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Effect of a polyherbal immunomodulator on the immunogenicity of booster dose
of FMD and FMD-HS-BQ vaccines in dairy cattle
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ABSTRACT

A polyherbal immunomodulator (restobal) was fed orally in dairy cattle (treatment group) to study its effect on
the immunogenicity of booster dose of FMD and FMD-HS-BQ vaccines. Serum antibody titres for all three FMD
virus serotypes were protective (1.80 log, to 2.40 log, ) in treatment and control groups of vaccinated animals till
90 days of vaccination. Antibody titre did not differ significantly in control and treatment groups. Antibody titres
ranging from 1.74 log, to 1.92 log, were observed for P. multocida and animals were protected on 90 days of
vaccination in both control and treatment groups. The Restobal treated group was no different than the control group
in antibody response to FMDV and P. multocida. Antibody response for FMDV was similar with FMD vaccine and

FMD-HS-BQ vaccine.
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Foot-and-mouth disease (FMD) and haemorrhagic
septicaemia (HS) are major economic diseases of livestock
in India. Outbreaks of FMD are reported with serotypes
0, A, and Asia-1 across the country, and serotype O being
the predominant one (Subramaniam et al. 2022). The
total estimated loss due to FMD in cattle and buffalo was
estimated as INR 20,897 crore during 2013-14 with wide
variation in magnitude across the states in India (Govindaraj
et al. 2020). HS is a highly contagious, fatal septicaemic
disease caused by Pasteurella multocida serotype B: 2. In
India, HS has been estimated to cause economic losses of
USD 792 million per year for the livestock industry (Singh
et al. 2019). More than 25,000 outbreaks of HS were
reported in India over three decades (1987-2016) (Chanda
et al. 2024, Shome et al. 2019) and high sero-prevalence
was reported in cattle and buffalo (Shome et al. 2024).

Regular vaccination has a positive effect on reduction of
disease burden (Das ef al. 2023). India started a systematic,
mass vaccination based FMD-Control Program (FMD-CP)
in 54 districts in the year 2003 and by 2017-2018 it covered
all of the country. Mass vaccination of the bovine population
is carried out with inactivated vaccines containing
serotypes O, A, and Asia-1 under Livestock Health and
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Disease Control Programme (LHDCP). Vaccination is
done in endemic areas either with alum-precipitated or oil-
adjuvant killed bacteria either as monovac for FMD or HS
or in combination of FMD-HS or FMD-HS-BQ providing 6
to 9 months of protective immunity in susceptible animals.
Serological response for FMD and HS have been shown
to be equivalent or elevated in large or small ruminants
in combined vaccine as compared to monovac vaccine
(Reddy et al. 1997, Srinivasan et al. 2001, Chhabra et al.
2004, Kumar et al. 2020, Muenthaisong et al. 2021).

Quality of inactivated vaccines may be improved by use
of'adjuvant, co-stimulatory molecules and feed supplements
as immunomodulators/ immunopotentiators. A number of
reports are available for use of adjuvants co-injected with
vaccine but limited data is available for feed supplements
as immunomodulators. The use of an immunopotentiator
has been shown to enhance the immune efficacy of FMD
vaccine in pigs (Chen et al. 2018). Phytogenic feed
additives (PFA) from plants in animal feed have been used
to improve nutrient utilisation, immunity and livestock
health (Lakhani ef al., 2019). Antioxidants used along with
vaccines in productive animals have shown to attenuate the
negative effect of vaccines (Seo et al. 2019).

The present study was undertaken to study the effect
of a polyherbal immunomodulator at improving the
immunogenicity of booster dose of FMD and FMD-HS-
BQ vaccines in dairy cattle.

MATERIALS AND METHODS

Vaccine and immunomodulator: Two commercially
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available vaccines were used: (a) Oil adjuvant trivalent FMD
vaccine (Raksha Ovac, Indian Immunologicals) containing
O, A and Asia-1 serotypes of FMDYV; and (b) oil adjuvant
FMD-HS-BQ combined vaccine (Raksha-Triovac, Indian
Immunologicals) containing FMD inactivated antigens of
0O, A and Asia-1 serotypes, P. multocida B:2 and Clostridium
chauvoei. Restobal (Ayurvet, a division of Zenex Animal
Health) was used as a polyherbal immunomodulator.

Experimental animals and trial: Twenty-four lactating
cows of similar age, health and body condition, reared
under similar managemental practices at Livestock Farm
Complex (LFC), DUVASU were included for the trial. The
animals had received the Raksha-Triovac vaccine (FMD-
HS-BQ) six months prior to the start of experimental study.
Experimental protocol was approved by IAEC approval
no. IAEC/21/3 dated 18.3.2021, as per the guidelines of
CPCSEA, Govt. of India. Animals were dewormed three
weeks before the trial. Group I animals received FMD
vaccine and Group II animals received FMD-HS-BQ
combined vaccine. Each group was subdivided into control
and treatment having six animals each. In the treatment
group, 50 ml restobal was fed orally twice daily from days
0 to 10. Vaccination was on day 5 (morning) of treatment.
Control group did not receive Restobal.

