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Research article
Ερευνητικό άρθρο

ABSTRACT: Since 2006, the European Community has banned the use of nutritional antibiotics as growth promoters 
in livestock husbandry. The utilization of modern poultry production systems with a high degree of concentration and 
automation has resulted in the health status of sensitive poultry strains and hybrids. Some humoral indicators of natural 
immunity in broiler chickens from the ROSS 308 hybrid and growing broiler breeders were studied. The experiment 
was conducted in control and experimental herds raised under the same production conditions. The experimental herds 
were reared without the use of antibiotics but were treated with the immunomodulator Avigen. The values of serum 
lysozyme concentrations, the alternative pathway of complement activity (APCA), and concentrations of IFN γ, IL-2, 
and IL-6 of broilers treated with Avigen significantly exceeded the values in the control birds. The same tendency is ob-
served among the growing broiler breeders. Serum IgY concentrations show a significant difference in growing broiler 
breeders but not in broilers. Based on the obtained data, the treatment with the immunomodulator Avigen increases 
the natural resistance of birds, which allows them to be raised without the use of antibiotics in production conditions.
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INTRODUCTION 

Modern poultry farming requires fast-grow-
ing periods, high food conversion ratios, and 

maintenance of health status at the lowest possible 
cost. One of the biggest challenges is the high bird 
population density, raised in relatively small spac-
es, which increases the risk of spontaneous disease 
outbreaks (Linares and Martin, 2010). The first two 
necessities are influenced by the nutritional proper-
ties of the food provided. The third requirement has a 
far more complex nature where animal selection and 
the introduction of specific food supplements play a 
crucial role. Currently, marker-assisted selection is 
a common approach in livestock breeding (Abasht 
et al., 2009) However, targeting a high immune re-
sponse against a specific pathogen is not always the 
best option. Farmers face subclinical infections from 
a well-known cocktail of locally presented infectious 
agents in several cases. The unpredictable nature of 
such processes requires prominent levels of non-spe-
cific immune response factors among all animals 
(Al-Mansour et al., 2011). Lysozyme is a major factor 
in the humoral non-specific protection of birds and 
the natural resistance of the embryo (Xia et al., 2019). 
The serum lysozyme protects the host organism 
against a variety of Gram-negative bacteria and some 
large viruses, such as the Avipoxvirus (Gadde et al., 
2017; Gong et al., 2017; Ma et al., 2017; Abdel-Latif 
et al., 2017). It is well-known that serum lysozyme 
is secreted by macrophages (Tagashira et al., 2018) 
and its concentrations depend on various factors. EL-
Deepetal. (2020) reported that rabbit supplemented 
with dietary egglysozyme increased body live weight 
and decreased FCR. The following year (2021), the 
same authors repeated th eexperiment and confirmed 
the results obtained in 2020.Ferraboschietal. (2021) 
published an interesting review in which they 
investigated the application of lysozymeas a natural 
immuneprotective factor and alternative to antibiotics 
in human and veterinary medicine and as a food 
additive. The alternative pathway of complement ac-
tivation (APCA) is an important factor of innate im-
munity. It is active against Gram-negative bacteria, 
viruses, virus-infected cells, neoplastic cells, agarose, 
lipopolysaccharides, contrast media used in radiolo-
gy, etc. (Tirado et al., 2021; Idowu et al., 2021). In the 
body of birds, the complement system is inactive, but 
after activation, its action is cascading and includes 
a series of proteolytic reactions aimed at enhancing 
humoral and cellular interactions (Sotirov and Koy-
narski, 2003). Bainetal. (2020) reported that people 

