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ABSTRACT

This study aimed to determine whether zinc methionine supplements have a beneficial effect
on the immune response in broilers vaccinated against Newcastle disease (ND). A total of 120
broiler chicks were randomly divided into 6 groups. G1 were fed a basal diet and kept as a
negative control G2 and G3 were fed 90 mg/kg of zinc methionine in a basal diet. The two
groups were vaccinated with killed and live NDV groups 2 and 3 respectively. Group 3
consisted of chickens vaccinated with live ND vaccine in drinking water, while Group 4
consisted of chickens fed with zinc methionine supplementation 90 mg/kg of basal diet, but not
vaccinated (positive control). G5 and G 6 consisting of chickens were vaccinated as mentioned
in G2 and G3. The titer of immunoglobulin G (IgG) was measured as a parameter for the
immunological status of chickens during the experiment. Results reveal that the titer of 1gG
against ND was increased in the G2, G3, and G5, in contrast, the titer of 1gG against ND was
higher in groups of chicken feds on zinc methionine. Antibody titer of IgA against ND was
increased in G2 and G5 with significant differences (P<0.05), increase in the titer of IgA was
reported in G2 after treatment. The bursal index and spleen index at 25 days have significant
results and the G2 and G3 consider the best groups compared with another groups.
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INTRODUCTION

Newcastle Disease Virus (NDV) is a common
poultry disease affecting chickens in Iraq, the
disease affects the poultry industry and causes
huge losses in poultry farms (5, 7, 14).
Vaccines were used to control the disease,
most NDV vaccines are commercially
available in Iraq and are B1, Lasota (Hitcher-
Bio- VAC B1, Fatro, Italy), and Clone 30
(killed vaccines) (Nobilis, MSD, Netherlands)
(8, 15, 39). NDV strains have been isolated
and diagnosed in several studies in Iraq (19) .
Previously, the common NDV vaccine used in
Irag was the Abu Ghraib 68 strain (AG68),
vaccine strain displayed satisfactory and
higher protection than those of other
lentogenic strains, probably due to the close
antigenic relationship between the local
vaccine strain and the circulating NDV
infection strains in Iraq (4,33). In the early
1990s, the AG68 strain disappeared for
unknown reasons, and vaccine failure occurred
from time to time among the flocks vaccinated
with imported vaccines, resulting in substantial
economic losses to the poultry industry (16).
In lraq, there is very little information
regarding the differences between the invading
NDV strains and the traditionally used vaccine
strains  Zinc-methionine (Zn-Met) is an
organo-amino acid zinc complex that differs
from inorganic zinc, zinc proteinates, and zinc
polysaccharide complexes (17). The zinc-
methionine supplement to diets fed to broiler
breeders has promoted cellular immunity in
the progeny (12). Studies improve the benefit
of Zinc-methionine added to the diet of
poultry, which may provoke the immune
system function against infectious diseases
(13). Substituting Zinc-methionine in poultry
rations is one such effort to reduce the costs
with the enhancement of the nutritional quality
of poultry meat (1). Zinc-methionine could be
advantageously incorporated in broilers' diets
at lower levels compared to inorganic zinc for
apprehending higher zinc bioavailability and
lower excretion of zinc to the environment
(45). Zinc methionine (Zn—Met), as an organic
zinc source, is better than inorganic zinc in
improving immunity and anti-stress (25,42).
Saleh et.al (42) reported that dietary Zn—Met
enhances the humoral immune response and
antioxidant enzyme activity of heat-stressed
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broilers. On the other hand, Ahmed (6)
reported that supplemented with Zn-Met
posed to antidiarrhea and growth promotion by
enhancing average daily gain (ADG) and
reducing diarrhea rate and serum D-lactate
content. The current study aimed to determine
whether zinc methionine supplements have a
beneficial effect on enhancing the immune
response against Newcastle disease Virus
(NDV) in broilers immunized with killed and
live NDV vaccines.

MATERIALS AND METHODS

Ethical approva: This study does not require
ethical approval. However, all broilers in the
current work were treated humanely following
the guidelines of the Association for
Assessment and Accreditation of Laboratory
Animal Care (AAALAC) (46).

