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SUMMARY

The present work was carried out to develop a
simple and effective method for differentiating
infected from vaccinated chickens to improve the
control of infectious diseases. The differentiation
of vaccinated and infected birds is based on addi-
tion of a suitable exogenous marker to the vac-
cine either during its preparation or mixed with it
just before vaccination. This study has evaluated
that the use of a tetanus toxoid (TT) marker in
chickens vaccinated with Newcastle disease virus
(NDV) and avian influenza (AI) vaccines elicit-
ing a strong, protective antibody response and
enabling serological discrimination between vac-
cinated and virus-infected chickens. All chicken
groups were seronegative for TT-specific anti-
bodies without vaccination, however post vacci-
nation with three different doses, they elicited
high levels of TT-specific antibodies that persist-
ed all over the experiment regardless the used

dose. Incorporation of TT with inactivated NDV
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vaccine during its manufacture elicited strong TT
and Newcastle-specific antibody responses. Fur-
thermore, vaccination with combined doses com-
posed of avian influenza vaccine and TT induced
high levels of antibodies to both antigens. There
was no detectable interference by incorporation
of TT in both inactivated NDV and Al vaccines
for the viral antigens or TT-seroconversion. Thus
TT is recommended as a suitable exogenous
marker for avian vaccines. Moreover, testing the
antibody response to the marker would confirm
approved vaccine use and the antibody responses
to the viral antigen would determine levels ade-

quate for protection or indicate recent infection.

INTRODUCTION

Vaccination in poultry has been implemented as a
management tool to control disease and to elimi-
nate virus from flocks to prevent virus transmis-

sion (Lee and Suarez, 2005). Despite the wide-
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spread use of different types of vaccines, ND
continues to be a major threat to the poultry in-
dustry. Vaccination of chickens, particularly
those raised for commercial consumption, is car-
ried out throughout the world. Although effective
live or inactivated Newcastle disease (ND) vac-
cines are currently available, the virus remains as
an ongoing threat to commercial flocks. For con-
tinuation of successful international poultry
trades, introduction of a systematic ND control
measure is desirable (Babiuk, 1999).

The ability to identify and selectively delete
genes from a pathogen has allowed the develop-
ment of "marker vaccines" that, combined with
suitable diagnostic assays, allow differentiating
infected from vaccinated animals (DIVA) by dif-
ferentiation of antibody responses induced by the
vaccine (no antibodies generated to deleted
genes) from those induced during infection with
the wild-type virus. Such DIVA vaccines and
their companion diagnostic tests are now availa-
ble or in development for several diseases includ-
ing infectious bovine rhinotracheitis (IBR), pseu-
dorabies, classical swine fever (CSF), and FMD
(Meeusen et al., 2007)

Recently intensive vaccination with marker vac-
cines and stamping-out strategies have been gain-
ing popularity where eradication of specific dis-
eases is of national or international interest (A
marker vaccine is a vaccine that, in conjunction

with a diagnostic test, enables serological diffe-
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rentiation of vaccinated animals from infected an-
imals. An animal diagnosed as positive for the
presence of a ficld infection has to be eliminated
regardless of prior vaccination with a marker vac-

cine.

A major drawback of all currently used whole-
virus-based live and inactivated NDV vaccines is
that vaccinated animals cannot be distinguished
from infected animals with standard serological
tests, such as haecmagglutination inhibition (HI) or
virus neutralization. An alternative approach for
the development of a marker vaccine is the use of
isubunit vaccines.i but the disadvantage of most
subunit vaccines is that they are less effective
than whole-virus-based live vaccines (Mebatsion
et al., 2002)

On the same manner, using of vaccination in
poultry to control avian influenza has been in-
creasing in recent years. Vaccination has been pri-
marily done with killed whole virus-adjuvanted
vaccines. Proper vaccination can reduce or pre-
vent clinical signs, reduce virus shedding in in-
fected birds, and increase the resistance to infec-
tion. Historically, one limitation of the killed
vaccines is that vaccinated birds cannot be differ-
entiated serologically from naturally infected
birds using the commonly available diagnostic
tests. Therefore, surveillance for avian influenza
becomes much more difficult and often results in
trade restrictions because of the inability to differ-

entiate infected from vaccinated animals (DIVA).
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Several different DIVA strategies have been pro-
posed for avian influenza to overcome this limita-

tion (Suarez, 2005).

