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Abstract

The purpose of this study was to compare the effect of the age of the breeder flock of com-
mercial BUT — 6 turkeys on the transfer of maternal antibodies to chicks. The blood samples
for serological analysis were collected from randomly selected 63 female breeders from a flock
of BUT Big 6 turkeys and 63 one-day-old hybrid turkey poults hatched from eggs from this flock
at 36, 45 and 54 week of age. During blood analysis (serum) in the laboratory, the level of anti-
bodies of the breeder flock against Avian metapneumoviruses (APV), Newcastle disease virus
(NDV) and Hemorrhagic enteritis virus (HEV) was determined (ELISA). Maternal antibody
(MatAb) titer in chicks (serum) against the same viruses were also determined. The percentage
(%) transfer of MatAb to offspring was then evaluated. The effect of the age of the turkeys on the
antibody titer to the tested pathogens expressed in geometric mean titers (GMT) was shown.
During the laying period, the antibody titer of the tested turkeys against NDV decreased with
the age of the flock. The highest antibody titer was demonstrated in week 36 (GMT=14242),
whereas the lowest was in week 54 (GMT=5564). In contrast, the serum antibody titer of the
tested layers against APV and HEV increased with the age of the birds. The lowest antibody titer
(GMT,,,=24818; GMT,,=12070) was observed at the beginning of the laying period, and the
highest at the end of the laying period (GMT, ,, =38978; GMT,,.,, =13980). The highest vertical
transfer to offspring was shown for antibodies to — HEV (82.7%), while the lowest was shown
when analyzing sera to — NDV (37.6%). The present analysis showed significant differences
in the evaluated antibody titres in serum of turkey breeders during the laying period, as well
as in the level of MatAb in chicks. The results also indicate that the transfer of MatAb to chicks
is influenced by the age of the parent flock and the type of pathogen against which the layers were
vaccinated.
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Introduction

Preventive vaccinations of poultry are very import-
ant as they protect birds against infection by virulent
pathogens, which are present in their environment and
have a negative effect on mortality levels, weight gains,
feed intake, and the number of eggs produced (Lemiere
2013, Panth 2019, Wegner et al. 2024). A well-protected
parent flock helps ensure proper development and no
health issues but, most of all, it has an effect on the
health of poults through a vertical transfer of MatAb
(Murai 2013). This is why preventive vaccinations of
parent flocks are carried out, which are supposed to
trigger an immune response by exposing the immune
system to contact with vaccine antigens. Turkey layers
are most often protected against NDV, HEV and APV.
One of the most dangerous diseases of the upper respi-
ratory tract is infection with avian metapneumovirus
(APV), which has been described as turkey rhinotra-
cheitis (TRT), affecting mainly turkeys. The disease,
diagnosed in chickens in 1984, was named swollen
head syndrome (SHS) by Thomson and Morley
(Kaobudi and Lachheb 2021).

The immune system in birds produces 3 classes of
antibodies: IgY, IgA, and IgM (Leslie and Clem 1969,
Chung et al. 2020). Leslie and Clem (1969) demonstra-
ted that IgY immunoglobulins may be found predomi-
nantly in the yolk; whereas IgA and IgM antibodies are
present in albumen. The amounts of antibodies in the
yolk and albumen are different. There are significantly
fewer IgA and IgM antibodies in the albumen than there
are IgY antibodies in the yolk (Rose et al. 1974, Dohms
etal. 1978).

Antibodies are transferred from the layer onto her
offspring in two stages. At the first stage, [gY antibodies
are captured by IgY receptors on the ovarian follicle
from the layers’s blood, and they are transferred to the
yolk. The next step is when immunoglobulins are sup-
plied from the yolk to the offspring through embryonic
blood circulation (Cutting and Roth 1973, Loeken and
Toth 1983). Other research has shown that the speed of
IgY transfer from the yolk sac to the embryonic blood
circulation starts to increase between days 14 and 21
of the development of the chicken embryo (Kowalczyk
et al. 1985). However, IgA and IgM antibodies pass
from the fallopian tube to the albumen, and then, during
the development of the embryo, a small amount reaches
the yolk sac and amniotic fluid. In the next stage, they
are transported to the intestines together with the amni-
otic fluid, as opposed to IgY immunoglobulins — which
reach the embryo’s blood (Higgins 1975, Rose and
Orlans 1981, Kasper et al. 1991, Kasper et al. 1996).
Other research has demonstrated that the IgY immuno-
globulin level is a direct indicator of MatAb transfer
to poults (Hammal et al. 20006).

