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ARTICLE INFO ABSTRACT

Keywords: Vaccination is an important mainstay of biosecurity and disease prevention in livestock farming. Vaccination
Vaccination failures represent an economic burden for the farmer. Polyphenol supplementation, known for its antioxidant
Bovine respiratory disease properties, could help reduce oxidative damage and improve the success of vaccination. We evaluated the effect
Antioxidant . s . .
Grape extract of a rumen-protected grape extract (RPGE) supplementation around vaccination on the immune response in
X .

Polyphenols young ruminants. . . o )
Antibody 22 young female cattle (aged 6 to 8 months), born in the same dairy farm, were randomly divided into 2

groups. One group (BP-O, n = 11) was supplemented with a RPGE (Nor-Grape® BP-O, Nor-Feed, France), whilst
a control group (CTL, n = 11) was not. All animals were vaccinated (D14) with an inactivated vaccine against PI-
3V and BRSV. A booster was given 3 weeks later (D35). Supplementation began 15 days before vaccination (D0)
and ended 15 days after the last injection (D49). Antibody titers and total antioxidant status (TAS) were per-
formed on blood samples drawn on DO, D35 and D56.

Results show that the BP-O group tended to have a greater overall antibody response to BRSV and PI-3 V on
D56 (P < 0.10) and PI-3 V titer was significantly higher in the BP-O group on D35 (p < 0.05). A greater total
antioxidant capacity (P<0.05 at D56) was also observed in the supplemented group. Results also showed a strong
correlation between PI-3 V antibody titers and TAS (p < 0.001).

Thus, since supplemented animals became seropositive faster and long-term immunity appeared to be
improved, this supplementation strategy could be of interest to enhance the immune response during a vacci-
nation episode by reducing oxidative stress.

1. Introduction

Over the years, vaccination has become a key element of animal
production, in order to maintain the animals’ health and limit the eco-
nomic impacts of different infectious agents on the herd (Roth, 2011).
Bovine Respiratory Disease (BRD) is, for instance, considered to be the
costliest infectious agent for bovine production, estimated to cost
around $800 to $900 million every year for the American feedlot in-
dustry alone (American Society of Animal Science, 2020) or $23.60 per
treated calf (Grissett, White & Larson, 2015). BRD can be caused by a
variety of pathogens (Grissett et al., 2015) and different vaccinal stra-
tegies have been developed to help protect young cattle against it, such

as multivalent vaccines (Chamorro & Palomares, 2020).

However, vaccination success is limited by several factors, both
exogenous (i.e., good manufacturing, transporting, storing and manip-
ulating practices) and endogenous (Richeson, Hughes, Broadway &
Carroll, 2019; Roth, 1999). It has indeed been shown that stress can
exert an adverse impact on the immune response and sometimes lead to
partial immunosuppression (Amadori & Zanotti, 2016; Inbaraj, Sejian,
Bagath & Bhatta, 2016). This phenomenon could involve oxidative
disbalance resulting from excessive free radical production associated
with poor antioxidant defenses, triggering uncontrolled inflammation
which, in turn, impairs the immune function (Amadori & Zanotti, 2016;
Lauridsen, 2019). Oxidative stress could thus potentially counteract the
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correct immunization of the vaccinated animal.

