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Abstract

From the same source or multiple sources, the pathogen may trigger multiple infection processes, and each
infection process will cause different theoretical incidence. However, some of the previously infected
individuals may be re-infected in the ongoing infection process, that is, the previous and ongoing infections
overlap. The higher the previous incidence, the greater the subsequent infections overlap. In the total incidence
calculation, the overlap should be removed. In this study, an infection overlap model, based on the probability
principles, was proposed as the following

A(t)=B(t), i=1
At)=Bt)(1-Yj " A)), i=2,3,...

where A(t) is the newly occurred infection incidence in i-th infection, t;is the time for occurrence of i-th
infection, and B(t;) is the theoretical incidence calculated. The total incidence dynamics is thus

S(t)=Yj1'Aty), i=1,2.3, ...

The model can be used as a fundamental model frame for the epidemic with repeated re-infections by
pathogens.

Keywords pathogens; re-infection; overlap; model; incidence.

Network Pharmacology

ISSN 2415-1084

URL: http://www.iaees.org/publications/journals/np/online-version.asp
RSS: http://www.iaees.org/publications/journals/np/rss.xml

E-mail: networkpharmacology@iaees.org

Editor-in-Chief: WenJun Zhang

Publisher: International Academy of Ecology and Environmental Sciences

1 Introduction

Epidemiolocal models are useful tools to explain and predict disease epidemic (Anderson and May, 1981;
Fuxa and Tanada, 1987; Zhang, 1993; Zhang et al., 1997; Zhang et al., 2011; Zhang, 2012, 2016, 2018; Shams
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and Khansari, 2019; Zhang et al., 2020). From the same source or multiple sources, the pathogen may trigger
multiple infection processes, and each infection process will cause different theoretical incidence. However,
some of the previously infected individuals may be re-infected in the ongoing infection process, that is, the
previous and ongoing infections overlap. The higher the previous incidence, the greater the subsequent
infections overlap. In the total incidence calculation, the overlap should be removed (Zhang, 1993). In present
study, we aims to propose an infection overlap model, in order to provide a fundamental model frame for the
epidemic with repeated re-infections by pathogens.

2 Model

It is assumed that for each infection process, each individual has the same probability of being infected and
diseased, and the first infection process occurs at time t;. The theoretical incidence B(t;) of the first infection
process is equal to the newly occurred infection incidence A(t)), i.e.,

B(t)=A(t)
The second infection process occurs at time t;, and the corresponding theoretical infection incidence is B(ty).

According to the principle of probability independence and multiplication theorem of probability, the
overlapped infection incidence between the two infection processes is

B(t)B(t2)
Thus, the newly occurred incidence for the second infection process is
A(t2)= B(t2)-B(t1)B(t)
Similarly, the third infection process occurs at time t;, and the corresponding theoretical infection incidence is

B(t;). Know the total incidence of the first and the second infection processes, A(t;)+A(t;), the overlapped
infection incidence of the third infection process is

B(t)(A(t)+A(t2)

And the newly occurred incidence is thus
A(ts)=B(t5)-B(ts)(A(t))+A(L))=B(t:)(1-Xj-1*Adt;))

In such a way, we have the following infection overlap model

A(ti)=B(t1), i=1
AG)=Bt)(1-Yje "A®Y)),  i=2.3....

where A(t) is the newly occurred infection incidence in i-th infection, t;is the time for occurrence of i-th
infection, and B(t;) is the theoretical incidence calculated. The total incidence dynamics is thus

S()=Yj-'At), i=1,2.3, ...
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or

S(tl):A(tl), |:1
S(t)= S(t)FAM), =23, ...

The Matlab codes for the model are as follows

B=[0.30.250.20.17 0.13 0.08 0.03];
n=size(B,2);

A=zeros(1,n);

S=zeros(1,n);

A(1)=B(1);

for i=2:n

for j=1:i-1

AD=AD+AQ);

end

A(D)=BO)*(1-A®D);

end

S(D=A(1);

for j=2:n

S()=SG-D+AQ);

end

fprintf('Newly occurred infection incidence (A(t)):\n')
A

fprintf('Total incidence (S(t)):\n')
S

plot(1:n,S*100,'-0");

xlabel('Time (t) ');

ylabel('Total incidence (S(t); %)");

3 Model Application
As an example, we use four datasets to fit the model (Table 1). The calculated newly occurred infection
incidence (A(t)) and total incidence dynamics (S(t)) are shown in Table 1 and Fig. 1.

Table 1 Four sets of theoretical incidences (B(t)), calculated newly occurred infection incidence (A(t)) and total incidence

dynamics (S(t)).
t 1 2 3 4 5 6 7
1 0.3 0.25 0.2 0.15 0.1 0.05 0.01
B(t) II 0.1 0.1 0.1 0.1 0.1 0.1 0.1
I 0.2 0.3 0.4 0.5 0.6 0.7 0.8
VI 0.25 0.35 0.1 0.3 0.28 0.05 0.08
I 0.300 0.175 0.105 0.063 0.036 0.016 0.003
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A(t) I 0.100 0.090 0.081 0.073 0.066 0.059 0.053
II1 0.200 0.240 0.224 0.168 0.101 0.047 0.016
VI 0.250 0.263 0.049 0.132 0.086 0.011 0.017
1 0.300 0.475 0.580 0.643 0.679 0.695 0.698
S(t) 11 0.100 0.190 0.271 0.344 0.410 0.469 0.522
111 0.200 0.440 0.664 0.832 0.933 0.980 0.996
VI 0.250 0.513 0.561 0.693 0.779 0.790 0.807
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Fig. 1 The calculated total incidence dynamics (S(t)) based on Table 1.

Acknowledgment
This work is supported by The National Key Research and Development Program of China
(2017YFD0201204), Guangzhou Science and Technology Project (No. 201707020003).

TIAEES Wwww.iaees.org



Network Pharmacology, 2020, 5(3-4): 33-37 37

References

Anderson RM, May RM. 1981. The population dynamics of microparasites and their invertebrate hosts.
Journal of Animal Ecology, 291: 451-524

Fuxa JR, Tanada Y. 1987. Epizootiology of Insect Diseases. 534, John Wiley & Sons, New York, USA

Shams B, Khansari M. 2019. Average reachability: A new metric to estimate epidemic growth considering the
network structure and epidemic severity. Network Biology, 9(3): 42-57

Zhang WIJ. 1993. Epidemic simulation and fungicide control control decision system of wheat scab. PhD
Thesis. Northwestern Agricultural University, Yangling, Shaanxi, China

Zhang WJ. 2012. Computational Ecology: Graphs, Networks and Agent-based Modeling. World Scientific,
Singapore

Zhang WI. 2016. Selforganizology: The Science of Self-Organization. World Scientific, Singapore

Zhang WJ. 2018. Fundamentals of Network Biology. World Scientific Europe, London, UK

Zhnag WIJ, Chen ZL, Lu Y, et al. 2020. A generalized discrete dynamic model for human epidemics.
Computatioanl Ecology and Software, 20(3): 94-104

Zhang WJ, Pang Y, Qi YH, Chen QJ. 1997. Simulation model for epizootic disease of Spodoptera litura F.
baculovirus. Acta Scientiarum Naturalium Universitatis Sunyatseni, 36(1): 54-59

Zhang WJ, van der Werf W, Pang Y. 2011. A simulation model for vegetable-insect pest-insect

nucleopolyhedrovirus epidemic system. Journal of Environmental Entomology, 33(3): 283-301

TIAEES Wwww.iaees.org





