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of the average year temperatures in R. Serbia. Such temperatures were recorded by
the National Hydrometeorological Institute for the period 2010 — 2017. Changes of
the temperature in the model measured 10% of the standard deviation for average
winter, spring and fall temperatures (standard deviation values for the years that were
analyzed were for winter, spring, summer and fall: 2.5 °C, 3.95 °C, 2.57 °C and 2.67
°C, respectively) did not cause any significant changes in the number of diseased sheep
and cattle, comparing to the starting point. However, changes in average temperature
at the 20%, 40%, 60%, 80% and 100% level of standard deviation of the average
winter, spring, summer and fall temperatures, cause significant changes in the number
of diseased sheep and cattle.

Graph 2. Average daily temperature and total number of vectors distribution

Graph 3. Average daily temperatures and vector egg laying rate distribution

Pearson’s Correlation coefficient and results of the regression analysis are shown in
Tables 3 and 4 as well as in Graph 4.

Table 3. Results of the correlation analysis of the relationship between temperature changes
and cumulative incidence of BT in sheep

Changes in average Cumulative
year temperature incidence (CI)
Change in average year temperature (C°) 1
Cumulative incidence 0.986949959 1
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Table 4. Results of the regression analysis of the relationship between average daily
temperatures and cumulative incidence of BT in sheep

Regression Statistics

Multiple R 0.99
R Square 0.97
Adjusted R Square 0.97
Standard Error 5.25
Observations 5
ANOVA
df SS MS F Significance F
Regression 1 3109.34 3,109.34 112.7 0.001786075
Residual 3 82.77 27.59
Total 4 3192.11
Coefficients SEE t Stat P-value Lower 95%  Upper 95%
Intercept 835.19 55 151.82 6.30E-07 817.68 852.7
A temperature C° 30.14 2.84 10.62 0.00178608 21.11 39.18
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Graph 4. Graph of the dispersion of observed and expected
cumulative incidence of BT in sheep-Line Fit Plot.

Tables 5, 6 and 7 as well as graphs 5, 6 and 7 show the results of the simulation
of the distribution of BT in susceptible sheep and cattle population. Values of the
cumulative BT incidence in cattle and sheep are shown. At the same time, values of
the total sheep mortality due to BT have been shown.
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Table 5. Overview of the descriptive statistical indicators of the BT cumulative incidence in

sheep, after 5000 iterations in the simulation

Standard

Confidence Confidence

Scenario  Mean deviation cv 50p 95p interval: LL interval: UL
SC1 862.76 1,359.16 157.54%  487.35 2,584.49 825.09 900.44
SC2 180.67 201.18 111.35%  115.90 574.75 175.09 186.24
SC3 64.56 70.26 108.83% 40.99 203.65 62.61 66.51
SC4 7.07 7.56 106.95% 4.60 21.68 6.86 7.28
SC5 168.02 173.82 103.45%  112.73 530.71 163.21 172.84
SC6 7.48 8.46 113.15% 4.77 23.34 7.24 7.71
SC7 61.80 65.46 105.92% 40.09 195.26 59.98 63.61
SC8 30.07 33.37 110.98% 18.99 95.37 29.14 30.99
SC9 13.60 15.29 112.42% 8.59 41.88 13.18 14.02
SC10 0.55 1.38 248.82% 0.16 2.43 0.52 0.59
SC11 850.68 1,373.02 161.40%  477.37 2,573.27 812.62 888.74
SC12 876.99 1,507.65 171.91%  473.01 2,667.63 835.20 918.78
SC13 882.05 1,438.85 163.13%  490.79 2,765.24 842.16 921.93
SC14 905.93 1,478.18 163.17%  513.54 2,682.28 864.95 946.90
SC15 924.35 1,492.19 161.43%  498.73 2,880.16 882.99 965.71
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Graph 5. Overview of the descriptive statistical indicators of
the BT cumulative incidence in sheep, after 5000 iterations in simulation.
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Table 6. Overview of the descriptive statistical indicators of the BT mortality rate in sheep,
after 5000 iterations in the simulation