with severe infections survived more successfully if 
they had a higheractivity of the alternative pathway 
of complementactivation compared to people who 
had an average or lower activity of this indicator.IgY 
is found in birds’ blood serum and egg yolk and is 
formed by plasma cells in response to antigenic ef-
fects (Tizard, 2002). Its effect by affecting the intes-
tinal mucosa may be a guideline for the relationship 
between mucosal and systemic immunity. Type II in-
terferons (IFN γ) are products of T lymphocytes and 
natural killer cells in birds. IFN α/β is mainly involved 
in the formation of antiviral immunity, and IFN γ is 
a pleiotropic molecule that to one degree or another 
affects all stages of the immune response (Seo et al., 
2002; Wigley and Kaiser, 2003). According to Rosen-
berger et al. (2000), and Sato and Iwasaki (2005),bac-
terial endotoxins can induce interferon production in 
the body. The rationale for using lipopolysaccharides 
(LPS) from gram-negative bacteria as an alternative to 
antibiotics to modulate the broiler immune response 
is the investigations done before (Bonovska et al., 
2014; Karakolev et al., 2015; Fan et al., 2020; Kara-
kolev et al., 2023). The results obtained are very good 
evidence to suggest that LPS is effective in improving 
the natural immunity of chickens. In the present ex-
periment, the effect of the polybacterial immunomod-
ulator Avigen on some indicators of natural humoral 
immunity in broiler chickens and their parents reared 
under production conditions was studied.

MATERIALS AND METHODS

Broiler chickens 
The experiment was performed with broiler chick-

en’s hybrid ROSS 308 reared in two halls. The ex-
perimental broiler chickens received immunomodula-
tor Avigen from days 1st to 10th day and were reared 
without antibiotics. The control chickens received 
only antibiotics (Lincospectin and Lincomycin).

Growing broiler breeders 
The growing broiler breeder’s herds used in this 

experiment were also reared in two different halls.
The control herd did not receive immunomodulator 
Avigen and the experimental herd was treated with 
Avigen.

Polybacterial immunomodulator “Avigen” - con-
tains lipopolysaccharide components in concentrated 
form, extracted from Gram-negative bacteria from 
the family Enterobacteriaceae and is produced as 
suspension.
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Method of treatment
Each chick needs from the 1st to 10th day of the 

chick’s life 700 ml water. The experimental broiler 
herd was treated orally with drinking water plus im-
munomodulator Avigen from day 1st to day 10th (1085 
l water + 5,115 l Avigen for 1550 chickens). At age 
120th to 130th day one chick drank 2250 ml water for 
10 days. The experimental growing broiler breeder’s 
flock was also treated orally from the 1st to the 10th 
day and from the 120th to the 130th day (3255 l water 
+ 15,555 l Avigen for 1446 chicken).

Samples
Forty-five blood samples were randomly taken 

from broilers (on the 36th day) and from the growing 
broiler breeders (on the 36th day and the 146th day). 
The blood was taken from v. subcutaneous ulnaris. 
The samples were left to clot for 30 minutes, centri-
fuged at 2000 rpm, and the sera were harvested. 

Determination of lysozyme concentration in blood 
serum

Serum lysozyme concentrations were tested by the 
method of Lie (1985).Briefly, twenty ml of 2% aga-
rose dissolved in phosphate buffer (0.07 M NaHPO4 
and NaH2PO4) was mixed with 20 milliliters suspen-
sion of the 24-hour culture of Micrococcus lysodeicti-
cus at 67°C. The mixture was poured out in a 14-cm 
Petri dish. After solidifying at room temperature, thir-
ty-two 5-mm wells were made with a special device. 
Fifty microliters of undiluted sera were piped in each 
well. Eight standard lysozyme dilutions (from 0.025 
to 3.125 μg/ml) were prepared and pipetted in weight 
wells. The samples were incubated for 20 hours at 
37°C and lytic zone diameters were measured. The 
final lysozyme concentrations were calculated by spe-
cial software developed at Trakia University.

Determining the activity of the alternative path-
way for complement activation

The activity of APCA was tested by the method of 
Sotirov (1991). Each serum sample was first diluted 
by mixing 100μl serum with 350 μl veronal-veronal 
Na buffer (in final concentrations: 146 mM NaCl, 1,8 
mM 5,5- diethylbarbituric acid sodium salt; 3,2 mM 
5,5- diethylbarbituric acid; 1 mM EGTA and 0,8 mM 
MgCl2). In U-bottomed plates (Flow Laboratories, 
UK), 7 other dilutions from each diluted serum were 
again prepared in veronal veronal Na buffer: 80 μl di-
luted serum + 20 μl buffer, 70 μl diluted serum + 30 
μl buffer, 60 μl diluted serum + 40 μl buffer, 50 μl 