Broiler chickens, diet, and Management:

A total of 120 one-day-old broiler chickens
(ROSS-308 broiler chicks) were purchased
from a commercial hatchery in Baghdad. The
chickens were housed in the animal
house/Department of Pathology/ College of
Veterinary Medicine/University of Baghdad
/lrag. The experiment was conducted between
May 18" to June 22", 2023. The chicks were
kept in separate cages. Feed and water were ad
libitium available to all broilers. Standard
management procedures were used, and chicks
were reared on the floor with a litter of wood
shavings. Each group was equipped with a
feeding tray 38 cm in diameter and fountains
of 4 liters for three weeks. The fountains and
feeding trays were at optimum levels which
helped the broilers to get their water and feed
easily. The environmental temperature was
fixed at 33°C in the first week of life and
decreased up to 2°C in the first week till 21°C
at the end of the experiment and the room was
equipped with a mercurial thermometer. A
starter (crumbles) feed was used for 1-14
days, a grower (pellets) feed was used for 15—
28 days, and a finisher feed was used for 29—
35 days.

Experiment design: The 120 broilers chicks
were divided into 6 groups: Group 1 (G1l):
control negative—broiler chickens were fed on
a basal diet. Group 2 (G2): Chickens were fed
with basal diet plus 90 mg/kg zinc methionine
and vaccinated with killed ND vaccine at one
day old and ND eye drop vaccine at 14 days
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old. Group 3 (G3): Chickens were fed with
basal diet plus 90 mg/kg zinc methionine and
vaccinated with live ND vaccine at 1, 7, and
21 days old in drinking water. Group 4 (G4):
positive control- Chickens were fed with basal
diet plus 90 mg/kg zinc Group 5 (G5): Broiler
chickens were fed on basal diet without adding
the zinc methionine and vaccinated as in group
2. Group 6 (G6): Broiler chickens were fed on
a basal diet without adding the zinc
methionine and vaccinated as in group 3.
Vaccines protocol: There are two types of
Newcastle (ND) commercially vaccines
available that were used in the study including
killed and live ND vaccines. Killed ND
vaccine (clone 30) trade name (Nobilis, MSD,
Netherlands) was injected S\C at 1 day old.
Two types of live vaccine B1 (Hitcher (BIO-
VAC B1, Fatro, Italy), and Lasota (BIO-VAC
B1, Fatro, Italy). The killed vaccine was
injected S\C at 1 day old (G2+G5), while live
vaccine type B1 was administered at eye drop
at 1 day old and 14 days. Lasota Live vaccine
is administered by drinking water at 7 and 21
days. Vaccination procedures were manifested
according to published studies (28,38,40, 41).
Blood samples: Before vaccination, 1-2 ml of
blood were obtained from the wing vein, and
after vaccination blood was collected from
chickens at days 12,21 and 28. Serum samples
were separated by centrifugation at 1500 rpm
for 15 minutes and stored in appropriately
labeled tubes at — 20°C for subsequent
processing. Newcastle virus antibody levels in
the chickens were determined by Enzyme-
Linked immunosorbent assay (ELISA) (9),
using a kit from Bio-Rad (Germany)
Determination of maternal immunity:

The blood was collected from 20 chicks from
the jugular vein at 4 days old of the control
group (control negative) to determine the
maternal immunity for NDV. Blood was also
collected from other groups at 12,21, and 28
days to determine the titer of Immunoglobulin
(IgG and IgA) for NDV (14,33,36).

Statistical analysis

To determine the influence of different
elements in the present study parameters, the
Statistical Analysis System- SAS (SAS
Institute, 2000, version 1) application was
employed. In this study, the least significant
difference —LSD test (ANOVA) was utilized
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to make a meaningful comparison between all
the means (P value < 0.05).

