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Abstract: Vaccination experiment was conducted with thermostable Newcastle disease (ND) vaccine strain 1, (NDVI,)
to investigate its efficacy as feed based vaccine in chickens using cracked treated maize (TMZ) cracked treated sorghum
(TSG),treated maize coated with gum Arabic (TMZG),treated sorghum with gum Arabic (TSGG) and their offals:
untreated maize offal (MO) and sorghum offal (SGO) as vehicles. Immune response to vaccination and resistance to
challenge were assessed by the haemagglutination inhibition (HI) test. Following vaccination at three and six weeks of
age, sera was collected and analysed to determine the antibody titre in the different groups. All vaccinated birds
developed HI antibodies to Newcastle disease virus (NDV) ranging from 0.0 log, to 8.7 log,. In all the groups, the mean
HI antibody titre peaked two weeks after second vaccination but declined prior to challenge at nine weeks of age. The
highest mean antibody titre of 7.39 + 0.42 was recorded when the vaccine was administered through (TSGG). Seventy
eight (78%) per cent mortality was observed after challenge with NDV Kudu 113 strain in birds vaccinated with NDVI,
through TMZ and TSGG. No protection was observed in the unvaccinated control group, SGO and TMZG groups.
Protection rate in all the groups was low with the highest rate (14%) when the vaccine was administered in TMZ and
TSGG. There was no significant difference (P>0.05) between the NDV HI antibody titre in the different feed carriers and
the offals while a significant difference (P<0.05) was observed between all feed groups at five weeks of age. From the
study it was concluded that the grains and their offals were not suitable vaccine carriers for NDV1,. Further research need
to be conducted on different methods of processing maize, sorghum and other locally available grains to remove possible
antiviral properties in them to make them suitable vaccine carriers for protection of village poultry against ND.
Keywords: Newcastle disease, antibody titer, chickens, vaccination, thermostable vaccine

INTRODUCTION

Newcastle disease is one of the most important
infectious viral diseases of poultry due to its potential
for devastating losses [24]. The disease can produce
mortality of up to 100% among infected populations of
birds [5, 18]. The causative agent is NDV, an
enveloped, non-segmented, negative-stranded RNA
virus and belongs to the genus Avulavirus in the family
Paramyxoviridae [22]. Vaccination is currently the most
effective method of controlling endemic ND in both
commercial and village chickens, but is rarely given
priority in rural communities in Nigeria where majority
of poultry are kept [1, 28]. Newcastle disease vaccine
strains, such as LaSota and Hitchner B1, have been
used widely in commercial flocks. However, these
vaccines are not generally suitable for village flocks [3].
The main problem associated with these vaccines is
their thermo instability and subsequent requirement of a
cold chain for the delivery of viable vaccines to villages
[16]. Conventional vaccination methods for ND are
impracticable for the village farmer that has very small

flock due to large dose presentation, transportation and
lack of electricity supply for maintenance of cold chain
[35]. Thermostable NDV vaccines have been used
widely to control ND for village poultry flocks, due to
their independence of cold chains for delivery and
storage [16]. Avirulent NDV4 and NDVI, strains of ND
vaccines have been reported to give varying degrees of
successes in village chickens populations in many
countries in Asia and Africa including Nigeria in both
laboratory and field trials [39, 25, 7, 14, 27].

In an attempt to make delivery of the ND
vaccine easier to village chickens, many types of feed
stuff have already been tested as carriers for the vaccine
[3]. Not all feed stuffs were found to be suitable and
some staple foods such as sorghum, millet and other
grains produced in many areas of Nigeria have not yet
been studied in detail [39, 26]. The major problem with
this method is that most food grains possess antiviral
agents that often inactivate such coated vaccine viruses
[10]. Several workers have suggested various
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treatments to be given to carrier feeds so as to enhance
the viability of the vaccine. These include washing,
boiling or heating of the chosen or available feed before
coating with vaccine virus [10, 19, 21, 37]. The control
of ND in village chickens can make a vital contribution
to the improvement of household food security and
poverty reduction in Nigeria. Intensive commercial
poultry farmers vaccinate chickens routinely, but
village chicken farmers do not [11]. In the current
study, two cereal grain species in different forms were
evaluated for suitability and efficacy as a carrier for the
NDI, vaccine to target chickens in the laboratory for
adoption in the field as a way forward for developing
suitable vaccine delivery system for village chicken
production system.