However, one-day old birds, do not have a fully
developed immune system, hence it is particularly
important to protect poults from various pathogens via
MatAb. Mondal and Nagi (2001) demonstrated a very
high level of MatAb in poults at 1 day of age, which
provided a high protective barrier against the infectious
bronchitis virus (IBV); while the antibody level on day
7 was at only 30%. In other research, it was shown that
the level of MatAb against the infectious bursal disease
virus (IBDV) in poults remained stable until day 21,
whereas antibody levels for other antigens were retai-
ned only until day 10 (Ahmeda and Akhtera 2003,
Gharaibeh and Mahmoud 2013).

Many studies have been conducted on the MatAb
level in poults with regard to various pathogens: NDV
(Rahman et al. 2002, Kjaerup et al. 2017, Dobner et al.
2019, Kowalczyk et al. 2019, Chung et al. 2020),
Campylobacter jejuni (Sahin et al. 2001), Escherichia
coli (Heller et al. 1990), IBV (Mondal and Nagi 2001,
Nari et al. 2020) and Turkey arthritis reovirus (TARV)
(Kumar et al. 2022). It has been demonstrated that
in the case of some viruses causing avian encephalomy-
elitis (AEV), as well as chicken anaemia virus (CAV)
or reovirus (Reo), the MatAb level in poults is key,
since it provides the only protective barrier (van der
Heide et al. 1976, Westbury and Sinkovic 1978, Otaki
et al. 1992). In another study, it was shown that MatAb
in poults, which are transferred vertically onto the
offspring, can reduce replication of the Mycoplasma
gallisepticum (MQ), thus decreasing poult mortality
(Levisohn et al. 1985). This is why preventive vaccina-
tions of the breeder flock are so important; they can pro-
tect poults in the early days of their lives.

The aim of our research was to determine the cor-
relation between the level of antibodies in the parent
flock to the transfer of MatAb to the offspring during
the laying period against selected pathogens (APV,
NDV, and Hemorrhagic enteritis virus — HEV).

Materials and Methods

The source of the results obtained was laboratory
to which the veterinarian sent the blood samples.
The blood samples were collected from the turkeys
during flock health monitoring throughout the laying
period we analysed. There were no additional interven-
tions on the animals and therefore ethics committee
approval was not required, as stipulated in the Polish
Animal Protection Policy (35), which is in line with
European Union Directive 2010/63/EU on the protec-
tion of research animals.
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Table 1. Vaccination schedule for the BUT 6 turkey breeder flock.

Age Disease Serotype/strain Typ of vaccine Method of vaccination
1d TRT serotype B live coarse spray

3wk ND Ulster 2C live coarse spray

4 wk HE Domermuth live drinking water
5wk TRT serotype A live aerosol

7 wk ND Ulster 2C live drinking water

12 wk TRT serotype B live aerosol

16 wk ND+TRT+PMV3 Ulster 2C/ VCO3/ AAVV-3 inactivated intramuscular injection
21 wk HE Domermuth live drinking water
27 wk ND+TRT+PMV3 Ulster 2C/ VCO3/ AAvV-3 inactivated intramuscular injection
27 wk TRT serotype A live aerosol

TRT — Turkey rhinotracheitis, ND — Newcastle disease, PMV3 — Paramyxovirus type 3, HE — Hemorrhagic enteritis

Animals and farm environment

The blood samples for serological analysis were
collected from 63 randomly selected female breeders
from a flock of BUT Big 6 turkeys and 63 one-day-old
hybrid turkey poults hatched from eggs from this flock.
The parent turkeys were selected from a flock of 4,000
females from a commercial farm in Poland. Rearing
was continued until week 28 of life, during which the
environmental parameters (temperature, air humidity,
ventilation), and feeding were regulated as recommen-
ded (Management Essential for Breeder Turkeys 2016)
and based on daily observations, which were used to
make adjustments to existing conditions. In the course
of rearing, a basic vaccination schedule was applied
(Table 1).

