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Swine erysipelas (SE) is a severe pig disease, resulting in considerable economic losses.
So, preventing its outbreaks plays a key role. The great majority of pigs in Hunan
Province, China ate reared in intensive swine production areas on farms. Feeders’ care
degree is responsible for the adhesion of SE to the food and tools. Meteorological
elements (ME) are responsible for the survival time of SE. In this work, we presented
a difference equation model based on these two aspects. Five key ME are identified.
The most optimal ME for SE outbreak is analyzed. The mechanism of SE outbreak is
explored. This work may help farmers take measures against SE outbreaks in advance,
and reduce the financial losses.
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INTRODUCTION

Swine erysipelas caused by Erysipelothrix rhusiopathiae is one of the oldest recognized
infectious diseases. This disease is characterized clinically by sudden death, arthritis,
fever, and skin lesions. Up to 50% of pigs in intensive swine production areas are
colonized with E. rhusiopathiae [1]. It is necessary to study the mechanism of SE
outbreaks in order to control SE.

Swine erysipelas is caused by Erysipelothrix rhusiopathiae which is an ubiquitous
bacteria, but many other factors are important in disease outbreaks [1,4]. We have
listed the months with the highest number of SE cases each year (Table 1). They span
over a period of four months. There is no preference for the peak month statistically
each year. So, it is a challenge to predict SE.

Many biomathematicians studied the forecast models for some diseases. The SIR model
is the classic deterministic model. Some scholars [2-3] used various trigonometric
functions in the transmission rate coefficient to describe the seasonal change. However,
the fixed amplitude and period for trigonometric functions may not fit the complex
disease data in Table 1 with no apparent pattern. Qin et al. [5] used a zero-inflated
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negative binomial regression model to evaluate the independent contribution of ME
to SE transmission. Other statistical models which considered ME were studied [6-8].
Inspired by the previous works, we will consider ME, which really shows the seasonal
change, into a deterministic model to explore the mechanism of SE outbreak.

Table 1. The month with the highest number of swine erysipelas cases each year from
2010 to 2015 in Hunan Province, China *

Month with the highest number of cases

Year eachyear Number of cases
2010 October 654
2011 July 528
2012 August 3555
2013 September 2524
2014 August 954
2015 July 912

* Swine erysipelas cases data is downloaded from China’s Ministry of Agriculture.

MATERIALS AND METHODS

Data sources

Numbers of SE cases each month from January, 2010 to December, 2015 in Hunan
Province, China are downloaded on the web of China’s Ministry of Agriculture. They
are shown in Fig 1. We also get data of ME each month from 2010 to 2015 in Hunan
Province on the web of National Climatic Data Center. These ME include 23 factors.
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Figure 1. Corrected numbers of swine erysipelas cases.

Granger causality

After the first Granger causality test, nine ME were identified and listed in Table 2.

Then, we carried on Granger causality test in each category further. Five key ME are
identified and shown in bold in Table 2.
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Table 2. Six categories, 9 meteorological elements ! and 5 key meteorological elements 2

Category Meteorological element Number

Extreme minimum station pressure, mean

Atmospheric pressure .
station pressure

Mean minimum temperature, mean maximum
Atmospheric temperature temperature, extreme minimum temperature, 4
average temperature

Wind None 0
Humidity Mean vapor pressure 1
Rainfall None 0
Sunshine Percentage of sunshine, hours of sunshine 2

19 meteorological elements are identified at the first Granger causality test.
2 5 key meteorological elements are identified at the further Granger causality test and shown
in bold.

Function for feeders’ care degree

We define feeders’ care degree as an indicator of how much attention feeders have
for pigs. Logistic function is used as a characteristic curve for the development and
psychometric assessment of measures [9]. As we know, the higher number of SE cases
there is, the more attention feeders pay. So, we use the logistic function to describe the
relationship between the feeders’ care degree and the number of cases. It is given by

K-P,
B-(R-K)e

P(n) = ©)

where 7 is the number of SE cases, F) is the initial value of feeders’ care degree with
no SE case, Kis the maximum value of feeders’ care degree, r describes steepness of
the Logistic growth rate of feeders’ care degree.

Function for the vitality of swine erysipelas

The more suitable the meteorological condition is, the longer SE survives. Five key
ME are denoted by y = (xl 3 Xy, xs) . We denote that SE has the strongest activity

Ja, under the most suitable meteorological condition ¥, = (xOl,xoz,“ ~,x05) .
The activity f'(y,t) of SE is constructed as follows:

1
f(z0)= 5 @

a0+ Zal. (xi(t)—xOl. )2

i=1
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Difference equation model

Firstly, we show how number of cases in this month affects the next month in Fig, 2.

