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How to design a serological survey?

Identify research question, formulate objectives

Design protocol (study design, population, sampling, lab
methods, ethics approval)

Data collection and processing

Descriptive statistics

Inferential statistics

Interpretation and communication of results

Bibliography: Aday LA, Cornelius LJ. Designing and conducting health surveys: A comprehensive guide. 3rd ed. San Francisco: Jossey-Bass; 2006. 



Study Designs

time

time

time

Cross-sectional study
(prevalence)

Serie of cross-sectional studies
(prevalence along time)

Longitudinal studies 
(cohort, sero-incidence)



Study objective 

Target population: who, where, when?

Who?
• General population, 
• Specific population subgroup (example:

healthcare workers, people employed in
the agricultural sector, blood donors,
residents in nursing homes)

Where?
• Local, 
• Regional, 
• National, 
• Multi-country 

When?
• Seasonality, outbreak context

Primary objective: To quantify the proportion of
people positive for a specific antibody or measure
the titre/ concentrations of an antibody.

Additional objectives: Compare groups,
evaluate the effect of the intervention

How to measure outcome?

• Proportion (seroprevalence) or 
titre/concentrations?

• Which assay to use? 
Sensitivity and specificity of the assay
• How to account for “imperfect” assay when 

interpreting survey results?



Population  (N)
Sample (n)

Survey

• Which method can be used to select a 
sample?

• How many units to select? 

• Where to recruit?

We want to learn about the population

• The sample should resemble
characteristics of the target
population

• The results estimated in that
sample are generalisable to the
target population

How to recruit participants?



Which method can be used to select a sample?

Sampling 
methods

Probabilistic
sampling

Non-probabilistic 
sampling

Simple random
Systematic
Stratified
Clustered

Convenience
“Snowball”
Quota

Modern trend: 
Complex multi-stage sampling that combines different approaches;
Increased use of non-probabilistic sampling strategies or a combination of probabilistic and non-probabilistic methods



Stratified random
sampling

Simple random
sampling

Over sampling

• Everyone has an equal chance to
be selected.

• Most straightforward method to 
mimic population characteristics.

• List of elements of the
population is needed.

• The sample is selected independently 
in each strata.

• Ensures the representation of all 
strata.

• Comparison between strata is 
easy.

• Typical strata: geographical region, 
sex, age group.

• Population is divided into small groups 
(clusters), and a sample of clusters is 
selected.

• Reduced cost and time.
• Overcomes the issue of a lack of sampling 

frames.
• Require larger sample sizes than other

random selection methods to achive same
precision of estimates.

Cluster random
sampling



Multistage stratified cluster sampling

“Two population-based surveys were conducted using 2-
stage cluster sampling (Figure 1). Of 430 municipalities in
the Netherlands, 38 were randomly selected, and an
age-stratified random sample was drawn from the
municipal population registers”.

American Journal of Epidemiology, 2011 doi: 10.1093/aje/kwr245



Multistage stratified cluster sampling

“The first stage of the cross-sectional study was a purposive cluster sample of general
practices in New Zealand, followed by a stratified random sample of registered patients.
The study included 14 GP clinics across the country. Within each practice, registered patients were
stratified by age group and ethnicity. Five age groups were categorised as 1 to 4, 5 to 19, 20
to 39, 40 to 59, and 60+. Ethnicity, for analytical purposes, was divided into three categories as
Maori, Pacific Peoples and Other. Within each stratum, simple random sampling was
performed to select sufficient numbers of participants”.



Multistage stratified cluster sampling

“In the first stage, administrative boundaries were used to allocate clusters.
Shapefiles with administrative boundaries and respective population statistics
were obtained from in-country or online sources.
Clusters were selected using the probability proportional to
population size method. In the second stage, the sampling frame was
based on geographical coordinates (geo-point sampling − any point method)
within the polygon(s) where the target population lived.
Within each sampled unit, geographical coordinates were randomly
selected as households to be recruited into the study. Study
participants will be selected in line with their country’s age and
gender distribution. One person per household will be included in the
study.”



Multistage stratified cluster sampling

“The nursing homes (NH) were selected from a database of Liantis, a Belgian external occupational
health service.
A subset of 210 NH employing at least ten staff members was used. The 100 NH were chosen
according to the true proportion of NH per province, resulting in 56 NH, situated in Flemish region and
the Brussels capital region, and 44 NH in the Walloon region. In every NH, n residents and 60-n
staff were randomly selected using an online tool specifically developed for this study. The
number of selected residents and staff in each NH reflected the proportion of residents and
staff in that NH”.



Non-probabilistic sampling methods

•The “ease” with which potential participants can be located and recruited

•Can be used for sampling rare and difficult-to-access groups of the population (homeless, refugees)

•Reduce costs and time of data collection

•Low response rates in probabilistic surveys

•Challenges in access to quality sampling frames​ (list of all units of the population)

“Price to pay”

•More complex analysis

•Can result in biased (not representative) estimates



Non-probability sampling methods

“Eight German paediatric primary care hospitals (Bremen,
Berlin, Krefeld, Wuppertal, Erfurt, Wurzburg, Mannheim, Munich)
provided sera from April 1st to July 31st 2010, obtained
during blood withdrawal for routine laboratory testing
from in- or outpatients aged 1 to 17 years. Children with an
illness impeding an adequate immune response were excluded,
so were children with serious conditions”.