MATERIALS AND METHODS
Study location

The study was carried out at the Nutrition
laboratory of the Veterinary medicine department,
Ahmadu Bello University Zaria, Nigeria.

Experimental Birds

Two hundred day-old unvaccinated cockerels
obtained from the Poultry Research Farm, National
Veterinary Research Institute (NVRI), Vom were used
for the experiment. The chicks were housed in a
brooding room that was cleaned, washed, disinfected
and fumigated. They were fed commercial chick mash
and provided with water ad libitum. The birds were
brooded, raised to three weeks and screened for
maternal HI antibody.

Experimental design

The chicks were divided into 4 groups (A, B,
C and D) at 3 weeks of age. Each group was
subdivided into 2 subgroups each consisting of 18 birds.
All birds in subgroups A to C were vaccinated and
challenged; groups: Al (treated maize) A2 (treated
sorghum) B1 (treated maize plus treated gum Arabic)
B2 (treated sorghum plus treated gum Arabic) C1
(maize offal) C2 (sorghum offal). Birds in subgroup D1
were not vaccinated but challenged and D2 were
unvaccinated and unchallenged and served as positive
and negative controls respectively.

Source of NDVI, vaccine and challenge virus

The NDVI, vaccine was obtained from the
Viral Research Department, National Veterinary
Research Institute (NVRI) Vom, Plateau State, Nigeria.
The vials of the vaccines were 50 dose vials meant to be
reconstituted in 50 ml of chlorine free water and to be
giving orally at 1 ml/ bird. The virus strain used for the
challenge experiment was the NDV (Kudu 113 strain)
isolated and characterized in a previous study [12] with
EIDs, titre of 10”°. The virus was obtained from the
Virology Division of the NVRI, Vom.

Vaccine Carriers

Five kilograms each of maize, sorghum and
their offals and four kilograms of gum Arabic
purchased from a local market in Zaria, Kaduna State
were used as vaccine carriers.

Preparation and coating of food carrier with vaccine
virus

The maize and sorghum were cracked and
polished (‘surfe’) to remove the husk and then crushed
into a gritty mash. These were soaked in clean chlorine
free water for 72 hours, while changing the water daily.
The soaked grains were then washed, sieved and placed
to dry in the sun. They were then weighed and
packaged in polythene bags of 1 kg/package and stored
at room temperature until used. The maize and sorghum
offals were not subjected to any treatment; they were
dried, packaged and kept at room temperature until
used. About 2kg of gum Arabic (used as additive) was
soaked to dissolve overnight in 1,000 ml of distilled
water. The gum Arabic was then boiled for an hour,
allowed to cool and then autoclaved at 121°C for 15
minutes.

The method described by Alders and
Spradbrow [2] was used for coating the feed with the
vaccine virus. The quantity of grains or offals
consumed by 18 birds (10 g per bird) was measured.
Three vials of the 50 doses of NDVI, vaccines were
reconstituted in 100 ml of PBS (pH 7.4) Then 50 ml of
the treated diluted gum Arabic was thoroughly mixed
with the reconstituted vaccine and then mixed with the
feed (at a ratio of 1 ml to 10 g of the dried grain or
offal) in a bowl and then spread on trays and kept at
room temperature for 30 minutes before administreting
to the birds. The time taken to consume the vaccine
feed was noted.

Vaccination/Serology

The birds were vaccinated at 3 (1% dose) and 6
weeks (2" dose) of age with the NDVI, coated on the
treated grains or offals. About one to two mili litres of
blood was collected through the wing vein with a 2 ml
syringe and 21 G needle from each bird at days 7, 14
and 21 before primary vaccination and at 2 and 3 weeks
post vaccination. The blood samples were deposited
into sterile test tubes and sera were separated by
allowing the blood to clot in the test tubes slanted in
racks at room temperature for one to two hours. All sera
collected were tested for NDV specific antibody by the
haemagglutination inhibition (HI) test by methods
described by OIE [31].