diluted serum + 50 μl buffer, 40 μl diluted serum + 
60 μl buffer, 30 μl diluted serum + 70 μl buffer and 
20 μl diluted serum + 80 μl buffer. The final serum 
dilutions were, respectively, 8/45, 7/45, 6/45, 5/45, 
4/45, 3/45 and 2/45. Then 50 μl buffer and 100 μl of 
1% rabbit erythrocyte suspension were added to each 
well. After incubation for 1 hour at 37°C, samples 
were centrifuged at 150 g for 3 minutes at room tem-
perature (23°C). Thereafter, 150 μl of each superna-
tant was removed and placed in flat-bottomed plates 
for measurement of optical density at 540 nm using 
a ‘Sumal-PE2’ ELISA reader (Karl Zeiss, Germany). 
The final APCA activity was calculated using special 
computer programs developed at Trakia University 
and expressed as CH50 units (CH50 units correspond 
to 50% of complement-induced hemolysis of applied 
erythrocytes).

Determination of IFN-γ, IL-2, IL-6, and IgY
The traits mentioned above were investigated 

by using different ELISA tests - Chicken interferon 
γ (IFN γ) ELISA kit, Chicken Interleukin 2 (IL-2) 
ELISA kit, Chicken Interleukin 6 (IL-6) ELISA kit, 
Chicken Immunoglobulin Y (IgY) ELISA kit (CUS-
ABIO). 

Statistical analysis
Data were processed by one-way analysis of vari-

ance (ANOVA) with the fixed effect model using the 
Data analysis tool pack, Microsoft Excel 2016, Mi-
crosoft Corporation Ltd. at a level of significance 
Р<0.05.

RESULTS
As can be seen from the Table. 1 the concentration 

of serum lysozyme in experimental broiler chickens 
was higher thanin the control flock (P <0.001). In 
the experimental broiler herd, lysozyme concentra-
tions   varied from 2.21 mg/L to 8.83 mg/L (average 
of 6.17 ± 0.49 mg/L). In control birds, these levels 
were significantly lower and ranged from 1.10 mg/L 
to 4.41 mg/L (average of 2.99 ± 0.27 mg/L). In exper-
imental chickens, significantly higher APCA activity 
(549.00 ± 19.69 CH 50) was found while in control 
chickens this value was lower(377.40 ± 9.58 CH50; P 
<0.001). Similar results were obtained in the growing 
broiler breeder’s herds. The mean lysozyme concen-
trations (6.42 ± 0.76 mg/mL) and APCA (465.00 ± 
15.08 CH50) in birds treated with immunomodulator 
Avigen were significantly higher than in controls (P 
<0.001). In broilers, the concentrations of IgY, were 
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not significant between the experimental and control 
flocks, while in the growing broiler breeders flocks 
this indicator was significantly higher (P <0.01) in 
experimental chickens. Interferon γ and interleukin 
concentrations in broilers and broiler breeders are 
presented in Table 2. In chickens treated with Avigen, 
significantly higher concentrations of IFN γ, IL-2, 
and IL-6 were found compared to the control flock 
(P <0.001). Similar data were also found for broiler 
breeders (P <0.001).

DISCUSSION
There is no doubt that AGPs (antibiotic growth 

promoters) since the late 1940s have had a significant 
impact on the progress of the livestock industry. There 
are currently new methods and tools for the preven-
tion and treatment of bacterial, viral, and parasitic in-
fections in the production of food of animal origin. 
There are many substances, such as prebiotics, probi-
otics, phytonutrients (herbs and essential oils), hyper-
immune antibodies, bacteriophages, antimicrobial 
peptides, and toll-like receptor (TLR) agonists, used 
in the animal industry, but it is generally known that 
neither one of these alternatives is not as effective as 
AGP. However, the combination of these substances 
has shown some efficacy in reducing production loss-
es when not using AGP. Furthermore, the exact mech-
anisms of action of widely used AGPs are unknown. 

