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Abstract

Although the efficacy of the vaccine is influenced by various-factors, including vitamin D levels, studies in this field
have yielded different results. Vaccination with attenuated sheeppox virus vaccine (RM/65) remains a preventive
strategy in countries where lumpy skin-disease (LSD) is prevalent,but there is no evidence from experimental research
on the effect of vitamin D.on the immune response to this vaccine for the prevention of lumpy skin disease. For this
purpose, twenty calves/were selected and divided into four groups. To ensure that calves had different baseline levels
of vitamin D, they were divided into.two groups. One group was exposed to sunlight, while the other two groups was
kept in the shade. Each. of these groups was further divided into two treatment groups: one receiving vitamin D
(Cholecalciferol) injections and the other a control group. All groups received an attenuated sheeppox virus vaccine
(RM/65), while only two groups received vitamin D simultaneously with the vaccine. Blood samples were collected
from each calf weekly for six weeks. Sheeppox virus antibodies were measured according to the WOAH (or OIE)
protocol, with a neutralization index (NI) titer of >1.5 international units considered protective. Statistical analysis
revealed a significant increase in sheeppox virus antibody levels within individual groups after day 21 (P < 0.01).
However, no significant differences were observed between the four groups beyond this time point. Consequently,
antibody levels in the groups receiving vitamin D did not differ from those in the other groups. These findings are
consistent with previous studies, indicating that vitamin D supplementation does not affect the efficacy of the vaccine

Keywords: Cholecalciferol, Humoral immunity, Sheeppox virus vaccine, Vit D.
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1-Introduction:

Lumpy skin disease (LSD) is a highly prevalent disease caused by a Capripoxvirus within the Poxviridae family. It
primarily affects cattle in Africa and was first reported in Middle East in 1989 (1). LSD is a significant concern as it
can lead to decreased production and create opportunities for concurrent diseases in cows (2). Vaccination is the
primary method for controlling the disease in endemic regions (1). Moreover, due to cross-reactivity, immunity against
one member of the Capripoxvirus genus can provide protection against other members. This has led to the use of the
Sheeppox attenuated vaccine (RM/65) as a means to combat LSD (1). Numerous factors contribute to the variability
in vaccine response. Research has shown that the status of minerals and vitamins can significantly impact the efficacy
of vaccination (3) . Specifically, vitamin D metabolites play a crucial role as modulators in the immune system (4).
However, the influence of these metabolites on the immune system and vaccination remains complex and.not fully
understood (5-7). Complicating matters further, there is a lack of consensus between invivo and. in vitro studies (8-
15).Moreover, it is believed that the effect of vitamin D on the immune system may.vary depending on the specific
pathogen or vaccine and their respective pathogenesis pathways (16). Based on the aforementioned, each pathogen or
vaccine activates a specific pathway, which likely involves the activation of different receptors‘and the release of
certain mediators in the immune system (16). This, in turn, leads to specific effects on the vitamin D metabolism within
the immune system and the reciprocal impact of vitamin D on immune function (17). As mentioned earlier, vitamin D
has the ability to modulate the immune system in direct proportion to'the level of stimulation it receives. However,
there has been a lack of experimental studies investigating the specific effects of Vitamin D3 on the immune response
to sheeppox attenuated vaccine. Therefore, the purpose of this study is to address.this gap and achieve the following
objective: Investigate the influence of co-administration of an intermediate dose of Cholecalciferol injection with the
sheeppox attenuated vaccine on vaccination outcomes.

2- Material and methods:
2-1 Animals:

In this study, twenty calves were selected from a semi-industrial farm in Qazvin province, .in the northwest of Iran.
The calves were between three.and four months old. Their diet consisted of 80% straw and 20% alfalfa, without any
vitamin or mineral supplements. This setup allowed the researchers to investigate the effects of sunlight exposure or
cholecalciferol injection on the immune system and the metabolism of 25D3 with minimal interference from the
digestive system.

The calves were randomly divided into four groups: Groups A and B were housed in a semi-roofed area where they
had the freedom to move around and seek sunlight exposure. Groups C and D, on the other hand, were confined in a
barn with brick walls and a roof that blocked sunlight completely, resulting in a dark environment.