Seenario Mean (RO Cvo s0p  9sp L etenne eereal UL
SC1 13.04 33.47 256.67% 413 47.61 12.11 13.97
SC2 2.73 5.03 184.05% 0.99 10.96 2.59 2.87
SC3 0.96 1.71 177.42% 0.36 3.96 0.92 1.01
SC4 0.11 0.19 183.76% 0.04 0.44 0.10 0.11
SC5 2.50 4.60 183.97% 0.89 10.19 2.37 2.63
SC6 0.11 0.22 197.25% 0.04 0.44 0.11 0.12
SC7 0.93 1.63 174.71% 0.35 3.80 0.89 0.98
SC8 0.45 0.81 180.34% 0.16 1.82 0.42 0.47
SC9 0.20 0.36 176.64% 0.07 0.85 0.19 0.21
SC10 0.01 0.03 313.21% 0.00 0.03 0.01 0.01
SC11 12.19 32.86 269.50% 4.03 50.33 11.28 13.10
SC12 12.33 32.51 263.79% 3.84 47.36 11.42 13.23
SC13 13.47 40.71 302.16% 4.18 50.39 12.34 14.60
SC14 13.78 34.38 249.56% 4.33 54.23 12.82 14.73
SC15 13.23 37.72 285.21% 4.29 50.13 12.18 14.27
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Graph 6. Overview of the descriptive statistical indicators of
BT mortality rate in sheep, after 5000 iterations in the simulation.
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Table 7. Overview of the descriptive statistical indicators of BT cumulative incidence in cattle,
after 5000 iterations in the simulation

. Standard Confidence Confidence
Scenario  Mean deviation cv 50p 95p interval: LL. interval: UL
SC1 2,761.81  5,569.05 201.64%  493.55 14,611.60 2,607.45 2,916.18
SC2 706.21 1,565.27 221.64% 116.51 3,494.31 662.82 749.59
SC3 266.98 632.99 237.10% 45.12 1,332.29 249.43 284.52
SC4 31.77 86.20 271.37% 4.85 151.50 29.38 34.16
SC5 30.88 80.35 260.24% 4.51 155.18 28.65 33.10
SC6 712.09 1,504.66 211.30% 128.48 3,541.72 670.39 753.80
SC7 32.64 88.52 271.22% 5.12 151.61 30.19 35.09
SC8 136.13 375.01 275.47% 19.73 657.01 125.74 146.53
SC9 63.78 177.66 278.55% 8.94 307.84 58.86 68.71
SC10 2.72 15.96 586.20% 0.17 11.15 2.28 3.16
SC11 2,614.43 534798 204.56% 481.62 14,047.22 2,466.19 2,762.66
SC12 2787.80 5672.51 203.48% 470.81 15371.83 2630.57 2945.03
SC13 2,774.23  5,593.43 201.62% 499.97 14,402.96 2,619.20 2,929.27
SC14 2,909.21 5,759.73 197.98% 543.74 14,915.55 2,749.56 3,068.86
SC15 2,897.65  5,780.64 199.49% 536.69 15,574.10 2,737.43 3,057.88
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Graph 7. Overview of the descriptive statistical indicators of
BT cumulative incidence in cattle, after 5000 iterations in the simulation.

Sensitivity analysis

Sensitivity analysis of the model shows that the outcome of the scenarios on the
epizootia dynamics, mostly depend on the changes of the model parameters that
represent the number of the vectors present. The model has a high level of sensitivity
as far as key parameters that are responsible for the epizootia, vector number
simulation, susceptible animal species numbers and their interrelationships. Changes
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in temperature values in the model, at the 10% level compared to the standard
deviation during several years (average values for winter, spring, and summer and fall
temperatures during 2010 to 2017 time period) did not cause significant changes in the
numbers of infected sheep and cattle, compared to the starting point. However, average
temperature changes at the level of 20% in comparison to the standard deviation of the
average temperatures for the same period, as a consequence had an increased numbers
of diseased animals, comparing to the starting point. In order to determine how the
model reacts to the changes in vaccination coverage, comparing to the starting point
(0% vaccinated animals), 1% of the vaccinated animals (vaccine coverage) has been
evaluated. Vaccination coverage at the level of 1%, reduced the number of diseased
sheep by 5.45% comparing to average level, which means 0.01%, p95 (95 percentile)
of the cumulative incidence of the starting values. In the case of cattle vaccination, for
the same level of vaccination coverage (1%), as a result of 5000 iterations, cumulative
incidence was reduced by 6.20% of the average value which means 6.51% of the
value p95 of the cumulative incidence comparing to the starting value. Testing of the
model sensitivity as far as changes in the vector number are concerned, show that 1%
reduction of the vector numbers, cause reduction of the diseased sheep by 8.12%
of the average number of the cumulative incidence, which means 4.37% of the p95
value of the cumulative incidence at the starting point. In cattle, the same reduction
in the vector number (1%), caused reduction of the cumulative incidence by 4.37%
comparing to the average number of the cumulative incidence at the starting point
and 2.16% value of the p95. Mean values of the cumulative incidence, as well as total
number of diseased animals, were calculated on the basis of the average values that
were obtained after 5000 iterations in one simulation. Summary statistics of sensitivity
analysis have shown in tables 8, 9 and 10.