RESULTS AND DISCUSSION
Determination of maternal immunity:

The maternal immunity (MatAbs) for NDV of
maternal 1gG antibodies titer in twenty chicks
at four days was 5842+1.05. MatAbs are
antibodies that are passed from a hens to her
offspring, typically breeder hens to the
progeny through the egg;, MatAbs play a
crucial role in protecting progeny, including
chicks, from various infectious diseases during
the early stages of life when their immune
systems are still developing and facing
microbe or vaccination processes (9,48). The
transfer of MatAbs from the hen to the chick
occurs primarily through the egg yolk. The hen
produces maternal antibodies in response to
exposure to pathogens or vaccines, and they
are then transmission into the developing eggs.
Chicks absorb these antibodies from the yolk
sac into their bloodstream during the last
stages of embryonic development(29,48).
Immunity against NDV

The  immunoglobulin  (IgG)  titer in
experimental broilers at 12, 21, and 28 was
determined. Table 1 shows the results of the
experiment, the IgG was increased at 12 days
of age in groups 2, 3, and 5 of chickens, but
the titer of IgG at 21 days old shows high titer
in groups 2 and 5. The titer of 1gG antibody
continuing increased at age 28 days old in
groups 2 and 3 indicating the benefits of
Zinc-methionine adding to the diet that
enhances the immunity against NDV. This
study agreed with the results obtained by Al-
Garib et al., (10) and Dzogbema et al., (30)
who illustrated that the antibody specificity of
the captured immunoglobulin  (Ig) was
confirmed by binding of NDV, after
inoculation with live virus, antibodies of the
IgG and IgM classes were mainly found in
serum. The 1gG antibodies provide passive
immunity to the chicks, meaning that they
offer immediate protection against specific
pathogens without the chicks having to
produce their antibodies when antibody
transfers can recognize and neutralize
pathogens that the mother has encountered,
helping to prevent or reduce the severity of
Newcastle disease virus infections in the
chicks (36).
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Table 1. Immunoglobulin g (1gG) titer in Zinc-Methionine groups for Broiler Chicks
immunized with Newcastle Disease vaccines

Age Gl G2 G3 G4 G5 G6 LSD
12 3057+1538  6950+617 60342827 31401657 663251098 59002773 .-

days Ac Ca Ba Ac Ca Bb )
21 59580.3 71104512 5310+89.9 610+71.4 682241282  3765£176.4

days Bd Ba Cab Be Ba Ch 27912
- 0+0 7267£67.6  7060+£121.7 0+0 6947755  6827+139.5

days Dec ABa A ab Ce ABb Ab 2447

LSD 1013.4 159.6 629.9 1754.1 128.7 629.33 -

*Capital litter represented the vertical comparison of data and small litter represented a horizontal comparison

of data; a significant difference was P value < 0.05

The current study reveals that the titer of 1gG
against NDV was decreased in the control
group versus the treated groups. However, it's
important to note that maternal antibodies have
a limited lifespan in the chick's body due to the
chicks growing, their immune systems begin
to mature, and they start producing their
antibodies (23). At the same time, the maternal
antibodies they received gradually decline in
concentration, and this period is known as the
"window of susceptibility" or "immunological
gap" because the chicks become vulnerable to
infections once the levels of maternal
antibodies drop below a protective threshold,
but before their immune systems are fully
functional (24). The present study reported an
increase in the titers of IgG antibodies in the
serum of chicken in groups G2 and G3 feeding
with zinc-methionine and vaccinated, poultry
producers need to consider the presence of
maternal  antibodies  when  designing
vaccination programs for chicks (20).
Vaccination timing is crucial to ensure that the
chicks receive active immunization at a point
when maternal antibody levels have declined
sufficiently to allow the chicks' immune
systems to respond to the vaccine (37).
Vaccination alone too early can result in

interference by maternal antibodies, reducing
the effectiveness of the vaccine, while
vaccinating too late can leave the chicks
susceptible to infections during the
immunological gap. The best results were
obtained when the vaccinated chickens were
fed on basal diet supplement with zinc
methionine to maintain the concentration of
IgG in two groups G2 and G3 28 days as
(7630£99.6) and (7344+144.4) respectively.
Khare et al., (29) reported that the
concentration of IgG at age 15 days was more
prevalent than other ages of chicken.
Antibody titer (IgA) against NDV:

Table (2) shows an increase  of
immunoglobulin type A in groups G2 and
G5 at 12 days (3455+43.9 and 3353%40.6)
these groups were vaccinated by eye drop
vaccine with significant differences (P<0.05)
with other groups, on the other hand there are
increase the titer of IgA at the 21 and 28 days
in the group G2 (4041+68.3, 4567+96.6
respectively) compared with group G5 used
the same methods of vaccination for NDV, the
same results found in the group G3 compared
with group G6, but groups G1 and G4 showed
sever decrease in IgA antibody.

