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Abstract

Foot and mouth disease (FMD) is an acute viral disease in animals. Inactive parapoxvirus
ovis (IPPVO) strengthens humoral immunity. This study aimed to determine the effect of IPPVO
application together with FMD vaccine on cattle immunity. It included 30 Holstein cattle
randomly divided into two groups: one was administered only the FMD vaccine, and the other
was administered the FMD vaccine and IPPVO simultaneously. Control blood was collected
from all animals at 0 hours. Serum TNF-q, IL-1B, and IL-6 levels were measured in blood
samples collected at 4, 8, 12, 16, and 24 hours post-vaccination, while serum IgG and IgM levels
were measured in blood samples collected at 4, 8, 12, 16, and 20 days post-vaccination using
ELISA kits. While no changes in serum TNF-a, IL-1B, and IL-6 levels were detected in the FMD
group, IL-1p levels significantly increased (peaking at four hours) in the FMD + IPPVO group.
In the FMD group, while IgG levels increased significantly (peaking at 16 days), IgM levels did
not change. In the FMD + IPPVO group, IgG level on day 8 days was higher than the 16 days
value. Also, the IgM level increased significantly on day 16. In conclusion, the application
of FMD with IPPVO increases the primary immune response (IgM), but it does not effect the
long-term immune response (IgM).
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Introduction

The parapoxvirus ovis (orf virus, PPVO) DNA
virus is reported to cause lesions around the mouth,
vulva, between the nails, nose, and udder in animals
(Ulgenalp et al. 2018). Studies have shown that admini-
stering PPVO induces secretion of interleukin (IL)-12,
tumor necrosis factor alpha (TNF-a), and interferon-
-gamma (IFN-y) by leukocytes against the herpes sim-
plex and hepatitis B viruses (Weber et al. 2003). PPVO
has been shown to induce cell-mediated immune reac-
tions. PPVO also encodes host cytokine and cytokine
receptor homologs. After PPVO infection, colony-stimu-
lating factor (CSF) induces immune-modulating mole-
cules such as IFN alpha, IL-2, and TNF-a (Biittner et al.
1995, Haig 1998, Rziha et al. 1999). PPVO also encodes
viral IL-10, vascular endothelial growth factor (VEGF;
ORFV132), orf virus IFN resistance protein (OVIFNR;
ORFV020), chemokine binding protein (CBP;
ORFV112), inhibitor of granulocyte-macrophage CSF
and IL-2 (GIF; ORFV117), inhibitor of nuclear fac-
tor-kappa B (NF-kB; ORFV125), and deoxy uridine
pyrophosphoric acid pyrophosphatase (dUTPase;
ORFV007) (Wang et al. 2019).

Administering inactive PPVO (IPPVO) to calves
was found to cause fluctuations in serum malondialde-
hyde levels and reduce glutathione levels (Kart et al.
2010). Moreover, it can be administered as a prophylac-
tic in cats against calicivirus infections (Traeder et al.
2005). Notably, IPPVO reduced the clinical symptoms
of Streptococcus equi and equine herpes virus type 1
(EHV-1) diseases in horses and is safe for use in horses
(Ons et al. 2014).

The foot and mouth disease (FMD) virus is a proto-
type member of the Aphthovirus genus in the Picorna-
viridae family, which comprises RNA viruses (Diaz-
-San Segundo et al. 2017). The FMD virus causes acute
disease in animals characterized by fever, lameness,
and vesicular lesions on the feet, tongue, nose, and
teats. While there are generally no deaths in its acute
phase, it reduces animal production values, such as
growth rate and milk yield, and mobility (Arzt et al.
2011). FMD affects more than 70 animal species,
including domestic cloven-hoofed animals such as
cattle, pigs, sheep and goats, and deer. Its incubation
period is between 2 and 14 days, depending on the
amount and route of infection (Grubman and Baxt
2004).

With the implementation of vaccination policies in
the 1950s, FMD was eradicated in North America,
Western Europe, and some parts of Asia (Diaz-San
Segundo et al. 2017). Turkey is reportedly a reservoir
country for the FMD virus, which could spread to
Europe. Therefore, the European Commission provided

65 million Euros of funding to Turkey for an FMD
vaccination program between 2008 and 2011. It has
been estimated that approximately 10% of the 11 mil-
lion cattle aged under two years in Turkey have FMD,
causing economic losses of $150-300 per animal
(Knight-Jones and Rushton 2013). Studies on vaccines
against FMD started in 1987. The protection of vacci-
nated or infected animals against FMD correlates
positively with the formation of neutralizing antibodies
in the serum (Doel 2003).

