no deficiency was observed. 
Phosphorus changes during the study varied especially in 
the selenium groups until day 60, then non-significantly 
increased by day 90 (Fig. 4). The minimum and maximum 
serum inorganic phosphorus level were both in the control 
group (3.84 and 8.86 mg.dl–1).

The mean comparison (One-way ANOVA) of seleni-
um, calcium, magnesium and inorganic phosphorus con-
centrations among 6 sampling times (Table 2) showed 
significant differences in selenium on days 30, 60 and 90 
(P < 0.01) which were the highest increase in sodium sel-
enite group (Fig. 1). Inorganic phosphorus was significant 
on day 60 and 90 (P < 0.01). The mean comparison (One-
way ANOVA) of selenium, calcium, magnesium and inor-
ganic phosphorus concentrations within groups (Table 3) 
showed significant changes in selenium, magnesium and 
inorganic phosphorus in all groups (P < 0.01) with the 
exception of inorganic phosphorus in the control group 
which was not different. The calcium levels did not differ 
among the groups.

The Pearson correlation analysis of selenium with 
calcium, magnesium and inorganic phosphorus based on 
groups and sampling frequency (Table 4) showed positive 
and significant relationships (P < 0.05) between selenium/
calcium on day 7 in the Vit. E group, day 14 in Se/E and 
day 90 in all samples. Selenium showed a significant neg-
ative relationship with magnesium on days 60 and 90 in all 
groups. Also, selenium showed a significant positive rela-
tionship with inorganic phosphorus on day 7 in the control 
group, and days 60 and 90 in all groups (P < 0.05). There-
fore, the correlations between selenium and all minerals 
were significant and positive on day 90 when groups were 
mixed and was positive and significant with calcium when 
sampling days were mixed (Table 4). The relationships 
between calcium/magnesium (r  0.99), calcium/inorganic 

Fig. 1. Mean comparison of lambs’ serum selenium among groups in 90 days 
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Fig. 3. Mean comparison of lambs’ serum magnesium among groups in 90 days 

Fig. 2. Mean comparison of lambs’ serum calcium among groups in 90 days 

phosphorus (r = 0.98) and inorganic phosphorus/magnesi-
um (r = 0.89) were all positive and significant (P < 0.05).

DISCUSSION 

Selenium is considered as the prominent micronutrient 
in the prevention and elimination of oxidative stress in the 
cells of organisms [39]. A blood selenium concentration 
of 70—100 ng.ml–1 could prevent: reproductive disorders, 
heart myopathy and respiratory diseases [31]. Selenium 

is involved in the metabolic processes of: ruminants [40], 
and its deficiency weakens the immune system, increases 
the incidence of tumours [44], enhances thyroid hormone 
disorders [36], and causes muscular dystrophy [25]. Thus, 
the assessment of selenium in lambs that need trace ele-
ments such as selenium and macro-minerals such as calci-
um, magnesium and inorganic phosphorus indicates their 
co-occurring or interacting effects. 

The mean concentration of selenium in the selenium 
groups were significantly higher compared to the other 
groups.  K a r r e n  et al. [22] showed an increase in blood 
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selenium after administration of the selenium supple-
ments, which was consistent with the results of this study. 
Blood selenium was continuously increased in selenium 
groups for 90 days, which was 2 times higher in sodium 
selenite in comparison with the Se/E group, while it was 
not significant in the control or Vit. E groups. It means that 
Vit. E has no role in increasing blood selenium, although it 
physiologically binds to each other to remove destructive 
peroxides at the cellular level [14]. Similar results have 
been reported by  S h i  et al. [42] showing a significant in-
crease in blood and tissue selenium following dietary sele-
nium supplementation. The importance of selenium as the 
main antioxidants is related to the elimination of oxidative 
stress, which prevents cell damage against peroxides, and 
finally, leads to increase viability and functionality of the 
cells [38]. The presence of selenium components in food, 
in addition to the earlier mentioned effects, will result in 
the strengthening of the immune and nervous systems 
[27], and its deficiency is accompanied by reproductive 
system complications [40], production disorders [13] and 
reduction in neonatal growth performance [17]. Therefore, 
selenium, especially with Vit. E [23], will protect cells 
from any oxidative stress damages [14].

