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Abstract 

Introduction: The aim of the study was to compare selected leukocyte subpopulations and the serum amyloid A (SAA) 

concentration in the peripheral blood of cows at different stages of lactation. The blood of cows receiving a probiotic as a dietary 

supplement was compared with the blood of cows not receiving it. Material and Methods: The research was conducted on  

20 pregnant dairy cows randomly divided into two groups of 10 cows each. The experimental group consisted of cows given the 

probiotic as a feed supplement. The control group consisted of cows that were fed without supplementation. Blood was drawn six 

times for testing: 7 days before drying; 14 days before parturition; and 7, 21, 60 and 90 days postpartum. Leukocyte 

immunophenotyping was performed by flow cytometry. Results: The blood of cows administered the probiotic revealed  

an increased percentage of forkhead box protein 3 (Foxp3)+, T CD4+ and B CD25+ lymphocytes and β2 CD18+ and αM CD11b+ 

integrins, and persistently low SAA levels at all time points. Conclusion: The activity of the immune system in cows receiving the 

probiotic was higher than in control cows. However, the stabilisation of the immune system of the supplemented cows may be 

indicated by the persistence of a low level of SAA throughout the experiment. Therefore, it can be assumed that the immune system 

of cows treated with the probiotic more easily adapts to changes in conditions in particular lactation periods and that these cows 

become more resistant to infectious diseases. 
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Introduction 

In dairy cow breeding, maintaining a high milk 

yield and the profitability of its production depends on 

many factors: mainly the fertility and health of cows, 

their genetic predisposition, the appropriacy of their 

maintenance, the feeding method and the quality and 

balance of the feeding ration. The cycling of cows 

through pregnancy, delivery and milk production 

determines consecutive, correspondingly cyclical 

lactation periods, i.e. the dry period, perinatal period and 

lactation. Cows in a herd are functionally distributed to 

appropriate sections in accordance with these periods. 

This facilitates milking and provision of nutrition strictly 

adapted to the given lactation period and thus to the 

current needs of the cows (24). The health of cows is 

determined by many internal and environmental factors 

that may come into play in different periods of lactation 

(29). However, it is important to emphasise the 

importance for dairy cow health of the perinatal period, 

© 2024 P. Brodzki et al. This is an open access article distributed under the Creative Commons Attribution-

NonCommercial-NoDerivs license (http://creativecommons.org/licenses/by-nc-nd/3.0/) 



590 P. Brodzki et al./J Vet Res/68 (2024) 589-597 

 

which includes the last weeks of the lactation period 

until about 60 days postpartum (DPP). Within this time, 

the transition period – from three weeks before 

parturition to approximately three weeks after it – merits 

the closest attention. The numerous physiological and 

hormonal changes that occur in the bodies of dairy cows 

during the perinatal period allot a fundamental role to 

this period in determining the course of all subsequent 

lactations (14). The perinatal period has the highest 

prevalence of metabolic and deficiency diseases such as 

postpartum hypocalcaemia, hypomagnesaemia, fatty 

liver, ketosis, mastitis, metritis and abomasal 

displacement, as confirmed by numerous studies  

(23, 30). The cow’s immune system is also temporarily 

suppressed during this time (19), and this state in dairy 

cows during the peripartum period is closely related to 

the metabolic diseases cited above or predisposes cows 

to mastitis, metritis and placental retention (15). 

Although constantly evolving, our knowledge of the 

dynamics and pathophysiology of immunosuppression 

during this period remains unsatisfactory. Effective 

strategies to improve defence mechanisms while 

maintaining cows’ health and well-being during this 

critical period, as well as during other periods of 

lactation, remain to be devised (1). 

There has been a growing interest in the use of 

probiotics to enhance milk production and cow health in 

recent years. Probiotics are natural strains of intestinal 

bacteria specific to the digestive tract of an animal 

species. Probiotic products contain live or dead 

microorganisms and substances produced by them. 

When administered orally, they colonise the intestines 

and prevent the overgrowth of pathogenic 

microorganisms, thereby improving digestion and 

optimising feed utilisation (5). By helping to stabilise the 

balance of the microbial population and enzymatic 

activity in the gastrointestinal tract, they have a positive 

effect on animal growth, development and productivity 

(3, 31). Probiotics may contain one or several strains of 

microorganisms and may be administered in the form of 

microbial additives, separately or in combination with 

other substances (32). The mechanism of action of 

probiotic microorganisms introduced to the 

gastrointestinal tract of an animal is complex and 

multifaceted. Primarily, these organisms compete for 

adhesion on the intestinal epithelium, for nutrients and 

for bacteriostatic substances. In addition, they inhibit the 

development of pathogens and stimulate systemic 

immunity (41). The precise mechanism underlying the 

immunomodulatory effects of probiotics remains poorly 

understood. The impact of whole probiotic bacteria cells 

or their fragments on T and B lymphocyte function as 

mediators of an immune response to antigens has been 

demonstrated in humans and mice. This effect is 

believed to occur via a complex formed between  

the bacteria and cells of the gut-associated lymphoid 

tissue. Probiotics also stimulate immunocompetent cells 

to secrete cytokines that suppress, modulate and  

regulate the intensity of systemic and local immune  

responses (12). It is currently unclear what impact 

probiotics have on immune system function in dairy 

cows; however, the majority of published research, 

predominantly in the form of review articles, has 

demonstrated a positive effect (8, 40). 

The objective of the study was to conduct  

a comparative assessment of selected leukocyte 

subpopulations and the SAA concentration in peripheral 

blood mononuclear cells of cows administered  

a probiotic as a nutritional additive and these 

subpopulations and concentration in this blood of cows 

fed without the probiotic addition, during different 

lactation periods. 

Material and Methods 

Experimental animals. The study was approved 

by the Local Ethics Committee at the University of Life 

Sciences in Lublin (approval No. 41/2014). The studies 

were conducted in a herd of 60 Holstein-Friesian dairy 

cows at different stages of lactation. The cows were kept 

in a mixed system, chained during feeding and milking 

and free-range for the rest of the time. The diet was 

based on the total mixed ration (TMR) system. A fully 

mixed complete feed was used, which had a complete 

nutritional composition that was adapted to the 

physiological needs of the cows. The composition of the 

fodder provided to the farms included in the experiment 

was balanced for lactating cows with an average milk 

production of approximately 20 kg. Each cow with  

a milk yield that exceeded 20 kg also received  

an additional 1 kg of concentrate for every 2 kg of milk 

produced in excess of the average. The detailed 

composition of the TMR is presented in Table 1.  