Samples: Blood was collected on 5, 12, 26 and 95 days
of the treatment. Serum was separated, heat inactivated at
56°C for 30 min and stored at —20°C till further use.

Estimation of antibody response to FMD virus: Solid-
phase competitive ELISA (SPCE) developed by ICAR-
DFMD, Bhubaneswar was used to detect serum antibody
for FMD virus serotype O, A and Asia-1 (Sharma et al.
2015). The test was run in triplicate for each sample and
mean value was taken for the analysis. The absorbance
was measured at 492 nm in ELISA Reader (Multiscan FC,
Thermo Scientific). Optical density (OD) sheet data was
converted into MS Excel format and the result was analyzed
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and interpreted using PDFMD ELISA Analyst v2.0.
Antibody titer >1.8 log,  was considered as ‘protected’.

Estimation of antibody response to P. multocida:
Single dilution indirect ELISA (iELISA) developed by the
Department of Veterinary Microbiology, COVS, LUVAS,
Hisar was used to detect serum antibody for P. multocida
(Kumar and Kakkar 2006). Whole cell bacterial lysate
was the coating antigen and anti-buffalo IgG2 monoclonal
antibody was the tracing antibody. OD of each well was
measured at 450 nm and the antibody titre (log,) was
calculated. The result was interpreted as: antibody titre
<1.50 log,, as ‘not protected’; antibody titre between 1.5
log,, and 1.80 log,, as ‘partially protected’, and antibody
titer > 1.8 log,, as ‘protected’.

Statistical analysis: Statistical analysis was performed
using SPSS16.0 (SPSS, Inc., Chicago, IL, USA). One-
way analysis of variance (ANOVA) followed by Tukey’s
b Post hoc analysis and Independent T-test was employed
to determine statistically significant differences in mean
values of each group. Data was presented as mean + SE,
and P<0.05 as significant.

RESULTS AND DISCUSSION

Estimation of antibody response to FMD virus: Serum
antibody titre for FMD virus serotype O, A and Asia-1 in
SPCE is given in table 1. The log titre values are given as
Mean + S.E.

In Group I control and treatment animals, mean antibody
titre against serotype O increased significantly (P<0.05) on
day 12 as compared to day 5 of treatment and remained the
same till day 95 of treatment. The antibody titre against
serotype O was significantly (P<0.05) higher on day 5 in
the treatment group than the control group and on day 12,
26 and 95 of treatment titre values remained the same in
both groups. Similar trend was exhibited for antibody
A in control and treatment animals though a significant

Table 1. Antibody titre for FMD virus serotype O, A and Asia-1 in Group I and II dairy cattle.

Days of Days of Group | Group 11

vaccination treatment Control Treatment Control Treatment
Serotype O

0 5 1.80°4 +£0.134 2.30°8 £ 0.031 2.13*44+0.145 2.10+£0.134

7 12 2.40°* +£0.000 2.40% £ 0.000 2.40* £0.000 2.37%8+ (0.030
21 26 2.40°* +£0.000 2.40% £ 0.000 2.40* £0.000 2.40°4 £0.000
90 95 2.40°* +£0.000 2.40% £ 0.000 2.40* £0.000 2.40°4 £0.000
Serotype A
0 5 1.80°4+0.1710 2.20*44+0.083 2.16*44£0.130 1.864+0.130
7 12 2.37°44+0.030 2.40°6+0.000 2.40*4+0.000 2.40°+0.000
21 26 2.40°44+0.000 2.40°4+£0.000 2.40*4+0.000 2.40°+0.000
90 95 2.40°44+0.000 2.40°4+0.000 2.40*4+0.000 2.40°+0.000
Serotype Asia-1
0 5 2.13*4+0.110 2.25*+0.094 2.16%4+0.168 2.22*40.073
7 12 2.40°44+0.000 2.40*4+0.000 2.37*4+0.030 2.37%4+0.030
21 26 2.40°44+0.000 2.40*4+0.000 2.40*4+0.000 2.40°+0.000
90 95 2.40°44+0.000 2.40*4+0.000 2.40*4+0.000 2.40°+0.000

*Means bearing different superscript letters differ significantly (P<0.05)
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difference was observed between control and treatment
animals on day 12. Antibody titre against serotype Asia-1
was similar as for serotype O and A in control and treatment
animals though, no significant difference was observed
between control and treatment animals on day 5, 12, 26
and 95.

In Group II control animals, antibody titre was
protective (=1.8 log, ) on day 5 and no significant increase
was observed on day 12, 26 and 95 for all serotypes. In
Group II treatment animals, mean antibody titre against all
three serotypes increased significantly (P<0.05) on day 12
as compared to day 5 and remained the same till day 95 of
treatment. No significant difference was observed between
control and treatment animals on day 5, 12, 26 and 95.

