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Introduction
Infectious bursal disease (IBD), also known as Gumboro disease, which is caused by a member of 
the Birnaviridae family, genus Avibirnavirus (Murphy et al. 1999), is responsible for an acute and 
highly contagious viral infection for young chicks (Lukert & Saif 1991). Devastating outbreaks of 
the disease have been reported in many parts of the world (Farooq et al. 2003) and recently in the 
United States of America (Jackwood et al. 2009). The importance of the disease is reflected by the 
high mortality (Anjum, Sabri & Jamshidi 1994), reduced productivity amongst infected chicks 
(Shane, Lasher & Paxton 1994) and increased susceptibility to other infections. Accordingly, 
chickens also develop a poor immune response to vaccination against other pathogens (Ali, 
Abdalla & Mohammed 2004; Sharma et al. 2000). Hermann, Rafiqul Islam and Raue (2003) 
indicated that the mortality rate may range from 1% to 50% in the classical form of the outbreak. 
The same authors reported that infection may result in up to 50% morbidity, but mortality is 
rarely above a threshold of 3% in flocks that are 3–6 weeks old. The disease causes significant 
economic losses in the poultry industry worldwide (Mahmood et al. 2006; Müller et al. 2012; 
Uddin et al. 2010).

The control of IBD was found to depend on appropriate immunisation schedules and maintenance 
of good hygienic conditions on the farm (Farooq et al. 2003). Vaccinating breeding hens with 
live attenuated or inactivated virus vaccine could control the disease more effectively. Induced 
antibodies are transferred to the young chicks via the egg yolk. They protect the newly hatched 
chicks for the critical first few weeks of life (Wyeth & Cullen 1976). In spite of the extensive use 
of vaccines, farmers still have to contend with Gumboro disease. To meet the requirements of 
our farmers, several live and killed vaccines used against IBD are frequently imported to Algeria 
from abroad. Many manufacturing companies have their own vaccine specifications. They 
are used on commercial poultry farms at days 7 and 14 regardless of the status of maternally 
derived antibody (MDA) in offspring and its consequent effect on vaccination with live vaccine.

The present study was carried out with a specific focus on three objectives: (1) detecting the 
persistence of MDA in progeny from vaccinated parent stock, (2) determining the effect of 
vaccination with live vaccine against Gumboro disease in day-old chicks and (3) proposing the 
optimal vaccination schedule against IBD virus (IBDV).

Materials and methods
Chicks and sampling
This study was conducted from February to March 2008 at Misserghin farm in Oran, western 
Algeria. The experimental protocol was approved by the Faculty Council of the University  
M. Istambouli, Mascara, Algeria. Blood sampling of the chicks was carried out according to the 
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rules of good veterinary practice under farm conditions. 
A total of 140 day-old chicks of classic Institut de Sélection 
Animale (ISA) derived from vaccinated parent stock were 
used in this study. The chicks were reared for 6 weeks in a 
well-ventilated poultry house, maintaining all the hygienic 
measures applicable.

The non-vaccinated chicks were divided into six groups (A, B, 
C, D, E and F) of 20 individuals each. The chicks immunised 
on day 5 were allocated to Group G (n = 20). Blood samples 
were collected from the non-vaccinated groups after slaughter 
at days 1 and 7 and from the brachial vein at days 10, 14, 21 
and 28. In Group G post-vaccinal plasma was collected from 
the brachial vein 12 days after vaccination.

Blood samples were collected into tubes containing heparin. 
The plasma obtained by centrifugation (1500 x g for 15 min) 
was stored at -20  °C prior to testing. Enzyme-linked 
immunosorbent assay (ELISA) was used for the detection of 
either MDA or antibody induced by vaccination. The MDA- 
or IBDV-specific antibody titres in vaccinated and non-
vaccinated chicks were determined in the plasma by ELISA 
(CIVTEST AVI IBD, Hipra, Girona) performed in duplicate as 
described previously (Alam et al. 2002). The test sample used 
consisted of a mixture of 5 μL of plasma with 2.5 mL diluents 
(i.e. 1:500) contained in the ELISA kit.

