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Introduction: Lumpy skin disease (LSD) is viral disease affecting cattle production and productivity in Ethiopia. As a prevention 
method, vaccinations have been used for a long period with a questionable output due to the existence of LSD outbreaks in vaccinated 
herds in different parts of Ethiopia.
Methods: A longitudinal study was performed from October 2019 to April 2020 with the objective of assessing the humoral immune 
response of cattle with a serum neutralization test (SNT) from different management systems in central Ethiopia. In this study, 
theserum was collected from 113 cattle (extensive (60/113) and intensive (53/113) management systems) before and after vaccination.
Results and Discussion: From collected sera, a limited number of cattle had seroconversion before vaccination (7.08%). On the other 
hand, it is obvious the seroconversion rises post vaccination. Accordingly, seroconversion starts to increase after a week (8.85% at 7 dpv) 
post-vaccination which proceeds to significantly increase at 30 days post vaccination (dpv) (41.65% (25/60)). Furthermore, the risk factor 
study before and after vaccination showed intensively managed cattle with significantly higher levels of antibody titer at 7 dpv (OR = 
1.17; 95% CI = 0.22, 6.2; p = 0.016) and 30 dpv (OR = 3.67; 95% CI = 1.1, 12.29; p = 0.035) compared with that of extensively managed 
cattle. The other animal-related risk factor that showed a significant difference was breeds and a specific age group ([4½, 7] years) at 15 
dpv (OR = 6.69; 95% CI = 2.02, 22.08; p = 0.002) and 30 dpv (OR = 4.24; 95% CI = 1.22, 14.71; p = 0.023); respectively.
Conclusion: This study showed an overall lower antibody detection across the study, posing a question on the current LSD-vaccine 
efficacy. Therefore, a circulating strain of LSDV should be cross-checked with the vaccine strain and adaptations should be made from it.
Keywords: age, cross-bred, humoral immune response, longitudinal study, LSD, SNT

Introduction
In sub-Sahara African (SSA) countries including Ethiopia, livestock plays a multifunctional activity with an irreplaceable 
role in the livelihood of rural communities and further into the country’s economy.1 Animal-based agricultural activity is 
the major livelihood of Ethiopian farmers; hence, the contribution of livestock to the livelihoods of the people is in terms 
of income generation, food, employment, transport, determining social status; and source of energy from the use of 
manures. Considering this fact, cattle production and use is at the center of the agricultural sector of the Ethiopian 
economy.2 There are more than 56 million heads of cattle in Ethiopia, providing over 3.8 billion liters of milk2–4 and 
roughly one million tons of beef per year.5 These resources of livestock are backed by the fact that the country is leading 
in cattle population in Africa and fifth in the world.6 This livestock sector has contributed a considerable amount to the 
country’s economy and promises to bring together the economic development of the country. Concerning this, 85% of the 
country’s economy depends on farming and animal husbandry.7 Additionally, Ethiopian livestock plays an important role 
in providing export commodities, such as live animals, hides, and skins to earn foreign exchange to the country.4 

However, livestock diseases in the country pose a huge problem in the sector that plays a crucial role to lift the country 
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from poverty. Lumpy skin disease (LSD) is one of the most important viral diseases hampering livestock production and 
productivity with its high morbidity rates.8,9

The disease is characterized by clinical signs including eruptive, infectious, and occasionally causing death to affected 
animals. It is caused by the family Poxviridae and genus Capripoxvirus with a strain of Neethling virus, a double- 
stranded DNA virus.10 It is considered a list A disease by Office International des Epizooties (OIE) because of its huge 
impact on the socio-economic status of the community. The economic implication of this disease on the cattle industry is 
usually related to debilitating chronic impacts on the animal that causes production problems. These problems include 
reduction in milk production, abortion, temporary or permanent sterility, and damaged hides.8 LSD presents itself in 
different forms including acute, sub-acute, or in apparent diseases in which their severity is dependent on the virus strain 
and susceptibility of affected cattle breeds. As mentioned by Radostits et al,11 Bos indicus is known to be less susceptible 
to clinical disease than Bos taurus. Furthermore, Carn and Kitching12 identified that even the lactation status of a cow 
influences the severity of this disease and showed lactating cows are more at risk. LSD is less contagious with low 
mortality (less than 10% in most reports) and varying morbidity rates (1–90% mostly and few reports of 100%).13–15 