Meteorological condition

Number of swine Number of swine
erysipelas cases in | E———————————) | crysipelas cases in
the ith month Infect the (i+7)th month

Feeders’ care degree

Die or recover

Figure 2. Flow diagram of number evolution of SE cases between two
adjacent months.

Based on Fig, 2, we present the difference equation model as follows:

AVA)) s
N(t+1) = PND) N(t)—d-N(t) 3)

where N(t) is number of SE cases at #th month. J1is the ratio of death or recovery
cases to the total cases in a month.

Identification of model parameters

The optimization problem with a regularization term [10-11] is given as:

min J(0) =|n(0) - n‘“""

6,<6<6,

+ A, g

where @ is the parameter vector, 8, and @, are the lower and upper bounds of @,
respectively. n(@)and n'“ are the simulated value and epidemic data, respectively.
FH , is the regularization term, and the weight coefficient A isset to 0.1.

RESULTS

Comparisons between the simulation results and epidemic data

We use data of SE cases and five key ME for the first five years to fit model (3). Data
for the last year is used to test the model. Parameters are identified by Eq. (4) and listed
in Table 3.
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Table 3. Parameter values optimized by the Tikhonov regularization method (4).

Parameter Value Parameter Value Parameter Value
% 38.76 a 3.50x 10718 x0, 165 x 10712
K 3.80 a, 64.89 x0, 0.73
F, 0.08 a, 17.74 x0, 2.07x 10715
r 313x 10 a, 47.29 x0, 1
d 0.67 a, 1.60 x 1014 x0 2,97 x 10712

We can see that the error between the collected data and the fitted data in Fig. 3A is
relatively small, and the predicted values are consistent with the collected data in Fig. 3B.
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Figure 3. Fitting from 2010 to 2014 (A) and predicting for 2015 (B).

Reduced model

In Table 3, a;,x0,,x05,a5,x05 are very close to their lower bound 0. x0, is very
close to its upper bound 1. S0, let @,=0, x0,=0,x0,=0, a,=0,x0,=0,x0,=1 to get
the reduced model.
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Elasticity values for all parameters are shown in Fig. 4.
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Figure 4. Elasticity analysis of parametets.

S(X:1) are shown in Fig. 5A. P(N(?)) is shown in Fig.5B. f(x,t)N(¢) is shown in
Fig. 5C. / <ZJ>N<%(N(O) shown in Fig, 5D. f(Z,,)N(% vy —AdN(t) s shown in Fig. 5E.
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Figure 5. f(x, 1), P(n(t)), f(x, On(0), f(x,) P (n(0)n(t) and {(x,t) P (n(0)n(t)—d*n()
for January, 2010 to December, 2015 in Hunan Province. f(x, t) is the activity
function of SE, n(t) is the number of SE cases, P(n(t)) is the feeders’ care degree.

Reliability of the reduced model

Method 1. We use data for the first four years to fit the reduced model. Data for the
last two years is used to test the model. Results are shown in Fig. 6. The reduced model

works well.
Method 2. We use data from 2011 to 2014 to fit the reduced model. Data for 2015 is
used to test the model. The reduced model works well too (Fig. 7).

Method 3. We use data for the first three years to fit the reduced model. Data for the
last three years is used to test the model. The reduced model works well (Fig. 8).
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Figure 6. Fitting from 2010 to 2013 (A) and predicting from 2014 to 2015 (B).
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Figure 7. Fitting from 2011 to 2014 (A) and predicting for 2015 (B).
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Figure 8. Fitting from 2010 to 2012 (A) and predicting from 2013 to 2015 (B).
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Method 4. We use data from 2011 to 2013 to fit the reduced model. Data from 2014 to
2015 is used to test the model. The reduced model works still well (Fig. 9).
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Figure 9. Fitting from 2011 to 2013 (A) and predicting from 2014 to 2015 (B).

Method 5. We use data from 2012 to 2014 to fit the reduced model. Data for 2015 is
used to test the model. The reduced model works still well (Fig, 10).
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Figure 10. Fitting from 2012 to 2014 (A) and predicting for 2015 (B).