Table 8. Model sensitivity analysis, changes in sheep cumulative incidence

Model sensitivity analysis Mean SD 50p 95p

Starting point (vaccination coverage 0%, t°=) 862.76 1,359.16 487.35 2,584.49
1% vaccination coverage 818.15 1,263.94 457.67 2,584.69
1% reduced vector activity 797.99 1,281.86 444.29 2,477.15
Average daily temperatures +10% St.Dew. 858.70 1,400.29 480.49 2,616.30

Table 9. Model sensitivity analysis, changes in sheep mortality numbers

Model sensitivity analysis Mean SD 50p 95p

Starting point (vaccination coverage 0%, t°=u) 13.04 33.47 4.13 47.61
1% vaccination coverage 12.14 27.00 3.84 50.30
1% reduced vector activity 11.61 24.28 4.01 48.14
Average daily temperatures +10% St.Dev. 12.47 30.11 3.94 46.45
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Table 10. Model sensitivity analysis, changes in cattle cumulative incidence

Model sensitivity analysis Average SD 50p 95p

Starting point (vaccination coverage 0%, t°=p)  2,761.81 5,569.05 493.55 14,611.60

1% vaccination coverage 2,600.69 5,384.39 429.74 13,719.06

1% reduced vector activity 2,646.21 5,387.25 468.50 14,303.25

Average daily temperatures +10% St.Dew. 2,688.40 5,513.91 510.99 13,890.26
DISCUSSION

By using the described method, it was possible to evaluate the risk of the seasonal
occurrence of the BT epizootia, on the R. Serbia territory. In spite of the lack of
more precise data on the epizootia magnitude as well as on the dynamics of the
vector population, the model made it possible to evaluate basic assumptions for BT
control. At the same time, such model can be used in order to analyze other vector
borne diseases that are either already present or could occur in the near future in
the Republic of Serbia. The model that has been described, gives an opportunity to
further investigate and develop the BT spreading model especially considering climate
changes due to global warming. During the model development, we were faced with
the problem of lack of precise data on number, density as well as diversity of the vector
population. However, in spite of the shortage of crucial information considering the
number of the vector population, their distribution in the wide geographical region in
the Republic of Serbia and data on the precipitation at the localities where Culicides
samples were collected, it has been shown that there is a risk of seasonal occurrence
of BT, that the disease most probably is enzootic in the wild ruminant population
and that climate factors favor the survival of the Culicoides pulicaris, C. nubeculosus, C.
obsoletus and C. parroti during the winter period of the year. In other words, vectors
are enzootically present in Serbia. Such results have been confirmed by other authors,
who performed field trials [2]. Such situation has an important impact on the possible
magnitude of the epizootia as well as on the planning of the preventive measures [3].

Differences in the microclimate in different regions in the Republic of Serbia
(Vojvodina, central Serbia and mountainous regions) indicate that there should be
vector species diversification in different regions. The hot climate in certain regions
can give adequate conditions for vectors to be endemically present. As a result, a vector
could spread to other regions. At the same time, as the result of global warming, there
is a real possibility that some exotic vector Culicides species, such as C. imicola and others,
can appear. Since different Culicides species can differ as far as BT virus competence is
concerned, the distribution and stabilization of the new and exotic vectors can change
the epizootiological situation of BT in the Republic of Serbia [20].