Calculation of results
The presence or absence of anti-IBDV antibody was 
determined by comparing the absorbance (450) value of the 
unknown to that of the positive control. The standardised 
positive control represented a significant IBDV antibody 
level in chicken plasma (absorbance > 0.6). For analysis of 
the data, an S/P ratio is required (sample value related to 
positive control value). The following formula was applied 
using mean absorbance values for both controls and paired 
samples and the antibody titre was calculated using the 
equation provided in the ELISA kit:

Negative control (NC) mean:

NCX =
+( ( ) ( ))well A well A  1 450 2 450
2

� [Eqn 1]

Positive control (PN) mean:

PCX
well A well A

=
+( ( ) ( ))  3 450 4 450
2

� [Eqn 2]

S/P ratio:

S P
SAMPLE ABSORBANCE NC ABSORBANCE

PC ABSORBANCE NC ABSO
/

� � �

� � �
=

−

− RRBANCE �
� [Eqn 3]

Titre relates S/P at a 1:500 dilution to an end point titre:

log . log .
10 101 35 3 52titre S/P= +( ) � [Eqn 4]

titre = antilog of log titre10  � [Eqn 5]

Plasma samples with S/P ratios ≤  0.2 were considered 
negative, whereas S/P ratios > 0.2 (titres > 455) were 
assumed positive, indicating either vaccination or exposure 
to IBDV.

Statistical analysis
Calculations were performed using Statistica software 
(Statsoft, version 6). The data were expressed as mean ± s.d. 
(%). The coefficient of the variation (CV%) of the MDA level 
at different ages after hatching was calculated.

Results
The results of ELISA tests for MDA performed on the blood 
of chicks obtained from vaccinated parent stock (Table 1) 
revealed that the antibodies of non-vaccinated chicks decreased 
continuously from day 1 to day 28 after hatching. The level 
of MDA was high at days 1 and 7 (6400.54 ± 2993.67 and  
6294.18 ± 2525.21, respectively). The MDA values decreased 
slowly at days 10 and 14 but sharply at days 21 and 28  
(365.86 ± 634.46 and 188.50 ± 214.89, respectively). Note that 
there is a lack of homogeneity in the data. The correlation 
coefficient (R2) between the MDA and various ages of chicken 
from vaccinated parent stock was 0.92.

Results showed that the amount of antibodies in the chicks 
from immune hens subjected to vaccination on day 5 was 
reduced by one-fifth after 12 days compared with the amount 
of MDA detected in the chicks at day 1 (Table 2). However, 
the amount of antibodies still remained above the positive 
level (1242.34 ± 1139.69). As indicated above, according to 
the ELISA antibody test kit, an S/P ratio ≤ 0.2 should be 
considered negative whereas an S/P ratio > 0.2 is positive 
for antibody.

The uniformity of day-old broiler chicks can be estimated 
by serological profiling and expressed as a percentage 
coefficient of variation (CV%). Good and poor uniformity are 
coefficients of variation < 30 or > 30%, respectively. Based on 
that reference value, the flocks had the best uniformity of the 
MDA with a CV of 28% and 24% at days 1 and 7, respectively 
(Figure 1). After that the CV increased gradually, which 
meant the MDA levels at days 10, 14, and 21 attained values 

TABLE 1: Maternally derived antibody titres determined by enzyme-linked 
immunosorbent assay at different ages of non-vaccinated chicks from vaccinated 
parent stock (days 1, 7, 10, 14, 21 and 28).

Days OD sample  
(mean ± s.d.)

S/P ratio  
(mean ± s.d.)

Amount of MDA 
(mean ± s.d.)