Challenge of experimental birds

Vaccinated birds were challenged at 9 weeks
of age (3 weeks after second vaccination) with NDV
Kudu 113 strain. Each bird was inoculated with 0.20 ml
of the NDV through the oculonasal route. All birds
inoculated were observed for clinical signs and the
number of sick and dead in each group were recorded.
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DATA ANALYSIS

The mean HI antibody titre and percentage of
birds with detectable ND antibody were calculated.
Data collected were analyzed using Statistical Package
for Social Sciences (SPSS) version 17 program. One
way analysis of variance (ANOVA) was performed
with Tukey post hoc multiple comparison, which
determined statistical significant difference between
subgroups at 95% confidence interval with P < 0.05
considered as significant. Mortality and protection rates
were also calculated.

RESULTS
Response of Birds to Primary Vaccination

All birds screened prior to administration of
NDVI, vaccine at three weeks of age had a mean HI
antibody titre of > 3 log, except those in group C2 (1.17
+ 0.38 log,) and D2 (1.67+ 0.56 log,). Two weeks after
primary vaccination (at five weeks of age) the HI ND

9

antibody titre dropped in all groups with group Al and
B1 having the lowest mean HI ND antibody titre of
0.39 £ 0.23 log,. At six weeks of age the lowest mean
HI ND antibody titre was recorded in group A2 (0.33 +
0.33 log,), followed by groups D2 (1.27 £ 0.27 log,),
C2 (1.44 £ 0.49 log,) and D1 (2.00 * 0.62 logy,) while
the mean HI ND antibody titre of > 3 log, was recorded
in groups Al (5.27 £ 0.82 log,), B1 (4.22 = 0.53 logy),
B2 (4.11 + 0.83 log,) and C1 (4.78 + 0.64 log,) (Figure
1).

Response of Birds to Booster Vaccination

When administered with a booster dose of the
feed base NDVI, vaccine at 6 weeks of age, the birds
further seroconverted with the peak mean HI ND
antibody titre of 7.39 + 0.42 log, recorded for group B2
at eight weeks of age followed by group C1 (6.89 +
0.58 log; ) and C2 (5.44 £ 0.52 logy). (Figure 1).

Mean Hil titer [log 2]
S (53]
—1—
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Fig 1: Haemagglutination inhibition antibody titres in serum of birds vaccinated at three and six weeks of age
with Newcastle disease vaccine (NDVI,) through different grains and their offals. Groups: Al (treated maize) A2
(treated sorghum) B1 (treated maize plus gum Arabic) B2 (treated sorghum plus gum Arabic) C1 (maize offal) C2
(sorghum offal) D1 and D2 (positive and negative controls not vaccinated).

Three weeks after booster vaccination (at nine
weeks of age), there was a sharp drop in mean antibody
ND HI titre in all the groups especially in groups B2
and C1 which had the highest mean HI ND antibody
titre at eight weeks of age. The lowest mean HI ND
antibody titre at nine weeks of age was recorded in the
control groups, D1 (0.58 + 0.22 log,) and D2 (0.39 +
0.24 logy).

Percentage of Birds with ND Antibody HI Titres of >
3 log,

The percentage of birds with NDV HI titres of
> 3 log, are presented in Table 1. At three weeks of age
prior to primary vaccination 88% of the birds in group
Al and 94% of birds in group D1 had HI antibody titre
of > 3log,. At five weeks of age 33% of birds in group
A2 and 27% in group B2 had HI antibody titre of >
3log,. At six weeks of age groups Al and C1 had 77%
of birds with HI antibody titre > 3 log, At eight weeks
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of age 83% of the birds in group B1, 100% of birds in
group B2, 94% of birds in group C1 and 88% of birds in
group C2 had HI antibody titre > 3 log, Prior to
challenge at nine weeks of age 44% of the birds in
groups Al, 50% in group A2 and 38% in group C2 had
HI antibody titres> 3 log,.

Mortality and protection Rate
The mortality and protection rates of birds
challenged with NDV Kudu 113 are presented in

Figures 2. The highest mortality rate (100%) was
recorded in groups B1 and the control group, while the
lowest (78%) was recorded in groups Al and B2.
Groups A2 and C1 had 89% mortality rate (Figure 2).

Protection rate after challenge was low for all
the groups, Al had (14%), A2 (1.2%), B2 (14%), C1
(1.2%) while B1 and C2 were not protected (Figure 2).

