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ABSTRACT

In the study, alterations in antibody titers, proinflammatory and antiinflammatory cytokine levels
were determined in serum samples collected at various periods before and after administration
of inactive IBR and iPPVO to cattle. It was aimed to investigate the immunomodulatory effects
of inactivated parapoxvirus ovis (iIPPVO) in cattle vaccinated with inactivated-IBR vaccine. In the
study, 40 unvaccinated, clinically healthy cattle of different breeds aged older than 3 months were
used. Three groups of cattle were formed as control group 1 (n=10), control group 2 (n=10) and
experimental group (n=20). iPPVO was applied to the cattle in the control group 1 and experimen-
tal groups on the 0, 2nd, and 4th days. Blood samples were collected from all the animals after 6th
hours of the injections applied on Oth and 4th days of the study. Commercially available ELISA
kits were used to determine serum levels of of IL-2, IL-6, IL-12 and IFN-y. Furthermore, virus
neutralization test was also performed to detect virus neutralizing antibody titres. In the present
study, serum levels of IL-2, IL-6 IL-12, and IFN-y levels were found to be significantly higher in
the experimental group compared to that of the control group 1 and control group 2 (p<<0,05). The
differences between control group 1 and control group 2 groups were not statistically significant.

In conclusion, iPPVO increased the levels of cytokines in IBR vaccinated cattle due to its immu-
nomodulatory effects. In addition, viriis neutralizing antibody titers were found to be significantly
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higher in cattle that received vaccine and iPPVO.

INTRODUCTION

Infectious Bovine Rhinotracheitis (IBR) is caused by Bovi-
ne herpes virus-1 (BoHV-1). Bovine herpes virus-1 (BoHV-1)
causes fertility disorders, abortions and fatal systemic diseases
in newborns by affecting the nervous and genital system, es-
pecially the respiratory system in cattle (Jones and Chowdhury,
2010; Raaperi et al., 2012). BoHV-1 infected cattle are latent
throughout their lives. The virus may become reactivated due
to stress or immunosuppressors (Kook et al., 2015; Winkler
et al., 2000). In general, the elimination of stress factors and
the use of immunomodulators in vaccination provide better
immunization. Inactivated Parapoxvirus ovis D1701 strain (iP-
PVO) has been licensed as an immunostimulant drug in the
veterinary field (Coskun, 2017). It has been declareted that iP-
PVO reduces susceptibility and has antiviral activity against
herpes simplex and hepatitis B infection in mice by activating
cytokine (TNF-o, IFN-y, IL-12 and IL-18) induction against
these viruses. In a study in mice, it was determined that iPPVO
administration stimulated the synthesis of TINF-« (16th and
24th hours) and 11.-6 (12th, 16th and 24th hours) and caused
changes in I1.-10 and I1.-12 levels. It has been reported that
the increase in cytokine levels can be attributed to the immu-
nomodulatory activity of iPPVO (Dinarello, 2000). However,
in the literature review, it was seen that there was no research
on the use of iPPVO in vaccination with inactivated vaccines
and its effects on the synthesis of cytokines, which is the first
response mediator of the immune system after vaccination
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(Friebe et al., 2004; Weber et al., 2003).

In this study, it was aimed to investigate the immunomodu-
latory effect of iPPVO (Zylexis® flk) in cattle vaccinated with
inactivated-IBR vaccine by determining the virus neutralizing
antibody titers, proinflammatory and antiinflammatory cyto-
kine levels.

MATERIALS and METHODS
Animals

In the study, 40 clinically healthy cattle, older than 3 mont-
hs, vatious breeds and sexes were used. All the animals used
in the study were not vaccinated with IBR vaccine before the
study. Cattle were divided into 3 groups as follows; Control
group-1 (n=10), Control group-2 (n=10) and Experimental
group (n=20). This study was approved by the Local Ethics
Committee for Animal Care of the Burdur Mehmet Akif Exr-
soy University (12/12/2018- decision number: 470). Consent
forms were signed by the animal owners.

Adpinistration of iIPPVO (Zylexis® fik) and IBR vaccine

(Rispoval®)

Contro group 1: A single dose of 2ml of iPPVO (Zylexis®
flk) were administered intramuscularly on Oth, 2nd and 4th

days of the study. Blood samples were taken at the 6th hour
after the each injection.
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Control group 2: IBR vaccine (Rispoval®) was administe-
red to the each animal subcutaneously at a dose of 2 ml on the
4th day of the study. Blood samples were taken at before and
the 6th hour of the 4th days.

