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Abstract

HEEP POX infection poses a significant socio-economic threat to sheep production worldwide.

Vaccination is the most effective preventive measure against this disease. This study examines the
immunomodulatory effects of various immunostimulants on the immune response of Barki ewes to
the live-attenuated sheep pox Vaccine. Sixty Barki ewes were vaccinated with the live-attenuated
sheep pox vaccine and divided into four groups: Pox (vaccine only), BCG (vaccine + 0.1 ml BCG),
E+Se (vaccine + 0.5 ml/10 kg Vitamin E + Selenium) and Lev (vaccine + 1 ml Levamisole 10%/50
kg). Blood samples were collected to assess humoral immunity (NI), innate immunity, and
clinicopathological parameters. The E+Se group showed the best NI, minimal innate immunological
alterations, normal hemogram, liver, and kidney function tests, and improved total protein, globulin
levels, and neutrophil phagocytic index. The Lev group had NI values close to the Pox group, while
the BCG group had lower NI than the Pox group. Innate immunological alterations and haemato-
biochemical changes were more pronounced in the Lev and BCG groups compared to the Pox group
and in the BCG group compared to the Lev group. Conclusion: The E+Se injection before the live-
attenuated sheep pox vaccine significantly enhanced the ewes' humoral immune response and reduced
vaccination side effects.

Keywords: Sheep pox vaccine, Neutralization index, Clinicopathological alterations, Levamisole,
BCG, E+Se.

Introduction

Sheep pox is an extremely contagious viral ailment
that has a significant impact on the sheep industry in
Egypt, leading to substantial economic losses. The
disease manifests in various detrimental effects,
including high morbidity and mortality rates among
infected sheep, diminished milk and meat
production, increased rates of abortion, inferior wool
quality, and compromised skin conditions. Moreover,
it also imposes restrictions on the international trade
of animals and animal products. Sheep pox is
particularly fatal in newly introduced animals,
whereas local inbred animals from the endemic
regions may exhibit milder symptoms. The virus
responsible for sheep pox is a large, brick-shaped
virus classified within the subfamily

Chordopoxvirinae, family Poxviridae, and the genus
Capripoxvirus. Its survival time in the external
environment is approximately six months, while it
can persist on the wool or hair of infected animals for
up to three months following infection. Sunlight,
drying, freezing, thawing, and detergents can
inactivate the virus, although it remains viable for
several months when lyophilized [1-3].

Vaccination is the only reliable method to prevent
contagious disease outbreaks including sheeppox.
However, outbreaks have been observed in both
vaccinated and unvaccinated animals due to vaccine
failure stemming from rapid vaccine deterioration
and animals' poor immune response. Consequently,
there is a pressing need to enhance sheep's immune
response to vaccination. One approach involves the
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concurrent administration of an immunostimulant
alongside the vaccine [4-12]. In addition, these
immunostimulants may reduce the unwanted
clinicopathological alterations (anemia, raised
hepatic and renal function values, and oxidative
stress), usually accompanied the vaccination process
due to the innate immune response [13].

In the last few decades, different
immunostimulants garnered significant attention
from researchers in both human and animal medicine
such as levamisole, Bacillus Calmette-Guérin (BCG)
vaccine, and vitamin E and selenium combination
(E+Se). They have remarkable effects on the immune
system. They work non-specifically to enhance both
innate and adaptive immunity, resulting in increased
production of antibodies, activation, and proliferation
of T-cells, phagocytosis, and chemotaxis by
monocytes, macrophages, and neutrophils. They
approved their efficiency in healthy animal
protection against different diseases. They also
increase the recovery rates of diseased animals and
shorten the disease duration [14]. Moreover, prior
research has indicated the immunoenhancing effects
of these immunostimulants on animal responses to
various vaccines. They have been shown to augment
the immunogenicity of sheep and goats towards
different vaccines, including those against foot-and-
mouth disease (FMD), peste des petites ruminants
(PPR), Brucella vaccine Rev.1l, and Clostridium
vaccines [4-12].

