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Abstract. In this paper we claim that a combination of an agent-based model 
and a SIG-based environmental model can act as a “virtual laboratory” for  
epidemiology. Following the needs expressed by epidemiologists studying mi-
cro-scale dynamics of avian influenza in Vietnam, and after a review of the epi-
demiological models proposed so far, we present our model, built on top of the 
GAMA platform, and explain how it can be adapted to the epidemiologists’ re-
quirements. One notable contribution of this work is to treat the environment, 
together with the social structure and the animals’ behaviors, as a first-class 
citizen in the model, allowing epidemiologists to consider heterogeneous micro 
and macro factors in their exploration of the causes of the epidemic. 
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1   Introduction 

Over the past few years, avian influenza spread from Asia to Europe and parts of 
Africa. Following this proliferation, a certain downturn has been observed thanks to 
concerted measures (improving hygienic practices, vaccination programs, etc). Yet, 
total eradication remains elusive. This disease remains a major threat to both the 
economy and public health. Within this context, the challenge for current epidemiol-
ogy is to eradicate the virus, which requires understanding the various factors that 
may impact the proliferation of this infection. In particular, the local propagation of 
the virus and its re-emerging mechanisms are yet to be fully understood. Current 
hypotheses point an accusing finger towards: the presence of wild birds traditional 
farming practices and trading activities. None of these have been validated as of yet. 
Recent studies [1] suggest that human activities, particularly within the agricultural 
system, in dynamic interaction with the environment, play a key role in the spread of 
the disease at local levels (within a given district). To have a better understanding of 
these mechanisms, one of the possible methods is for epidemiologists to consider 
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simulated models of reality and to test hypotheses concerning the environment, the 
social structure, the behaviors of the birds, etc. Unfortunately, existing modeling 
techniques have not reached a level of maturity appropriate for such an exploratory 
use of simulation. The aim of this paper is to present an Agent-Based Modeling 
(ABM) approach, while detailing how it can be used to help epidemiologists answer 
their questions. After presenting the context and requirements of this work, we will 
review existing epidemiological models, explain why they do not fit the requirements 
and why we have chosen to develop our own tools on top of a multi-agent platform. 

2   The Context of Avian Influenza in Vietnam 

Avian influenza (HPAI) epidemics occurred recurrently in Vietnam since mid-2003. 
While the outbreaks in both North and South Vietnam are similar the underlying 
variables of their respective poultry production industries are different: climactic and 
environmental conditions, variety of circulating virus strain [2] and poultry produc-
tion organization [3] are distinctive in each region. 

2.1   Two Epidemiological Questions to Address 

As of today, many basic epidemiologic questions (about avian influenza) still need to 
be answered. At a macro level, propagation is not precisely understood but the general 
tendencies are. At the micro scale (e.g. village or commune level), the explanations of 
propagation mechanisms are hazy at best. Understanding what is happening at these 
micro-levels is probably the key to controlling the epidemic. Hence many investiga-
tions are focusing on them, particularly on these key questions: 

(1) Propagation mechanisms: how does the virus propagate locally (from birds-to-
birds, humans, environments, farms, markets, etc. )? 

(2) Persistence mechanisms: how can the virus re-emerge in a previously uninfected 
area, sometimes months after the end of the previous wave of the epidemic? 

2.1.1   Local Propagation Mechanisms 
Both mechanisms can be explained by the presence of wild birds [4] and by trading 
activities. Other recent hypotheses concern the role of the agro-system. Recent poli-
cies focus on small farmers for their lack of biosecurity. Studies are also concentrat-
ing on semi-industrialized farm–as they have a much wider span of influence–yet 
biosecurity is low. As fully industrialized farms have adopted modern, state-of-the-art 
biosecurity systems, they present a lesser concern for the experts. Whatever the con-
sidered production sector is, the entire agro-system (the farm, suppliers and custom-
ers) is being monitored extensively by epidemiologists. 

