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• Chemical master equation of 
biochemical reaction system

• Image processing analysis and 
recognition of sign languages

• Sympatric speciation with 
symmetric bifurcation theory
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INTERNATIONAL WORKSHOP IN MATHEMATICAL BIOLOGY
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Synoptic study on Transmission 

and Optimum control to Prevent Rabies
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¡ Rabies: A Dog’s Biological Sex’s Role in an

Epidemic Model

¡ The Role Of Pet Ownership And Adoption

On The Spread Of Rabies Virus Among

Stray And Pet Dogs: An LHS-PRCC

Sensitivity Analysis

¡ Dynamics of Rabies Epidemics With

Unclean Environment: Understanding the

Role of Direct and Indirect Transmission

Rates Using the SEIR-V Epidemiological

Model

¡ Detecting Serial Dependence On The

Monthly Rabies Cases: An Application Of

Generalized Linear Autoregressive Moving

Average Framework

¡ Measuring The Effects Of Government-

initiated Interventions, Dog Characteristics

And Weather Conditions To The Rabies

Cases From 2006 To 2018 In Davao City,

Philippines



10

RABIES

It is a zoonotic 
disease caused by 
RNA viruses of 
the Lyssavirus 
genus of 
Rhabdoviridae
family that affects 
all mammals.

RABIES IN 
THE WORLD

Estimated to cause 
about 60,000 deaths 
annually (OIE, 2017)

99% of which is caused 
by dog bites (WHO, 
2017)

95% of the human 
rabies cases occurs in 
Asia and Africa (WHO, 
2017)

RABIES IN THE 
PHILIPPINES

Estimated to cause the 
death of about 200-
300 Filipinos annually 
(DOH, 2017)

Dogs remain to be its 
principal carrier

Affects communities 
with limited 
knowledge about the 
disease (Dimaano et 
al., 2011)
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CALL TO ERADICATE RABIES BY 2020!

https://goo.gl/images/ckzZPo

https://goo.gl/images/6fpUEd
https://goo.gl/images/mVsCcn
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RABIES THRIVES STILL, IT KILLS!!!



IS RABIES-FREE PHILIPPINES BY 2020 ACHIEVABLE?
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Parameters Value Description Source

A 0 up to
2M

annual crop of 
dogs

assumption

m 0.08 natural 
mortality

Zhang et al. 
(2011)

µ 1 rabid dog 
mortality rate

Zhang et al. 
(2011)

' 0 to1 transmission 
rate

assumption

k 0 to 1 vaccination rate assumption

σ 1/6 incubation 
period

Zhang et al. 
(2011)

* 0.3, 0.4, 
0.5, 1

loss rate of 
vaccination 
immunity

assumption

Susceptible
Exposed
Infectious
Recovered



IS RABIES-FREE PHILIPPINES BY 2020 ACHIEVABLE?
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If the annual crop of dog falls below ~500,000 per year, then it is always possible…

,∗(/, 1, 2, 3) = µ(6 + 8 + 1)[(8 + 1)(2 + 8) − 12] − /36(2 + 8)
3µ[12 − (6 + 8 + 1)(2 + 8)]
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ARE THE EFFORTS BEING DONE ENOUGH?
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WHAT ARE THE EFFORTS THAT HAVE BEEN DONE SO FAR?

Ʌ" 1 − %&"' (
' ") *+,

(1 − .)012
3, + %5,3" + %5"

µ) + %5)37 + %57

%2,
8, 0.12%2"97

*:)

*;7

*<"11 parameters to estimate

Ø Birth (per capita) rate
Ø Transmission rate
Ø % of positive rabies samples
Ø Vaccination rate
Ø Castration rate
Ø Impounding rate
Ø Examination rate
Ø Reporting rate of susceptible
Ø Reporting rate of exposed
Ø Reporting rate of infectious
Ø Reporting rate of recovered dogs
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WHAT ARE THE EFFORTS DONE SO FAR?
Parameter Estimates

Per capita birth rate 0.3165

Transmission rate 3.08 x 10-8

% of positive rabies samples 2.72 x 10-5

Vaccination rate (per mo.) 0.1957

Castration rate (per mo.) 0.0155

Impounding rate (per mo.) 0.0208

Examination rate 0.0236

Reporting rate of susceptible 0.1071

Reporting rate of exposed 0.3947

Reporting rate of infectious 0.7011

Reporting rate of recovered 0.2994
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ARE THESE EFFORTS STATISTICALLY SIGNIFICANT?

per 1250  
impounded dogs

ê by 1 

ê by 0.417
when cases 

include stray dogs 
aside from owned

per 1mm rise in 
precipitation

when >1 district 
has cases

ê by 0.37

é by 1

stat. insignificant drivers: 
vaccination � castration � IEC � temperature � humidity 
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DOES THE SPATIAL DISTRIBUTION OF RABIES CASES GIVE CLUE?

clustered

random
dispersed

2005, 2006, 2011

2007-09, 2012, 2015-16
2010, 2013-14, 2017



DOES THE SPATIAL DISTRIBUTION OF RABIES CASES GIVE CLUE?

Spatial 
autocorrelation

Queen’s 
Contiguity

1-Nearest 
Neighbor

2-Nearest 
Neighbor

3-Nearest 
Neighbor

p-value 0.23 0.51 0.27 0.63

SPACE (at a district level) does not matter!

Null Hypothesis: There is no spatial auto-correlation.

Conclusion: The number of rabies cases we observe
in one district does not predict the number of rabies
cases in the neighborhood



WHAT HAVE WE LEARNED SO FAR?

¡ Rabies-free Philippines by 2020 is achievable 
if we keep the annual crop of dogs as low as 
possible à dog population control

¡ Intervention efforts must be strengthened: 
vaccination is not enough

¡ No spatial pattern of rabies cases at a district 
level
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WHAT ABOUT 
RESPONSIBLE PET 
OWNERSHIP?



WHAT POLICY-MAKERS SHOULD DO?

REGULATE STRAY 
ANIMALS

POP’N CONTROL VACCINATION

PUBLIC 
AWARENESS 
AND ACTION

MONITOR
MOVEMENT

23



24

40% RESPONSIBLE DOG-OWNERS
30% AVE.VACCINATION COMPLIANCE
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JUST 75% RESPONSIBLE DOG-OWNERS
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Science and math have the 
tools to provide answers in 

controlling rabies, but crafting 
and implementing these 

solutions are now in the hands 
of the policy makers and the 

general public.
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DaghangSalamat!

CONTACT INFORMATION

Address: 
CSM Kanluran, University of the Philippines 
Mindanao, Mintal, Davao City
Email: memata@up.edu.ph
FB: May Anne Estrera Mata
Phone#: +63822930302  

+639088730953
See me at Research Gate and LinkedIn
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