The birds were then transported to a commercial
farm. During the laying period, layers and turkey males
were kept in a turkey house, where they received sepa-
rate fodder as recommended (2016) and had unlimited
access to water; exposure to light was 14.5 hours/day.
The birds were kept on straw, and the turkey houses
were equipped with manual nests — 4 layers per nest.
The temperature inside the turkey houses was kept
at 16-17°C, relative humidity in the laying period was
50% to 70%, and light intensity was 40 lux.

Serological analysis

At 36, 45, 54, weeks of age, during routine veteri-
nary inspection (flock-health monitoring), blood sam-
ples were collected from 63 turkeys (21 on each evalua-
tion date) for analysis. The blood samples were deli-
vered to the commercial accredited veterinary diagnos-
tic laboratory (SLW BIOLAB, Ostroda, Poland).
The titers against NDV, APV, HEV were then deter-
mined in the blood serum, and the geometric mean titer
levels (GMT) of the above pathogens were determined.
After the chicks hatched, (21 birds from each test date)

blood samples were taken from 63 randomly selected
individuals. The samples were delivered to the SLW
BIOLAB laboratory for determination (in serum)
of MatAb titers. The tests were performed using a com-
mercial ELISA kit (APV — BioCheck UK, NDV -
IDEXX NDV-T-Ab, Netherlands, HEV — ProFLOK,
HEV-T Ab, Zoetis, USA), which was used to determine
the titer (MatAb) against APV, NDV, and HEV. ELISA
kits were used according to the manufacturer’s proto-
col. The antibody titer for each bird was quantified
using software provided by the manufacturers (xCheck,
BioCheck, and ProFile3) software. GMT for each group
of serum samples were also calculated using the same
software. All serum samples were read against the pro-
vided antisera, positive and negative controls.

Percentage transfer of antibodies against NDV,
APV, and HEV was calculated based on the formula
(MatAb level of chicks/ antibody titer of turkeys*100%),
during the aforementioned study periods.

Statistical analyses

Collected numerical data were described with the
use of generally approved methods of mathematical
statistics. Applying the SAS package [SAS Institute,
Cary, NC, USA], we calculated mean values (x) and
standard deviations (SD) of the examined traits, was
than performed analysis of variance , and the signifi-
cance of differences was assessed using the Tukey’s
test. Significance of differences was verified at the
p=<0.05 level.

Results
Serological analysis

Analyzing the results of serological investigations
of turkeys (Table 2) showed significant (p<0.05) diffe-
rences in the antibody titer of the breeder flock during
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Table 2. Serum antibody titers in BUT 6 reproductive turkeys at various laying periods.

Parameter 36 wks™ 45 wks 54 wks P-Value
APV 24818°+ 12703 37124+ 10218 38978* + 12489 0.0004
NDV 14242 + 5847 8330° £ 6250 5564° + 2994 <0.0001
HEV 120700 £ 1625 12697° + 1908 13980 + 1079 0.0008

Values are expressed as the geometric mean (= SD)

APV — Avian pneumovirus;, NDV —Newcastle disease virus;, HEV — Hemorrhagic enteritis virus
*> mean values marked with different letters in columns differ significantly (p<0.05)

*age of the parent flock

Table 3. Serum antibody titers in 1-day-old turkey poults depending on the age of turkey layers.

Parameter 36 wks" 45 wks 54 wks P-Value
APV 10155°+ 7529 20302% £ 9568 23152* £ 12673 0.0002
NDV 5243+ 42738 3181°+ 2237 2108" + 1497 <0.0001
HEV 11082 + 1919 10864 + 2048 9895 £ 2080 0.1362
Values are expressed as the geometric mean (= SD)
APV — Avian pneumovirus, NDV — Newcastle disease virus, HEV — Hemorrhagic enteritis virus
*b mean values marked with different letters in columns differ significantly (p<0.05).
* age of the parent flock.
Table 4. Percentage (%) of antibodies transfered from turkey layers to poults.
Parameter 36 wk* 45 wk 54 wk mean
APV 40.9 59.4 51.7
NDV 36.8 37.9 37.6
HEV 91.8 70.8 82.7