 
Table 1. Composition of the total mixed ration and dry mass (DM) 
daily feed ration for lactating cows (kilograms/cow/day) 

Feed component 

Amount per cow, daily 

Kg Kg DM 

Maize silage 25.0 8.8 

Haylage 8.0 3.2 

Ensiled brewery spent grain 8.0 2.7 

Wheat straw 0.8 0.7 

Ensiled maize grain 2.5 1.7 

Ground barley grain 1.5 1.3 

Ground triticale grain 1.5 1.3 

Ground rapeseeds 2.7 2.2 

Extracted soyabean meal 2.0 1.7 

Glycerine 0.3 0.24 

Vitamin and mineral mixture 0.2 0.18 

Sodium bicarbonate 0.2 0.2 

Calcium carbonate 0.05 0.05 

Total 52.75 24.27 
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Table 2. List of primary antibodies and secondary conjugates used in this study 

Antibodies, dye Cell type Clone Isotype 

Mouse anti bovine CD4, PE T helper cells CC8 IgG2a 

Mouse anti bovine CD8, FITC T cytotoxic/suppressor cells CC63 IgG2a 

Mouse anti bovine CD11b, FITC αM-integrin receptor subunit CC126 IgG2b 

Mouse anti-dog CD18, purified β2-integrin receptor subunit CA1.4E9 IgG1 

Goat anti-mouse IgG (Fc), FITC secondary antibody polyclonal polyclonal IgG 

Mouse anti-bovine CD21, FITC B lymphocytes CC21 IgG1 

Mouse anti-bovine CD25, RPE Interleukin-2 receptor alpha chain IL-A111 IgG1 

Mouse anti-bovine Foxp3+, FITC T regulatory cells FJK-16s IgG2a, kappa 

FITC – fluorescein isothiocyanate; RPE – R-phycoerythrin; PE – phycoerythrin 

 

 

The vitamin and mineral mixture consisted of 

calcium carbonate, sodium chloride, sodium-calcium 

phosphate, magnesium oxide and magnesium sulphate 

(23% calcium, 2.2% phosphorus, 9% sodium and 4.5% 

magnesium). The parameters per kilogram of concentrate 

were as follows: vitamin A 450,000 IU, vitamin D3 

45,000 IU, vitamin E 6,000 mg, vitamin K 400 mg, 

vitamin C 1,000 mg, vitamin B1 120 mg, vitamin B2  

60 mg, vitamin B6 30 mg, vitamin B12 300 μg, nicotinic 

acid 6,000 mg, pantothenic acid 120 mg, biotin 75,000 μg, 

choline chloride 6,000 mg, zinc 6,000 mg, manganese 

4,000 mg, copper 1,200 mg, iodine 120 mg, cobalt  

40 mg and selenium 20 mg. The milk yield of the cows 

for the 305-day lactation period ranged from 7,200 to 

8,720 kg per cow. The cows were fed according to their 

actual milk yield and gestation period, so the 

composition of the feed was changed according to the 

lactation period of the cows. Regular monthly check-ups 

of the reproductive system were carried out by  

rectal examination combined with ultrasonography.  

A synchronisation protocol of oestrus and ovulation  

(the presynch-ovsynch protocol) and artificial insemination 

(AI) with frozen semen were applied to cows that 

showed no complications during parturition and no signs 

of inflammation. However, cows with evidence of 

uterine inflammation were treated appropriately and 

were subsequently subjected to the synchronisation 

protocol of oestrus and ovulation and next to AI. Cows 

with ovarian cycle disorders were treated individually in 

accordance with the recognised cause. 

Twenty pregnant cows, aged 3–5 years, were 

selected for the current research. All selected cows were 

in the last lactation period before the drying period. 

Their body condition was good (body condition score 

3.0–3.5). The study included a health assessment and 

parasitological examination to confirm that all the cows 

were healthy. The selected animals were divided into 

two groups of 10 cows each to receive or not receive the 

probiotic. The experimental group consisted of cows 

administered the probiotic product, 1mL of which 

contains 5 × 103 colony-forming units (CFU) of 

Saccharomyces cerevisiae and 5 × 106 CFU of each of 

Lactobacillus acidophilus, Lactobacillus plantarum and 

Rhodopseudomonas palustris. The product was 

administered in liquid form as an additive to standard 

feed at the dose recommended by the manufacturer  

(200 mL of product per cow per day), during the period 

from before drying to the 12th week after birth (90 DPP). 

The probiotic was administered to each cow 

individually, poured over the given TMR feed dose. The 

control group consisted of cows that were not 

administered any medication throughout the experiment 

and from which only the material used for studying was 

collected. These cows were on the same diet as the 

experimental group, but without the addition of the 

probiotic. The research procedures were identical for 

both groups of cows. The description of the cow herd 

and the selection of animals for experimental groups is 

similar to that in the work by Brodzki et al. (5), because 

it is a continuation of research. 

Material. Peripheral blood was used as the material 

for cytometric analysis. The test material was collected 

six times: the first time on the day the animals were 

selected at 7 days before drying (DBD), and then  

at 14 days before parturition (DBP) and 7, 21, 60 and  

90 DPP. Blood samples of 9 mL in volume were collected 

from the external jugular vein in ethylenediaminetetraacetic 

acid or heparinised tubes (Vacutest Kima, Arzergrande 

(PD), Italy). The biological material collected was sent 

to the laboratory for tests within 1 h (5).  

Lymphocyte phenotyping by flow cytometry. 

Cytometric analysis was performed within 4 h of 

sampling. Lymphocyte immunophenotyping was 

performed with an Epics XL flow cytometer (Beckman 

Coulter, Brea, CA, USA). Daily calibration was 

performed using Flow Check fluorospheres (Beckman 

Coulter). In both the investigated and the control  

groups the following receptors were investigated: CD4 

(T helper (Th) cells), CD8 (T cytotoxic/suppressor (T) 

cells), CD11b (αM-integrin receptor subunit), CD18 

(β2-integrin receptor subunit), CD21 (B lymphocytes), 

CD25 (interleukin (IL)-2 receptor alpha chain) and 

forkhead box protein 3 (Foxp3) (T regulatory cells).  

All antibodies were purchased from Serotec 

Immunological Excellence (Oxford, UK). Conjugated 

primary antibodies were used for all tests except  
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the CD18 test, where indirect labelling was applied. The 

cross-reactivity of the CD18 antibody was confirmed by 

Brodersen et al. (4). The details of the specific primary 

antibodies and secondary antibody conjugate used in this 

study are listed in Table 2. Before the experiment, 

optimal dilutions of antibodies were established by 

titration. For staining of peripheral blood, cell samples 

were incubated with appropriate antibodies for 30 min 

following a set protocol. Erythrocytes were removed 

from the analysis using ammonium chloride lysing 

solution. Leukocyte subsets were gated according to 

their size and granularity using forward scatter and side 

scatter parameters. At least 10,000 leukocytes were 

collected per tube. For Foxp3 intracellular staining, 

lymphocytes were stained first with extracellular 

antibodies (CD4 and CD25) (Table 2). Then peripheral 

blood cells were fixed and permeabilised using IntraPrep 

permeabilisation reagent (Immunotech/Beckman 

Coulter, Marseille, France) following a set protocol. In 

the next step, the samples were incubated with FITC-

labelled anti-murine Foxp3 monoclonal antibody (clone 

FJK-16s; eBioscience, San Diego, CA, USA) for 30 min. 