Niewold (2007) proposed a hypothesis that AGP in-
teracts directly with the complex intestinal ecosys-
tem, especially innate immune cells that mediate the 
inflammatory response. According to this hypothesis, 
AGP enhances growth by acting directly on inflam-
matory immune cells, which leads to an anti-inflam-
matory intestinal environment. However, the exact 
mechanisms of different types of AGP need to be bet-
ter studied and identified. Recently, more and more 
scientific evidence supports the idea that non-antibi-
otic alternatives to AGP can be developed that can 
stimulate innate immune responses. As an alternative 
to AGP, several immunomodulators have been pro-
posed. “Immunomodulation” according to the Merri-
am-Webster Dictionary (www.merriamwebster.com) 
is defined as “modulation of the immune response or 
the functioning of the immune system through the ac-
tion of an immunomodulator”. Immunomodulators 
include antimicrobial peptides (AMP), TLR ligands 
and agonists, prebiotics, probiotics, hyperimmune an-
tibodies, herbs, essential oils, and more. Studies in 
mice and humans have provided scientific evidence 
that many of these alternatives to AGP have immuno-
modulated host immunity by interacting directly with 
innate sensory molecules present in innate immune 
cells. When the host’s innate immune cells encounter 
foreign antigens, the cells of the innate immune sys-
tem recognize various innate immune receptors of the 

Table1. Serum lysozyme concentrations, APCA, and IgY concentrations in broiler and broiler breeders.

Groups Lysozyme
(mg/mL)

APCA
(CH50)

IgY
(mg/mL)

Broilers
Experimental 6.17 ± 0.49*** 549.00 ± 19.69*** 4.74 ± 0.62
Control 2.99 ± 0.27 377.40 ± 9.58 4.68 ± 0.58

Growing broiler breeders
Experimental 6.42 ± 0.76*** 465.00 ± 15.08*** 18.10 ± 1.45**
Control 2.64 ± 0.25 312.00 ± 10.52 12.26 ± 1.28

*** P < 0.001; ** P < 0.01

Table 2. Concentrations of IFN γ, IL-2, and IL-6 in the blood serum of broilers and broiler breeders.

Groups IFN γ 
(pg/mL)

IL-2 
(pg/mL) IL-6 (pg/mL)

Broilers
Experimental 548.23 ± 2.18*** 6.28 ± 0.76*** 612.55 ± 2.54***
Control 127.04 ± 1.09 1.87 ± 0.61 204.18 ± 1.32

Growing broiler breeders
Experimental 635.18 ± 2.56*** 6.89 ± 0.64*** 541.16 ± 2.74***
Control 109.32 ± 2.01 1.45 ± 0.90 165.14 ± 1.65

*** P < 0.001
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host, called pathogen recognition receptors (PRRs). 
Initial binding of PRR to pathogens triggers a series 
of complex and complex intracellular and intercellu-
lar signaling pathways that lead to definitive activa-
tion of the NFκβ and inflammatory response. Natural 
immune responses are determined by the different 
types of PRR that are activated. As a result, a specific 
set of adapter molecules containing the Toll/IL-1 re-
ceptor domain, such as MyD88 and TRIF, are secret-
ed to initiate downstream events that lead to the secre-
tion of inflammatory cytokines, type 1 interferons, 
chemokines, and antimicrobial peptides. In addition, 
activation of TLR leads to the maturation of dendritic 
cells, which contributes to the initiation of adaptive 
immunity and subsequent differentiation of natural 
T-helper cells into mature effector cell types with dif-
ferent functions, such as Th1, Th2, Th17, and Treg, 
which secrete different cytokine types, including 
IFN-γ, TNF, IL-10, TGF-β, IL-4, and IL-5. Activation 
of innate immune cells also leads to the development 
of an antigen-specific, long-lasting response, which is 
a secondary line of defense of the host, called adap-
tive immunity. These studies have shown close com-
munication between innate and adaptive components 
of the host immune system through activated recep-
tors and secreted soluble effector molecules (Lillehoj 
and Lee, 2012). Thus, the initial immune response 
elicited by an immunomodulator has a profound ef-
fect on the quality of the host’s secondary line of de-
fense. The high density of the bird population in mod-
ern-day commercial farming results in a dramatic rise 
in the spontaneous spread of various pathogens. The 
potential development and distribution of antibiotic 
resistance from animals to humans makes the tradi-
tional treatment of livestock with different antibiotics 
unacceptable (Millet and Maertens, 2011). These cir-
cumstances navigate the attention of science into two 
major directions - a marker-assisted selection of ani-
mals with strong immune responses and research for 
different food additives, probiotics, prebiotics, symbi-
otics, or immunostimulants with immunomodulating 
potential. Although very promising, so far animal se-
lection has not provided the desired results. At the 
heart of this is the discrepancy between the living 
conditions in experimental and commercial farms. 
Moreover, market requirements do not always match 
the productive potential of animals selected for strong 
natural immune responses. This encourages the re-
search of different substances with an immune-stimu-
lating effect (Fathi et al., 2012). In recent years, there 
has been a great interest in the search for alternatives 