To counteract oxidative stress, several antioxidant compounds are
often used. Antioxidants for which minimal requirements have been
established (vitamin E, vitamin C, selenium) but also natural compounds
with an antioxidant property, more recently discovered, such as poly-
phenols are also of interest. Their strong antioxidant capacity and their
synergistic effect with other antioxidants has indeed been shown in
multiple studies (Brenes, Viveros, Chamorro & Arija, 2016; Gessner,
Ringseis & Eder, 2017; Iglesias, Pazos, Torres & Medina, 2012). Exten-
sive studies reported the intricate relationship between polyphenols’
antioxidant properties, anti-inflammatory effect and their link with
immunomodulation in different animal species (Ding, Jiang & Fang,
2018; Mir & Agrewala, 2008; Shakoor et al., 2021). Studies have also
evidenced the potential interest of grape polyphenols to stimulate hu-
moral immunity in birds (Ao & Kim, 2020; Farahat, Abdallah, Ali &
Hernandez-Santana, 2017) and in rabbits (Hassan, Mahrose & Basyony,
2016). Recent work also showed a general effect of grape polyphenols on
dairy cows’ immunity from a transcriptomic point of view (Pauletto
et al., 2020). However, to the best of our knowledge, no published
research has been carried out on the effect of grape polyphenols sup-
plementation in cattle on their adaptive immunity. Furthermore, studies
have shown that grape polyphenols’ antioxidant activity is degraded in
ruminal fluid (Chedea et al., 2016), thus requiring a potential protection
to preserve their activity. Therefore, the aim of this work was to evaluate
the effect of a supplementation in young cattle on their humoral
response, with a low dose of rumen-protected grape extract around a
vaccination period.

2. Material and methods
2.1. Reagents

Metmyoglobin and ABTS (2, 2’-amino-di-[3-ethylbenzthiazoline
sulphonate]) present in the chromogen reagent, peroxide hydrogen
(substrate), standard and control reagents were purchased from the
Randox laboratory (Randox Lab., Ltd., UK).

2.2. Animal recruitment

All procedures were performed according to ethical standards for the
care and use of animals and with respect of good handling practices for
cattle. Animal welfare through the study was respected and supervised
by the senior livestock specialist recruited for this study. The study took
place in a commercial organic farm in North-Western France during the
late winter period. Informed written consent was obtained from the farm
manager prior to the research being carried out. 22 young Prim’Holstein
heifers were recruited. Since maternal antibodies have been shown to
persist in the calf blood for up to 6 months (Chamorro et al., 2014), the
animals were selected to be 6-8 months old at the beginning of the trial
in order to be free of maternal immunity interference. All animals were
born and raised on the farm and thus shared the same environmental,
feed and herd management conditions. They were all checked by a
veterinarian and only healthy animals, having never been vaccinated
against the pathogen agents targeted by the vaccines used in the study,
were recruited for this study. In order to avoid bias, any health issue
and/or medicated treatment administered during the period of the study
was considered a reason for exclusion of the animal from the study.

Cattle body weight was estimated for all animals at the beginning of
the experiment using a barymetric ribbon and measuring, the thoracic
perimeter at the withers, just behind the anterior legs. The mean esti-
mated weight at the beginning of the experiment was 161 + 17 kg and
both groups did not differ significantly.

Vaccine injections and blood samplings were carried out by a trained
veterinarian.
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2.3. Diets

The basal diet of the animals was constituted as follows: ad libitum
straw and 4 kg per day of a mixture of 49% corn grain, 27.5% rapeseed
cake, 7% wheat straw, 7% hay, 7% molasses, 2% minerals and 0.5% salt.
Detailed composition of the commercial mineral used (Vital Concept,
France) is presented in Table 1.

The 22 heifers were randomly divided between two groups: a control
group (CTL, n = 11) and a supplemented group (BP-O, n = 11). Both
groups received the same basal diet and the animals from the BP-O
group were fed an additional supplementation of 670 mg of a com-
mercial rumen-protected grape extract (RPGE) per animal and per day
(Nor-Grape® BP-O, Nor-Feed, France) for 7 weeks. The inclusion rate of
the RPGE corresponded to the manufacturer’s recommendations.

To ensure good uptake of the supplementation, it was homoge-
neously diluted by the manufacturer in of a mixture of calcium car-
bonate and crushed wheat, which was distributed on top of the diet
using a pre-measured spoon. The CTL group received a pre-measured
spoon of the blank dilution matrix to avoid bias. The farmer distrib-
uted daily 10 g of the diluted supplementation or the blank dilution
matrix per animal per day and checked their uptake by the heifers. A
particular appetence for the matrix (blank or supplemented) was re-
ported by the farmer with total consumption observed daily.

