
Annex 1: exploring joint modeling approaches for infectious diseases 

 

Study Id Objectives Country and 
Period 

Diseases 
involved 

Covariates Modeling 
approach 

Key Findings Further 
studies/recommendations 

Software 
used 

Martínez-Bello 
et al 2019 

 to jointly 
estimate 
relative risk for 
dengue and 

Zika virus  
disease (Zika) 
in Colombia 

Columbia 
October 2015–
December 2016 

zika and 
dengue fever 

N/A Bayesian Poisson 
joint models of 
relative risk  
for dengue and 

Zika 

 

Most of the 
dengue and 
Zika  
high-risk 

municipalities 
varied in their 
risk 

distribution; 
those  
for Zika were 
in the northern 

part of the 
department 
and  

dengue in the 
southern to 
northeastern 
parts 

Information on the 
association between diseases 
is of value,  
especially in areas where 

multiple arboviruses 
cocirculate, and  
can be used to improve 

inferences and interpretations 
and thus  
contribute to informed public 
health decision making. 

 

Win BUGS 
1.4  

Aguiar BS., 
L2020. 

to model 
Potential risks 
of Zika and 

chikungunya 
outbreaks in 
Brazil 

Brazil between 
2015 and 2016 

Zika and 
chikungunya 

environmental and 
social conditions 

A statistical 
Maxent model was 
used  

Many areas 
across the 
Brazilian 

territory are 
exposed to 
ZIK or CHIK 
infection risks, 

which are 
related mainly 
to land use 

Environmental factors 
influence disease ecology at 
many levels, and the many 

non-linearities and feedback 
present in the system create 
complex dynamics that are 
not easily modeled or 

understood. 

 
Maxent 
3.3.3k 

Adegboye et al 

2017 
to develop a j 

oint spatial 
time-series 
epidemiological 

analysis of 
malaria and 
cutaneous 
leishmaniasis 

infection 

 

Afghanistan:2009 Malaria and 

leishmaniasis 
environmental 

factors:altitude 
(metres),land surface 
temperature (LST) 

(K) and rainfall 
(mm) 

A multivariate 

negative binomial 
model 

The incidence 

of CL disease 
in a given 
month is 

linked with the 
incidence of 
malaria in the 
previous 

month. there 
is Co-existence 
of malaria and 

CL within the 
same 

Local healthcare authorities 

should consider the co-
infection problem by 
recommending systematic 

malaria screening for all CL 
patients. 

 R 



geographical 
area 

Virgilio 
G´omez-Rubio 
et al 2019 

to propose a 
Bayesian joint 
spatio-
temporal 

analysis of 
multiple 
diseases 

 

Spain Multiple 
diseases 

Not used Bayesian 
hierarchical spatio-
temporal model 
for the joint 

analysis of 
multiple diseases 
which includes 

specific and 
shared spatial and 
temporal effects 

The analysis of 
the specific 
spatial effects 
can be used to 

detect areas 
with a 
different trend 

for a given 
disease. 
Similarly, by 
inspecting 

disease-
specific 
temporal 

effects it is 
possible to 
highlight 
diseases with 

a different 
temporal 
variation. 
Furthermore, 

this model can 
help to 
highlight areas 

of high risk by 
looking at the 
posterior 
probabilities of 

the relative 
risk 

the model can be extended 
by clustering diseases into 
groups so that only diseases 
within the same group share 

spatial and temporal terms 

 R and INLA 

Kim et al 2001 to propose 

bivariate Bayes 
method for 
estimating the 
mortality rates 

of a single 
disease for a 
given 

population, 
using 
additional 
information 

from a second 
disease 

USA, state of 

Missouri 
two diseases N/A bivariate Poisson 

distribution 
demonstrated 

a substantial 
improvement 
in the bivariate 
over the 

univariate 
procedure 

the twofold CAR model can 

be readily extended to 
an L-fold CAR model when 
L4> 25 diseases are 
considered 

jointly. 

 

R  



 
Dash et al 2013 to review the 

history of 

emergence of 
arboviruses 

Southeast Asia Emerging and 
re-emerging 

arboviral 
diseases 

N/A N/a Global 
warming 

increases 
vector 
distribution 

and 
transmission 
dynamics.. 
The factors 

associated 
with the 
emergence 

and 
re-emergence 
of arboviral 
diseases are 

complex and 
mu- 
mutually 
influence each 

other.  