to the use of antibiotics to avoid the harmful effects of 
their use. It is well known that serum lysozyme is an 
important humoral factor of natural immunity in birds 
(Besarabov, 2013). Stimulation of the intestinal mu-
cosa with lipopolysaccharides contained in the used 
immunomodulator leads to increased levels of lyso-
zyme and APCA in broilers and broiler breeders. 
Besarabov(2013) and Bonovska et al. (2014)reported 
that lysozyme content below 3.5 mg/L in blood serum 
and egg white, shows low natural resistance in birds. 
According to Wigley et al. (2003), interferons and in-
terleukins play a major role as mediators of immune 
responses. The application of polybacterial immuno-
modulators in production conditions can increase the 
natural resistance and productivity of birds and this is 
of great interest to poultry farming. In this regard, our 
experiments show that the immunomodulator Avigen 
may be a good alternative to antibiotics in broiler 
farming. In a similar experiment, Bozakova et al. 
(2020) explored the possibilities for increasing natu-
ral immunity via the application of immunomodulator 
Immunobetain turkeys and hens. The core compo-
nents of that product are beta-glucans and mannan 
oligosaccharides extracted from several yeast strains. 
Compared with our experiment, the authors report far 
more moderate benefits of the applied additive. Both 
traits were almost indistinguishable among experi-
mental and control turkeys. The same result was ob-
served for the lysozyme concentration among hens. A 
small increase was observed for the APCA activity in 
both species but with a smaller value. Based on the 
similarities of both products we could assume the 
stimulating effect on the complement system. Lalev et 
al. (2015) tested the influence of the preparation Nat-
stim on both parameters of natural immunity among 
White Plymouth Rock hens. The product has been ap-
plied in feed and water, where the results were op-
posed. The application of the product was much more 
effective in drinking water than fodder. Despite this 
fact, the increase in both traits is quite modest and on 
average about 20% higher than in control hens. The 
application of these substances has some benefits, but 
the Avigen immunomodulator, used in our experi-
ment, has a higher potential to modulate the factors of 
innate immunity. Denev et al. (2020) studied the ef-
fect of Silymarin on the natural immunity in chickens. 
Despite the applied product’s hepatoprotective and 
antioxidant properties, the authors detected that lyso-
zyme concentration was almost 2.5 times lower than 
controls. Such experiments prove the need for de-
tailed analyses of each food supplement before com-
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mercial use for specific animal species. At present, 
due to the constant increase in the number of people 
in the world, it is necessary to keep short-lived ani-
mals (such as birds and pigs) to provide enough food 
for humanity. This is due to the use of modern tech-
nologies for their breeding, but at the same time, it 
leads to severe stress in animals and therefore increas-
es their morbidity. This is the reason why farmers use 
antibiotics both for treatment and to stimulate the 
growth of animals to obtain greater production. As a 
result, however, antibiotic-resistant microorganisms 
are created, which is extremely dangerous to humans. 
This necessitates the search for alternative means of 
treatment and prevention aimed at reducing the use of 
antibiotics and improving the welfare of poultry, with 
an emphasis on natural immunity. All these circum-
stances are in the background of increasing demands 
for antibiotic-free human treatment and poultry wel-
fare issues driven by global social pressure (Ordi-
nance 44/20.04.2006; Ordinance 25/State Gazette 
42/23.05.2006). Bedrania et al. (2013) consider that 
the antimicrobial protection of eggs is carried out by 
immunoglobulins presented in the yolk and antimi-
crobial proteins/peptides localized in the egg white. 
The authors suggest that it is possible to stimulate the 
synthesis of specific immunoglobulins by using ge-
netically foreign antigens. To test this hypothesis, 
they treated chickens with intravenous injections of 
lipopolysaccharide derived from Salmonella enterica 
Enteritidis (LPS) at 24-hour intervals. Eggs from the 
control and experimental groups were collected for 21 
days after the first LPS injection and the antimicrobial 
activity of the egg white against Staphylococcus au-

