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In poultry breeding, many factors adversely affect the birds’ immune system, leading 

among others to reduced weight of lymphoid organs and a decline in antibody or 

lymphocyte production. According to many authors, breeding work performed over 

recent years, in which the main focus was on improved growth parameters, is inversely 

correlated with some immunity parameters of broiler chickens. Both scientists and 

practical breeders increasingly report about declining immunity and the incidence of 

immune system defects in poultry. Modern breeding programmes should account for the 

body’s natural immunity to disease; this is all the more important since poultry producers 

are phasing out antibiotics and synthetic additives, which reduce the quality of poultry 

products. Provision of birds with rearing conditions that do not reduce immune system 

efficiency and, on the contrary, contribute to improved health, is a vital element of poultry 

production. The immune system in poultry, just as in other animals, is dependent on their 

origin and the origin by environment interaction. In recent years, modification of immune 

processes has attracted the interest of many centres around the world. Research was 

conducted on many modulators of immune response and substances enhancing the body’s 

immunity to various infections. However, the best way of achieving immunoprophylaxis 

in poultry production is to select resistant breeds or lines and to use breeding practices 

aimed at creating strong immunity and preventing infections. This should be supported 

by the use of dietary immunostimulants, preferably of natural origin, in particular 

phytotherapy. 
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In hens, states of decreased functions of the immune system occur quite 

frequently and may have various forms. Performance of the immune system may 

be reduced as a result of hereditary immune defects or develop in an acquired 

manner, under the influence of various immunosuppressive factors on animal 

organism. They may include microorganisms, independent factors, mainly 

chemical substances, improper nutrition and also unfavourable housing conditions 

of animals. This quite often contributes to the development of diseases evoked by 

conditionally pathogenic microorganisms (Rzedzicki and Kowalska, 1992; 

Trawińska et al., 2003). 

The immune system in poultry, just as in other animals, is dependent on their 

origin and the interaction between the origin and the environment (Siegel, 1995). 

                                            
* The study was financed from the statutory funds, task: 01-12-05-11. 
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In the last decades, many scientific research centres around the world have been 

conducting studies to obtain the in-depth knowledge on immune processes, factors 

that may interfere with immune reactions, and in particular on the modification of 

immunological processes. Many modulators of immune response and substances 

enhancing the organism’s immunity to various infections were studied (Zulkifli et 

al., 2000; Koenen et al., 2002; Chen et al., 2003). Therefore, the aim of the present 

study is to review the factors affecting immunity in poultry and the applied 

methods of modification of the immune status in birds. 

 

Bird genotype and immunity 

According to many authors, breeding works that have been conducted in 

recent years and have been focused mainly on the improvement of production 

parameters, are inversely correlated with some immunity parameters of broiler 

chickens (Yunis et al., 2000; Cheema et al., 2003; Quinteiro-Filho et al., 2010; 

Soleimani et al., 2011; Jahanian and Rasouli, 2015). It should be remembered that 

the performance of the immune system significantly decides on the achieved 

economic effects of poultry rearing (Sivaraman et al., 2005). 

Studies have shown that immune response in poultry, among others under 

stress conditions, is also genetically determined (Nestor et al., 2000; Sarker et al., 

2000; Yang et al., 2000; Zulkifli et al., 2000; Cheng et al., 2001; Yonash et al., 

2002; Soleimani et al., 2011; Ericsson et al., 2014; Fallahsharoudi et al., 2015, 

2016; L0tvedt et al., 2017). 

Numerous scientific studies have confirmed that bird origin decides on the 

immune response of the organism (Buitenhuis et al., 2004; Singh et al., 2004; Van 

den Brand et al., 2004; Van Eerden et al., 2004; Hangalapura et al., 2005; Cotter 

and Van Eerdent, 2006; Adriaansen-Tennekes et al., 2009). Nowadays, 

commercially used broiler chicken sets differ genetically in terms of cellular 

response, humoral and innate immune reaction (Cheema et al., 2003; Khajavi et 

al., 2003). Many studies confirmed the differences in the immune status of broiler 

chickens and laying hens (Yunis et al., 2000; Koenen et al., 2004). In spite of the 

fact that they belong to the same species, laying hens and meat-type hens differ 

not only in phenotypic features, but also in the rate of development of the immune 

system and final immunity level (Koenen et al., 2002). Chickens for fattening are 

characterized by lower general IgG concentration and weaker proliferation of the 

non-specific antibodies compared to laying hens kept under the same conditions. 

