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Abstract

The aim of this study was to provide the first characterization of selected components of
innate immunity (lysozyme and complement component C3) and adaptive humoral immunity
(immunoglobulin Y) in seven Italian autochthonous chicken breeds and two turkey breeds.
A total of 70 chickens (10 animals per breed) and 20 turkeys (10 animals per breed), equally
distributed by sex, were sampled. The concentrations of immune traits were determined using
avian-specific ELISA kits. In chickens, significant breed effects were detected for all traits,
whereas sex influenced lysozyme and complement component C3 levels. Males generally
showed greater lysozyme and complement component C3 levels than females. Higher
lysozyme levels were found in Bionda Piemontese (920.8 ng/mL) and Bianca di Saluzzo
(766.5 ng/mL), while the highest complement component C3 values were observed in Bionda
Piemontese (315.2 ng/mL) and Bianca di Saluzzo roosters (287.4 ng/mL) and in Siciliana
hens (329.1 pg/mL). Inmunoglobulin Y showed limited variation among breeds and sexes.
In turkeys, only lysozyme levels differed between breeds. Overall, these preliminary results,
obtained from a limited number of individuals, reveal measurable differences in immune
traits among Italian autochthonous poultry breeds, particularly for innate immune parameters,
suggesting that genetic background may contribute to variation in immune responsiveness.
These findings provide baseline data to support genetic conservation strategies and sustainable
breeding programs for resilient poultry systems.

Keywords: autochthonous poultry breeds; innate immunity; immunoglobulin Y; genetic
variability; poultry biodiversity
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1. Introduction

Poultry production represents a major component of global animal agriculture and
provides an important source of high-quality animal protein for human consumption [1].
In recent decades, increasing attention has been directed towards the conservation and val-
orization of autochthonous poultry breeds, which represent valuable reservoirs of genetic
diversity [2]. In addition, products derived from native poultry breeds are increasingly
appreciated for their link to traditional farming systems, local heritage, and perceived
quality, thus contributing to maintaining interest in the conservation of autochthonous
breeds [3].

The maintenance of genetic variability is a key aspect in conservation programs, as
it contributes to animal robustness, defined as the ability of animals or breeds to adapt to
environmental challenges such as climate variability, stress conditions, and disease pressure.
Robust genotypes are particularly important in alternative poultry production systems,
including free-range, organic, and agroforestry farming, where animals are more exposed
to environmental stress and pathogens [4].

Disease resistance is influenced by the genetic background of animals and represents
an important resource for disease prevention and productivity improvement [5]. Genetic
resistance to diseases is a complex polygenic trait largely regulated by the immune system
and its interactions with several physiological and environmental factors [6]. Immuno-
competence in poultry involves both innate and adaptive immune responses and can be
evaluated through several functional parameters, including antimicrobial activity, antibody
production, lymphocyte proliferation, and phagocytic activity [5].

Functionally, the immune system is composed of an early-responding innate compo-
nent and a slower but highly specific adaptive component. Innate immunity constitutes
the first line of defense, including physical and chemical barriers at epithelial surfaces such
as the skin and the gastrointestinal and respiratory tracts [7]. It also involves humoral
and cellular mediators that respond quickly to infection. Among humoral components,
antimicrobial molecules such as lysozyme and complement proteins play key roles [7].
Lysozyme is particularly active against Gram-positive bacteria and contributes to parasite
control [8]. The complement system consists of a protein cascade that leads to the release
of antimicrobial factors and the recruitment of immune cells [7]. Adaptive immunity, on
the other hand, provides a more specific and long-lasting response mediated mainly by
lymphocytes and antibodies. Immunoglobulin Y (IgY) represents the main serum antibody
and plays a crucial role in the humoral immune response [7]. In addition to its protective
function in adult animals, IgY is actively transferred from the hen to the egg yolk, providing
passive immunity to chicks during the early stages of life [9].

Among the initiatives aimed at safeguarding poultry biodiversity, the national project
“Conservation of Biodiversity in Italian Poultry Breeds—TuBAvl” (FEASR/MASAF PSRN
2017-2024) has focused on preserving Italian avian genetic heritage. Since 2017, the TuBAvI
project has been dedicated to the conservation, safeguarding, and valorization of Italian
poultry breeds. One of the main objectives is to expand knowledge on the phenotypic
characteristics of existing breeds to address current knowledge gaps and enhance the eco-
nomic sustainability of their farming [2,10,11]. Despite the recognized importance of these
genetic resources, limited information is currently available regarding their immunological
characteristics. The characterization of immune traits in local breeds may provide valuable
information for conservation strategies and future breeding programs aimed at improving
animal resilience.

Given the gap on the immunological profile of Italian native poultry breeds, the aim
of the present study was to provide a preliminary characterization of selected immune
traits in these endangered genetic resources. Specifically, we investigated key markers
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of innate immunity (lysozyme and complement component C3) and adaptive humoral
immunity (IgY) across seven Italian chicken breeds and two turkey breeds and evaluated
the influence of breed and sex on these traits to generate baseline data useful for biodiversity
conservation and sustainable breeding strategies.