Collaboration among 
academia and public health 

communities is critical in ef- 
forts to contain the menace 
of arboviral diseases emer- 

gence/resurgence. 

 

N/a 

Held et al 2006  to propose A 
two-

component 
model for 
counts of 
infectious 

diseases 

 infectious 
disease 

 Poisson or 
negative 

binomial 
observation model 

 

An 
observation-

driven or 
epidemic 
component is 
modeled with 

an 
autoregression 
on 

the number of 
cases at the 
previous time 
points. The 

autoregressive 
parameter is 
allowed to 

change over 
time according 
to a Bayesian 
changepoint 

model with 
unknown 
number of 

changepoints 

 

A multivariate or perhaps 
even spatial extension of our 

model is another area of 
potential value for 
applications. 

 

R 



Held 2000 to propose a 
shared 

component 
model for 
detecting joint 
and selective 

clustering of 
two diseases 

Germany two diseases N/a  The various 
components of 

this 
formulation 
are modelled 
simultaneously 

by using 
spatial cluster 
models 

implemented 
via reversible 
jump Markov 
chain Monte 

Carlo 
methods. 

The key idea is to separate 
the underlying risk surface 

for each disease into a 
shared and a disease-specific 
component. 

R 

Held et al 2005 proposes how 

to map 
diseases 
jointly  

 

Germany two or more 

diseases 
 joint poisson 

model 
 Framework 

for jointly 
modelling the 
variation of 
two or more 

diseases 

 Joint modelling approach is 

useful and valuable extension 
of individual analyses 

R 

Lawson et al 
2017 

 to develop a 
Bayesian 
spatial 

modeling for 
the joint 
analysis 

of zoonosis 
between 
human and 
animal 

populations 

 

N/A Zoonotic 
diseases 

climatic and 
migration 

Bayesian paradigm 
for the analysis of 
zoonosis 

data. 

joint models 
for these 
disease hosts, 

based on the 
need 
for flexible 

specification of 
model 
components 
and the 

flexible 
specification of 
correlation 

between 
animal and 
human 
disease. In 

the special 
case of 
infective 

diseases we 
advocate the 
use of both 
direct 

dependencies 
(via 

modeling strategy and 
models considered here are 
applied 

retrospectively to data which 
has already been collected. 

 

R 



compartmental 
models 

Esser1 et al 
2020 

to propose 
Spatial risk 
analysis for the 
introduction  

and circulation 
of six 
arboviruses  

in the 
Netherlands 

 

Netherland six 
arbovirusWest 
Nile virus, 
Japanese 

encephalitis 
virus, Rift 
Valley  

fever virus, 
tick-borne 
encephalitis 
virus, 

louping-ill virus 
and 
Crimean-Congo 

haemorrhagic 
fever virus 

environmental factors geo- 
graphic 
information 
system 

(GIS)-based tools 
and geostatistical 
analyses 

 

the  maps 
show that 
there is spatial 
clustering of 

areas with 
either a 
relatively low 

or rela- 
tively high 
environmental 
suitability for 

arbovirus 
circulation 

 

the  were similarities in 
environmental suitability for 
some of the arboviruses 
provide opportunities for  

targeted sampling of vectors 
and/or sentinel hosts in these 
potential hotspots of 

emergence, thereby 
increasing the  
efficient use of limited 
resources for surveillance 

 

ArcGIS 10.5 
(ESRI 2017 

Ushijima et al 
2021 

 to develop a 
Surveillance of 

the major 
pathogenic 
arboviruses of 
public health 

concern in 
Gabon, Central 
Africa 

 

Gabon West Nile virus 
and dengue 

virus  

N/A descriptive 
statistic(serological 

study) 

there is a 
serological 

state and 
the potential 
risk of 
arbovirus 

infections in 
Gabon. 
Furthermore, 

the study 
revealed the 
re-emergence 
of 

WNV as well 
as DENV in the 
country 

 
need of a rapid response to 

arbovirus infections, thereby 
preventing future spread in 
the country 

 

N/A 

Rotejanaprasert 
et al 2019 

to propose 
Spatio 
Temporal 
multi-disease 

transmission 
dynamic 
measure for 

emerging 
diseases: 
an application 
to dengue and 

zika 

Thailand dengue and 
zika 

 hierarchical 
modeling 
framework. 

 method 
allows robust 
estimation of 
the disease 

strength 
across 
simulation 

scenarios 

 the proposed model has 
potential for broad 
applicability as an alternative 
tool for 

integrated surveillance of 
emerging diseases such as 
Zika. 