Apart from factors related to animals, environmental factors such as the season can have an impact on LSD occurrence. 
As such, the LSD caseload is expected to be higher in wet than dry seasons which is related to favorable conditions for 
biting insects that are thought to transmit the disease.16

The first reported cases of LSD in the world were in Africa specifically Northern Rhodesia (now Zambia) in 1929 and 
spread to other African countries as well as other parts of the world by different means. For example, the introduction of 
the disease into the Middle East in 1991 was correlated with live animal importation from affected areas.13,17,18 However, 
the way LSD was introduced to Ethiopia is unknown, it was first observed in the northwestern part of the country 
(southwest of Lake Tana) in 1983.19 It has spread to almost all regions and agroecological zones of the country. This is 
related to the existence of LSD virus (LSDV) host, cattle in almost all agroecological parts of the country that mainly rely 
on cattle production. Since almost all farmers depend on their cattle population as a means to accomplish their livelihood, 
including food and agricultural processes, the impact of LSD is one of the most economically important livestock 
diseases in the country.16

The diagnosis of Capripox virus (CaPVs) diseases can be achieved by identifying the specific clinical signs followed 
by confirmation with standard virological and/or serological methods. One of the major problems encountered in the 
CaPVs diagnosis is poor seroconversion, for this reason, the confirmation of the disease is generally based on the 
detection of Capripox virions or antigens through electron microscopy, virus isolation, and real-time polymerase chain 
reaction (PCR).20 The poor seroconversion is expected to relate to the fact that the immune response against CaPVs is 
predominantly cell-mediated. Yet, humoral immunity can also play its role in fighting the antigen. The later types of 
immunity present serum antibody titration which can reflect the protection level of the individual animal. This mechan-
ism of humoral immunity is used in the blood test for LSDV antibody detection.21

There are different methods to detect LSD virus antibodies from blood samples. These are serum neutralization test 
(SNT), indirect fluorescent antibody test (IFAT), and ELISA.20,22 From these tests, SNT is considered to be a reference 
and the unique validated serological test that has been used to evaluate immune status in individual animals or post- 
vaccinated populations. It was also mentioned in OIE20 that SNT is the only serological test validated by the OIE with 
high specificity for detecting Capripoxvirus-specific antibodies. This is mostly due to its strong specificity that can reach 
100% but less sensitivity between 70% and 96% for CaPVs. However, coupling with the use of standard viral strain and 
pre-vaccination antibody controls can improve the sensitivity of the test.21

Ethiopia has been striving to control LSD using mass vaccination at a specified season as well as following a report of 
the case. Most research findings also characterize the LSD virus following an outbreak. Yet few authors23 have checked 
for immune responses of cattle after vaccination aiming mainly at different Capripox vaccine comparisons. Post- 
vaccination evaluation of LSD vaccine on crossbred cattle on the station was reported by limited authors.23,24 In addition 
to this, post-vaccination outbreaks of LSD have been reported in different parts of Ethiopia.7,25,26 Evaluating the effect of 
breeds, management system, and other risk factors on immunological reaction have to be done to unlock the existing 
differences in immunological responses of vaccinated and unvaccinated animal states. Therefore, the objectives of the 
current study were to measure and compare LSD-specific antibody responses of cattle before and after vaccination, and 
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evaluation of induced antibody persistence in vaccinated cattle using a serum neutralization test. Furthermore, the effects 
of various risk factors were also evaluated across different quantities of antibodies in vaccinated cattle.

Methods
Study Area
The study was conducted in two purposely selected peasant associations (PAs) of Ada’a district (Dire and Bekajo) and at 
Debre-Zeit Agricultural Research Center (DZARC) dairy farm, Bishoftu, East Shoa zone, Oromia (Figure 1). The 
selection considers the absence of previous outbreaks of LSD to the sites and accessibility to reach the sites for sampling. 
The stationed farm was taken to look at and compare the differences between the management systems. Both PAs had 
never reported LSD outbreaks while the farm reported outbreaks at different times. East Shewa zone is located in the 
middle of Oromia. Ada’a district has a bimodal rainfall season: the long rainfall season extends from late June to late 
September and the short rainy season extends from February to April, with a mean annual rainfall ranging from 450 mm 
to 1000 mm and a temperature range of 17 °C to 30 °C.27

