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A B S T R A C T   

Capripoxvirus diseases are listed as reportable diseases by World Organization for Animal Health (OIE). Lumpy 
skin disease virus (LSDV) and sheeppox virus (SPPV), which can only be distinguished by molecular analysis, cause 
moderately, severe, or sometimes fatal infections in cattle and sheep. Even though vaccines are the most effective 
way to control the infection, their effectiveness may decrease in some cases. Therefore, it is significant to explore 
antiviral drugs against these diseases along with the vaccine. This study aimed to investigate the antiviral effi
ciency of ivermectin (IVM) at different stages of in vitro replication of LSDV and SPPV. For this purpose, viral 
titers (TCID50/mL) of the viruses not treated with IVM (0.0 μM) and treated with non-cytotoxic concentrations of 
IVM (1.0 and 2.5 μM) were compared during a nine-day (216 h) post-infection period by viral titration assay. At 
2.5 μM concentrations of IVM, the mean viral titer was significantly (P<0.05) reduced by approximately three 
logs for the replication stage of LSDV and SPPV. To evaluate the antiviral activity of IVM against LSDV and SPPV 
by treatment at the virus attachment and penetration stages, the titers of the virus either untreated or treated 
with 2,5 μM IVM were compared by virus titration assay. The number of infectious virions for LSDV and SPPV 
were decreased by 99.82% and 99.87% at the viral replication stage, 68.38% and 25.01% at the attachment 
stage, and 57.83% and 0.0% at the penetration stage, respectively. It was determined that ivermectin is statis
tically more effective on LSDV than SPPV at the virus attachment and penetration stages (P<0.05). This study 
found that the drug IVM can inhibit capripoxviruses, including LSDV and SPPV at various stages of the propa
gation. Moreover, this research predicted the in vitro antiviral ability of IVM against capripoxvirus infections for 
the first time.   

1. Introduction 

Lumpy skin disease (LSD) and sheeppox (SPP) are common diseases 
of domestic ruminants. The World Organization for Animal Health (OIE) 
lists these diseases as notifiable because of their potential for consider
able economic impact and fast spread. The morbidity rates of LSD in 
cattle can be 5–45%, while mortality is lower than 10%. The morbidity 
rate can reach 100% and can be much higher in unexpected outbreaks in 
Europe. While the morbidity rate of SPP is 70–90%, the mortality rate 
reaches 50% in adults and 100% in lambs which is more sensitive. 
Economic losses are due to decreased milk production, abortions and 
infertility, reduced growth rate, and deterioration of skin quality by 
deep pox lesions (Tuppurainen et al., 2017). Total production losses 
from LSD are calculated to be 45–65%, while SPP is estimated to cause 

reduced productivity of surviving animals and direct animal losses, with 
an average annual income loss of 30–43% (Kumar, 2011; Yeruham et al., 
2007). It can take up to 6 years for flocks to recover from an outbreak of 
LSD or SPP (Garner et al., 2000). Vaccination campaigns and trade re
strictions for the movement of live animals or their products also cause 
major economic losses. Importantly, capripoxvirus diseases are also a 
limiting factor for the genetic development of livestock, as high 
milk-producing cattle are more severely affected by infection than local 
breeds (Hailu, 2015; Tuppurainen et al., 2017). 

Lumpy skin disease virus (LSDV) and Sheeppox virus (SPPV) are 
members of the Capripoxvirus genus in the family Poxviridae (ICTV, 
2020). Although these two viruses are serologically indistinctive, they 
can be distinguished through molecular analysis. The genome of capri
poxviruses is linear and has a dsDNA genome of about 154 kb. The 
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capripoxvirus viral proteins bind to host glycosaminoglycans, and the 
virus enters the host cell via endocytosis. There are two different in
fectious virus particles, including intracellular mature and extracellular 
enveloped virions (ViralZone, 2021). Transmission of capripoxviruses 
can occur through aerosols, vectors, and contaminated feed and water. 
Capripoxvirus infections usually present with open clinical signs such as 
fever, ocular and nasal discharge, swelled lymph nodes, and rash 
mucosal membranes and skin. Clinical findings can be moderate, severe, 
or fatal. The severity of clinical signs varies depending on host suscep
tibility, immunity, and virulence of the virus strain (Babiuk et al., 2009; 
Skrypnyk et al., 2016). Control and eradication of capripoxvirus in
fections depend on the capacity of veterinary services, farmer’s aware
ness, vector control, early detection of disease, animal movement 
restrictions, requirment for slaughtering the infected animals, and 
vaccination (Hamdi et al., 2021). 