As the vaccination programs for the control of
avian influenza (AI) in poultry have limitations
due to the problem of differentiating between
vaccinated and virus-infected birds. Tempe et al.,
(2005) used NSI, the conserved nonstructural
protein of influenza A virus, as a differential di-
agnostic marker for influenza virus infection. Ex-
perimentally infected poultry were evaluated for
the ability to induce antibodies reactive to NS1
recombinant protein produced in Escherichia coli

or to chemically synthesized NS1 peptides.

However, the available diagnostic tests as for ex-
ample either HSN1 or H5N2 vaccinated and natu-
rally infected birds will produce H5-specific anti-
body,

influenza more difficult so, there is a strong need

which makes surveillance for avian

for differentiating infected from vaccinated ani-
mals (Cassandra et al., 2007).

Apparently it's extremely difficult to differentiate
between vaccinated bird and bird that is infected
as the vaccinated birds were partially protected.
So if it's infected it shows less clinical symptoms
of disease as well as the vaccination can mask
clinical infection, that is, both the vaccinated bird
and the infected birds will produce very similar
al., 2008).
They explained the role of the biological 'tag' that

antibody responses (Cassandra et

Vet.Med.J.,Giza.Vol.56,No.3 (2008)

was put into the vaccine by introduced a bio-
marker TT (tctanus toxoid) into the avian influen-
za vaccine in chickens and then infect the chick-
cns with a virulent Vietnamese strain of H5NI,
all of the chickens survived. There was no clini-
cal illness at all indicating that it didnft interfere
with protective efficacy of the vaccine so, TT
was completely independent of the virus vaccine
strain. This vaccine will called vaccine "tag" and
using of this type of vaccine will also enable spe-
cific identification of vaccine failure as the mark-
er will indicate that a vaccinated flock, with sick
or dead birds shown to be infected, have not been

protected by that vaccine.

Tetanus toxoid appears to have been selected as a
non-mycobacterial delivery agent. It was used
widely as the safe protein antigen to evaluate the
systemic antibody response in chickens (Muir et
al., 2002), to compare several components of the
innate and acquired arms of the immune system
in five related, but ecologically diverse, migrato-
ry shorebirds (Mendes et al., 2006) and to evalu-
ate the process of induction of the immune re-
sponse in the chicken gut (Haghighi et al., 2005
and 2006)

Avian species are not susceptible to tetanus toxin
and the toxic dose, per gram body weight, is
350,000 times the toxic dose for horses (Hagan
and Bruner, 1961). Birds are resistant to tetanus
caused by infection with Clostridium tetani, as
Cassandra et al., (2007) found that 100% of
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chickens were seronegative for antibodies against
TT prior TT vaccination in spite of the diversion
in age, genetic background, geographical loca-
tion, and housing. So, tetanus toxoid is a potential
candidate for use as exogenous marker in the vac-

cines.

The main goal of the present study was evalua-
tion of a simple diagnostic test for the differentia-
tion of NDV and Al-vaccinated chicken and in-
fected chicken. This differential test based on the
production of antibodies to TT protein in vacci-

nated birds but not in infected ones.
MATERIALS AND METHODS

1. Vaccines:

1.1. Inactivated Newcastle disease virus vac-
cine:

The LaSota strain of NDV was propagated into
the allantoic sacs of 9-11 day old embryonated
specific pathogen-free (SPF) eggs. Inactivation of
the harvested allantoic fluid was performed with
0.1% (v/v) formaldehyde (37% formalin) (Liljeb-
jelke et al., 2008). Before inactivation, the NDV
suspension had an infectivity titer of 109-5 EIDg(/
ml. Inactivated whole virus with 27 HAU/ ml un-
diluted allantoic fluid was adjuvanted with oil
(liquid paraffin with 10% v/v of Span 80) for use
as W/O emulsion. Tetanus toxoid was mixed with
the vaccine during its preparation as 4.8 pug TT

per dose.
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1.2. Inactivated avian influenza virus vaccine:

Inactivated oil emulsified vaccine prepared with
Al virus, type A, subtype H5N2, A/chicken/
mexico/232/94/CPA strain (Intervet), was pur-
chased from local market. Each 0.5ml contained
minimal titer of 1035 EIDs, / dose and /or a mini-

mum titer of 256 HAU.

2, Antigens:

2.1, Tetanus toxoid (TT) antigen:

A crude preparation of tetanus toxoid (TT), pre-
pared by formalin treatment of Clostridium tetani
culture supernatant fractions. Total protein con-
centration was determined by the Lowry assay
(Garvey et al., 1977) to be 33 pg /ml. The select-
ed volumes were 150, 250, 500 pl equal to 4.8, 8
and 16 pg per dose, respectively, which mixed
with the vaccine either during its preparation

(NDV vaccine) or during the vaccination (Al vac-

cine).