The RPGE contained >60% total polyphenols, mainly constituted of
oligomeric and monomeric flavanols and anthocyanins (suppliers data
sheet), rumen-protected through a micro-encapsulation with an organic
plant-based matrix. Polyphenol percent was measured by using the
spectrophotometric method of total polyphenol quantification at
280 nm (FEuropean Commission, 2017) and confirmed this value.

2.4. Vaccination protocol

Vaccination was carried out according to the manufacturer recom-
mendations, by subcutaneous injection of 2 mL of the vaccine solution in
the caudal fold. Heifers received a first injection of a combination of
inactivated Para Influenza 3 Virus (PI3V) and inactivated Bovine Res-
piratory Syncytial Virus (BRSV, BOVALTO RESPI 3®, Merial, France) on
D15 of the supplementation protocol. A second booster dose of both
vaccines was then administered on D35 of the supplementation period.

2.5. Blood sampling and analysis

Blood samples were taken from the heifers’ coccygeal vein on D1,
D35 and D56. Samples for antibody titrations were drawn on dry tubes,
then refrigerated and sent to an independent laboratory for direct
analysis. Samples for total antioxidant status were drawn on heparin

Table 1
Analytical composition of the mineral used and daily uptake per animal.

Analytical constituent Per kg of mineral Per animal/day

(80 g)
Phosphorus 5% 4g
Calcium 25% 20g
Magnesium 5% 4g
Zinc (as zinc oxide) 7,000 mg 560 mg
Manganese (as manganese oxide) 5,000 mg 400 mg
Copper (as copper sulfate) 1,500 mg 120 mg
ITodine (as anhydrous calcium 120 mg 9.6 mg
iodine)
Cobalt (as tetrahydrate cobalt (II) 40 mg 3.2mg
acetate)
Selenium (as sodium selenite + as 25 mg 2.0 mg

microencapsulated sodium (15 mg + 10 mg) (1.2 mg + 0.8 mg)

selenite)
Vitamin A 500,000IU 40,0001U
Vitamin D3 120,0001U 9,6001U
Vitamin E 1,5001U 120IU
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tubes and frozen for later analysis. All analyses were carried out blindly.

2.5.1. Specific antibody titration

Specific antibody titration was carried out for both vaccines on D1,
D35 and D56 samples by serum neutralization. Briefly, two-fold di-
lutions of serum (from pure to 1:2048) were mixed with 25 pl of the
working virus before being incubated for 1 h at 37 °C. 150 pl of a cell
suspension of MDBK (Madin Darby Bovine Kidney) cells were then
added in each well. In the absence of antibodies in the sera, the non-
neutralized viruses would infect the MDBK cells. Wells showing cyto-
pathogenic effects were scored after 3 days of incubation.

2.5.2. Total antioxidant status

Total antioxidant status (TAS) assay was carried out on D1, D35 and
D56 samples to establish the TAS at the beginning and the end of the
experiment. TAS was measured by total antioxidant quantification using
ABTS™ (2,2'-Azino-di-[3-ethylbenzthiazoline sulphonate]) radical forma-
tion with the commercially available Randox Total Antioxidant Status
test kit (Randox Lab., Ltd., UK). The principle of the assay consists in the
fact that the metmyoglobin present in the chromogen reacts with the
peroxide hydrogen to form ferrylmyoglobin, a free radical species. The
chromogen also contains ABTS which reacts with ferrylmyoglobin to
produce the ABTSe-+, a radical cation which has blue-green color and
can be measured at 600 nm. Antioxidants present in the added blood
sample cause suppression of this color production proportional to their
concentration. The analytical procedure indicated by the kit manufac-
turer was followed. Briefly, two solutions R2 and R3 were prepared
using solution R1 (buffer) from the TAS kit. Solution R2 (chromogen)
was prepared from a 10 mL vial of chromogen mixed with 10 mL of R1.
Solution R3 (substrate) was prepared from 1 mL of substrate mixed with
1.5 mL of R1. Then, wells were filled with 125 ul of R2 (ABTS and
metmyoglobin) and 2,5 ul blood sample. Control, standard and reagent
blank wells are made on each plate. After shaking and incubation to
reach 37 °C, the initial absorbance A: at 600 nm was read by a spec-
trophotometric analyzer. Then, 25 ul of R3 (hydrogen peroxide) was
added to each well. The absorbance Az was read at 600 nm after shaking
and waiting for 3 min. The calculation was made with the following
formula: mmol eq Trolox/L = Factor x (AA reagent blank-AA sample)
where, Factor = standard concentration/(AA reagent blank-AA stan-
dard) and A: - A1 = AA of sample or standard or reagent blank. Results
were then expressed in mmol equivalent Trolox /L.