Erythrocytes were removed from the analyte using 

ammonium chloride lysing solution. At least 30,000 

leukocytes were collected per tube. Foxp3+ cells were 

gated within the CD4+ lymphocyte subpopulation, and 

appropriate controls were applied to assist gating 

decisions. Controls were run under exactly the same 

conditions as experimental samples. Validation 

procedures were conducted using Flow-Check 

fluorospheres (Beckman Coulter) and Immuno-Trol 

cells (Beckman Coulter). All analyses were conducted 

on the same, unchangeable protocol, the same 

instrumental settings, and with the same voltages 

applied. Daily compensation procedures were applied 

for each sampling point. All samples were run at low 

flow rate. 

Measurement of serum amyloid A in blood 

serum. Blood serum SAA levels were measured using  

a commercial ELISA kit (Tridelta Development, 

Maynooth, Kildare, Republic of Ireland). The inter- and 

intra-assay coefficients of variation for SAA analysis 

were <12.1% and <7.5%, respectively. The procedures 

were carried out according to the manufacturer’s 

instructions and the methods in the literature (38). 

Absorbance readings and the subsequent calculations of 

final concentrations were performed on an automatic 

microplate reader (Asys Expert Plus; Biochrom, 

Cambridge, UK) at 630 nm as a reference for SAA. 

Lyophilised bovine acute-phase serum was used as  

a standard and calibration was performed according to 

the European Union concerted action on standardisation 

of animal acute-phase proteins (APPs) (No. QLK5-CT-

1999-0153 (36)). 

Statistical analysis. Statistica software (version 

10.0) (StatSoft, now TIBCO, Palo Alto, CA, USA) and 

one-way analysis of variance were used for statistical 

analysis. All values are expressed as mean ± SEM. 

Results were compared between the control and 

experimental groups for statistical significance using 

Student’s t-test, probability P-value ≤ 0.05. One-way 

analysis of variance and Tukey’s and Duncan’s post-hoc 

tests were used to calculate statistical differences 

between results for material collected at different times 

in the group, with probability P-value ≤ 0.01 assumed as 

indicative of significance. 

Results  

Changes in lymphocyte subpopulations in cows 

during the research. The percentages of cells in 

individual leukocyte subpopulations in both studied 

groups of cows in the course of the experiment are 

presented in Table 3. The presented data show that the 

percentages of β2 integrins (CD18+) on all leukocytes 

(lymphocytes, granulocytes and monocytes) were 

significantly higher in the cows from the experimental 

group throughout the entire period of the experiment, 

except for the first test period at 7 DBD, in which the 

obtained values were similar in both groups of cows. In 

the course of the experiment, an increase in the 

percentage of CD18 receptors from the 7 DBD baseline 

was observed on lymphocytes of the experimental group 

at 7 DPP (with decreases before and after) and on 

granulocytes and monocytes at 60 and 90 DPP (with 

decreases before) (P-value ≤ 0.01). In the control group, 

the percentage of CD18 receptors on lymphocytes fell 

on consecutive study dates and remained at a low level 

until the end of the experiment. After decreasing, these 

percentages on granulocytes and monocytes increased  

at 60 and 90 DPP to values higher than the 7 DBD 

baseline values. 

The experimental group’s percentages of CD11b+ 

lymphocytes were significantly higher on 7 DBD,  

14 DBP and 60 and 90 DPP than those of the control 

group (P-value ≤ 0.01 for all time points except 7 DBD 

– P ≤ 0.05). The granulocyte percentage which was 

CD11b+ fluctuated very little within the experimental 

and the control groups and between them over the course 

of the experiment, and was only significantly different 

once: it was lower in the supplemented cows’ blood than 

the control cows’ blood at 7 DBD (P ≤ 0.01). The 

percentage of CD11b+ monocytes was significantly 

higher on 14 DBP and 60 DPP in the experimental group 

than in the control group (P-value ≤ 0.01).  

The percentage of CD21+ lymphocytes was 

significantly higher at 14 DBP (P-value ≤ 0.05), and  

60 DPP (P-value ≤ 0.01) in cows from the control group 

than in those from the experimental group. In contrast, 

the 90 DPP value was higher in the experimental group 

than in the control group (P-value ≤ 0.01). Within the 

group, these values remained at a similar level 

throughout the experiment; only in the experimental 

group was an in-group statistically significant difference 

observed, which was the described increase at 90 DPP 

(P-value ≤ 0.01).   
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Table 3. Phenotyping of leukocytes in the peripheral blood of experimental (E) and control (C) cows during the experiment 

  Leukocyte percentage 

Subpopulation Group 7 DBD 14 DBP 7 DPP 21 DPP 60 DPP 90 DPP 

CD18+ 

lymphocytes 

E 6.0 ± 0.6 a 5.1** ± 0.6 b 7.22** ± 2.9 a 4.6** ± 1.5 b 4.7** ± 1.2 b 4.2* ± 0.9 b 

C 6.6 ± 0.9 a 3.2 ± 0.6 b 2.8 ± 0.5 b 2.6 ± 0.8 b 2.8 ± 0.6 b 3.3 ± 0.3 b 

CD18+ 

granulocytes 

E 12.5 ± 3.9 a 11.7** ± 3.2 a 6.8* ± 1.6 b 11.0** ± 2.3 a 23.0** ± 1.6 c 24.7** ± 2.5 c 

C 14.8 ± 3.0 a 6.2 ± 1.7 b 4.9 ± 1.7 b 4.4 ± 1.5 b 11.6 ± 2.6 c 18.3 ± 4.6 a 

CD18+ 

monocytes 

E 11.7** ± 1.4 a 4.5 ± 1.5 b 8.6* ± 2.9 c 9.5** ± 1.8 c 18.0** ± 1.4 d 16.1* ± 1.8 d 

C 5.8 ± 1.4 a 5.2 ± 0.9 a 6.3 ± 0.6 a 4.6 ± 0.8 a 10.9 ± 1.4 b 13.4 ± 1.4 c 

CD11b+ 

lymphocytes 

E 23.1* ± 4.4 a 23.7** ± 4.0 a 14.2 ± 1.2 b 15.5 ± 2.2 b 21.8** ± 2.1 a 30.4** ± 3.3 c 

