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Adapt from Dr. Prapas Patchanee’s

Surveillance

Disease detection

Outbreak investigation

Cross-sectional 
study



Reason
— Why do you take samples?

— Time

— Cost

— Human resource

— Harmful

— Etc.
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Samples must represent population
—Sampling – main methods

— Simple random sampling

— Systematic sampling
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http://cfile10.uf.tistory.com/image/2013F650512207270E31A5

Bias: not representative samples

Imprecise: not enough samples



Simple random sampling

• Random sampling in a source population

• Every individual has the same probability of being chosen

• Representative +++++

• Need a sampling frame (population census) 

• Ex: random sampling of villages based on their names / ZIP 
codes
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• Selecting elements according to an established rule

• Representative +++ (sample is disseminated in the 
population)

• Does not need a sampling frame

• Ex: define a sampling fraction (x%), then random
sampling of a figure k between 1 and n

 Sampling of animals k; k+x; k+2x…

Systematic sampling
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Random start = 3

Sampling fraction : 
1/4

2. Systematic sampling
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How many samples?
— Objective of the study

— Descriptive Epidemiology

— Disease detection / freedom from a disease

— Level of disease determination  (prevalence determination)

— Analytic Epidemiology

— Observational study
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Objective:
— Detect disease circulation:

— Identify infected … regions, villages, herds, … 

— Need to set a detection threshold (design prevalence) :

Above, the herd/region is considered infected

Below : herd/region is considered free from disease
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Detection thresholdDetection threshold

Infection is  detection threshold

Infection is not  detection 
threshold



— ≥ 1 animal infected  whole unit infected

— No sample positive  whole unit considered free from the disease
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— Sample size to detect disease 

— p : design prevalence; 

— α: probability of not detecting a disease = probability of being wrong when declaring the 

population free from a disease  = (1 – p)n

— Validity
— Large population (n/N < 10%)

— Diagnostic tests considered perfect.
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n=
ln (α )

ln (1− p)



— Sample size to detect disease (or proven of disease freedom)

— p : design prevalence; 

— α: probability of not detecting a disease = probability of being wrong when declaring the 

population free from a disease  = (1 – p)n

— Validity
— Large population (n/N < 10%)

— Diagnostic tests considered perfect.
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n=
ln (α )

ln (1− p)Hypothesis : infinite population

If n/N < 10%  infinite population  draw without replacement

If n/N > 10%  finite population  draw with replacement



Probability of disease detection

When p    , it is easier to detect disease

When n     , it is also easier to detect disease





http://epitools.ausvet.com.au/content.php?page=FreeCalc2

Online tools : EpiTools



http://www.winepi.net/uk/index.htm

Online tools : WINEPI
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Sample size > detection of disease



ProMESA
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for calculate the sample size required to 
detect an event if it is present above a stated 
level of prevalence

event is absent but the pop is 
actually diseased = false 

negative = 1 - Se

1-type I error =
1- event is present but the 

population is actually free = 1 –
false positive 
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Serial
Parallel

The probability that an individual 
having the event under study will 
be identified as positive by the 
diagnostic test.

The probability that an individual having 
the event under study will be identified as 
negative by the diagnostic test.



Combination of the tests

—Parallel: individual is positive if any or both tests = 
positive.

— Increase sensitivity, decrease specificity

—Series: individual is positive if both tests = positive.

— Decrease sensitivity, increase specificity



Diagnostic 
strategy

Sensitivity Specificity

One test = Se Test1 = Sp Test1

2 tests –
parallel

= 1- (1 – Se Test1) * 
(1 – Se Test2)

= Sp Test1 * Sp Test2

2 tests –
serial

= Se Test1 * Se
Test2

= 1 – (1 – Sp Test1) * 
(1 – Sp Test2)



— Minimum expected prevalence

— = used for calculate the sample size required to detect an 
event if it is present above a stated level of prevalence.

— Sensitivity

— The probability that an individual having the event under 
study will be identified as positive by the diagnostic test.

— Specificity

— The probability that an individual not having the event 
under study will be identified as negative by the 
diagnostic test.





Scenarios

1. No positive result = free of event under study

2. Number of positive results > false positives

3. Number of positive results < false positives



1. No positive test result

— Population: free of the interested event, with low risk of error

— Type II error involved: related to the lack of sensitivity of the 
diagnostic method.

— event is absent but the pop is actually diseased

— Type I error: not related because no positive results.