Study Animals
In this study, both male and female, and local and crossbred cattle from 6 months to 12 years old were included. These 
cattle were sampled from Dire and Bekajo representing extensive management and those from the DZARC dairy farm of 
Bishoftu representing intensive management systems. These cattle in extensive management were used mainly for 
agricultural purposes including plowing while those kept intensively were kept for dairy farming and research. Animal 
identification, including breed, age, sex, body condition score (BCS), parity, lactation status, and location (kebele or 

Figure 1 Map of the study area (the map was made with the use of QGIS free software tool).
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farm) was recorded with a format designed for this purpose. BCS was measured before sampling and scored on a scale 
from 1–5 categorized as good (for BCS 4 and 5), medium (for BCS 3), and poor (for BCS 1 and 2).28 Additionally, the 
age of cattle was estimated based on dentition according to the guide given by Johnson.29

Sample Size Determination
A total of 113 cattle (30 from Dire, 30 from Bekajo, and 53 from DZARC) were sampled on different days pre- and 
post-vaccination. The sampled animals were mostly zebu cattle (all from both Dire and Bekajo and 23 Borena cattle 
from DZARC) while the remaining (30 cattle) from DZARC were cross-bred with a range of 50% to 75% blood 
level.

Thirty cattle per the two sites (Bekajo and Dire) from an extensive management system (30 from Bekajo and 30 from 
Dire) were followed and had blood samples taken four times (once pre-vaccination and three times post-vaccination), 
equating to 240 serum samples. Additionally, the 53 cattle from the intensive management system were included in this 
study from the DZARC dairy farm and sampled three times (one pre-vaccination and twice post-vaccination), equating to 
159 sera. Accordingly, a total of 399 sera were collected from 113 cattle from both extensive and intensive management 
systems.

Sampling Methods
Purposive sampling was made to select the study sites taking information from the district about LSD less reported areas 
and accessibility into consideration. Additionally, cattle selection per household took into consideration the owner’s 
closeness to the veterinary clinic and their willingness for repeated sampling. After this, cattle registration with their 
households was made on the first day. Cattle to be sold soon, calves below six months, diseased ones, and pregnant were 
ruled out of the study. A total of 4 to 15 cattle per owner were selected and tagged to make the cattle traceable for 
repeated sampling.

Blood Sample Collection
Blood samples were collected from the selected cattle while they were restrained inside the crush following all animal 
welfare protocols. About 5 to 7 mL of blood was collected from the jugular vein. Each sample was labeled appropriately 
in a similar fashion to the data collection paper with a permanent marker. Collection of samples was made at two stages; 
before vaccination (day 0) and after vaccination with Capripox-LSD vaccine on days 7, 15, and 30. Cattle were 
vaccinated (1 mL per animal subcutaneous) with the Capripox-LSD vaccine, a homologous LSD vaccine produced 
from attenuated Kenyan sheep and goat pox strain virus (KSGPV), manufactured in Ethiopia. On days 0, 7, and 15 the 
blood samples for serum separation were collected from all (n = 113 cattle (Bekajo (n = 30), Dire (n = 30), and DZARC 
(n = 53)) and on day 30, only 60 samples were collected from DZARC (total 399 samples). The collected samples were 
transported to DZARC under a cold chain and allowed to clot for 16–24 hrs at room temperature and then the sera were 
separated and the samples were transferred to labeled cryovials and kept at −20 °C until transported to the national 
veterinary institute (NVI) for a serum neutralization test (SNT test).

Lumpy Skin Disease Vaccine
LSD vaccine is one of the vaccines produced locally in Ethiopia. The produced vaccine is the live attenuated vaccine 
of Kenyan sheep and goat Poxvirus strain/KSGP that is used in the country for LSD prevention and control. 
According to Gelaye et al,30 KSGP was identified as a Neethling virus strain rather than the previous claim of 
sheep and goat pox.

