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ABSTRACT--- This paper describes the problems with false covid-19 test results, both false positive and false negative
results. The problems are related to the quality of tests, test sampling and the currently limited follow-up procedures. A
test and follow-up strategy that could decrease the potential problems is suggested.
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1. INTRODUCTION
During the covid-19 pandemic it seems as if the healthcare system has abandoned the important rule of interpreting all
laboratory results in the clinical context. This important rule means that a single lab result cannot alone determine the
diagnosis. An example could be that we find highly elevated pregnancy hormone levels in a male (which can happen). We
should not then go to the patient and say: “Congratulations John. You are pregnant.”
In many countries, including Denmark, everyone can get a covid-19 test, independently of whether they have symptoms
or not, have been at risk of getting infected or work with vulnerable persons or patients. We have to ask ourselves if that is
the most efficient and informative test strategy both for the patients and for the healthcare system and also whether it is the
most economical test strategy.
No test is always giving the correct result. You sometimes get false negative results, that is negative results in patients
who actually have the disease we are testing for, and you sometimes get false positive results, that is positive results in
patients who do not have the disease we are testing for. That is why we have the rule of interpreting a test result in the
clinical context.
In general, when you get a negative result in a patient who shows all signs of having the disease you have tested for,
you either repeat the test or you do additional tests or assessments to clarify the situation. The same is the case if you get a
positive result in a patient who shows no signs of having the disease you have tested for.
To estimate the potential problems with a false covid-19 result (negative as well as positive) we first need to look at the
specifications of the covid-19 tests used and the number of persons receiving a false test result. Then we can look at
potential countermeasures.
In April 2020 the Danish Health Authorities sent information to all general practitioners about the covid-19 test used
for the throat swab tests [1]. According to this information the test used in Denmark is a PCR test and it has a sensitivity
of 90-95 % and a specificity of above 99 % for patients with obvious respiratory symptoms. It is emphasized that the
sensitivity and specificity for patients with only mild symptoms are not known and that the sampling technique has to be
optimal to achieve the highest possible sensitivity.
Sensitivity is the fraction of persons with disease who will get a positive test. If sensitivity of a covid-19 test is 90-95
% it means that 5-10 % of those who are infected will get a negative result. Reviews have found up to 29 % of false negative
results on PCR tests for covid-19 [2]. In Denmark you are told when you have your sample taken that you can check the
result within three days on your personal page on the national health care digital platform. If your test was negative you
get either the result “NEGATIVE” or “NOT DETECTED”. Below it is explained that “NEGATIVE” or “NOT
DETECTED” means that you are not infected with covid-19. There is no guidance to what you should do if have obvious
symptoms of covid-19.
A patient who gets a negative result will trust the result and not stay in quarantine and thus risk infecting more persons.
Up to 29 % of all the infected persons cold be in this situation without knowing it [2].
Specificity is the fraction of patients without the disease tested for who will get a negative result. If the specificity of
the covid-19 test is above 99 % it means that less than 1 % of all without disease will get a false positive result. As
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mentioned above, in Denmark you have to check the test result on your personal page on the national health care digital
platform. If your test was positive you get the result “POSITIVE” or “DETECTED”. Below it is explained that
“POSITIVE” or “DETECTED” means that you are infected with covid-19. In additions you get a letter in your official ebox which is used when the authorities send you mails. In the letter it is explained how you should isolate yourself from
others etc. The authorities also try to call the infected persons by phone to trace the infection chains. However, this part is
in many cases not successful.
Now how many get a false positive result? To estimate that we need to know the number of persons being tested and
how many of these did have disease. Then we can calculate the so-called positive predictive value, which tells us the
percentage of all with a positive test who actually have the disease. 100 % minus the positive predictive value is the fraction
of tested persons who get a false positive result. The positive predictive value depends on the sensitivity and specificity of
the test. However, the prevalence, i.e. the fraction of persons with disease in the population tested, also has a strong impact
on the value.

Figure 1: Positive predictive value for a test with 99.9 % specificity. Calculated for both 90 % sensitivity and 95 %
sensitivity.
As can be seen in Figure 1, the positive predictive value (PPV) increases with increasing prevalence of disease. To
understand why that is, consider two populations:



No one in the population has the disease (prevalence = 0 %). When there are only persons without disease in a
population, every positive result is a false-positive result and the PPV is 0 %.
Everyone in a population has the disease (prevalence = 100 %). When there are only persons with disease in a
population, every positive result is a true-positive result and the PPV is 100 %.

The form of the curve depends on the sensitivity and the specificity of the test. As can be seen here there is not a clear
visible difference between tests having 90 % sensitivity vs. 95 % sensitivity as long as they both have a specificity of 99.9
%.
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Figure 2: Positive predictive value for a test with 90 % sensitivity. Calculated for both 99.9 % specificity and 99.5 %
specificity.
As can be seen in Figure 2, the PPV differs in the low end (low fraction of persons with the disease) when the specificity
differs between 99.9 % vs. 99.5 %.
According to the Danish Health Authorities the fraction of persons tested positive in Denmark is around 1 % of all
persons tested [3]. Therefor we should have a closer look at the PPV in the low end.

Figure 3: Positive predictive value for a test with 90 % sensitivity. Calculated for both 99.9 % specificity and 99.5 %
specificity. The low end of the curve is shown.
Figure 3 shows that with a 99.5 % specificity about 66 %, that is two out of three of the positive results were true
positives, while one third of the positive results were false positives. Even if the specificity was as high as 99.9 % about
one in ten of the positive results was a false positive. These high false positive rates are in agreement with what Wernike
et al. [4] found. They found specificities down to 97.56 % and they found that the problem of what we in this case would
call a low specificity may be related to the so-called primers in certain batches of reagents, also in commercial kits.
Many would think that it is not important because if you get false positive result you do not have the disease and you
do not infect anyone. However, it means that many people think that they have had covid-19 and they might fear getting
some of the very problematic late onset complications described in previously covid-19 infected patients. These
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complications are not only linked to the lungs but also to other organs, i. e. the heart [5] and to thrombosis [6] and the
number of complications increase as we gain more knowledge about the disease.
A change in test strategy and a follow-up procedure based on preset criteria could decrease the problems.

2. SUGGESTED TEST STRATEGY
Covid-19 infected patients do form antibodies. A study has shown that a week after onset of disease less than 40 % of
the patients had created antibodies but after 15 days, they had all created antibodies [7]. Unfortunately, it has also been
shown that some patients do not have antibodies anymore a few months after disease [8]. Based on this you could create a
better test strategy instead of the current “test, test, test”.
Criterion for testing (one of the following):




Symptoms of covid-19
Exposure to covid-19
Staff working with vulnerable persons or with covid-19 patients

Follow-up on positive test result:



All without exemption should go into a 14-day quarantine
Persons who do not have symptoms or non-obvious symptoms are offered an antibody test about two weeks
later to assess whether their result was true positive or false positive

Follow-up on negative test result:



Persons where there is a strong suspicion on infection should have the throat swab repeated and offered an
antibody test about two weeks later
Others – no follow-up

3. CONCLUSION
A more restrictive test strategy as the one suggested could increase the fraction of people with disease among the tested
persons. This will increase the positive predictive value and decrease the number of persons getting a false positive result.
Follow-up based on preset criteria for both persons with positive and with negative results will give us a better
knowledge of how many are actually infected and it will give the persons more certainty about their true result.
Finally, such a test strategy would be more aligned with good medical practice.
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