 

WINBUGS 



integrated 
surveillance in 

Thailand 

Freitas et al 
2019 

to propose a 
Space–time 
dynamics of a 

triple 
epidemic: 
dengue, 

chikungunya 
and Zika 
clusters in the 
city of Rio de 

Janeiro 

 

Rio de Janeiro, 
Brazil 
2015 and 2016 

dengue, 
chikungunya 
and Zika 

 scan statistics 
analysis 

dengue and 
Zika 
were active by 

the end of 
2015, 
chikungunya 

cases only 
started to rise 
in March 2016. 
Notifications of 

the three 
diseases 
declined after 

May. 

he use of space–time cluster 
detection can guide intensive 
interven- 

tions to high-risk locations in 
a timely manner, to improve 
clinical 

diagnosis and management, 
and pinpoint vector-control 
measures. 

 

SATSCAN™(v. 
9.5) software 
was applied 

within R (v. 
3.4.4 

Schmidt et al 
2020 

To develop 
Poisson-
multinomial 

spatial model 
for 
simultaneous 
outbreaks with 

application to 
arboviral 
diseases 

Rio de Janeiro 
city, Brazil, has 
been endemic for 

dengue for over 
30 years, 

dengue, 
chikungunya 
and Zika 

environmental factors Poisson-
multinomial spatial 
model 

 A one 
standard 
deviation 

increase in 
population 
density 
decreases the 

odds of a 
neighborhood 
having Zika 

instead of 
dengue by 
18% but 
increases the 

odds of 
chikungunya 
in comparison 

to dengue by 
18% and by 
43% in 
comparison to 

Zika. 

  R 

Gardini 
Sanches et al 

2023 

space-time 
clusters and 

associated 
environmental-
socioeconomic 
factors 

Brazão Paulo and 
Rio de Janeiro 

(2018-2021) il, 

Zika and 
chungunya 

Sociodemographic 
and environmental 

factors 

space-time 
clusters 

high-risk areas 
with increasing 

trends and 
priority 
months and 
the role of 

socioeconomic 
and 

 R 



environmental 
factors. 

Souza-Santos 
et al 2023 

ecological 
study based on 
data from a 
seroprevalence 

survey 

Brazil Zika, dengue 
and 
chikungunya 

socioeconomic 
conditions 

An ecological 
study 

Over-risk for 
arboviruses in 
areas with the 
worst 

socioeconomic 
conditions in 
Rio de Janeiro. 

 R 

Study Identification: The first column lists the study ID, providing a unique identifier for each study. This allows for easy reference when discussing or citing specific studies. Objectives: 
The second column outlines the main objectives of each study. This helps readers understand the primary focus of each research project and what questions the study aims to answer. 
Country and Period: The third column specifies the geographical location (country) and the period during which the study was conducted. This information is crucial for contextualizing the 
study's findings and understanding the geographic scope. Diseases Involved: The fourth column mentions the infectious diseases that the study investigates. This helps readers identify the 
specific health threats under examination. Covariates: The fifth column discusses the covariates or variables that the study considers as potential influencing factors. Covariates can include 
environmental factors, demographic data, or any other variables that may affect disease dynamics. Modeling Approach Used: The sixth column describes the statistical or modeling 
approach employed by each study. This may include Bayesian modeling, spatial analysis, or other methodologies used to analyze disease data. Key Findings: The seventh column provides 
a summary of the significant findings or outcomes of the study. This section offers insights into what the research has revealed about disease dynamics or other relevant aspects. Further 
Studies/Recommendations: The eighth column suggests possible directions for future research or areas where additional studies are needed. This is valuable for researchers looking to 
build on existing knowledge. Software Used: The ninth column mentions the software or tools utilized for data analysis. This information is important for replicating or extending the study's 
methodology. 

 


