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Abstract

On the last day of last year, China informed World Health Organisation was a cluster of pneumonia cases in Wuhan, caused by a 
novel coronavirus, which was identified as SARS CoV 2 based on sequences of viral agent available by 10th January 2020 and RT PCR 
tests developed to identify this RNA virus. The disease caused by this virus was labelled as Covid 19. The rapid spread of this virus 
from China to all parts of the world including India, led this outbreak to be labelled as a pandemic.

In January 2020, India had only one laboratory testing for Covid 19, at the Indian Council of Medical Research’s National Insti-
tute of Virology, Pune. In Mid September, the testing facilities had been ramped upto 1700 laboratories, both in the government and 
private set up, across the country, performing molecular tests for diagnosis of Covid 19 - an unparallel achievement in the history of 
Indian health system.

In the absence of an effective treatment, prevention is the best strategy, which resolves around testing. RT PCR for Covid 19 in-
volves multiple complex steps. This paper describes the minimal steps each performing laboratories must take to ensure quality in 
their testing. It is essential that testing laboratory verify manufacturer’s claim and perform ongoing monitoring of tests to ensure that 
reliable and reproducible results are available to decision makers to make evidence based informed decisions for containment of this 
infection. While EQAS has been announced, but no sample has yet been circulated. Interlaboratory comparison should be encouraged 
between ICMR designated Reference laboratories and other performing laboratories.
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Introduction
On 31st December 2019, the World Health Organization was in-

formed about a cluster of pneumonia cases in Wuhan, China. Sub-
sequent investigations identified a novel coronavirus that closely 
resembled the virus of severe acute respiratory syndrome (SARS) 
which had occurred in 2003. Person to person transmission among 
family contacts and health care workers were reported. Infection 
appeared to be spread by the travellers from Wuhan in the other 
parts of the country and world. As with SARS and MERS control, 

highly sensitive and specific laboratory diagnosis of this novel 
coronavirus was essential for case identification, contact tracing, 
animal source finding and infection control [1]. By 10th January 
2020, complete sequence of one virus was available in the public 
domain to which five more sequences were added the next day. The 
availability of these sequences early in the epidemic facilitated the 
development of specific primers. The first Real Time PCR for this 
RNA virus targeted RNA dependent RNA polymerase (RdRp), en-
velope and nucleocapsid (N) genes was published on 23rd January 
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2020. Corona virus can grow in Vero cell lines, but because of the 
high transmissibility and pathogenic potential as well as slow turn 
around time and requirement of Biosafety III facilities, this was 
not a preferred method for clinical diagnosis. Serology tests for 
detection of antigen or antibodies were not found suitable, either 
because of sensitivity or specificity for the purpose of diagnosis 
followed by containment of this infection, which by now was called 
Covid 19 infection and the virus termed as SARS CoV 2. CDC At-
lanta developed a RT PCR focused on N gene wherein they identi-
fied three regions, named N1, N2 and N3. This test did not perform 
well when transferred to other public health laboratories and the 
Koch Institute’s RT PCR was adopted by WHO for use. Initially it 
was two step process, but the rapid spread of this virus has led to 
the development of single tube, single step multiplex RT PCRs for 
rapid and definitive diagnosis of the infection [2].

In March 2020, only one laboratory was performing this test, 
which has been rapidly under the leadership and guidance provid-
ed by ICMR to over 1700 labs in all parts of the country [3]. In this, 
NABL also played a very positive role by either allowing accredited 
labs to add RT PCR for RNA Virus to the scope or performing full 
accreditation during the lock down period by video conferencing. 
ICMR dictated that all private labs must be NABL accredited and 
should have RT PCR for RNA in their scope of accreditation. This 
prerequisite was, however, not applied to the government owned 
laboratories as though if your salary was paid by the tax payer, you 
would magically acquire unimpeachable quality properties, rest of 
course, would have to bring validation data! A test must be shown 
to be fit for purpose so that users can have confidence in the re-
sults produced by its application. Method validation and verifica-
tion provide objective evidence that a method is fit for purpose.

All private laboratories permitted to test for covid 19 are there-
fore accredited by NABL against ISO 15189:2012 standards which 
requires all accredited labs to verify and validate all tests before 
use as per clause 5.5.1.1. and 5.5.1.3 [4]. 

