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Abstract. The possibility of preventing salmonellosis in chicken (pathogen agent — 

Salmonella enterica, serovar Enteritidis (SE)) by using specific yolk IgY was discussed in presented 

article. There has been raising the number of reports in the scientific periodicals about increased 

antibiotic resistance of Salmonella. SE is one of the most common Salmonella serovars worldwide 

that causes food poisoning in humans. At the same time, infected chicken eggs and meat serve as 

the main source of infection. For extraction of the IgY, 10 laying hens were used. All layers were 

hyperimmunized by a vaccine containing live attenuated strains of Salmonella enterica, ser. 

Enteritidis and Salmonella gallinarum Pullorum. The control group with the same number of layers 

was not vaccinated. A feed additive for newly hatched chicken and solution with purified and 

isolated IgY were prepared from egg yolks of immunized and non-immunized birds. During oral 

administration as a feed additive in per os and intraperitoneal experimental infection by a lethal 
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dose of SE the examination of the efficiency of the obtained product on six-day-old chickens were 

conducted. Thereby, conducted examinations have shown the high efficiency of the feed additive 

and preparation with purified immunoglobulins prepared from the yolks of eggs of immunized 

chicken in experimental infection with a lethal dose of Salmonella Enteritidis. 

 

Аннотация. В статье рассматривается возможность профилактики сальмонеллёза 

цыплят, вызванного Salmonella enterica, сероваром Enteritidis (SE) с помощью специфических 

желточных иммуноглобулинов класса Y (IgY). Основанием для этого послужило 

наблюдаемое в последние годы усиление антибиотикорезистентности сальмонелл, а также 

сообщения в научной литературе об успешном применении IgY в лечении и профилактике 

инфекционных заболеваний. SE один из самых распространенных в мире сероваров 

сальмонелл, вызывающих пищевое отравление у людей. При этом, инфицированные куриные 

яйца и мясо служат основным источником инфекции. Для получения IgY использовали 10 

кур-несушек, которым провели гипериммунизацию вакциной, содержащей в своем составе 

живые аттенуированные штаммы Salmonella Enteritidis и Salmonella gallinarum Pullorum. 

Вакцинацию контрольной группы, также состоящей из 10 кур-несушек, не проводили. Из 

желтков яиц, иммунизированных и не иммунизированных кур приготовили кормовую 

добавку для нововылупившихся цыплят и раствор с очищенными и выделенными 

иммуноглобулинами IgY. Испытания эффективности полученных продуктов проводили на 

шестидневных цыплятах в двух вариантах: при пероральном введении в виде кормовой 

добавки с пероральным заражением цыплят летальной дозой SE; при внутрибрюшинном 

заражении летальной дозой SE. Проведенные испытания показали высокую эффективность 

кормовой добавки и средства с очищенными иммуноглобулинами, приготовленных из 

желтков яиц иммунизированных кур против сальмонелл при экспериментальном заражении 

цыплят летальной дозой Salmonella Enteritidis в вышеописанных вариантах.  

 

Ключевые слова: Salmonella Enteritidis, цыплята, желточные иммуноглобулины, 

антибиотики. 

 

Keywords: Salmonella Enteritidis, chickens, yolk immunoglobulins, antibiotics. 

 

Enteritidis is the most common serovar associated with acute salmonellosis [1].  

It has specific protective features, provided persistence in external environment, in organism 

of mammals and birds, as well as in bird eggs. These pathogens are difficult to control due to 

above-mentioned features. It is thought that the SE have a unique combination of genes encoding 

prevention of cell wall damage [2].  

Also, various geographical variations of this strain are distinguished by the widest genotypic 

and phenotypic antimicrobial resistance profiles, phylogenic relatedness, plasmid and virulence 

composition [3]. 

Due to the rapid emergence of resistant Salmonella species is occurring worldwide, the 

efficacy of the many groups of antibiotics is endangered. Thus, Mølbak K. et al (2002) report that 

resistance to quinolones in S. E. increased from 0.8% in 1995 to 8.5% in 2000 and this trend 

continues [4].  

The best results in the antibiotic prophylaxis of SE were obtained by the use of enrofloxacin 

and ofloxacin [5].  
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However, according to Morales-Barrera et. al (2016) the prophylactic use of enrofloxacin in 

poultry from the first to the fifth day of life increases further susceptibility to Salmonella infections 

and reduces the proportion of beneficial intestinal microflora [6].  

The negative impact of antibiotics on the gut microbiome and the discovery of a large number 

of antibiotic-resistant SE isolates in food (particularly in chicken meat and eggs), requires finding a 

more effective way to control this pathogen. In recent years, egg yolk (IgY) antibodies have been 

proposed as an alternative to antibiotics. For the first time, the protective properties of these 

antibodies in experimental mice were described by Klemperer F. (1893). Thereby, it was 

demonstrated that the egg yolks from immunized hens by Clostridium tetani toxin contain 

antibodies that neutralize the effect of tetanus toxin [7].  