C 19.5 ± 2.6 a 16.0 ± 2.1 b 13.2 ± 2.8 b 14.1 ± 2.0 b 17.0 ± 3.0 ab 25.2 ± 3.1 c 

CD11b+ 

granulocytes 

E 98.5* ± 0.9 98.9 ± 0.9 99.7 ± 0.1 99.7 ± 0.2 99.9 ± 0.0 99.6 ± 0.1 

C 99.5 ± 0.3 a 98.1 ± 0.9 b 99.8 ± 0.1 a 99.7 ± 0.1 a 99.8 ± 0.1 a 99.9 ± 0.1 a 

CD11b+ 

monocytes 

E 76.1 ± 4.2 a 78.1** ± 4.1 a 74.4 ± 5.8 a 61.8 ± 5.0 b 70.3** ± 4.2 ab 69.3 ± 4.1 ab 

C 73.3 ± 4.9 a 69.8 ± 7.1 a 71.2 ± 6.6 a 61.0 ± 8.9 b 56.0 ± 8.7 b 65.9 ± 4.1 b 

CD21+ 

lymphocytes 

E 23.4 ± 3.78 a 21.14* ± 4.56 a 24.72 ± 3.86 a 24.74 ± 4.62 a 22.28** ± 4.38 a 33.32** ± 2.76 b 

C 24.88 ± 1.68 25.40 ± 3.02 25.62 ± 1.32 25.56 ± 3.32 25.50 ± 1.38 25.50 ± 1.64 

CD25+ 

lymphocytes 

E 10.76 ± 2.28 a 8.13** ± 0.6 a 14.9** ± 2.19 b 20.4** ± 2.62 c 17.86** ± 3.0 bc 23.22** ± 2.94 c 

C 9.26 ± 1.28 a 6.51 ± 1.45 b 6.63 ± 1.66 b 10.75 ± 2.28 a 11.78 ± 1.18 a 15.8 ± 2.77 c 

CD4+ 
lymphocytes 

E 28.96 ± 2.12 a 32.80 ± 2.66 b 34.04 ± 2.92 bc 35.72* ± 2.32 bc 36.62** ± 1.32 c 34.94** ± 1.66 bc 

C 26.64 ± 2.52 a 33.40 ± 1.72 b 33.72 ± 0.32 b 33.90 ± 0.52 b 32.62 ± 2.32 bc 30.72 ± 0.96 c 

CD8+ 

lymphocytes 

E 10.56 ± 1.60 11.55* ± 1.12 11.96 ± 0.97 10.47* ± 1.69 10.15 ± 1.84 11.47** ± 1.48 

C 9.69 ± 1.11 a 13.18 ± 1.56 b 10.87 ± 0.78 a 13.04 ± 2.27 b 10.94 ± 2.12 a 16.56 ± 0.46 c 

Foxp3+ 

lymphocytes 

E 42.54 ± 4.44 a 44.34 ± 3.06 a 49.44** ± 4.18 b 42.56 ± 4.88 a 47.68** ± 3.84 ab 46.22** ± 4.42 ab 

C 44.08 ± 3.52 ab 43.98 ± 1.44 ab 40.44 ± 4.18 a 41.10 ± 2.64 a 45.78 ± 3.26 b 33.92 ± 2.12 c 

DBD – days before drying; DBP – days before parturition; DPP – days postpartum * – statistically significant difference at P-value ≤ 0.05 compared 

to the control group parameter; ** – statistically significant difference at P-value ≤ 0.01 compared to the control group parameter; a–d – different 

superscript letters between any value pair indicate statistically significant difference between percentages in blood collected at different times in 

the same group (P-value ≤ 0.01) 
 

 

The percentage of CD25+ lymphocytes in the blood 

of cows from the experimental group was significantly 

higher at all transitional period time points when 

compared to the percentage in the blood of cows  

from the control group (P-value ≤ 0.01). Only at 7 DBD 

were the values in both groups similar. Within the 

experimental group, the percentage of CD25+ lymphocytes 

decreased only at 14 DBP, and at the subsequent study 

points it increased significantly above the baseline value. 

In the control group, the values for CD25+ lymphocytes 

decreased significantly at 14 DBP and 7 DPP, and then 

gradually increased on subsequent study days to exceed 

the 7 DBD value significantly. 

The percentages of CD4+ lymphocytes at 21 DPP 

(P-value ≤ 0.05) and 60 and 90 DPP (P-value ≤ 0.01) 

were higher in the cows from the experimental group 

than in those from the control group, and in the 

experimental cows the values were also progressively 

higher over the course of the study, with the exception 

of an insignificant decrease at 90 DPP. In the control 

group, the values of CD4+ lymphocytes trended higher 

throughout the experiment, increasing significantly from 

the 7 DBD baseline, but contrastingly decreasing at 90 DPP 

(P-value < 0.01). The percentage of CD8+ lymphocytes 

in the experimental group was lower than that in the 

control group at 14 DBP and 21 DPP (P-value ≤ 0.05) 

and at 90 DPP (P-value ≤ 0.01). The values obtained in 

the experimental cows’ blood remained at a similar level 

at all time points. In the control group, these values 

fluctuated between being insignificantly higher and 

being significantly higher than at 7 DBD, the highest 

percentage being noted at 90 DPP, when it was 

significantly different to all earlier percentages. 

The values for Foxp3+ lymphocytes in the 

experimental group’s blood samples exceeded those in 

the control group’s samples at all time points except for 

7 DBD (when they were lower). Statistically significant 

differences between these groups were noted at 7, 60 and 

90 DPP (P-value ≤ 0.01). 

Serum amyloid A concentration in cows during 

the research. The SAA concentration in experimental 

cows was significantly lower than that in cows from the 

control group throughout the experiment, except for  

at the 7 DBD baseline, when similar values were recorded 

(Fig. 1). In the cows from the experimental group, the 

highest SAA value was obtained in the first transitional 

period time point, then these values decreased and 

remained at a similar level until the end of the 
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experiment. In the control group, the values at 7 DBD 

were the lowest (27.09 ± 5.3), then there was an increase 

(44.19 ± 2.74) at 14 DPP, a decrease (34.13 ± 3.63)  

at 21 DPP, a subsequent increase (39.15 ± 4.44)  

at 60 DPP and constancy of the percentage until the end 

of the experiment (Fig. 1). 
 