This research endeavour focuses on examining
and contrasting the immunomodulatory impact of
levamisole, BCG, and a combination of vitamin E
and selenium (E+Se) on the immune response of
Barki ewes to the Sheeppox Vaccine. This
investigation specifically delves into their influence
on certain haematological and biochemical changes
observed in vaccinated sheep.

Material and Methods

Sixty apparently-healthy Barki ewes aged (3-5
years), weight 50-55 Kg, were kept under an
adequate nutrition system and housing conditions, in
closed pens at sustainable development Centre of
Matrouh resources (SDCMR).

All ewes were injected with sheep pox vaccine
(Live-attenuated sheep pox virus (SPV) vaccine
(Rominan strain) was supplied from the Pox
Research Department. Veterinary Serum and
Vaccine Research Institute, Egypt (VSVRI) (batch
no. 8). The vaccination of animals were performed as
described by OIE [15] with 0.5 ml of field dose
containing 10® TCIDs, of tissue culture Rominan
SPV, inoculated intradermally in the tail.

The vaccinated ewes were divided into 4 groups as
follows:

Pox group: 15 ewes didn't receive any treatment
with the pox vaccine.
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BCG group: 15 were injected (immediately before
vaccination) S/C with 0.1 ml of BCG vaccine
supplied by the veterinary serum and vaccine
research institute, EI Sekka El Beda St., Abbasia,
Cairo, Egypt.

E+Se group: 15 ewes were injected (immediately
before vaccination) subcutaneously for one time,
with 0.5 ml /10 kg B. W. E+Se (ADWIA Co, Egypt).
Each ml contains 150 mg vit E and 1.67 mg Se.

Levamisole group (Lev group): 15 ewes were
injected (started immediately before vaccination)
subcutaneously for 3 consecutive days, with I ml of
levapan® 10% (Parma swede-Egypt) /50kg B.Wit
(100 mg of levamisole).

All doses and routes of administration are
recommended by the manufacturing company.

Blood samples

Blood samples were collected from the jugular
vein of all ewes using clean sterile vacutainer tubes 2
hr before receiving vaccination and treatment (0 day)
and 7, 14, 21, 28, and 35 days after vaccination, and
divided into three parts, 1% part was placed in a tube
containing EDTA and were used instantly for
evaluation of different haematological parameters
[red blood cells count (RBCs), haemoglobin
concentration (Hb), packed cell volume (PCV), mean
corpuscular volume (MCV), mean corpuscular
haemoglobin (MCH), mean corpuscular haemoglobin
concentration (MCHC), total leukocytic count (TLC)
and differential leukocytic count, (DLC) manually
according to the method described by Feldman et al.
[16]. Whereas, the 2" part was placed in a tube
containing heparin and was used immediately for
estimation of neutrophils phagocytic activity and
index according to the method described by
Wilkinson [17], using Candida albicans. The 3" part
was placed in a clean, plain tube and was left to
coagulate then was centrifuged at 3000 r.p.m for 20
minutes and serum was separated in clean Eppendorf
tubes that were stored at -80° C until used for
estimation of humoral and innate immunological
parameters and biochemical parameters.

Humoral immunity
Virus Neutralization Test (VNT):

All collected sera were screened against SPV
according to the method described by OIE [15] using
Cell culture African green monkey Kidney cell line

(Vero), kindly supplied by the Pox Research
Department, Veterinary Serum and Vaccine
Research Institute, Egypt, and Eagl's minimum

essential medium (MEM) with neonatal calf serum
(10% for growth medium and 2% for maintenance
medium).

The neutralization index (NI) was calculated
according to Reed and Muench [18].
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- NI = VT (virus titer) - SVT (serum virus titer).

The innate immunological
biochemical parameters:

Serum cytokines (IL-1B, IL-6, TNF-a) levels
were measured in serum by ELISA Kkits of Ray
Biotechcompany following the manufacturer's
instruction. Serum caeruloplasmin Cp)
concentrations were estimated by a turbidimetric
method using Elabscience USA® kits. Serum
concentrations of total antioxidant capacity (TAC),
serum liver enzymatic activity (alanine transaminase
(ALT), aspartate transaminase (AST)), kidney
function test (urea (BUN), creatinine (Cr)), total
protein (TP), albumin (Alb) were detected
spectrophotometrically using commercial kits of
Biodiagnostics company® following the manual
instructions.

parameters and

Statistical analysis

Means of different statistical parameters between
the different animal groups were compared by two-
way ANOVA test by SPSS version 24 at 0.05 level
of probability [19].