2. Materials and Methods
2.1. Animals

This study involved seven Italian autochthonous chicken breeds, namely Ancona
(ANC) and Livorno (LIV), originating from Central Italy; Mugellese (MUG) and Valdarnese
Bianca (VLB), from the Tuscany region; Bionda Piemontese (BPM) and Bianca di Saluzzo
(BSL), originating from the Piedmont region; and Siciliana (SIC), from the Sicily region. In
addition, two Italian autochthonous turkey breeds, namely Romagnolo (ROM) from Emilia-
Romagna and Ermellinato di Rovigo (EMR) from the Veneto region, were included in this
study. These breeds represent important components of the Italian poultry genetic heritage
and originated from local populations historically selected in different geographical areas of
Italy according to adaptation to local environmental conditions, productive characteristics,
and traditional farming systems. A total of 70 chickens (10 per breed; 5 males and 5 females)
and 20 turkeys (10 per breed; 5 males and 5 females) were sampled. The animals used in
this study were between 8 and 11 months of age. Birds were reared according to standard
management guidelines for chicken and turkey breeders. All animals had ad libitum
access to drinking water and were fed a standard commercial breeder diet formulated to
meet species-specific nutritional requirements: chickens received a diet containing 15%
crude protein (CP) and 2800 kcal ME/kg, while turkeys were fed a diet containing 16%
CP and 2800 kcal ME/kg. All birds received the same diet throughout the experimental
period. The relatively small sample size reflected the limited availability of reproductively
active adult animals within the TuBAvI conservation program. The investigated breeds are
endangered Italian autochthonous genetic resources maintained in conservation nuclei,
where population sizes are inherently restricted.

Although the conservation nuclei are located in different geographical areas of Italy,
all birds were managed within the TuBAvI conservation program according to standard-
ized breeding recommendations, including comparable husbandry practices and species-
specific nutritional management. Nevertheless, minor environmental differences among
conservation farms, such as local climatic conditions and microbial exposure, cannot be
completely excluded.

2.2. Sample Collection

Blood samples were collected by venipuncture from the wing vein in chickens and the
brachial vein in turkeys during routine health monitoring, with an additional small volume
(approximately 1 mL) obtained for immunological assays. After clotting for 2 h at room
temperature, serum was separated by centrifugation at 3000 rpm for 15 min and stored at
—20 °C until analysis. All samples were analyzed within 4-5 weeks after collection. The
serum concentration of lysozyme and complement component C3 and IgY concentrations
were quantified using avian-specific commercial ELISA kits (MyBioSource, San Diego, CA,
USA). All assays were performed in duplicate according to the manufacturer’s instructions.

2.3. Assessment of Immune Parameters

Serum lysozyme concentration was determined using a competitive ELISA kit, ac-
cording to the manufacturer’s instructions. Briefly, 50 puL of seven different standard
solutions and 50 uL of undiluted serum samples were dispensed into duplicate wells of
the microplate. Subsequently, 50 uL of horseradish peroxidase-conjugated antibody (HRP
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conjugate, 1x) was added to each well. The plate was gently mixed and incubated at
37 °C for 1 h to allow the competitive immunoreaction to occur. After incubation, the
solution was aspirated, and the plate was washed with 250 uL of wash buffer (1x) per
well to remove unbound components. Then, 100 uL of substrate solution was added to
each well, and the plate was incubated at 37 °C for 15-20 min in the dark to allow for
color development. The reaction was stopped by adding 50 uL of stop solution to each
well, resulting in a color change from blue to yellow. Optical density was measured at
450 nm within 5 min using a microplate reader (Tecan Infinite® M Nano, Tecan Trading
AG, Mannedorf, Switzerland). Lysozyme concentrations in serum samples were expressed
inng/mL and calculated by interpolation from the logarithmic standard curve generated
using the absorbance values of the standards.

Serum complement component C3 concentrations were quantified using a sandwich
ELISA kit. Briefly, 50 uL of six standard concentrations and 50 pL of sample were added
to the wells. Subsequently, 100 uL of HRP-conjugated reagent was added, and the plate
was incubated at 37 °C for 60 min. Following incubation, the contents of the wells were
aspirated, and the plate was washed four times manually with 1x wash solution. Then,
50 pL of chromogen solution A and 50 pL of chromogen solution B were added in the
dark. After gentle mixing, the plate was incubated at 37 °C for 15 min and protected from
light. Finally, 50 L of stop solution was added, and absorbance was measured at 450 nm
within 15 min. Complement component C3 concentration was expressed as pg/mL and
was calculated from the linear standard curve generated using the absorbance values of the
standards against their known concentrations.

