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Abstract

Coronavirus disease 2019 (COVID‐19) caused by coronavirus has spread worldwide

and has become the deadliest pandemic of the 21st century. Such rapid spread is

predominantly attributed to the poor diagnosis and its asymptomatic transmission.

In the absence of treatment regime, timely diagnosis is the best available remedy

that can restrict its spread. An early diagnosis of COVID‐19 is critical for

determining the line of treatment and preventing long term complications in the

infected subject. Unfortunately, available rapid antigen and antibody kits are known

to be erroneous whereas reverse transcription polymerase chain reaction based

tests are expensive, viral load dependent and at times inconclusive. In current

scenario, the false‐negative results imposed a major risk to the individual patient

care and also to the efforts for containing the spread at the population level, where

as false positives are traumatic for families and can lead to improper treatment

resulting in severe complications. In this article, the limitations of available diag-

nostic procedures have been elaborated and plausible combination approach has

been advised.
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1 | INTRODUCTION

Till date, coronavirus disease 2019 (COVID‐19) has infected over

47.3 million subjects and caused 1.22 million deaths, and the

count is increasing.1 Severe acute respiratory syndrome cor-

onavirus 2 (SARS‐CoV‐2), the causative agent of COVID‐19, is a

highly contagious pathogen that triggers mild to severe symp-

toms ranging from loss of smell and taste to fever, myalgia and

acute respiratory distress.2 Several studies have also reported

the occurrence of skin rashes, neuropathy, nephropathy and

cardiomyopathy in addition to gastrointestinal, liver, ocular and

olfactory dysfunctions upon infection, and the list of symptoms is

growing.2 COVID‐19 can spread through presymptomatic,

asymptomatic and symptomatic carriers.3 Its reproduction

number has been calculated to be in between of 2 and 3 which

suggest that each primary infected subject generate about 2 to 3

secondary cases.4 The efficacy of the FDA approved drug re-

mdesivir (Veklury) has been already contested.5 Unfortunately,

the accurate diagnosis for COVID‐19 is still not possible due to

various reasons that have been described in next sections. The

correct diagnosis is absolutely vital for ensuring the right treat-

ment regime, differentiate COVID‐19 from other infections and

for determining its presence in the patient population that can

further facilitate implementation of suitable health policies.3,6,7

Also, the timely diagnosis can limit the overuse of precious an-

tibiotics.7 False‐negative COVID‐19 test can cause more harm

than perceived before especially in the absence of treatment

regime and vaccine resulting in its spread.7 Subjects infected with
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COVID‐19 usually display symptoms and consequent higher viral

loads within a week of infection in their respiratory tract.6,8 The

key to the management of COVID‐19 is in the understanding of

most traits that can form the basis of clinical suspicion so that

cases falling under the purview of latter can be subjected to

appropriate diagnostic tests. Unfortunately, parameters for clin-

ical suspicion of COVID‐19 are still not well‐defined
and continuously evolving.9 The clinical outcome in patients

with COVID‐19 can depend on various factors, such as age and

co‐morbidities like asthma.10 As of now, subjects with fever, loss

of smell and taste, myalgia and respiratory symptoms without any

known cause have been included in the purview of clinical

suspicion.11 Further, subjects with a travel history to a country or

place where community transfer has been reported are at the risk

of infection.12 In most countries, primary contacts of confirmed

COVID‐19 positive case are being traced and subjected to sui-

table isolation and diagnosis.13,14 Its airborne transmission has

been confirmed and face masks have been realized as the key

determinant factor capable of inhibiting the interhuman trans-

mission and preventing spread in primary contacts.15 Surely, in

the absence of treatment or vaccine, understanding of the mode

of spread and the availability of accurate diagnostic tools can

facilitate better tuning of the current and future public health

policies.

1.1 | Inaccuracies at the step of collection of sample
and erroneous time point

In this section, the caveats and source of variability at sample

collection steps have been elaborated. For reverse transcription

polymerase chain reaction (RT‐PCR) based assays and antigen

based rapid tests, a nasopharynx (NP) and an oropharynx (OP)

swab are collected.16 The incubation period that is the time be-

tween infection and onset of clinical symptoms varies from 5 days

to 14 days in most patients. Typically, patients tested before the

end of the incubation time period do not have enough viral load for

detection and RT‐PCR can potentially miss the infection.17

Previously, it has been reported that 32% of OP and 63% of NP

swabs could accurately determine the SARS‐CoV‐2 RNA.18 Both

NP and OP swabs taken collectively in one vial have shown higher

accuracy for detection.18 After collection, swabs placed in uni-

versal transport medium are transported to the microbiology la-

boratory under refrigerated conditions.18 In antibody based

assays, blood samples are collected and tested for the presence of

antibodies against SARS‐CoV‐2.19 Such antibody based point of

care testing methods are highly error prone and mostly suitable

for estimating the spread of virus in the population, which has

been elaborated in other sections.