(Type I error = the probability of concluding that the population 
under study is affected by the event when it is actually free of it.)



2. Positive results > expected 
number of false positives

— = event is present in the population.

— Type I error?: event is present but the population is actually free.

— happen when diagnostic specificity < one that put in for sample size 
calculation.



ProMESA
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Nh The number of herds in the population. Ni The number of individuals per herd.



— Minimum expected prevalence of positive herds
— State the lower proportion of affected herds if the event really existed in 

the region under study.

— Number of herds
— The total number of farms in the population under study. 

— Minimum expected prevalence of positive animals
— State the lower proportion of affected herds if the event really existed in 

the region under study.

— Number of animals per herd
— The mean number of animals per herd.
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Pop size 10000

Se 0.95

Sp 0.99

Design Prev 0.02

type I error 0.05

type II error 0.05

max n 3200

required n 539

cut-point num of positive 9

type I error 0.0493

type II error 0.0474

pop level Se 0.9507

Pop level Sp 0.9526

If a random sample of 539 units is taken 
from a population of 10000 and 9 or fewer 
reactors are found, the probability that the 
population is diseased at a prevalence 
of 0.02 is 0.0493.

Prev. 0.02Cut off 9

>9 +ve =  diseased 
population



Pop size 1000 1000 1000 1000

Se 0.95 0.95 0.95 0.9

Sp 0.99 0.99 0.9 0.99

Design Prev 0.02 0.2 0.2 0.2

type I error 0.05 0.05 0.05 0.05

type II error 0.05 0.05 0.05 0.05

max n 3200 3200 3200 3200

required n 539 22 55 24

cut-point num of positive 9 1 9 1

type I error 0.0493 0.05 0.0468 0.0441

type II error 0.0474 0.0202 0.0444 0.0239

pop level Se 0.9507 0.95 0.9532 0.9559

Pop level Sp 0.9526 0.9798 0.9556 0.9761
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Inputs

— Design prevalence: the hypothetical prevalence to be detected. 

— Maximum acceptable Type I (1 - population-sensitivity) and Type II (1 -
population-specificity) error values for determining whether to accept/reject the 
null or alternative hypothesis, assuming a null hypothesis that the population is 
diseased.

— Calculation method: hypergeometric (for small populations), or simple binomial 
(for large populations).

Faculty of Veterinary Medicine
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outputs

— Assuming a null hypothesis that the population is diseased.

— The probability of the null hypothesis is the probability of observing this many 
reactors or fewer (≤reactors),  if the population was diseased at a level ≥ the 
specified design prevalence. 
• If this probability is small, we can conclude that it is very unlikely that the population is diseased. 

• If the probability is large, then there is not enough evidence to conclude that the population is 
free from disease;

— The probability of the alternative hypothesis is the probability of observing this 
many reactors or more if the population was truly disease free. 
• If this is small, then it is very unlikely that the population is free from disease.

• If it is large, then it is consistent with there being no disease in the population.
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outputs

— If both null and alternative probabilities are small, 

• it suggests that the population is not free from disease, 

• but the prevalence is less than the design prevalence specified; and

— If both null and alternative probabilities are large, 

• the sample size was too small to distinguish a population with the specified 
design prevalence from a disease-free population.

Faculty of Veterinary Medicine
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Test sensitivity 0.95

Test specificity 0.99

Population size 10000

Design prevalence 0.02

Diseased elements 20

Sample size 539

Null hypothesis:
Probability of observing <= 3 reactors in a sample of 539 individuals from a 
population with a disease prevalence of 2% = < 0.0001.

Alternative 
hypothesis:

Probability of observing >= 3 reactors in a sample of 539 individuals from a 
disease free population = 0.9057.

Conclusion:
These results are adequate to reject the null hypothesis and conclude that the 
population is free from disease (at the expected minimum prevalence of 2%) at 
the 0.9999 confidence level.

Cluster-sensitivity 
(SeH)

0.9999

Cluster-specificity 
(SpH)

0.2131

Number positive 3 (cut-off=9)
Target Type I error (1-Se, FN) 0.05
Target Type II error (1-Sp, FP) 0.05

Number positive < cut-off 



Test sensitivity 0.95

Test specificity 0.99

Population size 10000

Design prevalence 0.02

Diseased elements 20

Sample size 539

Null hypothesis:
Probability of observing <= 15 reactors in a sample of 539 individuals from a 
population with a disease prevalence of 2% = 0.513.