Experimental group: 20 cattle in the experimental group
were ricieved 2 ml iPPVO (Zylexis® flk) intramuscularly on
the Oth and 2nd days, and then at the 4th days iPPVO and
2 ml of IBR vaccine (Rispoval®) were given simultaneously.
Samples were taken at the 6th hour of the Oth and 4th days of
the injections.

Collection of Blood Samples

Samples were collected from all the animals on Oth, 2nd,
4th days of the study into plane tubes. These samples were
then used to measure cytokine levels (IL-2 IL-6, 1L-12, IFN-y).
Serum samples were also collected on Oth, 7th, 21st days and
used to determine virus neutralizing antibody titres. All the
serum samples were kept at at -20°C until used. Samples wete
also collected on Oth and 4th days into tubes with EDTA and
used to determine hematological parameters.

ELISA Tests

Commercial Bovine specific ELISA kits were used to deter-
mine (ELISA, YL biont, Shanghai, CHINA) IL-2, IL-6, IL-12
and IFN-y concentrations in the collected serum samples. The
ELISA was performed according to the manufacturer’s instru-
ctions. The optical density (OD) of each well for parametres
were defined with a micro-ELISA plate reader (MR-96A, Min-

ray, China) at a test wave-length of 450 nm. 1L-2, I1.-6 and IL-
12 and IFN-y concentrations in the samples were calculated by
obtaining the formula from each standart regression analysis.

Micronentralization Test (mIN'T)

Serum virls-neutralization test was performed according to
the methods of Frey and Liess (1971). Cytopathologic effect
(CPE) formation was checked every day under tissue culture
microscope, and the virus titer (tissue culture infective dose
50-DKID50) at the end of the 5th day was calculated accor-
ding to the Kaeber (1964) method. The presence of neutra-
lizing antibodies against BHV-1 in blood serum samples was
determined according to the mNT method reported by Frey
and Liess (1971).

Statistical Analysis

Differences between groups in measured-parameters were
analyzed with independent t-test, and antibody levels were
analyzed with ANOVA and post-hoc Duncan tests (SPSS 10.0
for Windows/SPSS® Inc., Chicago, IL, US.A.). In the evalua-
tion, p<0.05 was acknowledged as the significance limit.

RESULTS
Hemaogram and ELISA Results

IL-2, IL-6, IL.-12 and IFN-y values were found to be signifi-
cantly higher in the experimental group compated to those of
the control-1 and 2 groups (p<<0.05).

Table 1. Hemogram and ELISA results of blood samples taken on the Oth day (Mean * standard deviation).

0th DAY CONTROL CONTROL EXPERIMENTAL
GROUP 1 (n=10) GROUP 2 (n=10) GROUP (n=20)
IL2 (ng/1) 6,140,64" 5,510,38 14,841 38"
IL6 (ng/1) 453+1,82" 50,0+3,35" 95,9+9,33¢
IL12 (ng/1) 2,540,46" 1,940,14> 3,6+0,38°
IFN-y (pg/ml) 12,0+1,09° 14,0+2,61" 49 5+6,42°
LYM (x10°/L) 5,840,18 4,940,20 5,540,25
WBC (x10°/L) 8,740,35" 6,840,31 9,240,39"
GRAN (x10°/L) 1,6+0,17 1,0+0,97° 1,4+0,10°
RBC (x102/L) 5,540,23" 5,040,16° 5,00,13b
HGB (g/dl) 10,940,41° 10,5+0,40" 10,940,27"
HTC (%) 24,8+1,21° 21,8+0,81° 21,9+0,47*
MCHC (g/dI) 44,3+1.39 48,6+1,92% 53,541,42
MCH (pg) 19,840,35 20,9+0,59% 22,0+0,51%
MCYV (fl) 44.,9+0,59" 43 ,3+0,49° 41,9+0,31¢

1L2 (Interleukin 2), IL6 (Interleukin 6), IL12 (Interleukin 12), IFN-y (Interferon Gamma), WBC (leukocyte),

LYM (lymphocyte), GRAN (granulocyte), RBC (Red Blood Cells), HGB (hemoglobin), HTC (Hematocrit). MCH (Mean
Corpuscular Hemoglobin), MCHC (Mean Corpuscular Hemoglobin Concentration), MCV (Mean Corpuscular Volume).
The degree of statistical significance between the groups was indicated with letters, and the presence of different letters in
the same line indicates the statistical significance (p<0.05) between the groups.
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Table 2. Hemogram and ELISA results of blood samples taken on the 4th day (Mean * Standard deviation).