Under 5.5.1.1. Validated examination procedures used without 
modification must be subject to independent verification by the 
laboratory prior to routine use. Information is to be obtained from 
the manufacturer regarding the performance characteristics of the 
procedure. The verification must confirm that the performance 
claims for the procedure have been met. The procedure used for 
verification must also be documented, with the obtained results 

recorded. Verification results are to be reviewed by the appropri-
ate staff.

Under 5.5.1.3. greater detail regarding the situations when vali-
dation of examination procedures is required has been included 
in this clause. Validation must be performed for non-standard 
methods, laboratory developed methods, standard methods used 
outside their intended scope and validated methods subsequently 
modified. But how has not been described.

It is established principles in all accredited laboratories that the 
laboratory is required to verify certain performance characteristics 
of the test. For qualitative tests this includes comparison of positive 
and negative test results to a comparable test method. Specimens 
for the verification can include external control material, cultured 
organisms or proficiency testing material but must include positive 
and negative patients samples. For quantitative tests, the manufac-
turer’s limit of detection, linearity, reportable range and precision 
should be verified by the laboratory, as well as a comparison of pa-
tient test results across the reportable range of the test. Specimens 
for the verification can include quantitative external control mate-
rial, cultured organisms (quantified) and proficiency testing mate-
rial but must include patient samples too [5]. 

Verification is a one time process performed to determine or 
confirm a test’s expected performance prior to implementation in 
the clinical laboratory (simply put, it addresses the question, “Does 
the test work?”), validation on the other hand is an ongoing pro-
cess of monitoring a test to ensure that it continuously performs as 
expected, (“it addresses the question, “Does the test still work?”).

Verification confirms that test performs as per manufacture’s 
specification and it should be carried out A. When introducing a 
new test, B. A new process or C. From a different manufacturer. 
This is carried out by performing several analysis using a panel of 
atleast 20 specimens. With a well-defined panel, these analysis can 
be completed in a couple of days. What needs to be done by the 
laboratory is:

1. Accuracy (sensitivity and specificity)

2. Reproducibility

3. Reportable range

4. Reference range

5. Other tests characteristics, such as linearity, specimen sta-
bility or carryover when applicable.
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Individual laboratories can determine Accuracy by using atleast 
20 specimens (containing both positive and negative samples) and 
must be more than 90% in agreement with the reference method. 
Manufacturers have determined analytical sensitivity by using 
synthetic SARS CoV 2 RNA after spiking into negative respiratory 
clinical matrices (NP swab and BAL), a LOD of 6.25 genomic cop-
ies/ul for NP swabs and 12.5 cp/ul for BAL has been reported. Ana-
lytical specificity has been determined by the manufacturers to ex-
plore the cross reactivity of COVID 19 RT PCR test both by in silico 
analysis and by testing whole organisms or purified nucleic acid 
from a panel of organisms usually found in the respiratory tract. 
BLAST analysis has shown no homology with primers and probes 
used for COVID 19 RT PCR and individual laboratories needed not 
produce any further evidence to substantiate this.

Individual laboratories can confirm reproducibility by using 
several samples from the 20 sample panel running them in dupli-
cate, repeat second run with a second operator. If same or com-
parable results are obtained, reproducibility is good. Reportable 
range is determined by testing positive samples with low and high 
value. The test should detect both weak and strong positives. Pub-
lished Reference range could be used. Or can use negative samples 
from the panel to determine if normal is negative. Manufacturers 
should have already performed clinical evaluation using either 
natural or contrived clinical samples. A total of 100 individual 
clinical respiratory samples, 50 NP swabs and 50 BAL as nega-
tives and atleast 80 either natural or contrived positives. RT PCR 
should show 100% agreement with positive and negative expected 
results.

In view of the ongoing pandemic, USA FDA has suggested that 
accredited laboratories who decide to use EUA kits from autho-
rized manufacturers can verify test performance to perform test-
ing in their own laboratories [6]. Before that, each testing labora-
tory must ensure that: 

1. Personnel are trained and qualified to perform testing based 
on the specific level of authorization received.

2. Follow the assay or test system’s protocol without modifica-
tion.

3. Verify both positive and negative samples in the study.

4. Perform IQC at least as frequently as stated in the manufac-
turer’s package insert.

If, however, laboratory has developed its own test or has modi-
fied an approved test, then each laboratory must validate the test. 