Table 1: Percentage of birds with NDV1, vaccine haemagglutination inhibition antibody titers of > 3 log, following
vaccination at 3 and 6 weeks of age

Age in weeks
3 5 6 8 9

Group (n=18) Per cent positive with titres of > 3 log,

Al 88.9 111 77.8 38.9 44.4
A2 72.2 33.3 5.56 33.3 50.0
B1 61.1 111 72.2 83.3 22.2
B2 77.8 27.8 55.6 100 5.56
C1 66.7 111 77.8 94.4 5.56
C2 22.2 0.0 22.2 88.9 38.9
D1 94.4 22.2 38.9 61.1 5.56
D2 111 0.0 111 16.7 111

Groups: Al (treated maize) A2 (treated sorghum) Bl (treated maize plus gum Arabic) B2 (treated sorghum plus gum
Arabic) C1 (maize offal) C2 (sorghum offal) D1 and D2 (positive and negative controls not vaccinated).
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Feed groups

B2

C1 c2 D1

Fig 2: Mortality and protection rate in birds after challenge with Kudu 113 Newcastle disease virus at three weeks
after second vaccination with NDV1, administered through different grains and their offals. Groups: Al (treated
maize) A2 (treated sorghum) B1 (treated maize plus gum Arabic) B2 (treated sorghum plus gum Arabic) C1
(maize offal) C2 (sorghum offal) and D1 (unvaccinated challenge).
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DISCUSSION

The results from the study showed that the
mean HI ND antibody titre was high before primary
vaccination in all the groups. Since the birds had no
previous vaccination at day-old, these results might be
due to the presence of maternal antibodies in the chicks.
This finding is similar to the report of Hamal [17] who
observed that maternally derived antibodies in newly
hatched chicks if present might last up to 14 days of
age. Two weeks after primary vaccination (at five
weeks of age), very low level of ND antibody titre was
recorded in all the groups. This sudden drop could be
due to interference from the maternal antibodies in the
chicks as reported by Jalil [20]. It is believed that
maternal antibodies neutralize the introduced vaccine,
rendering the vaccine ineffective during primary
vaccination [4, 6]. There was a general increase in the
HI ND antibody titre two weeks after secondary
vaccination in all the groups except group Al, A2 and
D2 where the antibody level declined. Similar results
were reported by other workers [34] that secondary
vaccination yielded HI titres that were significantly
higher than the antibody titres after single vaccination.
This delayed response might also be explained by the
varying amounts of feed vaccine eaten by the chicks
and the time required to consume the feed since the
amount of vaccine virus taken per bird is a critical
factor [27]. It was observed that during the first
vaccination it took young chicks more than two hours to
consume the vaccine treated feed, while during the
second vaccination it was consumed in less than 30
minutes. This shows that the time of vaccine feed
consumption decreases with age. The prolonged
exposure of the vaccine/feed mix at first vaccination
might affect the survivability of the vaccine virus,
particularly under extreme environmental conditions
[27]. The results of this experiment also showed that
booster dose of the vaccine given three weeks after the
first vaccination only led to a temporary rise in antibody
titres, which declined gradually until the birds were
challenged three weeks post booster vaccination.
Similar findings were reported by Nasser [7] and Baba
[7] that titres among vaccinated birds generally peaked
by day 21 post vaccination and declined subsequently.
Previous studies on dose response with NDV4 revealed
peak response occurring at two or four weeks after
vaccination [36].

The reported protective antibody titre for ND
vaccines are HI > 4 log, (OIE, 2000) with reference to
conventional ND vaccine designed for intensively
reared commercial chickens. However, HI ND antibody
titre of > 3log, was considered to be adequate for food-
based vaccines orally administered to scavenging
chickens [13]. The percentage of vaccinated birds with
HI titres > 3log, showed a marked increase at six and
eight weeks of age. Flock immunity reported by Boven
[9] as the only means to prevent the transmission of
NDV can only be achieved when > 85% of vaccinated

birds have antibody titres of > 3log,. In the present
study this was achieved in groups B2, C1 and C2 at
eight weeks. However, prior to challenge at nine week
of age, the percentage dropped with none of the groups
having percentage mean HI antibody titre sufficient to
protect the birds from challenge.