Over the past twenty years, several experimental investigations and reviews have been 

devoted to the unique properties of egg yolk immunoglobulins [8-13]. 

İn comparison with isolation of the immunoglobulins from mammals extracting IgY is easy 

and economically beneficial. High specificity and affinity, thermal resistance and stability over a 

wide pH range, hypoallergenicity and low immunogenicity, the use of non-invasive physiological 

and bioethical methods for isolation of yolk antibodies make them very attractive in passive 

immunization as a preventive and therapeutic agent. Improvements in laboratory methods and the 

adoption of new technologies make it possible to organize the commercial production of avian 

antibodies [14].  

The companies produce yolk antibodies against widespread pathogens of human and animal 

diseases that have already been created in some countries. K. Horie et al. (2004) report regarding 

the preparation of special antigastritis yogurt with chicken antibodies [15].  

Yolk immunoglobulins do not activate the mammalian immune system or interact with 

rheumatoid factor and Fc receptors. All above-mentioned features of IgY mean that they do not 

activate cascades of inflammatory reactions and do not lead to systemic complications. The lack of 

interaction with Fc receptors of effector cells makes IgY antibodies indispensable for diseases with 

etiology relating to antibody-dependent causative agents. The quantity of the protective antibodies 

is important factor in the production of effective preparation. Immunized hens produce high titers of 

IgY. At the time of laying, up to 200 mg of IgY can accumulate in the egg yolk [16]. 

Particular interest attributes towards effectiveness of avian antibodies against pathogens of 

diarrheal diseases. These infections are considered one of the leading causes of neonatal mortality 

in humans and animals. Diarrheal diseases caused by a mixed infection with various dangerous 

viruses, pathogenic serotypes of salmonella and colibacillus, are difficult to treat. The high 

resistance of yolk antibodies to the aggressive intestinal environment, especially in the presence of 

protectors (ovalbumin and ovomucoid of egg white or milk), can have a positive therapeutic effect 

in intestinal infections during the neonatal period of mammalian development [17]. 

Salmonella enterica subsp. enterica ser. Enteritidis (SE) is an intestinal zoonotic pathogen 

that is the most common cause of diarrhea in humans. The chickens serving as the main 

asymptomatic vectors for this disease [18].  

The most common cause of food poisoning in humans is the consumption of contaminated 

meat or eggs produced by infected laying hens [2].  

For all serotype of the pathogen, vaccination and the use of antibiotics are not sufficient to 

prevent and control salmonellosis in poultry [19]. In this regard, it is very promising to consider the 

use of specific yolk IgY antibodies for control of salmonellosis. Chalghoumi R. et al (2009) report 

that specific IgY has an inhibitory effect on the growth of SE and Salmonella typhimurium in vitro 

[20].  
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The researchers conclude that passive immunization with Salmonella-specific IgY may be 

useful in preventing colonization by this pathogen of broiler chickens and subsequent contamination 

of trunks during meat processing. 

Considering the relevance of the problem of salmonellosis in chickens, a series of 

experiments to obtain a preventive anti-salmonella feed additive and a product with purified IgY 

immunoglobulins from the egg yolks of chickens, hyperimmunized with the anti-salmonella vaccine 

was conducted. As investigations have shown, the created feed additive and purified 

immunoglobulins had a preventive effect during experimental infection of chickens with SE. 

 

Material and Methods 

Hyperimmunization of laying hens. 10 one-year-old outbred chickens were selected for 

hyperimmunization. The newly hatched chickens were kept in one of the buildings of the Veterinary 

Research Institute. Contacts with other birds were excluded, and maintenance was carried out by 

special personnel. The AviPro Salmonella Vac E vaccine against avian salmonellosis for 1000 doses 

for oral administration was used as antigen. This vaccine contains lyophilized cultures of bacterial 

cells of the attenuated strain S. Enteritidis Sm24/Rif12/Ssq, with a total volume of 10 cm
3.

  

The vaccine was previously diluted in 800 ml of physiological solution. The first two doses of 

1 ml were administered orally with a one-week interval. Subsequently, the diluted vaccine was 

administered weekly to each chicken, 1 ml orally and 1 ml into the pectoral muscle. A total of 5 

injections were made. For B and T memory cells activation, the last injection of the vaccine was 

carried out 30 days after the previous one. 

