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Probabilistic reasoning under uncertainty suits well to analysis of disease 

dynamics. The stochastic nature of disease progression is modeled by applying the 

principles of Bayesian learning. Bayesian learning predicts the disease progression, 

including prevalence and incidence, for a geographic region and demographic 

composition. Public health resources, prioritized by the order of risk levels of the 

population, will efficiently minimize the disease spread and curtail the epidemic at the 

earliest. A Bayesian network representing the outbreak of influenza and pneumonia in a 

geographic region is ported to a newer region with different demographic composition. 

Upon analysis for the newer region, the corresponding prevalence of influenza and 

pneumonia among the different demographic subgroups is inferred for the newer region. 

Bayesian reasoning coupled with disease timeline is used to reverse engineer an 

influenza outbreak for a given geographic and demographic setting. The temporal flow 

of the epidemic among the different sections of the population is analyzed to identify the 

corresponding risk levels. In comparison to spread vaccination, prioritizing the limited 

vaccination resources to the higher risk groups results in relatively lower influenza 

prevalence. HIV incidence in Texas from 1989-2002 is analyzed using demographic 

based epidemic curves. Dynamic Bayesian networks are integrated with probability 

distributions of HIV surveillance data coupled with the census population data to 

estimate the proportion of HIV incidence among the different demographic subgroups. 

Demographic based risk analysis lends to observation of varied spectrum of HIV risk 



among the different demographic subgroups. A methodology using hidden Markov 

models is introduced that enables to investigate the impact of social behavioral 

interactions in the incidence and prevalence of infectious diseases. The methodology is 

presented in the context of simulated disease outbreak data for influenza. Probabilistic 

reasoning analysis enhances the understanding of disease progression in order to 

identify the critical points of surveillance, control and prevention. Public health 

resources, prioritized by the order of risk levels of the population, will efficiently minimize 

the disease spread and curtail the epidemic at the earliest. 
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n    order Markov process

First order Markov process

* Dependencies from last n temporal states
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BN            Bayesian network for time interval [i,j]

inter−slice arcs

intra−slice arcs
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Hidden State

Set of Hidden States

Set of Observed States
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    anymore

Recovering
or dead
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(1 day less than
incubation period)

(1st 4−5 days of illness)

6�V n Y;_e]�z�|��I|p	�X�h�]N�lacV UWXp��V�}�]��^�BV2X\]�h�UI_#	�X���Y\];X��\J

_e]�L�Y;� a�L�L�k\UK� ackKJ\a=J8fZf;��V �\J\acV U�XTU;h&alk\]��gJg�N�`V2X\]1V�X�alk\]iU8_e[Z]`_AU;h�_�V L���� ]l�K];� L��0VB�B��hRY;_balk\]`_
� UK��]`_�ackK]

];f;V [Z];}"V �?V2}"fKJg�la
JKL0�NUW}pfKJg_e]N[�a@U YZX;V hjU8_~} L�f\_e]\Jg[m�gJg�N�`V�XgJNacV U�X8|

z�|��8|"	�X���Y\];X��\J

	�X
��YK];X��\JTV LsJ8XiV2X�hj]\�la V UWYNL�[oV L^]KJ\L^]IM<��k;V �;k�V L4}�UI_e]4�NU�}"}�UWX;� w?�`X\UK��X�JKL
alk\] ��Y8|
� w8}"f�a@UW}=L

V�XK�`��Y\[I]qh�]l�K]`_�M"_e]�L�f;VB_�J\a@UI_bw L�wI}"fNa�U�}sLNM�XKJKL JI�&[ V L^�;kKJ`_�nI]�LNM��NU�Y\n kIM?k\]KJK[8JK�Zk\] J8X\[ L^UI_e] ack;_eU3JNaN|

� � � �! �
 � 	�� � 	 ��� 	�� �TV L�alk\]&acV�}=]0fK]`_�V UI[pG\]la~��]N];X#alk\]HL�a@Jg_ba�U;h�V2X�hj]\�la V UWX�J8X\[�alk\]#U�XNL^]la�U;h�L�w8}"f�a@UW}=L\|

	�X���Y\];X��\J.kKJKL�J8X1V�X\�ZYZGKJ\a V UWX.fK]`_�V UI[ U;h ��� �.[IJlw\L �>z � �S|4� kK] 
�
 � � ��� 	 ��� 	����9V LsackK]"acV�}�]�GK]la~��]N];X