IgY concentration was determined using an ELISA kit according to the manufacturer’s
instructions. Serum samples were diluted 1:50,000 (v:v) with diluent 1x provided in the
kit. A total of 100 pL of standard solutions (n = 7) and 100 pL of diluted serum samples
were dispensed in duplicate into the wells of the microplate. The plate was covered and
incubated for 30 min at room temperature. After incubation, the plate was washed with
wash solution (1 x) to remove unbound components. Subsequently, 100 uL of enzyme-
antibody conjugate (anti-IgY antibodies conjugated with horseradish peroxidase) was
added to each well. Following an additional washing step, 100 uL. of TMB substrate
solution (3,3',5,5 -tetramethylbenzidine) was added to allow for color development. After
incubation at room temperature for 10 min, the reaction was stopped by adding 100 uL of
stop solution. All steps were performed using a multichannel pipette (Discovery DV8-200,
HTL Lab Solutions, Warsaw, Poland). Absorbance was measured as described for the other
immune markers using a Tecan Infinite® M Nano microplate reader. The IgY concentrations
were expressed in mg/mL and were calculated from the second-order polynomial standard
curve obtained by interpolating the absorbance values of the standards and correcting for
the initial dilution factor.

2.4. Statistical Analysis

Preliminary analysis using the Shapiro-Wilk test indicated that all immune markers
were normally distributed. Data for lysozyme, complement component C3, and IgY were
analyzed separately for each species (chicken and turkey) using a two-way factorial general
linear model (GLM), including the fixed main effects of breed, sex, and their interaction.
A multiple comparison of means was performed for the interaction effect using Duncan’s
multiple range post hoc test. Statistical analyses were performed using SPSS software
(version 23.0 for Windows; SPSS Inc., Chicago, IL, USA). The results are expressed as least
squares means (LSMs) + SE, and significance was set at p < 0.05.
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3. Results
3.1. Immune Parameters in Chickens

According to the GLM used to evaluate the effects of breed, sex, and their interaction
on immune markers, chicken breed had a significant effect on all variables analyzed
(Table 1). The effect of sex was significant for lysozyme and complement component C3
and approached significance for IgY (p = 0.051). The interaction between breed and sex was
significant only for complement component C3 and approached significance for lysozyme
(p = 0.066) and IgY (p = 0.061; Table 1).

Table 1. Least squares means =+ SE of immune markers for breed x sex interaction in seven Italian
autochthonous chicken breeds.

Immune Markers

Lysozyme Complement C3 IgY
Breed Sex (ng/mL) (ug/mL) (mg/mL)
Sicil M 3315+ 7038 2721+ 30332 143+ 1624
1criana F 2649 + 14550 3291 4+46.02 19.0 + 0.7 2
A M 625.0 + 36.4P< 1133 +£315¢ 145+ 1924
neona F 256.4 4 28.7 Fh 605 +5.2°¢ 15.9 £ 1.9 abe
Li M 805.5 + 185.5 2P 94.0 4 3.2 de 9.8 + 1.6de
1vorno F 143.0 + 26.3 8h 4604+ 18.1°¢ 174+19
Mugell M 506.4 + 88.2 < 192.4 + 31.1 b 13.1 £ 2.2bd
ugellese h be de
F 130.7 4 4.6 188.3 4 38.3 94+1.0
Vald Bi M 426.5 + 69.1 9 157.0 + 47.2 <d 111 +19¢®
aldarnese blanca F 134.6 + 69.48"  113.8 + 8.5 10.8 + 1.3 <
Bi di Sal M 766.5 + 86.0 2P 2874 +21.32 73+13¢
1anca di satizzo F 513.8+772¢¢  170.1 +13.5 92 +1.8¢de
Bionda M 920.8 + 5522 315.2 + 4232 914+ 194de
Piemontese F 653.2 + 118204 189.8 + 20.6bc 104 +19¢*®
Breed effect p <0.001 p <0.001 p <0.001
Sex effect p < 0.001 p =0.004 p=0.051
Breed x sex effect p = 0.066 p =0.046 p =0.061

a-h Different superscript letters within immune markers indicate significant differences between the levels of the
breed x sex interaction.

The LSMs of lysozyme, complement component C3, and IgY concentrations for the
breed X sex interaction in seven autochthonous chicken breeds are presented in Table 1.
The highest lysozyme concentrations (ng/mL) were observed in BPM males, which showed
significantly higher values than BPM females and the males of all other breeds, except for
BSL and LIV males. In all breeds, lysozyme levels were higher in males than in females
(p < 0.05), except in SIC, where similar values were observed between sexes. BPM females
exhibited higher lysozyme concentrations than the females of all other breeds, except for
BSL. The lowest lysozyme values were observed in SIC males and MUG females. For
complement component C3 (nug/mL), the highest values were observed in SIC, as well as
in BPM and BSL males (p < 0.05). Similarly to lysozyme, males showed higher complement
levels than females in all breeds except SIC, with significant differences particularly in BSL
and BPM. The lowest complement concentrations were detected in ANC and LIV. For IgY
(mg/mL), the highest values were observed in SIC females, which were higher than those
in both sexes of MUG, VLB, BSL, and BPM, as well as in LIV males (p < 0.05). No significant
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sex-related differences were detected within most breeds, except for LIV, where females
exhibited higher IgY concentrations than males (p < 0.05).