2.2. NDV antigen:
Four HA units of formalin inactivated NDV La-

Sota strain was used as test antigen in completing

the HI tests.

2.3. Avian influenza antigen:
Avian influenza H5N2 inactivated for HI test pro-

duced by Schering -Plough Animal Health Co. A,
USA.

3. Chickens:
A total of 120 one-day-old unvaccinated chicks

Vet.Med.J.,Giza.Vol.56,N0.3(2008)
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were procured from a local hatchery. They were
brooded together for 7 days, until they were di-
vided into groups each of 10 chicks. Three
groups were vaccinated (s/c) with three different
doses of TT antigen (4.8 ug, 8 pg and 16 pg per
dose). Three groups were vaccinated (s/c) with
inactivated NDV vaccine incorporation with the
previous doses of TT and another three groups
were vaccinated (s/c) with inactivated Al mixed
with the same doses of TT prior to injection. The
last three groups were considered as control
groups, NDV and AI vaccinated control groups
and unvaccinated control group which was kept
where vaccinated birds were kept.

Blood samples were collected from all chickens
groups at 0, 1, 2, 3, 4, 6 weeks post-primary vac-

cination

4. Challenge test:

NDV vaccinated chickens were challenged 21-
days post vaccination intramuscular with a viru-
lent field isolate of velogenic viscerotropic New-
castle disease (VVND) virus. Titer of challenge
virus was 108 EIDg, /ml and kindly supplied by
the Central Laboratory for Evaluation of Veteri-

nary Biologics, Abassia. Cairo.

5. Haemagglutination -Inhibition (HI) test:

Haemagglutination inhibition (HI) tests to ND
and Al were done by standard methods, using 4
haemagglutinating units (HAU) of AIV antigen
and NDV antigen (Swayne et al., 1998). End-

point titrations were carried out and haemaggluti-

Vet.Med.J.,Giza.Vol.56,No.3 (2008)

nation inhibition titers expressed as Iog2 of the
reciprocal of the highest dilution completely in-

hibiting the 4 HAU of the antigen,

6. Enzyme linked immunosorbent assay (ELI-
SA): Anti-tetanus antibody responses within
chicken serum samples were determined by cn-
zyme-linked immunosorbent assay (ELISA).

These assays were performed as described by
Hamid et al., (2005).

7. Statistical analysis:
The unpaired Student's t-test assuming unequal

variance between means was used to assess statis-
tical significance (P < 0.05).

RESULTS AND DISCUSSION

It is reported that the use of an inactivated in-
fluenza vaccine containing the marker NA per-
mits differentiating infected from vaccinated ani-
mals (DIVA) (Capua et al.,, 2003; Lee et al,,
2004; Liu et al., 2003a). A previous report (Liu et
al.,, 2003b) and avian influenza strain surveillance
data have revealed that multiple HA and NA sub-
types of avian influenza viruses exist in the do-
mestic poultry, therefore, using NA as a marker
to differentiate the infected from the vaccinated

birds may not be applicable.
Although the birds are resistant to tetanus caused

by infection with Clostridium tetanai, experimen-

tal production of TT antibodies in avian species
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was studied by Haghighi et al., (2005 and 2006)
and Hamid et al., (2005). The combination of us-
ing tetanus toxoid as a biological marker to dif-
ferentiate vaccinated from unvaccinated birds
was investigated. Two experiments were per-
formed. The first involved co-delivery of the teta-
nus toxoid and an inactivated NDV vaccine in
mixed preparation, whereas the second experi-
ment investigated the viability of combining TT
together with inactivated HSN2 avian influenza
vaccine in a single injection. Both vaccines incor-
porated the use of oil as an adjuvant, which is
commonly used in commercial poultry vaccina-

tions.