The differences in the protection and mortality
rate after challenge with virulent NDV as observed in
this study could be due to the differences in the vehicles
used in administering the NDVI, vaccine virus. The
highest mortality rate (100%) in vaccinated birds was
recorded in birds vaccinated with TMZG and SGO.
However, birds vaccinated with TMZ (Al) and TSGG
(B2) had the lowest mortality of 78% respectively.
Also, low protection rate was also recorded in all the
groups except the group vaccinated with treated maize
and treated sorghum coated with gum Arabic. This is
similar to reports by Nasser [27] in vaccination trials in
Ethiopia, where untreated and parboiled sorghum used
as vaccine carriers for NDVI, failed to protect birds
after challenge. Similarly, Musa [26] reported that
untreated sorghum, parboiled sorghum, sorghum coated
with gum Arabic and a commercial feed mash used as
feed carriers for NDVI, vaccine gave low antibody titre
and low protection following challenge with a velogenic
NDV. Reports from Alders and Spradbrow [2] and
Musa [26] also reported that when NDV4HR and
NDVI, respectively were administered via eye-drop
route it produced higher mean antibody titres and
protection on challenge compared to drinking water and
feed routes. Failure of some of these feed vaccination
trials was attributed to antiviral factors in the seeds or
substances introduced as additives or preservatives. The
presence of tannins in sorghum and gum Arabic was
observed in a similar study reported by Musa [26] as
responsible for inactivating the vaccine virus. Samuel
[33] and Cumming [10] found that uncooked grains
were not entirely satisfactory as vaccine carriers and
showed that vaccine washed off immediately after
addition to grains and lost at least 90% of its initial
virus titre. Oakeley [29] reported that grains grown in
different agro-ecology and on different soil
characteristics tend to vary in their vaccine virus
carrying capacity due to variation in the grains’
physico- chemical characteristics, especially their
surface properties and chlorine content. Therefore, [10]
suggested that short boiling; washing and coarse
cracking of the grain might significantly extend the
survival of the virus on the grain. This necessitated the
cracking, soaking and washing treatments given to the
grains investigated in this study. Previous work in
Nigeria [14], which showed that the NDVI, vaccine
mixed with treated maize offal resulted in
seroconversion and 100% protection after secondary
vaccination, could not be confirmed by the present
work. The use of additive was meant to stabilize the
virus in dried condition. Although there was evidence
that the virus titre was better maintained in the presence
of the additive. These results agree with the findings of
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[8], who reported that additives (especially gelatin)
enhanced the survival of the NDVI, thermostable
vaccine strain after storage for weeks at room
temperature.

The use of feed waste (maize and sorghum
offals) in this study was meant to reduce the problem of
buying feeds by the rural poultry farmer which is
difficult in the natural habitat of the village chicken and
to demonstrate that food waste may be a good carrier of
NDVI, vaccine if adequately treated. Ordinarily, the
grains offal are waste product of household food
processing and so would be available at little or no cost
to the village chicken farmer [15].

In general, parboiled grains, followed by
cracked ones, induced higher serological response and
protection level than intact (untreated) grains. Heating,
soaking, washing and cracking grains might be useful in
developing a successful vaccine carrier feed. Similar
findings have been reported from other countries [10,
19]. Cracked maize and treated sorghum were found to
be better vaccine carriers in this study though the
protection rate was low. Similar work in Nigeria [14,
23] and in Ethiopia [32] showed that Cracked maize and
treated sorghum would be promising suitable feed
carriers for administration of NDVI, vaccine under field
(village) conditions

CONCLUSIONS

The immune response of the birds to the
NDVI, vaccine coated on treated maize, sorghum and
their untreated offals showed that the carrier feeds
sustained virus infectivity and immunogenicity though
gave low protection to vaccinated birds after challenge
with velogenic NDV. The NDVI, vaccine could be
useful for the protection of village chicken against ND
provided the carrier feeds are adequately treated to
remove antiviral substances. The study recommends
different processing methods should be employed to
treat these grains and other locally available feeds such
as millet, to test their suitability as ND vaccine feed
carriers. The duration of immunity after oral feed
vaccination and the frequency of revaccination required
to maintain full immunity needs to be subjected to
further research.
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