 
Fig. 1. The serum amyloid A level in the peripheral blood of cows  

at various periods of lactation  

DBD – days before drying; DBP – days before parturition; DPP – days 
postpartum. Experimental – cows with probiotic (n = 10);  

Control – cows without probiotic (n = 10); ** – statistical significance 

at – P-value ≤ 0.01 with respect to the control; a–c – statistical 
differences between the results for the material collected at different 

times in the group (P-value ≤ 0.01) 

Discussion 

The aim of the present study was to determine 

whether probiotic supplementation has an effect on the 

function of the immune system in dairy cows and the 

magnitude of any effect at different stages of lactation. 

Selected indices of the systemic immune response in 

cows were assessed during the period from the last week 

of lactation, through the dry period and the peripartum 

period to the peak of the following lactation (i.e. 90 DPP). 

The effects of probiotics on specific parameters of the 

immune system in dairy cows have rarely been  

described in detail in the literature. The majority of 

studies on cattle made general statements regarding the 

immunomodulatory effect of probiotics in this animal 

species. Furthermore, the majority of research 

undertakings on probiotic support of the dairy cow 

immune system spanned a limited time of probiotic use 

and observed a short period of their effect. Additionally, 

this research has often been limited to the transition 

period (8, 28). It is evident that this is the most crucial 

phase of the entire lactation process, as it demands 

adaptation to complex metabolic transformations caused 

by parturition and the commencement of milk 

production (14, 37). However, changes in feeding 

conditions occur several times during lactation: firstly, 

before drying off, then besides the change during 

transition, also when adjusting the postpartum feed 

ration to a cow’s current milk yield. The authors 

maintain that knowledge of the use of probiotics  

at different stages of lactation is important, because it 

allows us to decide whether probiotic use is reasonable 

in terms of supporting the activity of the immune system. 

It may be learned that the limitation of their use to the 

transition period is sufficient (5). 

An increase in the percentage of Foxp3+ regulatory 

lymphocytes and activated B lymphocytes (CD25+) and 

a simultaneous decrease in the percentage of non-

activated B lymphocytes (CD21+) was observed in the 

assessed subpopulations of leukocytes in cows from the 

experimental group. This may mean that the increase in 

the percentage of regulatory lymphocytes results in the 

activation of B lymphocytes, which is manifested by the 

heavier presence of the CD25+ activation receptor on 

these lymphocytes. This is evidence for not only  

the potentiated activity of cellular mechanisms 

(phagocytosis and phagocytic killing) previously 

described by Brodzki et al. (5), but also the activation of 

humoral immune mechanisms in the group of cows 

under study. These changes may result from the 

triggering of regulatory processes in the immune 

systems of cows receiving the probiotic. Regulatory 

lymphocytes contribute to the stabilisation of the cow’s 

immune system through secretion of anti-inflammatory 

cytokines, such as IL-10. The appropriate mechanisms 

necessary to eliminate a possible threat and at the same 

time maintain homeostasis are activated. Lymphocytes 

which are CD4+ Th cells, the task of which is to support 

cellular activities and humoral mechanisms of 

immunity, also contribute to this phenomenon. Specific 

subpopulations of activated Th lymphocytes redirect the 

immune response by secreting appropriate cytokines to 

Th1, Th2 or T17 type (16). In this study, the  

Th lymphocytes and hence the direction of the immune 

response were not precisely differentiated; however,  

a higher percentage of T CD4+ lymphocytes in cows 

receiving the probiotic than in cows in the control group 

was demonstrated throughout the postpartum period. In 

addition, a rise in the percentage of lymphocytes, 

granulocytes and monocytes with β2 (CD18+) and αM 

(CD11b+) integrin receptors and the persistence of the 

percentage at an elevated level were also observed, 

which should be associated with a primed leukocyte 

state and the possibility of their adherence to the 

vascular endothelium blood vessels in the target tissues. 

The next stages of the diapedesis process initiated by 

integrins are the penetration through the wall of blood 

vessels into the tissues and combat against or removal of 

possible threats at the site of exposure in peripheral 

tissues. 

Special attention should be paid to the immune 

mechanisms occurring in cows in the control group. The 

course and direction of the immune phenomena were 

similar to those in the experimental group, taking into 

account the proportions of individual leukocyte 

subpopulations. However, based on the obtained results, 

the immune system activity in this group of cows was 

significantly lower. Additionally, the increasing 

percentage of CD8+ cytotoxic/suppressor lymphocytes 

in cows from the control group at three examination 

dates before and after parturition may indicate periodic 
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switching of the immune response mechanisms from 

humoral to cellular, and shows fluctuations in the 

activity of these mechanisms. There are too little data for 

a more precise assessment, and further research should 

be conducted; however, the immune system activity of 

the cows in the control group was less stable than that of 

the experimental group. This finding is of significant 

importance, as it allows the assumption that cows 

supplemented with the probiotic had a superior immune 

status prior to parturition and were more capable of 

adapting in the postpartum period. This is in accordance 

with the available literature, which indicates that during 

this period, the immune response of cows is weakened, 

increasing their susceptibility to infections, particularly 

those affecting the uterus and udder (30). The precise 

causes of immunosuppression during this period remain 

unclear. 

A contributive factor to postpartum dairy cow 

immunosuppression may be the elevated levels of 

nonesterified fatty acids (NEFA) and ketone bodies 

during peripartum negative energy balance, this having 

been indicated by investigations of bovine blood (14, 17). 

Levels of NEFA and β-hydroxybutyrate acid (BHBA – 

a ketone body) were not evaluated in this study, but it 

cannot be excluded that concentrations of these 

metabolites were increased in these cows. The study 

presented by Nocek et al. (26) seemed to confirm these 

hypotheses, as it showed that the concentration of NEFA 

was lower in cows that were fed a diet containing 

Enterococcus faecium. Similar results with Bacillus 

subtilis natto as a dietary supplement were obtained by 

other authors (27). Cows supplemented with 

Enterococcus faecium had lower BHBA concentrations 

in the postpartum period in the study by Nocek and 

Kautz (25). Furthermore, Luan et al. (22) observed 

reduced postpartum ketone concentrations in cows 

supplemented with Bacillus pumilus. During periods of 

high energy demand at the beginning of lactation, lower 

concentrations of NEFA and ketones suggest that cows 

mobilise less energy from adipose tissue. In addition, 

increased glucose and insulin concentrations were 

observed in the blood serum of cows fed Enterococcus 

faecium in the postpartum period, in contrast to animals 

not fed probiotics (26). There are at least two reasons 

why higher blood glucose levels and lower adipose 

tissue mobilisation (lower NEFA and BHBA) in the 

postpartum period are very beneficial for cows. Firstly, 

more glucose can be directed to the udder for milk 

production, which is important for the maintenance of 

high milk yield. Secondly, glucose is an essential source 

of energy for ongoing physiological processes, for the 

immune system and especially for phagocytes. It may 

also affect the ratio of leukocyte subpopulations (10, 18). 