APV — Avian pneumovirus, NDV — Newcastle disease virus, HEV — Hemorrhagic enteritis virus

* age of the parent flock

the entire laying period against the tested viruses
expressed in GMT. The highest level of anti-HEV
(GMT=13980) was found in females at 54 weeks
of age, while the lowest level (GMT=12070) was found
at 36 weeks. The same correlation was found by analy-
zing the mean titers against APV. The lowest
(GMT= 24818) titers were found in layers at 36 weeks,
and the highest (GMT=38978) at the end of the laying
period. Analysis of the titer of antibodies against NDV
in the serum in turkeys showed a decrease in the anti-
bodies during the laying period (P<0.0001). The high-
est level of antibodies expressed in GMT was shown
at 36 weeks (GMT=14242), while the lowest was at
54 weeks (GMT=5564).

Analysis of the results of serological investigations
of chicks showed statistically significant differences
(p<0.05) in the level of anti-APV and anti-NDV
antibodies (Table 3). During the analyzed periods,
significantly higher anti-APV antibody titres were
found in the serum of chicks hatched from eggs
obtained at 45 and 54 weeks (GMT=20302,
GMT=23152, respectively) than in chicks derived from
eggs collected at the beginning of the laying period
(GMT=10155). In the case of serum testing for anti -
NDV, it was shown that the highest average antibody

level (GMT=5243) was in chicks hatched from eggs
collected at 36 weeks of age of females, and statistically
(p<0.0001) the lowest (GMT=2108) at the end
(54 weeks) of the laying period of the breeder flock.
Antibody titer in chicks decreased with the increasing
age of the breeder flock, in which antibody titer also
decreased with age. Analysis of the quantitative level
of MatAb in chicks tested for — HEV showed no signi-
ficant differences (p=0.1362), but the number of anti-
bodies in the serum of chicks tested decreased slightly
with the increasing age of females.

During the entire laying period, the average vertical
transfer of antibodies from layer to chick (Table 4)
ranged from 37.6% to 82.7%. The highest transfer was
determined when anti-HEV sera were tested. It was
shown that with the age of females, the percentage
of transferred antibodies (anti-HEV) to offspring
decreased from 91.8% — 36 weeks to 70.8% — 54 weeks.
Analyzing the percentage transfer of anti-APV anti-
bodies from parents to offspring showed increase during
the laying period. At the peak of laying (36 weeks),
the percentage of antibodies transferred was 40.9%.
The average percentage of transferred anti-APV anti-
bodies for the entire period analyzed was 51.7%. During
the entire laying period, the transfer of specific anti-
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bodies (NDV) was at a similar level (37.6%), and the
age of females did not affect the percentage decrease
in antibody transfer to offspring.

Discussion

Preventive vaccinations in poultry are intended to
induce an immune response (immunity) to a specific
type of pathogen or disease-causing agent (Suardana
et al. 2023). Antibodies obtained as a result of vaccina-
tion of laying layers are transferred vertically in diffe-
rent percentages to the offspring depending on the
disease (Ali and Hasan 2018). The level of antibodies
in parental flocks and chicks is influenced by the age of
the birds, breeding line, genotype and MAtAb transfer
(Abdel-Moneima and Abdel-Gawada 2006, Kjaerup
et al. 2017, Ali and Hasan 2018, Dobner et al. 2019,
Kowalczyk et al. 2019, Abdelhamid et al. 2024). In our
study, the GMT level in the serum of layers tested
against anti-NDV, - HEV and -APV was influenced by
age. Kowalczyk et al. (2019) also observed the effect of
layers age on GMT anti-APV in serum. In our study,
anti-APV GMT in females increased during the laying
period, while in the study by Kowalczyk et al. (2019)
in turkeys with a different vaccination schedule,
the level of antibodies remained at a similar level
throughout the laying period. However, when compa-
ring the anti-NDV GMT in layers in our study to the
results shown in another study (Kowalczyk et al. 2019),
a higher level of anti-NDV was observed at the begin-
ning of the laying period (36 weeks) and a lower one
at the end (54 weeks), while in the 45th week of laying,
the level of GMT anti-NDV in females was similar.
Our study also observed that the serum GMT level
in one-day-old chicks tested against anti-APV and
-NDV varied significantly depending on the age of the
laying layers. GMT anti-APV in the chick serum
increased with the age of the females, while
GMT -NDV decreased. Kowalczyk et al. (2019) also
observed that with the age of layers, the level of GMT
in the serum of chicks tested against -NDV also
decreased. The same study also showed that the age of
layers significantly influenced GMT in chick serum
tested against Ornithobacterium rhinortacheale. In our
study, the age of females had no effect on GMT in the
serum of chicks tested against anti-HEV. Kowalczyk
et al. (2019) also showed no effect of female age on
GMT in chick serum tested against anti-APV and
Pasteurella multocida. In a situation where chicks
do not have MatAb, they should be vaccinated as soon
as possible, and the immune response in this case pro-
ceeds normally since there is no MatAb interference
directed against vaccine antigens (Suardana et al. 2023).