3.2. Immune Parameters in Turkeys

Table 2 shows the LSMs of immune markers in the turkey breeds. Following GLM
analysis, a significant effect of both breed and sex was observed only for lysozyme
concentrations, the sex effect approached significance for complement component C3
(p = 0.053) and no significant interaction between breed and sex was recorded for all traits
considered. Specifically, EMR males showed significantly higher lysozyme levels (ng/mL)
than ROM males and the females of both breeds (p < 0.05). For complement concentrations
(ug/mL), no significant differences were detected between breeds (p = 0.737). However, in
both breeds, males showed higher complement values than females, although the differ-
ences were not statistically significant. Finally, IgY concentrations (mg/mL) did not differ
between breeds (p = 0.156) or sexes (p = 0.920).

Table 2. Least squares means + SE of immune markers for breed x sex interaction in two Italian
autochthonous turkey breeds.

Immune Markers

Lysozyme Complement C3 IgY
Breed Sex (ng/mL) (ng/mL) (mg/mL)
Romaenolo M 408.2 +469° 430.2 £82.3° 44+12°
& F 188.4 +19.6°¢ 295.3 £40.22 41+£172
Ermellinato di M 6944 £821° 4009 £294° 24£052
Rovigo F 391.2 +76.8"° 269.3 + 62.7 2 28+042
Breed effect p =0.003 p=0.737 p=0.156
Sex effect p =0.002 p =0.053 p =0.920
Breed X sex effect p=0912 p =0.893 p=0.751

27¢ Different superscript letters within immune markers indicate significant differences between the levels of the
breed x sex interaction.

4. Discussion

The present study provides preliminary insights into the variability in selected immune
markers among Italian autochthonous poultry breeds, revealing breed-related differences
and, to a lesser extent, sex-related differences. The variability observed in lysozyme,
complement component C3, and IgY concentrations suggests that local breeds may exhibit
distinct immunological profiles that contribute to their adaptive capacity and resilience
under different environmental and management conditions. The immune traits evaluated
in this study may be affected by both genetic and environmental factors. Although all birds
were managed following the same guidelines within the TuBAvI conservation program, the
conservation nuclei are located in different areas of Italy. Therefore, differences in climate,
farm management, and microbial exposure may have influenced the observed immune
responses. This study was not designed to separate genetic and environmental effects;
therefore, the observed breed differences may reflect the combined influence of genetic
background, environmental conditions, and other factors.

This variability may partly reflect the evolutionary history of autochthonous breeds,
which developed under local environmental pressures and relatively low selection intensity
for production traits, thereby preserving genetic diversity related to immune function and
robustness [6,12]. In this context, the differences detected among breeds suggest that genetic
background may contribute to variation in immune responses in poultry, although the
potential influence of environmental factors should also be considered. Avian populations
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exhibit considerable genetic and physiological variability influencing immunocompetence
and resistance to infectious diseases [5,13-15].

Consistent with our findings, Freier et al. [15] reported breed-specific immune profiles
in local chicken breeds, including differences in T-cell populations and humoral responses.
These results support the hypothesis that immunological variability among local geno-
types may influence their adaptability and health status. Similarly, Kannaki et al. [16]
demonstrated variable resistance among Indian native chicken breeds following experi-
mental infection with Pasteurella multocida, confirming that disease susceptibility can differ
substantially among genetic groups. Native genotypes have often been associated with
enhanced immune competence, including higher complement activity, increased lysozyme
levels, and stronger antibody responses compared with highly selected commercial lines.
In agreement with these findings, lysozyme concentrations in our study varied markedly
among breeds, with the highest levels observed in specific chicken breeds (e.g., BPM and
BSL) and in the ERM turkey breed. Lysozyme is a key antimicrobial enzyme involved
in innate immunity, primarily acting by hydrolyzing the peptidoglycan layer of bacterial
cell walls, particularly in Gram-positive bacteria [17,18]. Beyond its bacteriolytic activity,
lysozyme also contributes to immune regulation and inflammatory responses and is com-
monly used as an indicator of nonspecific immune defense in birds [19,20]. Variability in
lysozyme activity among breeds has been previously reported and may reflect differences
in innate immune responsiveness associated with genetic background and environmental
adaptation [8]. The relatively high lysozyme concentrations observed in some breeds
may represent an adaptive trait associated with long-term exposure to heterogeneous
environmental conditions and pathogen pressure. Birds reared in traditional or extensive
production systems are generally exposed to a greater diversity of microorganisms than
those raised under intensive conditions, which may contribute to differences in baseline
innate immune responsiveness [21,22].

Sex-related differences were also observed for lysozyme concentrations, with males
generally exhibiting higher values than females in most breeds. Sex-related differences in
immune traits have been reported in birds and may result from the complex interaction
among endocrine regulation, reproductive status, genetic background, and environmental
factors [23]. Although sex steroids are recognized as important modulators of immune
function in vertebrates, their specific contribution to sexual dimorphism in avian immune
responses remains poorly understood [24]. Therefore, the higher lysozyme concentrations
observed in males in the present study may reflect the combined influence of multiple
physiological and environmental factors rather than a direct effect of sex hormones alone.
However, the mechanisms underlying these sex-dependent differences remain unclear, and
further studies are needed to elucidate the physiological and genetic factors involved.