The present study was not able to show a direct 

effect of the probiotics on the energy status of the cows, 

as the indices mentioned above (NEFA, BHBA and 

glucose) were not evaluated. However, the possible 

mode of action of probiotics as it relates to what our 

study did assess can be partially explained by the 

relationships referred to above and presented in the cited 

publications. The results suggest that the probiotic 

applied in the trial was able to improve the energy 

balance of the cow and that it also indirectly changed the 

assessed leukocyte subpopulations. Probiotics also 

significantly improve the digestibility of the feed consumed 

by cows and at the same time increase the systemic 

concentration of energy components, proteins, vitamins 

and minerals (42), which may also be important for 

immune cell function. According to Galdeano et al. (12), 

probiotics may also stimulate the immune system in 

animals through the mechanism of altering the 

composition of the gastrointestinal microbiota, which 

may shift the direction of the immune response from Th2 

(humoral) to Th1 (cellular), thereby maintaining immune 

homeostasis in the intestines. This would mean that 

probiotics can stimulate appropriate immune cell 

subpopulations, mainly dendritic cells, T lymphocytes 

and plasma cells, to produce cytokines, thanks to which 

they can modulate the immune response (9, 20). The 

direction of the response depends on the probiotic used, 

as different probiotic strains can stimulate the secretion 

of different cytokines (11, 33). The mechanism for the 

maintenance of immune homeostasis is not fully 

understood. However, it is believed that it is by 

stimulating cytokine secretion that probiotics promote 

the adaptive immune response, in which T regulatory 

lymphocytes (CD4+, CD25+ and Foxp3+) play a major 

role and producing an anti-inflammatory cytokine – IL-10 – 

which modulates the immune response (21, 35). 

The full mechanism responsible for the changes in 

leukocyte subpopulations in the blood of the experimental 

cows cannot be demonstrated on the basis of our research. 

Similar research conducted by Galdeano et al. (13) also 

did not indicate a specific mechanism of immunomodulatory 

activity exerted by probiotics. It cannot be excluded that 

the modulating effect of probiotics was imparted in our 

research in the same way as it was in the research 

referred to above. In particular, the previously described 

increase in the number of Foxp3+ regulatory 

lymphocytes in cows treated with the probiotic seems to 

be the leading mechanism regulating these changes. The 

increase in the percentage of Foxp3+ lymphocytes in our 

study resulted in the presence of a greater number of 

CD4+ Th lymphocytes, activated B CD25+ lymphocytes 

and β2 CD18+ and αM CD11b+ integrins. This 

arrangement in leukocyte subpopulations presumably 

enabled the cows to use of both cellular and humoral 

mechanisms simultaneously. Therefore, it can be 

concluded that the immune system of a cow that 

received the probiotic was better prepared to react in the 

event of an emergency than the immune system of a cow 

that did not receive the probiotic. At the same time, 

despite the readiness of the immune system, its 

stabilisation and even equilibration was also observed. 

In this context, note should be taken of the constantly 

low level of SAA throughout the experiment in the cows 

in the probiotic group compared to the control cows. 

Blood APPs characteristic of cattle, as SAA is, are 
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mainly produced by hepatocytes in the liver in response 

to pro-inflammatory cytokines (e.g. IL-6 and tumour 

necrosis factor (TNF) and glucocorticoids (2, 39). Serum 

amyloid A is an apolipoprotein that appears as a first-

line protein up to 24–48 h after the onset of the 

inflammatory factor, e.g. after infection, and its 

secretion is dependent on IL-1 and/or TNF-α (38). 

Changes in the secretion of SAA are observed in many 

conditions related to both systemic and local infections 

of the body, stressful situations, deficiencies, and even 

during ongoing physiological changes occurring in 

various periods of lactation (6, 7, 38). The persistently 

high concentration of SAA and its significant 

fluctuations during the study in cows that did not receive 

the probiotic may be manifestations of the continuous 

increased activity of immune cells participating in non-

specific immune mechanisms, which results in the 

production of APPs in liver cells. This may mean that 

the immune system of the cows in the experimental 

group activated the appropriate regulatory processes 

preventing the immune cells from reacting too rapidly to 

the factors, despite their readiness. In other words, the 

tolerance of immune system effector cells may be much 

higher in cows that received the probiotic than in cows 

which did not. Recent reports indicate that the 

phenomenon of immune system tolerance is very 

important in maintaining homeostasis in cows (34). 

Conclusion 

The presented research showed an increase in the 

percentages of Foxp3+, CD4+ Th and activated B CD25+ 

lymphocytes and β2 CD18+ and αM CD11b+ integrins in 

cows after probiotic treatment. Activation of regulatory 

processes in the immune system of cows receiving the 

probiotic allowed the simultaneous use of both cellular 

and humoral mechanisms. This specific pattern of 

leukocyte subpopulations may indicate the activation of 

mechanisms that are necessary to eliminate possible 

harmful factors and, at the same time, to stabilise the 

immune system. This was confirmed by the persistence 

of a constant, low level of SAA throughout the course of 

the experiment in the cows receiving the probiotic. 

Therefore, it can be assumed that the immune system of 

cows treated with the probiotic was better prepared to 

react to infectious or harmful agents, and that it more 

easily adapted to changes in conditions in different 

lactation periods, especially in the postpartum period. 

The use of probiotics can reduce the incidence of 

infectious diseases in dairy cows. 

 

Conflict of Interests Statement: The authors declare 

that there is no conflict of interests regarding the 

publication of this article. 

 

Financial Disclosure Statement: The study was 

financed by the statutory activity of the University of 

Life Sciences in Lublin. 

Animal Rights Statement: The authors declare that the 

experiments on animals were conducted in accordance 

with local ethics committee laws and regulations and 

those of Directive 2010/63/EU. The study was approved 

by the Local Ethics Committee at the University of Life 

Sciences in Lublin (approval No. 41/2014). The cows 

were subjected to the usual veterinary medical 

procedures, to which their owners agreed. 

References 

1. Aleri J.W., Hine B.C., Pyman M.F., Mansell P.D., Wales W.J., 

Mallard B., Fisher A.D.: Periparturient immunosuppression and 

strategies to improve dairy cow health during the periparturient 

period. Res Vet Sci 2016, 108, 8–17, doi: 

10.1016/j.rvsc.2016.07.007. 

2. Ametaj B.N., Hosseinim A., Odhiambo J.F., Iqbal S., Sharma S., 

Deng Q., Lam T.H., Farooq U., Zebeli Q., Duun S.M.: Chapter 

13, Application of acute phase proteins for monitoring 

inflammatory states in cattle. In: Acute Phase Proteins as Early 

Non-Specific Biomarkers of Human and Veterinary Diseases, 

edited by F. Veas, Intech Europe, Rijeka, Croatia, 2011, pp. 299–

354, doi: 10.5772/19492. 