NC 0.18 - -

PC 0.6 - -

1 (Group A) 0.86 ± 0.24 1.63 ± 0.58 6400.54 ± 2993.67

7 (Group B) 0.85 ± 0.21 1.61 ± 0.51 6294.18 ± 2525.21

10 (Group C) 0.74 ± 0.27 1.33 ± 0.63 4890.05 ± 3102.29

14 (Group D) 0.64 ± 0.31 1.09 ± 0.73 3709.02 ± 3196.36

21 (Group E) 0.26 ± 0.10 0.19 ± 0.23 365.86 ± 634.46

28 (Group F) 0.23 ± 0.05 0.12 ± 0.08 188.50 ± 214.89

OD, optical density; MDA, maternally derived antibody; NC, negative control; PC, positive 
control; S/P, sample absorbance-NC absorbance/PC absorbance-NC absorbance; s.d., 
standard deviation. 
n = 20 birds examined in each group.
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of 36%, 47% and 39%, respectively. Finally, it decreased at 
day 28 to reach a value of 21%.

Discussion
The level of MDA is high for chicks derived from immune 
hens at an early age, but it decreases rapidly after day 21. It 
is noteworthy that antibodies were present in the blood of 
the chicks until the end of the experiment, that is, day 28. 
Similar observations were reported by Zaheer, Naeem and 
Malik (2003). Wisniewska and Stosik (1999) demonstrated 
traces of MDA in the blood of chicks until days 11–19 and 
later at day 23 after hatching. Other researchers claimed that 
the antibodies persist up to day 28 (Hitchner 1971), day 29 
(Wyeth & Cullen 1979), day 30 (Iordanides, Koumpate & 
Artopois 1991) and day 20 after hatching (Al Mayah & Al 
Mayah 2013; Chansiripornchai & Sasipreeyajan 2009). These 
substantial differences could be ascribed to the amount of 
antibodies transferred from hen to chick through the egg 
(Hamal et al. 2006; Rai et al. 2005). Rao et al. (1987) concluded 
that the MDA depends on the quantity of egg yolk.

Lukert and Saif (1997) noticed that the half-life of MDA 
to IBDV is between 3 and 5 days. Similarly, other studies 
have reported that the half-life MDA to IBD in chicks was 
3.46 days (Saijo & Higashihara 1998) and decreased every 
4 days (Gardin 1994). Others reported that the rate of 
decline was by about half every 5 days (Alam et al. 2002; 
Shrestha et al. 2003) and between 4 and 5 days (Sheku 2013). 
In newly hatched layer-type chicks, MDA exhibits a linear 
or curvilinear decline with a mean half-life of 5 to 6 days 
(Müller et al. 2012). Fahey, Crooks and Fraser (1987) reported 

a half-life of 6.7 days for IBDV-specific MDA. It is generally 
thought that the half-life of MDA in broiler lines is much 
shorter, approximately 3 days (Block et al. 2007). Data from 
this study revealed that the decrease of MDA to IBDV is 
variable during the growing period. This divergence may be 
explained by the influence on the half-life of MDA of the 
vaccine type, its time of application in hens (Alam et al. 2002) 
and probably the immune status of the hen (Kouwenhoven 
& Van den Bos 1992). Moreover, whilst the antibody titres 
may not vary greatly amongst hens in a single flock of 
similar age, the offspring of different vaccinated flocks may 
show different IBDV MDA titres. When offspring of different 
parent flocks are raised together, this may result in different 
levels of MDA and compartmentalisation of the herd into 
individuals with low or high susceptibility to virulent IBDV 
(Tsukamoto et al. 1995). Under field conditions, however, 
the decay pattern of IBDV-specific MDA proved to be more 
complex, as it depends largely on initial antibody levels, 
which may vary between batches and also within a batch, 
making it difficult to predict the optimal time for vaccination 
(De Wit 1998).

