
Screening and 
Diagnosis



Screening and diagnosis
NO SYMPTOMS  
screening - identify the possible presence 
of an as-yet-undiagnosed disease in a 
person without signs or symptoms 

SYMPTOMS  
diagnosis - determining which disease or 
condition explains a person's signs or 
symptoms



Answering questions
• does a person have cancer? 

• does a person have HIV? 

• does a person have depression? 

• does a person with abdominal pain have 
appendicitis? 

• does a person with a sore throat have strep 
throat?



Each question and physical examination is a 
diagnostic test in itself, each with a sensitivity and 
specificity

The probability that is ‘sufficient’ to reach a 
‘diagnosis’ varies with the seriousness, treatability 
or novelty of the diagnosis being considered

Clinical Context



Bayes theorem



Sensitivity=the probability that an individual with the disease has a positive test result  

Specificity=the probability that an individual without the disease has a negative test result  

Positive predictive value=the probability that an individual with a positive test result has the 
disease  

Negative predictive value=the probability that an individual with a negative test result does 
not have the disease  

Positive likelihood ratio=the probability that an individual with the disease has a positive 
test result, divided by the probability that an individual without the disease has a positive 
test result (that is, sensitivity/(1−specificity))  

Negative likelihood ratio=the probability that an individual with the disease has a negative 
test result, divided by the probability that an individual without the disease has a negative 
test result (that is, (1−sensitivity)/specificity)  

Area under the receiver operating characteristic curve (AUROC)=the probability that a 
classifier will correctly rank a randomly chosen person with the disease higher than a 
randomly chosen person without the disease (that is, the area under a plot of sensitivity 
against (1−specificity)) 

BMJ 2016;353:i3139

Commonly used measures for evaluating the
clinical performance of diagnostic and screening tests



Sensitivity and Specificity
Sensitivity - ranges from 0% to 100% 

Specificity - ranges from 0% to 100% 

these do NOT take prevalence into account 

Prevalence = the proportion of individuals in a population having a 
disease at a particular time point = pre-test probability - ranges from 
0% to 100% 

Predictive value varies with the prevalence of the condition - ranges 
from 0 to 100% 

Likelihood ratios can take into account different prevalences 

less than 1 = a negative likelihood ratio 

greater than 1 = a positive likelihood ratio 
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Likelihood ratios
LR+ = probability that a test is positive in the 
people with the disease/the probability that the test 
is positive in people without the disease 

LR+ = sensitivity/1-specificity 

LR- = probability that a test is negative in the 
people with the disease/the probability that the test 
is negative in people without the disease 

LR- = 1-sensitivity/specificity 

greater than 1 = a positive likelihood ratio 
less than 1 = a negative likelihood ratio 



How to calculate post- 
test probability using 
prevalence and LRs



Likelihood/ 
Fagan nomogram
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MedCalX - calculate likelihood ratios from 
sensitivity and specificity AND post-test 
probability calculator 

Useful apps and on-line tools



DxLogic - listing of LR and pre-test 
probabilities and a post-test calculator

Useful apps and on-line tools

lrdatabase.com - home of DxLogic



lrdatabase.com - home of DxLogic



http://www.thennt.com/home-lr/

Useful apps and on-line tools



http://getthediagnosis.org/
Useful apps and on-line tools



SCREENING EXAMPLE



 6 rapid human immunodeficiency virus (HIV) 
antibody tests

Sensitivity was >95% and specificity was >99% for all 
rapid tests Clin Infect Dis 2011;52:257-63

LR+ 
= sensitivity/1-specificity 
=
LR-  
= 1-sensitivity/specificity 
=

2% 
prevalence HIV No HIV

Test + 19 10 29

Test - 1 970 971

20 980 1000

If prevalence If test positive  
Post test probability

If test negative 
Post test probability

0.1%
1%
2%
10%
40%

http://bit.ly/2fd9sjf



DIAGNOSIS EXAMPLE



GABHS (strep) rapid antigen detection test kit, 
in comparison with oropharynx swab culture

J Podiatry 2007;83:465-70

Sensitivity  

Specificity  

LR +  

LR -  



Pre-test probability
General practice clinic in Canada - people with a 
sore throat who have Strep ~10% 

LR + =  
= Post-test probability   
LR -  =  
= Post-test probability

Prevalence If positive  
Post test probability If negative

1

10

40



Enzyme immunoassay 
CHILDREN - pooled sensitivity was 86% (95% CI, 79–92%) and the 
pooled specificity was 92% (95% CI, 88–95%) 

LR + = 10.8 LR - = 0.15 

ADULTS - the pooled sensitivity was 86% (95% CI, 81–91%) and the 
pooled specificity was 97% (95% CI, 96 to 99%) 

LR + = 28.7 LR - = 0.14

PLOS 1 November 2014



SCREENING EXAMPLE



 Thickening of the Nuchal 
Translucency - Ultrasound



J Ultrasound Med 20:1053–1063, 2001  



Pre-screening probability

The risk of Down's syndrome (trisomy 
21) varies with maternal age: 

1:1,500 (0.07%) at 20 years 

1:800 (0.1%) at 30 years 

1:270 (0.4%) at 35 years 

1:100 (1%) at 40 years 

>1:50 (2%) at 45 years and over

Prevalence
Post test probability 
 If nuchal thickening 

positive 

0.07%

0.1%

0.4%

1%

2%

Nuchal thickening LR = 11 



DIAGNOSIS EXAMPLE





A positive test result is movement 
of the knee with a soft or mushy 

endpoint 

  24-year-old man who twisted his right knee while playing 
football the day before. He has been suffering with pain and 

swelling in the knee since the time of the injury, and is able to 
weight-bear but with difficulty. 

Best way to assess - arthroscopy 
next best MRI - not 100% but… 

Question - meniscal injury, an injury to the anterior cruciate 
ligament or a soft-tissue injury 



Sensitivity

Specificity

Lachman’s test

Prevalence in this example is  

Ligament 
damage

No 
ligament 
damage

Test + 37 14 51

Test - 22 130 152

59 144 203

PPV

NPV

LR+ 

LR- 



Prevalence = 15%
Sensitivity = 10/15 = 67% 
Specificity = 45/85 = 53%

Prevalence = 30%
Sensitivity = 20/30 = 67% 
Specificity = 37/70 = 53%

Prevalence effect on predictive value 
- total of 100 people 

PPV = 10/50 = 20% 
NPV = 45/50 = 90%

PPV = 20/53 = 38% 
NPV = 37/47 = 79%

Prevalence = 60%
Sensitivity = 40/60 = 67% 
Specificity = 21/40 = 53%
PPV = 40/59 = 68% 
NPV =  21/41 = 51%



https://en.wikipedia.org/wiki/Pre-_and_post-test_probability


