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Original scientific paper 
Abstract: The overall purpose of this paper is to define a new metric on the 
spreadability of a disease. Herein, we define a variant of the well-known 
graph-theoretic burning number (BN) metric that we coin the contagion 
number (CN). We aver that the CN is a better metric to model disease spread 
than the BN as the CN concentrates on first time infections. This is important 
because the Centers for Disease Control and Prevention report that COVID-19 
reinfections are rare. This paper delineates a novel methodology to solve for 
the CN of any tree, in polynomial time, which addresses how fast a disease 
could spread (i.e., a worst-cast analysis). We then employ Monte Carlo 
simulation to determine the average contagion number (ACN) (i.e., a most-
likely analysis) of how fast a disease would spread. The latter is analyzed on 
scale-free graphs, which are specifically designed to model human social 
networks (sociograms). We test our method on some randomly generated 
scale-free graphs and our findings indicate the CN to be a robust, tractable 
(the BN is NP-hard even for a tree), and effective disease spread metric for 
decision makers. The contributions herein advance disease spread 
understanding and reveal the importance of the underlying network structure. 
Understanding disease spreadability informs public policy and the associated 
managerial allocation decisions. 

Key words  Disease spread, graph theory, burning number, contagion 
number, COVID-19. 
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“The largest lessons learned from tackling these diseases is the 
importance of partnership and collaboration across sectors to drive 
global public health for all, and most important to never give up.” 

President Jimmy Carter (Carter, 2022) 

2. Literature Review 

2.1. Literature Review: Importance of good techniques and contemporary 
approaches 

2.2. Literature Review: Burning number 
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3. Methodology 
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Table 1.
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3.1. Methodology: Burning number definition 

3.2. Methodology: Contagion number definition 

3.2.1. Methodology: Contagion number definition: Formal delineation 
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3.3. Methodology: New method for the contagion number  

 
1 The set cover location problem was first described by (ReVelle et al., 1976). Literature surveys in location 
analysis in general include Brandeau & Chiu, 1989, Hale & Moberg, 2003, Drezner & Hamacher, 2002, Nickel & 
Albandoz, 2005, and the award winning Laporte et al., 2019. Surveys specific to covering location problems can 
be found in Schilling et al. (1993) and Snyder (2015). 
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3.3.1. Methodology: New method for the contagion number: Key finding 

3.4. Methodology: A small annotated example 
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Figure 1.

 
Figure 2.
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Figure 3.
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Figure 4.
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Figure 5.
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Figure 6.

3.5. Methodology: Pseudo code algorithm 
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3.6. Methodology: A large computer-generated example 

3.7. Methodology: Simulations of the average contagion number 

Pseudo-code to find the contagion number of a tree 
 

1. Set Zero Radius z = 1 
2. Set Infection Radius k = 0 
3. If any peripheral leaf has a support vertex that has DEG = 2 then infect any one such 

peripheral leaf with a zero radius infection and set z = 0 and set k = k + 1 
4. Set k = k + 1 

a. If the current iteration diameter is even and k is greater than or equal to the 
current iteration radius, then STOP: k is the contagion number 

b. Elseif the current iteration diameter is odd and k is strictly greater than the 
current iteration radius, then STOP: k is the contagion number 

c. Endif 
5. For every unburnt node, determine if it were to be the burn center of the current 

iteration the sum of the eccentricities of all would be remaining nodes of DEG = 2 or 
higher. 

6. Infect the node with the minimum sum per above and every node within the k-
neighborhood of this node. Break ties arbitrarily. 

7. If all nodes are infected, then STOP: k is the contagion number. 
8. If remaining tree is cut and has become unconnected by the current infection 

iteration, then keep uninfected nodes attached with infected edges and infected nodes. 
9. Determine the remaining tree’s center(s), diameters, radius, and peripheral pendants. 
10. If z = 1 then goto 3 else goto 4 
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3.7.1. Methodology: Simulations of the ACN: Scale free graphs 

preferential attachment
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3.7.2. Methodology: Simulations of the ACN: Percent connectedness 
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Table 2. n

Order m=1 m=n/8 m=n/4 m=3n/8 m=n/2 
16 4.1 3.4 3.0 2.1 2.2 
24 5.3 3.3 3.0 2.0 2.7 
32 5.9 3.3 3.0 2.0 2.6 
40 6.5 3.0 3.0 2.0 2.8 
48 6.7 3.1 3.0 2.0 2.7 
56 7.0 3.0 3.0 2.0 2.6 
64 7.5 3.0 3.0 2.0 2.7 
72 7.5 3.0 3.0 2.1 2.7 
80 7.2 3.0 3.0 2.0 2.9 
88 7.5 3.0 3.0 2.0 3.0 
96 8.1 3.0 3.0 2.1 3.0 
104 7.9 3.0 3.0 2.0 3.0 
112 7.9 3.0 3.0 2.0 3.0 
120 8.2 3.0 3.0 2.0 3.0 
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Figure 7.

 
Figure 8.

4. Discussion 
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Table 3.

Order Min Tree Avg Tree Max Tree 
Min 

Scale-
Free 

Avg 
Scale-
Free 

Max 
Scale-
Free 

5 3 3.33 4 2 2.33 3 
10 4 4.33 5 3 4.00 5 
15 5 5.67 6 4 4.33 5 
20 6 6.33 7 5 5.67 7 
25 6 6.67 7 5 6.00 7 
30 8 8.00 8 5 5.67 6 
35 8 8.33 9 5 6.00 7 
40 7 8.00 9 6 6.67 7 
45 8 9.00 10 6 6.33 7 
50 8 8.67 9 5 6.33 7 
55 9 9.33 10 6 6.67 7 
60 9 9.67 10 7 7.00 7 
65 9 9.33 10 7 7.00 7 
70 9 9.67 10 7 8.00 9 
75 10 10.33 11 7 8.33 10 
80 10 11.33 12 7 7.67 8 
85 11 11.67 12 8 8.00 8 
90 12 12.00 12 8 8.67 9 
95 11 11.33 12 9 9.00 9 

100 11 11.33 12 9 9.00 9 
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Figure 9.

5. Conclusions, limitations, and future research 
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