Capripoxviruses are endemic in the north of Equatorial Africa, the 
Middle East, Asia, and the Indian subcontinent. Also, LSD has spread 
into Southeast Europe, the Balkans, and the Caucasus as part of the 
Eurasian epidemic (OIE, 2013). Currently, there is no directly admin
istered drug for the treatment of capripoxvirus infections. The most 
effective way is vaccination, despite some factors affecting vaccine 
effectiveness (EFSA, 2015, 2014; Tuppurainen et al., 2017). Ivermectin 
is a broad-spectrum anti-helminthic drug licenced for humans and ani
mals. Also, ivermectin can stop or reduce the replication of various vi
ruses with different inhibition mechanisms (Raza et al., 2020; Wagstaff 
et al., 2012; Yang et al., 2020). Recent studies have reported that iver
mectin is proved to inhibit the replication of some RNA viruses (Human 
immunodeficiency virus type 1, West Nile virus, Dengue virus, Zika 
virus, Tick-borne encephalitis virus, Bovine viral diarrhea virus, 
Foot-and-mouth disease virus, Newcastle virus, Peste des petits rumi
nants virus, Bovine orthopneumovirus, Bovine respirovirus-3, Bovine 
coronavirus, and SARS-CoV-2) (Afzal et al., 2021; Azeem et al., 2015; 
Caly et al., 2020; Mastrangelo et al., 2012; Naeem et al., 2021; Yang 
et al., 2020; Yesilbag et al., 2021) and DNA viruses (Pseudorabies virus 
and Bovine herpesvirus type 1) (Lv et al., 2018; Raza et al., 2020; Yes
ilbag et al., 2021). This study evaluated the antiviral efficiency of iver
mectin in the viral replication, virus attachment, and penetration stages 
of LSDV and SPPV. 

2. Materials and methods 

2.1. Compound of ivermectin 

Injection solution containing ivermectin (IVM, 10 mg/mL) as an 
active component was used. This solution includes 22.23-dihydro-aver
mectin B 1a (~80%) and 22.23-dihydro-avermectin B 1b (~20%) 
(Avromec, Topkim, Turkey). For use in the tests, the stock solution of 
IVM (containing 1000 μM IVM) was prepared by vortexing for at least 
10 min in Dulbecco’s Modified Eagle’s Medium (DMEM). Toxicity and 
efficiency results were also validated with a pure compound of IVM 
supplied by another commercial company (Pharmactive, Turkey). 

2.2. Cell culture and viruses 

Antiviral efficiency of IVM was applied on LSDV and SPPV-Bakirkoy 
strain. The 50% cell culture infectious dose (log10 TCID50/mL) was 5.00 
log10 TCID50/mL for LSDV and 4.50 log10 TCID50/mL for SPPV. 

Propagation of stock viruses and determination of virus titers were 
carried out in the African green monkey kidney epithelial cell line 
(Vero). The cells were incubated in DMEM with 10% fetal calf serum 
(FCS) at 37 ◦C and 5% CO2 atmosphere. DMEM has also contained 250 
µL/mL Amphotericin B and 100 UI/mL Penicillin and 100 µg of 
Streptomycin. 

2.3. Cell cytotoxicity assay for IVM 

The cytotoxicity of IVM was assessed by calculating the number of 
viable cells in total cells. First, Vero cells (8 × 104cells/mL) were seeded 
on 24-well plates and cultured in DMEM containing 10% FCS for 24 h at 
37 ◦C under 5% CO2 atmospheric conditions. The medium was then 
removed, and the cells were treated with IVM at concentrations of 0.0, 
1.0, 2.5, 5.0, 7.5, and 10.0 μM IVM diluted in DMEM for nine days under 
the same conditions. Every 24 h, cells treated with different concen
trations of IVM were harvested individually by trypsinization. Detached 
cells in suspension were centrifuged, and the cell pellets were pipetted 
with 1 mL of DMEM. Finally, Vero cells stained with trypan blue were 
examined under the microscope and calculated by dividing the number 
of viable cells by the total cells. 