Table 2 .Immunoglobulin A titer in Zinc-Methionine groups for Broiler Chicks immunized
with Newcastle Disease virus.

Age G1 G2 G3 G4 G5 G6 LSD
00 3455:43.9 2953+142.4 0+0 3353+40.6 2802+133
12 days Bec Ca Bb Bec Ba Bb 423.9
00 4041683 2476+141.2 0+0 3596+120.7 2263+162.8
21 days Bec Ba Cb Be Ba Cb 466.8
00 456796.6 3807+143.7 0+0 3985+91.45 3294+166.9
Dc Aa Ab Bd Ab Ac
28 days 581.7
Ad Aa Ab Ad Ab Ac
LSD 12.8 433.6 602.5 13.7 326.4 310.2

*Capital litter represented the vertical comparison of data and small litter represented a horizontal comparison of data; a

significant difference was P value < 0.05
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The increase in the antibody titer (IgA) after
20 and 30 days was reported by others (37,40)
suggesting that the immune system of chickens
is maturing during this period, the findings
contribute to the understanding of the
development of the mucosal immune response,
specifically the production of IgA antibodies,
which play a crucial role in defending against
pathogens at mucosal surfaces (40). Titer of
IgA is an important tool in the immune
system, particularly in mucosal surfaces, such
as the respiratory, gastrointestinal, and
urogenital tracts (50). It plays a significant role
in defense against pathogens and provides
localized immunity (22).Titer of IgA is the
predominant  immunoglobulin  found in
secretions, including saliva, tears, and mucus,
it plays a crucial role in protecting mucosal
surfaces from invading pathogens by
preventing their attachment and entry into the
body(43). Table 2. Also shows that the titer of
IgA in groups 1 and 4 decreased to zero
because Chicken IgA can neutralize pathogens

by blocking their attachment to host cells and
inhibiting their entry and colonization. It can
also prevent the establishment of infection by
excluding pathogens from entering the body
through mucosal surfaces (3).

Measurement of Bursa index in chickens in
all groups at 25 days: Table (3) shows the
Bursal index at 25 days of G4 (0.231) has
significant results compared with G1 (0.2082)
due to the effects of methionine and zinc on
activation of the bursa, The G2 and G3
(0.2658 and 0.2514) respectively consider the
best groups compared with G1, G4, G5, and
G6 (0.2082, 0.231, 0.2396 and 0.2378)
respectively because this groups (G2 and G3)
was feeding methionine and zinc in the same
time it is vaccinated against NDV compared
with G5 and G6 was only vaccinated groups
and G4 was only taken methionine and zinc
and G1 was controlled negative (not
vaccinated and did not taken methionine and
zinc).

Table 4. Measurement of bursal index at the age of 25 days in all groups.

d*
LSD (0.0092)

a b

Gl G2 G3 G4 G5 G6
Bursal 0.208+ 0.2658+ 0.2514+ 0.231% 0.2396+ 0.2378+
index 0.023 0.015 0.022 0.024 0.018 0.056

c c C

*Small litter represented a horizontal comparison of data; a significant difference was the P value < 0.05

