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and Extraction or Sample Preparation 
stage would always be also validated, 
since recovery from the bio matrix varies 
significantly from method to method.

Also, as I understand it, ISO/IEC 15189 
applies to all clinical tests, “where appro-
priate” including small molecule, drug or 
endogenous small molecules used as 
bio markers. The main reason that large 
molecules are not included, be they 
proteins or oligonucleotides, was that 
CRMs or RMs have not been routinely 
available and that there is difficulty in 
linking chemical amount of substance 
with biological activity. So, it is very 
difficult, or impossible, to demonstrate 
commutability, which is defined as “the 
equivalence of the mathematical rela-
tionships between the results of different 
measurement procedures for a reference 
material and for representative samples 
from healthy and diseased individuals”.

This brings me to the tests used to 
detect infection from the COVID-19 virus 
during the present pandemic. Polymerase 
Chain Reaction (PCR) tests are nothing 
new; they were first described in 1983 by 
the American biochemist Dr Kary Mullis 
at Cetus Corporation, and for which he 
won a half share in the 1993 Nobel Prize 
for inventing the PCR process.

Since then, PCR tests have been used 
to measure the presence of DNA, espe-
cially in forensic analysis and the study 
of DNA in research applications. Most 
PCR methods utilise thermal cycling; 
this exposes reactants to repeated cycles 
of heating and cooling to allow differ-
ent temperature-dependent reactions, 
primarily DNA melting and enzyme-
driven DNA replication. PCR employs two 
main reagents—primers (which are short, 
single-strand DNA fragments known as 
oligonucleotides that are a comple-
mentary sequence to the target DNA 
region) and a DNA polymerase. In the 
first step of PCR, the two strands of the 

unlike most ISO standards for manage-
ment systems, assessment of the labo-
ratory is normally carried out by a third 
party, normally the national organisation 
responsible for accreditation. Laboratories 
are, therefore, “accredited” under ISO/IEC 
17025, rather than “certified” or “regis-
tered” by a third-party service as is the 
case with ISO/IEC 9000 quality stand-
ard. The Accreditation Body attests annu-
ally the technical competence within a 
laboratory, in addition to its adherence 
and operation under a documented 
quality system, specific to a Scope of 
Accreditation.

The result of this is that the quality 
of analytical data produced by ISO/IEC 
17025 accredited testing laboratories in 
the environmental, food and beverage, 
pharmaceutical, minerology and metal-
lurgy and construction materials sectors 
has reached a level of excellence which 
means the original concept behind ISO/
IEC 17025, “Tested Once, Accepted 
Everywhere”, is slowly becoming a real-
ity in many sectors. There are concerns: 
many respected scientists would never 
employ any analytical lab without inde-
pendently reassuring themselves of the 
lab’s competence. Experience shows it 
is possible to send the same sample to 
three accredited labs and get three signif-
icantly different results.

One of the features of the ISO/IEC 
17000 quality management umbrella is 
that the product of testing, analytical data, 
should wherever possible be accompa-
nied by an estimate of total uncertainty 
and traceability to the SI system, through 
an unbroken chain of comparisons.

In clinical chemistry the basic tenets 
of the ISO/IEC 17000 series approach to 
quality management have been included 
in ISO/IEC 15189, which is, in effect, the 
Accreditation Standard for medical and 
diagnostic testing. In validating a diagnos-
tic or clinical test, the Sample Preparation 
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Every now and then a new analytical 
challenge appears and, for the most 
part, the ISO/IEC 17000 series of stand-
ards adapts and evolves to include the 
new challenge. The latest challenge, test-
ing for the presence, or absence, of the 
virus that causes COVID-19 seems to be 
a particularly difficult challenge.

How can this be? It is worth first look-
ing at how chemical and clinical metrol-
ogy has evolved over the last 25 years 
since I became part of this never-
ending journey. On my journey I have 
learnt some basic truths about analyti-
cal science and how quality, reliable data 
can be developed, mainly through the 
application of ISO/IEC Standards.

The publication of ISO/IEC 17025 in 
1999 was the genesis of robust quality 
management in analytical science. The 
standard requires, amongst many other 
things, validation of the method used, 
in some cases including sample collec-
tion and preparation where this part of 
the analytical process has a significant 
impact on the final result. Instrument 
calibration follows, using wherever 
possible Certified Reference Materials 
(CRMs) produced by an ISO/IEC 17034 
accredited producer and on-going qual-
ity control using Reference Materials 
(RMs). Periodic proficiency testing is also 
required, if available, from a provider 
accredited to ISO/IEC 17043.

The application of the 17000 series of 
ISO/IEC Standards to chemical metrol-
ogy differentiates it from many other 
areas of scientific measurement, in that 
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optimisation of tests and more extensive 
clinical and epidemiological validation, 
including formal FDA/EMEA approval, 
are still needed, an ISO/IEC Standard 
that can be used when developing future 
new novel test methods is also needed. 
The lack of rigorous method validation 
and appropriate Quality Assurance/
Quality Control (QA/QC) leads me to 
three real concerns.

Sampling
Taking a swab from specific areas at 
the back of the throat and upper nose 
is not simple: to take samples effec-
tively and reproducibly requires the 
sampling procedure to be standardised 
and carried out by trained personnel, 
yet many samples are taken at home by 
the patient or a patient’s family member. 
This adds a significant potential for error 
through incomplete sampling.

False positives
All the PCR tests are based on detect-
ing a specific fragment of viral RNA. So, 
they all amplify sequences from two viral 
genes (ORF1a, or viral spike protein, that 
is the gene used for vaccine develop-
ment and the N, or nucleocapsid, gene) 
and a positive PCR signal is required for 
both genes before the test is scored as 
positive.