Average antibody titers
for BRSV (DN50/25uL)
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2.6. Statistical treatment

Statistical analyses were carried out using R studio (version
1.4.1106) with multcomp and nlme packages.

The data of neutralizing antibody titer and total antioxidant status
were analyzed using a linear mixed effects model. This model for
studying the effect of time and groups on the observed value was as
follows: Observed values; ~ uw + (Time); + (Group); + (Time *
Group) + &;5; where : p=average; Time = fixed effect of time (i = D1, D35
or D56); Group= fixed effect of group (j= BP-O or CTL);
Time*Group = interaction between Time and Group; ¢;; = the residuals.
When the interaction of time and group did not significantly affect the
studied criterion, a multiple comparison test was performed with
Tukey’s test, allowing for a pairwise comparison of means (Bretz, Hot-
horn & Westfall, 2016).

3. Results
3.1. Humoral response

No difference of BRSV-specific antibody titers was observed at the
beginning of the study between groups (Fig. 1). Furthermore, both
groups presented a very low average antibody titer (0.5 + 0.2 and
0.6 £ 0.3 for CTL and BP-O group, respectively) signifying an absence of
exposure to the BRSV virus before the beginning of the experiment. On
D35, 3 weeks after the first injection, no difference was observed be-
tween groups for their BRSV-specific circulating antibody titers
(1.2 £+ 0.3 and 1.8 + 0.3 for CTL and BP-O group, respectively). How-
ever, whilst no statistical differences were observed between antibody
titers on D1 and D35 in the CTL group (p > 0.05), D35 antibody titers
were significantly higher than D1 ones in the BP-O group (p < 0.01),
signifying a significant seropositivity from the first injection. On D56, 3
weeks after the second injection, the average BRSV-specific antibody
titer from BP-O heifers tended to be higher than that from the CTL group
(3.9 +0.5vs. 2.9 £ 0.3, respectively, P < 0.10). In both groups, antibody
titers were significantly higher on D56 than on D35 or D1 (p < 0.001).

No difference of PI3V-specific antibody titers was observed at the
beginning of the study between groups (Fig. 2). However, both groups
presented a medium average antibody titer (2.9 + 0.3 and 3.8 + 0.3 for
CTL and BP-O group, respectively) signifying the existence of a previous
exposure to the PI3V virus before the beginning of the experiment. On
D35, 3 weeks after the first injection, the average PI3V-specific antibody
titer from BP-O heifers was significantly higher than that from the CTL
group (7.6 + 0.4 vs. 5.3 & 0.6, respectively, P < 0.05). Furthermore, on

x -~ BP-O group
- CTL group
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Fig. 1. Comparison of BRSV neutralizing antibody titers between groups after vaccination. { 0.05<P < 0.10.
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Fig. 2. Comparison of PI3 neutralizing antibody titers between groups after vaccination. * P < 0.05; { 0.05<P < 0.10.

D56, 3 weeks after the second injection, the average PI3V-specific
antibody titer from BP-O heifers also tended to be higher than that
from the CTL group (7.1 + 0.5 vs. 5.1 £ 0.5, respectively, P < 0.10).
Additionally, on D35 and D56, the antibody titer of both groups was
significantly higher than the D1 one (p < 0.05).

