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     This e-book is the product of a second workshop that was funded and promoted by the United States 
Geological Survey to enhance cooperation between states for the management of chronic wasting dis-
ease (CWD).  The first workshop addressed issues surrounding the statistical design and collection of 
surveillance data for CWD.  The second workshop, from which this document arose, followed logically 
from the first workshop and focused on appropriate methods for analysis, interpretation, and use of 
CWD surveillance and related epidemiology data.  Consequently, the emphasis of this e-book is on 
modeling approaches to describe and gain insight of the spatial epidemiology of CWD.   
 
     We designed this e-book for wildlife managers and biologists who are responsible for the surveil-
lance of CWD in their state or agency.  We chose spatial methods that are popular or common in the 
spatial epidemiology literature and evaluated them for their relevance to modeling CWD.  Our opinion 
of the usefulness and relevance of each method was based on the type of field data commonly collected 
as part of CWD surveillance programs and what we know about CWD biology, ecology, and epidemi-
ology.  Specifically, we expected the field data to consist primarily of the infection status of a harvested 
or culled sample along with its date of collection (not date of infection), location, and demographic 
status.  We evaluated methods in light of the fact that CWD does not appear to spread rapidly through 
wild populations, relative to more highly contagious viruses, and can be spread directly from animal to 
animal or indirectly through environmental contamination.  We discovered that many of the well-
published methods were developed for fast-spreading human diseases, such as influenza and measles.  
While these methods are applicable to fast spreading wildlife diseases, such as foot-and-mouth disease 
or West Nile virus, many are not likely to work well for CWD.  Only limited data exist to evaluate geo-
graphic and spatial spread because many locations where we find CWD tend to be locations where 
samples have just been taken or sample sizes have just become large enough to have a high probability 
of detecting a low prevalence.  Consequently, methods that work well to describe or predict the spread 
of foot-and-mouth disease throughout England, which occurred within a year, do not work well for de-
scribing or predicting CWD spread.  We did not exclude methods that we regarded as inappropriate; 
rather, we included methods that are commonly used for disease epidemiology and then discussed their 
applicability for modeling the spatial epidemiology of CWD.  We hope including inappropriate meth-
ods with an explanation of why they are ill-suited for CWD will make it easier to drop them from con-
sideration and explain to others why they were not recommended for spatial modeling of CWD. 
 
      We organized the three chapters by scale and extent for which each method was developed or best 
suited.  The first chapter covers methods appropriate to multi-jurisdictional or multi-state modeling, 
which we call “regional” scale.  The second chapter covers methods appropriate for within state areas 
such as wildlife management units or metapopulations, which we call “landscape” scale.  The third 
chapter covers methods appropriate for population or individual-based modeling, which we call “fine” 
scale.  We know this rubric is somewhat artificial because many methods work at multiple scales.  We 
hope, however, that this structure addresses some of the challenges faced by managers that work at lo-
cal, regional, state, and national scales.  Further, the resolution of empirical data often changes with 
spatial scale, which affects the utility of different modeling approaches.  For example, individual-based 
models work best at modeling spread within populations, while risk analysis is most useful for summa-
rizing data over larger scales such as a region.  Because some methods are applicable at several scales, 
however, we included a graphic at the beginning of each method that indicates the range of scales for 
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which it applies.  For example, the graphic to 
the right indicates that the method is most appli-
cable for regional-scale modeling.  
 
      There is also a question of resolution as well 
as scale and extent for each method.  CWD sur-
veillance data have been collected over large 
areas, such as a wildlife management unit or 
state, but the resolution of the data may be fine 
scale with GPS locations for many samples.  
For each method, we described the required 
resolution of the data and describe the type of 
data required, as well as what questions the 
method could answer and how useful the 
method is, given typical CWD data. 
 
     For each scale, we presented a focal approach that would be useful for understanding the spatial pat-
tern and epidemiology of CWD, as well as being a useful tool for CWD management.  The focal ap-
proaches include risk analysis and micromaps for the regional scale, cluster analysis for the landscape 
scale, and individual based modeling for the fine scale of within population.  For each of these meth-
ods, we used simulated data and walked through the method step by step to fully illustrate the “how 
to”, with specifics about what is input and output, as well as what questions the method addresses.  We 
also provided a summary table to, at a glance, describe the scale, questions that can be addressed, and 
general data required for each method described in this e-book.  We hope that this review will be help-
ful to biologists and managers by increasing the utility of their surveillance data, and ultimately be use-
ful for increasing our understanding of CWD and allowing wildlife biologists and managers to move 
beyond retroactive fire-fighting to proactive preventative action.  
 
 

 An example of the scale graphic which is found at 
the beginning of each method in the text. The most 
applicable scales are indicated by the presence of a 
check mark, which is the regional scale in this exam-
ple. 
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HISTORY OF CWD WORKSHOPS FROM WHENCE THIS DOCUMENT 
ORIGINATES 

     In 2001, the discovery of chronic wasting disease (CWD) in Wisconsin and in other areas caused 
many states to initiate CWD surveillance programs. To enhance coordination between states and in-
crease the rate of information transfer and understanding of the disease, the USGS promoted and 
funded the first multi-state workshop on CWD, held in Madison, Wisconsin in 2002. The workshop 
focused on designing, developing, and implementing CWD surveillance programs for free-ranging cer-
vids. The main objectives were to define the 
surveillance goals, establish the key opera-
tional and logistical components for conduct-
ing a surveillance program, and develop pro-
totype statistical methodologies and proce-
dures for CWD surveillance (detection, distri-
bution, and monitoring). Participants in the 
workshop included wildlife managers and 
biologists, epidemiologists, biostatisticians, 
and ecologists. A white paper reviewing the 
current state of knowledge on planning, con-
ducting, and evaluating a CWD surveillance 
program, originated from the first workshop. 
The white paper from the first workshop has 
been well utilized by wildlife managers and 
biologists involved with CWD research as 
well as research on other wildlife diseases (see www.nwhc.usgs.gov/publications/fact_sheets/pdfs/
cwd/CWD_Surveillance_Strategies.pdf).  
 
     With the success of the first workshop, a second multi-state CWD workshop was held in Utah in 
2004. The first workshop addressed source data and statistical guidelines to collect surveillance data 
for a variety of outputs. The second workshop, from which this document arose, followed logically 
from the first workshop and focused on analysis, interpretation, and use of CWD surveillance and re-
lated epidemiology data, with an   emphasis on modeling approaches by which to gain a better under-
standing and describe the spatial epidemiology of CWD. Again, participants included wildlife biolo-

gists and managers, along with epide-
miologists, biostatisticians, and ecolo-
gists from around the country. This 
document stems directly from the over-
arching objectives and specified out-
puts of the second workshop.  Specifi-
cally, we addressed the goal to produce 
a white paper for wildlife managers 
and researchers that discusses the rele-
vance of various spatial epidemiology 
tools and explanation of how they 
might be used. We hope this document, 
“Scale-dependent approaches to mod-
eling spatial epidemiology of chronic 
wasting disease”, fulfills that goal. 

http://www.nwhc.usgs.gov/disease_information/chronic_wasting_disease/north_america_CWD_map.jsp�
http://www.nwhc.usgs.gov/disease_information/chronic_wasting_disease/north_america_CWD_map.jsp�
http://www.nwhc.usgs.gov/disease_information/chronic_wasting_disease/north_america_CWD_map.jsp�
http://www.nwhc.usgs.gov/disease_information/chronic_wasting_disease/north_america_CWD_map.jsp�
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