Manipulation with the eggs, obtaining feed additives, isolation and purification of 

immunoglobulins. After hyperimmunization was completed, the eggs were processed in a Delta 

MLD 120 microbiological laminar flow hood. The eggs were washed in a 0.5% chloramine solution 

to clean the shells of contamination. They were broken manually, separating the yolk from the white 

using a special cup. The yolks were stirred until they became mélange. The obtaining liquid was 

poured into food-grade PET bottles (GOST 33756) with a volume of 100 ml. Pasteurization of the 

mélange was carried out at a temperature of 60°C for 15 minutes in a Julabo SW22 water bath. IgY 

immunoglobulins do not lose their activity at this temperature and time exposure [21]. 

Preparation of feed additive. The prepared mélange was poured into Petri dishes and placed in 

a drying oven. The drying lasted 8 hours at a temperature of 38 °C. The obtaining dry, slightly 

sticky mass was crushed and collected in sterile vials. Further storage was carried out in a freezer at 

a temperature of ‒14°C. 

Isolation and purification of IgY. The purified immunoglobulins were obtained by dilution of 

the egg yolks with distilled water in a ratio of 1:8 [22].  

The mixture was homogenized on a magnetic stirrer (Magnetic Hot Plat model 78-1) at 500 

rpm for 30 min. The obtaining material was stored in a Telstar Boreas freezer at –18°C for 12–14 

hours. Defrosting was carried out at room temperature. To separate the supernatant from the 

sediment, it was centrifuged at 10,000 rpm for 15 min in refrigerated high speed centrifuge Celesta 

Centrifuger BLT. The immunoglobulins were precipitated using a saturated solution of ammonium 

sulfate (NH4)2SO4) in a 1:1 ratio to the supernatant at pH 7.0. After this, the supernatant was 

aspirated, the sediment was reached up to 10 ml with distilled water, and then resuspended. 

Dialysis. To purify the solution from ammonium sulfate and other low-molecular compounds, 

the dialysis method was used. The MD25 dialysis bags with sediment were placed in a beaker 

containing 5 liters of 0.01 M phosphate buffer solution (pH 7.2). The buffer solution was changed 

three times within 24 hours. 
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Determination of the quantity of protein in the obtaining precipitate. Determination of 

concentration of the IgY was carried out according to the Bradford method [23] on Lambda Bio+ 

spectrophotometer. 

The experiments to test prophylactic efficacy of feed additives. To conduct experiments to test 

the preventive effect of the feed additive against salmonellosis, 3 groups of newly hatched chicken 

(10 birds in each group) were formed. These chicken were fed the following diet. The control group 

received regular factory chicken feed: cereals (barley, corn and wheat), semolina, oatmeal and 

millet. The egg yolks from non-immunized chicken (first experimental group) were dried at a 

temperature of 37°C and added to the factory feed in 1:1 ratio. The egg yolks dried at the 

temperature of 37°C from chicken hyperimmunized with the AviPro Salmonella Vac E vaccine 

(second experimental group) were added in a 1:1 ratio to the factory feed of the third group. 

Experimental infection of chicken of all three groups with salmonellosis was carried out on the 6th 

day of life by oral administration of 0.5 ml (10⁷ CFU) of a biosuspension of a daily SE culture. 

The experiments to test prophylactic efficacy of product containing IgY immunoglobulins 

with intraperitoneal administration of a salmonella culture. Experiments to test the prevention of 

salmonellosis with a product containing IgY were carried out on six-day-old chicken, divided into 

three groups (ten birds each group). The newly hatched chicken were fed by a factory feed mixture 

with the addition of an equal proportion of dried egg yolks from hyperimmunized chicken. The 

experiments were conducted to the following scheme: 

— The control group of chicken was intraperitoneally injected with a suspension of a daily SE 

culture at a dose of 0.5 ml (10⁷ CFU/ml) with simultaneous administration of a sterile isotonic 

sodium chloride solution in the same dose; 

— The second group was intraperitoneally injected with an SE culture at the same dose, with 

simultaneous administration of a drug in a dose of 0.5 ml obtained from the yolks of eggs of non-

immunized chickens after purification and dialysis (20 mg of nonspecific IgY); 

— The third group was intraperitoneally injected with the SE culture in the same dose, with 

simultaneous administration of the drug in a dose of 0.5 ml, obtained after purification and dialysis 

from the yolks of hyperimmunized chicken eggs (20 mg of IgY). 

Groups of control and experimental chicken were kept under identical conditions. To avoid 

the spread of the pathogen, experimental infection of chickens with salmonellosis was reproduced 

under strictly controlled habitat. The experimental chickens were observed for 14 days. The 

effectiveness of the prophylactic measurements was assessed by chicken survival and general 

clinical condition. 

Results 

The results obtained in the first experiment to determine the preventive effectiveness of the 

feed additive are shown in the diagram (Figure 1). 

