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Abstract: Positive and negative predictive values (PPVs and NPVs) help researchers assess how
reliable a medical test is. It was attempted to estimate PPVs and NPVs for the RT-PCR test used
for SARS-CoV-2 based on a range of published values for sensitivity and specificity, and reported
numbers of cases and tests. Numbers for Australia, Victoria, New South Wales, Western
Australia and the Pfizer and AstraZeneca mRNA vaccine trials were used. In the cases of
Australia, Victoria, New South Wales and Western Australia, the ratio of positive test results to
total tests was too small to solve for PPV and NPV using plausible values of specificity. In the
cases of the vaccine trials, the ratio of positive results to total tests was either too small or the PPV
was calculated and was found to be less than 50%, too low for the RT-PCR test to be of any
practical value. The findings highlight the unreliability of test results obtained through the use of
mass testing.

1. Introduction

Positive and negative predictive values (PPVs and NPVs) indicate the likelihood that a
person does or does not have a condition being tested for, based on the results of the test. No
test is 100% accurate, so the PPV and NPV can be used to give the diagnosing physician an
indication of how trustworthy the results of a test are. The PPV gives the probability that a
positive test result is a genuine indication of the underlying condition under test, whereas the
NPV gives the probability that a negative test result reflects a genuine absence of the
condition.

PPV and NPV depend on the prevalence of the condition in the population, the sensitivity of
the test and the specificity of the test.
e Prevalence refers to the number of cases of a disease that are present in a particular
population at a given time as a percentage of the population.
e Sensitivity refers to the ability of a test to detect the condition under test, and
e Specificity refers to its ability to discriminate between the condition under test and
other conditions.

A test with a low sensitivity will miss a significant number of actual cases resulting in the
generating false negative results, whereas a test which has a low specificity will give positive
test results in patients who do not have the condition under test, generating false positive
results.

PPVs and NPVs are often illustrated in a two-way table as shown below. In this example it
is assumed that the prevalence of the condition is 0.2%, the sensitivity of the test is 90%, and
the specificity of the test is 95%. It is assumed 10,000 people are tested.
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not

condition condition tot
+ve 18 499 517
-ve 2 9481 9483
tot 20 9980 10,000

Since the prevalence of the condition is 0.2%, the total number expected to have the
condition is 0.2% of 10,000, or 20 people. With a sensitivity of 90% we would expect 18
out of 20 people with the condition to test positive, and two to test negative, generating false
negatives.

With a specificity of 95% it would be expected that of the 9980 people without the
condition, 95% of 9980, or 9481 people would test negative, whereas 5% or 499 people
would test positive, generating false positives. Note in this example, the low prevalence
results in the number of false positives generated (499) being significantly higher than the
number of true positives (18), in this case approximately 28 times higher. This gives an
indication of the potential dangers of using the results of mass testing for public health
decision making.

The positive and negative predictive values are calculated below:

PPV =18/517 x 100 = 3.5%
NPV =9481/9483 x 100 = 99.98%

This means a person who tests positive has a 3.5% chance of actually having the condition
under test, whereas a person who tests negative has a 99.98% chance of not actually having
the condition. This example shows how conditions with a low prevalence in the population
can have a low PPV even when the sensitivity and specificity may seem high enough for the
test to be of use. With a PPV of 3.5% the test would be of no practical use, because the
diagnosing physician could not say with any confidence that the patient who tested positive
had the condition under test.

The following example shows what happens if the prevalence is increased to 10% without
changing the other parameters:

not
condition condition tot
+ve 900 450 1350
-ve 100 8550 8650
tot 1000 9000 10000

PPV =900/1350 x 100 = 66.7%
NPV = 8550/8650 x 100 = 98.8%

The PPV has risen significantly due to the increase in prevalence from 0.2% to 10%, but at
66.7% is arguably still not high enough to be of practical use as it does not give confidence




that the positive test result has a high probability of being correct. A higher sensitivity and
specificity would be required to give such confidence at a prevalence of 10%.