Results
The immunological parameters

Humoral immunity: NI of the four vaccinated groups
significantly (P<0.05) increased from the 7" day and
reached its highest value on the 35" day with a mean
of 2.83 in the E+Se group, 2.68 in the Pox and the
Lev groups and 2.58 in BCG group (Fig. 1).

Innate immunity: IL-1B, IL-6, TNF-a, and Cp
displayed significant increases (P<0.05) in the four
groups, peaking on the 14th day, followed by a
significant decline toward baseline values by the 35™
day for IL-1pB, TNF-q, and Cp in Pox, E+Se, and Lev
groups. However, IL-6 in the four groups, and IL-1p,
TNF-a, and Cp in the BCG group remained higher
than the 0-day values till the end of the experiment.
In contrast, TAC values significantly decreased
(P<0.05) in the Pox, Lev, and BCG groups, reaching
their lowest point on the 14th day, followed by a
significant increase back to baseline values by the
35th day in the three groups. Interestingly, TAC non-
significantly (P>0.05) in the E+Se group changed
throughout the experiment (Fig. 1).

Haematological parameters: the red blood cell
parameters and indices (RBCs, Hb, PCV, MCH,
MCYV, and MCHC) significantly (P<0.05) decreased
in the Pox, Lev, and BCG till the 14™ day (except
RBCs reached its bottom on 7" day) then gradually
increased approaching their initial values on the 28™
day for RBCs and 35" day for Hb, PCV, MCH,
MCV, and MCHC in the three groups. No significant
changes (P>0.05) were detected in the E+Se group
hemogram (Fig. 2).

On the other hand, a significant leukocytosis
accompanied by a significant (P<0.05) neutrophilia,
lymphocytosis, and increased neutrophils phagocytic
activity and index were detected in groups from the
7" day, achieving their peaks on the 14" day (except
lymphocytosis reached its peak on 7" day) then start
decreasing till the research end but didn’t return to
their basic values in the pox, Lev, and BCG Groups.
While E+Se group approached the 0-day values for
TLC, neutrophils, lymphocytes,  neutrophils
phagocytic activity, and index on the 28" day
(Figures 3, 4).

Biochemical parameters

Liver and kidney function tests: ALT, AST, blood
urea, Cr significantly (P<0.05) increased in the Pox,
Lev, and BCG groups reaching their peaks on14"
day for urea, Cr, ALT, AST in the three groups, and
then they significantly (P<0.05) decreased
approaching their initial values at 21% day for urea,
Cr, AST in the three groups and at 35" for ALT in
the three groups. While E+Se group showed non-
significant (P>0.05) changes in liver and kidney
function tests (Fig. 4).

Protein profile

A significant (P<0.05) hypoproteinemia and
hypoalbuminemia and decreased A/G were observed
in the Pox group till the 14™ day, then significantly
(P<0.05) increased, returned to the 0-day value on
the 35" day for TP, on the 28" day for Alb. A/G
decreased till the 7™ day then increased and exceeded
its original values on the 28", and 35" day. Globulin
(Glob) significantly (P<0.05) increased achieving
two peaks on the 7" and the 21% days then returned
to normality on the 35" day (Fig. 5).

A significant (P<0.05) hyperproteinemia was
observed in BCG, E+Se, Lev groups till the 21% day
in BCG and Lev groups significantly (P<0.05%
declined approaching the baseline values on the 35"
day while hyperproteinemia continued with the E+Se
group till the research end. Albumin and A/G
significantly (P<0.05) decreased in BCG and Lev
groups till the 14™ day then significantly (P<0.052
increased approaching their initial values at the 35"
in the Lev group but it was still lower than the Oday
values in the BCG group. While albumin values non-
significantly (P<0.05) altered in the E+Se group and
AJG significantly (P<0.05) decreased throughout the
research and didn’t reach its baseline values (Fig. 5).