3.2. Total antioxidant status

No difference was observed between groups for their TAS at the
beginning of the experiment (Fig. 3). However, on D56, the average TAS
from BP-O heifers was significantly higher than in CTL animals (2.13 +
0.23 mmol eq. Trolox/L vs. 1.60 + 0.11 mmol eq. Trolox/L, respectively,
P < 0.05). Also, whilst BP-O TAS was significantly increased by D56 (p <
0.05), no difference between DO and D56 TAS could be observed in the
CTL group.

Furthermore, TAS of animals was strongly correlated with the BRSV-
antibody titers of heifers (R = 0.4285, p < 0.001, Table 2), but not with
PI3V-antibody titers.

N
(1)
I

N
(=)
I

:

-
o

Table 2

Correlation matrix.
Pearson’s coefficient TAS PI3V titer BRSV titer
TAS - 0.1373 0.4285%**
PI3V titer - 0.5226***
BRSV titer -

*** indicate significant correlation p-value (p < 0.001, pairwise two-sided p-
values).

4. Discussion
4.1. Humoral response

With higher titers for both BRSV and PI3V in the BP-O group, the
supplementation of heifers with 0.67 g of a RPGE/head/day showed a
significant impact on the vaccines-specific antibody titers. Interestingly,

BRSV-vaccinated animals with high antibody titers following vaccina-
tion have been shown to be associated with the absence of clinical signs

-~ BP-O group
-& CTL group
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Total antioxidant status (mmol/L eq Trolox)
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Fig. 3. Comparison of total antioxidant status between groups after vaccination. * P < 0.05.
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and of PCR-detectable shed virus after exposure to a viral challenge
(Hagglund et al., 2011), evidencing their important part in the herd
immunity. Thus, the present findings indicate that the individuals’
antibody titers increase induced by this RPGE supplementation could
participate in the herd protection.

Furthermore, interestingly, in the case of cattle encountering BRSV
for the first time (first vaccine injection), the vaccination alone did not
induce significant changes in specific antibody titers in the CTL group (p
> 0,05, D35), whilst the supplemented heifers did show a significantly
higher titer (p < 0.01), underlining a positive impact of the supple-
mentation from the first injection. Thus, evidencing a beneficial effect of
the supplementation on the humoral response of the studied cattle.

The increase in specific circulating antibody titers observed in heifers
supplemented with a RPGE is in accordance with other research where
the effect of a long-time supplementation with grape pomace in dairy
cattle (inclusion level: 5% of the total daily ration) was studied (Pauletto
et al., 2020). The authors reported that the supplementation had a
positive impact on immunity-related gene expression. However, the
effect on the humoral immunity was not measured. Whilst, to the best of
our knowledge, this other work is the sole reported study of grape
polyphenols’ effect on ruminants’ immunity, several studies have been
carried out on the effect of grape polyphenols on monogastric immune
response. Interestingly, the low inclusion dose used in the present study,
corresponding to 400 mg of total polyphenols/head/day, still induced a
positive effect on the humoral response, despite being much smaller
than the 23.4 g total polyphenol intake/day from a supplementation
with grape pomace observed in this reported other work (19.5 kg DMI
with 7.5% GP at 1.6% total polyphenols, (Pauletto et al., 2020).

Increased circulating antibody titers following a supplementation
with a grape extract in combination with vitamin E (Igbal et al., 2015) or
with 7.5% grape pomace (Ebrahimzadeh, Navidshad, Farhoomand &
Aghjehgheshlagh, 2018) have indeed been reported in broiler chickens.
Higher circulating immunoglobulin G (IgG) levels, complement 4 (C4)
and interleukin 2 (IL-2) were also found in ducks supplemented with
100 ppm and 200 ppm of grape extract (Ao & Kim, 2020) evidencing a
profound implication of grape polyphenols in the immune system
response. Similar findings were also shared in swine, where a supple-
mentation with 100 ppm and 150 ppm of grape seed extract in weaning
piglets resulted in higher circulating levels of IgG, IgM, C4 and IL-2 (Hao
et al., 2015), confirming findings observed in ducks (Ao & Kim, 2020).
Higher circulating levels of IgG and IgM in sows were also reported
following a supplementation with 200 ppm or 300 ppm of grape extract
(Wang et al., 2019). Interestingly, in swine, only grape extract-based
supplementations showed a beneficial effect on the immune system,
since the use of other sources of grape polyphenols such as grape seed
meal did not result in an increase of immunoglobulin levels (A, M or G)
in piglets (Pistol, Palade, Marin, Stancu & Taranu, 2019).