reus and Escherichia coli was evaluated. Increased 
antimicrobial activity of the protein in the eggs of 
treated hens against Staphylococcus aureus was 
found, which was 20.9% and 23.4% higher than in 
control birds on the 5th and 6th day after the first in-
jection of LPS. Antimicrobial activity against E. coli 
was moderately increased only on the 9th and 15th 
days after LPS treatment. The results of this study 
could be used to increase embryo protection by using 
antimicrobial agents in addition to specific antibodies 
derived from hens. 

CONCLUSION
The use of the immunomodulator Avigen has been 

shown to increase APCA activity, lysozyme, interfer-
on-gamma, and serum interleukins concentrations in 
broilers, which increases their natural resistance and 
allows birds that receive Avigen to be reared in pro-
duction conditions without the use of antibiotics.

CONFLICT OF INTEREST
All authors declare that there is no conflict of in-

terest and disclose that we do not have any financial 
and personal relationships with other people or orga-
nizations that might inappropriately influence or bias 
our work.

ACKNOWLEDGMENTS
The authors are highly grateful to the National 

Science Fund for the Financial Support of the project 
№ КП-06-Н36/16, funded by The Bulgarian National 
Science Fund (BNSF), Bulgaria.



J HELLENIC VET MED SOC 2024, 75 (1)
ΠΕΚΕ 2024, 75 (1)

R. KARAKOLEV, TS. KOYNARSKI, L. SOTIROV, R. PETROVA, P. PETROVA-TSENIN 6777

REFERENCES

Abasht B, Sandford E, Arango J, Settar P, Fulton JE, Neil P, Abebe H, 
David H, Fernando RL, Dekkers JCM, Lamont SJ (2009) Extent 
and consistency of linkage disequilibrium and identification of DNA 
markers for production and egg quality traits in commercial layer 
chicken populations. BMC Genomics 10 (Suppl 2): S2.

Abdel-Latif MA, El-Far AH, Elbestawy AR, Ghanem R, Mousa SA, 
Abd El-Hamid HS (2017) Exogenous dietary lysozyme improves 
the growth performance and gut microbiota in broiler chickens tar-
geting the antioxidant and non-specific immunity mRNA expres-
sion. PLoS ONE 12(10): e0185153. https://doi.org/10.1371/journal.
pone.0185153

Al-Mansour S, Al-Khalf A, Al-Homidan I (2011) Feed efficiency and 
blood hematology of broiler chicks given a diet supplemented with 
yeast culture. Int J Poult Sci 10:603-7.

Bain W, Li H, Geest R, Moore S, Olonisakin T, Ahn B, Papke E, Moghbeli 
K, DeSensi R, Rapport S, Saul M, Hulver M , Xiong Z, Mallampalli 
R, Ray P, Morris A, Ma L, Doi Y, Zhang Y, Kitsios G, Kulkarni H, 
McVerry B, Ferreira V, Nouraie M, Lee J (2020) Increased Alterna-
tive Complement Pathway Function and Improved Survival during 
Critical Illness. Am J Respir Crit Care Med 202:230-240.

Bedrania L, Helloin E, Guyot N, Nys Y (2013) Systemic administration of 
lipopolysaccharide in laying hens stimulate antimicrobial properties 
of egg white against Staphylococcus aureus. Vet Immunol Immuno-
pathol 152:225-236.

Besarabov BF (2013) The natural resistance and productivity of birds. 
Poultry 5:16-17.

Bonovska M, Karakolev R, Sotirov L, Gyurov B, Savova T, Nikolov D, 
Angelov A (2014) Induction of egg-white lysozyme in layer hens. 
ComptesRendus de l ‘AcademieBulg des Sci 67:1311-1314.