Cytokines can be secreted by any cell in the body,
not only by macrophages, monocytes, and activated T
cells. They have a polypeptide structure and regulate
cell growth, inflammation, cell healing, antiviral activi-
ty, and immune and inflammatory responses after injury
(Akdogan and Yontem 2018). Acute phase proteins
such as haptoglobin (HP), serum amyloid A, and ceru-
loplasmin (CP) are released after activation by proin-
flammatory cytokines (IL-1B, IL-6, and TNF-a).
In response to infection, IFN-y is secreted by mononu-
clear inflammatory cells, and TNF-a, IL-6 and IL-1
are secreted by lung cells (Gruys et al. 2005, Koj 1998,
Van Reeth et al. 1998). Reactive oxygen species is pro-
duced in NF-«B activation due to inflammation (Zhuan
etal. 2017). It has been reported that the transcription of
some cytokines such as TNF-a, IL-1, IL-6 increases
due to the activation of NF-kB (Smith et al. 1998). IL-
12 is produced by transformed B cells. IL-12 can also
stimulate NK cell cytotoxicity and IFN-y production
and has been reported to have mitogenic effects on T
cells (Wojno et al. 2019). TNF-a stimulates the release
of IL-1, IL-6, and CXCLS8 during septic shock
(Akdogan and Yontem 2018). Especially during sepsis,
TNF-a, IL-1, IL-6, IL-12, IL-18 and IFN are secreted,
and their serum levels vary with the disease course,
known as a cytokine storm (Camcioglu and Aytag
2007).

Immunoglobulins (Ig) are divided into five isotypes
(G, M, E, A, and D), of which IgD is found only in hu-
mans, monkeys, dogs and rats (Yilmaz and Akgiil
2014). IgG is produced by plasma cells in the spleen,
lymph nodes and bone marrow. Ig levels are highest in
the blood and play an important role in antibody-media-
ted defense. IgM is produced by plasma cells in second-
ary lymphoid organs and has the second highest serum
concentration after IgG in most mammals. IgM is the
major Ig produced during primary immune responses.
It is also produced in smaller amounts in secondary
responses. Although produced in small amounts, IgM
is reported to be more effective than IgG in complement
activation, opsonization, neutralization of viruses, and
agglutination (Tizard 2017).

FMD is a herd-based disease that causes serious
economic losses in cattle. In the fight against the dis-
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ease, prevention through vaccination is more important
than treatment. Since IPPVO changes immune-related
parameters positively (Haig 1998, Rziha et al. 1999,
Weber et al. 2003), we hypothesized that coadministra-
tion of the FMD vaccine with IPPVO to cattle may
elicit greater immunity than the FMD vaccine alone.
This study aimed to determine how coadministering
IPPVO with the FMD vaccine affects humoral immu-
nity.

Materials and Methods

Experimental design and animal applications

The animals used in this study were provided
by a commercial enterprise located in the Eregli district
of Konya province, Turkey. The study protocol was
approved by the Ethics Committee of the Experimental
Animal Production and Research Center, Faculty
of Veterinary Medicine, Selcuk University (approval
number: 2023/061).

This study used 30 Holstein cattle (2-5 years old)
in different lactation periods, which were randomly
divided into two groups (n=15/group): one group
was administered only the single dose FMD vaccine
(2 mL/animal, subcutaneous, Turvac oil tetra; Alum
Institute Directorate, Ankara, Turkey), and the other
was coadministered the single dose FMD vaccine
(2 mL/animal, subcutaneous, Turvac oil tetra; Alum
Institute Directorate, Ankara, Turkey) with single dose
IPPVO (2 mL/animal, intramuscular, Zylexis® flocane;
Zoetis, Istanbul, Turkey). FMD vaccine was injected
into the right neck region of the animals and IPPVO
was injected into the left neck region. 7 ml blood sam-
ples were taken from the coccygeal veins of the animals
using a vacutainer into tubes that did not contain any
chemical substances. A separate control group was not
created in the study to minimize changes due to individ-
ual differences. Instead, blood was taken from all ani-
mals at the 0 hour before the treatment and evaluated as
a self-control group. Blood samples were then collected
0, 4,8, 12, 16, and 24 hours after vaccination to deter-
mine serum TNF-a, IL-1pB, and IL-6 levels and at 4, 8,
12, 16, and 20 days after vaccination to determine
serum IgG and IgM levels. The samples were centri-
fuged at 4000 g for 10 minutes to isolate the serum,
which was stored at -80°C until needed.

