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ABSTRACT

Vaccination failure is one of the major constraints to disease control in poultry. To investigate Infectious bursa disease (IBD)-
vaccination failures (frequently/globally reported), batches of the Nigerian live-vaccine were tested for viral units before
vaccinating following chick-groups: 16 doses (65,536 units), 8 doses (32,768 units), 4 doses (6,384 units), 2 doses (8,192
units), 1 dose (4,096 units), 1:2 dose (2,048 units), 1:4 dose (1,024 units), 1:8 dose (512 units), 1:16 dose (256 units) and
control. Each batch gave 4,096 viral units. Mean bursa weight/body weight ratios (immune stimulation) and mean antibody
titres of the chick-groups were 47.40 +5.45 and 51.20 +7.83; 44.25 +7.28 & 48.00 +9.24; 45.25 + 4.28 and 64.00 + 0.00;
43.00 £7.58 and 101.60 + 35.05; 44.60 + 5.51 and 128.00 + 0.00; 42.60 + 6.23 and 268.80 + 16.00; 40.50 + 1.76 and 80.00
+16.00; 31.40 + 3.80 and 80.00 + 27.71; 37.18 + 4.07 and 89.60 + 15.68 and 26.20 + 3.31 and 19.20 + 5.99, respectively. Half
(2,048 units) of the recommended 1-dose gave optimal antibody-titre. The higher doses gave lower antibody-titres like the
lower doses but immune stimulation continued to increase as doses/units increased. Both over-stimulating the immune system

(too high vaccine-doses/viral-units/viral-virulence) and under-stimulation cause vaccination failure.
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INTRODUCTION

Infectious bursal disease (IBD), an immune-deficiency
disease, is a major challenge to the poultry industry in many
countries (Awan et al., 1994). IBD (Gumboro disease) is one
of the most important avian diseases, due to its economic
impact on the poultry industry (Alexander et al., 1996). IBD
causes  high morbidity, high mortality  and
immunosuppression (Abdu et al., 1992). The disease is
caused by a virus of the genus Avibirnavirus, of the family
Birnaviridae.

Economic importance of Gumboro disease comes in two
ways. Some strains of the virus cause mortalities (> 30 % )
in chicks aged three to six weeks (Hussain et al., 2004)
while others cause prolonged immune-suppression in chicks
infected earlier than 3 weeks and in those that recover after
clinical manifestations of the infection (Vanden-Berg, 2000).
Immune-suppression increases risk of secondary infections

and reduces antibody responses to vaccinations (Muller et
al., 2003).

Vaccination and bio-security are major control measures for
IBD in many countries (De Wit, 2001). Age of chicks at the
time when IBD vaccination is administered, type of the
vaccine, level of maternal antibody in the chicks at the time
they are vaccinated and virulence of IBDV strains in the
locality have been reported to affect response of chicks to
IBDV vaccination (Hair-Bejo et al., 2004). Phatak (2000)
also suggested quality of IBD vaccines, conditions of
vaccine transportation, vaccine-storage, method of vaccine-
distribution, time interval between vaccine-reconstitution
and administration, presence of maternal antibodies in
chicks, level of stress caused by the vaccination process,
immune-suppression factors and routes of vaccination as
causes of IBDV-vaccination failures.

Both live and Killed vaccines are used in efforts to control
IBD. Reports have shown that with IBD (unlike other
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diseases) live vaccines induce less antibody responses than
killed vaccines and that immunity from the live vaccines
lasts for shorter periods (Phatak, 2000). A comparative sero-
evaluation of live and killed Gumboro vaccines by Raj-
Kumar, et al. (2003) showed that antibody titers of chicks
vaccinated with killed vaccines was 3,282.10 while that of
the group vaccinated with live vaccine was only 1,513.

In spite of many vaccination efforts made to control 1BD,
outbreaks keep occurring, even among vaccinated flocks
(Zeleke et al., 2005). Butcher & Miles (1994) suggested
causes of IBD-vaccination failures to be high level of
maternal antibodies in chicks vaccinated with live vaccines,
inactivation of live vaccines due to improper handling or
improper administration, vaccines not containing proper
strains or serotypes of IBDV and chicks being vaccinated
when they are already incubating the infection. Others
include immune-suppression in chicks due to earlier
infection with immune-suppressive pathogens, ingestion of
mycotoxins and low virus titres in the vaccines.

This work was therefore designed to study how IBD virus
doses/units of the Nigerian IBD vaccine (live vaccine) affect
bursa-stimulation of vaccinated chicks and titters of IBD-
antibody in the chicks.