DISCUSSION

Some measures, including extensive vaccination, preventive hygiene, etc., have been
implemented in the last decade in China, but SE is still one of the most common
porcine infectious diseases [12,13]. According to the report of China’s Ministry of
Agriculture, SE epidemic has a peak every year [13]. However, its peak month is not
fixed (Fig. 1). Some clinical veterinarians generally believe that SE outbreak is related to
meteorological elements, but details are not clear [4,13]. Qin et al. [4] found that there
was a positive correlation between monthly mean maximum temperature and relative
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humidity and the number of cases. In our work, five key meteorological elements
closely related to SE epidemic, including extreme minimum station pressure, mean
minimum temperature, average temperature, mean vapor pressure, and percentage
of sunshine, are identified by Granger causality. Results of these two methods are
compared as follows. Monthly mean maximum temperature identified by Qin et al. [4]
has close links with mean minimum temperature and average temperature identified
by us because these three meteorological elements are all used to describe the
atmospheric temperature. Relative humidity identified by Qin et al. [4] has close links
with mean vapor pressure identified by us because these two meteorological elements
are all used to describe the atmospheric humidity. Therefore, our method extends key
meteorological elements presented by Qin et al. [4] and finds more key meteorological
elements.

In Fig. 3B, our model works well to predict the SE epidemic outbreak in July and
October, 2015. At the same time, it works well to predict the end of SE epidemic in
September, 2015. On this point our model is superior to the previous works [4,14].
Moreover, in Fig. 6-10, reliability analysis of our model shows that our model has
a good stability. Therefore, our model might be reasonable to simulate the number
fluctuation of SE cases.

Based on sensitivity analysis of all parameters in Model (3) in Fig. 4, we conclude
that three meteorological elements (i.e. percentage of sunshine, extreme minimum
station pressure, mean vapor pressure) have more important effect on SE.
The most suitable meteorological element values for the vitality of SE may be
x0, =0.73,x0, = 0,x0, =1. Therefore, when these three meteorological elements
are tending to these values, the activity of SE will hugely increase, and feeders may
pay more attention on crushing SE outbreak. F, is the most sensitive to the number
change of epidemic total cases for 2015. Therefore, we conclude that feeders should
pay more attention on sterilizing tools and equipment even with no SE epidemic cases.

In Fig. 5C, f(x,t)N(t) increases as the number of SE cases increases. However, its
amplitude is significantly less than that of SE cases. Therefore, the activity function
S 1) of SE does not fully describe the number fluctuation of SE cases. We can see
that P(N(t)) in Fig.5B roughly changes with the number of SE cases N(t) in Fig.5C.
Therefore, the infectivity of SE might rely on a combination of the activity of SE and
feeders’ care degree. /(%N (’y vy 18 defined in Model (3). It roughly consists with
the number of SE cases in Fig. 5D. Moreovet, /(x:ON () bvay—AN(t) in Fig 5E is
closer to the number of SE cases. Taken together, meteorological elements may affect
the activity of SE. Moreover, feeders’ care degree may affect the SE transmission.
They have a combined effect in SE outbreak.

However, this study also has some limitations which should be noted. Firstly, we
identify the key meteorological elements related to SE epidemic by Granger causality
test. We declare that there are other methods to find key meteorological elements,
and their results may vary somewhat. Secondly, our model is based on three factors:

190



Liu e# al.: Mechanism exploration and quantitative analysis of swine erysipelas outbreaks

meteorological elements, feeders’ care degree and number of SE epidemic cases. Other
potential socio-economic influence factors were not accounted for, such as a more
effective vaccine [15], stricter breeding management system. These factors may reduce
the accuracy of our model prediction. Lastly, f(y,?) is constructed to describe the
activity of SE based on our assumption. This function f(,f) is an approximation
and it has some errors with the activity function of SE.
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ISTRAZIVANJE MEHANIZMA I KVANTITATIVNA ANALIZA
ERYSIPEILAS EPIDEMIJE KOD SVINJA

Yuewu LIU, Jiaxi LIU, Yuhang L.IU, Shengyong LIU, Chun LI

Erysipelas svinja (SE) je teska bolest svinja koja rezultira znacajnim ekonomskim gubi-
cima. Stoga, sprecavanje epidemija igra kljucnu ulogu. Velika vecina svinja u provinciji
Hunan, Kina, uzgaja se u podrucdjima intenzivne proizvodnje svinja na farmama. Ste-
pen brige o hranilicama je odgovoran za adheziju SE na hranu i alate. Meteoroloski
elementi (ME) su odgovorni za vreme prezivljavanja SE. U ovom radu, predstavili
smo model diferencijalne jednacine zasnovan na ova dva aspekta. Identifikovano je pet
kljucnih ME. Analizirali smo najoptimalnije ME za pojavu crvenog vetra svinja. Istra-
zivan je 1 mehanizam pojave crvenog vetra svinja. Ova istrazivanja mogu biti korisna
u stocarstvu i sa ciljem da se preventivno preduzmu mere protiv epidemija SE i tako
smanje finansijski gubici.
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