“To study influenza immunity in the Portuguese population, a non-
probabilistic sample was used. Samples were collected from people
attending hospital laboratories for other reasons aside from
influenza infection. A convenience sample of 626 sera was collected
during June 2014. Sera were selected from all age groups (0–4; 5–
14; 15–64 and ≥65 years old) and both genders, in equal
proportion, at 11 hospital laboratories from the Portuguese
Laboratory Network for the Diagnosis of Influenza Infection, covering all
administrative health regions (HR) of Portugal: Norte, Centro, Lisboa e
Vale do Tejo, Alentejo, Algarve and including also the Açores (São
Miguel and Terceira islands) and Madeira islands”.

Non-probability sampling methods



Objective

Compare  parameters 
between groups?

Estimate a parameter?
(prevalence, mean)

• To determine the prevalence of seasonal
influenza protective antibody titres for
A(H3) after the 2025/26 influenza season
in Portugal

• To estimate the mean levels of SARS-CoV-2
IgG antibody titers among previously
infected unvaccinated individuals

• To compare the seroprevalence of protective
antibodies against influenza
A/Texas/50/2012 among 5–14 years old and 65+
years old

• To compare the seroprevalence of SARS-CoV-2 in
Portugal at different time points



Objective

Compare parameters 
between groups?

Estimate a parameter?
(prevalence, mean)

What is the expected value 
of the parameter and its 

variation?

What is the desired precision
(d) and the confidence level 

(95%)?
95% CI = p±d

What is the expected value 
of the parameter in the 
reference group (p0)?

What effect do you want to 
detect with a given power

(80%) and significance level 
(5%)?

p0-p1>effect



What is the expected value of the parameter 
and its variability in the population?

Make an educated guess about the expected value of prevalence, mean, and standard deviation to 
determine the sample size.

How this could be achieved:
• Use of data from previous studies of the same or similar populations;
• Develop a pilot study;
• If unknown, use assumptions that maximize the sample size (50% for prevalence). 

What is the desired precision (d)?

d  reflects the width of confidence interval (CI).

What is the desired confidence interval (CI)?

Usually we use 95 % CI



Expected 
prevalence

Precision (d)

10 % 5 % 2.5 % 1 %
50 % 97 384 1,535 9,513
25 % 73 289 1,152 7,152

10 % 35 139 553 3,446

5 % - 73 292 1,822

Summary of sample sizes for different expected seroprevalences and precisions

Precision Operational
feasibility

Considering an design effect of 1. For complex samples consider an design effect ≥ 
1.5

+

+
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OpenEpi - Toolkit Shell for Developing New Applications

https://www.openepi.com/SampleSize/SSPropor.htm
https://www.openepi.com/SampleSize/SSPropor.htm
https://www.openepi.com/SampleSize/SSPropor.htm


58

≥1.5 for 
complex 
samples
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+



Almost never we get 100 % participation – how to account for this?

Prevalence = 25 %,  d=± 2.5 %  CI 95%: 22.5 %-27.5 % Required sample size: n= 1,152

+ 
Correction factor: 10 % (how many participants we expect to lose)

Number to invite =
1,152

(1−0.1)
= 1,280Previous knowledge,

Context dependent



Messages to take

• The study design depends of the research question

• Probabilistic sampling methods are less prone to be biased, but more difficult to 
implement

• Non-probabilistic sampling methods are more prone to be biased and the 
statistical analysis is more complex, but are easier to implement and to get 
access to difficult-to-reach populations

• Sample size depends of the expected value, precision of the estimate and the 
level of confidence. Complex samples (clusters) need higher sample size 

62



Bibliography

• Laurie KL, Huston P, Riley S, Katz JM, Willison DJ, Tam JS, Mounts AW, Hoschler K, Miller E, Vandemaele K, Broberg E, Van Kerkhove MD, Nicoll
A. Influenza serological studies to inform public health action: best practices to optimise timing, quality and reporting. Influenza Other Respir
Viruses. 2013 Mar;7(2):211-24. doi: 10.1111/j.1750-2659.2012.0370a.x.

• Metcalf CJE, Farrar J, Cutts FT, et al. Use of serological surveys to generate key insights into the changing global landscape of infectious
disease. Lancet 2016; published online April 5. http://dx.doi.org/10.1016/S0140-6736(16)30164-7

• Dean NE, Howard DH, Lopman BA. Serological Studies and the Value of Information. Am J Public Health. 2023 May;113(5):517-519. doi:
10.2105/AJPH.2023.307245.

• Kennedy-Shaffer L, Qiu X, Hanage WP. Snowball Sampling Study Design for Serosurveys Early in Disease Outbreaks. Am J Epidemiol. 2021 Sep
1;190(9):1918-1927. doi: 10.1093/aje/kwab098.

• European Centre for Disease Prevention and Control. Sample size guidance for surveillance data. Stockholm: ECDC; 2023

• Dean AG, Sullivan KM, Soe MM. OpenEpi: Open Source Epidemiologic Statistics for Public Health, Version. www.OpenEpi.com

• Aday LA, Cornelius LJ. Designing and conducting health surveys: A comprehensive guide. 3rd ed. San Francisco: Jossey-Bass; 2006

http://www.openepi.com/
http://www.openepi.com/
http://www.openepi.com/
http://www.openepi.com/
http://www.openepi.com/


Slido questions
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When calculating sample size for a 
seroprevalence study, which parameter 
has the greatest impact?

The Slido app must be installed on every computer you’re presenting from

https://www.slido.com/powerpoint-polling?utm_source=powerpoint&utm_medium=placeholder-slide
https://www.slido.com/support/ppi/how-to-change-the-design
https://www.slido.com/support/ppi/how-to-change-the-design
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