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causes the outcome? What are risk factors? 

Epidemiological Questions

Quelle exposition 
provoque le 
résultat?

Quels sont les 
facteurs de 
risque?
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donné?
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Target Population:  
Want to make inferences about 

Source Population:  
Choosing study population 

Study Population: 
Enrolled in study 

Well designed studies allow us to make 
inference about the target population



Overview of different study designs 

Ecological

Cross-Sectional

Cohort
Prospective

Retrospective

Case-Control

Observational Experimental

Randomized 
Control Trial (RCT)
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Case-
Control Cohort RCT

Virus in the family Flaviviridae (related to dengue, 
yellow fever) 

Spread by Aedes mosquitoes 

Multiple routes of transmission: vector, sexual, 
vertical 

Zika Virus: 
The Basics

Cross-
Sectional



Case-
Control Cohort RCT

Often causes no or mild symptoms 
But can spread from pregnant women to 
their fetuses and result in microcephaly, 
severe brain malformations, other birth 

defects 

Currently cannot be prevented by 
medications or vaccines (current vaccine 

trials)

Zika Virus: 
The Basics

Cross-
Sectional



Cross-
Sectional

Case-
Control Cohort RCTZika Virus: 

The Basics

Originally isolated in 1947 (Ziika Forest, 
Uganda) 

Sporadic outbreaks in Africa and Asia 
Large outbreak in 2015-2016 (Americas, 

SE Asia, Pacific Islands, Brazil) 

Faye (2014)



Cross-
Sectional

Case-
Control Cohort RCT

General: 
Study
Design

• Examines the relationship between diseases (or other health outcomes) and other 
variables of interest as they exist in a defined population at one particular point 
in time.  
Examine la relation entre les maladies (ou d’autres résultats pour la santé) et 
d’autres variables d’intérêt, telles qu’elles existent dans une population définie à un 
moment donné. 

• Presence or absence of the disease are determined for each member of the 
population.  

• Commonly used to estimate disease prevalence rather than incidence.  

• Snapshot of the population at a particular time.  
Instantané de la population à un moment donné.

• Exposure and outcome are assessed simultaneously.  
L'exposition et les résultats sont évalués simultanément.

Cross Sectional Study
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Zika: 
Study
Design

Posen (2016)



Cross-
Sectional

Case-
Control Cohort RCT

General: 
Study
Design

• The observational epidemiological study of persons with a disease 
(or another outcome variable) of interest and a suitable control group 
of persons without the disease  
Étude épidémiologique d'observation sur des personnes présentant une 
maladie (ou une autre variable de résultat) d'intérêt et sur un groupe de 
contrôle approprié de personnes non atteintes de la maladie 

• Potential relationship of a suspected risk factor or an attribute to the 
disease is examined by comparing the the disease and non-diseased 
subjects with regard to how frequently the factor or attribute is present 
in each of these groups.   
La relation potentielle d'un facteur de risque présumé ou d'un attribut 
avec la maladie est examinée en comparant la maladie et les sujets non 
atteints à la fréquence à laquelle le facteur ou l'attribut est présent dans 
chacun de ces groupes.

Case-Control Study
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Zika: 
Study
Design

Outcome: 
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Not 
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Time

Exposed
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Exposed

Outcome: 
Negative

What is the relationship between 
microcephaly and Zika?
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Zika: 
Study
Design

Child born with 
microcephaly

Maternal 
Zika Pos

Time

Child born 
without 

microcephaly

Maternal 
Zika Neg

Maternal 
Zika Pos

Maternal 
Zika Neg



Cross-
Sectional

Case-
Control Cohort RCT

Zika: 
Study
Design

Case-Control study - 8 Brazilian hospitals 

de Araujo (2018)
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Case-
Control Cohort RCT

General: 
Study
Design

Cross-
Sectional

• Enrolled group of people who have a common experience or 
grouping. 
Groupe de personnes inscrites ayant une expérience commune 
ou un groupe.  

• Age cohort, risk cohort 

• General population sample 

• Clinic based 

• Prospective or retrospective  
Prospective ou rétrospective

Cohort Study
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What is the rate of maternal-fetal 
transmission of Zika virus?
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Case-
Control Cohort RCT

Zika: 
Study
Design

Cross-
Sectional

Pomar (2018)



Case-
Control Cohort RCT

General: 
Study
Design

Cross-
Sectional

• Experiment in which subjects are randomly allocated into groups (test 
and control that are comparable) to receive or not to receive a 
preventative or a therapeutic procedure or intervention.  
Expérience dans laquelle les sujets sont répartis au hasard dans des 
groupes (test et contrôle comparables) pour recevoir ou non une 
procédure ou une intervention préventive ou thérapeutique. 

• Results are assessed by comparison of rates of disease, death, recovery, 
or other outcome in the study groups. 

• Generally thought of as the most rigorous method of hypothesis testing.  
méthode la plus rigoureuse 

• Randomization should be blinded! 
La randomisation devrait être aveuglée!

Randomized Control Study
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Zika: 
Study
Design

Cross-
Sectional

Outcome: 
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Study 
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What is the effectiveness of a Zika 
Containing Vaccine? 
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Zika: 
Study
Design

Cross-
Sectional

Antibodies

No 
antibodies

Antibodies

No 
antibodies

28 health 
volunteers 
without a 
history of 
flavivirus 
infection

Randomize

Vaccine

No Vaccine

Time

Durban and Whitehead 
First in-human trial 
live attenuated Zika 

vaccine 
rZIKV/D4∆30-713



How does study design happen in practice?
Ohatra: The MAHERY-CRS cross-sectional health survey (2017)



The MAHERY-CRS cross-sectional health survey (2017)
Objectives:

1. Perform a cross-sectional sample to determine the prevalence of several diseases and 
nutritional deficiencies. (Aiza no tena misy tazomoka, tsy fahampian-dra, tsy fahampian-
tsakafo, sns?)