2.4. Effect of IVM on replication of the viruses 

The virus titers obtained from IVM-treated and untreated infected 
cells were compared to evaluate the effect of IVM on replication of LSDV 
and SPPV. Initially, 24-well plates were plated with Vero cells (8 × 104 

cells/mL). The cell medium was removed when the cells covered 80% of 
the plate surface (after approximately 24 h). Then, 200 µl of a 
100TCID50/mL suspension viruses were inoculated into the respective 
wells of the plates and incubated for two hours. For this purpose, the first 
three columns of the 24-well plate were inoculated with the virus to test 
non-cytotoxic IVM concentrations. The last column was not inoculated 
with the virus to perform cell control (see supplementary material-1). 
After incubation, the plate wells were washed three times with 
phosphate-buffered saline (PBS). Then 1 mL of a non-cytotoxic con
centration (0.0, 1.0, and 2.5 μM) of IVM was added to each column on 
infected cells and incubated at 37 ◦C under a 5% CO2 atmosphere. 
Infected cells were examined for cytopathogenic changes under an 
inverted microscope for nine days. Infected cells (together with cell 
supernatant) in wells to which 0.0, 1.0, and 2.5 μM IVM was added from 
day four post-infection were collected every 24 h in separate tubes at 
− 80 ◦C. Before testing for viral titers, the tubes were thawed at 37 ◦C and 
centrifuged at 13000 rpm for 10 min at +4 ◦C. Thus, all the cells were 
lysed, and infectious viral particles were transferred to the supernatant. 
The viral titration assay was applied to IVM-treated viral suspensions 
collected at defined time points (96, 120, 144, 168, 192, and 216 h) to 
determine viral titers. Also, the efficacy of the commercial IVM solution 
was supported by performing the test procedure using a pure IVM 
compound at 2.5 μM concentration. 

2.5. Effect of IVM on virus attachment 

Viruses were treated with IVM to evaluate the antiviral efficacy of 
IVM in the cell-binding phase of LSDV and SPPV before inoculation into 
cell cultures. For this purpose, both of the viruses were diluted at 
100TCID50 wherein the final dilution was prepared in DMEM containing 
2.5 μM IVM for the IVM assay, while IVM-free DMEM was used for 
control wells. The virus dilutions were incubated at 37 ◦C for 1 hour. 
Then, 200 μL of these virus dilutions were inoculated onto Vero cells 
plated on the 24-well plates 24 h ago. Plates were incubated at 4 ◦C for 1 
hour, and wells were washed three times with PBS to remove the un
bound virus particles. DMEM without IVM and FCS was added on the 
cells, and the plates were incubated at 37 ◦C under 5% CO2 conditions. 
Infected cells and supernatant were collected and stored at − 80 ◦C until 
virus titration assay at the point where the level of cytopathogenic ef
fects in control cells was 80% (at 10th days post-infection). 

2.6. Effect of IVM on virus penetration 

To determine the efficacy of IVM on the penetration phase of LSDV 
and SPPV into Vero cells entirely, the viruses were given time to enter 
the cell. For this purpose, 24-well plates were coated with Vero cells (8 
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× 104 cells/mL). The viruses were diluted 100TCID50, and 200 µl of a 
100TCID50/mL suspension were inoculated onto the cells in each of 
wells. Plates were incubated at 4 ◦C for 2 h, and infected cells were 
washed three times with PBS. Then, 500 μL of DMEM containing 2.5 μM 
IVM was added to the infected cells and incubated for 1 h at 37 ◦C. At the 
same time, 500 μL of DMEM without IVM and without FCS was added 
onto infected cells, which were prepared as virus control. Infected cell 
surfaces were washed with PBS (pH 3.00) to remove viruses still in the 
adsorption phase. One milliliter of DMEM without IVM and FCS was 
added to the cells and incubated at 37 ◦C under 5% CO2 atmospheric 
conditions until 80% cytopathogenic effect (at 10th days post-infection) 
had developed in the virus control cells. Infected cells and supernatant in 
the same well were collected together and stored at − 80 ◦C until virus 
titration assay. 

2.7. Virus titration assay 

The viral titers (TCID50/mL) of LSDV and SPPV obtained in IVM- 
treated and untreated infected cells were compared simultaneously. 
Briefly, 0.1 mL of 10-fold diluted viral suspensions were added to a 96- 
well plate (four wells were used per dilution). Four infected and non- 
infected wells were used in each test plate as control wells. Vero cells 
(1.5 × 105 cells/mL, 50 μL suspension) were added, and plates were 
incubated at 37 ◦C under a 5% CO2 atmosphere. Plates were examined 
under an inverted light microscope for the presence of cytopathogenic 
effects. TCID50 titers were calculated using the Spearman-Kârber 
method. 

