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Abstract

Background Lumpy skin disease (LSD) is an economically important viral disease of cattle caused by lumpy disease
virus (LSDV) and transmitted by blood-feeding insects, such as certain species of ies and mosquitoes, or ticks. Direct
transmission can occur but at low rate and e ciency. Vaccination has been used as the major disease control method
in cooperation with other methods, yet outbreaks recur and the disease still persists and is subsequently spread-

ing into new territories. LSD has of late been spreading at an alarming rate to many countries in the world includ-

ing Africa where it originated, Middle East, Asia and some member countries of the European Union Wesipt the

ern Hemisphere, New Zealand and Australia. In order to take control of the disease, various research endeavors are
going on di erent fronts including epidemiology, virology, social economics and modeling, just to mention a few. This
systematic review aims at exploring models that have been formulated and/or adopted to study the disease, estimate
the advancement in knowledge accrued from these studies and highlight more areas that can be further advanced
using this important tool.

Main body of the abstract Electronic databases of PubMed, Scopus and EMBASE were searched for published
records on modeling of LSD in a period of ten (10) years from 2013 to 2022 written in English language only. Extracted
information was the title, objectives of the study, type of formulated or adopted models and study ndings. A [total

of 31 publications met the inclusion criteria in the systematic review. Most studies were conducted in Europe re ect

ing the concern for LSD outbreaks in Eastern Europe and also availability of research funding. Majority of modeling
publications were focused on LSD transmission behavior, and the kernel-based modeling was more popular. The role
of modeling was organized into four categories, namely risk factors, transmission behaviors, diagnosis and forecasting,
and intervention strategies. The results on modeling outbreaks data identi ed various factors including breed type,
weather, vegetation, topography, animal density, herd size, proximity to infected farms or countries and importation

of animals and animal products. Using these modeling techniques, it should be possible to come up with LSD risk
maps in many regions or countries particularly in Africa to advise cattle herders to avoid high risk areas. Indirect trans-
mission by insect vectors was the major transmission route with Stomoxys calcitrans being more e ective, indicating
need to include insect control mechanisms in reducing the spread of LSD. However, as the disease spread further

into cold climates of Russia, data show new emerging trends; in that transmission was still occurring at temperatures
that preclude insect activities, probably by direct contact, and furthermore, some outbreaks were not caused by eld
viruses, instead, by vaccine-like viruses due to recombination of vaccine strains with eld viruses. Machine learning
methods have become a useful tool for diagnosing LSD, especially in resource limited countries such as in Africa.
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Modeling has also forecasted LSD outbreaks and trends in the foreseeable future indicating more outbreaks in Africa
and stability in Europe and Asia. This brings African countries into attention to develop long-term plans to deal

with LSD. Intervention methods represented by culling and vaccination are showing promising resuits in limit

ing the spread of LSD. However, culling was more successful when close to 100% of infected animals are removed.
But this is complicated, rstly because the cost of its implementation is massive and secondly it needed application
of diagnostic techniques in order to be able to rapidly identify the infected and/or asymptomatic animals. Vaccination
was more successful when an e ective vaccine, such as the homologous LSD vaccine, was used and complemented
by a high coverage of above 90%. This is hard to achieve in resource-poor countries due to the high costs involved.

Short conclusion Modeling has made a signi cant contribution in addressing challenges associated with the lepi-
demiology and control of LSD, especially in the areas of risk factors, disease transmission, diagnosis and forecasting
as well as intervention strategies. However, more studies are needed in all these areas to address the existing gaps
in knowledge.