On the other hand, Al-Natour et al. (2004) demonstrated that the origin of laying 

hens from different flocks decides on the level of maternal antibodies contained 

in eggs and on the production of specific antibodies in chicks and on lymphoid 

organ weight. Also, Hamal et al. (2006) observed the effect of the origin of birds 

on IgY level in yolk and in new-hatched chicks. Leandro et al. (2011) reported as 

well that the transfer of maternal antibodies to the offspring and the development 

of spleen and bursa of Fabricius in the embryo depend on the line of laying hens. 

Campo et al. (2001) noted some differences in the number of heterophils and 

lymphocytes in blood in various trade lines of hens. Also, Cheng et al. (2001) 
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demonstrated differences in the concentration of IgG immunoglobulins and 

heterophils and lymphocytes in blood of hens of various origin. 

Native breeds of hens that are characterized by high resistance to 

unfavourable environmental conditions and pathogenic factors are basic material 

of animal origin that is used for ecological production (Cywa-Benko, 2002). These 

breeds are very well adapted to local, varying and often extreme environmental 

conditions. In opinion of Cywa-Benko (2002), roosters and hens of yellow-legged 

partridge breed are characterized by high immunity to diseases and high survival 

rate both in rearing and laying period, that clearly indicates their high immunity 

which is genetically determined. Carlander et al. (2003) compared IgY level in 

yolk of eggs laid by hens of different origin. The level of IgY in eggs laid by the 

Swedish line white leghorn amounted to 2.21 mg/ml, in yolks of the Swedish line 

of RIR hens – 1.68 mg/ml, whereas in the commercial trade lines of eggs – 1.95 

mg/ml. Those authors also demonstrated a very distinct individual variation in the 

IgY level in egg yolks. Campo et al. (2008) showed the effect of origin on the 

formation of H:L ratio during their studies on Spanish native breeds of laying 

hens, highly productive hens from trade set and white leghorn hens. 

 

Environmental stress and immunity 

Environmental conditions in which the birds stay are responsible for the 

development of their immune system (Yunis et al., 2000; Nazar et al., 2015). Such 

factors include, for example, nutrition (Whitehead and Keller, 2003; El Hadri et 

al., 2004; Panda et al., 2012; Perween et al., 2016), stock (Heckert et al., 2002) or 

equipment of the henhouse (Heckert et al., 2002). Poultry maintenance system has 

the effect on the reactions of the immune system. According to Campo et al. 

(2008), keeping hens on the bedding is associated with higher H:L ratio, whereas 

providing them with access to green runs decreases H:L ratio. The same authors, 

Campo et al. (2005), also observed that hens kept in the henhouse fitted with roosts 

were characterized by lower H:L ratio compared to the hens kept without the 

access to roosts. 

Numerous studies indicate that stress significantly affects immunity in 

animals (Puvadolpirod and Thaxton, 2000b; Odihambo et al., 2006). Stress has 

harmful effect on the organism’s immune system: among others decreases the 

activity of the NK cells (Natural Killer Cell), reduces the level and proliferation 

of lymphocytes, production of antibodies and reactivates the occult viral 

infections. Such influence on the immune system has serious consequences for 

health that include, among others, delayed wound healing, impairment of the 

response to vaccination etc. (Webster and Glaser, 2008). 