This experimental. design enabled the researchers to examine the impact of sunlight exposure and cholecalciferol
injection on the calves' immune system and the metabolism of 25D3 in different environmental conditions.

2-2 Blood sampling:

Blood samples were collected from each calf weekly for a period of six weeks, starting from day 0. On the days of
vitamin and vaccine injections, blood samples were taken before the injections.The blood samples were obtained from
the jugular vein using gel activator vacuum tubes in an aseptic manner. To maintain the integrity of the samples, they
were immediately placed in a cool box near the ice pack. The collected blood were centrifuged, and sera were stored
at -20 °C till to examine.

2-3 Injection of vitamin D:
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At the start of the third week (the experiment's 21st day), the calves in groups A and C were administered
intramuscularly (IM) Cholecalciferol (11,000 1U/kg)(1).

2-4 Vaccination

All calves were vaccinated on day 21 with attenuated sheeppox vaccine (sheeppox virus strain RM-65, Razi Vaccine
and Serum Research Institute, Iran), subcutaneously in the neck area at 10 times the recommended dose for sheep (18)

2-5 Assessment of Sheeppox virus antibodies:

The titer of antibody against sheeppox vaccine was evaluated based on the neutralization index (NI). (OIE), at the
Poxvirus reference laboratory of Razi VVaccine and Serum Research Institute of Iran. For this purpose, sera were diluted
(1:5) in Eagle's culture medium containing HEPES (Eagle's/HEPES) and inactivated at 56°C. After inactivation, 50 pl
of each serum was added in all wells (A to H) of two columns of a cell culture microplate. A positive control serum
was used in columns 7 and 8, and a negative control serum in columns 9 and 10. In‘columns 11 and 12, only culture
medium was added as a cell control. Then, in the wells A to G of each column (except columns 11 and 12), respectively,
50 pl of dilutions of 105, 104, 103.5, 103, 102.5, 102 and 101.5 TCID50/ml of a standard strain of sheeppox virus
were added. In row H of each column (as a control of the serum toxicity for cells), 50 pl of the culture medium was
added. After 1 hour of incubation at 37°C, 100 L of cell suspension (MDBK cells) was added to each well. The
microplates were incubated for 9 days at 37°C. According to OIE instructions, fromthe fourth day of incubation, the
wells were daily observed with an inverted microscope to find the virus cytephatic effects. The neutralization index
for each serum is equal to the difference of the logarithm of the virus titer in the columns containing the negative serum
and the tested serum sample.Indexes equal to or greater than 1.5 (> 1.5) were/considered positive.

2-6 Statistical analysis:

The collected data were analyzed using IBM/SPSS Statistics for Windows (Version 22.0. Armonk, NY: IBM Corp).
In this study, a two-way repeated measures analysis of variance (ANOVA) was performed to evaluate the calves in the
treatment group. LSD post hoc analysis was used to determine the main effects of treatment, time, and the interaction
between treatment and time. Prior to conducting'the ANOVA, the normality of the data distribution was assessed using
the Shapiro-Wilk test. The results of the test indicated that the data followed a normal distribution (P > 0.05).

For all statistical analyses, a significance level of P < 0.05 was considered statistically significant.

3- Results;

The experiment.was conducted over a period of 42 days ( six weeks). On day 21, all groups underwent vaccination,
and members of groups A and C also received cholecalciferol injections, as described in the methodology section. To
facilitate a more accurate and meaningful comparison, the results were analyzed separately for two time periods: before
(from the start of the experiment to the 21st day), and after (from the 21st to the 42nd day) the administration of
cholecalciferol and vaccine. In order to examine the effect of cholecalciferol injections, groups B and D, which did not
receive the injections, were considered as the control groups, while groups A and C were regarded as the treatment
groups. The data of 25D3 variations among the different groups and the effect of sunlight exposure have been published
in Mousavi Rad et al. (2023). For further details, please refer to that article (9).