Validation studies can be divided into comparative and primary 
validation.

Comparative validation

Comparative (i.e. correlation or cross) validation is usually ap-
plied to bioanalytical methods and aims to demonstrate equivalent 
performance between two (or more) methods used to generate 
data within the same study by comparing the validation param-
eters. There is no single test of establishing method equivalence or 
numerical acceptance criteria for it. Generally, a method with the 
greatest sensitivity or highest recovery for the target analyte is the 
best. To determine if the alternative method mean is not statisti-
cally different from the reference method mean, a one way analysis 
of variance or a paired t-test by sample type and analyte concen-
tration is performed. Comparative validation studies of qualitative 
methods involve the identification of operating characteristics of 
the method (e.g. sensitivity, selectivity, presumptive false positive 
and presumptive false negative).

Primary validation

For situations where comparative validation is not applicable 
(e.g. in-house-developed methods, standard methods that have 
been modified in such a way that the final result could be influ-
enced, standard methods used outside the intended scope, use 
of an alternative isolation or detection principle, as well as rapid 
methods), primary validation must be undertaken prior to intro-
ducing the method. In such cases validation becomes an explor-
atory process with the aim of establishing operational limits and 
performance characteristics of the alternative, new or otherwise 
inadequately characterised method. It should result in numerical 
and/or descriptive specifications for the performance of the meth-
od.

So validation performance characteristic that should be deter-
mined prior to reporting patient results include analytical and di-
agnostic sensitivity and analytical and diagnostic specificity, preci-
sion, linearity (for quantitative tests), reportable range of patient 
test results; the reference range (normal value); performance with 
clinical specimens and any other applicable performance charac-
teristic.

Analytical sensitivity refers to the ability of a test to detect a giv-
en analyte (i.e. lower limit of detection). Analytic specificity refers 
to the degree to which related organisms are not detected by a test. 
Precision refers to the reproducibility of a test result (e.g. within 
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technologist, between technologist, within run and between run) 
repeatability. Clinical sensitivity refers to the ability of a test to de-
tect a disease or clinical condition, while clinical specificity refers 
to the degree to which a test is negative when disease is absent.

Diagnostic sensitivity and specificity must be determined re-
lated to some “gold standard” (e.g. culture or composites clinical 
findings). The sensitivity of an assay equals [TP/(TP+ FN)] x 100 
and the specificity of an assay equals [TN/(TN+FP)] (TP = true 

positive, TN = true negative, FN = false negative, FP = false posi-
tive). Determination of sensitivity and specificity should be done 
in a blinded fashion (i.e. without prior knowledge of the patient’s 
disease status). 

Table summarises the performance characteristic that should 
be considered when planning method validation and method veri-
fication for both quantitative and qualitative methods.

Characteristics to be evaluated
Validation Verification

Quantitative Qualitative Quantitative Qualitative
Limit of detection Yes No Yes No
Sensitivity Yes Yes Yes Yes
Selectivity Yes Yes Yes Yes
Linearity Yes No Yes No
Measuring interval Yes No Yes No
Matrix effect Yes Yes Yes Yes
Trueness, bias Yes Yes Yes Yes
Precision (repeatability and reproducibility) Yes Yes Yes Yes
Accuracy Yes Yes Yes Yes

How to demonstrate

Characteristics to be evaluated Procedure to be followed
Limit of detection Replicate analysis at multiple concentration including a concentration close to zero, or replicate 

analysis at a concentration estimated to be equal to twice the LOQ. Use blanks and a range of 
standards or samples containing low concentrations

Sensitivity Analysis of spiked or artificially contaminated samples or standards prepared in sample extract 
solutions. Initial check for satisfactory gradient for plot of response vs concentration. (More ap-

propriately a QC issue following initial check).
Selectivity Analysis of reagent and matrix blanks, standards and matrix samples spiked with standards (in 

working range) to which known concentrations of suspected interfering substances have been 
added.

