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Introduction
The coronavirus disease 2019 (COVID-19) pandemic has threatened the viability of 
international healthcare systems. During the initial stages of the pandemic, the principal 
focus was diagnosis with polymerase chain reaction nasal swab testing. As the basic 
reproduction number declined, the emphasis shifted to mass serological antibody testing 
(Eckerle and Meyer, 2020) to identify previous exposure to the pathogen. This can be 
used to establish the proportion of a population that has been infected (sero-prevalence), 
and in turn aid governmental decisions regarding the return to normal daily activities 
(Hall et al, 2020).

As antibody tests become widely available, the importance of having a diagnostically 
accurate serological test becomes paramount (Kumleben et al, 2020). Among healthcare 
professionals, shortcomings in the understanding of vital statistical concepts can lead to 
the misinterpretation of diagnostic tests. This article explores the application of statistical 
concepts and their implications for interpreting diagnostic test results, using COVID-19 
antibody tests as an example.

Key statistical terms
In order to interpret the results of any diagnostic test, one must understand key statistical 
terms (Figure 1) and also be clear that no diagnostic test is perfect. Measures of 
accuracy (how close a measurement is to the true value) (Menditto et al, 2007) include 
sensitivity, specificity and predictive values (positive and negative). Sensitivity refers 
to the proportion of individuals with the disease who have a positive result, whereas 
specificity is the proportion of individuals without the disease who have a negative 
result. Of those testing positive, individuals with the disease are referred to as true 
positives and those without the disease as false positives. Similarly, of those testing 
negative, individuals without the disease are known as true negatives and those with 
the disease as false negatives. 

The positive predictive value of a test refers to the proportion of positive tests that are 
true positives. The negative predictive value is the proportion of negative tests that are true 
negatives. The period prevalence refers to the proportion of people with the disease over 
a specified interval of time (Last, 2001). This includes existing, recovered and deceased 
cases. The period prevalence of COVID-19 is low because of the small number of cases 
relative to the size of the global population. It is important to note that as period prevalence 
increases, positive predictive value will increase while negative predictive value will decrease 
and as period prevalence decreases, positive predictive value will decrease while negative 
predictive value will increase (Akobeng, 2007).
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Abstract
The coronavirus disease 2019 (COVID-19) pandemic has had significant implications 
for society, with the introduction of restrictive social measures. Antibody tests provide a 
way of identifying patients who have been previously exposed to the virus and thus may 
have a degree of immunity. This is important in the development of public health policy, 
as local and national bodies seek to relax social restrictions in an attempt to mitigate 
the socioeconomic impact of the pandemic. This article explores the essential statistical 
concepts used to interpret the findings of diagnostic investigations, with examples 
illustrated using COVID-19 antibody tests.
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Worked examples
The relatively low period prevalence of COVID-19 cases in the UK has a considerable impact 
on the positive predictive value and negative predictive value of both polymerase chain reaction 
and antibody tests for severe acute respiratory syndrome coronavirus 2. This article illustrates 
how the varying accuracy of an antibody test changes with the period prevalence of disease 
in a series of worked examples based on a model population of 10 000 people. The timing of 
a diagnostic test is crucial when interpreting results, as samples taken either too soon or late 
may lead to a greater false negative rate. More than 90% of individuals with polymerase chain 
reaction-confirmed COVID-19 are found to have detectable antibodies, peaking in the third 
week following symptom onset (Deeks et al, 2020). Thus, for the following worked examples, 
it is assumed that the antibody tests have been taken at the optimal time following exposure 
to COVID-19. As a caveat to the following examples, it is important to emphasise that any 
antibody test result acquires different significance depending upon context. For instance, 
an antibody test at the population level to ascertain seroprevalence is useful for informing 
policymakers, but how an antibody test on an individual basis may inform the behaviour of 
healthcare workers is quite different. Thus, the importance of the statistical measures of the 
test, such as sensitivity and specificity, varies according to the use of the test.

Worked example A (Figure 2) demonstrates that an antibody test with a sensitivity and 
specificity of 95%, in a population with 2% period prevalence of COVID-19, has a positive 
predictive value of 27.94% and negative predictive value of 99.89%. As the sensitivity is 
95%, 190 people will correctly test positive for previous exposure to COVID-19, but 10 
people will incorrectly test negative. As the specificity is 95%, 9310 people will correctly 

Figure 1. Formulae for key statistical terms.

Evidence of disease

Yes No

Diagnostic test Positive True positive False positive 

Negative False negative  True negative 

Sensitivity = 
	                True positive	

x 100
	 True positive + false negative

Specificity = 
	                True negative 	

x 100
	 True negative + false positive

Positive predictive value = 
	              True positive	

x 100
	 True positive + false positive

Negative predictive value = 
	              True negative 	

x 100
	 True negative + false negative

Figure 2. Worked example A.