MATERIALS AND METHODS

One hundred and twenty (120) day-old chicks, in 10 groups,
were kept on deep litter system and given feed and water, ad
libitum. They were allowed to acclimatize for 21 days and
were vaccinated against Newcastle disease. To determine
units of IBD virus in the Nigerian brand of the IBD vaccine
(National Veterinary Research Institute, Vom, Nigeria), each
200 dose vial (of 5 different batches of the vaccine) was
reconstituted with 10 ml of PBS and was tested for viral
titers by the modified passive haemagglutination test (Ezeibe
et al, 2012).

To sensitize Red blood cells (RBC) for the test, serial double
dilutions of the reconstituted vaccine were made in
phosphate buffered saline (PBS), in wells of a “V”-bottomed
microtitre plate. Then, 0.03 ml of 0.4 % Human group O
RBC, prepared as described by Wosu, (1984), was added to
each vaccine-dilution. The vaccine-RBC mixtures were
tapped to mix well and incubated at 37°C for 15 minutes. In
a second microtitre plate, 0.03 ml of IBD-positive serum was
deposited in each well in a row. Equal volumes (0.03 ml) of
the sensitized RBCs (from the first microtitre plate), were
transferred to wells of the second microtitre plate,
corresponding to dilutions of the IBD vaccine used to
sensitize them. RBC control wells, containing only PBS and
RBCs were included in the protocol. The setup was
incubated at 37°C till RBCs in the control wells settled to
discrete buttons. Reciprocal of highest dilution of the IBD
vaccine used to sensitize RBCs that gave complete passive
agglutination was read as IBD viral unit of the vaccine.

To make one drop (0.05 ml) of the reconstituted IBD vaccine
16 doses instead of one dose, a 200 dose vial was
reconstituted with 0.625 ml (10 ml divided by 16) of distilled
water. Then 0.3 ml of the reconstituted vaccine was serially
double diluted, to get 8 doses, 4 doses, 2 doses, 1 dose, 1:2
dose, 1:4 dose, 1: 8 dose and 1:16 dose. Viral units in each of
the doses were calculated from viral units of the
reconstituted vaccine before they were used to vaccinate 10
groups of three weeks-old chicks as follows: 16 doses
(65,536 units), 8 doses (32,768 units), 4 doses (6,384 units),
2 doses (8,192 units), 1 dose (4,096 units), 1:2 dose (2,048
units), 1:4 dose (1,024 units), 1:8 dose (512 units), 1:16 dose
(256 units) and control

Three weeks post vaccination, each chick in each of the ten
groups was bled through the wing vien and the serum used
for PHA test, to determine its IBD antibody titer, as
described by Aliev et al. (1990) and Rahman et al,. (1994).
To determine rates of immune stimulation in the chicks,
they were weighed and then sacrificed. Their bursae were
weighed and their bursa-weight/body-weight ratios (BBR)
calculated by the formula described by Closser (1990).
Means of bursa-weight/body-weight ratios and means of
antibody titre of the ten groups were compared by one-way
analysis of variance (ANOVA). Graphs of mean bursa
weight/body weight ratio and means of antibody titres of the
groups were plotted against, doses/viral-units used to
vaccinate their groups.

RESULTS

Each of the five IBD vaccine-batches gave viral titre of
4,096. Mean antibody titre (268.8 + 99.97) of the group
vaccinated with 1:2-dose (2,048 units) was significantly
higher (P <0.05) than those of all other groups. All the doses
lower than the recommended one dose per chick produced
antibody titers > 64 (PHA protective antibody titrefor IBD).
Of the higher doses, only 2-doses gave titre>64. Doses 8 and
16 failed to produce titers > 64 (Table 1).

Each of the five IBD vaccine-batches gave viral titre of
4,096. Mean antibody titre (268.8 + 99.97) of the group
vaccinated with 1:2-dose (2,048 units) was significantly
higher (P <0.05) than those of all other groups (Figure I). All
the doses lower than the recommended one dose per chick
produced antibody titres > 64 (PHA protective antibody titre
for IBD). Of the higher doses, only 2-doses gave titre>64.
Doses 8 and 16 failed to produce titres > 64 (Table 1).

Mean bursa-weight/body-weight ratio of the group of chicks
vaccinated with 16 doses (65,536 MPHAUS) of the live
IBDV vaccine was the only one significantly (P<0.05) higher
than mean bursa-weight/body-weight ratio of the control
(Figure I1). Means of the bursa-weight/body-weight ratios of
the other vaccinated groups did not vary from mean of the
control group, nor, from that of the group vaccinated with 16
doses (65,536 MPHAUS) (Table II).
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TABLE 1: Passive haemagglutination antibody
titres of chicks vaccinated with different doses
(units) of the Nigerian Infectious bursa disease
(live) vaccine.