4th DAY CONTROL CONTROL EXPERIMENTAL
GROUP 1 (n=10) GROUP 2 (n=10) GROUP (n=20)
IL2 (ng/1) 5,940,73" 5,440,78 16,9%1,13*
IL6 (ng/1) 49,6+3,15" 45242 43 89,748,62*
IL12 (ng/1) 1,6+0,16" 1,740,15" 2,840,25°
IFN (pg/ml) 17,7+3,88 9,941,92" 62,615 45
LYM (x10°/L) 5,740,25 5,240,15 7,610,42:
WBC (x10°/L) 9,5+0,37" 7,940 44> 12,640,57°
GRAN (x10°/L) 2,4+0,34" 1,540,28 2,140,24"
RBC (x102/L) 5,940,24" 47+0,23 5,740,18"
HGB (g/dl) 11,840,37° 9,940,33" 11,640,26°
HTC (%) 28,8+2,62" 20,9+1,36° 23,6+0,70°
MCHC (g/dI) 44.9+2,07" 48,0+1,89% 52,54+1,31
MCH (pg) 20,0+0,59" 20,9+0,52% 22,4+0,45"
MCYV (fl) 44,8+0,73" 43,7+0,66° 43,5+0,46"

1L2 (Interleukin 2), IL6 (Interleukin 6), IL12 (Interleukin 12), IFN-y (Interferon Gamma), WBC (leukocyte), LYM (lym-
phocyte), GRAN (granulocyte), RBC (Red Blood Cells), HGB (hemoglobin), HTC (Hematocrit), MCH (Mean Corpuscular

Hemoglobin), MCHC (Mean Corpuscular Hemoglobin Concentration), MCV (Mean Corpuscular Volume).

The degree of statistical significance between the groups was indicated with letters, and the presence of different letters in

the same line indicates the statistical significance (p<0.05) between the groups.

Table 3. BHV-1 Antibody Titer Values of Cattle in the Control 2 group.

BHV-1_ Number of v, Day
Antibody Titer Animals (n=10)
1/2 1 10 7th day
1/4 - - 7th day
1/8 8 80 7th day
1/16 1 10 7th day
1/128 i . 7th day
1/2 1 10 14th day
1/4 9 90 14th day
1/8 - - 14th day
1/16 i . 14th day
1/32 - - 14th day
1/64 - - 14th day
1/128 i ; 14th day
1/2 - - 21st day
1/4 1 10 21st day
1/8 1 10 21st day
1/16 8 80 21st day
1/32 - - 21st day
1/64 - - 21st day
1/128 - - 21st day
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WBC values determined on day 0 were found to be high in
experimental group, whereas low in control groups-1 and 2.
Lymphocyte (LYM) values were detected to increased in all the
animals after vaccination and iPPVO applications. 1L-2, IL-6,
1L-12, IFN-y and lymphocyte values were statistically similar
in the experimental and control groups-2, while the control-1
group was different (p<<0.05, Table 1).

When the samples taken on the 4th day in the control 1,
control 2 and experimental groups were examined, it was de-
termined that IFN-y, IL-2, 11.-6, 1L.-12 increased 6th hours
after the 4th day of the vaccination in experimental group
(p<0.05). WBC and lymphocyte values were similar in control
1 and 2 groups, but statistically different in the experimental
group (p<0.05).

sera of animals in the control 2 group; It was defined as 1
(10%) animal at 1/2 (dilutions based on log2) titer, 1 (10%)
animal at 1/4 titer, and 8 (80%) animals at 1/16 titer (Table 3).

BHV-1 antibody titers in the blood serum of Zylexis+vacci-
nated animals in the experimental group; At day 7, it was defi-
ned as 2 (10%) animals at 1/2 (dilutions based on log2) and 18
(80%) animals at 1/8 titer. BHV-1 antibody titers in the blood
sera of the animals in the experimental group were determined
as 20 (100%) animals at 1/32 titer (log2-based dilutions) on
the 14th day. BHV-1 antibody titers in the blood serum of the
animals in the experimental group; On day 21, it was determi-
ned as 20 (100%) animals at a titer of 1/64 (dilutions based on
log2) (Table 4).

Table 4. BHV-1 Antibody Titer Values of Cattle in the Experimental Group.

BHV-1

Number of

Antibody Titer Animals (n=20) " Day
1/2 2 10 7th day
1/4 ; ; 7th day
1/8 18 90 7th day
1/16 ; ; 7th day

1/128 . . 7th day
1/2 : ; 14th day
1/4 ; ; 14th day
1/8 ; ; 14th day
1/16 ; ; 14th day
1/32 20 100 14th day

1/64 ; ; 14th day

1/128 . . 14th day
1/2 - - 14th day
1/4 - - 21st day
1/8 - - 21st day

1/16 - - 21st day

1/32 - - 21st day

1/64 20 100 21st day

1/128 - - 21st day

BHV -1 Antibody Titer Results DISCUSSION

The presence of BHV-1 antibodies was not detected in the
blood sera of the animals in the control-1 group, which were
administered only Zylexis, on the 7th, 14th and 21st days.