According to the World Organisation for Animal Health (WOAH or OIE), a titer of 1.5 IU of neutralisation index (NI)
or greater is considered as protective antibody. The case of number 318 from group A had titre of 2 IU of NI to
Sheeppox virus at the Day 0 of experiment, therefore this case was excluded from the statistical analysis.
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The statistical analysis indicated that there was no significant difference between the sun-exposed group (A-B) and the
not-exposed group (C-D) until day 21. During the initial three weeks, the variation of anti-sheep pox antibodies in both
groups was not found to be statistically significant (Figure 1, Table 1).
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Figure 1: Variation of sheeppox antibody (IU of neutralisation index; NI) in groups A-B and C-D during the first three

weeks of the experiment. It can be observed that the variations in both groups were not statistically significant (P>0.05).

Table 1: The details of variation of antibodies titer ( IU of neutralisation index) to sheeppox virus

Group,  Case number Day 0 Day 7 Day 14 Day 21 Day 28 Day 35 Day 42

318 2 2.2 1.7 2.3 1.2 2.5 2.5
304 0.7 0.7 il il 1.2 1.2 1.2
308 0.7 0.7 1.5 il 1.7 2.2 2.2
A 341 0.5 0.5 0.7 0.7 1.2 1.2 1.7
310 il 1 il il 1.7 1.5 1

Mean 0.72 0.72 1.05 0.92 1.45 1.52 1.52



S.D. 0.6 0.68 0.41 0.63 0.27 0.6 0.64

314 0.2 0.2 0.5 il 1 1.2 2.5
315 0.8 1 il 0.7 1 1.5 15
349 0.7 0.7 0.7 1.2 1.2 1.2 15
B 338 0.2 0.2 0.7 il 0.7 0.7 15
312 0.7 0.7 0.7 il 0 0.5 0.5
Mean 0.52 0.56 0.72 0.98 0.78 1.02 1.5
S.D. 0.29 0.35 0.18 0.18 0.47 0.41 0.71
300 0.7 0.7 1.2 il 15 1.5 2.2
302 0.7 0.7 0.7 0.5 0.7 1 15
303 0.2 0.2 0.5 0.2 0.2 1.2 2.5
© 326 il 1 il 0.5 0.5 0.2 0.2
342 il 1.2 1 1.2 1 2 2
Mean 0.72 0.76 0.88 0.68 0.78 1.18 1.68
S.D. 0.33 0.38 0.28 0.41 0.5 0.66 0.9
313 0.7 0.7 1.2 il 0.5 1.5 15
348 0.5 0.7 1.2 0/5 0.7 1.2 1
309 0.5 0.5 0.5 il 2.2 2.2 2
D 299 1 1 0.7 0.5 1.2 1 2
301 il 1 0.7 il 1 1.2 15
Mean 0.74 0.78 0.86 0.88 1.12 1.42 1.6
S.D. 0.25 0.22 0.32 0.25 0.66 0.47 0.42
133
134
135

136  The statistical analysis indicated that there was a significant difference in sheeppox antibody levels in each group after

137  the 21st day day (P <0.01)., but there were no significant differences observed between the four groups after this time
138  point (Figure 2).

139
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Figure 2: Variation of sheeppox antibody (1U of NI) in groups A, B, C, and D over the course of seven weeks in the experiment.

The factor of time was found to have a significant effect in all groups after the 21st day (P <0.01).

4- Discussion:

The previous article (19) extensively discussed the changes in 25D3 levels across different groups and the interplay
between baseline 25D3 and injected cholecalciferol. Briefly, it is highlighted that depriving ruminant calves of vitamin
D-rich meals and sunlight leads to a rapid and significant decline in 25D3 concentration within three weeks. In groups
C and D, the 25D3 levels dropped to less than 10 ng/mL, consistent with earlier findings (20, 21). Conversely, in
groups A and B, where calves had the freedom to choose between light and shade throughout the day, the 25D3
concentration eventually increased above 30 ng/mL. On day 21 of the experiment, we administered intramuscular
injections of 11000 IU/kg cholecalciferol to groups A and C. Interestingly, there was no noticeable difference in 25D3
levels between groups A and B, both of which were exposed to sunlight. 25D3 serves as a marker for the presence of
regulatory mechanisms, as its levels did not increase further after injection in group A. This regulatory mechanism has
also been observed «in cows receiving adequate supplemental cholecalciferol and sufficient exposure to
sunlight(20).This* mechanism prevents an excessive increase in 25D3 concentration. It seems when plasma
concentrations of baseline25D3 are sufficient, the activity of liver's 25-hydroxylase enzyme will be inhibited(22). We
could assume that this feedback mechanism was activated in group A due to a sufficient concentration of 25D3
produced by sun exposure, which prevented further increase in 25D3 levels after cholecalciferol injection.
Additionally, the findings from group C support the hypothesis that a low baseline 25D3 concentration at the time of
cholecalciferol injection allows for the continued activity of the 25-hydroxylase enzyme. This could be attributed to
the fact that the plasma 25D3 concentration was still low on the day of injection. Furthermore, the observed
phenomenon may be related to the calves' preference for sunlight exposure. It is possible that the calves in group A
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had less exposure to UV light compared to the control group B after the vitamin D injection. Similar behavior has been
observed in panther chameleons following cholecalciferol supplementation in their food (23).