Vaccine-Doses Vaccine-  Mean antibody
MPHAUs titres £+ SEM
16 doses 65720 51.20+7.832
8 doses 32688 48.00 £ 9.24»
4 doses 16383 64.00 £ 00.002
2 doses 8192 101.60 +35.052
1 dose 4096 128.00 £ 00.002
1: 2 dose 2048 268.80 + 99.97°
1: 4 dose 1024 80.00 + 16.002
1:8 dose 512 80.00 £ 27.71»
1:16 dose 256 89.60 + 15.682
Control 0 19.20 £ 5.99=

TABLE II: Bursa weight/body weight ratios (x
10™) of chicks vaccinated with different doses
(units) of the Nigerian Infectious bursa disease
(live) vaccine.

Vaccine- Vaccine- B/BR
Doses MPHAUs  (stimulation)
(Mean- £ SEM)
16 65720 47.40 £ 5.45
8 32688 44.25 +7.28:0
4 16383 45.25 + 4,28
2 8192 43.00 £ 7.582
1 4096 44.60 £ 55120
1:2 2048 42.60 £ 6.23:
1:4 1024 40.50 + 1.762
1:8 512 31.40 £ 3.80%
1:16 256 37.18 £4.072b
Control 0 26.20 + 3.31»
DISCUSSION

All 5 batches of the Nigerian live IBDV vaccine had the
same viral units. This may be as a result of good quality
control measures by the laboratory that produces it. From 1:
16 dose to 1: 2 dose (256 — 2048 MPHAUS), both mean
bursa-weight/body-weight ratios and mean antibody titres
increased. This suggests that increasing IBDV units of the
vaccine increases immune-stimulation and antibody
responses in chicks. From 1-dose of the vaccine to 16-doses
(4,096 — 65,536 MPHAUS), while bursa weight-body weight
ratios continued to increase, mean antibody titres decreased.
This suggests that over stimulation leads to reduction in
antibody response of vaccinated chicks. The reduction in
antibody responses may be due to depletion of lymphocytes

by the live IBD viruses used as vaccine. Kulikova et al.
(2004) had already reported that chicks vaccinated with
milder vaccines (milder stimulation) had higher antibody
titres than those vaccinated with vaccines of more
pathogenic strains. That report shows that, the more
pathogenic (“hot”) IBD vaccines deplete more lymphocytes
(the immune cells) than the milder vaccines while present
finding suggests that higher units of IBD virus in the vaccine
also lead to depletion of more lymphocytes.

Hair-Bejo et al. (2004) suggested that low IBD antibody
titre in vaccinated chicks may be due to failure of viruses in
vaccines to achieve enough stimulation of the bursa of
Fabricius but results of this study suggest that both under
stimulation and over stimulation lead to same low antibody
titres. Amount of live viruses in vaccines and their virulence
affect amount of antibodies produced.

Depletion of lymphocytes by infections that cause immune-
deficiency such as IBDV would reduce titres of antibody
produced because lymphocytes (immune-cells) produce the
antibodies. Luengo et al. (2001) reported that reduction in
bursa-weight/body-weight ratios was associated with low
antibody titres. Also, Abu & Al-Mayah (2009) reported that
a highly attenuated  intermediate vaccine could not
destroy B-lymphocytes in the bursa of Fabricius while a
vaccine with a more pathogenic virus did. So, the practice of
giving more than one dose of IBD vaccine to a chick or use
of vaccines that are too high in virulence (“hot vaccines”)
could lead to depletion of lymphocytes and cause immune
deficiency as observed in the groups vaccinated with doses
ranging from 1 to 16 in this study.

Hair-Bejo et al. (2000) reported that the “hot” IBD vaccines
caused immune-suppression due to severe damage they
caused in the bursa of Fabricius. Also, vaccines too low in
titre or too low in virulence may not stimulate the bursa
enough and so would lead to low antibody titres (groups
vaccinated with doses ranging from 1: 4 to 1: 16).