Complement component C3 concentrations showed significant variability among
chicken breeds, whereas no significant breed-related differences were detected in turkeys.
Relatively high complement concentrations were observed in the SIC, BPM, and BSL breeds,
which may indicate a more active basal innate immune defense in these populations. The
complement system represents a crucial component of innate immunity and plays a central
role in pathogen recognition, opsonization, and lysis. The activation of complement
proteins leads to the formation of membrane attack complexes and the generation of
inflammatory mediators that recruit immune cells to sites of infection [25]. In avian
species, complement proteins are involved in early host defense and contribute to the
rapid elimination of pathogens before the activation of adaptive immune responses [26,27].
Breed-related variability in complement activity has been previously documented in poultry
populations. For example, differences in complement activity among turkey breeds were
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reported by Franciosini et al. [28], suggesting that genetic factors may significantly influence
innate immune mechanisms.

Similarly to lysozyme, complement component C3 concentrations tended to be higher
in males than in females in some chicken breeds, although statistically significant differences
were observed only in BPM and BSL. Sex-related differences in complement levels may
result from interactions among reproduction, metabolism, and immune function, influenced
by hormones, genetic background, and environmental factors, making it difficult to attribute
these differences to a single cause [29].

Unlike the innate immune markers considered, IgY concentrations showed more
limited variability among breeds, suggesting a lower influence of sex. The relatively high
IgY concentrations observed in SIC and ANC may reflect an enhanced humoral immune
capacity in these populations. IgY is the predominant circulating immunoglobulin in
birds, functionally comparable to mammalian IgG, and represents a central component
of humoral adaptive immunity [30]. Several studies have quantified IgY levels in chicken
serum using ELISA-based approaches, confirming the relevance of this trait as an indicator
of immune status and physiological condition [31,32]. Although IgY is primarily associated
with adaptive immunity, its physiological importance is also linked to maternal antibody
transfer, as circulating IgY is actively transported from serum to egg yolk, providing passive
immune protection to chicks during early life stages [31]. A positive correlation between
serum IgY levels and egg yolk IgY concentrations has been demonstrated in different
chicken breeds, supporting the role of IgY in maternal immunity and in protecting chicks
from infections during the first weeks after hatching [31]. In the present study, the relatively
high IgY concentrations observed in SIC and ANC may suggest a greater capacity to confer
passive immunity to chicks during early life, although further studies are needed to confirm
this hypothesis. Experimental evidence has shown substantial individual variability in IgY
levels following antigen exposure, indicating that humoral responses may be influenced by
both genetic and environmental factors [33].

Interestingly, sex-related differences in IgY concentrations were limited in most breeds,
suggesting that humoral immunity may be less influenced by sex than innate immune traits.
In agreement with our findings, Valdebenito et al. [29], in a meta-analysis of wild birds,
reported that overall immune status is not consistently biased toward either sex across
different immune measures. However, sex-related differences may emerge depending on
physiological state and context (e.g., breeding versus non-breeding season), indicating
that sexual dimorphism in immune function is complex and parameter-specific rather
than uniform.

Although breed-related differences were observed in the immune markers evaluated,
these findings should not be interpreted as direct evidence of differences in disease re-
sistance. The serum concentrations of lysozyme, complement component C3, and IgY
provide useful information on immune status and immunological variability among breeds;
however, they do not directly predict the ability of animals to resist specific pathogens.

Overall, these preliminary data indicate the existence of measurable variation in
immune traits among Italian autochthonous chicken breeds, which deserves further inves-
tigation. The observed differences may reflect the diverse environmental and management
conditions under which these populations have historically evolved. Local breeds have
generally been maintained in low-input farming systems, often characterized by variable
climatic conditions and continuous exposure to diverse microbial challenges. These factors
may have contributed to the preservation of genetic diversity associated with immune func-
tion and adaptive capacity. The maintenance of such variability is increasingly recognized
as a key element for supporting livestock resilience and preserving functional traits related
to disease resistance and environmental adaptation [34].
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A limitation of the present study is that only the serum concentrations of immune
molecules were evaluated, without assessing their functional activity. Although ELISA-
based quantification provides valuable information on immune status and allows for
comparisons among genetic groups, protein abundance does not necessarily correspond to
biological activity. Future studies integrating functional assays, such as lysozyme activity
and complement activation tests, together with molecular approaches, will be necessary to
better characterize the immune capacity of Italian autochthonous poultry breeds.

5. Conclusions

In conclusion, the present study provides the first characterization of selected innate
and adaptive immune markers in Italian autochthonous poultry breeds. Significant vari-
ability was observed primarily in lysozyme and complement component C3 concentrations,
suggesting an association with genetic background on innate immune responses, whereas
IgY levels showed more limited variation among breeds and between sexes.

The interpretation of these results should consider the limited sample size, which was
mainly determined by the conservation status and restricted population availability of the
investigated breeds. Furthermore, although the observed breed differences suggest that
genetic background may contribute to variation in immune responsiveness, the potential
influence of environmental factors cannot be excluded. Therefore, the reported values
should be considered baseline reference data for endangered Italian poultry genetic re-
sources. Nevertheless, these findings provide useful information for future comparative
studies and contribute to the development of monitoring strategies for the conservation
and sustainable management of local poultry populations.