Keywords Lumpy skin disease, Cattle, Modeling, Epidemiology, Control

Background initial outbreaks and under conditions where insects can
Lumpy skin disease (LSD) is a highly contagious ande completely excluded.
economically important viral disease of cattle caused Lumpy skin disease has recently been expanding its ter
by lumpy skin disease virus (LSDV), a member of theitories at an alarming rate to numerous countries around
Capripoxvirus genus in the Poxviridae family (Gelaye the world, including Africa, where it rst appeared, the
and Lamien 2019; Afshari Safavi 2022; Jiang et al. 202Rjiddle East, Asia and some European Union (EU) mem
Milovanovi et al. 2020; Mathijs et al. 2020; Jalali et al.ber countries (Gale et aR016; Tuppurainen et al2020).
2017; Limon et al. 2020; Elhaig et al. 2017; Ince et ale Western Hemisphere, New Zealand and Australia are
2016; Mani et al. 2019; Annandale et al. 2014). e dis the only places where LSD has not been reported (Grace
ease has been recognized by the World Organization foand McDermott 2012). e disease was rst detected in
Animal Health (formerly the O ce International des Zambia in the year 1929 (Tran et al. 2020; Casal et al.
Epizooties—OIE) as a noti able livestock trans-bound 2018; Sudhakar et al. 2021; LK 2021; Sprygin et al. 2018),
ary disease (Issimov et al. 2020). e disease symptomswas identi ed in East Africa the rst time in Kenya in
include fever, skin nodules, pox lesions in the mucousl957 (Gerilovych and Stegniy 2016) and in Tanzania in
membranes of the digestive and respiratory tracts, ema 1986 (Abdulga et al. 2016). However, it later extended to
ciation, enlarged lymph nodes, edema in the skin, lach the sub-Saharan West African countries in the 1970s. As
rymation, nasal discharge and excessive salivation (Gomof year 2000, the disease started spreading to the Mid
etal. 2017). dle Eastern countries and by 2013 the disease extended
e economic consequences of LSD include a tem into Turkey and the Balkan countries. Recent spread has
porary decline in the production of milk, permanent or seen outbreaks occur in Georgia, Russia, Bangladesh and
temporary sterility in bulls and reduced fertility of cows China which has caused considerable international eon
(Gerilovych and Stegniy 2016). Sometimes, the diseaseern. ere is a growing fear of the introduction of the
results in the death of infected animals (Gerilovych andLSD in countries near the Balkans such as France {Sae
Stegniy2016). Mortality is reported to range from 1 to german et al. 2019).
3%, but depending on the presence of insect vectors and Vaccination using attenuated virus is the most e ec
hosts susceptibility, mortality can be as high as 20-85%ive disease control measure (Klement et al. 2020; Rouby
(MLF 2019; Ochwo et al. 2019). Prevalence of LSD is-estiet al. 2021) and was particularly e ective in controlling
mated to be 10% by average which ranges in the 95% cothe disease in the Balkans (Klement et al. 2020). e
dence interval (Cl): 9.4-11% (Hasib et al. 2021). common LSD attenuated vaccines include the homelo
Various disease transmission routes have been -progous vaccines made from LSD virus, represented by
posed, which include blood-feeding insects which actthe Neethling strain from South Africa or heterologous
as mechanical vectors (Molla et al. 2017; Agianniotakivaccines made from goat or sheep pox viruses (Bhanu
et al. 2018), biological transmission by some tick speciesprakash et al2012). While the attenuated LSD vaccines
(Sprygin et al. 2019) and direct contact with saliva fromare the most e ective tool against the disease, compared
infected animals (Namazi and Khodakaram Tafti 2021).to other control measures, they are still considered risky
However, other mechanisms probably exist in view of thein the sense that secondary mutations can cause rever
tendency for LSD to occur in areas far away from areas o$ion to virulence leading to disease causation (Lee et al.
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2012; Sprygin et al. 2018; Krotova et al. 2022). erefore, Search strategy
it is not recommended to be used in non-endemic areas Electronic databases of PubMed, Scopus and EMBASE
ere are also reports that the Neethling LSD vaccine were searched for published literature on modeling of the
induces some adverse e ects in vaccinated animals otumpy skin disease. e search strategy “Lumpy Skin Dis
causes the Neethling disease (Yeruham et al. 1994). Fuease" AND “model*" was designed and used in searching
thermore, there are reported failure of the Neethling LSD published materials on modeling of LSD.
vaccine to protect vaccinated cattle against challenge with
virulent LSD virus (Gari et al. 2015). As a result, research
endeavors are going on in search for more e ective andSelection criteria
safer vaccines. Newer vaccine types, which are, howeveeg eligibility and inclusion criteria for this search were
not yet available in the market, include inactivated vac based on studies on modeling for the transmission
cines, recombinant vaccines, combined vaccines, genetidynamics of lumpy skin disease (LSD) in a period of ten
engineering vaccines both of which have advantages anll0) years from 2013 to 2022 written in English language.
disadvantages (Francid018; Wang et al2020). In addi  Figurel is a PRISMA ow diagram showing the ltering
tion to vaccines, other control measures include killing process.
of all infected animals in a herd (though culling could be
controversial (Tchuenche and BaucB012)), restricting
animal movements, vector control through disinfection Data extraction
and sterilization (Al-Salihi and Hassan 2015) and strictIn this process, extracted information was the title of the
quarantine (Gupta et al. 2020). However, application ofstudy, objectives, type of model used and study ndings.
the latter measures in the absence of vaccination has noTo ensure quality of the extracted data, every article was
always produced successful results (Tuppurainen andwvholly reviewed one by one and took note of the men
Oura 2012). To expedite healing of wounds, applicationtioned required information.
of antibiotics may be used to control secondary bacterial
infection (Khan et al. 2021).
LSD has been considered as a neglected disease, k
since its spread to high-temperature countries, research
interest has increased commensurate with the increase
in the funding and publications. Some of the challenges
on the epidemiology of LSD include mechanism of virus
spread from one place to the other, risk factors, diag
nostics, LSD control methods and other challenges.
One of the epidemiological methods used to study dis
ease is modeling. In the epidemiology of infectious dis
eases, modeling is a highly versatile tool that enable
the detection of epidemic patterns (Alkhamis and Van
derWaal 2016), extrapolation of epidemic behaviors and
evaluation of the impact of interventions (Siettos and
Russo02013). Although there have been quite a number
of researches where modeling was applied, the overa
impact of the LSD studies using modeling tools is not yet
established. It is therefore the goal of this study to sys
tematically review the literature on LSD modeling and
estimate the advancement in knowledge accrued from
these studies and highlight potential areas that could be
further advanced using this important tool.

