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In the era of coronavirus disease 2019 (COVID-19) 

pandemic, we all have heard or ever been tested with 

“antigen test kit” (ATK). The test tells whether a 

person tests positive or negative for COVID-19. If you 

test negative for COVID-19 using ATK, you are likely 

not to be infected, provided you do not have any 

symptoms. On the other hand, if you test positive, you 

are likely to be infected, provided you have any 

symptoms. So, do we use such test for diagnostic or 

screening? Are you sure that the negative and positive 

test results valid? Is it possible that you have false 

positive/negative result?  

Diagnostic vs. Screening Test 

Diagnostic and screening tests differ regarding their 

intended usage and whether a person shows 

symptomatic signs or not. On the pathway of natural 

history of disease, after a person gets infected with the 

disease, there typically are time gaps at different 

stages of disease status as shown in Figure 1. The tests 

could be used for detecting the diseases at different 

staging. Screening tests are usually intended for 

asymptomatic persons whereas diagnostic tests are 

intended for those showing symptoms in need of a 

diagnosis.1,2 

 

Figure 1. Screening and diagnostic tests at different stages of natural history of disease 

The goal of screening is to detect disease as early as 

possible which is particularly useful for surveillance or 

reducing the risk of disease. Screening tests tend to be 

less invasive than diagnostic ones—and they are 

usually simpler to perform. ATK has become a quick 

tool for COVID-19 screening while other tests like  

RT-PCR tests are commonly used as diagnostic tests or 

confirmation tests. A positive result in a screening test 

usually requires a more accurate diagnostic test to 

confirm diagnosis.3 

Validity and Efficacy of the Test 

The screening or diagnostic test should have the ability 

to distinguish non-diseased and diseased persons. To 

do so, we need to compare the results of the test against 

some "gold standard" that establishes the true disease 

status. The gold standard may be a known test that 

provides a very accurate status but it may be more 

expensive and invasive or may take longer time to get 

the result. If there is no such gold standard, the 

assumed true disease status may be from the 

confirmed clinical signs and symptoms, or the 

acceptable consensus among experts. In some cases, 

the true disease status may be determined by following 

a certain group(s) of persons for a period of time to 

determine which patients ultimately develop the 

disease (Figure 2).4–7 

The test is considered valid with two exquisitely 

qualifications. That is, the test is “sensitive” (true 

positive) when it gives high probability of detecting 

disease among diseased persons, and “specific” (true 

negative) when it gives high probability that those 

without the disease will have negative test result as 

shown in Figure 2.  
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The test is considered efficacious if it has favourable 

predictive qualification. The predictive value is the 

probability of having or not having disease according 

to test results. A positive predictive value (PPV) is the 

probability that the person has the disease when the 

test shows positive result while a negative predictive 

value (NPV) is the probability that the person does not 

have the disease when the test shows negative result. 

 

Figure 2. Sensitivity, specificity, positive predictive value and negative predictive value of a test 

From the perspective of healthcare providers when we 

plan to use the test, we may prefer test with high 

sensitivity for screening purpose and the test with high 

specificity for confirmatory purpose. “If the person has 

the disease, how good that the test will show true 

positive result?” “If the person does not have the disease, 

how good that the test will confirm true negative 

result?” While sensitivity and specificity of a test are 

important considerations, predictive values are also 

important from the perspective of the patients. “If my 

test result is positive, what is the probability that I am 

truly positive?”  

While the values of sensitivity and specificity do not 

depend on the prevalence of the outcome in the 

population tested, the predictive values do. Given the 

same sensitivity and specificity, the PPV will increase 

and the NPV will decrease as the prevalence 

increases.7 The relationships between these four terms 

are shown as follows.8 

 

Cutoff Point for Test Score 

While some test results are qualitative —“positive” or 

“negative” —as discussed above, some are quantitative 

score. For example, the result on ATK for COVID-19 

tells you whether you are negative (one stripe) or 

positive (two stripes). If you use RT-PCR test, it 

usually gives the result as cycle threshold (Ct) which 

is a semi-quantitative value that can broadly 

categorize the concentration of viral genetic materials 

in a patient sample as low, medium or high.9 In 

diabetes diagnosis, we may use blood sugar level two 

hours  after the last meal, which is continuous value 

for decision making.10 The latter approach usually 

requires setting up a cut-off point from continuous 

data. The cut-off will affect the sensitivity and 

specificity of the test. Upon varying selected cutoff 

values, if the sensitivity increases, the specificity will 

decrease and vice versa (Figure 3).  

From varying cut-off points, a receiver operating 

characteristic curve (ROC curve) can be created 

representing a graphical plot that illustrates the 

diagnostic ability of a binary classifier outcome. The 

term “ROC” was originally developed for operators of 

military radar receivers starting in 1941. The ROC 

curve is created by plotting the true positive rate 

(sensitivity) against the false positive rate  

(1-specificity) at various threshold settings. The apex of 

the ROC curve, toward the upper left corner, represents  

a greater discriminatory ability of the test with high 

true-positive rate and low false-positive rate (Figure 3). 

It is important to note that ROC performance may 

change upon different conditions, such as patient 

populations and staging or severity levels of the disease. 

It has been suggested in a number of literature that we 

should explore and (if possible) pool the results of 

several studies that examined the same test in different 

situations, then generate averaged specificity and 

sensitivity and construct the ROC.6,11,12  
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The area under the ROC curve (AUC) is another 

indicator of the test’s discriminatory power. When the 

test provides perfect performance (i.e., 100% sensitive 

and 100% specific), the AUC is 1.0. When the test has 

no discriminative value (i.e., 50% sensitive and 50% 

specific), the AUC is 0.5, representing by the area 

under a straight, diagonal line. In general, it is noted 

that an AUC ≤0.75 indicates that the test is not 

clinically useful, while an AUC >0.96 indicates 

excellent discriminatory ability.13–15 

 

Figure 3. Sensitivity, specificity, receiver operating characteristic curve (ROC), and area under curve (AUC) 

So, are You Positive that You Test Positive? 

You can see now that the test kit could be used for 

different purposes–screening, diagnosis or 

confirmation. Many of those statistics related to the 

test kit depend on prevalence of the disease in the 

tested areas, characteristics of the tested populations, 

staging of the diseases, etc. Even though the test may 

not be perfect as it could not give 100% sensitivity and 

100% specificity, or it does not show 100% correct 

predictive values, it is still useful in helping the 

clinician to estimate the probability that a person has 

disease. If your ATK test for COVID-19 shows positive, 

it may be true or false positive depending on the 

quality of the ATK itself. However, on the safe side, 

you should still follow the national practice guideline 

for COVID-19 case management.  
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