The expertize of the person collecting swab sample may also

influence the accuracy of diagnosis. As per the centers for disease

control and prevention guidelines, the swab should be inserted deep

enough to cause flinching in the nasal cavity and then swab should be

twirled three times for 10 s before pulling out.20 Improper and in-

sufficient swabbing may also result in false‐negative. It is possible

that in few cases at late stage of infection, sufficient virus load for

detection can only be found in the lower respiratory tract and NP

swab could become inadequate for viral load detection.21 In such

cases where subject is under the purview of clinical suspicion but still

tested negative for RT‐PCR, should be recommended for repeated

testing of lower respiratory tract specimen like bronchoalveolar la-

vage (BAL) that has been reported to contain the high viral loads of

COVID‐19.22 Several studies have confirmed the utility of BAL in the

diagnosis of COVID‐19 and BAL can be collected during intubation

procedures.22 Few patients with COVID‐19 have also displayed high

SARS‐CoV2 RNA fecal material but it varies a lot therefore, its utility

should be restricted only for studying the spread at the population

level.23 In summary, various factors such as the specimen site, ap-

propriate protocol of specimen collection along with viral load at an

anatomic location as a function of disease severity, and time of onset

of symptoms (incubation period) must be considered before con-

cluding the diagnosis.6

1.2 | Real‐time reverse transcription polymerase
chain reaction based molecular assay and its
limitations

The COVID‐19 RT‐PCR test allows qualitative detection of SARS‐
CoV‐2 nucleic acid in the specimens collected from upper (such as

nasopharyngeal or oropharyngeal swabs and sputum) or lower re-

spiratory tract (BAL) of suspected subjects. Unlike conventional PCR

that amplifies dsDNA, RT‐PCR comprises of reverse transcription of

RNA (viral RNA) to dsDNA and its subsequent quantification by

PCR.24 RT‐PCR machine computes cycle threshold (Ct) values that

indicate cycle number required for the fluorescent signal to cross the

threshold (exceeds background level).16 The amplification curve

should be sigmoidal which reflect proper amplification of the DNA.

The confirmation of the sigmoidal curve is more important than an-

ticipated as at times PCR plate contains unusually high level of

fluorescent noise during early cycle of PCR which can lead to a false

positive Ct value computation by the software. Here, Ct value shows

the viral load in the processed sample. The higher Ct value corre-

sponds to the lower viral load that is more PCR cycles are required

for the detection of viral RNA whereas lower Ct value reflects higher

viral load suggesting lower PCR cycle requirement.25 As per the

protocol, samples are subjected to 40 cycles of PCR along with a

positive control gene. If Ct value is less than or equal to 37, sample is

considered to be positive(+) whereas Ct value greater than 40 is

considered to be negative(−). In case, Ct value ranges in between of

37 and 40, it is considered to be in the gray zone and requires more

diagnosis before conclusion. As per FDA guidelines, gray zone sam-

ples are non‐confirmatory and should be retested.25 The first major

limitation is the uncertainty of this test due to gray zone that is
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subject is tested and still it is not clear if it is a positive case or a

negative case. Second major drawback is the possibility of false ne-

gative results as a consequence of the degradation of viral RNA

during shipping, handling or storage, improper swab collection, pre-

sence of RT‐PCR inhibitors and lack of technical expertize.26,27 The

third limitation is the case of false positive, which is traumatic for

subject and family, and risk complications due to other diseases with

similar symptoms. False positives have been reported due to the RNA

contamination, cross contamination between patient samples and in

few cases nonfunctional PCR kit.28,29 Subjects can test positive even

after complete recovery due to the presence of nucleic acid which

may take longer time to be cleared off from the system.29 Fourth

limitation is its high cost which has severe implications in developing

and undeveloped countries where population pool is huge and people

cannot afford such expensive testing. Several reports have contested

the high accuracy of RT‐PCR like in the case of referred report which

concluded lower sensitivity of 60%–71%.30 In the same report, au-

thors described the utility of chest computed tomography scan

imaging features in complementing RT‐PCR that can reduce false

negative results.30 Importantly and unfortunately, RT‐PCR has been

reported to give positive test and detect viral RNA up to three

months of recovery in several cases, therefore RT‐PCR cannot be

utilized for evaluating recovery upon discharge.31 In fact, there is no

test in practice that can conclusively confirm that subject is devoid of

virus particles.

1.3 | Caveats of rapid antibody and antigen tests

In COVID‐19 antibody test, the blood sample is examined for the

detection of antibodies against SARS‐CoV2.32 Typically, subjects with

COVID‐19 infection develop antibodies in 1–3 weeks post symp-

toms.32 Severe symptoms usually manifest higher titer of antibodies

in comparison to the moderate symptoms or without symptoms in

infected subjects.33 The antibody response helps subjects in prog-

nosis.33 Antibodies donated by recovered patients are still being

tested for efficacy and its potential in therapeutics.4 As of now, an-

tibody test is being used only for assessing the spread of the infection

at the population or community level due to various reasons. First

antibodies test cannot confirm infection for first few weeks because

of lack of antibody and it will always be negative in initial days of

infection.34 Second, the antibody response varies from case to case

and few COVID‐19 positive patients never show any detectable

antibody response or could not maintain the antibody levels for long,

which may result in false negative test.35 Third, different cor-

onaviruses responsible for cold can also stimulate antibody response

which can potentially give false positive test.36 Usually, the im-

munoglobulin M (IgM) antibody titer starts rising after one week of

infection and subsequently taken over by immunoglobulin G (IgG)

