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Avian influenza

• Avian influenza Type A virus

• Spread among wild aquatic birds 

worldwide 

• Can infect domestic poultry and 

other birds and animal species

• The first human cases by the 

highly pathogenic H5N1 infection 

in Guangdong, South China, 

1996.
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• Virology & Molecular Biology

Earlier studies in avian influenza

• Phylogeography 

R.G. Webster & Y. Guan

R.G. Wallace & M.W. Fich

• Health Geography 

• Spatial Epidemiology 

A.D. Cliff, J.K. Ord, R. Haining, & P. Diggle

M.Gilbert
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Mistake a part for a whole
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How can we integrate these different pieces of information to gain 

a more accurate understanding of the whole picture?  
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Phylogenetic analysis 

• A/Gs/GD/1/1996

Gs - goose; GD - Guangdong

• Genetic sequences (GenBank)

PB2, PB1, HA, NP, NA, M1, M2, NS

• Evolution model

• Length of branch



Quantification of phylogenetic tree 

• Individual + Family at stage 𝑖

cap𝑖 = 𝑤1𝑖 × 𝑒𝑖 + 𝑤2𝑖 × 𝑠𝑖 + 𝑤3𝑖 × 𝑡𝑖

𝑒𝑖, 𝑠𝑖, and 𝑡𝑖 are viral evolution, spatial 

dispersion, and time span; 𝑤1𝑖 , 𝑤2𝑖 , 𝑤3𝑖 are 

weights.

• Capability of a virus to spread can be quantified as

Capability = ∑
𝑖=1

𝑛

cap𝑖

n is the number of evoluation stages of a virus.  



10

Gaussian Kernel Function

𝐺(𝑥, 𝛿) =
1

2𝜋 × 𝛿2
𝑒
−
𝑥2

2𝛿2

Where 𝛿 is capability and 𝑥 refers to the range 

within which a pathogen might reach.

Here 𝑥 = 113 km, this scale was used by Viboud et al. 

in characterizing the local pattern of influenza 

spreading (Science, 2006).  
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Modified local K function

𝐾
̂

𝑖(ℎ) =
∑𝑗=1
𝑛 𝑤𝑖𝑗𝐼(𝑑𝑖𝑗 < ℎ)

𝜆𝑐𝑖

𝜆 : The overall density of outbreaks.

𝑑𝑖𝑗 : The distance between location 𝑖 and 𝑗 .

𝐼 : Indicator function with 1 for 𝑑𝑖𝑗 < ℎ and 0 for a 

larger 𝑑𝑖𝑗 .

ℎ: Distance threshold; 113 km was adopted here as it 

was in the Gaussian Kernel Function.  

𝑤𝑖𝑗 : A distance-inverse weight, specified as 𝑤𝑖𝑗 =
1

𝑑𝑖𝑗
.

Viboud et al. 2006. Science, 312: 447-451.
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Results of modified local K function analysis in 

varying distance thresholds

The Gaussian Kernel estimates based 

on the modified local K function with 

the threshold h = 113 km 



Epidemiological studies
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Predictors

Elevation

Population density

Chicken density

Duck density

Annual number of rice crop 

harvest
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The spatial distribution 

of viral evolution

Clustering of outbreaks Environmental factor-

associated risks for 

outbreaks (Gilbert et al., 

2008, PNAS)

How can we integrate these results if this can improve 

avian influenza surveillance and prediction? 
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Dempster-Shafer Theory of Evidence

• The D-S Theory was proposed to quantify and reason with imprecise, uncertain, 

and /or weak information (Dempster A.P, 1967; Shafer, G., 1976, Annals of 

Mathematical Statistics). 

• Three steps of the D-S inference procedure

Set up frame of discernment (FOD)

Each subset is assigned a belief value by evidence, called probability mass 

function, 𝑚(⋅) 

𝑚({𝜙}) = 0 and
∑

𝐻⊂Θ
𝑚(𝐻) = 1,0 < 𝑚(𝐻) < 1

Dempster’s rule of combination.
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• Frame of Discernment (FOD)

• Mass functions: 

Note: 𝑞 is an index assessing the predictive power of the statistical models;

m1({yes}) = p1;  m1({yes, no}) =1-p1

  m2({yes}) = p2;  m2({yes, no}) =1-p2

  m3({yes}) = p3*q;  m3({no}) =(1-p3)(1-q);  

  m3({yes, no}) =1- m3({yes}) - m3({no}).

{{𝜙},{yes}, {no}, {yes, no}} , {yes, no} – unknown;

• Dempster Combination
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Ge et al. 2012. PloS ONE, doi: 10.1371/journal.pone.0029617.
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• MDR-TB is caused by a strain of Mycobacterium Tuberculosis resistant to at least isoniazid 

and rifampicin, the two most effective first-line anti-TB drugs. 

Multidrug resistant tuberculosis (MDR-TB)
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• Treatment needs at least 18 months and costs up to $10 000. 

• Treatment success < 50%

• An estimate of 490 000 MDR-TB cases 

globally, of which 47% were in China, India, 

and Russia. 

• Transmission of MDR-TB has been listed 

as one of the most dangerously pathogen 

and become an important public health issue 

worldwide (WHO, 2016).  



Questions

•  Who played a primary roles in the recent transmission of MDR-TB: migrants 

or local residents?

•  Did the two groups exhibit similar spatial patterns in disease transmission? 

•  What are the risk factors associated with the recent transmission of MDR-TB? 
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Setting
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Genotyping analysis
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Yang et al. 2017. Lancet Infectious Disease, 17: 275-84.
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Conclusion
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• In Shanghai, permeant residents were significantly associated with primary 

transmission of  MDR-TB in downtown area. 

• Migrants’ cases clustering in suburban and rural areas were more likely to 

obtain MDR-TB through acquired resistance. 

• In summary, effective intervention should be meticulously tailored, accounting 

for the diverse demographics of population, the unique geographic 

characteristics of each region, and the intricate mechanisms underlying the 

transmission and spread of the disease. 
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Reference



Thank you!  

Questions & Comments?
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