Collectively, all these findings support the view that grape extract
polyphenols could play a role in the modulation of the adaptive im-
munity of supplemented animals. Furthermore, whilst extensive
research has been carried out on grape polyphenols following the dis-
covery of the “French Parad’Ox”, several reviews have confirmed the
role of polyphenols in the immunity of Multiple species (Ding et al.,
2018; Mir & Agrewala, 2008; Shakoor et al., 2021). Findings indicate
that the action of polyphenols is not only that of an antioxidant role, but
they also play a part in the downregulation of inflammation pathways
and stimulate the immune system and defenses production (i.e., im-
munoglobulins) (Gessner et al., 2017; Shakoor et al., 2021). The present
results consolidate this hypothesis since heifers with a higher antioxi-
dant level showed a higher humoral response. A strong correlation
observed between the TAS of heifers and their BRSV-antibody titers
indeed further reinforced this hypothesis.

4.2. Total antioxidant status

The increase in total antioxidant status observed in heifers
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supplemented with a rumen-protected grape extract are in accordance
with the extensive literature on the antioxidant effect of grape poly-
phenols in different species (Brenes et al., 2016; Gessner et al., 2017).

More specifically, the present results are in line with observations
made by other authors. In one study where reported grape seed extract
inclusion levels ranged from 20 to 80 mg of grape extract per kg of body
weight in dairy cows averaging 580 kg liveweight (thus equivalent to
11.6 g to 46.4 g/head/day), supplemented cows had a significant
improvement of their total antioxidant capacity in the post-partum
period (up to 42 days post-partum) (Huang et al., 2019). Moreover, a
supplementation with 10 g of grape extract/head/day was reported to
be able to control calving-induced oxidative stress through modulation
of superoxide dismutase (SOD) expression in peri-parturient cows
(Colitti & Stefanon, 2006). In sheep, a single acute dose of grape extract
(10% of the dry matter intake), injected directly in the rumen, was re-
ported to confer a significant increase of the total antioxidant status in
sheep for up to 30 h after administration through the production of
derived phenolic metabolites (Gladine, Rock, Morand, Bauchart &
Durand, 2007).

Interestingly, the inclusion level used in the present study (0.67 g/
head/day) was significantly lower than that used in the discussed
literature but still allowed to induce a significant effect, suggesting that
the rumen-protection was able to protect the polyphenols’ activity from
degradation by the ruminal fluid evidenced described elsewhere (Che-
dea et al., 2016) and the level of grape polyphenols was able to increase
TAS in supplemented cattle. Furthermore, whilst a wide diversity of
phenolic compounds exists within grape extracts, the low molecular
weight of the polyphenols from the present extract (oligomeric and
monomeric flavanols, anthocyanins) are known to be small enough to be
absorbed at the intestinal level, where bigger polymeric condensed
tannins are incapable of being absorbed (Brenes et al., 2016). Thus, good
bioavailability of the phenolic compounds found in the present grape
extract, associated with a rumen-protection, could explain why benefi-
cial effects could be observed despite a very small dose.

5. Conclusion

Consequently, the findings of the present study are compliant with
the observations reported on monogastric species, namely, the
improvement of antioxidant defenses in supplemented animals leading
to the increase humoral response. They underline the interest of a such a
supplementation in young cattle around the vaccination events in order
to promote a good antioxidant protection and humoral response and, in
turn, a successful immunization associated with a better immune pro-
tection due to higher circulating antibody levels.

Further research is needed to better characterize the effect of a
supplementation with a rumen-protected grape extract on the immune
system of ruminants and the biological pathways involved that result in
the stimulation of the humoral response.
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