BHV-1 antibody titers in the blood serum of animals in
control-2 group on day 7th, 1 animal (10%) at 1/2 (dilutions
based on log2), 8 (80%) animals at 1/8 titer, 1/16 titer 1 (10%)
animal was detected. BHV-1 antibody titers in blood serum of
control group-2 animals were identified on day 14th, 1 animal
(10%) at 1/2 titer (log2-based dilutions) and 9 (90%) animals
at 1/8 titer. On day 21th, BHV-1 antibody titers in the blood

Infectious Bovine Rhinotracheitis (IBR) causes great econo-
mic losses. It effects nervous, respiratory and genital system in
cattle, causing fertility disorders, abortions and fatal systemic
diseases in newborns (Jones and Chowdhury, 2010; Raaperi et
al., 2012). It has been reported that eradication and vaccination
program should be initiated due to the prevalence of IBR in-
fection in Turkiye (Alkan et al., 2018). It is known that the best
way to prevent the disease is vaccination. Establishing a high
antibody titer in vaccination provides long-term and safe pro-
tection. Therefore, to increase antibody titres and protectivity
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of vaccine, using immunomodulatory agents such as iPPVO in
combination with vaccine is important. Inactive parapoxvirus
ovis (iIPPVO) (Zylexis®) is a nonspecific immunomodulator
used to stimulate innate immunity (non-specific, innate immu-
nity) against infectious viral diseases (Schiitze et al., 2009).

A study observed that in vitro phagocytic activities of pe-
ritoneal macrophages collected from mice vaccinated with
iPPVO significantly increased at different time petiods after
vaccination. Furthermore, increased expression of 11.-12 and
IFN-y, mRNA has been reported to be related to advanced
in vitro and in vivo phagocytic activity of macrophages (Ons,
2014). It has been reported that intraperitoneal administrati-
on of iPPVO causes stimulation of 1L 6 synthesis and flu-
ctuations in I1.-10 and 11.-12 concentrations in rats (Avcl et
al., 2010). In present study, increases in IFN-y and interleukin
activities were also detected.

Kyriakis et al. (1998) found that iPPVO was effective to pre-
vent IBR infection in healthy calves kept with infected calves.
Kyriakis et al. (1998) found a three-fold reduction in diarrhea
incidence and a six-fold reduction in mortality between iPP-
VO-treated and non-iPPVO-treated piglets. The study reve-
als the protective feature of iPPVO against diseases. In this
study, the increase in IFN-y and interleukin activity shows that
iPPVO increases protection against IBR and supports both
studies.

A small pilot study in bovine herpes virus-1-infected calves
showed that the use of iPPVO as an immunomodulator after
the onset of an outbreak of respiratory disease can significant-
ly help to reduce clinical manifestations in animals that may
subsequently become infected (Weber, 2013). In this study, it
was revealed that the use of iPPVO together with the marker
IBR vaccine is beneficial for the protection of herd health.

iPPVO is also reported to induce a predominant Type 1 T
helper (Th1l) immune response in several species. This hypo-
thesis is explained by the ability of iPPVO to induce immu-
nomodulatory activity in vitro as well as in vivo (Weber et al.,
2013). In this study, the increase in lymphocytes in the IBR
vaccine and iPPVO groups confirms this hypothesis.

Kyriakis et al. (1998) administered iPPVO for prophylactic
or metaphylactic purposes in cattle, pigs, horses, mice, dogs
and cats. In the study, iPPVO proved helpful in reducing clini-
cal findings caused by some bacterial and viral infections such
as equine herpes virus, feline herpes virus, canine adenovirus
type 2, Pseudomonas aeruginosa, E. coli or Pasteurella multo-
cida, Aujeszky disease virus, IBR and vesiculitis. This effect of
iPPV was claimed to be due to the stimulation of early immu-
ne mechanisms such as innate macrophage cells and increased
lymphocytes induced with interferon. In our study, increased
IL 2, IL 6, IL 12 and IFN-y and lymphocyte were defined in
control-1 and experimental group animals may also help to
increase effectivity of IBR vaccine due to iPPVO.