Bozakova N, Sotirov L, Denev S,Koynarski T (2020) Possibilities for 
Improvement of Humoral Innate Immunity in Turkeys and Hens in 
Conditions of Thermal Stress by the Immunomodulator Immunobeta. 
Iran J Appl Anim Sci 10:349-54.

Denev S, Sotirov L, Chobanova S, Koynarski T, Bozakova N, Stoev S 
(2020) Effect of Silymarin and Ochratoxin A on Humoral Natural Im-
munity of Broiler Chickens. J Cent Eur Agric 21:492-98.

EL-Deep MH, Amber KA, Eid YZ, Alrashood ST, Khan HA, Sakr MS, 
Dawood MAO (2020) The Influence of Dietary Chicken Egg Ly-
sozyme on the Growth Performance, Blood Health, and Resistance 
Against Escherichia coli in the Growing Rabbits’ Cecum. Front Vet 
Sci 7:579-576. doi: 10.3389/fvets.2020.579576

EL-Deep MH, Amber KA, Eid YZ, Aboelenin SM, Soliman MM, Sakr 
MS, Dawood MAO (2021) The Influence of Chicken Egg Lysozyme 
or Zinc-Bacitracin Antibiotic on the Growth Performance, Antibac-
terial Capacity, Blood Profiles, and Antioxidative Status of Rabbits: 
A Comparative Study. Animals 11:1731. https://doi.org/10.3390/
ani11061731

Fathi MM, Al-Mansour S, Al-Homidan A (2012) Effect of yeast culture 
supplementation on carcass yield and humoral immune response of 
broiler chicks Vet. World 11:651-7.

FerraboschiP, Ciceri S, Grisenti P (2021) Applications of Lysozyme, an 
Innate Immune Defense Factor, as an Alternative Antibiotic. Antibi-
otics 10:1534. https://doi.org/10.3390/antibiotics10121534

Fan Q, Abouelezz KFM, Li L, Gou Z, Wang Y, Lin X, Ye J, Jiang Sh 
(2020) Influence of mushroom polysaccharide, nano-copper, copper 
loaded chitosan, and lysozyme on intestinal barrier and immunity of 
LPS-mediated yellow-feathered chickens. Animals 2020, 10, 594; 
doi:10.3390/ani10040594

Gadde U, Kim W H, Oh S T,Lillehoj HS (2017) Alternatives to antibiotics 
for maximizing growth performance and feed efficiency in poultry: a 
review. Anim Health Res Rev 18:26-45.DOI: https://doi.org/10.1017/
S1466252316000207

Gong M, Anderson D, Rathgeber B, MacIsaac J (2017) The effect of di-
etary lysozyme with EDTA on growth performance and intestinal mi-
crobiota of broiler chickens in each period of the growth cycle. J Appl 
Poult Res 26:1-8. https://doi.org/10.3382/japr/pfw041

Idowu PA, Idowu AP, Zishiri OT, Mpofu TJ, Veldhuizen EJA, 
NephaweKA,Mtileni B (2021) Activity of Mannose-Binding Lectin 
on Bacterial-Infected Chickens—A Review. Animals,11:787.https://
doi.org/10.3390/ani11030787

Karakolev R, Sotirov L, Angelov A, Koynarski Ts,Bozakova N (2015) 
Egg white lysozyme concentrations in White Plymouth Rock hens 
treated with the immunomodulator Helpankar. IJDR 5:4713-4715. 

KarakolevR, Gospodinova K, Sotirov L, Nikolov D, Angelov A, Koynar-
ski Ts (2015) Blood serum interferon-alpha and -gamma concentra-
tions in broiler chickens treated with the immunomodulator Helpan-
kar Int J Curr Microbiol App Sci 4:296-299

KarakolevR, KoynarskiTs, Petrova-TseninP,PetrovaR (2023) Influence of 
“AVIGEN DUCK” Immunomodulator on some humoral factors of 
non-specific protection in White Pekin ducks parents C R AcadBulg 
Sci 76:970-976.