The results related to the effect of vit D on the immunity response to Sheeppox virus vaccine to calves align with
several other studies(9, 11, 24). It seems that understanding the relationships between vitamin D metabolites is crucial
in explaining the effects of vitamin D in various tissues and immune microenvironments. This topic was discussed in
detail as follow.

Although the age of studied calves were between 90 to 120 days, but they had not maternal antibodies that protect
them to Lumpy skin Disease (LSD) before vaccinated by sheeppox virus vaccine (RM/65) . With the exception calf
number 318 that had protective antibodies at the day 0 of experiment. It is suopposed that this calf may. have been
exposed to a wild strain of lumpy skin disease prior to the start of the experiment. Administration of the sheeppox
vaccine (RM/65) increased antibodies titers in all groups when compared to themselves. The antibody titer against the
vaccine reached nearly 2 after 21 days, indicating its effectiveness as an immunizer/(2). Hence, the utilization of the
sheeppox vaccine (RM/65) at the recommended dose by the Razi Institute,which, is ten times higher than that used in
sheep, can effectively provide immunity against lumpy skin disease in calves.

As mentioned earlier, there was a noticeable variation in antibody titers among groups/C-and D, which both had a
significant deficiency in vitamin D concentration at the time of vacCination. These:two groups did not show any
significant differences compared to groups A and B, which had sufficient levels of 25D3 at the time of vaccination.
Understanding the reason behind this lack of difference among the four groups is challenging due to the diverse
observations made in previous studies(25, 26). According to these research, it was expected that at least group D would
exhibit a better response to the vaccine compared to groups A and B. Because they observed that low baseline levels
of 25D were accompanied by an increase in antibody production. based on in vitro observations the relationship
between vitamin D deficiency and the prevalence of multiple sclerosis (9, 26). These studies concluded that vitamin D
induces apoptosis in plasma cells, leading to lower antibody levelsin in vitro experiments. Therefore, a deficiency in
vitamin D can potentially reverse these results and lead to an increase in antibody concentration by promoting the
proliferation of plasma cells. However, when focusing on the findings of the present study and several other in vivo
studies, it becomes apparent that these.conclusions may be flawed and cannot fully support the in vivo observations.