Evidence of previous infection

Yes No

Antibody test Positive 190 490

Negative 10 9310

Positive predictive value = 
	      190	

x 100	 =   27.94%
	 190 + 490

Negative predictive value = 
	     9310 	

x 100	 =   99.89%
	 9310 + 10

An antibody test with a sensitivity of 95% and specificity of 95% in a 
population of 10 000 with a 2% period prevalence of COVID-19
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test negative for COVID-19, but 490 people will incorrectly test positive, despite having 
no antibodies. Of the 680 people who received positive test results, only 27.94% (190/190 
+ 490) truly had the disease, thus the probability of having COVID-19 after a positive 
result is low. Conversely, of the 9320 people who received negative test results, 99.89% 
(9310/9310 + 10) were truly negative, indicating that a negative test is more informative 
than a positive test in the context of a low period prevalence (Kumleben et al, 2020).

In worked example B (Figure 3), an antibody test with a sensitivity and specificity 
of 99% results in an increase in the positive predictive value from 27.94% to 66.89%. 
Despite a high sensitivity and specificity, when the period prevalence is as low as 2% in a 
population, antibody testing will inevitably yield a large number of false positives (Pinto 
da Costa et al, 2020), with a significant effect on the positive predictive value of the test.

The final worked example (Figure 4) considers an antibody test with a sensitivity 
and specificity of 99%, using a period prevalence of 40% of COVID-19. In a population 
of 10 000, of the 4020 people that tested positive, 98.51% (3960/3960 + 60) truly had 
COVID-19, resulting in a significant decrease in the false positive rate when compared to 
a population with lower period prevalence. The negative predictive value remains above 
99%, signifying that the period prevalence has little effect on the negative predictive power.

Discussion
The base rate fallacy describes the cognitive error which commonly underlies the 
misinterpretation of antibody test results by clinicians or patients. Disproportionate weighting 
is often given to readily reported information such as high sensitivity and specificity values, 
without consideration of the period prevalence (Ohlert and Weißenberger, 2015). When 
the latter is acknowledged in conjunction with a positive test result, then one can better 
estimate the true level of population exposure.

Evidence of previous infection

Yes No

Antibody test Positive 198 98

Negative 2 9702

Positive predictive value = 
	      198	

x 100	 =   66.89%
	 198 + 98

Negative predictive value = 
	     9702 	

x 100	 =   99.98%
	 9702 + 2

An antibody test with a sensitivity of 99% and specificity of 99% in a 
population of 10 000 with a 2% period prevalence of COVID-19

Figure 3. Worked example B.

Evidence of previous infection

Yes No

Antibody test Positive 3960 60

Negative 40 5940

Positive predictive value = 
	      3960	

x 100	 =   98.51%
	 3960 + 60

Negative predictive value = 
	     5940 	

x 100	 =   99.33%
	 5940 + 40

An antibody test with a sensitivity of 95% and specificity of 5% in a 
population of 10 000 with a 40% period prevalence of COVID-19

Figure 4. Worked example C.
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The perceived low value of information that a positive antibody test gives has major 
implications when considering the clinical utility of the test. Importantly, a proportion 
of individuals with confirmed COVID-19 infection by polymerase chain reaction do 
not develop antibodies that can be detected by available antibody assays (Altman et al, 
2020). Moreover, it remains unclear whether immunity against COVID-19 results from 
a previous infection. The form and longevity of any acquired immunity remains as yet 
opaque; if immunity does occur it is not known whether there is absolute immunity to a 
repeat infection or whether one’s immune system simply acts to attenuate the pathological 
effect of such an event. Thus, interpreting the test results without consideration of these 
factors and the period prevalence may lead to an overestimation of the proportion of people 
who are supposedly ‘immune’ to COVID-19.

Conclusions
It is essential that one understands key statistical concepts when interpreting COVID-19 
antibody tests and appreciates the limitations of the test, particularly the base rate fallacy 
phenomena. This can prevent misinterpretation of the accuracy of the test. A positive 
antibody test does not necessarily dictate that the individual has previously been infected with 
COVID-19, despite high sensitivity and specificity. All antibody tests require interpretation 
in context of the clinical picture. Furthermore, given the uncertainty surrounding immunity, 
there is an urgent need to determine the long term or transient nature of acquired immunity 
and whether reinfection is a possibility.
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Key points
■■ The introduction of mass serological testing for antibodies to severe acute respiratory 

syndrome coronavirus 2 could guide local and national bodies in devising policies to 
facilitate the return to normal daily activities.
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established.
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Curriculum checklist
This article addresses the following requirements from the general internal medicine 
training curriculum

■■ Able to successfully function within NHS organisational and management systems.

■■ Is focussed on patient safety and delivers effective quality improvement in patient care.

■■ Carrying out research and managing data appropriately.