On the other hand, a high level of MatAb may neutra-
lize the vaccine virus, which may result in immuniza-
tion failure, e.g. in the case of vaccination against infec-
tious bursal disease (IBDV) (Gharaibeh et al. 2013).
The level of MatAb in chicks, as mentioned above,
is influenced by the transfer of antibodies from parents
to offspring, which depends on the age of the females
and the disease entity (Ali and Hasan 2018). The aver-
age transfer of APV and NDV antibodies from turkey
to poult during the laying period was 51.7% and 37.6%
in our study. In previously conducted studies by
Kowalczyk et al. (2019), in which a different vaccina-
tion schedule was used, the percentage of NDV anti-
bodies transmitted to offspring was higher (51.9%),
while the transfer of APV was lower (33.2%) compared
to the results in in our study during the entire reproduc-
tive period of turkey layers. In other studies, Ali and
Hasan (2018) showed a decrease in the transfer of NDV
and IBV antibodies and an increase in IBDV to off-
spring in broiler breeders during the reproductive
period. However, other researchers Abdelhamid et al.
(2024), showed that with the age of females (60-64
weeks), the transfer of specific NDV antibodies to off-
spring increased (14.13% - 19.35%). In another study
performed on breeder layers, the average transfer of
specific antibodies for IBV and NDV during the laying
period was 30% (Hamal et al. 2006). Abdel-Moneim
and Abdel-Gawad (2006) showed the average transfer
of specific IBDV antibodies as 30-53% during the
entire reproductive period of broiler breeders. However,
Hamal et al. (2006) observed that regardless of the
breeding line of birds, the average transfer of NDV and
IBV antibodies was approximately 30% during the
reproductive period.

Conclusions

A correlation between the level of serum antibodies
(anti-NDV, -APYV, and - HEV) in the parent flock and
the level of MatAb in the offspring was shown. Howe-
ver the results vary depending on the diseases against
which the breeder layers were vaccinated. The highest
percentage vertical transfer to offspring was shown
for anti-HEV antibodies, while the lowest was for
anti-NDV antibodies. During the laying period, in the
parent flock, the level of humoral immunity expressed
by GMT towards anti-NDV decreased with the age
of the females, while anti - APV and - HEV increased.
All the above should be considered in preparing a vac-
cination schedule (both for breeder flocks and turkey
chicks).



22

M. Wegner et al.

References

Abdelhamid AA, El-Wardany I, Badri FB, Gad GG (2024)
Effect of broiler breeders ageing on hematological parame-
ters, biochemical analyses, and maternal immunity transfer
rates. Egypt J Nutr Feeds 27: 57-68.

Abdel-Moneim AS, Abdel-Gawad MM (2006) Genetic varia-
tions in maternal transfer and immune responsiveness
to infectious bursal disease virus. Vet Microbiol 114: 16-24.

Ahmad Z, Akhter S (2003) Role of maternal antibodies in pro-
tection against infectious bursal disease in commercial
broilers. Int J Poult Sci 2: 251-255.