Materials and methods

PRISMA statement

is review has been reported following the Preferred

Reporting Items for Systematic Reviews and Meta-Analy

ses (PRISMA) statement (Moher et al. 2009). Fig. 1 PRISMA owchart
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Results and discussion et al.2021), di erent use of keyword “model” (Douglass
Retrieved publications et al. 2020) and appearance of keyword just in the -ref
A total of 248 publications were retrieved from Pub erences (Nesterov et al. 2022). Other studies such as
Med, Scopus and EMBASE (49, 102 and 97, resped&l-Ansary et al. (2022) and Fay et al. (2022) might have
tively) databases. Two hundred and seventeen (217heen met the inclusion criteria since there were models
publications in total were excluded from the system addressing LSD matters, but the models left behind the
atic review due to various reasons such as ineligibilitystudying of the transmission dynamics of LSD.
(Abdalhamed et al. 2022; Chapman et al. 2021; Rouby

Fig. 2 Distribution of number of included studies to the year of publication

Fig. 3 Model categories
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Most studies were published in the year 2022 -fol followed by models which looked at determining LSD
lowed by year 2018 (Fig)2 risk factors for transmission and prevalence. For more
Models in the published studies are categorized intoinformation, see Fig. 3
four groups, namely LSD risk factors, LSD transmission Various modeling techniques were identi ed from the
behavior, diagnosis and forecasting of LSD, and e ec reviewed studies with kernel-based modeling technique
tiveness of intervention strategies. Most studies tried tohighly implemented (see Fig.)4
formulate various models to study the behavior of LSD

Fig. 4 The distribution of di erent modeling techniques applied in the reviewed studies

Fig. 5 The geographical distribution (by continents) of the reviewed studies
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Also, most studies were done in Europe, while very fewwhich support abundance of insect vectors. Uddin et al.
were done in Africa (see Fi®). is calls for more e ort (2022) used multivariable Poisson’s regression model to
on LSD modeling research to be done in Africa, whereidentify herd-level (herd size, management system and
the rst case of LSD occurred and still most cases of LSDhouse type) risk factors for LSD during the outbreak in

occur. nine districts of Bangladesh between December 2019 and
December 2020. e results showed that herd size (LSD
LSD risk factors higher small farms than large farms), housing type (LSD