2.8. Statistical analyses 

All experiments were performed twice individually. Results were 
analyzed using IBM SPSS Statistics 23 software. Independent-Sample T- 
test was applied to compare the mean values of the test group’s viral 
titers (TCID50/mL) with the control. Pearson chi-square analysis was 
applied to evaluate whether ivermectin had more potent antiviral ac
tivity on LSDV or SPPV. Statistical significance was defined as P<0.05. 

3. Results 

3.1. The non-cytotoxic concentration of IVM on Vero cells 

To determine the non-cytotoxic IVM concentrations in Vero cells, the 

percent viability values of cells treated with different concentrations of 
IVM were recorded for nine days (216 h). For Vero cells, 10 and 7.5 μM 
IVM were cytotoxic from day 2, while the 5 μM IVM concentration was 
found toxic from day 4. At the 216th hour of the experiment, the cell 
viability rates for 0.0 (untreated cells), 1.0, 2.5, 5.0, 7.5, and 10.0 μM 
IVM were 87.24%, 89.58%, 89.66%, 0.0%, 0.0%, and 0.0%, respectively 
(Fig. 1). Therefore, 1.0 μM and 2.5 μM IVM concentrations were chosen 
to evaluate the antiviral activity against LSDV and SPPV (Fig. 2). In 
addition, it was determined that the toxicity values of the pure IVM 
compound were similar to the commercial IVM solution (concentrations 
of 5 μM and above were cytotoxic). 

Fig. 1. Cell viability rates (%) of the Vero cells treated with various concentrations of ivermectin for nine days (216 h).  

Fig. 2. Microscope images recorded in non-infected (non-IVM treated/ IVM 
treated) and virus-infected Vero cells (non-IVM treated/ IVM treated) on 144 h 
pi (x20 magnification). LSDV: Lumpy skin disease virus; SPPV: Sheeppox virus; 
IVM: Ivermectin. 

E.B. Toker et al.                                                                                                                                                                                                                                 

Downloaded for personal academic use. All rights reserved. https://papernode.online/

https://ballisticcomainvitation.com/t2e548yr3v?key=403e8f291d0b160c8210d10a973a50a9


Virus Research 310 (2022) 198671

4

3.2. Inhibition of LSDV and SPPV replications by IVM 

The antiviral efficacy of IVM on in vitro replication of LSDV and 
SPPV was evaluated by comparing viral titer levels in infected cells 
treated and not treated with IVM for nine days. Since the growth of LSDV 
and SPPV in cell culture was visually observed at  microscope imaging 
starting the fourth day, viral titer assay was performed at defined time 
points (96 h, 120 h, 144 h, 168 h, 192 h, and 216 h p.i.) between the 4th 
and 9th days (Fig. 2). At the 216th hour, the mean viral titer of LSDV was 
5.63 log10 TCID50/mL at virus control (0.0 μM IVM) and was reduced to 
5.00 log10 TCID50/mL at 1.0 μM IVM and to 2.88 log10 TCID50/mL at 2.5 
μM IVM. For SPPV, the mean virus titer at the 216th hour was 5.50 log10 
TCID50/mL at 0.0 μM IVM and was reduced to 5.13 log10 TCID50/mL at 
1.0 μM IVM and to 2.63 log10 TCID50/mL at 2.5 μM IVM (Fig. 3). In the 
presence of 1.0 μM IVM and 2.5 μM IVM, the number of infectious vi
rions was reduced by 76.29% and 99.82% for LSDV, and 57.83% and 
99.87% for SPPV, respectively. A significant statistical difference was 
observed for LSDV and SPPV, compared to the non-treated groups, when 
treated only with 2.5 μM IVM (P<0.05). Effect of commercial IVM so
lution on the replication of the viruses were further confirmed by the 
highest non-cytotoxic concentration (2.5 µM) of the pure IVM com
pound. At the 216th  hours of treatment with pure IVM compound, the 
mean virus titers for LSDV and SPPV at 0.0 μM pure IVM were 5.38 log10 
and 5.13 log10 TCID50/mL, while it was reduced to 2.88 log10 and 3,00 
log10 TCID50/mL in the presence of 2.5 µM pure IVM, respectively. 
Because of this decrease in the titers, similar to commercial IVM solu
tion, there were 99.68% and 99.25% decline in the number of infectious 
virions for LSDV and SPPV treated with 2.5 µM IVM, (P<0.05). 