Globulin significantly (P<0.05) raised in BCG
and Lev groups till the 14™ day then significantly
(P<0.05) decreased achieving its original values in
the Lev group at the 35" day and higher than its 0-
day values in the BCG group. While, E+Se showed
significant (P<0.05) hyperglobulinemia (peaked on
the 7" day), and continued till the research ended
without achieving its original values (Fig. 5).
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The comparison between the immustimulants groups
and the Pox group cleared that: the E+Se group had
a higher level of NI throughout the research than the
Pox group and the BCG and Lev groups. While the
Lev group (compared to the Pox group) nearly had
the same level of NI along the research. The BCG
group (compared to the pox group) had a lower level
of NI throughout the study. While, all the above-
described innate immunological and
clinicopathological alterations were higher and
persisted for a longer time in the BCG and Lev
groups than the Pox group, and in the BCG group
than the Lev group. In addition, the BCG and Lev
groups (in contrast to the Pox group) showed
significant (P<0.05) hyperproteinemia (Figures 1-5).

On the contrary, the E+Se group demonstrated
the lowest degree of innate immunological and
clinicopathological alterations among the four
groups, except neutrophils phagocytic index
(significantly (P<0.05) increased than Pox and Lev
groups till the 14™ day then significantly decreased
lower than them), globulin (significantly (P<0.05)
exceed the Pox group globulin values till the end of
the research) and TP (the E+Se group displayed
significant (P<0.05) higher levels than the Pox and
Lev groups and extended to the research end). TAC,
hemogram, liver, and kidney function tests, and
albumin, non-significantly (P>0.05) changed in the
E+Se group (Figures 1-5).

Discussion

SPV infection remains a significant socio-
economic concern for sheep farming in Egypt,
marked by its high morbidity and mortality rates. It
poses a substantial threat to successful sheep
production globally. Vaccination stands out as the
most  straightforward and effective preventive
measure against infectious diseases, considered both
humane and cost-effective [1-3].

In the current study, the sheeppox live-attenuated
vaccine successfully elicited a humoral immune
response represented by the gradual elevation of the
NI observed in the Pox group, which started from the
7™ day and increased gradually till the research end
on the 35" day with a mean of 2.68. Whereas, the
effectiveness of the vaccine hinges on its ability to
elicit an immune response that closely resembles
natural infection to a moderate extent and the
associated antibodly titers elevation [20].

These results are comparable to those reported by
Elsayed et al. [21], who evaluated the humoral
immune response of sheep under field conditions
using a double antigen ELISA against alive-
attenuated sheeppox vaccine (Romanian strain).
Their study noted a significant rise in the humoral
immune response starting from the 7™ to the 14" day
post-vaccination and peaking on the 28" day with a
mean NI of 2.4. Likewise, Oreiby et al. [22]
emphasize on the effectiveness of the Romanian
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strain vaccine as a control strategy against sheeppox
outbreaks in highly susceptible populations.

This successful humoral immune response was
assigned to the robust cytokine signature noticed in
the Pox group, up to the 14" day following
vaccination. Similar patterns have been observed
previously with live-attenuated viral vaccines,
inactivated viral vaccines, and bacterial vaccines [13,
23-28]. Cytokines, being immunoregulatory
proteins,  typically surge  post-infection or
vaccination. They play a crucial role in orchestrating
the humoral immune response, including the
formation of antibodies. Early elevation of cytokine
levels following vaccination enhances the body's
reaction to the vaccine and serves as a predictor for
higher levels of immunoglobulins [29]. Moreover,
their activity post-vaccination is associated with local
and systemic reactions, such as fever and fatigue,
commonly observed after vaccination [26]. These
pro-inflammatory cytokines trigger a marked hepatic
acute phase response, as evidenced by the marked
increase in Cp levels observed in the Pox group up to
the 14" day. Cp, a copper-containing protein, serves
as a sensitive indicator of tissue damage and various
diseases. This acute phase response has been
documented post-vaccination in different animal
species [13, 30-33].