Chronic stress associated with the applied rearing system (it is worth noting 

that each poultry rearing system evokes stress stimuli of various intensity and 

duration) may disturb the production of antibodies and cellular immune response, 

which lead to increased susceptibility to viral infections. According to many 

authors, immunosuppression of the humoral immune response is an indicator of 

physiological reaction of organism to stress (Puvadolpirod and Thaxton, 2000a, 
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b; Jahanian and Rasouli, 2015; Nazar et al., 2015). Thus, particular emphasis is 

made on studying the development of immunity in poultry under various stressful 

conditions. Among others, an adverse effect of transport stress on the immune 

response (Wójcik et al., 2011) was observed, and social stress had a similar effect. 

Disturbance of social hierarchy in poultry flock decreases the immunity to 

bacterial and viral infections (Fitko et al., 1990). Stress factors affecting the 

immune system also include manipulation stress in the form of scaring and 

immobilization (Fitko et al., 1990; Wiśniewski et al., 1995; Lechowski et al., 

1998). Chronic social stress evoked by a sequential change in the appearance of 

some birds in the flock affected the immune status of hens causing, among others, 

changes in leukocyte level and H:L ratio (Nazar et al., 2017). During the 

production process, poultry is permanently exposed to stress factors, among others 

associated with the applied rearing system. Hangalapura et al. (2004a, b) claimed 

that during chronic stress, activation of the immune cellular response occurs. In 

laying hens, the effect of stress was a decrease in the number white blood cells 

(Mashaly et al., 2004). In the opinion of Campo et al. (2007), light stress (24L:0D) 

impairs the function of the immune system, which exhibits, among others, in the 

increase in H:L ratio. Results of studies conducted by Leandro et al. (2011) 

demonstrated that the stocking density of birds in a battery of cages has the effect 

on the transfer of maternal antibodies to the offspring and the development of 

spleen and bursa of Fabricius in the embryo. 

Thermal stress is one of the strongest stress factors and may even lead to falls 

(Quinteiro-Filho et al., 2010; Bartlett and Smith, 2003). Exposure to thermal stress 

inhibits the immune reactions in poultry, which may increase the susceptibility to 

infectious diseases and thus enhance the negative effects of overheating the 

organism in the aspect of poultry welfare and performance (Monson et al., 2018). 

However, the studies have indicated that thermal stress in poultry, depending on 

the type of stressor and its action, has had exciting or inhibiting effect on immune 

reactivity (Sosnówka-Czajka, 2000; Sosnówka-Czajka and Herbut, 2001; Heckert 

et al., 2002; Sosnówka-Czajka et al., 2003). On the other hand, it was 

demonstrated that thermal stress increases the heterophil to lymphocyte ratio, due 

to a decreased number of circulating lymphocytes and increased number of 

heterophils (Prieto and Campo, 2010; Felver-Gant et al., 2012). Bozkurt et al. 

(2012) subjected laying hens to thermal stress and observed a decrease in humoral 

immune response. However, Ghazi et al. (2012) demonstrated that in laying hens 

thermal stress decreased thymus and spleen weight. Soleimani et al. (2011) stated 

that heat stress affecting Cobb 500 broiler chicks resulted in, among others, an 

increase in H:L ratio. Also, Prieto and Campo (2010) demonstrated the effect of 

heat stress on the formation of H:L ratio. Niu et al. (2009b) and Quinteiro-Filho 

et al. (2010), subjected broiler chickens to heat stresses and then observed a 

reduction in the weight of lymphoid organs in these birds. Bartlett and Smith 

(2003) also noted that broilers subjected to heat stress were characterized by a 

decreased weight of thymus, bursa of Fabricius and spleen as well as lower IgM 

and IgG level and reduced macrophage ability to phagocytosis. However, 
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Aengwanich (2008) observed only a decrease in the weight of bursa of Fabricius 

in broiler chickens subjected to heat stress with a concomitant decrease in 

lymphocyte count.  According to Niu et al. (2009a), heat stress applied to broiler 

chickens caused a significant decrease in the weight of lymphoid organs, level of 

antibodies and the phagocytic ability of macrophages. These results indicate that 

thermal stress significantly decreases the immunocompetence of birds. Cold stress 

also affects the immune system of birds causing, among others, an increase in H:L 

ratio (Campo et al., 2008). 