Ahmed AS (2015) Assessment of meternal immunity against
Newcastle Disease in offspring chicks as affected by parents
genetic crossing. Asian J Anim Vet Adv 10: 35-42.

Ali MZ, Hasan B (2018) Follow up of maternally derived anti-
bodies titer against economically important viral diseases
of chicken. Poult Sci J 6: 149-154.

Anjorin ST, Cyriacus CO (2014) Heamatological effect of
Aspergillus species metabolites on broiler chicks. Am J Res
Commun 2: 172-183.

Chung EL, Kamalludin MH, Jesse FF, Reduan MF, Ling LW,
Mahzan NM, Henipah NN, Loh TC, Idrus Z (2020) Health
Performance and Blood Profile Changes in Commercial
Broilers Supplemented with Dietary Monocalcium Phos-
phate. Comp Clin Pat 29: 573-579.

Cutting JA, Roth TF (1973) Changes in specific sequestration
of protein during transport into the developing oocyte
of the chicken. Biochim Biophys Acta 298: 951-955.

Dobner M, Auerbach M, Mundt E, Preisinger R, Icken W,
Rautenschlein S (2019) Immune responses upon in ovo
HVT-IBD vaccination vary between different chicken lines.
Dev Comp Immunol 100: 103422.

Dohms JE, Saif YM, Bacon WL (1978) Metabolism and passive
transfer of immunoglobulins in the turkey hen. Am J Vet
Res 39: 1472 -1481.

Gharaibeh S, Mahmoud K (2013) Decay of maternal antibodies
in broiler chickens. Poult Sci 92: 2333-2336.

Hamal KR, Burgess SC, Pevzner 1Y, Erf GF (2006) Maternal
antibody transfer from dams to their egg yolks, egg
whites, and chicks in meat lines of chickens. Poult Sci
85: 1364-1372.

Heller ED, Leitner H, Drabkin N, Melamed D (1990) Passive
immunisation of chicks against Escherichia coli. Avian
Pathol 19: 345-354.

Higgins DA (1975) Physical and chemical properties of fowl
immunoglobulins. Vet Bull 45: 139-154.

Kaobudi K, Lachheb J (2021) Avian metapneumovirus infection
in turkeys: a review on turkey rhinotracheitis. J Appl
Poult Res 30: 100211.

Kaspers B, Schranner I, Losch U (1991) Distribution of immu-
noglobulins during embryogenesis in the chicken. Zentralbl
Veterinarmed A 38: 73-79.

Kaspers B, Bondl H, Gébel TW (1996) Transfer of IgA from
albumen into the yolk sac during embryonic development
in the chicken. Zentralbl Veterinarmed A 43: 225-231.

Kim MJ, Parvin R, Mushtaq MM, Hwangbo J, Kim JH, Na JC,
Kim DW, Kang HK, Kim CD, Cho KO, Yang CB, Choi HC
(2013) Growth performance and hematological traits
of broiler chickens reared under assorted monochromatic
light sources. Poult Sci 92: 1461-1466.

Kjaerup RB, Juul-Madsen HR, Norup LR, Serensen P,

Dalgaard TS (2017) Comparison of growth performance
and immune parameters of three commercial chicken lines
used in organic production. Vet Immunol Immunopathol
187: 69-79.

Kowalczyk K, Daiss J, Halpern J, Roth TF (1985) Quantitation
of maternal — fetal IgG transport in the chicken. Immuno-
logy 54: 755-762.

Kowalczyk J, Smiatek M, Tykatowski B, Dziewulska D, Stenzel
T, Koncicki A (2019) Field evaluation of maternal antibody
transfer from breeder turkey hens to egg yolks, egg whites,
and poults. Poult Sci 98: 3150-3157.

Kumar R, Sharafeldin TA, Goyal SM, Mor SK, Porter RE (2022)
Infection and transmission dynamics of Turkey arthritis reo-
virus in different age Turkeys. Microb Pathog 173: 105790.

Lemiere S (2013) The cost benefits of vaccination in poultry
production. Int Poult Prod 21: 19-21.

Leslie GA, Clem LW (1969) Phylogeny of immunoglobulin
structure and function. J Exp Med 130: 1337-1352.