Study Design
Multiple sampling of longitudinal study design was used to determine LSD antibody levels before and after vaccination.
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Laboratory Diagnosis
Cell Culture Preparation and SNT
Reviving Vero cell culture: Cryovial containing Vero cells (Vero cells were originally donated from the Pan African 
Veterinary Center of the African Union/AU-PANVAC and its use was approved by the ethics committee of the 
institution) was warmed in a water bath heated to 37 °C until the suspension was thawed completely. The laminar 
airflow as well as the surface of the cryovial was disinfected with 70% ethanol. After disinfection, the vial was opened in 
a laminar airflow cabinet and the Vero cell was transferred with a sterile pipette to a universal bottle containing 10% 
Glasgow modified essential medium (GMEM). This was followed by centrifugation of about 200 gm of a cell for 10 min. 
at 4 °C. The supernatant with preservative was discarded and resuspension of the Vero cell was made at the required 
concentration in the fresh complete sterile medium (10% GMEM) inside the laminar airflow cabinet. This was followed 
by cell suspension adjusted to the desired concentration of 20 × 106 cell/mL for diploid cell lines (this was labeled for the 
type of cell line, date of incubation, and passage) and then incubated at 37 °C.

Subculture Preparation
In the subculture preparation, 0.05% trypsin solution was pre-warmed for sub-culturing and complete media for cell 
growth at 37 °C. For this purpose, a cell culture flask was taken with a confluent monolayer from the incubator followed 
by the decanting of old media. Next, the cells were washed with PBS free of Ca++ and Mg++ to remove residual serum 
and bivalent ions which inactivate the trypsin and versene, respectively. Additionally, a sufficient amount of trypsin was 
added slowly to the opposite wall of the attached cell monolayer culture flask and the action of the trypsin was observed 
for two minutes. This added trypsin was decanted, followed by placing the flask inverted until the cell detached from it 
inside the laminar flow cabinet. Finally, growth medium (10% GMEM) (with sterile newborn calf serum) was added, and 
vigorously pipetted with a pipette mechanically until the monolayer became dispersed to a single cell. This monolayer 
was used for the serum neutralization test (SNT).

Serum neutralization test (SNT): SNT, recommended by OIE10 as the gold standard serological technique to detect 
antibodies against CaPV, was used to assess the Ab level against LSD in cattle. Furthermore, SNT has been used by 
different researchers as an effective method to determine the level of antibody titer in LSD.23,31 This method of assessing 
antibody titer has a strong specificity though sensitivity is relatively less. The recorded specificity of SNT is more than 
97% while the sensitivity ranges from 70% to 96%.21,22,25 However, the use of pre-vaccination antibodies as a reference 
can improve the sensitivity of the test.22

The laboratory process started by thawing the frozen (−20 °C) sera samples at room temperature followed by serial 
five-fold dilutions of 1/5, 1/25, 1/125, 1/625, and 1/3125 in Glasgow’s minimum essential cell culture medium (GMEM). 
Starting from the fourth day; the monolayer cells were checked for cytopathic effect (CPE) under an inverted microscope. 
This checking for CPE was continued and the final check was made on the ninth day. This last day examination was 
recorded from the highest dilution which inhibited CPE in both or either of the duplicate wells and recorded as the 
reciprocal of the log titration. The final interpretation was made by considering wells without CPE at a dilution of ≥1/25 
(log52) as positive. This means the antibody against the LSDV has reacted with the vaccine strains and inhibited the 
growth of the virus thereby showing the absence of a cytopathic effect on the cell culture.10,16

Data Management and Analysis
The collected data were entered and stored into Microsoft Office Excel 2010 spreadsheet and thoroughly screened before 
being subjected to statistical analysis. Descriptive analysis was made to determine the proportion of cattle with levels of 
SNT antibody titers across each sampling day (pre- and post-vaccination sampling). SNT cut-off value by Gari et al16 and 
Zenebe et al22 referred from OIE10 (≥log52 antibody titers) was used. This value is considered to be an effective antibody 
concentration that gives protection to LSD. Based on this value, vaccinated animals have been classified as either 
protected or at-risk groups on each sampling day. Furthermore, the association between the development of LSD-specific 
antibodies with different risk factors (BCS, age, lactation status, management system, and parity) were made with STATA 
Corp. version 13.32 Throughout the analysis, 95% of confidence intervals (CI) with 5% of precision that sets p < 0.05 as 
the significant difference between the risk factors and antibody titer level was used.
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Limitations of the Study
Limitation of the present study was related to the absence of sampling for a prolonged period of more than 30 days. 
Additionally, the cellular immune response was not addressed in this study.