According to Cheema et al. (2003), stress generally decreases the immune 

performance of broiler chickens, but organism immunity jest genetically 

determined, so the origin and genotype of birds and also the type and intensity of 

the stressor are crucial in the immune system reaction to stress. 

 

Nutritive modification of bird immunity 

Subject literature has reported that the addition of immunostimulants to feed 

or water for animals improves the immune status of the organism and thus may 

contribute to the improvement of performance results (Nasir and Grashorn, 2009, 

Gurbuz et al., 2010). 

Diet modification can affect the immune response of the organism in broiler 

chickens (Cheema et al., 2003, Khajavi et al., 2003). Numerous feed additives 

stimulating the immune system are known – e.g. vitamins, fatty acids, oils, 

microelements or herbs (Swain et al., 2000, Wang et al., 2000). As it has been 

shown, in poultry farming many factors have an adverse effect on the immune 

system of birds, leading among others to a reduction in the weight of lymphoid 

organs (Ravindran et al., 2006). Singh et al. (2006), stimulated the immune system 

of broiler chickens with feed additives and found an increase in the weight of 

lymphoid organs; similar results were also obtained by other authors (Swain and 

Johri, 2000, Wang et al., 2000). 

An increase in the level of unsaturated fatty acids in feed both in pure form 

and in the form of vegetable oils contributes to the improvement of performance 

of the immune system in birds (Puthpongsiriporn and Scheideler, 2005; 

Sosnówka-Czajka et al., 2005). Wang et al. (2004) administered LA and LNA to 

the laying hens of single comb white leghorn breed in feed in various proportions 

and obtained serum IgG concentration at the level of 5.6–11.8 mg/ml and IgY 

concentration in egg yolks ranging from 14.1 to 16.7 mg/ml. 

A perennial plant called Eastern purple coneflower (Echinacea purpurea) is 

a very good immunostimulant that has been used in folk medicine for many years. 

Eastern purple coneflower is also used for the stimulation of immunity in animals 

(Allen, 2003). Coneflower stimulates the activity of the immune system and 

reduces the sensitivity to viral and bacterial infections (Świerczewska et al., 2003). 

Truchliński et al. (2006) successfully used coneflower juice to improve the general 

immunity in turkeys. Also, Yucca schidigera extract administered to laying hens 

at the amount of 100 mg/kg of feed may be used as the effective agent increasing 

blood serum IgG level (Alagawany et al., 2016). 
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Results of studies conducted by Salim et al. (2013) indicated that diet 

supplementation with Lactobacillus reuteri or a mixture of Lactobacillus reuteri, 

Bacillus subtilis and Saccharomyces cerevisiae increased the growth performance 

of birds at the early age and stimulated the immune response. Both the applied 

additives increased the general level of IgG, IgM and IgA in serum, whereas the 

mixture of Lactobacillus reuteri, Bacillus subtilis and Saccharomyces cerevisiae 

increased the level of leukocytes and monocytes as well. 

Lipiński et al. (2009) administered broiler chickens with mixtures containing 

a prebiotic formulation with mannan oligosaccharides and observed an immediate 

activation of mechanisms of non-specific immune response to infections. Singh et 

al. (2006) found that the immunoglobulin complex in broiler chickens amounted 

to on average 2.46 g/dl, and if the immune system was stimulated by the addition 

of vitamin E and selenium to feed, it increased to the level of 2.99 g/dl. As it was 

shown by Saeed et al. (2018), L-theanine supplementation at the amount of 200 

mg/kg of feed affected the increase in the weight of spleen and bursa of Fabricius 

in broiler chickens. However, higher L-theanine levels (300 mg/kg) may have a 

negative effect on chicken health. 