Serum antibody titres ranging from 1.80 log  to 2.40
log,, were observed by SPCE in both Group I and Group
IT animals and all animals showed protective levels of
antibodies. In comparison study of Group I and Group II,
there was statistically no significant difference in antibody
titres for serotype O, A, Asia-1 on day 5, 12, 26 and 95 of
treatment except for serotype O, where antibody titre was
significantly higher on day 5 in group II as compared to
group L. No significant difference was observed in antibody
titre among all three serotypes in control and treatment
animals in group I and group II individually.

Estimation of antibody response to P. multocida: Serum
antibody titre for P. multocida estimated by single dilution
indirect ELISA is given in table 2. The log, titre values are
given as Mean + S.E.

Table 2. Antibody titre for Pasteurella multocida in Group I and
II dairy cattle.

Days of Days of Control Treatment
vaccination treatment

0 5 1.79%4+0.083 1.77%A £0.055
7 12 1.8174 +£0.084 1.74%4 £0.082
21 26 1.7844£0.094  1.74**+0.088
90 95 1.9244£0.095  1.89*440.132

Serum antibody titres ranging from 1.74 log  to 1.92
log,,were observed by iELISA. In Group II control animals
mean antibody titre was 1.79+0.083 on day 5 of treatment
that is considered in partial protection level. It increased
to protected level (1.81 £0.084) on day 12 and remained
protective till day 95 (1.92+0.095) though the values
differed non significantly. In Group II treatment animals,
antibody titre remained at partial protected level till day 26
(1.74+0.088) and then increased to protected level on day
95 (1.89+0.132), though the values remained statistically
non-significant. Between control and treatment groups,
there was no difference in antibody titre statistically.

In the present study, serum antibody titres were > 1.8
log,, (protective levels) on the day of vaccination for
FMDYV serotypes O, A, Asia-1 in FMD and FMD-HS-BQ
vaccinated animals. FMDYV titre for all three serotypes
increased to 2.4 log by day 21 of vaccination and were
not different significantly in both control and treatment
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group. Serum antibody titres ranging from 1.80 log  to
2.40 log,, were observed by SPCE in both Group I and
Group II animals and all animals showed protective levels
of antibodies against all these serotypes (> 1.8 log, ). For P.
multocida antibody titre was <1.8 log, (partial protection
levels) on the day of vaccination and increased to >1.8
log,, (protective levels) on 90 days of vaccination in both
control and treatment animals though, statistically all the
values were same and did not differ significantly. As the
present study was aimed for dairy animals, the animals had
received the Raksha-Triovac vaccine (FMD-HS-BQ) six
months prior to the start of experimental study and none
of the animals were seronegative on day 0 of vaccination.

In the present study, antibody titre against FMDV
serotype O, A, and Asia-1 in FMD vaccinated animals were
not significantly different than FMD-HS-BQ vaccinated
animals. The finding is similar to Reddy ef al. (1997) that
observed no significant difference in mean antibody titres
of calves vaccinated with FMD vaccine and FMD-HS-BQ
vaccine. Similarly, Muenthaisong et al. (2021) found no
statistically significant difference in mean antibody titre
against HS in the combined FMD-HS vaccine than in the
HS vaccine groups. Likewise, the mean antibody titre to
FMDYV serotypes O and Asia-1 in the combined vaccine
were not statistically different when compared to the FMD
vaccine group. In contrast to this, Chhabra et al. (2004)
found higher LPB-ELISA antibody titres and virus specific
IgM titres in buffalo calves receiving combined vaccine as
compared to calves immunized with FMD vaccine alone.

Restobal is a herbal anti-stressor product that contains
Ocimum sanctum, Withania somnifera, Phyllanthus emblica
and many more herbs and it has been recommended as a
supportive therapy during vaccination programmes in dairy
animals (Sivajothi et al. 2018). In the present study, the
effect of Restobal on the immunogenicity of booster dose of
FMD and FMD-HS-BQ vaccines in dairy cattle could not
be found. The inactivated vaccines have potent adjuvants
for generating strong immune response and therefore, the
effect of a polyherbal immunomodulator supplemented
for a shorter duration could not be ascertained to have any
significant enhancement on the immunogenicity or the
immune response. But nevertheless, in this experimental
group of animals, the treatment with Restobal was found
to significantly increase the cell population involved in
immune response especially, total leukocyte count and
monocytes and it was also found to significantly reduce
the cortisol level produced after vaccination (Mishra et al.
2023).

Immune response in terms of antibody production for
FMD virus was equivalent in animals vaccinated either
with FMD vaccine or FMD-HS-BQ vaccine. Restobal as
a polyherbal product may be used as a supportive therapy
during vaccination programmes in dairy animals, though
it may not have direct any effect on immunogenicity of
the vaccines but it increases the total leukocyte count and
reduces stress.
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