Results
Longitudinal Study
Serum neutralization test/SNT result: A total of 113 cattle representing extensive (60/113) and intensive (53/113) 
management systems were included in this study. From the sera collected, a limited number of cattle had seroconversion 
before vaccination while the highest seroconversion of 41.65% (25/60) was observed in 60 sera collected from 
extensively managed cattle on day 30 suggesting the presence of the LSD-antibody (Table 1).

The last day of sampling on day 30th was done only from 60 cattle. Relatively, the number of cattle with LSD- 
antibody increased through time from dpv 7 (n = 10) to 30 (n = 25) (Table 1 and Figure 2).

The presence and absence of the cytopathic effect (CPE) were assessed after incubation of the test sera on monolayer 
Vero cells injected with vaccine strains between days 4 and 9. With CPE under close observation via an inverted 
microscope, the final interpretation was made by considering wells without CPE at a dilution of ≥1/25 (neutralization 
index of ≥1.5) as positive. Therefore, the absence of CPE in cell cultures indicate the presence of a protective antibody in 
the test sera that neutralizes the injected vaccine strain virus which in turn leaves the cells intact without damage by the 
virus (ie absence of CPE) (Figure 2).

Sero-Conversion Relationship with Risk Factors
The proportion of cattle with antibodies against LSD differs across risk factors before and after vaccination. Accordingly, 
most antibody production was seen in intensively managed, crossbred, and those aged ≤4½ years except at day 30. 
However, lactating cows and those having ≥1 calf showed higher antibody production both before and after vaccination. 
The maximum number of cattle that showed LSD-antibodies in either the sampling stage (before or after vaccination 
sampling) once or more was 25 animals (Table 2).

Regression analysis showed the presence of a significant difference between the SNT test results of the three cattle 
management systems. Accordingly, p-value showed a significant difference in SNT results between cattle managed by 
intensive and extensive management systems at day 7 (OR = 15.5; 95% CI = 1.65, 145.5; p = 0.016) and 30 (OR = 3.67; 
95% CI = 1.1, 12.29; p = 0.035) of post-vaccination. Additionally, different breeds and age groups ((4½, 7) years) of cattle 
showed a significant SNT results at day 15 (OR = 6.69; 95% CI = 2.02, 22.08; p = 0.002) and 30 (OR = 4.24; 95% CI = 1.22, 
14.71; p = 0.023); respectively. However, the rest of the risk factors (sex, BCS, >7 years of age, parity, management system, 
breed, and lactation status) did not show any significant difference in SNT results (p > 0.05) (Table 3).

Discussion
Vaccination is the most effective and economical method of disease control both in humans and animals worldwide 
including this country, Ethiopia. Ethiopia is endemic to many internationally important livestock diseases including LSD 
and vaccination is an important recommendation to effectively control the disease.10,17 Vaccination against LSD is an 

Table 1 Serum Neutralization Test/SNT Result Before and After 
Vaccination of Study Animals (Till 30 Days) (n = 399).

Days (Pre- and Post-Vaccination) SNT Reactive Samples

Pre-vaccination Day = 0 (n = 113) 7.08% (8/113)
Post-vaccination Day = 7 (n = 113) 8.85% (10/113)

Day = 15 (n = 113) 12.39% (14/113)

Day = 30 (n = 60) 41.67% (25/60)

Total 14.29% (57/399)
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ongoing task in some areas of Ethiopia but vaccine failures were suspected due to the occurrence of the LSD outbreak in 
vaccinated herds. In this study, the KSGP vaccine strain produced locally was used to vaccinate cattle. Furthermore, the 
immune status and response were assessed with a serum neutralization test (SNT) before and after vaccination in the 
intensive and extensive cattle management systems. Accordingly, the longitudinal study showed fewer cattle (22.12%) 
with LSDV-specific antibodies via SNT during pre-vaccination and/or post-vaccination. The specific period of sampling 
comparison showed lesser samples with LSD-antibody before vaccination (7.08%) than post-vaccination sampling that 
ranges from 8.85% to 41.67% (for 7 to 30 dpv). This could be related to the antibody level being raised in vaccinated 
than in unvaccinated animals.33,34 Furthermore, Samojlovic et al35 correlated their finding of fewer cattle presentations 
with the specific antibody to the duration of detectable humoral immune response to be less than a year as vaccinations 
were commonly done annually. This statement was backed by OIE20 which put a time range of about 7 months of 
detectable antibodies after vaccination.