2.1.2   Re-emergence, or Persistence Mechanisms 
Re-emergence is another concern.  The prevailing hypothesis is that wild birds act as 
reservoirs but validation is lacking at present [4]. Another hypothesis concerns the 
environment itself as a reservoir. In-vitro experiments are currently being carried out 
on the persistence of H5N1 within the environment and especially in water [5]. It has 
been demonstrated that avian influenza viruses are likely to remain infective several 
months while in places like ponds [5]. 
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2.2   Addressing Epidemiological Questions through Simulated Experiments 

2.2.1   Towards Simulated Experiments 
Local-scale propagation, persistence and re-emergence processes are a complex matter 
where many actors (birds, domestic or not, environment, human activity, etc…) inter-
vene. Unfortunately, the data that has been produced to date is insufficient in term of 
completeness and reliability. This situation will probably remain unchanged in the near 
future. To have more reliable data, in-vitro studies are being conducted, but the condi-
tions are too far from reality to be easily transposed to field reality. Since neither field 
nor in-vitro studies can be completely satisfactory, experts turn towards models and 
simulation experiments to validate their hypotheses, and explore new ones. 

2.2.2   Requirements for ”Virtual Epidemiology” Experiments 
As we will see in the next section, existing modeling techniques are not really suited 
to such “in silico” experiments. Indeed, the ideal tool would need to respond to sev-
eral requirements expressed by epidemiologists. The most important are listed below: 

(1) The environment should be represented extensively together with its own dynam-
ics. This representation should also enable the use of various and heterogeneous 
descriptions (geographical, social, ecological, etc).  

(2) Epidemiologists need the ability to work both at the population level and directly 
on models of individuals, depending on the hypotheses requiring validation.   

(3) Interactions at the population or individual levels, but also with the environment, 
should be modeled explicitly, since a change in these interactions may have an 
impact on the dynamics of the epidemic.  

(4) These data are usually expressed using heterogeneous formalisms that the expert 
needs to be able to reuse in the modeling of the system. 

(5) The simulation platform should be able to recreate an environment in which 
“virtual experiments” could be run (exploration of parameters, etc.) 

3   Epidemiological Models: A Brief Review 

In this section, we review the existing epidemiologic models in the light of these 
requirements. Although the literature on the subject is quite important, we will see 
that most of the offers do not fulfill them completely yet.  

Table 1. Summary of the relationships between questions and models 

How to … Model Referece 

Represent and study epidemics at a global level? 
SIR 
Bayesian Networks 
HMC 

Yorke 79  
Abbas 04  
Durand 99 

Account for the heterogeneity of the population? Micro-simulation Artzrouni 01 

Represent contact patterns? 
Cellular automata 
Social networks 

Turner 01 
Ghani 07 

Represent different individual behaviors? Individual based Wilensky 98 

Study the role of the environment? 
Agent based 
Agent based + GIS 

Muller 04 
Badariotti 05 

Enhance the representation of the environment? Agent based + GIS Badariotti 05 
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Although many types of model have been proposed and used for epidemiological 
ends, every one of them still lacks the ability to address some of the requirements 
expressed by epidemiologists in this type of research (see 2.2.2). 

It is plain that global models such as SIR [6], bayesian networks [7] or hidden 
Markov Chain [8] will not work when considering small-scale situations. Micro-
simulation, [9] & [10] will work, but lacks the ability to take  situatedness into  
account. This can be addressed by cellular automata [11] or social networks [12], 
depending on the level of complexity to be modeled. These models cannot represent 
fully heterogeneous agents (internal state + behaviors)–while ABM [13] does bring 
this capacity to the table. Finally, this kind of model generally lacks a detailed expres-
sion of the environment–among our top concerns in this application. To address this 
issue, computer scientists, [14] & [15], have proposed the joint use of ABM and GIS 
but they have not yet fully implemented this idea. 

Thus, the natural choice for us, was to follow an agent-based approach, coupled 
with a detailed and flexible representation of the environment based on a combi-
nation of grids and GIS. Additionally, we decided to make the environment (and its  
components) a “first-class citizen” of the model, provided with its own attributes and 
behaviors, rather than just considering it as a topological surface, This extension to 
“classical ABMs” will be described in the next section through the presentation of  
the HPAI in North Vietnam model built in cooperation with epidemiologists. 