Field outbreaks of infectious bursa disease are characterized
by immune deficiency. So, when there is poor stimulation of
the bursa and field infections occur, the results are low
lymphocytes counts, low level of antibodies and clinical
signs (Alloui et al., 2005). As a result of these similarities in
haematology, serology and clinical manifestations of IBD
and manifestations of IBD-vaccine-overdose, researchers
and clinicians all over the world, keep thinking that the
problem is only vaccination failure. Therefore, efforts so far
have been to enhance bursa stimulation by increasing either
units of the virus used as vaccines (using more than one dose
per chick) or virulence of virus strains used as vaccines or
both the viral-units and the virulence. The fact that these
viral-units could lead to depletion of the lymphocytes is
often not considered Passive haemagglutination antibody
titre that protects chicks against IBDV challenge is 64
(Lukert & Saif, 2003). That means that in this study, only

22



Ezeibe et al., 2021

Journal of Sustainable Veterinary & Allied Sciences Vol 1 Issue 1

300

250

200

100

150 el 1131

mean IBD antibody titre

0 -

50 - —l—

Unit of vaccine

0 10000 20000 30000 40000 50000 60000 70000

rapid decay, antibodies in chicks can remain
above the protective titre long enough to allow
chicks pass the critical age of IBD. From results
of this study, 1: 2 dose (2,048 MPHAUS) of the
Nigerian live IBD vaccine gives that required
high immune response (268.8 £ 99.9).

That mean weight of bursae of chicks became
significantly higher following vaccination with
16 doses of the live vaccine in this study is
evidence that the vaccine adequately stimulates
the bursa. Apart from stimulating production of
antibodies, IBD virus causes destruction of the
bursa of Fabricius (Muller et al., 1979). So,
overstimulation of the bursa by live IBD

FIGURE I: Humoral immune responses (Mean antibody
titres) of groups of chicks vaccinated with the Nigerian live

Infectious bursal disease vaccine.

vaccines can lead to depletion of the B-
lymphocytes and destruction of bursa of
Fabricius which will then cause reduction in
level of immune responses of chicks to IBD
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FIGURE II: Bursa-body weight ratios (immune stimulation-
rates) of chicks vaccinated with the Nigerian live Infectious

bursa disease vaccines

16-doses (65,536 MPHAUS) and 8-doses (32,768 MPHAUS)
failed to produce protective antibodies levels.

That doses lower than the recommended 1-dose (2,048
MPHAUs — 256 MPHAUS) and doses higher than 1 (8,192
MPHAUSs -16,536 MPHAUSs), produced protective titres (=
64) may be contributing to the confussion. That may be
reason scientists and clinicians keep claiming successes with
different doses and with different units and virulence of IBD
vaccines while the problem persists. There is need to
determine correct units and correct virulence of IBDV-
vaccines for optimal immune response.

Animoke (2011) has reported that IBD antibodies wane very
fast under tropical conditions. So, titres just above 64 may
drop to below the protective antibody level before vaccinated
chicks pass age of the disease. IBD-vaccination should
produce titre reasonably higher than 64 so that even with the

70000

group suggests that they may have been exposed
to low dose of the live IBDV. That IBDV
infection can occur through insects and formites
have already been reported (Benton et al.,
1967). However, the significantly low mean
antibody titre of that group shows that dose of
the vaccine that they were exposed to, was
negligible.

To avoid the two problems (IBDV vaccination failure and
IBDV vaccine-induced immune deficiency), it is better that
viral units of each vaccine-brand be determined before
deciding to increase or to reduce the dose to use in
vaccinating chicks. With the Nigerian IBD vaccine-brand,
when the vaccine is well preserved, its viral units would be
4,096. So, to maximize immune response in vaccinated
chicks, dose of the vaccine should be reduced by half (not
increased by two as is being suggested).

Batches of the Nigerian IBD vaccine sourced from outside
the production-unit (NVRI), produced mean viral units of
only 2,048 (Oguniran, 2014). It is therefore suggested that
the vaccine be well preserved first. Then the dose to be used
for maximal antibody response would be 1:2 of presently
recommended dose. So, best reconstitution rate for the
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Nigerian brand should be 200 doses in 20 ml of saline
instead of 200 doses in 10 ml.

CONCLUSSION

As doses/units of the Nigerian IBDV vaccine (live) increase,
rates of immune-stimulation and rates of antibody responses
increase (1: 16 - 1:2 doses of the vaccine) but beyond the
optimal dose/unit (1:2 dose/2048 units), while rate of
immune-stimulation  continues to increase, antibody
produced, decreases. This means that some outbreaks of
IBD reported as vaccination failures could be vaccine-
induced immuno-deficiency. That vaccination strategy which
achieved antibody titreof 268.8 + 99.97 may be effective in
controlling IBD because such high antibody titre, if got from
booster-vaccination (at third week of life), may not reduce
bellow 64 (protective level) before they pass the critical age
for the disease.
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