Author Contributions: Conceptualization, M.D.I. and N.I.; methodology, M.D.I, E.A., LM. and G.R,;
software, M.D.I. and E.A.; formal analysis, M.D.L., E.A., LM. and G.R; investigation, M.D.I., G.R.
and N.L; resources, N.I. and S.C.; data curation, M.D.L,, E.A., M.P. (Mauro Penasa) and N.I.; writing—
original draft preparation, M.D.I.; writing—review and editing, E.A., S.C. and N.L; visualization,
L.M., M.P. (Marisa Palazzo), A.S., D.S., M.P. (Mauro Penasa), C.C., A.B. and M.M,; supervision, N.I;
project administration, A.S., M.P. (Mauro Penasa), C.C., A.B.,, M.M,, S.C. and N.I; funding acquisition,
S.C. and N.I. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the Ministry of Agriculture, Food Sovereignty and Forestry—
National Rural Development Programme 2014/2022—Measure 10.2—Conservation, use, and sustain-
able development of genetic resources in agriculture. This is a collective project within the poultry
sector funded with the support of the European Agricultural Fund for Rural Development (EAFRD),
project n. 04250069681 (TuBAvVI-2).

Institutional Review Board Statement: This research used the remaining amount of blood not used
in a routine health screening program conducted on a commercial farm by the veterinary service.
Blood collection was performed in strict adherence to the ethical standards outlined in EU Directive
2010/63/EU, ensuring the highest level of animal welfare throughout the entire procedure. Therefore,
ethical approval was not required for the present study.

Informed Consent Statement: Not applicable.

Data Availability Statement: The original contributions presented in this study are included in the
article. Further inquiries can be directed to the corresponding author.

Conflicts of Interest: The authors declare no conflicts of interest.

1. Nassar, ES. Strategic role of poultry production sciences in shaping the future of global food security and strengthen sustainability.
Poult. Sci. 2026, 105, 106617. [CrossRef]

https:/ /doi.org/10.3390/poultry5040057


https://doi.org/10.1016/j.psj.2026.106617
https://doi.org/10.3390/poultry5040057

Poultry 2026, 5, 57 10 of 11

10.

11.

12.

13.

14.

15.

16.

17.

18.
19.

20.

21.

22.

23.

24.
25.

26.

Castillo, A.; Gariglio, M.; Franzoni, A.; Soglia, D.; Sartore, S.; Buccioni, A.; Mannelli, F.; Cassandro, M.; Cendron, F,; Castellini, C.;
et al. Overview of native chicken breeds in Italy: Conservation status and rearing systems in use. Animals 2021, 11, 490. [CrossRef]
Cappone, E.E.; Zambotto, V.; Mota-Gutierrez, J.; Soglia, D.; Daniele, G.M.; Cianciabella, M.; Pieroni, A.; Soukand, R.; Penasa, M.;
Buccioni, A.; et al. Native Italian poultry products: The factors influencing consumer perceptions. Ital. J. Anim. Sci. 2025, 24,
347-360. [CrossRef]

Mattioli, S.; Angelucci, E.; Castellini, C.; Mancinelli, A.C.; Chenggang, W.; Di Federico, F; Chiattelli, D.; Bosco, A.D. Effect of genotype
and outdoor enrichment on productive performance and meat quality of slow growing chickens. Poult. Sci. 2024, 103, 104131.
[CrossRef] [PubMed]

Zekarias, B.; Ter Huurne, A.A.; Landman, W.J.; Rebel, ].M.; Pol, ] M.; Gruys, E. Immunological basis of differences in disease
resistance in the chicken. Vet. Res. 2002, 33, 109-125. [CrossRef] [PubMed]

Gul, H.; Habib, G.; Khan, LM.; Rahman, S.U.; Khan, N.M.; Wang, H.; Khan, N.U; Liu, Y. Genetic resilience in chickens against
bacterial, viral and protozoal pathogens. Front. Vet. Sci. 2022, 9, 1032983. [CrossRef] [PubMed]

Schat, K.A.; Kaspers, B.; Kaiser, P. Avian Immunology, 2nd ed.; Academic Press: London, UK, 2012.

Sotirov, L.; Koinarski, V. Lysozyme and complement activities in broiler-chickens with coccidiosis. Rev. Méd. Vét. 2003, 154,
780-784.

Gong, H.Z.; Wu, M,; Lang, W.Y,; Yang, M.; Wang, ] H.; Wang, Y.Q.; Zhang, Y.; Zheng, X. Effects of laying breeder hens dietary
[-carotene, curcumin, allicin, and sodium butyrate supplementation on the growth performance, immunity, and jejunum
morphology of their offspring chicks. Poult. Sci. 2020, 99, 151-162. [CrossRef] [PubMed]

Iaffaldano, N.; Di Iorio, M.; Rusco, G.; Antenucci, E.; Zaniboni, L.; Madeddu, M.; Marelli, S.; Schiavone, A.; Soglia, D.; Buccioni,
A.; et al. Ttalian semen cryobank of autochthonous chicken and turkey breeds: A tool for preserving genetic biodiversity. Ifal. J.
Anim. Sci. 2021, 20, 2022-2033. [CrossRef]