Lalev M, Oblakova M, Sotirov L, Hristakieva P, Mincheva N, Ivanova I, 
KoynarskiT,Bozakova N (2015) Effect of the Immunomodulator Nat-
stim ® on Innate Humoral Immunity and Productive Traits of White 
Plymouth Rock Hens. Jokull 65:72-78.

Lie O (1985) Markers of Resistance to Infection in Dairy Cattle. Thesis, 
National Veterinary Institute, Oslo, Norway, chapt V.

Lillehoj HS, Lee KW (2012) Immune modulation of innate immunity 
as alternatives-to-antibiotics strategies to mitigate the use of drugs 
in poultry production. Poult Sci 91:1286-1291 http://dx.doi.org/ 
10.3382/ps.2012-02374

Linares JA, Martin M (2010) Encyclopedia of Animal Behavior. Poultry, 
Behavior and Welfare Assessment, Academic Press, USA, pp. 750-
756.

Ma XK, Zhang S, Pan L, Piao XS (2017) Effects of lysozyme on the 
growth performance, nutrient digestibility, intestinal barrier, and 
microbiota of weaned pigs fed diets containing spray-dried whole 
egg or albumen powder. Can J Anim Sci 97:466-475. https://doi.
org/10.1139/cjas-2016-0171

Millet S, Maerten L (2011) The European ban on antibiotic growth 
promoters in animal feed: from challenges to opportunities. Vet J 
187:143-4.

Niewold TA (2007) The nonantibiotic anti-inflammatory effect of anti-
microbial growth promoters, the real mode of action? A hypothesis. 
Poult Sci 86:605-9. doi: 10.1093/ps/86.4.605.

Rosenberger CM, Scott MG, Gold MR, Hancock RE, Finlay BB (2000) 
Salmonella typhimurium infection and lipopolysaccharide stimula-
tion induce similar changes in macrophage gene expression. J Immu-
nol 164:5894-5904.

Sato A, Iwasaki A (2005) Peyer’s patch dendritic cells as regulators of 
mucosal adaptive immunity. Cell Mol Life Sci 62:1333-1338.

Seo HK, Holt P, Brackett R, Gast R, Stone H (2002) Mucosal humor-
al immunity to experimental Salmonella enteritidis infection in the 
chicken. Avian Dis 46:1015-1020.

Sotirov L (1991) Phenotype characteristic and inheritance of lysozyme 
and complement activity in swine, Ph.D. thesis, Trakia University, 
Stara Zagora.

Sotirov L,Koinarsky T (2003) Lysozyme and complement activity in 
broiler-chickens with coccidiosis. Rev Med Vet 154:780-784.

TagashiraA,Nishim K, Matsumoto Sh, Sugahara T (2015) Anti-inflam-
matory effect of lysozyme from hen egg white on mouse peritoneal 
macrophages. Cytotechnology, 70:929-938, https://doi.org/10.1007/
s10616-017-0184-2

Tirado TC, Bavia L, Ambrosio AR, Campos MP, Santiago MA, Mes-



J HELLENIC VET MED SOC 2024, 75 (1)
ΠΕΚΕ 2024, 75 (1)

6778 R. KARAKOLEV, TS. KOYNARSKI, L. SOTIROV, R. PETROVA, P. PETROVA-TSENIN

sias-Reason IJ, Figueiredo FB (2021) A comparative approach on 
the activation of the three complement system pathways in differ-
ent hosts of Visceral Leishmaniasis after stimulation with Leishma-
nia infantum. Dev Comp Immunol 120, https://doi.org/10.1016/j.
dci.2021.104061

Tizard I (2002) The avian antibody response. Semin avian exot pet med 
11:2-14.

Wigley P, Kaiser P (2003) Avian cytokines in health and disease. Braz J 
Polt Sci 5:1-14. 

Xia Y, Kong J, Zhang G, Zhang X, Seviour R, Kong Y (2019) Effects of di-
etary supplementation with lysozyme on the structure and function of 
the cecal microbiota in broiler chickens. PLoS ONE, 14(6):e0216748.
https://doi. org/10.1371/journal.pone.0216748

Powered by TCPDF (www.tcpdf.org)

http://www.tcpdf.org