The study agreed with Sultan et al. (44) who
observed an interesting finding regarding the
bursal index. The bursal index in the group
receiving MOS was twice as high as that of the
control group, indicating increased bursal
size,this observation suggests that the MOS
supplementation had an impact on the
development or size of the bursa of Fabricius,
a critical organ for the immune system in
poultry, and decided the potential
immunoprotection role of an infectious bursal
disease (IBD) vaccine in immunopotentiator
chickens  challenged  with  velogenic
viscerotropic  Newcastle  disease  virus
(VVNDV)(44). On the other hand, the current
study disagreed with Fan et al. (32), and
Ulaiwi (47) who observed that the commercial
broilers showed 27 to 40 % positive for
maternal antibodies against IBDV before
infection with the SHG19 strain. At 4 days’
post infection the SHG19 strain induced severe
atrophy of the bursa with a BBIX of 0.44 £
0.16. The vaccination programs in the poultry
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industry often include vaccines that target the
Bursa of Fabricius to prevent or control certain
diseases. However, there is no specific "Bursa
Index" vaccine for chickens (27). Vaccination
against ND helps prevent the spread of the
virus and protects the Bursa of Fabricius from
damage that can occur during infection
(1,28,47). The bursa of Fabricius of all
unvaccinated chickens appeared atrophy and
had a gelatinous yellowish transudate covering
the mucosal surface. Chickens immunized
with the live rLaS-VIIF/HN-VP2 did not show
obvious gross lesions (13,18). Administration
of NDV vaccines should be done in
consultation with a poultry veterinarian or an
expert in poultry health. They can assess the
specific disease risks in a particular region and
recommend the appropriate vaccination
program to protect the Bursa of Fabricius and
overall flock health (41).

Measurement of spleen index in chickens in
all groups at 25 days: The spleen index of
chicks at 25 days found a significant
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difference (LSD= 0.0085; P< 0.05) between
the six groups, the study found an increase in
spleen index in weight and dimension in the
G2 and G3 (0.1618 and 0.1514) respectively,
rather than in groups G1, G4, G5 and G6
(0.107, 0.1354, 0.1342 and 0.1216)
respectively, because G2 and G3 were
vaccinated and feeding methionine and zinc.
Group 4 (G4) (0.1354) has significant results
in spleen index compared with G1 (0.107) and
this evidence for two groups (G2 and G3)
feeding zinc minerals and methionine
responsible to increase the activity of vaccine
against NDV with activation of immunity
system and spleen in poultry consider
immunological organ (table 5). The study in
disagreement with the finding reported by Al-
Mola (11) and (16), who found that the
immune organ indexes defined as organ
weight/body weight ratio were measured at 4,
7,14, 21, 24, 28, and 35 days of age. On days
28 and 35 of the experimental period,
unvaccinated birds had significantly (P < 0.05)
higher spleen index than vaccinated birds. The
spleen is an essential organ in the immune
system of chickens and plays a role in filtering
blood, removing old or damaged red blood
cells, and producing immune cells. The
spleen's size indicates the condition, and
overall health and immune status of chicks.
However, chickens have no specific "spleen
index" vaccine (7,34). In poultry health, the

evaluation of the spleen is often performed
during post-mortem examinations or through
non-invasive imaging techniques (35). The
spleen size and appearance can provide
insights into the presence of diseases or
conditions that may affect the immune system.
Table 4 reveals an enlarged spleen
(splenomegaly), which may indicate a
systemic infection, inflammation, or certain
diseases affecting the immune system in both
groups G1 and G4 of chickens. Zinc and
methionine with virus vaccine in the G2 and
G3 in chicken providing a balanced and
nutritious diet is essential for supporting the
immune system with adequate intake of
vitamins, minerals, and other important
nutrients helps maintain the health and
function of the spleen and other immune
organs (2,8,45). Several researchers support
the addition of Zinc to broilers' diet, De
Grande et al. (27), and Cui et al. (26) use
dietary zinc as a source of impacts on
intestinal morphology and oxidative stress in
young broilers, also the different sources of
zinc enhanced intestinal epithelial barrier and
Jejunal mucosal of Newborn Calves (49) and
broilers with Escherichia coli. On other
occasions, the supplementation of broilers'
diets with useful sources affected the condition
of physiological and anatomical performance
of broilers (21,31).

Table 5. measurement of Spleen index at the age of 25 days in all groups.

G1 G2 G3 G4 G5 G6
Spleen 0.107+ 0.1618+ 0.1514+ 0.1354+ 0.1342+ 0.1216+
index 13.67 17.82 17.34 14.89 16.64 16.17
ex a b c c d
P LSD: (0.0085)

*Small litter represented a horizontal comparison of data; a significant difference was the P value < 0.05.
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