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In addition to descriptive 
results

• Estimates for true 
prevalence
– Rogan-Gladen

– Bayesian analysis

• Risk-factor analysis 
(logistic regression-GEE)

• Spatial distribution

Conclusions
• FMD virus circulation is widespread in 5 Egyptian governorates under 

vaccination control

• Due to test sensitivity, test results underestimate true prevalence

• Between governorates, species and age groups, there are significant 
differences in seroprevalence

• Within governorates, seronegative villages border FMD infected 
villages

True prevalence estimation –
Rogan Gladen estimation

• Correcting for non-perfect test characteristics

– Imperfect Sensitivity (Se = 68.9%) : 
• missing infected animals (false -)

– Imperfect Specificity (Sp = 98.1%): 
• indicating non-infected animals as 

infected (false +)

True Prev = (App Prev + Sp – 1) / ( Se + Sp + -1)

True prevalence estimation –
Rogan Gladen estimation

• Apparent prevalence 920/2938 = 31.3%

Total 

Test positive 920

Test negative 2018

Total 2938

True prevalence estimation –
Rogan Gladen estimation

• Apparent prevalence 920/2938 = 31.3%

FMD infected FMD not-infected Total 

Test positive 889 31 920

Test negative 401 1617 2018

Total 2938
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True prevalence estimation –
Rogan Gladen estimation

• Apparent prevalence 920/2938 = 31.3%

• Estimated true prevalence: 1290/2938 = 43.9%

FMD infected FMD not-infected Total 

Test positive 889 31 920

Test negative 401 1617 2018

Total 1290 1648 2938

True prevalence estimation –
Bayesian analysis

• Correcting for non-perfect test characteristics
– Taking prior information on Se and Sp

– As distribution from which is sampled
• 95% confidence interval Se: 62.3 – 73.9%

• 95% confidence interval Sp: 97.2 – 99.5%

– Accounting for uncertainty and for variation

• Wider confidence intervals

True prevalence estimates

Apparent True estimate
RG

True estimate
BA

Village 
prevalence 101/105 105/105

Animal 
prevalence 
[95%CI]

31.3
[29.6-33.0]

43.9
[41.4-46.4]

46.6
[35.9-64.6]

Within village 
prevalence
(Range)

29.8
(0 – 92%) *

47.4 
(7-95%)

*For estimation of within-village prevalence, the RG is not applicable

Comparison Apparent and True prevalence

Bayesian estimates
higher than 
apparent results 
 Sensitivity

Villages with test-
negative results
are considered 
seropositive 
 effect of limited 
sample size and 
Se

Comparison two methods to estimate true 
prevalence

Rogan Gladen estimator

+ Quick and easy

- uses Se and Sp estimates as point 
values

- not applicable at within-village level

Bayesian estimates

+ use of prior knowledge

+ including uncertainty and 
variation

+ can be applied at all levels

- requires good prior information

- requires more statistical 
background

Result logistic regression
- main effects

• Outcome: test result: positive (1) or negative (0) 

• Modeling outcome in relation to age, breed and governorate:

Test result = constant+β1_species+ β2_age+ β3_govern+clustering+error

• Odds ratio: odds of testing seropositive

• OR > 1; greater probability

• OR < 1; smaller probability 
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Result logistic regression
- main effects

Variable Category Frequency Odds Ratio 95% confidence 
interval 

P-value 

Age Adult stock 55.5 Reference   
 Young stock 44.5 0.50 0.43-0.59 < 0.01 
Species Cattle 59.8 Reference   
 Buffaloes 40.2 1.56 1.33-1.83 < 0.01 
Governorate* Al Buhayrah 23.6 0.84 0.62-1.14 0.26 
 Kfer Ash 

Shaykh,  
11.2 0.90 0.60-1.33 0.59 

 Ash Sharqiyah 25.0 1.12 0.84-1.49 0.43 
 Al Minufiyah, 15.3 0.78 0.54-1.11 0.17 
 Al Minia 24.9 1.52 1.14-2.02 < 0.01 
 

Result logistic regression
- interaction terms

Lower than average  

Equal to average  

Higher than average  
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Result logistic regression
- interaction terms

Lower than average  

Equal to average  

Higher than average  

Al Buhayrah Kafer Ash Shaykh 

 
Adult 
stock 

 
 

Adult 
stock 

Youngstock 

Cattle 0.64 0.46 Cattle 0.68 0.52 

Buffalo 1.33 0.86 Buffalo 1.25 1.08 

 

Al Minufya Ash Sharqiyah 

 
Adult 
stock 

Youngstock  
Adult 
stock 

Youngstock

Cattle 0.83 1.73 Cattle 0.65 0.78 

Buffalo 0.58 0.86 Buffalo 1.99 1.71 

 

Al Minia 

 
Adult 
stock 

Youngstock 

Cattle 1.28 1.52 

Buffalo 1.71 1.49 

 

Youngstock 

60%

60%

30%

70%

70%

Vaccination 
coverage
averaged over 2007 and 2008

Number in cells are Odds Ratios
indicating odds on seropositivity compared 

with random adult or random youngstock

Spatial distribution 
of infected villages

• FMD infected villages spread 
across non-FMD infected villages

• Highest prevalence of FMD infection
in Al Minia and Ash Sharqiyah, central Egypt

• Only 69 out of 105 villages

• For Al Buhhayrah, 
significant few ‘negative villages

Conclusions

• FMD virus circulation is widespread in 5 Egyptian governorates under 
vaccination control

• Due to test sensitivity, test results underestimate true prevalence

• Between governorates, species and age groups, there are significant 
differences in dispersion

• Within governorates, seronegative villages border FMD infected 
villages

Discussion
• Risk factors – animal level

• age, species 

• What risk factors at village level?

• Contact structure within and between villages

• Village practices regarding grazing and feeding.

• What risk factors at national level? 

• Vaccination strategy

• Market chain mechanisms and animal movement patterns

• Role of sheep and goats

• 2010/2011: nationwide survey, including inventory of possible risk 
groups and collection of additional information