Without a standardised viral fragment 
to be used for both target and as a refer-
ence sample and without real agreement 
on the number of thermal cycles, effec-
tively setting a detection limit, the rt-PCR 
test remains but a qualitative screening 
test and not a diagnostic tool.

Commutability
A fragment of RNA found in a nasal 
swab can have three possible sources. 
Infected cells shedding active viruses, 
remains of dead viruses killed by the 
host’s immune system (these can linger 
for weeks or months after the patient has 
recovered from the infection) and dead 
RNA fragments inhaled from the environ-
ment. Only infected cells shedding active 
viruses are of medical or epidemiologi-
cal concern, dead viruses are background 
noise. Jaafar et al.1 have demonstrated 
that many positive tests are from non-
viable RNA, and so cannot be grown 

and this is the key pivot. At 25 thermal 
cycles, 70 % of the positive results are 
not really “positives” in any clinical sense, 
since fragments of RNA cannot make 
anyone ill. Further, it is the functioning 
of complete viral RNA inside the infected 
cell that does lead directly to making a 
person ill, so this diagnostic assay is not 
detecting infectious virus but solely the 
viral genome.

Despite not being intended as a diag-
nostic tool, developments in PCR have 
made possible the rapid and highly 
specific diagnosis of certain infectious 
diseases, including those caused by 
bacteria or viruses. Cai et al.’s paper2 
explains this in more detail, from a medi-
cal perspective.

Viruses are unique in having a 
genome composed of either DNA or 
RNA and unlike every other “living thing”, 
never both. There are, however, many 
viruses whose genome is composed of 
DNA, good examples are Varicella zoster 
(chickenpox), herpes simplex etc. There 
are also viruses, e.g. HIV, that have an 
RNA genome in the virus, but which 
generate a DNA copy of their genome 
as part of their replication process. The 
SARS viruses are all RNA and the first 
successful use of Reverse Transcriptase 
PCR (rt-PCR) was with the development 
and validation of a method to detect the 
SARS-CoV-2 viral genome.3

It is hardly surprising that rt-PCR was 
the method of choice to detect the 
COVID-19 as it is a member of the same 
SARS-CoV-2 family of viruses, along with 
at least four common cold viruses. The 
development of a COVID-19 diagnos-
tic test was carried out at great speed 
by a multitude of teams, all based on 
the genome released by the Chinese 
researchers in January 2020. An article 
by Vandenburg et al.4 noted that more 
than 260 different rt-PCR tests for COVID-
19 had been developed.

Vandenberg et al. also pointed out 
that the new, novel rt-PCR tests are not 
yet fully validated and should be consid-
ered as simply qualitative tests. There 
are most certainly grounds to believe the 
tests produce false negative results, as 
Kucirka et al.5 make clear.

Applying an ISO/IEC perspective to 
all of this suggests that, whilst further 

DNA double helix are physically sepa-
rated at a high temperature in a process 
called nucleic acid denaturation. In the 
second step, the temperature is reduced 
so the primers bind to the complemen-
tary sequences of DNA. The two DNA 
strands then become templates for DNA 
polymerase to enzymatically assemble a 
new DNA strand from free nucleotides, 
the building blocks of DNA. As PCR 
progresses, the DNA generated is itself 
used as a template for replication, setting 
in motion a chain reaction in which the 
original DNA template is exponentially 
amplified. The formula used to calculate 
the number of DNA copies formed after 
a given number of cycles is 2n, where n 
is the number of cycles. Cycling contin-
ues until a fluorescent indicator included 
in the reagents binds to the synthetic 
DNA and can be detected. Thus, a reac-
tion set for 30 cycles results in 230, or 
1,073,741,824, copies of the original 
double-stranded DNA target region.

It must not be forgotten that the higher 
the number of cycles needed to reach 
a detectable signal for the viral genome, 
the lower the amount of viral load that 
is in the sample; the lower the number 
of cycles, the more prevalent the virus 
was in the original sample. It would be 
helpful if the number of cycle thresholds 
needed could be used as an important 
metric by which patients, the public and 
policy-makers can make more informed 
decisions about how infectious and/or 
sick an individual with a positive COVID-
19 test might be, but there is absolutely 
no evidence to support such an assertion.

A recent study from the Infectious 
Diseases Society of America,1 suggested 
that at 25 cycles of amplification, 70 % of 
PCR test “positives” are not “cases”, since 
the virus cannot be cultured because it is 
dead, and by 35 cycles it is reported that 
97 % of the positives are non-clinical. The 
study has not been validated by others 
and it is worth considering that without 
evidence linking the data to clinical histo-
ries it is possible that the “false positives” 
may be because the virus has been 
cleared from the body by the patient’s 
immune system, leaving unviable RNA 
fragments.

As stated above, rt-PCR is not testing 
for disease, it is testing for a specific RNA 
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told and trust nothing that has not been 
third-party verified, if possible, by some-
one you know and trust. I think this is 
a principle that applies to everything 
that is described as “science” and made 
public in any vehicle. I have stuck to this 
approach throughout my career.

Although I started out my postgrad-
uate career as a medical biochem-
ist, studying at the Woolfson Centre at 
Birmingham University under Professor 
T.P. Whitehead, one of the “founding 
fathers” of external Quality Assessment 
of Clinical Laboratories, I migrated quite 
quickly into the commercial side of 
analytical chemistry and biochemistry, 
including microbiology. So, I do have the 
background to be able to take an objec-
tive view of what is happening.

I am profoundly unhappy that many 
Governments are making changes to 
society that impact on the life and health 
of many using data from a qualitative 
test that has a high level of uncertainty, 
caused by sampling error, lack of method 
validation and no real QA. It is simply 
bad science and undermines public trust 
in “science”.
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