3.3. Effect of IVM on virus attachment stage 

The antiviral activity of IVM in the cell-binding phase of capri
poxviruses was evaluated by treating the viruses with the highest dose of 
non-cytotoxic IVM. For this purpose, the viral titers of control viruses (0 
μM IVM treatment) and infected cells treated with 2.5 μM IVM were 
compared in cell culture at the 10th day after virus inoculation. The 
mean titer value for LSDV in the virus control (0 µM IVM) was 5.63 log10 
TCID50/mL, while it was reduced to 5.13 log10 TCID50/mL in the pres
ence of 2.5 µM IVM. For SPPV, the mean virus titer was 5.75 log10 
TCID50/mL at virus control (0.0 μM IVM)  and was 5.63 log10 TCID50/mL 
at 2.5 μM IVM. There was a 68.38% and 25.01% reduction in the 
number of infectious virions for LSDV and SPPV treated with 2.5 μM 
IVM, respectively, compared to untreated infected cultures (Fig. 4). It 
was determined that ivermectin was statistically more effective on LSDV 
than SPPV at the virus attachment stage (P<0.05). 

3.4. Effect of IVM on the virus penetration stage 

On the 10th day post-infection (>80% cytopathogenic effect), mean 
viral titers were determined by the TCID50 of untreated and IVM-treated 
cells to assess the impact of IVM on the penetration stage of capri
poxviruses into Vero cells. For LSDV, the mean virus titer at 0.0 µM IVM 
concentration was 4.50 log10 TCID50/mL, while it decreased to 4.13 
log10 TCID50/mL in the presence of 2.5 µM IVM. There was a 57.83% 
reduction in the number of infectious virions for LSDV due to a 0.37 
log10 reduction in mean viral titer compared to untreated infected cul
tures (Fig. 4). IVM was found to have no effective antiviral activity 
(0.0% reduction) in the penetration phase of SPPV, as mean viral titers 
of both untreated infected cultures (0.0 µM) and SPPV treated with 2.5 
μM IVM were 4.25 log10 TCID50/mL. 

4. Discussion 

LSDV and SPPV, which belong to the capripoxvirus group, are listed 
as notifiable diseases by OIE. Vaccination is the most effective method to 
control and eradicate capripoxviruses in the desired area. Nevertheless, 
there is no antiviral drug that can be directly used to treat these in
fections. Ivermectin is a U.S. Food and Drug Administration (FDA)- 
approved drug for humans and animals and is commonly used as a 
broad-spectrum antiparasitic. In recent years, it has been reported to 

Fig. 3. Antiviral effect of ivermectin (IVM) against in vitro replication of 
Lumpy skin disease virus (LSDV) and Sheeppoxvirus (SPPV) in Vero cells. Virus 
titration assay was performed by homogenizing infected cells and their super
natant. The antiviral activity of IVM was determined using TCID50. 

Fig. 4. Inhibition rates of ivermectin (IVM) in proliferation stage (virus 
attachment, penetration and replication) of Lumpy skin disease virus (LSDV) 
and Sheeppoxvirus (SPPV). 
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block the nuclear localization of viral proteins by inhibiting importin 
α/β (Wagstaff et al., 2012; Yang et al., 2020). This activity of ivermectin 
has given importance to research its antiviral activity. This led to the 
study of its efficacy as an antiviral drug against RNA viruses such as 
human immunodeficiency virus type 1 dengue virus (Wagstaff et al., 
2012), West Nile virus, Zika virus (Mastrangelo et al., 2012), Newcastle 
disease virus (Azeem et al., 2015), Foot-and-mouth disease virus 
(Naeem et al., 2021), Peste des petits ruminants virus (Afzal et al., 
2021), Bovine respiratory syncytial virus, Bovine parainfluenza virus 
type 3, Bovine viral diarrhea virus, Bovine coronavirus (Yesilbag et al., 
2021), and SARS-CoV-2 (Caly et al., 2020). In addition, antiviral activity 
against the DNA viruses such as Pseudorabies (Lv et al., 2018) and 
Bovine herpesvirus type 1 (Raza et al., 2020; Yesilbag et al., 2021) was 
also reported. 