The mortality of chicken of the first control group had already observed on the first day after 

exposure. A quantity of 0.5 ml (10⁷ CFU) of a biosuspension of the day-old SE culture by oral 

administration of suspension of the SE culture was found to be a 100% lethal dose for six-day-old 

chicken were receiving factory feed. Somewhat different situation was observed in the second 

control group, where dried yolks from eggs of non-immunized chicken were added to the feed. 

Three birds died on the first day (30%). Six more chicken died on the third day of observation. The 

last chicken died on the seventh day. The chicks of this group showed weakness and lethargy, and 

the feathers in the anus were dirty. Chicks that died late had convulsions before death. There was 

100% survival rate of chicks that received a feed additive with dried yolks obtained from chicken 

hyperimmunized with Salmonella vaccine. 
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Figure 1. Preventive effectiveness of a feed additive against infection by Salmonella culture. The x-

axis and y-axis are days and number of experimental birds, accordingly 

 

The results of experiments for chicken intraperitoneally injected with Salmonella culture are 

shown in the second diagram (Figure 2). 

 

 
Figure 2. Results of intraperitoneal injection of Salmonella culture. The x-axis and y-axis are days and 

number of experimental birds, accordingly 

 

For the first group, isotonic sodium chloride solution was injected intraperitoneally at the 

same time as the injection of Salmonella culture. During the first day, the chicken demonstrated a 

depressed state. On the third day, all the chicken died. In the second group situation was identical to 

the first one. On the fourth day, all the chicks in this group died. In the third group, the survival rate 

of chicks was 100%. However, no clinical changes in the condition of the chicks of this group were 

observed. During the entire observation period, the chicks remained active. 
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Discussion 

The practical significance of research is the possibility of usage feed additives enriched with 

specific IgY antibodies against poultry diarrheal pathogens that are common in rural areas. Due to 

the mass death of chicks from diarrhea in villages in the first days of life, the population has no 

longer bred birds themselves, instead they purchase chicks from breeders (entrepreneurs who raise 

them to the age of one month and then sell them to the people). The most typical pathogens of 

newly hatched chicks are members of Enterobacteriaceae, such as Salmonella gallinarum-pullorum 

and Salmonella enteritidis [24]. Breeders use antibiotics from the birthday of chicks for prevention 

of diarrheal diseases [25, 26].  

The result of this preventive approach is predictable. The formation of the intestinal microbial 

community, which plays a vital role in nutrient absorption, immunity and disease resistance, is 

inhibited. Such chicks develop poorly and often get sick, that makes their keeping economically 

unprofitable. The analysis of veterinary reports of the districts showed that up to a year the loss of 

poultry by the population reaches 30%. A feed additive with specific yolk antibodies against 

pathogenic Salmonella can successfully replace daily antibiotic doses to newly hatched chicks. The 

product with these antibodies showed a significant prophylactic effect even in the case of massive 

oral infection of chicks. In the group of chickens receiving egg yolks from unimmunized hens, the 

mortality of Salmonella infection was delayed compared to the control group. Explanation for this 

fact may be that immunoglobulins in egg yolks from unimmunized birds have some protective 

properties against salmonellae. The usage of yolk antibodies as an alternative to antibiotics does not 

impair the formation of the gut microbiota and immune system and ultimately the adaptive 

immunity of the whole young organism. Perspectivity of using yolk antibodies in diagnostics, 

treatment and prophylaxis of infectious diseases is proved by numerous experimental researches 

published in the last 20 years. However, they have not been widely applied in practice up to the 

present time [27].  

To solve this problem, it is necessary to further popularization of IgY technologies, to reduce 

the cost of production and to develop a protocol for industrial production of additives with yolk 

antibodies as the active ingredient. IgY technology provides new opportunities in the creation of 

drugs used in various fields of biology and, most importantly, as an alternative to antibiotics. 

Conclusion and recommendations 

Chicken meat and eggs are the main source of the of the causative agent of zoonotic 

salmonellosis. Prophylaxis and monitoring of salmonellosis at the chick rearing period can 

significantly reduce contamination of eggs and chicken meat during slaughtering and processing. 

Due to the negative impact of antibiotics on the formation of the intestinal microbiota of chicks and 

the tightening of food hygiene laws, oral passive immunization with pathogen-specific antibodies of 

egg yolk (IgY) may be a useful and attractive method for the prevention of diarrheal diseases of 

chicken. Keeping chicken hyperimmunized with antigens of pathogens of gastrointestinal diseases 

of animals and birds in small enterprises of Republic will not be a difficult and costly. 

At the general meeting of Barda district of Azerbaijan Republic, organized by the veterinary 

administration, veterinary and zoological specialists discussed the results and perspectives of the 

application of yolk immunoglobulins in the control of infectious diseases. 
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