The presence of antibodies against TT was de-
tected prior to vaccination. All chickens were
negative for TT antibodies; however all groups of
tetanus toxoid vaccinated chickens successfully
produced 100% of anti-TT antibodies, compared
to controls, at 2 weeks post vaccination (Table.1).
Although the levels of TT antibodies decreased in
titer 4 weeks post vaccination, but persisted at 6
weeks post vaccination without significant differ-
ences in antibody levels between the groups vac-
cinated with various doses of TT. These results
were agreed with Cassandra et al., (2007) who
discussed that the levels of TT-specific antibodies
in chickens vaccinated with the dose range of 0.1
mg, 0.3 mg and 1.0 mg of TT were sustained to at
least week 53 and indeed, this level of antibody
was not significantly different from that observed

at week 6 post vaccinations.
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The results of chickens groups vaccinated with
combined TT and NDV prepared vaccine with
three separate doses of TT (4.8 pg, 8 pug and 16
pg) mixed with inactivated whole NDV (Table.1
and Fig.1) showed no significant differences in
anti-TT antibodies at any of the time points tested
between the group given TT alone compared to
the groups given the combined TT and NDV vac-
cines independent of TT dose. Challenge test
with the virulent NDV three weeks post vaccina-
tion had no observed effect on the titer of TT.
Thus, there was no interference caused by the
two antigens in the combined TT and NDV vac-
cine affecting the antibody response to TT. Fur-
thermore, the group vaccinated with inactivated
NDV only did not show any antibodies against
TT throughout the study. The HI titers to NDV in
chickens vaccinated with the combined NDV and
TT vaccines generally increased over the 6 weeks
post vaccination (Table.2 and Fig.3). Two weeks
post vaccination; the HI titers were significantly
higher (p<0.05) in the groups given combined
vaccines compared with the group given NDV
vaccine only. Amongst the vaccinated groups
with combined vaccines with different TT doses,
there were no significant differences in the HI an-
tibody titers between any of the TT/NDV groups.
Post challenge test, the differences in the levels
of antibody titers were observed between the vac-
cinated groups all over the experiment but they

considered non significant.

Similar to that found in TT/NDV vaccination re-

Vet.Med.J.,Giza.Vol.56,No.3(2008)
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sults, combining of Al vaccine together with TT
in a single subcutaneous injection showed posi-
tive TT antibody levels obtained in all groups af-
ter the vaccination and the antibody titers were
maintained up to 6 weeks after the initial vaccina-
tion (Table.land Fig.2). There were no signifi-
cant differences between the different doses, al-
though the 16 pg TT dose consistently provided
slightly higher TT titers compared to the 4.8 pg
TT dose. In addition, TT-specific antibody levels
were not found to be significantly different in
chickens up to 6 weeks post vaccination between
any of the combined TT and Al vaccine groups

and the TT only vaccine groups.

The HI titers in vaccinated chickens were suc-
cessfully elicited following vaccinations, with all
groups achieving high antibody titers (Table.2
and Fig.3). Two weeks post vaccination, the titer
of TT/AI vaccinated groups were higher signifi-
cantly than Al vaccinated control group, indicat-
ing that possibility of some synergistic activity
was responsible for the higher HI titers obtained
in the TT/AI vaccinated groups. Three weeks
post vaccination; both groups received 8 and 16
pg TT with AI vaccine differ significantly
(p<0.05) from the AI vaccine group however 4
weeks post vaccination only the group received
16 pg TT was differ significantly (p = 0.029).
No interference in the induction of specific anti-
bodies to either TT or Al was observed by admin-
istration of both TT and Al vaccines and as ex-

pected, the group vaccinated with Al alone did

Vet.Med.J.,Giza.Vol.56,No.3 (2008)

not show TT-specific antibodies.

The obtained results showed that incorporation of
influenza vaccine with tetanus toxoid enhanced
the serum antibody titers. From the results pre-
sented here it is clear that immunization with for-
mulations of NDV or influenza vaccines contain-
ing TT yields significantly higher antibody levels
when compared with the vaccine alone, which
suggested that TT could strengthen the humeral
immunity, The humeral immunity is one of the
major ways to resist infectious diseases (Suarez

and Schultz-Cherry, 2000).

On the other hand, TT can elicit strong antibody
responses in chickens regardless of the vaccine
and field viral strain, therefore, TT as exogenous
marker could have a great potential for use with
other strains of influenza used in avian vaccines.
Moreover, there is no change to the standard op-
erating procedures for vaccine preparation or vac-
cination as TT was simply added to the inactivat-
ed NDV fluid and adjuvanted by the oil without
need to more operating steps. So it can be appli-
cable to other vaccines for pathogens in poultry,
such as agents causing infectious bursal disease

and infectious bronchitis.