The aforementioned studies (7, 27) have reported consistent evidence indicating that the presence of vitamin D is
associated with better immunogenicity. For example, Zitt et al. found that vaccination against hepatitis B was more
effective in patients with chronic kidney preblems when their 25D3 concentrations were within the normal range (28).
Accordingly, it was expected that group B in our study would have shown a better response, at least compared to
groups C and D. In our study and some other studies (7, 9, 27), it appears that solely measuring levels of 25D3 or
1.25D3 may not be sufficient to fully-understand the effect of vitamin D on B cells. It may be more informative to also
measure the levels of 1.25D3 and 24.25D3 in addition to 25D3 in order to gain a better understanding of the
mechanisms involved in vitamin D's impact on humoral immunity. It is likely that these two metabolites, 1.25D3 and
24.25D3, closely interact with each other, particularly in cells and tissues that do not rely on the parathyroid hormone
(PTH) axis (4) or in specific microenvironments (26). In fact, within the immune system, different vitamin D
metabolites are known to play regulatory roles in immune function (26, 29). It is possible that thermodynamic
principles govern the effects of vitamin D metabolites on target cells in tissues and cells that are independent of the
PTH axis (29). According to some studies elevated concentrations of 25D3 or 1.25D3 in the body activate the 24
hydroxylase enzyme,sesulting in the formation of an inactive metabolite called 24.25D3. However, the reverse process
of this activation takes longer to occur based on thermodynamic principles (29). In simpler terms, when the
concentrations of 25D3 or 1.25D3 decrease, the production of 1-hydroxylase, which is responsible for increasing
1.25D3 levels, cannot happen as quickly as the rapid activation of 24-hydroxylase. Consequently, this activation period
requires more time (29). It is unfortunate that the present study only measured the concentration of 25D3 and did not
investigate other variables. However, Kashi et al. (2019)(4) observed that when the concentration of 25D3 reached a
sufficient level, the concentration of 24.25D3 also began to rise. This increase in 24.25D3 caused the ratios of
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1.25D3:24.25D3 and 25D3:24.25D3 to decrease, with a greater impact seen in the 1.25D3:24.25D3 ratio. Essentially,
the increase in 24.25D3 led to a reduction in the effects of 1.25D3 and prevented it from interacting with the immune
system effectively. It is possible that in groups A and B, the increase in 25D3 was accompanied by a rise in 24.25D3
levels. This increase in 24.25D3 may have altered the proportion of active metabolites and diminished the impact of
1.25D3 in the immune microenvironment. Vice versa, this effect could have occurred in groups C and D, where the
lower concentration of 24.25D3 may have resulted in an increase in the effect of free 1.25D3 in the immune
microenvironment. Therefore, it is possible that the final effect of vitamin D in all four groups was approximately
similar to a certain extent. Another possible explanation for the lack of difference between the four groups or the
similar effects of vitamin D could be attributed to the synthesis of 24-hydroxylase in B lymphocytes. It.appears that B
cells rely on a paracrine source of 1.25D3, although they express the CYP24A gene (which codes for 24-hydroxylase)
strongly when stimulated with 1.25D3 (26). This suggests that the effectiveness of 24.25D3 ' may be more pronounced
in B cells. Consequently, we believe that the 24-hydroxylase produced in B cells may exert immediate and potent
intracrine effects on these cells, inhibiting the impact of 1.25D3 in groups A and B.