Modeling was used to predict LSD outbreak in unaf higher in hut, temporary, tin shed than semi-building
fected areas in Europe and Asia. Following the spread dfiouses) and management (LSD higher in semi-intensive
LSD in Asia and Eastern Europe, an increased numbethan intensive) were all due to ability to protect against
of studies were conducted to get to grips with the LSDor allow biting insects. e proximity of France to Turkey
outbreaks and spread, both in a ected and at risk coun and other Balkan countries where LSD outbreaks have
tries. Risk factors associated with positive cases werbeen reported since 2015 (Saegerman et al. 2019) has
determined using various methods including modeling. stimulated concern on possible introduction of the dis
is was done with the goal of envisaging intervention ease in the country in view of importation of cattle and
methods in a ected and at risk areas. evik and Do an their products into France. Saegerman et al. (2019) esti
(2017) used the generalized mixed linear model to evalumated the risks of introduction of LSD in France through
ate risk factors associated with LSDV infection following importation of live cattle using a quantitative import risk
the outbreaks of the disease in the Aegean, Central Anaanalysis (QIRA) model. e results estimated the yearly
tolian and Mediterranean regions of Turkey between Julyprobability of a rst outbreak of LSD in France following
2014 and June 2015. e results showed positive asso the import of batches of infected live cattle for breed

ciation between LSDV infection and European breeds,ing or fattening to be (95% PI: ;
small-sized family-type farms and nearness of farm to ) in summer months (high vector activity)
a lake. is agrees with other studies (Ayelet et ak013; and (95% PI: ; ) in win-

Tageldin et al. 2014; Stojmanovski 2018; Kiplagat et alter months. is is very possible because cattle which are
2020). Susceptibility of European breeds is suggested tsubclinically infected with LSD may be allowed for trans
be due to stress owing to high milk production. Small portation by trucks into naive countries. Transporta
farms are more susceptible due to increased chances dfon of cattle by trucks from infected countries may also
insect bite, and nearness to the lake is associated witiadvertently transport insect vectors which will be able
increased insect vector activity. Data from a ected LSD to initiate infection in a naive country. Legal and illegal
locations between July 2012 and September 2018 in thenovement or transportation of cattle may help explain
Balkans, Caucasus and Middle East were analyzed by toutbreaks of LSD far away from infection foci, where
ting it to a spatial regression model (Allepuz et al. 2019).movement of insect vectors can be completely excluded.
Areas with great odds of being positive for LSD wereModeling of risk factors in countries or localities where
mostly covered with croplands, grassland or shrubland,LSD occurred or at risk countries has made great contri
with higher cattle density, as well as areas with higherbution in the control of LSD. e results from these stud
annual mean temperature and higher temperature diur ies provide useful information for veterinary authorities
nal range. e resulting model was utilized to predict the to design surveillance and awareness systems, and pre
LSD risk in neighboring una ected areas in Europe, the ventive measures such as vaccination programs.
Caucasus and Central Asia. e results from this study

provide useful information for the design of surveillance LSD transmission behavior

and awareness systems, and preventive measures, e.§ransmission mechanisms of LSD are still not well
vaccination programs. Ardestani and Mokhtari (2020) understood and are still subject to intensive research.
used LSD outbreak data from veterinary organizations e disease has spread from sub-Saharan Africa (SSA)
between 2012 and 2016 and analyzed the potential fowhere it is endemic and has spread and caused outbreaks
an outbreak of LSD in Chaharmahal and Bakhtiari prov in Northern African, Middle East, Asia and some Euro
inces in Iran based on the grid maps with the resolutionpean countries through transmission mechanisms that
of 1 km. In this study, 22 environmental variables (19 bio are not well understood. Both direct contact and indi
climatic and 3 topography variables) were used to exploraect contact via vectors have been proposed, with more
the environmental in uences on LSD outbreak by maxi evidence supporting higher e ciency to vector trans
mum entropy ecological niche modeling (MaxEnt). e mission than direct contact. To help unravel the trans
study found that areas that were at high risk of LSD aremission mechanisms of LSD, modeling has been used to
those areas with warm temperatures, humid (rainy) all ofcompare the direct and indirect mechanisms using data
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from outbreaks in dierent countries. Magori-Cohen vaccine-like LSDV Udmurtiya/2019 occurred under
et al. (2012) analyzed a dataset collected during the LSEreezing air temperatures (Sprygin et al. 2019).

outbreak in 2006 in a large dairy herd in Israel, which While the role of arthropod vectors in transmission of
included ten separated cattle groups. Transmission byLSD is unquestioned, there is still some research inter
three contact modes was modeled using dynamic trans est to identify which arthropod species are major LSD
mission probability model, indirect contact between the transmitters. Sanz-Bernardo et al. (2022) quanti ed the
groups within a herd, direct contact or contact via com acquisition of the virus and its retention in di erent ana
mon drinking water within the groups and transmission tomical locations of four vector specieS. calcitransAe.
by contact during milking procedure. e results show aegypti,Culex quinquefasciatus an@ulicoides nubeculo
that indirect transmission was the only parameter that sus Mathematical models of the data revealed that LSD
could solely explain the entire outbreak dynamics andvirus was mainly retained by insects when feeding from
was estimated to have an overall e ect that was over vethe skin lesions rather than other body parts or blood
times larger than all other possible routes of transmis from the infected animal and that of all insect parts it is
sion, combined. the proboscis which was e cient at retaining the virus.