Tetanus toxoid concentration did not play effec-
tive role in stimulation of TT-specific antibody
responses and these agreed with Cassandra et al
(2007) who revealed that birds vaccinated Hy-
droxide will bind 50-200pg antigen) induced TT
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specific antibody responses significantly higher
compared to those given 0.3mg TT. However
these results gave the chance for optimal discases
control by incorporation of the appropnate con-
centration of TT with the viral vaccines that is ca-
pable of producing a consistently high and persis-
tent antibody response for identification of
vaccinated birds, which will be positive to the vi-
ral antigen and TT, while infected birds will only

be positive to infective virus.

Furthermore, the village birds including ducks
and turkeys and in wildlife species, particularly
migrating birds are considered an important
source of many viruses transmission especially
Al and currently available vaccines does not al-
low the differentiation between infected and vac-
cinated birds, which interferes with monitoring
the diseases status (Middleton et al., 2007). Effi-

cacy of TT as exogenous vaccine marker jp
chickens could plan to be cffective in other vj.

lage birds like duck, geese and turkey.

The conclusion of this studies revealed that teta-
nus toxoid is a suitable exogenous vaccine mark-
er for use in poultry vaccines allowing for simple
and effective scro-surveillance especially for pro-
tection from highly pathogenic avian influenza as
the toxoid produced consistent, strong TT anti-
body responses in chickens that persist in vacci-
nated birds Also, this exogenous marker will im-
proves control of poultry movements between the
farms and markets based on serological evidence
of successful vaccination, as birds would need to
show positive antibody responses to the TT mark-
er with the adequate antibody levels for protec-
tion against viral infection.

Table (1): The TT-specific antibody ELISA results in chickens vaccinated with different doses of tetanus
toxoid and TT incorporated with NDV and Al vaccines.

292

Vaccine Mean optical density values / week post vaccination (WPV)
Pre/v* WPV 2WPV | 3wpy*» 4WPV SWPV 6 WPV
48 pg TT 0.064 0.981 1.225 2.013 1.742 1.456 1.427
4.8ugTT+NDV | 0.057 0.897 1.209 2.106 1.716 1.463 1.429
4.8ugTT + Al 0.09 0.971 1.226 2.032 1.696 1.486 1.475
SpeTT 0.075 1.061 1.255 2.154 1.792 1.475 1.453
S ug TTHNDV | 0.098 1.014 1.258 2.189 1.858 1.616 1.514
8 ug TT + Al 0.056 1.089 1.248 2.167 1.831 1.449 1.402
16 pg TT 0.071 1.174 1.373 2.707 1.983 1.696 1.522
16pg TT+NDV | 0.086 1.144 1.289 2.437 1.960 1.643 1.521
16pg TT + Al 0.060 1.172 1.427 2.402 2.040 1.714 1.653
NDV 0.079 0.068 0.067 0.091 0.060 0.049 0.070
Al 0.051 0.051 0.055 0.056 0.099 0.070 0.079
Unvaccinated 0.058 0.062 0.054 0.080 0.077 0.074 0.088

*= pre-vaccination samples

**= Challenge test of NDV vaccinated groups

Vet.Med.J.,Giza.Vol.56,No.3(2008)
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Fig.1. Antibody responses to TT in chickens
vaccinated with TT incorporated with NDV vaccine
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Table (2): Haemagglutination inhibition (HI) antibody responses of vaccinated chickens with
different doses of TT incorporated with both NDV and Al vaccines.

Vaccine Geometric mean HI titer (log,) / week post vaccination (WPV)
Pre/v* WPV 2WPV | 3wPV** | 4WPY | SWPV | 6WPV
48pgTTHNDV | <2 4.17 6.29" 1.78" 9.76 1132 | 11.54
Spug TTHNDV | <2 4.27 6.4" 7.88° 9.88 | 11.08 | 117
16ug TTHNDV | <2 4.38 6.64" 8.1 10.09 | 11.26 | 11.74
NDV <2 3.94 5.53 7.21 9.54 10.87 | 11.65
4.8pgTT+AI <2 34 5.63° 6.14 6.5 7.07 7.5
8 pg TT+AI £2 3.75 5.75" 6.6" 6.86 721 7.63
16pg TT+AI <2 3.88 5.9 6.9’ 7" 1.5 7.88
Al <2 3.13 4.6 5.8 6.5 6.98 1:5

*= pre-vaccination samples

Vet.Med.J.,Giza.Vol.56,No.3 (2008)

**= Challenge test of NDV vaccinated groups
P=values differ significantly (P<0.05) with group received the vaccine without TT.
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Fig3. Hl antibody titers in chickens vaccinated with
TT incorporated with NDV and Al vaccines
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