Serum analysis

TNF-o (BT Lab, Jiaxing, Zhejiang, China), IL-1f
(BT Lab, Jiaxing, Zhejiang, China), IL-6 (BT Lab,
Jiaxing, Zhejiang, China), IgG (BT Lab, Jiaxing,
Zhejiang, China) and IgM (BT Lab, Jiaxing, Zhejiang,

China) levels were measured in the serum samples
using commercial enzyme-linked immunosorbent assay
(ELISA) kits and an ELISA plate reader (MWGt
Lambda Scan 200; Bio-Tec Instruments, Winooski, VT,
USA) according to the kit’s instructions.

Statistical analysis

The data were analyzed using SPSS (version 22;
IBM, Armonk, NY, USA). The data are presented as
mean + standard error (SE) and were compared between
groups and time points using analysis of variance
(ANOVA) with post-hoc Duncan’s tests. A p<0.05 was
considered statistically significant.

Results

The cytokine levels are presented in Fig 1, and the
Ig levels are presented in Fig 2. While serum levels of
the cytokines (TNF-a, IL-1p, and IL-6) did not change
significantly in the FMD vaccine-only group (p>0.05),
IL-1PB levels peaked at four hours (p<0.05) in the FMD
vaccine + IPPVO group. In the FMD group, while IgG
levels increased significantly, peaking at 16 days
(p<0.05), IgM levels did not change significantly
(p>0.05). The IgG level in the FMD+IPPVO group was
lower, not fluctuating in comparison to the FMD group
(p<0.05), and IgM levels increased significantly
(p<0.05), peaking at 16 days.

Discussion

While animal deaths are not generally observed
with FMD infections, they cause productivity losses
(Arzt et al. 2011). Vaccination is crucial in preventing
FMD (Diaz-San Segundo et al. 2017).

This study determined that administering the FMD
vaccine did not significantly change serum TNF-q,
IL-1B, and IL-6 levels (p>0.05). While coadministering
the FMD vaccine with IPPVO did not significantly
change TNF-a and IL-6 levels (p>0.05), it did signifi-
cantly increase IL-1p levels, which peaked at four hours
(p<0.05, Fig 1).

Activation of macrophages can regulate the onset
and end of multiple inflammations. The combination
of IFN-y secreted by Thl, CD8+ and B cells and the
IFN-y receptor triggers a series of signaling pathways
that lead to the activation and differentiation of M1
macrophages, resulting in the production of numerous
cytokines such as TNF-a, IL-1B, and IL-6. On the other
hand, M2 macrophages are activated by various cell
factors (IL-4, IL-10, IL-13, etc.) and contribute to the
repair of damaged tissues (Guo et al. 2022). Studies
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Fig 1. Effect of the foot and mouth disease (FMD) vaccine with and without inactive parapoxvirus ovis (IPPVO) on cytokine levels in

cattle (mean+SE).

+b Different letters in columns with the same colors differ significantly (ANOVA with post-hoc Duncan test p<0.05).

have shown that in mice, IPPVO administration elicited
a strong cytokine response by inducing proinflamma-
tory (IL-1B and TNF-a) and Thl-related (IFN-y and
IL-12) cytokines, followed by Th2-related (IL-4 and
IL-10) cytokines (Anziliero et al. 2014). In rats, IPPVO
administration increased TNF-a and IL-6 levels (Avci
et al. 2016) addition, IPPVO administration in rats with
liver fibrosis induced the hepatic expression of IFN-y
and IL-10 and had an antifibrotic effect (Nowatzky
et al. 2013). In humans, IPPVO was associated with

Thl-related (IFN-y, TNF-a, IL-6, CXCLS, IL-12, and
IL-18) and Th2-related (IL-4, IL-10, and IL-1) cyto-
kines. IPPVO strongly affected the secretion of the IL-1
receptor antagonist (IL-1RA) (Friebe et al. 2004). I1L-1
is identified as an important hematopoietic factor that
induces the expression of progenitor cells and colo-
ny-stimulating factors in leukocytes and stroma cells.
IL-1B is reported to promote APC stimulatory activity,
which is necessary for the migration of leukocytes to
the infection site in acute inflammation, and up-regula-
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Fig 2. Effect of the foot and mouth disease (FMD) vaccine with and without inactive parapoxvirus ovis (IPPVO) on Ig levels in cattle