Arai et al. (1990) reported that IFN-y and 11.-10 expressi-
ons were induced in animals in the experimental group after
iPPVO administration in rats. In another study, IFN-y found
to increase 15-fold 6, 12 hours after iPPVO administration in

Erbasan, Mamak

rats. It was also shown that injection of iPPVO at 24th and
48th hours increased 1L.-12 6-fold in mice (Anziliero, 2014).
In this study, IL 2, IL 6, IL. 12 and IFN-y were also found to
increased in iPPVO injected groups, control-1 and experimen-
tal group. In our study, IFN gamma increased approximately
3 times in the experimental group compared to the control-1
group and approximately 6 times compared to the control-2
group at the 2nd hour. IL 12 increased 2 times. These diffe-
rences between studies may be due to differences in animal
species and methods used.

A study in dogs reported a marked increase in monocytes,
polymorphonuclear cells and phagocytotic activity along with
peripheral blood leukocytes after stimulation with iPPVO (Sc-
hiitze, 2009). In this study, similar hematologic findings were
found that a significant increase determined in leukocytes
count in the control 1 and experimental groups, which were
applied iPPVO.

In a study, it was stated that some cytokine levels increased
after iPPVO application in foals and that has been suggested
to be beneficial in the prevention of Rhodococcus equi infec-
tions. (Dreismann, 2010). In another study, increases in blood
cytokines levels were also detected in mice and rats riceived
iPPVO (Anziliero et al., 2014). It also shown that iPPVO ad-
ministration increases cyrokines productions and induces an
immune response in horses (Horohov, 2008). In the present
study, increases in cytokine levels (IL 2, IL 6, IL 12 and IFN-y)
were defined in the control-1 and experimental group, which
might be induced iPPVO.

Virus-neutralizing antibodies are virus-specific antibodies
that are responsible for killing the virus. The high level of the-
se antibodies indicates that the virus-specific humoral prote-
ction is also strong. In a study on BHV-1, ELISA and serum
neutralization (SN) test were performed in healthy cattle in
the Konya region, and 19% positivity in ELISA and 13% in
SN test were determined, respectively (Yanbakan, 2005). Alt-
hough, this study shows that there may be seropositivity in
healthy animals, a similar seropositivity was not determined
in the control group 1 cattle used in our study. Studies have
reported that the ELISA test is more sensitive than the vi-
rus neutralization test in determining seropositivity (Duman,
2013). In the present study, virus neutralizing antibody titers
were determined. It was determined only in vaccinated cattle
at a titer of 1/8 in 80% of the animals on the 7th day, at a titer
of 1/4in 90% of the animals on the 14th day, and at a titer of
1/16 on the 21st day in 80% of the cattle. On the other hand,
in iPPVO and vaccinated cattle, on the 7th day, 1/8 titer was in
90% of the animals, on the 14th day, 1/32 titer in all animals,
and on the 21st day, the virus neutralizing antibody titer was
1/64 titer in all animals (100%) was determined. These results
show that virus neutralizing antibody titers increase over time
both in the vaccine group and in the vaccine and iPPVO-ad-
ministered groups. However, virus neutralizing antibody titers
were found to be much higher in iPPVO and vaccinated cattle,
and it was observed that these titers reached up to 1/64 titers
in most of the animals on the 21st day. This results indicate
that administration of iPPVO and IBR vaccine simultaneously
increases virus neutralizing antibody titers in cattle.
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In this study, it was determined that there was an increase
in cytokine concentration with the immunomodulatory effect
of iPPVO with the administration of iPPVO to cattle admi-
nistered IBR vaccine. It was also noted that virus neutralizing
antibody titers were significantly higher in cattle administered
vaccine and iPPVO. In conclusion, iPPVO rises cytokine levels
in IBR vaccinated cattle, showing the presence of immunomu-
dulator effect of iPPVO. It was concluded that the administ-
ration of iPPVO with IBR vaccination may help to increase
the effect of the vaccine. It is suggestive that administration
of iPPVO and IBR vaccine simultaneously increases immun
stimulation and strengthen immunoprotectivity in cattle.

CONCLUSION

In this study, it was determined that there was an increase
in cytokine concentration with the immunomodulatory effect
of iPPVO with the administration of iPPVO to cattle admi-
nistered IBR vaccine. It was also noted that virus neutralizing
antibody titers were significantly higher in cattle administered
vaccine and iPPVO. In conclusion, iPPVO rises cytokine levels
in IBR vaccinated cattle, showing the presence of immunomu-
dulator effect of iPPVO. It was concluded that the administ-
ration of iPPVO with IBR vaccination may help to increase
the effect of the vaccine. It is suggestive that administration
of iIPPVO and IBR vaccine simultaneously increases immun
stimulation and strengthen immunoprotectivity in cattle.
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