2. General Solution

In order to investigate more closely the effects of the parameters affecting the PPV, a general
solution is developed. The parameters are defined below:

p = the total number of reported cases in the time frame of interest (p for positive)

Sn = sensitivity

Sp = specificity

T = the tested population

a = the total number in the tested population who have the condition tested for

b = the total number in the tested population who do not have the condition tested for

The table can then be represented in parametric terms:

not
condition condition tot
+ve Sha (1-Sp)b p
-ve a (1-S,) b(1+Sp) -1 T-p
tot a b T

Summing the top row gives: Sn,a+ (1 —=Sp)b=p

Substituting b =T — a from the bottom row into the above equation and solving for a gives:

a=p-T(1-Sp)
Sn + Sp -1

a cannot be negative, so there is no solution when either the numerator or denominator is
negative.

By solving the inequality obtained by making the numerator less than zero, the numerator is
negative when Sp <1 - p/T

The denominator is negative when Sn + Sp < 1

The case of a negative denominator will be disregarded since with all cases considered the
sum of the sensitivity and specificity is greater than 1.

Therefore the criterion for the two-way table to have a (non-negative) solution for a, the
number of people with the condition under test is:

Sp>1-p/T

For example, if 10,000 people are tested and 100 cases are diagnosed, then




p/T = 100/10,000 = 0.01 or 1%
1- p/T = 0.99 or 99%

So if we start with a specificity lower than 99%, the value of a will turn out to be negative,
which means there is no solution. This can be interpreted that the number of cases does not
reflect the specificity claimed. Even if they were all false positives, the number is so small
that it could only be achieved if the specificity was higher.

If it is not realistic for the specificity to be higher, then the number of reported cases is
unrealistically low, because we would expect more people to test positive due to false
positives alone, even if there were no true cases in the tested population. In this case the
reported numbers of cases cannot be relied upon. In the context of real-world achievable
specificities, the reported results are ‘too good to be true’.

3. RT-PCR testing for SARS-CoV-2

Nucleic acid testing and in particular RT-PCR has been established as the preferred test for
SARS-CoV-2 under public health policies and guidelines.! PPV and NPV analyses apply to
the diagnosis of SARS-CoV-2. The World Health Organisation’s policy is that:

“...disease prevalence alters the predictive value of test results; as disease prevalence
decreases, the risk of false positive increases. This means that the probability that a person
who has a positive result (SARS-CoV-2 detected) is truly infected with SARS-CoV-2

decreases as prevalence decreases, irrespective of the claimed specificity.”*

Numerous factors affect the accuracy of the RT-PCR test, in the pre-analysis, RT and PCR
steps.’ Values of sensitivity quoted in the literature for the RT-PCR test for SARS-CoV-2
typically vary from around 75% to 100%,*° but it should be noted that figures at the higher
end may be obtained using unusually high cut-off values for cycle threshold value (Ct). The
Ct value refers to the number of cycles required to amplify the starting material to an amount
which is detectable. Each cycle represents a nominal doubling of the number of target
sequences identified, modified by the PCR efficiency and other factors.

Normally Ct values above 35 are not considered valid because of the likelihood that they are
due to contamination or non-viable viral material. This is demonstrated in a study of 3,790
samples which tested positive for SARS-CoV-2,° which correlated the Ct value with
infectivity as measured by the ability to grow out the sample in tissue culture. The results as
stated were:

“It can be observed that at Ct = 25, up to 70% of patients remain positive in culture and
that at Ct = 30 this value drops to 20%. At Ct = 35, the value we used to report a positive
result for PCR, <3% of cultures are positive.”

Three further references are given in the study in support of this finding, which is also

supported by Dr Fauci, who has stated, “If you get a cycle threshold of 35 or more, the

chances of it being replication-competent are miniscule”.” At present the maximum Ct value
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set by the CDC for submitting samples for investigating cases of SARS-CoV-2 in people
who have been vaccinated (referred to as ‘vaccine breakthrough cases’) is only 28.8

The fact that excessively high Ct values have been contributing to the generation of false
positives since early 2020 is supported by key studies and documents. The original study
used by the WHO to set worldwide protocols for RT-PCR testing for SARS-CoV-2 utilised a
Ct value of 45.° Although this study was discredited by a team of international scientists
who identified 10 critical flaws with the methods used,'® the protocols taken from it were not
revised.