(mean + SE).

b Different letters in columns with the same colors differ significantly (ANOVA with post-hoc Duncan test p<0.05).

tion of adhesion receptors on immune and endothelial
cells (Bent et al. 2018). A study administering the infec-
tious rhinotracheitis vaccine and IPPVO alone and
combined in cattle reported that the levels of cytokines
IFN-y, IL-2, IL-6, and IL-12 were significantly higher
in the combined group than in the uncombined groups
(Erbasan and Mamak 2023). An in vitro study reported
that IPPVO induced IL-12, TNF-a, and IFN-y in leuko-
cytes against herpes simplex and hepatitis B virus
(Weber et al. 2003). When our findings are jointly
evaluated with those in the literature, coadministering
IPPVO with the FMD vaccine to cattle can provide
immune modulation by stimulating I1L-1p.

Our study, it was found that the administration of
FMD vaccine alone significantly increased IgG levels
and reached a peak on the 16th day (p<0.05), When
FMD vaccine was administered together with IPPVO,
the highest level of IgG levels was determined on the

8th day and the lowest level was determined on the 16th
day (p<0.05; Fig 2). While administering the FMD vac-
cine alone did not significantly change IgM levels
(p>0.05), coadministering the FMD vaccine with
IPPVO significantly increased IgM levels, which
peaked at 16 days (p<0.05, Fig 2).

IgM is reported to be the Ig produced in the early
stages of B cell-mediated immunity before sufficient
IgG is formed (Megha and Mohanan 2021). IgM is par-
ticularly effective in activating the complement system.
Infection in the bloodstream can lead to serious conse-
quences if not brought under control quickly, and rapid
production of IgM and effective activation of the com-
plement system are reported to be important in con-
trolling such infections (Janeway et al. 2001). IgG has
important effector functions such as antibody-depen-
dent cellular cytotoxicity (ADCC), complement-depen-
dent cytotoxicity (CDC), antibody-dependent cellular
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phagocytosis (ADCP) and activation of neutrophils
(Wu et al. 2024). Similarly, coadministering the entero-
toxemia vaccine with the immunomodulator levamisole
in sheep increased IgM levels, while coadministering
zinc with the enterotoxemia vaccine increased IgG
levels (Rashid and Yiiksek 2019). In addition, coadmin-
istering the FMD vaccine with levamisole in sheep
significantly increased IgG and IgM levels, with immu-
nomodulator coadministration increasing the effective-
ness of vaccination (Abdullah 2016). When the litera-
ture information and study data are evaluated, it is
observed that the IgG level is low and the IgM level
is highest on the 16th day in the group that received
FMD vaccine together with IPPVO. The reason for this
can be expressed as IPPVO increasing the IgM level,
which is the first immune response, and prolonging the
IgG production.

An in vitro study reported that IPPVO increased the
phagocytosis of Listeria monocytogenes by monocytes
and neutrophils, increased major histocompatibility-II
expression in monocytes, and activated oligoclonal
proliferation in T helper cells. It was also reported
to stimulate both phagocytotic and T-cell-dependent
immune mechanisms in leukocytes (Schiitze et al.
2009). Another study reported that coadministering the
bovine respiratory disease vaccine with IPPVO to
calves increased humoral immunity (El-Fadeel et al.
2019). In addition, coadministering IPPVO with the
EHV-1 vaccine to horses reportedly increased the effec-
tiveness and duration of immunity against EHV-1
(Ibrahim et al. 2017). Another study in horses reported
that coadministering IPPVO with the equine influenza
virus vaccine generated higher antibody levels than
the control group (Carnet et al. 2022). Therefore, coad-
ministering [IPPVO with vaccines can be used in vacci-
nation protocols in horses and other species. When our
results are jointly evaluated with those in the literature,
it can be concluded that coadministering IPPVO with
the FMD vaccine strengthens humoral immunity
through IgM.

Conclusions

This study examined the effect of administering
IPPVO on the humoral defense system to increase the
effectiveness of vaccination against FMD disease,
which causes economic losses in cattle. It determined
that IPPVO mainly stimulates 11-1f and stimulates [gM
more strongly. IPPVO can be coadministered safely
with vaccines in at-risk facilities to increase IgM levels,
which are highly effective in the primary response,
through IL-1B. However, this study examined total
serum Ig levels. Examining antibodies specific to FMD

is necessary to better understand the effectiveness
of developing humoral immunity.
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