3. Bomba A., Nemcová R., Mudroňová D., Guba P.: The 

possibilities of potentiating the efficacy of probiotics. Trends 

Food Sci Tech 2002, 13, 121–126, doi: 10.1016/S0924-

2244(02)00129-2. 

4. Brodersen R., Bijlsma F., Gori K., Jensen K.T., Chen W., 

Dominguez J., Haversonc K., Moore F., Saalmüller A., Sachs D., 

Slierendrecht W.J., Stokes C., Vainio O., Zuckermann F., Aasted 

B.: Analysis of the immunological cross reactivities of 213 well 

characterized monoclonal antibodies with specificities against 

various leucocyte surface antigens of human and 11 animal 

species. Vet Immunol Immunopathol 1998, 64, 1–13, doi: 

10.1016/S0165-2427(98)00117-2. 

5. Brodzki P., Gorzkoś H., Marczuk J., Lisiecka U., Junkuszew A., 

Szczubiał M., Krakowski L., Głodkowska K.: The influence of 

probiotic administration on phagocytic and oxidative burst 

activity of neutrophils and monocytes in peripheral blood of dairy 

cows during different lactation periods. J Vet Res 2024, 68, 1–8, 

doi: https://doi.org/10.2478/jvetres-2024-0043. 

6. Brodzki P., Kostro K., Brodzki A., Wawron W., Marczuk J., 

Kurek Ł.: Inflammatory cytokines and acute-phase proteins 

concentrations in the peripheral blood and uterus of cows that 

developed endometritis during early postpartum. Theriogenology 

2015, 84, 11–18, doi: 10.1016/j.theriogenology.2015.02.006. 

7. Brodzki P., Kostro K., Krakowski L., Marczuk J.: Inflammatory 

cytokine and acute phase protein concentrations in the peripheral 

blood and uterine washings of cows with subclinical endometritis 

in the late postpartum period. Vet Res Comm 2015, 39, 143–149, 

doi: 10.1007/s11259-015-9635-4. 

8. Deng Q., Odhiambo J.F., Farooq U., Lam T., Dunn S.M.,  

Ametaj B.N.: Intravaginal Lactic Acid Bacteria Modulated Local 

and Systemic Immune Responses and Lowered the Incidence of 

Uterine Infections in Periparturient Dairy Cows. PLoS One 2015, 

10, e0124167, doi: 10.1371/journal.pone.0124167. 

9. Dogi C.A., Galdeano C.M., Perdigon G.: Gut immune stimulation 

by non-pathogenic Gram(+) and Gram(–) bacteria. Comparison 

with a probiotic strain. Cytokine 2008, 41, 223–231, doi: 

10.1016/j.cyto.2007.11.014. 

10. Esposito G., Irons P.C., Webb E.C., Chapwanya A.: Interactions 

between negative energy balance, metabolic diseases, uterine 

health and immune response in transition dairy cows. Anim 

Reprod Sci 2014, 144, 60–71, doi: 10.1016/j.anireprosci. 

2013.11.007. 

11. Foligné B., Parayre S., Cheddani R., Famelart M.H., Madec M.N., 

Plé C., Breton J., Dewulf J., Jan G., Deutsch S.M.: 



 P. Brodzki et al./J Vet Res/68 (2024) 589-597 597 

 

 

Immunomodulation properties of multi-species fermented milks. 

Food Microbiol 2016, 53, 60–69, doi: 10.1016/j.fm.2015.04.002. 

12. Galdeano M.C., Cazorla S.I., Lemme Dumit J.M., Vélez E., 

Perdigón G.: Beneficial effects of probiotic consumption on the 

immune system. Ann Nutr Metab 2019, 74, 115–124, doi: 

10.1159/000496426. 

13. Galdeano M.C., Novotny N.I., de Moreno de LeBlanc A., 

Carmuega E., Weill R., Perdigón G.: Impact of a probiotic 

fermented milk in the gut ecosystem and in the systemic immunity 

using a nonsevere protein-energy-malnutrition model in mice. 

BMC Gastroenterology 2011, 11, 64–77, doi: 10.1186/1471-

230X-11-64. 

14. Goff J.P.: Major advances in our understanding of nutritional 

influences on bovine health. J Dairy Sci 2006, 89, 1292–1301, doi: 

10.3168/jds.S0022-0302(06)72197-X. 

15. Goff J.P., Horst R.L.: Physiological changes at parturition and 

their relationship to metabolic disorders. J Dairy Sci 1997, 80, 

1260–1268,  doi: 10.3168/jds.S0022-0302(97)76055-7. 

16. Gourbeyre P., Denery S., Bodinier M.: Probiotics, prebiotics, and 

synbiotics: impact on the gut immune system and allergic 

reactions. J Leuk Biol 2011, 89, 685–695, doi: 

10.1189/jlb.1109753. 

17. Graugnard D.E., Bionaz M., Trevisi E., Moyes K.M., Salak-

Johnson J.L., Wallace R.L., Drackley J.K., Bertoni G., Loor J.J.: 

Blood immunometabolic indices and polymorphonuclear 

neutrophil function in peripartum dairy cows are altered by level 

of dietary energy prepartum. J Dairy Sci 2012, 95, 1749–1758, 

doi: 10.3168/jds.2011-4579. 

18. Hammon D.S., Evjena I.M., Dhimana T.R., Goff J.P.,  

Walters J.L.: Neutrophil function and energy status in Holstein 

cows with uterine health disorders. Vet Immunol Immunopathol 

2006, 113, 21–29, doi: 10.1016/j.vetimm.2006.03.022. 

19. Ingvartsen K.L., Moyes K.M.: Factors contributing to 

immunosuppression in the dairy cow during the periparturient 

period. Jpn J Vet Res 2015, 63, 15–24, doi: 

10.14943/jjvr.63.suppl.s15. 

20. Jiang K., Cao S., Cui J.Z., Matsubara J.A.: Immuno-modulatory 

effect of IFN-gamma in AMD and its role as a possible target for 

therapy. J Clin Exp Ophthalmol 2013, 2, 71–76, doi: 

10.4172/2155-9570-S2-007. 

21. Lemme-Dumit J.M., Polti M.A., Perdigón G., Galdeano C.M.: 

Probiotic bacteria cell walls stimulate the activity of the intestinal 

epithelial cells and macrophage functionality. Benef Microbe 

2018, 9, 153–164, doi: 10.3920/BM2016.0220. 