The Australian Public Health Laboratory Network guidance on nucleic acid test result
interpretation for SARS-CoV-2 states that usually 35 to 45 cycles are taken, and it is noted
that increasing the Ct value beyond 40 may increase the risk of false positives due to non-
specific amplification.!! The Doherty Institute post-market validation of the Beijing
Genomics Institute (BGI) SARS-CoV-2 Real Time PCR platform states that a positive result
was interpreted for Ct values less than 38.!2

The effect of Ct cut-off value on sensitivity can be observed by comparing the sensitivities
of seven commercial assays which varied from 77% to 100% based on a cut-off Ct value of
42.5.* If the cut-off Ct value is lowered to 35, then the sensitivities drop to between 54% and
77%. In general public health reporting Ct values are not included in the data reported so it
is not possible to include them in the analyses carried out in Section 4.

Values reported for specificity tend to be typically in the range of 95% to 100%.!%!3:1415
However, in some of these studies it is clear there are problems with reproducibility,
suggesting the high specificities reported are not easily achieved in practice. For example, in
one study, of 45 samples which had previously tested positive using RT-PCR, only 8 (18%)
tested positive in the initial test. Of 52 samples which tested positive in the initial test, only
29 (56%) tested positive in the second test.!?

It could be interpreted that non-confirmation in the second test either represents a loss of
sensitivity from the first to the second test, or a lack of specificity in the first test, i.e. the
samples which did not confirm the second time had originally tested positive due to
something else. Depending on which assumption you make, the sensitivity or specificity
reduces to 56% (29/52). The authors tested for loss of sensitivity due to storage but did not
obtain statistically significant results, suggesting the second interpretation, a lack of
specificity, is more likely.

These findings are consistent with other studies demonstrating the low reliability of RT-PCR
in general. In one study of 8,240 patients, 42 types of virus were initially identified, but on
further investigation it was found that 23 were due to contamination in laboratory reagents or
from the surrounding environment.'® In another study, a survey of PCR users showed that
65% of respondents had experienced failure to repeat their own results.> While highly
experienced PCR users working under ideal laboratory conditions may consistently be able




to obtain the high sensitivities and specificities reported, it is unlikely these high values
would be widely obtained in real-world practice.

4. PPV and NPV Impacts in Various Situations
(a) Australia

According to Worldometer on 8 March 2020 the total number of cases reported in Australia
was 29,046 and the total number of tests carried out was 14,663,141.!7 In order to estimate
the tested population from the number of tests it is assumed the average number of tests per
person is 1.5 (i.e. every second person is tested twice). On this basis the tested population is
9,775,4217.

Sop=29,046, T =9,775,427, 1 —p/T =0.997 or 99.7%

From section 2, the criteria for the two-way table to have a solution is S, > 1 - p/T, which
means the specificity must be greater than 99.7%. Given all the uncertainties and sources of
error outlined in the previous section, it is not realistic to be able to achieve these high levels
of specificity in practice. A significantly higher number of cases would be expected based
on false positives alone, which suggests the reported results are not reliable.

(b) Victorian “snap” lockdown

During February 2021, Victoria was placed on a snap lockdown based on a reported five
new cases of SARS-CoV-2, taking the total number of cases to 20,465.'® The total number of
tests carried out at the time was 4,652,545. Assuming, as above, the average number of tests
per person was 1.5, the tested population is 3,101,697. The parameters are then:

p=20,465, T=3,101,697, 1 —p/T =0.993 or 99.3%

In this case a specificity equal to or greater than 99.3% must be assumed in order for the
two-way table to have non-negative solutions. This is considered too high to be achievable
in practice. Even if it was achieved, the PPV would be zero, because all the reported cases
would have to be false positives (if any of the 20,465 cases were true positives then that
would lower the number of false positives and increase the required specificity to achieve it).
These finding suggest the reported numbers of tests and cases are not reliable.