4   Conceptual Model of Avian Influenza Propagation 

In this section, we introduce the context of this research, followed by the representa-
tion of the environment and actors. All the choices made in accordance with epidemi-
ologists and field specialists will be explained.   

4.1   Frame of the Epidemiologic Study 

The study takes place in North Vietnam, where epidemiologists focus on “local” 
mechanisms, i.e. mechanisms that occur at a scale comprised between the village and 
the district levels (around 50 km2). The model is then geographically limited by the 
bounds of a province (a few hundreds km2). The main geographical entity is the vil-
lage, which is considered by epidemiologists as a “coherent epidemiologic unit”. 
Their hypothesis, present in the model, is that communes and districts are not really 
relevant to consider when it comes to studying the local causes of propagation. This 
assumption may however be easily revised in future occurrences of the model. As the 
environment may be a reservoir for the virus, we will consider that every place may 
allow virus survival. In addition all entities in the model can be also infective. 

The “village” environmental unit 
A “ traditional”  Vietnamese village consists of an inner-village space with a main 
street, a few dozen to more than a hundred households with some poultry (traditional 
farms) and pets. This inner space is surrounded by rice fields, watered lands (which 
enter the village), other cultures and is protected from the flooding by a dike. The 
organization of the village is described in [16] while statistic will be provided by the 
Vietnamese census and longitudinal surveys currently conducted. 
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The environment 
The surroundings of the village consist of agricultural and “natural” lands (river, 
forest, etc.). As we do not focus on long distance propagation, we consider this distant 
space as homogeneous. Conversely, the inner-village and agricultural lands are repre-
sented in detail, especially the possibility that the latter may act as a reservoir for the 
virus. According to epidemiologists, viral dynamics within the environment are sus-
ceptible to: altitude, Ph, temperature, solar exposure, level of organic matter present 
in water, watered or not. These parameters define the ecological dynamics of the 
system. These parameters vary greatly in natural or cultured land we can consider 
them to be static in the inner village and roads. 

4.2   Relevant Actors  

Actors of the pathogen system act at different scales and are organized in 2 main 
structures: the village and the poultry production chain. The other levels of organiza-
tion (like administrative levels) are neglected in the model, as they do not impact local 
scale dynamics. 

Actors of the Traditional Village  
In the village important actors are organized around the farm. The type and dynamics 
of both are defined according to the production type and the production sector (see 
below).  

Farm and markets 
We can classify farms by their size and production techniques in four sectors accord-
ing to [17]:  

• Traditional farming: mixed poultry, local scale interactions, no bio-security at all. 
• Semi-industrial & industrial: targeted production, district to province size scale 

interactions, low/medium bio-security level (medium/high for industrial farms). 
• Fully integrated: targeted production, province size scale interactions, sophisti-

cated bio-security systems (thus, not considered in the model). 

The production type and sector determine most of the farm’s characteristics in 
terms of herd (size, lots organization, vaccination coverage, species and breeds), the 
type of premises (caged, fully confined, pond), which impacts the bio-security level, 
etc. They also determine the dynamics of the farm and its acquaintances (processing 
chain).  

Markets are also a key location within the village. It acts both as a reservoir for the 
virus and an exchange place, as there is extensive contact between processed and 
living poultry. The latter can be brought back home newly infected if not sold. 

Poultry 
According to experts, all the poultry within a flock are very similar in terms of  

behaviors (gregarious animals), and characteristics (homogeneous lots). So we can 
aggregate these individuals and represent only the poultry flock. This, plus homoge-
neous mixing occurring within the flock allow us to represent the virus transmission 
within the flock with a SIR model. A traditional farm’s flock will be addressed by 
developing an adapted SIR model as they are not homogeneous lots. The flock behav-
ior depends on the farm type and sector, the poultry can be confined, access an adjoin-
ing or distant secured zone (a pond, channel, etc), or be free ranged.   
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Humans  
Humans may play the role of mechanical vector in local propagations. However, their 
impact is considered as very low when compared to poultry flocks. Consequently, we 
neglect them in this first model. (Para-) veterinarians are a different case, as they 
travel among numerous farms and are not always fully trained they may impact the 
disease dynamic, thus they will be represented explicitly, going farms to farms. 