Levisohn S, Glisson JR, Kleven SH (1985) In ovo pathogenicity
of Mycoplasma gallisepticum strains in the presence and
absence of maternal antibody. Avian Dis 29: 188-197.

Loeken MR, Roth TF (1983) Analysis of maternal I1gG sub-
populations which are transported into the chicken oocyte.
Immunology 49: 21-28.

Management Essential for Breeder Turkeys (2016) https://www.
aviagenturkeys.com

Mondal SP, Naqi SA (2001) Maternal antibody to infectious
bronchitis virus: its role in protection against infection and
development of active immunity to vaccine. Vet Immunol
Immunopathol 79: 31-40.

Muhammad NO, Oloyede OB (2009) Haematological Parame-
ters of Broiler Chicks Fed. Aspergillus niger — Fermented
Terminalia catappa Seed Meal-Based Diet. Glob J Biotech-
nol Biochem 4: 179-183.

Murai A (2013) Maternal transfer of immunoglobulins into egg
yolks of birds. J Poult Sci 50: 185-193.

Nari N, Ghasemi HA, Hajkhodadadi I, Farahani AH (2020)
Intestinal microbial ecology, immune response, stress indi-
cators, and gut morphology of male broiler chickens fed
low-phosphorus diets supplemented with phytase, butyric
acid, or Saccharomyces boulardii. Livest Sci 234: 103975.

Naylor CJ, Worthington KJ, Jones RC (1997) Failure of mater-
nal antibodies to protect young turkey poults against
challenge with turkey rhinotracheitis virus. Avian Dis
41: 968-971.

Nowaczewski S, Kontecka H (2011) Haematological indices,
size of erythrocytes and haemoglobin saturation in broiler
chickens kept in commercial conditions. Anim Sci Pap Rep
30: 181-190.

Otaki Y, Saito K, Tajima M, Nomura Y (1992) Persistence
of maternal antibody to chicken anaemia agent and its effect
on the susceptibility of young chickens. Avian Pathol
21: 147-151.

Panth Y (2019) Colibacillosis in poultry: A review. J Agric Nat
Res 2: 301-311.

Rahman MM, Bari AS, Giasuddin M, Islam MR, Alam J,
Sil GC, Rahman MM (2002) Evaluation of maternal
and humoral immunity against Newcastle disease virus
in chicken. Int J Poult Sci 1: 161-163.

Rose ME, Orlans E, Buttress N (1974) Immunoglobulin classes
in the hen’s egg: their segregation in yolk and white. Eur
J Immunol 4: 521-523.



Influence of the age of turkey layers on selected serological ... 23

Sahin O, Zhang Q, Meitzler JC, Harr BS, Morishita TY, Mohan
R (2001) Prevalence, antigenic specificity and bactericidal
activity of poultry anti-Campylobacter maternal antibodies.
Appl Environ Microbiol 67: 3951-3957.

Suardana IB, Widyastuti SK, Pradnyadana IB, Agustina KK
(2023) Effect of age and presence of maternal antibodies
on success of Avian Influenza and Newcastle disease vacci-
nations in broiler. Int J Vet Sci 12: 101-106

Ustawa Dz. U. (1997) Nr 111 poz. 724, USTAWA z dnia
21 sierpnia 1997 r. o ochronie zwierzat.https://isap.sejm.
gov.pl/isap.nsf/download.xsp/WDU19971110724/U/
D19970724Lj.pdf

van der Heide L, Kalbac M, Hall WC (1976) Infectious tenosy-
novitis (viral arthritis): Influence of maternal antibodies on

the development of tenosynovitis lesions after experimental
infection by day-old chickens with tenosynovitis virus.
Avian Dis 20: 641-648.

Wegner M, Gesek M, Banaszak M, Adamski M, Wlazlak S,
Biesek J (2024) Research Note: The infectious bursal
disease (Gumboro disease) vaccination scheme affects the
quantitative and qualitative carcass characteristics and
the immune response of Ross 308 broiler chickens. Poult
Sci 103: 104344.

Westbury HA, Sinkovic Y (1978) The pathogenesis of infectious
avian encephalomyelitis. 4. The effect of maternal antibody
on the development of the disease. Aust Vet J 54: 81-85.