The results of this study correspond with those reported by 
Zaheer and Saeed (2003), who noted that the susceptible time 
is when the level of antibodies is lower than the threshold 
of the protection level (days 21–35). Researchers confirmed 
that the level of MDA of chicks (56.6%) was below the 
level of protection after 3 weeks (Cardinale et al. 1998) or  
15–20 days (Alam et al. 2002) after hatching. All breeds of 
chickens from vaccinated parent stock were found to contain 
high levels of MDA at day 1, which decreased gradually 
below the protection level within 15–20 days after hatching 
(Shrestha et al. 2003). Well before this, Jordon and Pattison 
(1996) demonstrated that it decreased below the level of 
protection within a period of 2.5–3.5 weeks after hatching. In 
contrast, Phatak (2002) noted that the amount of antibodies 
often decreased within 7–14 days from hatching. The 
discrepancy most probably reflects the use of different types 
of vaccine and vaccination schedules (Alam et al. 2002). Al 
Mayah and Al Mayah (2013) concluded that intermediate 
plus vaccines induced higher antibody titres than other 
vaccines, although some intermediate vaccines induced 
similar titres. The results of the present study were also in 
agreement with those reported by Amer et al. (2007), who 
stated that the ELISA antibody titres from vaccination with 
intermediate vaccines were the lowest at all intervals whilst 
the titres of intermediate plus vaccine were the highest. 
Therefore the time at which the level of antibodies is below 
the level of protection for chicks is variable.

Early vaccine failed to stimulate the immune system in the 
chicks because maternal antibody reacts with live vaccine 
virus and becomes neutralised or interferes with MDA (Zhuo 
et al. 1998). Several studies under laboratory conditions have 
indicated that high MDA at the time of IBDV vaccination 
might interfere with the vaccine response, neutralises the 
vaccine virus and delays or even prevents the induction of 
humoral immunity (Hair-Bejo et al. 2004; Jung 2006; Morães 
et al. 2005). This means that the vaccination in the first days 

TABLE 2: Immune response in chicks from vaccinated parent stock vaccinated 
(day 5) with live vaccine (Group G).

Days (Group G) PC NC Day before vaccination 
(day 1) (mean ± s.d.)

Day after vaccination 
(day 17) (mean ± s.d.)

Sample OD 0.6 0.18 0.86 ± 0.24 0.38 ± 0.13

S/P ratio - - 1.63 ± 0.58 0.48 ± 0.32

Amount of MDA - - 6400.54 ± 2993.67 1242.35 ± 1139.69

PC, positive control; NC, negative control; OD, optical density; MDA, maternally derived 
antibody; S/P, sample absorbance-NC absorbance/PC absorbance-NC absorbance; s.d., 
standard deviation. 
n = 20 birds examined in Group G.

CV, coefficient of the variation; MDA, maternally derived antibody.

FIGURE 1: Coefficient of variation (CV%) of the maternally derived antibody 
titres of non-vaccinated chicks (Groups A, B, C, D, E and F) from vaccinated 
parent stock at different ages (days 1, 7, 10, 14, 21 and 28). 
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failed to offer the chick any protection against disease. 
Nevertheless, an increase in titre was observed when 
vaccination was performed at 14 days (Knezevic et al. 1999), 
as also observed by Kumar, Singh and Prasad (2000) using a 
quantitative agar gel precipitation test.

As shown in Table 2, the MDA to IBDV was high before 
vaccination but decreased after vaccination. However, 
the amount of antibodies remained above the protection 
level (1242.34 ± 1139.69). Similar results were reported 
by Alam et al. (2002); the chicks did not achieve immunity 
against disease at day 7 after hatching. This indicated that 
MDA neutralised the vaccine virus injected at day 5. The 
level of MDA decreases over time, especially at 2–3 weeks 
of age (Rautenschlein, Yeh & Sharma 2002), which reduces 
neutralisation or interference with live vaccine virus that 
achieves good immunisation of flock.