2. Survey rural communities (tanàna kely) in Madagascar: Ambanivolobe

3. Compare across different regions (faritra) of Madagascar: 
• Vatovavy-fitovinany, Amoron’i Mania, Atsimo Andrefana



How does study design happen in practice?
Ohatra: The MAHERY-CRS cross-sectional health survey (2017)



How does study design happen in practice?
Ohatra: The MAHERY-CRS cross-sectional health survey (2017)

OR

How to balance scientific and non-scientific factors 
when designing a study?

How to not be paralyzed (aza miasa saina)? 



How does study design happen in practice?
Ohatra: The MAHERY-CRS cross-sectional health survey (2017)

OR

How to balance scientific and non-scientific factors 
when designing a study?

How to not be paralyzed (aza miasa saina)? 

OR

How does study design place limits on your analysis?
How to do good science with imperfect studies (’Science’ tsara raha tsy lavorary ny ‘study’)?



How does study design happen in practice?
Ohatra: The MAHERY-CRS cross-sectional health survey (2017)

OR

How to balance scientific and non-scientific factors 
when designing a study?

How to not be paralyzed (aza miasa saina)? 

OR

How does study design place limits on your analysis?
How to do good science with imperfect studies (’Science’ tsara raha tsy lavorary ny ‘study’)?



The MAHERY-CRS cross-sectional health survey (2017)



The MAHERY-CRS cross-sectional health survey (2017)



Limitations of cross-sectional surveys
Example: Plague outbreak in Madagascar

What is a major limitation of cross-sectional surveys?
Inona ny olana maventy misakana ny ‘cross-sectional surveys’?
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Example: Plague outbreak in Madagascar
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Difficult to capture changes over time
Sarotra manazava ny fiovana amin'ny fotoana



Limitations of cross-sectional surveys
Example: Plague outbreak in Madagascar

What is a major limitation of cross-sectional surveys?
Inona ny olana maventy no misy ny ‘cross-sectional surveys’?

Difficult to capture changes over time
Sarotra manazava ny fiovana amin'ny fotoana

Conclusion: Not all study types can answer all the questions you have
Samy manana ny fanontaniana afaka valiany ‘study’ tsy iray-iray
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How can R help at every stage from day zero to the day of publication?
(Amin’ny ‘study’, manomboka andro voalohany hatramin’ny andron’ny ‘publication’: 

Mora mora kokoa ve raha miasa amin’ny R?)



Using R in the MAHERY-CRS Project

Study design



Using R in the MAHERY-CRS Project

Study design

Site and 
household selection



First, create a list of all tanana
kely in the study region



Second, create a list of all 
tokantrano in the tanana kely
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Data Sheet 1



Data Sheet 2
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Data entry into excel

Fa manana olana hely isika:

Mora mandiso rehefa mampiditra ‘data’



Data entry into excel

Fa manana olana hely isika:

Mora mandiso rehefa mampiditra ‘data’

Solution: Ataovy mampiditra ‘data’ in-telo
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Replicate 1

Replicate 2

Replicate 3

+

+



Data entry into excel
(Repeat to minimize errors)

Replicate 1

Replicate 2

Replicate 3

+

+

Fa hitondra olana hely hafa:

Mila mihaza ny ‘errors’ / Mila mizaha ny ‘errors’

Solution: R code



Using R in the MAHERY-CRS Project

Study design

Data collection/management

Site and 
household selection

Monitoring data entry

R code to compare data tables:
for loops + ifelse() function
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Using R in the MAHERY-CRS Project

Study design

Data collection/management

Site and 
household selection

Monitoring data entry

Merging data sheets

Clinical data Survey data Data to analyze+ =

Olana: Mila manambatra ‘data files’ roa

Check for duplicate IDs, merge using full_join()
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Collating survey versions

Version 1 Version 2+ Version 3+ Version 4+

My strategy: 

Step 1) Mangataka manampy aminy Amy 
Wesolowski, Amy Winter and Jessica 
Metcalf (satria manan-tsaina be izy telo)

Step 2) “Misaotra betsaka” ho za

Olana be vata: Mila manambatra ‘versions’ efatra
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Using R in the MAHERY-CRS Project

Study design

Data collection/management

Site and 
household selection

Monitoring data entry

Merging data sheets

Collating survey versions

Data cleaning Identifying errors

Using histograms to check for incorrect data values 
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Figure 3: Age distribution of all individuals (gray) and infected individuals (red) shown by region. The proportion of individuals within a 3 year age bin is shown mirrored by sex 
with males are on the left and females on the right. Sample size, n, and the number of individuals positive, n+, are shown for each region (southeast, SE; southwest, SW; west 
coast, WC; high plateau, HP).
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Region 2 (SE), n = 1469, n+ = 317 (21.6%)

Frequency
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Region 3 (SW), n = 1391, n+ = 72 (5.2%)

Region 4 (WC), n = 1300, n+ = 382 (29.4%) Region 5 (HP), n = 1366, n+ = 6 (0.4%)
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R Markdown
https://rmarkdown.rstudio.com/



How can R help at every stage from day zero to the day of publication?
(Amin’ny ‘study’, manomboka andro voalohany hatramin’ny andron’ny ‘publication’: 

Mora mora kokoa ve raha miasa amin’ny R?)