On the basis of current knowledge on BT, it is clear that global distribution of BT is
constantly changing. Because of that, mathematical models should be based as much
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as possible on the available data from the field. Application of the historical data, in
the case of developing and defining parameters of the model, as a result could produce
insufficient information and as a consequence, false and non-accurate conclusions.
Taking that into consideration, further developing of the model, as well as expanding
the program of BT monitoring can contribute to the quality of risk estimation
and prediction of the epizootia in the future. If one considers the fact of existing
climate changes by using mathematical modeling, it is possible to identify regions and
locations with a high risk of BT occurrence. This means that by calculating the basic
rate of reproduction (Ro), (R) and vector capacity for a particular geographical region,
it would be possible to stratify locations and regions with a high risk of BT occurrence.
At the same time, it would be possible to better plan control measures as far as BT is
concerned [21,22].

In order to obtain the best answer to the question on the possible changes in the
occurrence of certain vector species, which could have a higher competence level for
BT virus, it is required to further develop the model and to intensify monitoring of BT
that is already in place in the Republic of Serbia. Representative sample distribution
of the vectors (Culicoides) has to ensure total coverage of the territory of Republic of
Serbia. At the same time, such development of the model should be based on a better
knowledge of climate factors, presence and density of the susceptible animal species
as well as animal husbandry technology. Besides of the Culicoides species data, it is
required to accumulate information about the number of vectors captured, sentinel
farms locations and sampling techniques, and microclimate data during sampling
procedure. In general, sampling should be performed in defined time intervals. Only
in that case, it would be possible to support a regression dispersive vector model
development. Such model would enable us better to understand the biology of the
vector, estimated risk of BT occurrence, research on the BT dynamics and efficient
control measures to be planned and applied [21].

One of the most important measures, as far as control of BT is concerned is the
protection and prevention of the contacts between vectors and susceptible animals.
The suggested control measures are vaccination, keeping animals in the stable during
the night, usage of repellents and insecticides, drying ponds, swamps and small water
accumulations, treating the lagoons and all the places that support the life cycle of
the vectors i.e. Culicoides. However, vector control is not a simple task. Frequently,
vector control is not possible in non-developed and rural areas that have extensive
animal husbandry technologies, high temperatures and lot of rainfall. That means that
vaccination and reduction of the vectors and animals contactare the firstline of defense
as far as control of BT is concerned. At the same time, that means that vaccination
campaigns that are performed at the right time, as well as constant maintenance of the
immune status of the susceptible animals as a result of high vaccination coverage, are
best measures to control bluetongue.
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SIMULACIJA PRENOSEN]JA VIRUSA PLAVOG JEZIKA
VEKTORIMA I ANALIZA STRATEGIJE KONTROLE BOLESTI

DURIC Spomenka, MIRILOVIC Milorad, MAGAS Vladimir, BACIC Dragan,
STANIMIROVIC Zoran, STANOJEVIC Slobodan, STANOJEVIC Slavoljub

Bolest plavog jezika je virusno infektivho nekontagiozno oboljenje domacih i div-
liih prezivara, koje se prenosi hematofagnim insektima iz roda Culicoides. U endem-
skim podru¢jima, bolest se javlja sezonski, obicno u kasno leto kada je populacija
vektora najbrojnija. Vektori iz roda Culicozdes su aktivni na temperaturama izmedu 13°-
35°C, a sama replikacija virusa prestaje kada spoljna temperatura padne ispod 13°C.
Primeceno je da spoljna temperatura ambijenta i vlaznost sredine imaju znac¢ajan uticaj
na biologiju vektora i opstanak virusa u rezervoarima. Tokom rizicnog perioda go-
dine, broj inficiranih goveda i ovaca direktno je uslovljen gustinom populacije vektora,
duzinom zivota vektora, temperaturom sredine i padavinama, afinitetom vektora prema
razlicitim domacinima 1 sposobno$¢u vektora da locira domacina. U poslednjih neko-
liko godina, doslo je do znacajnog Sirenja bolesti plavog jezika u svetu, $to je svakako
uslovljeno klimatskim promenama i rastom prosec¢nih dnevnih temperatura. Sezonsko
pojavljivanje bolesti i klimatske promene uslovile su potrebu za prilagodavanje kon-
trolnih strategija. Stohasticki SEIRD matematicki model je razvijen kako bi se izvrsila
simulacija sirenja virusa bolesti plavog jezika kroz prijemcivu populaciju 1 ispitao uticaj
klimatskih faktora na dinamiku epizootije. Pored analize uticaja klimatskih faktora,
uradena je analiza nekoliko razlic¢itih pristupa u kontroli bolesti baziranih na vakcinaciji
prezivara i kontroli vektora.
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