Sahar, Ali Mahasan and Rahman (2004) recommended 
vaccinating chickens at an age of 2 weeks with intermediate 
strains of IBD and boosting them with the ‘hot’ vaccine at an 
age of 3 weeks in a closed system. Suzuki et al. (2009) reported 
estimated optimal vaccination timings against IBDV of each 
flock at the three sampling time points between 16 and 24 
days of age. Similarly, Block et al. (2007) indicated that the 
optimal vaccination time was between 17 and 23 days post-
hatch based on the Deventer formula, whilst Lone et al. (2012) 
suggested that broiler chicks vaccinated at days 8, 15 and 
23 with live attenuated vaccine or live attenuated vaccine 
followed by inactivated vaccine at days 8 and 21 could be 
adequately protected against the virulent form of IBDV. 
Furthermore, Al-Mufarrej (2013) observed that chickens 
vaccinated at days 10 or 18 showed better immune response 
to IBDV vaccination.

In this study, the MDA amount was approximately equal 
to the amount of antibodies (3709.02 ± 3196.36) for chicks 
at day 14. This suggested that vaccination at day 14 is not 
appropriate because the amount of maternal antibodies is 
above the level of protection (Table 1). These results agree 
with the data obtained by Cardinale et al. (1998), where the 
level of antibodies for chicks was above the level of protection 
at day 14, although Hair-Bejo et al. (2004) reported that 
vaccination was successful at day 14. A lack of antibodies 
that should ensure protection for chicks used could be 
the cause. On the other hand, non-immune chicks become 
vulnerable to Gumboro disease after 3 weeks, according to 
reports by Alam et al. (2002) that show that vaccinating chicks 
from immune hens did not achieve immunisation against the 
disease at day 7 after hatching.

In the present investigation, the amount of antibodies was 
high in chicks on the first day, which could be ascribed to 
a failure of vaccination. The level of antibodies remained 
high in chicks up until day 15. Van den Berg and Meulemans 
(1991) noticed that chicks vaccinated on day 14 did not 
achieve immunity as opposed to those vaccinated at days 
21–28, and recommended vaccination at day 21 because at 
that time the level of MDA is below the level of protection. 

Similarly, Sarachai, Chansiripornchai and Sasipreeyajan 
(2010) reported that the appropriate age for intermediate plus 
vaccination is 22 days. However, Moiforay (2013) observed 
that the appropriate time to implement active vaccination 
without risk of vaccine failure or incidence of infection was 
between days 24 and 26 post hatching.

It was observed in this study that chicks on day 1, 7 and 
14 contained high level of MDA that declined gradually to 
below a positive level within 21 days. As shown in Table 1, 
the flock had the worst uniformity of MDA at day 21, which 
may support the recommendation to vaccinate twice with a 
two-day interval for the protection of the entire flock. Suzuki 
et al. (2009) suggested that the flock had the best uniformity 
of MDA only when vaccinated once at day 22.

The results of this study showed the best uniformity of MDA 
at day 28 for the entire flock, although it is slightly below the 
protection level. Therefore, it was deduced that vaccination 
was successful and achieved good immunisation for chicks. 
These results agree with those reported by Van den Berg and 
Meulemans (1991). A high variation in MDA levels between 
birds in a flock can make it advisable to vaccinate a broiler 
flock twice to induce homogeneous protection (McIlroy 
et al. 1992). Thus, uniformity of the MDA titre distribution 
is related to the number of vaccinations required (Suzuki 
et al. 2009). Vaccination programmes play an important 
role in providing adequate protection (Chansiripornchai & 
Sasipreeyajan 2009; De Wit & Baxendale 2013) but may vary 
from country to country and area to area (Block et al. 2007).

Conclusion
The present study clearly shows that a high level of maternally 
derived antibody interferes with the vaccine, resulting in 
no immune response. However, re-vaccination induces an 
immune response, particularly when carried out at days 21 
and 28. Indeed, two vaccinations could be recommended to 
achieve good protection against infection by bursal disease 
virus in a flock.
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