This study evaluated the antiviral efficacy of non-cytotoxic IVM 
concentrations against LSDV and SPPV in Vero cells during attachment, 
penetration, and viral replication stages. Initially, the cytotoxicity of 
IVM on Vero cells was determined by calculating the percentages of 
viable cells/total cells, and the cells were found to have about 90% 
viability in 2.5 µM and below concentrations, similar to the pure IVM 
compound. In previous studies, IVM has been tested safely in different 
concentrations on various cell lines, such as at 5 µM in Vero/hSLAM 
(Caly et al., 2020), 5 µM (Yesilbag et al., 2021) and 25 µM (Raza et al., 
2020) in MDBK, 0.6 µM (Varghese et al., 2016) and 3 µM (Lv et al., 2018) 
in BHK-21, 50 µM in chick primer fibroblastic cells (Azeem et al., 2015), 
100 µg/mL in PK-15 cells (Wang et al., 2019). This difference in toxic 
concentrations may be due to differences in biological processing in 
different cell lines and experimental conditions. 

To evaluate the antiviral efficacy of IVM in the early stages of Cap
ripoxvirus replication, we treated the LSD and SPP viruses with IVM at 
the attachment and penetration stages. In the presence of 2.5 mM IVM, 
the number of infectious virions decreased by 68.38% at the virus 
attachment stage of LSDV, while 57.83% inhibition occurred at the 
penetration stage. For SPPV, there was a 25.01% reduction in the 
number of infectious virions at the virus attachment stage, while no 
antiviral effect (0.0% inhibition) was noted at the penetration stage. 
Compared to the viral titers obtained from viral infection stages in the 
host cell, it can be assumed that IVM shares limited impact on the early 
stages of host cell infection by capripoxviruses. No inhibitory effect of 
IVM on early stages of Bovine herpesvirus type 1 (Raza et al., 2020; 
Yesilbag et al., 2021), Pseudorabies virus (Lv et al., 2018), and some 
flaviviruses (Mastrangelo et al., 2012) were proposed in previous 
studies. Our data show that though limited, IVM’s antiviral effect exists 
in the early stages of capripoxvirus replication, at least for LSDV and 
SPPV. Therefore, these data may lead to further studies to clarify the 
precise mechanism of action of IVM against capripoxvirus replication as 
well as other viruses having similar replication properties. 

Two different concentrations of IVM were treated on Vero cells 
infected with LSDV and SPPV to determine whether the virus replication 
cycle is affected. At 2.5 μM concentrations of IVM, the number of in
fectious virions was significantly reduced by about three logs for LSDV 
(99.82% inhibition) and SPPV (99.87% inhibition). The effect on viral 
replication was also evaluated with the pure IVM compound, and the 
decrease in viral titers was confirmed. Our results showed that IVM af
fects the replication cycle of capripoxviruses more efficaciously in the 
post-entry stages than in the pre-entry stages, including virus attach
ment and penetration. There are only several reports on the antiviral 
effects of IVM on DNA viruses. Treatment with IVM has been reported to 
reduce the viral titer of bovine herpesvirus type 1 by four-fold (Raza 
et al., 2020; Yesilbag et al., 2021) and the titer of pseudorabies virus by 
three-fold (Lv et al., 2018). The mechanism of action for IVM on her
pesviruses is proposed to depend on selective inhibition of UL42 protein, 
the accessory subunit of DNA polymerase (Lv et al., 2018; Raza et al., 
2020). Considering the results of our study, IVM also inhibits replica
tions of capripoxviruses, including LSDV and SPPV. 

The maximum plasma concentration (Cmax) after application of 

regular IVM doses (subcutaneous administration, 0.2 mg/kg) is about 
0,096 µg/mL (Myers et al., 2021) and the tolerability for IVM applica
tion ranges to 20 times higher than the regular doses. Thus, clinical trials 
considering the short-term application of higher IVM concentration for 
the treatment of such infections should be a matter of future research. 

In conclusion, this study shows that IVM may be considered for 
further studies to drive the possible treatment of capripoxvirus in
fections, i.e., LSD and SPP. For the first time, this research demonstrated 
the antiviral efficacy of IVM against capripoxviruses, ds-DNA viruses. 
Future studies could be beneficial for better understanding the molec
ular mechanism of action and opportunities for clinical treatment. 

CRediT authorship contribution statement 

Eda Baldan Toker: Validation, Investigation, Formal analysis, 
Writing – original draft. Ozer Ates: Resources, Investigation. Kadir 
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