Another consequence of the activation of the
aforementioned pro-inflammatory cytokines is the
release of free radicals from various immune cells.
Free radicals are integral to the innate immune
response, serving to defend the host against invasive
bacteria by oxidizing vital components of the
pathogens. They play a crucial role in both infection
and vaccination by facilitating an effective immune
response. However, their activity is regulated by
enzymatic and non-enzymatic antioxidants, which
protect body cells from their harmful effects. In the
current dataset, the production of free radicals
surpasses the neutralizing capacity of antioxidants,
leading to pronounced oxidative stress in the Pox
group, as represented by the decreased TAC
observed up to the 14™ day. This oxidative stress
phenomenon with vaccination has been documented
in various studies [13, 21, 28, 34-37].

The outstanding oxidative stress played a key role
in the notable haematological and biochemical
changes observed after the vaccination process in the
Pox group. Free radicals, targeting the liver, kidneys,
and RBCs, induce their damage and destruction.
Consequently, a slight elevation in liver and kidney
function tests, along with decreased levels of RBCs,
Hb, and PCV, was noted in the Pox group up to the
14™ day, consistent with findings from previous
studies [13, 34-37].

Moreover, pro-inflammatory cytokines exert an
inhibitory effect on bone marrow erythropoiesis by
disrupting erythropoietin synthesis, intestinal iron
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absorption, and iron macrophage recycling,
consequently  exacerbating the microcytic
hypochromic anemia observed in the Pox group up to
the 14" day [38]. This data contrasts with previous
authors who reported normal erythrogram in
vaccinated animals [28, 33, 39]. However, it aligns
with the findings of Prentice et al. [40] and Darwish
et al. [13] who obtained diminished red cell
parameters in vaccinated infants and sheep. Such
discrepancies may be attributed to differences in
animal species, antigen type, and vaccine
formulation.

On the contrary, pro-inflammatory cytokines play
a role in enhancing the maturation, proliferation, and
release of neutrophils and lymphocytes from the
bone marrow and lymph nodes into circulation. This
phenomenon elucidates the observed neutrophilia,
increased neutrophilic phagocytic activity and index,
and lymphocytosis, leading to total leukocytosis
observed in the Pox group throughout the study.
Neutrophils are integral to innate immunity, as they
generate reactive oxygen species and play a
significant role in the Toll-like receptor 4 (TLR4)-
dependent innate clearance of pathogens, particularly
bacteria, due to their granule-rich content of
digestive and hydrolytic enzymes [35]. Additionally,
viral proteins may contribute to lymphocytosis in the
Pox group by acting as mitogens or superantigens on
certain  lymphocyte  subpopulations  [39].
Leukocytosis, with or without neutrophilia and
enhanced phagocytic activity and index, and
lymphocytosis, have been documented previously
after vaccination in different animal species [13, 30,
33, 39].

The protein profiles of the Pox group reflected
the immunological changes occurring post-
vaccination. The increased production of cytokines
and acute phase proteins (APPs), such as o and P
globulins, directly contribute to the observed
hyperglobulinemia in the vaccinated groups up to the
14"™ day. Subsequently, following the decrease in
cytokines and APPs levels after the 14™ day, this
hyperglobulinemia endured because of the antibody
production against the vaccine (y globulin) [22, 33,
39].

Likewise, the acute phase response and oxidative
stress described above are responsible for the notable
hypoalbuminemia observed in the Pox group.
Albumin, being a negative acute phase reactant, sees
decreased production by the liver under the
stimulation of pro-inflammatory cytokines, which
prioritizes the synthesis of positive APPs instead [22,
33, 39]. Additionally, its antioxidant properties
render it susceptible to attack by circulating free
radicals.

A state of total hypoproteinemia and decreased
AJG ratio were documented in the Pox group until

the 14™ day and 7" day respectively. This resulted
from the prior changes in the albumin and globulin
levels, as total protein and A/G ratios primarily rely
on the combined levels of albumin and globulins, as
well as the variance between them [33, 39].

Concerning the studied immunostimulants' effect
on the animal's immune response to the pox vaccine,
Levamisole injection had a negligible effect on the
ewes' humoral immune response to the live-
attenuated pox vaccine (Both the Pox and Lev groups
had closed levels of NI throughout the research).
While BCG negatively affected the ewes' humoral
response to the live-attenuated pox vaccine (the BCG
group had a lower level of NI than the Pox group).
These findings contradict prior studies advocating for
the use of levamisole and BCG injections to enhance
humoral immune responses to viral and bacterial
vaccines in various animal species [4-11]. This
disparity may be attributed to differences in animal
species, immunostimulant dosage, and vaccine type.