e thin-plate spline regression method was used to However, the study did not nd di erences between the
model the pattern of LSD spread from the rst entry in insect species tested. Gubbins (2019) assessed the risk
Turkey and eight Balkan countries: Greece, Bulgaria, theof transmission by calculating the basic reproduction
Former Yugoslav Republic of Macedonia, Serbia, Kosovmumber ( ) for transmission of LSDV by ve species of
and Albania between 2015 and 2016 (Mercier et2018). biting insect: the stable y, Stomoxys calcitrans, the-bit
e results showed the median spread rate of 7.3km/ ing midge, Culicoides nubeculosus, and three mosquito
week; it was further observed that the spread was-seaspecies, namely Aedes aegypthopheles stephensi and
sonal, peaking during summer and ceasing completelyCulex quinquefasciatus. e results suggest that S. eal
in winter which is consistent with vector transmission, citrans is likely to be the most e cient at transmitting
although there were some aspects of long distance spreadSDV, with Ae. aegypti also being an e cient vector. By
which could be accounted for by cattle trade movements.contrast, C. nubeculosusin. stephensi an€x. quinque
Similar conclusions for vector transmission were drawn fasciatus are likely to be ine cient vectors of LSDV.
when data from the same area were modeled using the
kernel-based spread model by the European Food Safetiagnosis and forecasting of LSD
Authority (EFSA) (2018) (EFSA 2018) covering the periodDiagnosis of LSD
between 2016 and 2017 and by Gubbins et al. (2020) whwarious models have been developed and/or adopted to
modeled the data from the 2016 LSD outbreak in Atba diagnose the presence of LSD. In a study by Afshari Safavi
nia. However, entry of LSD in the Russia Federation (RFf2022), some machine learning techniques were deter
in 2015 (Sprygin et al. 2018) and further outbreaks up tomined with high accuracy in predicting the LSDV occur
year 2000 has produced transmission patters that di er rence in test data (up to 97%) based on some geospatial
slightly from other regions. and meteorological features. In terms of area under curve

Despite the fact that most LSD outbreaks in RF(AUC) and F1 performance metric scores, the arti cial
between 2015 and 2020 occurred mainly during theneural network (ANN) algorithm outperformed other
warm months, with the majority of outbreak peaks machine learning methods in predicting the occurrence
occurring in mid-summer which support insect trans of LSDV infection in unseen data with the corresponding
mission, in 2018, LSD cases continued until Novembervalues of 0.97 and 0.94, respectively (Afshari Safavi 2022).
where freezing temperatures prevailed during the dayBut random forest classi er and light gradient boosted
and night. is precludes insects since they are unable machine classi er outperformed the other models with
to y at temperatures below zero and strongly indicate the F1 score of 98% (Dofadar et al. 2022) in diagnosing
alternative route of transmission. Furthermore, the cut LSD in an animal. ese results entail the essential role of
breaks of LSD viruses were not eld viruses as observedrti cial intelligence in LSD diagnosis. When preparing
in the 2015-2016 outbreaks; instead, outbreaks wereontrol policies, it is crucial to consider extending these
caused by vaccine-like LSD viruses caused by recombindools and make them available for stakeholders. is will
tion between vaccine and eld viruses. To support this, enhance early detection and forecast and thus will facili
contact transmission of recombinant Saratov/2017 hastate proper surveillance.
recently been demonstrated in an experimental setting
(Sprygin et al. 2020) indicating oronasal transmission.Forecast of LSD
Another occurrence of possible contact transmission wasOn the other hand, in a study by Anwar et al. (2022), a
observed when an outbreak caused by the recombinantikelihood-based change point detection approach was
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applied to know at what times signi cant changes of LSD stamping out will help to eradicate the disease, but
occur. e results indicated that between 2005 and 2020, 75-95% vaccination brings similar results of disease
Africa had more outbreaks with Zimbabwe bearing the eradication as stamping out. However, the duration of the
burden with the highest number of outbreaks. Moreover, vaccination campaign su cient to eliminate LSD mainly
the auto-regressive moving average (ARIMA) and neuraldepends on the vaccination e ectiveness and cover
network auto-regressive (NNAR) models using R statis age achieved. By using a spread epidemiological model,
tical software and the available data on LSD outbreaksassuming a vaccination e ectiveness of 65%, with 50%
were used to study and forecast the trend of LSD. Hereand 90% coverage, 4- and 3-year campaigns, respectively,
the ndings indicated an increase in outbreaks in Africa, are needed to eliminate LSD (EP, Welfare 2016). On the
while they predicted stabilization in Europe and in Asia. other hand, the protective e ect of vaccination is sup
ARIMA predicted stabilization, while NNAR predicted ported by the results obtained which showed median
uctuation. e change points that had higher LSD out  vaccination e ectiveness values of 62%, 96% and 84%
breaks appeared in the periods where ine cient control in Albania, Bulgaria and Greece, respectively, with live
measures were adopted, or when there were no controhomologous vaccine. us, mass vaccination with an