The current SNT results showed the maximum number of cattle with LSD-antibodies in either of the sampling stages (before 
or after vaccination sampling) once or more was 25 cattle. The highest seroconversion was detected at 30-days post-vaccination. 
However, antibody detection was observed in fewer samples at the first sampling post-vaccination (7 days post-vaccination 
(dpv)). Similarly few findings of LSD-specific antibodies at 7 days post-vaccination was reported by Zenebe et al23 though the 
current finding reported less number of cattle with specific antibodies as the former based their research on stationed cattle.

In this study, a higher number of seroconversion was observed on the 30th dpv. Likewise, Zenebe et al23 and Samojlovic et al35 

also reported the highest seroconversion on the 30th day after vaccination. This relative increase in the number of sera with 
antibody appearance during post-vaccination Milovanović et al36 considered as an indication of a better immune response to 

Figure 2 Microscopic observation of Vero cell culture monolayer during serum neutralization test (100x) (A) negative control, only Vero cell culture without the virus, no 
CPE (ie cells appear to be morphologically normal), (B) positive result on day 9, no CPE and (C) negative result on day 9; with CPE (ie cell started to degrade and made 
clustered appearance).
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vaccination. However, the overall antibody detection appeared to be lower as a maximum of 41.67% on 30 dpv while much less 
antibody detection was detected at 7 and 15 dpv. Accordingly, a dominant number of collected sera showed the absence of specific 
LSD-antibodies both pre-and post-vaccination. This was explained by Babiuk et al37 with the probable existence of lower 
neutralizing humoral immunity following vaccination with live attenuated Capripox vaccines. Additionally, Gari et al31 suggested 
the high amount of missing seroconversion with poor immunogenicity of the vaccine was due to over-attenuation of Neethling and 
KSGP vaccine strains in its process of production.

In the current study, the SNT result of antibody-specific detection was compared across different risk factors. 
Accordingly, intensively managed cattle showed a significantly higher level of antibody titer post-vaccination compared 
with extensively managed cattle (p < 0.05). This could be related to the good husbandry care in intensively managed 
cattle that probably opened the way for boosting the build-up of immunity in general. Additionally, certain groups of age 
and breeds were found to cause a significant effect on the development of antibodies. In agreement with this, Molla et al9 

put the importance of host-related factors including age on the immune system reaction. Likewise, different breeds and 
age groups of cattle showed significant SNT results at different dpv (p < 0.05). In contrast to the current finding, Zenebe 
et al23 did not find any effect of host risk factors on antibody production. This might relate to Zenebe et al’s23 focus on 
stationed cattle with a good husbandry status.

Conclusion
The current longitudinal study on protective antibodies showed a variability between pre- and post-vaccinated sera as 
well as among different days post vaccinated samples. In general, the number of cattle that showed a protective antibody 

Table 2 Risk Factors Associated with Detected Immune Response Against LSD (N =113)

Risk Factors Total No. of Cattle (%) Number of Animals with LSD-Antibody at Different Times (%)

Day=0  
(n=8, N=113)

dpv =7  
(n=10, N=113)

dpv =15  
(n=14, N=113)

dpv =30  
(n=25, N=60)

Management system
Extensive 60 (53.10) 0 1 (10) 5 (35.71) 23 (92)

Intensive 53 (46.90) 8 (100) 9 (90) 9 (64.29) 2 (8)

Breed
Local 83 (73.45) 0 1 (10) 5 (35.71) 23 (92)

Cross 30 (26.55) 8 (100) 9 (90) 9 (64.29) 2 (8.0)

Sex
Female 69 (61.06) 8 (100) 10 (100) 12 (85.71) 9(36.0)

Male 44 (38.94) 0 0 2 (14.29) 16 (64.0)

Age
≤4½ years 35 (30.97) 4 (50) 5 (50) 6 (42.86) 8 (32.0)

(4½,7 years] 44 (38.94) 2 (25) 2 (20) 2 (14.29) 4 (16.0)