(¢) New South Wales

As of 11 May 2021 the number of cases reported in New South Wales was 5357 and the total
number of tests carried out was 5,803,433.!° Assuming an average number of tests per
person of 1.5, the tested population is 3,868,955. The parameters are:

p=5357, T=23,868,955, p/T =0.0014 or 0.14%, 1 —p/T = 0.9986 or 99.86%

A specificity of 99.86% is too high to be consistently achievable in practice, suggesting the
numbers reported are not reliable.




(d) Western Australian lockdowns

Western Australia has been locked down twice in 2021. The first lockdown was for 5 days,
commencing on 1 February and was based on only a single reported case. Subsequently, it
was reported that after more than 28,000 tests no-one else had tested positive.?%*! The
second lockdown commenced on 24 April and lasted for three days. It was also based on
only one reported case. It was reported after the first day of lockdown that 12,000 tests had
been carried out and only one additional positive case had been reported.?? These numbers
convert to specificities of 100% and 99.99% which are too high to be plausible in practice,
suggesting the numbers being reported are not reliable.

(e) Pfizer safety and efficacy study

According to the Pfizer mRNA Covid-19 Vaccine trial published in the New England
Journal of Medicine on 31 December 2020, the efficacy calculations were based on a total of
170 cases.”? Eight cases came from the vaccinated group and 162 from the control group.
The total number of at-risk participants were 17,411 and 17,511 respectively. It is assumed
that all the participants are tested.

The relevant parameters for the vaccinated group are:

p=8,T=17,411, 1 -p/T = 0.9995 or 99.95%

This specificity is too high to be plausible suggesting the reported results are unreliable.
The relevant parameters for the control group are:

p=162,T=17,511,1—-p/T=0.991 or 99.1%

It is considered unlikely this specificity would be achieved in practice, but even if it was the
PPV would be zero because all the positive cases would be false positives (if any of the 162
cases were true positives then that would lower the false positive rate and hence raise the
specificity). This suggests the reported results for the control group are not reliable.

(f) AstraZeneca safety and efficacy study

The AstraZeneca safety and efficacy study was published in the Lancet on 8§ December
2020.2* For all low dose and high dose participants in the vaccinated groups 30 positive
cases were reported out of a total of 5,807 participants. In the control group 101 positive
cases were reported out of 5,829 participants.

The relevant parameters for the vaccinated group are:

p=30,T=5807,1—-p/T =99.5%

This is considered to high a specificity to be achieved in practice suggesting the reported
results for the vaccinated group are not reliable.

The relevant parameters for the control group are:
p=101, T=5829,1—p/T =0.983 or 98.3%




Although it is unlikely to be achieved in practice, even if we assume a specificity as high
99.0% is achievable, this results in a PPV of 42.7% which is too low for the test to be of any
practical value. The NPV corresponding to a specificity of 99% is 99.99%.

5. Conclusion

Published values for sensitivity and specificity for RT-PCR tests for SARS-CoV-2 have been
obtained, and it has been attempted to calculate the PPV and NPV for Australia, Victoria,
New South Wales, Western Australia, and the Pfizer and AstraZeneca trial cohorts. In the
cases of Australia, Victoria, New South Wales and Western Australia, the ratio of positive
results to total tests was too small to solve for PPV and NPV using plausible values of
specificity.

The specificities required for the two-way tables to have non-negative solutions were greater
than 99%, too high to be consistently achievable in practice. Even if the genuine incidence
of SARS-CoV-2 was zero, with mass testing we would expect to see significantly higher
numbers of positive test results based on false positives alone. In the cases of the vaccine
trials, the ratio of positive results to total tests was either too small or the PPV was calculated
and was found to be less than 50%, too low for the RT-PCR test to be of any practical value.
These results highlight the unreliability of test results obtained from mass testing.

PPV, sensitivity, and specificity are important parameters in testing for medical conditions as
they give an indication of the reliability of test results, yet they appear to have been
overlooked when evaluating the data arising from the implementation of SARS-CoV-2 mass
testing. When the numbers of positive results obtained from mass testing are less than the
expected number of false positives based on real-world achievable specificities, the two-way
table for calculating PPV has no solution, and the data cannot be considered reliable.
Decisions to implement lockdowns and other measures based on data obtained from mass
testing are ill-informed and irresponsible.
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