measures adopted in some areas. already identi ed quality and e cient vaccine is the most
e ective way of combating LSD transmissions (EFSA
E ectiveness of intervention strategies 2018). On the other hand, between herds (kernel-based)

Following the spread of LSD worldwide, various control taking seasonality into account and within-herd (deter
methods were adopted to contain the disease. Some wemninistic susceptible infectious recovered vaccinated)
proven to be ine cient, and the amount to administer modeling approaches were used to study dynamics of
the few which were proven to be e cient was not prep LSD in vaccinated population to achieve freedom from
erly known. Interest on this was brought up by research LSD. e results on the dynamics of the vaccinated popu
ers, and it followed that few studies were conducted tolation showed that with the absence of control measures,
determine the e ectiveness of various intervention strat LSD was predicted to prevail. ree years of high vacci

egies with the help of modeling techniques. nation coverage of 90% is su cient to eliminate the dis
ease if there are no new infections in the country (EFSA
E ectiveness of culling strategy etal. 2018).

For instance, ndings of a study by EFSA (2015) that

employed the use of a kernel-based approach revealeH ectiveness of control strategy(ies) based on coverage

that when control measures entail the removal of ani and time

mals which were showing generalized clinical signs (a€£FSA et al. (2019) suggest that the disease threshold also
was applied in Israel during the 2012-2013 epidemic),known as the basic reproduction number helps to
approximately 90% of epidemics remain con ned to the show the trend of infection after incorporating controls
region around the original site of spread. However, theand thus it helps to deduce the extent of applying con
remaining 10% of simulated epidemics are more extentrol measures. Intervention strategies (e.g., vaccination)
sive, with the virus spreading up to approximately 300should be applied until when decreases to below 1
to 400 km from the site of introduction in six months (Molla et al. 2017). is corroborates other research nd
after the incursion. Moreover, prompt culling of rapidly ings. Moreover, another study by Saegerman et al. Casal
detected herds is the one recommended since in rapicet al. (2019) conducted in France deduced that assuming
detections there will be few animals to cull. Otherwise, a 7-week period to vaccinate all the animals and a spread
in late detections (detection 28 days after the LSD -epi of the disease of 7.3 km/week, the vaccination of 740716
demics onset), infected farms would increase and thecattle would be enough to control an epidemic of LSD in
outbreak will not stop which implies an increase in the France. ese ndings are in line with previous research
seroprevalence of the disease. is will require more ndings which imply that applying control measures, to
time to implement culling. is further implies LSD a larger extent, will bring the basic reproduction nhumber
prevalence is in uenced by an increase in seroprevalencéelow 1. is is an indication of containment of the dis
which will need more animals to cull to be able to eradi ease in the population. Besides, e ectiveness of a control

cate it. method depends on the time it is conducted. According
to Mat et al. (2021), mortality was higher in unvaccinated
E ectiveness of vaccination strategy animals than in vaccinated animals, and this supports

Another report by EP, Welfare (2016) indicated that if other studies’ ndings that it is essential to adminis
only 40% vaccination is implemented, then the total ter various control programs, especially in various ideal
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times, e.g., administering vaccination after controlling LSDV  Lumpy skin disease virus

. MaxEnt  Maximum entropy
vector abundancy during warm months. NNAR  Neural network auto-regressive
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