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Overview:

• Diagnosis and importance of uncertainty in diagnostic 
tests

• Tests characteristics (se-sp)

• Predictive values (ppv-npv)

• Example
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Diagnosis and uncertainty

• DIAGNOSIS: 

- attempt to determine the health status of an animal, herd, 
flock (Healthy or Diseased?);

- art of identifying the nature of patient’s disease 
(Brucellosis? Tubercolosis?);

- it is the basis for a decision!

(to treat a patient,… to implement a control program,…to 
investigate further…to do nothing….)



Diagnosis and uncertainty

• Diagnostician does not work with certainties;

- incomplete understanding of biological processes;
- true biological variation; 
- diagnostic tests are not perfect (sensitivity  95 % = 5 % F –; 

specificity 98 % = 2 % F +)
- systematic error (information bias, selection bias) 
- measurement error (misclassification);
- random error (chance);

• Medicine as a stochastic art (versus deterministic paradigm): 
outcome not certain but probabilistic.



Outcome of diagnostic tests

• Dichotomous: presence or absence of a pathogen;

↓
Interpretation is often straightforward



Outcome of diagnostic tests

• Continuous scale:

HI                                                 rt-PCR

↓
Interpretation:



Cut-off value

• Measurement on continuous scale: need of a cut-off 
value to interpret results expressed in a continuos scale 
as a dichotomous variable (healthy-diseased).



Cut-off

Limitation: likely to result in overlap between healthy and 
diseased → uncertainty
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Performance of a diagnostic tests

• The evaluation of diagnostic tests needs the use of a 
“gold standard”.

• G.S.: it is a mean by which we can assess whether a 
disease, or any other outcome of interest, is truly 
present or not.

• The definition of the “gold standard” is not always 
straightforward!



Tests characteristics
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Tests characteristics

• The performance of a diagnostic test, relative to the gold standard, are quantified 
by two parameters indicators of the validity (accuracy) of diagnostic tests: 

• Sensitivity (Se): 
- ability of a test to correctly identify  diseased animals 
- the proportion of true + detected by the test
- indication of how many false – are expected (Se=95% → F- = 5%)

• Specificity (Sp):
- ability of a test to correctly identify non-diseased animals
- the proportion of true – detected by the test
- indication of how many false + are expected (Sp=95% → F+ = 5%)
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Se = 79/91 = 87%  F- = 13% (12/91=0.13)
Sp = 110/117 = 94%  F+ = 6% (7/117=0.06)

Disease status

+ - TOTAL

Test result
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- 12 F - 110 T- 122

TOTAL 91 117 208
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True prevalence = (a+c)/(a+b+c+d)

Apparent prevalence = (a+b)/(a+b+c+d)

- True Prevalence: Based on the true disease status of the individuals

- Apparent prevalence: Estimate of the prevalence based on the means used to identify
disease

1) -ty (sensitivi y specificit

1) -ty (specifici  prevalenceapparent 
prevalence true
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Tests characteristics

- Se-Sp are intrinsic characteristics of a test ( do not 
depend on the prevalence of the disease);

- Se-Sp are not solid…can be changed accordingly;

- Inversely related (decrease F-, increase F+ or 
viceversa).



Selection of the cut-off

- Changing the cut-off value (in case of results
expressed in a continuous scale) will vary
both Se and Sp.

There are sophisticated methods for
optimum selection of the cut-off point.

- ROC curve, likelihood ratios etc….



Selection of the Cut-off

Frequency distribution of ODs from infected an uninfected animals
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Selection of the Cut-off

Frequency distribution of ODs from infected an uninfected animals

0

10

20

30

40

50

60

0
0.

2
0.

4
0.

6
0.

8 1
1.

2
1.

4
1.

6
1.

8

OD

F
re

q
u

e
n

c
y

Non infected

Infected

Cut-off



To ↑ Se → cut-off shifted to the left

Frequency distribution of ODs from infected an uninfected animals

0

10

20

30

40

50

60

0
0.

2
0.

4
0.

6
0.

8 1
1.

2
1.

4
1.

6
1.

8

OD

F
re

q
u

e
n

c
y

Non infected

Infected

Cut-off



Frequency distribution of ODs from infected an uninfected animals
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To ↑ Sp → cut-off shifted to the right



Predictive values

• Positive predictive value?

• Negative predictive value?



Predictive Values (PVs)

• Positive Predictive Value (ppv): probability that an animal 
positive according to the test, is actually truly positive

• Negative Predictive Value (npv): probability that an 
animal negative, according to the test, is actually truly 
negative

• PVs depend on:

- Se, Sp : given a reference population and a cut-off, Se and 
Sp are relatively stable;

- Prevalence: unstable
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Predictive Values (PVs)

Or….(using Prevalence (P), Se, Sp)

•PPV: (P*Se)/((P*Se)+[(1-P)*(1-Sp)])

•NPV: (1-P)*Sp/ ([(1-P)*Sp] +[P*(1- Se)])



Predictive Values (PVs)

• Example: 

Tests: Se: 95%, Sp: 90%) 

a) Prevalence: 30 %

• PPV: (P*Se)/(P*Se)+[(1-P)*(1-Sp)] = 80%

• NPV: (1-P)*Sp/ [(1-P)*Sp] +[P*(1- Se)] = 98%

b) Prevalence: 3 %

• PPV: (P*Se)/(P*Se)+[(1-P)*(1-Sp)] = 23%

• NPV: (1-P)*Sp/ [(1-P)*Sp] +[P*(1- Se)] = 99,8%



Example
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A total of 892 quarters milk samples from 228 lactating cows were screened by 
California mastitis test (CMT), White side test (WST), Surf field mastitis test (SFMT), 
and somatic cell count (SCC) to study the prevalence of bovine SCM in some selected
areas of Bangladesh.



• Thanks
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