Alternative 
hypothesis:

Probability of observing >= 15 reactors in a sample of 539 individuals from a 
disease free population = 0.0005.

Conclusion:

These results are not adequate to conclude that the population is free from 
disease (at the expected minimum prevalence of 2%). The confidence level is 
only 0.487. We may conclude that the population is diseased at a confidence 
level of 0.9995.

Cluster-sensitivity 
(SeH)

0.487

Cluster-specificity 
(SpH)

0.9999

Number positive 15 (cut-off=9)
Target Type I error (1-Se, FN) 0.05
Target Type II error (1-Sp, FP) 0.05

Number positive > cut-off 
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When to determine disease prevalence

— When you want to know

— the level of the disease

— plan for disease control / eradication

— the effectiveness of control measures

Faculty of Veterinary Medicine
Kasetsart University

in order to

Implementation

Plan

Do

Check

Act



Parameter to be considered
— For descriptive analysis

— Confidence

— Precision

— Mostly chosen levels for the confidence are 95 or 99%

— Example: Given a 99% confidence interval, true prevalence of TB 
in cattle will fall between 1% and 5%. 

Faculty of Veterinary Medicine
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Estimate a population prevalence – sample size

— Simple random sample

— Stratified random sample

— Two stage sample

Faculty of Veterinary Medicine
Kasetsart University
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Simple random sampling

2

2*)1(*

e

zpp
n




p = The assumed prevalence of the event in the population under study.

Z = The critical value obtained from a standard normal distribution
90% CI เ  Z = 1.64
95% CI เ  Z = 1.96
99% CI เ  Z = 2.58
CI = p ฑ Z * SE

e = The maximum absolute error that the user is willing to accept.
ie; A prevalence of 0.40

A relative error of 0.10
The absolute error = prevalence*relative error = 0.40 *0.10 = 0.04
relative error = absolute error / prevalence
Relative error should be ≤ 0.20

ProMESA’s help
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2*)1(*

e

zpp
n




p = 0.50 = conservative expected prevalence เ max. n
p at 0.60 เ sample size requirement  = p at 0.40

Z: at higher confidence level เ bigger sample size

e = less accepted error เ bigger sample size



www.winepi.net
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ProMESA
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Openepi.com
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2*)1(*

e

zpp
n




>=100,000 is 
large

+5%, 
50% +5%, i.e., 
(45%, 55%).

SRS=1
Cluster = 2-10

n = n of 
SRS*DEFF



Example 1 – sample size: SRS
The investigator has been asked to determine the proportion of a 

500 cows herd that will yield a positive culture for M. 
paratuberculosis.

The acceptable absolute precision is +/- 5% and the expected 
prevalence when sampling at the slaughter house is assumed to be 
10%.

D.U. Pfeiffer
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Absolute error

Faculty of Veterinary Medicine
Kasetsart University

Sample size bound to some limitations such as laboratory 
capacity.

Calculate precision: if too large เ useless to carry out the 
research

e = The maximum absolute error that the user is willing to accept.
= Z * SE (known n; i.e. Capacity of lab.)
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Smart phone app.
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EpiInfo
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• Strata = groups of the population divided because of a strong
biologic hypothesis, which implies a difference of prevalence for 
the disease/parameter studied. 

Ex = production type (dairy/beef), age group, species, …

• Clusters = groups of the population divided because of a 
practical reason for the investigator. 

Ex = hospital, school, herd…

Stratified sampling
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POPULATION

STRATIFIED

SAMPLING

SAMPLE

Stratified random sampling



• Stratified sampling : simple random sampling within each strata

• All strata are represented in the sample

• Number of units to represent each stratum is proportional
to the importance of the strata in the population

74

Stratified sampling



Advantages of stratified sampling

• Focus on important subpopulations and ignores irrelevant 
ones.

• Variability within strata is minimized

• Variability between strata is maximized

• Optimization: for a given sampling size (n), precision of the 
estimate is always higher than those obtained from simple 
random sampling

– Helps to reduce sample size

75

Selection of relevant stratification 
variables  can be difficult !!!!