In this study, only humoral immunity was measerd and cellular immunity ‘was.not done. In.all honesty, we consider
the interplay between vitamin D, its metabolites, and B cells in microenvironments to be a complex subject that requires
further investigation. Furthermore, in order to address the question of why there was noe difference between groups
with adequate baseline 25D levels and the opposing groups, it is important to consider the type of plasma cell involved.
Plasma cells can be classified into two types based on their lifespan‘and antigen responses, as indicated by previous
studies(26, 30). These types include plasma cells with a short lifespan and plasma cells with a long lifespan. Plasma
cells with a long lifespan are generated within secondary germinal centers (Gg¢) that are associated with survival niches
(31). In addition to their long lifespan and production of high-specific antibodies, plasma cells also play a crucial role
in immunogenicity processes. In some cases, the antibody titer may decrease after a short duration. This could be
attributed to the presence of plasma cells with shortlifespans that did not receive the necessary survival signals from
germinal centers (GCs). As a result, these plasma cells undergo apoptosis, leading to a decrease in antibody
concentration(26). According to Rolf et al. (2016) (26), it has been observed that vitamin D is not capable of inducing
apoptosis in plasma cells with a long lifespan, rendering it/ineffective in these cells. This finding could potentially
explain the observations made by Décard(32) and the present study. In Décard's study, no difference in MS-specific
IgG levels was observed after 12 weeks of vitamin D therapy, despite a decrease in the concentration of antibodies to
Epstein-Barr virus (anti-EBNA-1)/in the cerebrospinal fluid of these patients (32). Additionally, data from Décard et
al. suggests that serum 25D3 levels decline in‘the two to/three years preceding the onset of MS, while anti-EBNA-1
IgG titers increase (32). Rolf hypothesizes that the presence of anti-EBNA-1 1gG in the cerebrospinal fluid is likely
associated with plasma cells with a short lifespan, and the fluctuation of vitamin D levels may influence the production
of these cells. Moreover, Thorsen's(24) study, which included vitamin D therapy for diabetic type 1 patients, found no
difference in antibedies titers against pancreatic $-cells. He considered another aspect of the effect of 1.25D3 on the
plasma cells. He and et al assumed that non-observative results are most likely caused by the effect of 1.25D3 on
plasma cells. They mentioned that 1.25D3 inhibits plasma cells formation from B cells and does not affect the plasma
cells(24) /Thus, vitamin D therapy dose not reduce antibody against pancreatic f-cells in short duration. Considering
that the primary source.of the most specific 1gG (s) in plasma are plasma cells with a long lifespan as established by
research (26), it is reasonable to surmise that Rolf's hypothesis (26) regarding Decard's study (32) also pertains to our
observation. It has been.confirmed that the ability of attenuated vaccines to induce GCs (33) is responsible for their
capacity to confer a resilient immunity. Therefore, it can be hypothesized that the establishment of germinal centers
(GCs) and plasma cells with a prolonged lifespan, induced by an attenuated vaccine, may have hindered or negated the
apoptosis signal triggered by vitamin D in plasma cells. This assumption is supported by our study as well as previous
studies that utilized the attenuated vaccine as a reference. It is plausible that the presence of sufficient levels of vitamin
D, along with the prolonged lifespan of plasma cells, allowed for the release of 1gG against the sheeppox vaccine
without triggering apoptosis, resulting in a lack of decrease in antibody levels. Consequently, in our current study,
there was no significant difference observed between the four groups. It is likely that the persistence of suitable
concentrations of 25D in case number 318 did not lead to a change in antibody titer due to the presence of GCs and
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long-lived plasma cells that were generated by a wild strain of the virus. In order to address why we did not observe a
difference among the four groups, Thorsen's hypothesis (24) may be worth considering. Animal studies have shown
that stress must occur immediately before the initial antigen exposure in order to affect in vivo immune induction (34).
Further research has demonstrated that stress experienced after this time has no impact on the immune response(34).
Human studies have also confirmed that stress close to an immunological challenge has an immune-modulating effect,
while stress near a recall or repeat of the challenge has a significantly diminished effect(4). Therefore, attempting to
resolve stress or improve 25D levels after the vaccination would be ineffective. According to Therson's logic (24), the
authors of the present study expected to observe different effects in groups A and B compared«to other groups,
particularly in group B, as it did not experience stress (insufficient concentration of 25D) at/the time of vaccine
injection. However, it is important to consider that the active form of vitamin D (1.25D3) and its proportion with other
vitamin D metabolites may play a more decisive role in the microenvironment between immune.cells, rather than just
the sufficiency of 25D.

Taking all of the above into account, it is believed that paying attention to the timing'of the challenge (vaccination day
in the present study), the presence of stress (25D insufficiency), and their interaction effects on the immune system,
specifically in relation to the proportion of vitamin D metabolites, is crucial. It is hypothesized that if groups C and D
were deprived of more sunlight, similar to Kashi's experiment((4), the effects of 25D3 deficiency on the ratios of
25D3/24.25D3 and 1.25D3/24.25D3 would become more apparent, potentially leading to a weaker humoral system
response. It is evident from the figure 2 that the injection of cholecalciferol.did not result in a change in antibody titer
in groups A and C. This raises the question of why the injection of cholecalciferol did not impact the humoral function.

In group A, the negative feedback loop was triggered by an adequate amount of basic 25D3. This feedback likely
restricted the precursor of 1.25D3 (25D3) and prevented an increase in its levels. As a result, the effect of vitamin D
on the humoral system was not observed(35).

On the other hand, in group C, this phenomenon could be attributed to the high dosage of injected vitamin D and the
physiological time lag required to convert cholecalciferol to 25D3, followed by subsequent effective events(36).

In conclusion, the results of the present study indicate that co-administration of cholecalciferol did not have any impact
on humoral immunity following vaccination with RM/65: Based on these findings, it is suggested to better evaluate on
the effect of VitD on immune response«n vaccination, both-humural and cellular immunity will be assesmented. In
addition, 25D3 alone may not be a suitable parameter for determining the effect of vitamin D on the humoral immune
system. It is recommended to also assess;the levels of active metabolites of vitamin D and their proportion in order to
gain a better understanding of the vitamin D's role in immune function.
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