Di Iorio, M.; Marelli, S.P.; Antenucci, E.; Madeddu, M.; Zaniboni, L.; Belcredito, S.; Rusco, G.; Schiavone, A.; Soglia, D.; Penasa,
M.; et al. A comparative study on semen quality and cryopreservation ability in Italian native chicken breeds. Ital. |. Anim. Sci.
2024, 23, 1704-1718. [CrossRef]

Hofmann, T.; Schmucker, S.S.; Bessei, W.; Grashorn, M.; Stefanski, V. Impact of housing environment on the immune system in
chickens: A review. Animals 2020, 10, 1138. [CrossRef] [PubMed]

Emam, M.; Mehrabani-Yeganeh, H.; Barjesteh, N.; Nikbakht, G.; Thompson-Crispi, K.; Charkhkar, S.; Mallard, B. The influence of
genetic background versus commercial breeding programs on chicken immunocompetence. Poult. Sci. 2014, 93, 77-84. [CrossRef]
[PubMed]

Zhang, J.; Nie, C; Li, X.; Ning, Z.; Chen, Y.; Jia, Y.; Han, J.; Wang, L.; Lv, X,; Yang, W.; et al. Genome-wide population genetic
analysis of commercial, indigenous, game, and wild chickens using 600K SNP microarray data. Front. Genet. 2020, 11, 543294.
[CrossRef] [PubMed]

Freier, L.; Stuff, ].; Gotzke, N.; Preisinger, R.; Grund, C.; Tiemann, I.; Weigend, S.; Blohm, U. Baseline immune profiles of local
chicken breeds: Linking biodiversity, animal health, and vaccination response. Poult. Sci. 2025, 104, 105565. [CrossRef] [PubMed]
Kannaki, T.; Priyanka, E.; Abhilash, M.; Haunshi, S. Differential disease resistance of Indian native chicken breeds to experimental
P. multocida infection. Indian |. Anim. Res. 2021, 56, 239-242. [CrossRef]

Masschalck, B.; Michiels, C.W. Antimicrobial properties of lysozyme in relation to foodborne vegetative bacteria. Crit. Rev.
Microbiol. 2003, 29, 191-214. [CrossRef] [PubMed]

Callewaert, L.; Michiels, C.W. Lysozymes in the animal kingdom. J. Biosci. 2010, 35, 127-160. [CrossRef] [PubMed]

Saino, N.; Calza, S.; Meller, A.P. Inmunocompetence of nestling barn swallows in relation to brood size and parental effort.
J. Anim. Ecol. 1997, 66, 827-836. [CrossRef] [PubMed]

Tschirren, B.; Fitze, P.S.; Richner, H. Sexual dimorphism in susceptibility to parasites and cell-mediated immunity in great tit
nestlings. J. Anim. Ecol. 2003, 72, 839-845. [CrossRef]

Mignon-Grasteau, S.; Boissy, A.; Bouix, J.; Faure, ].M.; Fisher, A.D.; Hinch, G.N.; Jensen, P; Le Neindre, P.; Morméde, P; Prunet, P;
et al. Genetics of adaptation and domestication in livestock. Livest. Prod. Sci. 2005, 93, 3—14. [CrossRef]

Sid, H.; Schusser, B. Advancing immunity and disease resistance in chickens through genome editing. J. Anim. Sci. Biotechnol.
2026, 17, 33. [CrossRef] [PubMed]

Vincze, O.; Vagasi, C.I.; Pénzes, ].; Szabd, K.; Magonyi, N.M.; Czirjik, G.A,; Pap, PL. Sexual dimorphism in immune function and
oxidative physiology across birds: The role of sexual selection. Ecol. Lett. 2022, 25, 958-970. [CrossRef] [PubMed]

Klein, S.L.; Flanagan, K.L. Sex differences in immune responses. Nat. Rev. Immunol. 2016, 16, 626-638. [CrossRef] [PubMed]
Janeway, C.A., Jr.; Travers, P.; Walport, M.; Shlomchik, M.]. Immunobiology: The Immune System in Health and Disease, 5th ed.;
Garland Science: New York, NY, USA, 2001.

Wang, H.; Li, W.; Zheng, S.]. Advances on innate immune evasion by avian immunosuppressive viruses. Front. Immunol.
2022, 13,901913. [CrossRef] [PubMed]