Stratified sampling (boys/girls, n= 60)

76

151 202

Mean = 172.5
Sd = 14.5

Mean = 172.5
Sd = 10.4

Simple random sampling (n=60)

Exemple : size of veterinary students





Purpose of stratified: to limit confounding factors
i.e.: breed, sex, parity, lactation, age
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Two Stage Sample
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POPULATION

1st STAGE SAMPLE

1st STAGE SAMPLE

2nd STAGE SAMPLE

2nd STAGE SAMPLE



The design effect (D) is the ratio of the standard error using a two-stage 
design to the standard error on sample random sampling.



b = number of individuals (animals) to select per cluster (farm,                                   
village)

Number of samples to be taken per cluster depends on the 
analysis of operative factors and available resources.

It is convenient to be ≥ 5.

The smaller the number of samples to take per cluster, 
the greater the number of cluster to be selected.
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The rate of 
homogeneity (roh)

�ℎ� =
� − 1

� − 1

Condition for 
implementing two-
stage sample is best 
when rho is small (<1).

Rho > 4  SRS

m = the average 
number of individuals 
per cluster



Two Stage Sample

Low homogeneity = low D
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• Cluster : group of animals, of herds, ...

– ex : villages, herds, flocks, ...

• Random sampling of clusters, then include the individuals of 
the clusters

• All individuals of the chosen cluster are present in the 
sample

5. Cluster sampling
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Sample

Herd 1 Herd 2

Herd 5

Herd 6
Herd  7

Herd 8

Herd 9

Herd 3

Herd 4

Village

5. Cluster sampling
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• Limit travelling costs

• Loss of efficiency : individuals from a cluster are more 
similar than those of different clusters

– Need to take it into account for statistical analysis

• It is better to have a lot of small clusters than a few big 
clusters !

– To maintain variability

• Sampling size calculation is more tricky

– Design effect

Cluster effect results in a loss of precision
89

Advantages and drawbacks of cluster sampling



Cluster effect (DEFF)

— DEFF = Design Effect

 « correcting factor» takes into account the heterogeneity of the 
clusters for the considered indicator

• The higher is the expected prevalence, the higher is the DEFF 

• The bigger is the number of individuals, the higher is the DEFF



Cluster effect (DEFF) : OpenEpi



Cluster effect (DEFF)









Mean prevalence = 917/10200 = 0.0899

Sample size = 10200



917/10200 = 0.0899

(0.0899- 0.0816)^2



Simple Random 
Sampling

Stratified Cluster 

(+)

- Representative
- Calculation and 

analysis = simple

- Gain in precision => 
↘ sampling size

- Not need of a sampling 
frame
- Save time and costs

(-)

- Time and 
travelling costs

- Analysis more 
complex

- Cluster effect (lack of 
variability)

- Analysis more complex 
(design effect)

98

• Multi-stage sampling : 

– Combines advantages from different methods

– But statistical analysis is more complex
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n : number of cases

c : ratio of controls / cases

p1 : proportion of controls exposed

p2 : proportion of cases exposed

zα/2 : z value for α; for α=5%, Zα/2 = 1.96

zβ : z value for power (1-β) ; often power = 80%, zβ= 0.84

Case – control study

n=

pq(1+
1

c
)(zα /2− z β )

2

( p1− p2 )2

n depends on :

- Difference of proportion in the groups

- Frequence of exposures to the factor



Nfield = n + 10% n

To anticipate the problems : no answers, losses, farmer who quit…

Case – control study



Case – control study

• Risk of having an accident when crossing a 
country road closing the eyes

- hazard = important when a car hits you

- risk = happens very rarely

 Big « n » : you’ll need a lot of crossing 
before finding a case

• Risk of having an accident when crossing a 
highway closing the eyes

- hazard = important when a car hits you

- risk = happens quite often

 Small « n »



Online tools
http://www.openepi.com/Menu/OE_Menu.htm
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Estimate prevalence / confidence interval:
Stratified random sample

CI = p ± Z * SE



Estimate prevalence / confidence interval:
Stratified random sample
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Estimate prevalence / confidence interval:
Two-stage sample
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Estimate prevalence / confidence interval:
Two-stage sample



ProMESA: Data file – prev. for 2-stage sample
— Input data file

— .csv (comma separated value)

— Requires 3 columns

— Cluster ID, # of samples taken 
in the clusters, # of events 
detected in the clusters

113
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Prevalence is 0.065
95% confidence interval = 
0.05 – 0.075



Random sampling proportional to the size
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• Needs an information about the size of each unit (ex : herd size)

• The bigger is the unit, the higher is the probability of being 
included in the sample

• Improves sample efficiency