Linearity Duplicate measurements of standards evenly spaced over expected concentration range of 
samples.

Measuring interval Evaluation of bias and possibly LOQ determinations
Matrix effect Analysis of matrix blanks or matrix spiked with standards (at least once or in duplicate at each of 

3 concentrations in each sample matrix type).
Trueness, bias Analysis of replicates. Reference samples should be matrix and concentration matched with 

samples.
Precision/ accuracy Replicate analysis for each sample matrix type (if possible selected to contain analytes at con-

centrations most relevant to users of test results) under stipulated conditions. For comparing 
precision of two methods, the F-test is recommended.

For accuracy, compare each mixture’s true value vs. the measured result.
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Not all parameters need to be assessed for all methods. The 
rigour of validation should be sufficient to ensure that test results 
produced by a method are technically sound and will satisfy the 
client’s needs. Well planned method validation studies will be 
based on a clear understanding of the specific requirements for 
the method in use. Within this framework, carefully designed ex-
periments will provide information to satisfy more than one of the 
parameters [7].

Till as approved External Quality Assurance Scheme (EQAS) 
becomes available, laboratories approved by regulatory authori-
ties to perform Covid 19 diagnostic tests must participate in inter 
laboratory comparison with established laboratories or those des-
ignated by ICMR as Reference Laboratories by sending atleast five 
samples (three positive and two negatives) of their RT PCR results 
and starting clinical sample testing and processing only after ob-
taining 100% match.

As serology tests become available, USA regulators have in-
structed the manufacturers to test atleast 30 serum samples from 
RT PCR confirmed Covid 19 patients and atleast 80 samples col-
lected in pre Covid 19 days (or antibody negative samples of which 

atleast 10 must be HIV positive). Acceptance criteria for issue of 
EUA is: 1. Total antibody test > 90% PPA and 95% NPA; 2. For IgM 
specific test > 70% of PPA; for IgG specific test > 90% PPA with no 
cross reaction with HIV positive samples.

Individual laboratories are encouraged to: 1. Choose a test with 
high specificity (> 99%); 2. Test individuals with high pre-test prob-
ability of being positive and 3. Apply orthogonal testing algorithm 
in which persons who initially test positive are tested with a second 
test. Effective orthogonal algorithms are generally based on testing 
a patient sample with two tests, each with unique design character-
istics (e.g. antigens N followed by S or format ELISA and CLIA) [8].

USA FDA has placed important performance parameters of 
some of these serological tests on their website (Table).

Orthogonal algorithm for serology testing

First Pan Ig are detected against the most immunogenic antigen 
in the virus, NC, all positive samples are tested for presence of anti-
bodies to Spike protein. Spike is used by the virus to bind to ACE 2 
receptors on human cells and cause infection. Anti Spike antibodies 
have been shown to be viral neutralizing and have been shown to 
protect animals from infection or reinfection.

Company Instrument  
Attribute

Abbott 
Architect

Roche

Elecsys

Diasorin

Liasion

Euro

immune
Ortho Siemens

Biorad

Platelia
Antibody detected IgG Pan Ig IgG IgG IgG Pan Ig Pan Ig
Target NC NC Spike Spike Spike Spike NC
Method CMIA ECLIA CMIA ELISA CLIA CLIA ELISA
Sensitivity 100 100 97.6 90 90 100 92.2
Specificity 99.6 99.8 99.3 100 100 99.8 99.6
PPA at 5% 92.9 96.5 88 100 100 96.5 91.7
NPA at 5% 100 100 98.9 99.5 99.5 100 99.6
NC = Nucleocapsid (the most immunogenic antigen in SARS CoV 2)

Figure

Conclusion
Table summarises the performance characteristic that should 

be considered when planning method validation and method veri-
fication for both quantitative and qualitative methods.

Not all parameters need to be assessed for all methods. The 
rigour of validation should be sufficient to ensure that test results 
produced by a method are technically sound and will satisfy the cli-
ent’s needs. Well planned method validation studies will be based 
on a clear understanding of the specific requirements for the meth-
od in use. Within this framework, carefully designed experiments 
will provide information to satisfy more than one of the parameters
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