https:/ /doi.org/10.3390/poultry5040057


https://doi.org/10.3390/ani11020490
https://doi.org/10.1080/1828051X.2025.2453549
https://doi.org/10.1016/j.psj.2024.104131
https://www.ncbi.nlm.nih.gov/pubmed/39111239
https://doi.org/10.1051/vetres:2002001
https://www.ncbi.nlm.nih.gov/pubmed/11944802
https://doi.org/10.3389/fvets.2022.1032983
https://www.ncbi.nlm.nih.gov/pubmed/36439341
https://doi.org/10.3382/ps/pez584
https://www.ncbi.nlm.nih.gov/pubmed/32416796
https://doi.org/10.1080/1828051X.2021.1993094
https://doi.org/10.1080/1828051X.2024.2424518
https://doi.org/10.3390/ani10071138
https://www.ncbi.nlm.nih.gov/pubmed/32635616
https://doi.org/10.3382/ps.2013-03475
https://www.ncbi.nlm.nih.gov/pubmed/24570426
https://doi.org/10.3389/fgene.2020.543294
https://www.ncbi.nlm.nih.gov/pubmed/33101376
https://doi.org/10.1016/j.psj.2025.105565
https://www.ncbi.nlm.nih.gov/pubmed/40680497
https://doi.org/10.18805/ijar.b-4536
https://doi.org/10.1080/713610448
https://www.ncbi.nlm.nih.gov/pubmed/14582617
https://doi.org/10.1007/s12038-010-0015-5
https://www.ncbi.nlm.nih.gov/pubmed/20413917
https://doi.org/10.2307/5998
https://www.ncbi.nlm.nih.gov/pubmed/42450266
https://doi.org/10.1046/j.1365-2656.2003.00755.x
https://doi.org/10.1016/j.livprodsci.2004.11.001
https://doi.org/10.1186/s40104-026-01358-2
https://www.ncbi.nlm.nih.gov/pubmed/41715229
https://doi.org/10.1111/ele.13973
https://www.ncbi.nlm.nih.gov/pubmed/35106902
https://doi.org/10.1038/nri.2016.90
https://www.ncbi.nlm.nih.gov/pubmed/27546235
https://doi.org/10.3389/fimmu.2022.901913
https://www.ncbi.nlm.nih.gov/pubmed/35634318
https://doi.org/10.3390/poultry5040057

Poultry 2026, 5, 57 11 of 11

27.

28.

29.

30.

31.

32.

33.

34.

Kaufman, J. Innate immune genes of the chicken MHC and related regions. Immunogenetics 2022, 74, 167-177. [CrossRef]
[PubMed]

Franciosini, M.; Bietta, A.; Moscati, L.; Battistacci, L.; Pela, M.; Tacconi, G.; Davidson, I.; Proietti, P.C. Influence of different rearing
systems on natural immune parameters in broiler turkeys. Poult. Sci. 2011, 90, 1462-1466. [CrossRef] [PubMed]

Valdebenito, J.O.; Maher, K.H.; Zachér, G.; Huang, Q.; Zhang, Z.; Young, L.J.; Székely, T.; Que, P; Liu, Y.; Urrutia, A.O. Sex
differences in immune gene expression in the brain of a small shorebird. Immunogenetics 2022, 74, 487-496. [CrossRef] [PubMed]
Warr, G.W.; Magor, K.E.; Higgins, D.A. IgY: Clues to the origins of modern antibodies. Immunol. Today 1995, 16, 392-398.
[CrossRef] [PubMed]

Sun, H.; Chen, S.; Cai, X.; Xu, G.; Qu, L. Correlation analysis of the total IgY level in hen serum, egg yolk and offspring serum.
J. Anim. Sci. Biotechnol. 2013, 4, 10. [CrossRef] [PubMed]

Sarrigeorgiou, L; Stivarou, T.; Tsinti, G.; Patsias, A.; Fotou, E.; Moulasioti, V.; Kyriakou, D; Tellis, C.; Papadami, M.; Moussis, V.;
et al. Levels of circulating IgM and IgY natural antibodies in broiler chicks: Association with genotype and farming systems.
Biology 2023, 12, 304. [CrossRef] [PubMed]

Wattrang, E.; Eriksson, H.; Albihn, A.; Dalgaard, T.S. Quantification of IgY to Erysipelothrix rhusiopathiae in serum from Swedish
laying hens. BMC Vet. Res. 2021, 17, 111. [CrossRef] [PubMed]

Wilazlak, S.; Pietrzak, E.; Biesek, J.; Dunistawska, A. Modulation of the immune system of chickens: A key factor in maintaining
poultry production—A review. Poult. Sci. 2023, 102, 102785. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/ poultry5040057


https://doi.org/10.1007/s00251-021-01229-2
https://www.ncbi.nlm.nih.gov/pubmed/34697647
https://doi.org/10.3382/ps.2010-01068
https://www.ncbi.nlm.nih.gov/pubmed/21673161
https://doi.org/10.1007/s00251-022-01253-w
https://www.ncbi.nlm.nih.gov/pubmed/35084547
https://doi.org/10.1016/0167-5699(95)80008-5
https://www.ncbi.nlm.nih.gov/pubmed/7546196
https://doi.org/10.1186/2049-1891-4-10
https://www.ncbi.nlm.nih.gov/pubmed/23497583
https://doi.org/10.3390/biology12020304
https://www.ncbi.nlm.nih.gov/pubmed/36829580
https://doi.org/10.1186/s12917-021-02813-0
https://www.ncbi.nlm.nih.gov/pubmed/33676514
https://doi.org/10.1016/j.psj.2023.102785
https://www.ncbi.nlm.nih.gov/pubmed/37267642
https://doi.org/10.3390/poultry5040057

	Introduction 
	Materials and Methods 
	Animals 
	Sample Collection 
	Assessment of Immune Parameters 
	Statistical Analysis 

	Results 
	Immune Parameters in Chickens 
	Immune Parameters in Turkeys 

	Discussion 
	Conclusions 
	References