>7 years 34 (30.09) 2 (25) 3 (30) 6 (42.86) 13 (52.0)
BCS
Poor 28 (24.78) 0 1 (10) 2 (14.29) 10 (40.0)

Medium 58 (51.33) 7 (87.5) 8 (80) 11 (78.57) 11 (44.0)
Good 27 (23.89) 1 (12.5) 1 (10) 1 (7.14) 4 (16.0)

Parity (n=62)

NA (either male or calf) 51/113 (45.13) – – 2 (14.29) 10 (40.0)
Heifer/Cow without calf 32 (51.61) 2 (25) 2 (20) 3 (21.43) 5 (20.0)

Cow with ≥1 calf 30 (48.39) 6 (75) 8 (80) 9 (64.29) 10 (40.0)

Lactation status (n=56/113)
NA (Heifer, male or calf) 57/113 (50.44) 0 0 3 (21.43) 11 (44.0)

No 34 (60.71) 3 (37.5) 3 (30) 4 (28.57) 7 (28.0)
Yes 22 (39.29) 5 (62.5) 7 (70) 7 (50) 7 (28.0)

Abbreviations: NA, not applicable; n, positive sample to SNT; N, total animal sampled on that specific day; dpv, days post-vaccination.
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Table 3 Regression Analysis of SNT Results at Pre-and Post-Vaccination

Factors Day = 0 (n = 8) dpv = 7 (n = 10) dpv = 15 (n = 14) dpv = 30 (n = 25)

OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value

Management
Extensive – 1 1 1
Intensive 15.5 (1.65, 145.5) 0.016* 1.17 (0.22, 6.20) 0.851 3.67 (1.1, 12.29) 0.035*

Breed
Local – 1 1 1
Cross 28.53 (0.78, 1045.3) 0.068 6.69 (2.02, 22.08) 0.002* 1.05 (0.42, 2.63) 0.911

Sex
Female 1 1
Male – – 3.53 (0.05, 250.0) 0.562 1.13 (0.05, 24.21) 0.938

Age (Years)

≤4½ 1 1 1 1
[4½, 7] 1.39 (0.12, 15.52) 0.791 1.54 (0.15, 15.33) 0.712 4.71 (0.80, 27.89) 0.088 4.24 (1.22, 14.71) 0.023*

>7 1.4 (0.08, 23.09) 0.812 1.13 (0.13, 9.51) 0.912 1.43 (0.33, 6.20) 0.633 1.46 (0.49, 4.33) 0.500

BCS
Poor All negative 1 1 1

Medium 1 1.28 (0.05, 29.76) 0.878 2.18 (0.35, 13.54) 0.403 1.2 (0.4, 3.56) 0.732

Good 1.76 (0.13, 22.94) 0.667 3.7 (0.08, 172.44) 0.505 2.69 (0.17, 43.48) 0.485 3.3 (0.69, 15.85) 0.136
Parity (n=62)

Heifer/Cow 1 1 1

Cow with ≥1 calf 1.4 (0.01, 144.93) 0.880 1.58 (0.03, 76.92) 0.817 2.01 (0.07, 54.01) 0.677 5.6 (0.28, 113.55) 0.260
Lac. Status (n=56)

No 1 1 1 1

Yes 3.27 (0.09, 123.8) 0.523 1(0.05, 19.02) 0.998 1.94 (0.14, 26.32) 0.620 6.1 (0.51, 71.43) 0.155

Notes: dpv- days post-vaccination “–”All were negative and unable to make an analysis, Lac. Status: lactation status (“Yes”: for milking animals, “No”: for dry/non-milking), “*”-statistically significant (p<0.05), “n”- positive sample to SNT.
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post vaccination indicated the slow buildup or lesser level of protection gained from this available vaccine. As this study 
still left some questions behind; we recommend an extended period of sampling to look for protective antibodies as well 
as to exhaust the study regarding cellular immune response against the LSD vaccine.

Abbreviations
CPE, cytopathic effect; DZARC, Debre Zeit/Bishoftu Agricultural Research Center; GMEM, Glasgow modified essential 
medium; HH, household; KSGP, Kenyan sheep and goat Poxvirus strain; SNT, serum neutralization test; LSD, lumpy 
skin disease; LSDV, LSD virus; OR, odds ratio; NVI, national veterinary institute.
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