Many research centres have conducted studies on methods for reducing the 

negative impact of heat stress on poultry immunity (Sahin et al., 2009, Hasheimi 

et al., 2013, Sarica et al., 2015). Wang et al. (2018) administered a probiotic 

formulation of Bacillus subtilis to broiler chickens exposed to heat stress. These 

authors demonstrated that under heat stress conditions, broiler chickens fed with 

the probiotic formulation containing Bacillus subtilis were able to effectively 

prevent decreases in immunity by the regulation of immunity modulated by 

microflora. On the other hand, Deng et al. (2012) showed the positive effect of a 

probiotic containing Bacillus licheniformis administered with feed on the 

improvement in the immune status of laying hens subjected to heat stress. 

Mehaisen et al. (2017) observed that propolis improved the immune status of 

Japanese quails exposed to heat stress. According to Prieto and Cam, the (2010) 

dietary supplementation with capsaicin or allicin in broiler chickens treated with 

high temperatures caused a reduction in the H:L ratio. Monson et al. (2018) 

applied subcutaneous immunostimulation with lipopolysaccharide in two lines of 

chickens in order to reduce the negative effect of heat stress on the immune 

system. These authors showed a positive effect of the above-mentioned injection 

applied for the improvement of immunity, but the intensity of the organism 

reaction was largely dependent on the broiler chicken line. 

Dietary supplementation of broiler chickens, both with organic and inorganic 

chromium under heat stress conditions, significantly increased the level of 

antibodies (P <0.01), improved H:L ratio (P <0.05) and also relative weight of 

thymus (P <0.05) and spleen (P <0.01). These results suggest that enriching broiler 

chicken diet with chromium, especially in the organic form, increases the level of 

immunocompetence in broiler chickens that used to be decreased due to heat stress 

(Ghazi et al., 2012). Niu et al. (2009a) attempted to assess the influence of 

selenium in diet on the immunocompetence of broiler chickens subjected to heat 
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stress conditions. These authors showed an increase in the level of phagocytic 

macrophages and specific antibodies after selenium administration to birds 

exposed to high temperatures, which indicates a stimulating effect of selenium on 

the immune system of birds under heat stress. 

 

Summary 

Summing up, in poultry breeding the birds are constantly exposed to factors 

that may significantly interfere with both the development and the functioning of 

the immune system. Immunity disturbances can be very detrimental to health and 

performance of hens, and thus lead to a decrease in the profitability of production. 

The selection of poultry breeds or lines characterized by high immunity and the 

use of natural additives that have a positive effect on the immune system of birds 

are the basic principles on which poultry production should be based, leading to 

the improvement of poultry production efficiency in the aspect of bird health. 

Therefore, the primary objective of a poultry producer should be to apply such 

practices that do not expose the birds to a decrease in immunity, but on the 

contrary – that improve their immune status. There are many known additives that 

improve the immunity of poultry, but there is still a need for further research in 

this field. 
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EWA SOSNÓWKA-CZAJKA,  IWONA SKOMORUCHA 

 

Factors affecting immunity in poultry 

 

SUMMARY 

 

In poultry breeding, many factors adversely affect the birds’ immune system, leading among others 

to reduced weight of lymphoid organs and a decline in antibody or lymphocyte production. According to 

many authors, breeding work performed over recent years, in which the main focus was on improved 

growth parameters, is inversely correlated with some immunity parameters of broiler chickens. 

Both scientists and practical breeders increasingly report about declining immunity and the 

incidence of immune system defects in poultry. Modern breeding programmes should account for the 

body’s natural immunity to disease; this is all the more important since poultry producers are phasing out 

antibiotics and synthetic additives, which reduce the quality of poultry products. Provision of birds with 

rearing conditions that do not reduce immune system efficiency and, on the contrary, contribute to 

improved health, is a vital element of poultry production. The immune system in poultry, just as in other 

animals, is dependent on their origin and the origin by environment interaction. In recent years, 

modification of immune processes has attracted the interest of many centres around the world. Research 

was conducted on many modulators of immune response and substances enhancing the body’s immunity 

to various infections. However, the best way of achieving immunoprophylaxis in poultry production is to 

select resistant breeds or lines and to use breeding practices aimed at creating strong immunity and 

preventing infections. This should be supported by the use of dietary immunostimulants, preferably of 

natural origin, in particular phytotherapy. 
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