Contrariwise, the innate immune response, and
the subsequent haematological and biochemical
alterations were more prominent in the Lev and BCG
groups than the Pox group, and in the BCG group
than the Lev group. Additionally, the Lev and BCG
displayed pronounced hyperproteinemia compared to
the Pox group. The ability of BCG and levamisole to
enhance innate immunity has been extensively
documented across human and animal species,
primarily through their capacity to induce the
expression of pro-inflammatory cytokines [27, 41,
42]. Subsequently, BCG and Lev groups (compared
to the Pox group) suffered from a more pronounced
degree  of  haemato-biochemical  alterations,
especially  hyperglobulinemia  (which led to
outstanding hyperproteinemia in both groups
compared to the Pox group).

BCG also leverages a potent mechanism called
trained immunity, where it triggers the production of
pro-inflammatory cytokines via mycobacterium
lipoproteins, LPS, and CpG oligonucleotide,
potentially maintaining its effects for up to three
months [27]. Taking into consideration, that BCG
itself is a vaccine and the presence of two antigens in
the BCG group magnifies the innate immune
response and other related alterations (than the Pox
and Lev groups) but at the same time, it distracts the
immune system leading to a reduced level of NI in
the BCG group (than the Pox and Lev groups) [33].
Besides, bacterial antigens are stronger than viral
antigens in innate immune response stimulation [39,
43, 44]. This clarified why the innate immune
response and its consequences  (especially
hyperproteinemia) were maximized in the BCG
group (rather than the Lev and Pox groups).
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In contrast to Levamisole and BCG, the E+Se
combination markedly enhanced the ewes' humoral
immune response to the live-attenuated pox vaccine
(the E+Se group had the highest value of NI among
the four groups). Similar observations were reported
before in birds vaccinated against infectious
bronchitis, goats vaccinated against C. perfringens
type D infection, and sheep vaccinated against C.
tetani and C. perfringens [6, 8, 12, 45]. On the other
hand, the E+Se group had the minimum level of
innate immunological and related haematological and
biochemical alterations among the four groups. This
result was because of the potent anti-inflammatory
action of vitamin E, which suppresses the activity of
the pro-inflammatory cytokines. Besides the
antioxidant effect of Vitamin E and/or Se, they
restrain the free radicals activity and protect the body
cells from its harmful oxidative effect. Thus, the
E+Se group displayed normal TAC, hemogram,
albumin, and liver and kidney function tests and
enhanced neutrophils phagocytic index [46-49].
Rationally, the obtained hyperproteinemia in the
E+Se group (compared to the Pox and Lev groups)
here was because of its normal levels of albumin
(due to the E+Se antioxidant effect) and the
hyperglobulinemia (due to the enhanced antibody
production (y globulin)).

Conclusion

Among the studied immunostimulants, the E+Se
combination improved the ewes' humoral immune
response to the live-attenuated sheeppox vaccine and
kept normal TAC, hemogram, albumin, and liver and
kidney function tests, with enhanced TP and globulin
levels and neutrophils phagocytic index.
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Fig. 3. Comparison between the leukogram of the four studied groups throughout the research, (*) on the parameter
means significant between the groups, (*) on the group means the vaccine or vaccine+immunstimulant effect is
significant throughout the research. Considered significant when (P<0.05).
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Fig. 4. Comparison between the neutrophils phagocytic activity and index and the kidney and liver function tests of
the four studied groups throughout the research, (*) on the parameter means significant between the groups,
(*) on the group means the vaccine or vaccine+immunstimulant effect is significant throughout the research.
Considered significant when (P<0.05).
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Fig. 5. Comparison between the protein profile of the four studied groups throughout the research, (*) on the
parameter means significant between the groups, (*) on the group means the vaccine or
vaccine+immunstimulant effect is significant throughout the research. Considered significant when (P<0.05).
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