Animals 
Wild birds, which are considered by most epidemiologic surveys as not playing a 
noteworthy role in local propagation, are not to be considered. Peridomestic birds, 
farm animals, pets and fighting cocks are also removed from this model, as the data 
available on them regarding their role in avian influenza is not clear though surveys 
are being conducted and their integration is planned.  

4.2.1   Outside the Traditional Village 
Villages are also linked to poultry production networks, which have a much wider 
scale dynamic and a possible strong impact because they connect all the farms and 
may constitute a good propagation system.  

Mainly, we can consider ([3] and expert knowledge) four actors of this production 
chain: traders (highly variable in term of size), transporters, slaughterhouses and sell-
ing points. Traders can stock, trade among themselves and manage their transporters, 
who carry living or slaughtered poultry from one chain production node to another.  

Slaughterhouses “just” process the poultry and thus have no relevant dynamic. The 
only point of sale of processed poultry (i.e. supermarket) can be neglected as it is 
considered as a disease end point (no infection possible). On the contrary, local, dis-
trict or provincial markets need to be represented in the same way as the commune. 

We have a fairly complex system with both a detailed environment and numerous 
actors to represent—but, at this point, the general structure has been defined. The 
environment is split into three main categories: a static inner village, the agricultural 
surroundings (which is dynamic) and the far surrounding areas (considered static and 
homogeneous). Actors are village-related and connecting villages are related. 

As all needed data are not yet available, the creation process of the model will be 
incremental. We are conscious that we must remain prepared to integrate any entities 
that may be declared relevant from surveys being conducted presently. 

4.3   Implementation 

To implement this model we use a versatile ABM simulation platform, GAMA [18]. 
The specific feature of this platform is that it allows modelers to work with an artifi-
cial data environment (a grid, for instance) in the same way as field data environments 
(i.e GIS) and provide for the seamless integration of both if needed. 

4.3.1   The Environment 
Similarly to [15] we use a mix of grids, unavailable data and within-simulation gener-
ated data, and GIS objects representing field data information. Both contain the envi-
ronmental data as described in the previous section. These parameters are used to 
define the endogenous dynamic of the environment, and the virus’ evolution in  
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particular. This allows epidemiologists to work on real data (GIS) and incomplete 
data but also to infer unavailable data and test the plausibility of such data. 

4.3.2   Agents 
Classically, we use reactive agents but they are situated in a complex environment 
(GIS & grids) and they have also persistent action (for example the daily behavior of 
a poultry flock). The modeling of poultry is of particular interest. A flock is homoge-
neous in term of structure and behaviors thus it can represented with one agent repre-
senting the group. Although, they differ in regards to virologic history, as they are not 
infected all at the same time and respond differently to the disease. Consequently,  
we added a matrix of individuals in each flock as an agent, in the manner of micro  
simulation. 

5   Conclusion 

In this paper we have presented a brief review of epidemiologic questions and the 
models adept at responding to those questions. We moved away from the field of 
mathematics, while addressing global-scale questions, using computer-based models 
and especially IBM which are better suited for a small-scale problematic. Afterwards, 
we presented a model to study small-scale epidemiological phenomenon in the con-
text of avian influenza in North Vietnam: local propagation and re-emergence mecha-
nisms. This model differs from those previously proposed, as it treats the environment 
as a first-class citizen of the system. Here the environment is not only a topological 
surface, it can contain heterogeneous data, have its own dynamic and can be multiple 
(GIS + grid in our application). In future works, validation is our most important 
concern. Although this model is explanatory and exploratory rather than predictive in 
nature, we consider validating the predictive capabilities of the model paramount to 
our future work. 
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