G\]`V2X\niV2X�hj]\�la�]\["J8X\[iG\]N�\UW}�V2X\n�V�XNhj]N�lacV U�YNLNM alkKJ\a#V LNM3�KJIfgJIGZ� ] UZh/fKJKL@LlV�X\n"UWX0alk\]�V�X�h�]N�lacV U�X a@U4U;alk\]`_�L\|

	�X���Y\];X��\J 
2L�� J\a�]ZX�a=f\];_jV UI[dV L0J"[IJcw?� ]NL@L-alkKJ8X�alk\]pV�X\�;YIGKJ\a V UWX�fK]`_�V UI[�|A� k\]��tJ\a�];XNa=f\]`_�V UI[ f\];_jV UI[dV L

hjUW�B� U\��]N[1G w � � �p[8Jcw\L#U;h 	�� � � � � 	����$� 	 ��� 	���� �>z � ��|��4X\�N]salk\]4V2X�hj]N��a V UWYNL�f\]`_�V U8[?];X\[;LNMoalk\] � � � � ����� �

	 ��� 	�� � L�a@Jg_ba�LNM�[ Y;_�V2X\nr�0kZV �;k�ack\].V�X�h�]N�la@]N[qV�X\[oV �ZV [WYKJI�PV LmX\Uq}=U8_e]?ac_eJ8XNL�}"V a�a V2X\n alk\]dV2X�hj]\�la V UWX1a@U

U;alk\]`_�L\|�6�V nWY;_e]pz�|��pV��B��Y\L�a _�J\a�]NL�ackK]�V�X�h�]N�lacV UWX"a V2}=]��^��V�X\]�h�U8_�V2X
��Y\];X��\Jo|

� k\] � � � 	FfKJ8X\[Z];}"V �ZM5�\J8YNL^]N[ G w�ackK] " 
 � 
 ��	�
�� 	 ��%TL�a _�JIV�X8M/V L�J k;V L�a@U8_jV �\JI�<]��K];X�a�M�_e]�L�YZ� acV�X\n

V�Xpx8y }"VB���BV U�Xp[Z]KJNalkNL4V2XiV a�L �!_�L�a-w�]\Jg_/JI� U�X\] �>z
� �S|��CU8_�� [D,P]\JI� alk?��_�n8JIXZV �\J\a V UWX � � ,�� � � �
� �/JIXK[

�
]ZX�a�];_bL-hjU8_�(HV L^]\JKL^]p�5UWX�ac_eU �8J8X\[d�5_e]l�K];XNa V UWX �@�&(H� � �2x
� �5Jg_e]"V�X��KUW� �K]\[1V�XpV�X
��Y\]ZX��\J4L�Y;_b�K];VB�B�tJ8X\�N]

Jg_eUWYIX\[?alk\]���U8_�� [�J8X\[1V2X�ack\]4[I]�LlV n X�U;h/] �5]N�lacV �K]��`JK�\�`V�XKJ\acV U�X�fK_�U8no_�J8}sL\|

� �



Yes
No

Yes
NoCough FeverSymptoms

Demographic
parameters

Ethnicity
Asian
Black
Hispanic
White

Age
Female

MaleGender

Yes
NoVaccinationHigh

Low

Urban

RuralIncome Location

Influenza Yes
No

Node Name Values
of the
node

Child (<6 yrs)

Adult (6−64 yrs)

Senior (>64 yrs)
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Ethnicity
Female

MaleGender Age
Minor (<20 yrs)

Adult (20−39 yrs)

Senior (>=40 yrs)

Demographic
parameters

Node Name
Values
of the
node

Hispanic
African American
Others / Not specified

White Non−Hispanic

HIV
HIV +

~HIV+
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Time Slice

Ethnicity Gender Age Ethnicity Gender Age

HIV HIV

Years III−IVYears I−II
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Network − BN
Year

Bayesian
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2002
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Probabilistic Reasoning and
Dynamic Bayesian Network Analysis

Data Integration

Data (1989−2002)
Texas PopulationTexas HIV Surveillance

Data (1989−2002)
Source: Texas Department of State Health Services Source: United States Census 

Bayesian Analysis

Epidemic Curves of HIV Incidence
Probabilistic AnalysisDemographic−based
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