The physiological range for calcium, magnesium and 
inorganic phosphorus concentrations reported by A z a r- 
z a r  [6] in ewes were 8.4—11.2, 1.9—2.77 and 2.8—
9.8 mg.dl–1, respectively. The corresponding values in this 
study were at the lowest normal range mainly for calcium 
and magnesium, although those values were reported for 

adult ewes and our experimental animals were lambs, it 
means that no macro-mineral deficiencies were expected 
in these lambs. These results show that, the concentrations 
of lambs’ macro-minerals were at its lowest level, which 
is not possible to be supplied through the dams’ milk, 
and because lambs probably do not receive concentrate, 
and despite milk is rich in calcium, so lambs will be at 
the risk of deficient for a period of time, and therefore, 
they need mineral supplements just for calcium and mag-
nesium while the concentration of inorganic phosphorus 
was favourable and was increased at the end of the study. 
According to current information, lambs under 2 months 
of age are also at risk of selenium deficiency [19] so they 
should be fed with calcium, and magnesium together [3]. 
These results show that oral administration of selenium 
and Vit. E supplements separately and together did not 
affect the concentration of the macro-elements, but up to 
day 60 caused a slight increase in calcium and magnesium. 
Therefore, the combination of selenium and macro-miner-
als in the forms of injection or dietary supplements could 
be helpful [17].

A b r a h e m  et al. [2] emphasized that the informa-
tion on the effect of selenium and Vit. E on calcium level 
is limited and also controversial.  J u n i p e r  et al. [20], 
K u m a r  et al. [27],  S h o k r o l l a h i  et al. [44] and 
B a g n i c k  et al. [7] reported that selenium supplements 
were not effective on calcium absorption in lambs. In an-
other study, intramuscular injection of Se/E did not sig-
nificantly affect the serum levels of calcium and magne-

Fig. 4. Mean comparison of lambs’ serum phosphorus among groups in 90 days 
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sium [11]. In contrary to the earlier mentioned findings, 
M a h m o u d  et al. [29] found that administration of 5 
mg sodium selenite and 450 mg Vit. E significantly in-
creased serum calcium concentration in male lambs. Also, 
B i c k h a r d t  et al. [12] showed that the administration 
of selenium and calcium are effective in the treatment of 
ketosis and hypocalcemia in cows. While K e s s l e r et al. 
[24], G a r c i a  et al. [18], M e h d i  and  D u f r a s n e 
[31] showed that high calcium consumption has a negative 
effect on dietary selenium absorption. There is no availa-
ble scientific information about the effects of selenium on 
magnesium and inorganic phosphorus, or vice versa, and it 
may indicate that these minerals are not sensitive to each 
other. Deficiency of macro-elements has been observed in 
metabolic and nutritional diseases in ewes [26], which can 
also be observed in lambs requiring selenium. The results 
of this study showed that their co-administration improve 
each other and is suitable for growth and production.

In this study, the highest correlation was observed be-
tween selenium/calcium, followed by inorganic phospho-
rus and magnesium. In the overall groups, macro-minerals 
were correlated on days 60 and 90 and in overall sampling 
times only calcium was associated. These results show that 
the co-administration of selenium and calcium is appropri-
ate and ideal, and it does not interfere with each other and 
acts independently and can even strengthen each other too. 
The results of this study was contradicted with the findings 
of K e s s l e r  et al. [24], G a r c i a  et al. [18] M e h d i 
and D u f r a s n e [31] S a y i n e r  et al. [40] who men-
tioned a negative relationship and also  B a g n i c k  et al. 
[7] who reported no relationship between selenium and 
calcium. N a z i r o ğ l u [35] reported a link between se-
lenium and calcium-induced nerve waves and oxidative 
stress in human epilepsy, in which selenium deficiency 
may exacerbate oxidative stress by decreasing GPX, so it 
causes nerve waves via a calcium factor, and this may in-
dicate an indirect relationship between selenium and calci-
um. The relationships among macro-minerals in this study 
were consistent with the findings of others [6—28].

CONCLUSIONS

In conclusion, co-administration of selenium with 
Vit. E in the form of Se/E increased the blood selenium, 
although the selenium level was higher in sodium selenite 

compared to Se/E. Sodium selenite and Se/E had no ef-
fect on the values   of the macro-elements. There was no 
correlation between selenium and macro-elements in sodi-
um selenite and Se/E administration, but in all groups, the 
correlation was positive and significant for all elements. 
There were positive and significant relationships among 
the macro-elements. It was concluded that the role of so-
dium selenite in selenium deficiency was more favoura-
ble than Se/E. Vit. E injection alone was not effective in 
increasing the blood selenium. Selenium had the highest 
correlation with calcium, and co-administration of Se/E is 
helpful in field veterinary practice.
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