22. Luan S., Duersteler M., Galbraith E.A., Cardoso F.C.: Effects of 

direct-fed Bacillus pumilus 8G-134 on feed intake, milk yield, 

milk composition, feed conversion, and health condition of pre- 

and postpartum Holstein cows. J Dairy Sci 2015, 98, 6423–6432, 

doi: 10.3168/jds.2015-9512. 

23. Martinez N., Sinedino L.D., Bisinotto R.S., Ribeiro E.S.,  

Gomes G.C., Lima F.S., Greco L.F., Risco C.A., Galvão K.N., 

Taylor-Rodriguez D., Driver J.P., Thatcher W.W., Santos J.E.P.: 

Effect of induced subclinical hypocalcemia on physiological 

responses and neutrophil function in dairy cows. J Dairy Sci 2014, 

97, 874–887, doi: 10.3168/jds.2013-7408. 

24. Mashek D.G., Beede D.K.: Peripartum responses of dairy cows 

fed energy-dense diets for 3 or 6 weeks prepartum. J Dairy Sci 

2001, 84, 115–125, doi: 10.3168/jds.S0022-0302(01)74459-1. 

25. Nocek J.E., Kautz W.P.: Direct-fed microbial supplementation on 

ruminal digestion, health, and performance of pre- and postpartum 

dairy cattle. J Dairy Sci 2006, 89, 260–266, doi: 

10.3168/jds.S0022-0302(06)72090-2. 

26. Nocek J.E., Kautz W.P., Leedle J.A., Block E.: Direct-fed 

microbial supplementation on the performance of dairy cattle 

during the transition period. J Dairy Sci 2003, 86, 331–335, doi: 

10.3168/jds.S0022-0302(03)73610-8. 

27. Peng H., Wang J.Q., Kang H.Y., Dong S.H., Sun P., Bu D.P., 

Zhou L.Y.: Effect of feeding Bacillus subtilis natto fermentation 

product on milk production and composition, blood metabolites 

and rumen fermentation in early lactation dairy cows. J Anim 

Physiol Anim Nutr 2012, 96, 506–512, doi: 10.1111/j.1439-

0396.2011.01173.x. 

28. Punetha M., Roy A.K., Ajithakumar H.M., Para I.A., Gupta D., 

Singh M., Bharati J.: Immunomodulatory effects of probiotics and 

prilled fat supplementation on immune genes expression and 

lymphocyte proliferation of transition stage Karan Fries cows. Vet 

World 2018, 11, 209–214, doi: 10.14202/vetworld.2018.209-214. 

29. Rearte R., LeBlanc S.J., Corva S.G., de la Sota R.L.,  

Lacau-Mengido I.M., Giuliodori M.J.: Effect of milk production 

on reproductive performance in dairy herds. J Dairy Sci 2018, 101, 

7575–7584, doi: 10.3168/jds.2017-13796. 

30. Ribeiro E.S., Lima F.S., Greco L.F., Bisinotto R.S.,  

Monteiro A.P.A., Favoreto M., Ayres H., Marsola R.S., Martinez N., 

Thatcher W.W., Santos J.E.P.: Prevalence of periparturient 

diseases and impacts on fertility of seasonally calving grazing 

dairy cows supplemented with concentrates. J Dairy Sci 2013, 96, 

5682–5697, doi: 10.3168/jds.2012-6335. 

31. Saulnier D.M., Spinler J.K., Gibson G.R., Versalovic J.: 

Mechanisms of probiosis and prebiosis: considerations for 

enhanced functional foods. Curr Opin Biotechnol 2009, 20, 135–

141, doi: 10.1016/j.copbio.2009.01.002. 

32. Schrezenmeir J., de Vrese M.: Probiotics, prebiotics and 

synbiotics—approaching a definition. Am J Clin Nutr 2001, 73, 

361–364, doi: 10.1093/ajcn/73.2.361s. 

33. Sheikhi A., Giti H., Heibor M.R., Jafarzadeh A., Shakerian M., 

Baharifar N., Niruzad F., Moghaddam A.S., Kokhaei P., 

Baghaeifar M.: Lactobacilus delbrueckii subsp. bulgaricus 

modulates the secretion of Th1/Th2 and Treg cell-related 

cytokines by PBMCs from patients with atopic dermatitis. Drug 

Res 2017, 67, 724–729, doi: 10.1055/s-0043-117612. 

34. Sheldon I.M., Cronin J.G., Bromfield J.J.: Tolerance and innate 

immunity shape the development of postpartum uterine disease 

and the impact of endometritis in dairy cattle. Ann Rev Anim 

Biosci 2019, 7, 361–384, doi: 10.1146/annurev-animal-020518-

115227. 

35. Sichetti M., De Marco S., Pagiotti R., Traina G., Pietrella D.: Anti-

inflammatory effect of multistrain probiotic formulation  

(L. rhamnosus, B. lactis, and B. longum). Nutrition 2018, 53, 95–

102, doi: 10.1016/j.nut.2018.02.005. 

36. Skinner J.G.: International standardization of acute phase 

proteins. Vet Clin Pathol 2001, 30, 2–7, doi: 10.1111/j.1939-

165x.2001.tb00248.x. 

37. Sordillo L.M., Mavangira V.: The nexus between nutrient 

metabolism, oxidative stress and inflammation in transition cows. 

Anim Prod Sci 2014, 54, 1204–1214, doi: 10.1071/AN14503. 

38. Tothova C.S., Nagy O., Seidel H., Kovac G.: Acute phase proteins 

and their use in the diagnosis of diseases in ruminants: a review. 

Vet Med 2014, 59, 163–180, doi: 10.17221/7478-VETMED. 

39. Trevisi E., Amadori M., Cogrossi S., Razzuoli E., Bertoni G.: 

Metabolic stress and inflammatory response in high-yielding, 

periparturient dairy cows. Res Vet Sci 2012, 93, 695–704, doi: 

10.1016/j.rvsc.2011.11.008. 

40. Uyeno Y., Shigemori S., Shimosato T.: Effect of 

Probiotics/Prebiotics on Cattle Health and Productivity. Microbes 

Environ 2015, 30, 126–132, doi: 10.1264/jsme2.ME14176. 

41. Wan M.L.Y., Forsythe S.J., El-Nezami H.: Probiotics interaction 

with foodborne pathogens: a potential alternative to antibiotics 

and future challenges. Crit Rev Food Sci Nutr 2019, 59, 3320–

3333, doi: 10.1080/10408398.2018.1490885. 

42. Yoo J.Y., Kim S.S.: Probiotics and prebiotics: present status and 

future perspective on metabolic disorders. Nutrients 2016, 8, 173, 

doi: 10.3390/nu8030173. 

  

 