antibody response after two weeks of infection.37 IgG antibody titer

can potentially last from 6 months to several years and their pre-

sence may suggest previous infection and not necessarily point to

COVID‐19 infection.37 The suspected patients diagnosed for both

IgM and IgG antibodies are more informative and can be useful for

defining the stages of infection and prognosis. Considering the lim-

itations, antibodies tests should not be completely relied upon for

individual case testing. On a positive note, they are not expensive and

can be performed quickly making them an excellent tool for evalu-

ating the spread of the infection at the population level.38 It is worth

mentioning that subjects with IgG antibodies alone may not be en-

ough for prevention of infection. It is also not clear whether infection

will always lead to an antibody response and more importantly if it is

enough for protecting against re‐infection and for how long.39 An-

other major issue is the detection of antibodies in immune‐
compromised patients like in one referred case where non‐hodgkin
lymphoma patient tested negative for IgG antibodies continuously

for 12 weeks as evaluated by chemiluminiscent microparticle im-

munoassay technology.40

In antigen based tests, virus proteins are detected through an-

tibodies in OP and NP swabs. Though, they are considered to be

much more accurate than antibody based tests but still they also

suffer from limitations like in few cases where virus load is less, they

may miss the infection. In few cases, virus proteins might persist in

the body and can give false positive antigen test even after complete

recovery.41

2 | DISCUSSION

Most available diagnostic tests have limitations and are being

continuously subjected to research and development for improv-

ing accuracy and precision (Figure 1).30,42–45 The SARS‐CoV‐2 is

rapidly evolving and undergoing mutations, and for ensuring ef-

ficacy, the local strains should be sequenced at regular intervals

and checked for the mutations that can impact RT‐PCR based

diagnosis.46 Recently, a point mutation has been identified in

nucleoprotein gene of SARS‐CoV‐2 which resulted in false nega-

tive RT‐PCR test.46 Ziegler et al.46 has suggested targeting of two

independent essential region of SARS‐CoV‐2 for the accurate

detection. A combination approach involving RT‐PCR along with

antibody and antigen test in complementation with chest X‐rays
and other symptoms looks most promising. Further, the call for

conducting test again, should be taken on the case to case basis.

As discussed before, there have been many instances where RT‐
PCR and antigen tests have missed the infection. In light of in-

accuracies in diagnosis, proteomics based methodologies have

been explored too like Whetton et al. described proteins involved

in blood coagulation (like D‐dimer), cell damage (such as lactate

dehydrogenase), and the inflammatory markers (C‐reactive pro-

tein) as the indicator of COVID‐19 severity and mortality. Pro-

teomics indeed has the excellent potential but high cost and the

limited availability of the instrument can restrict its usage at large

scale.47 Further, there is no specific biomarker that can predict

the severity of the disease. COVID‐19 infection progresses in
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different patients with diverse pace. The determinants of its

progression are still not clear. The incubation period varies from

5.2 to 12.5 days and the diagnostic tests may not work in this

duration.48 Most patients remain asymptomatic and have lower

viral load, and are difficult to diagnose. The emergence of COVID‐
19 threat has been rapid and diagnostic assays have been devel-

oped and tested on hospital samples that often contained more

viral loads resulting in higher efficacy than in the real world.29 On

one hand, false negative tests can lead to the spread of COVID‐19
in the community and on other hand, false positive tests are

traumatic and lead to financial burden and psychological drain at

the individual or family level, and affect policy making by por-

traying an over presentation of the epidemic.29 New technologies

like CRISPR based paper‐strip,49 Au/Ag nanoparticles based

electrochemical biosensor, nucleic acid hybridization, aptamer‐
based bio‐naogate, graphene‐FET and surface plasmon resonance

based detection hold immense potential as an improvised diag-

nostic tool in comparison to the traditional methods like RT‐PCR
and antibody assay but still they are in the development stage and

need to be tested at a large scale as per necessary guidelines

before utilizing them in real time.43 Last but not the least, gov-

ernments and health agencies should invest more on diagnosis,

development of new methodologies and proper utilization of

available tools more efficiently by combining them so that the

final outcome of diagnosis becomes much more accurate than the

individual one.

F IGURE 1 Sticky‐note schematic presentation of limitations of diagnostic tools for COVID‐19. COVID‐19, coronavirus disease 2019.
RT‐PCR, reverse transcription polymerase chain reaction

1840 | SYAL



ACKNOWLEDGMENT

Kirtimaan Syal acknowledges BITS‐Pilani for the “Research Initiation

Grant” support.

ORCID

Kirtimaan Syal https://orcid.org/0000-0002-0046-0205

REFERENCES

1. JHU. COVID‐19 dashboard by the center for systems science and

engineering (CSSE). 2020. https://coronavirusjhuedu/maphtml

2. Shanmugam C, Mohammed AR, Ravuri S, Luthra V, Rajagopal N,

Karre S. COVID‐2019—a comprehensive pathology insight. Pathol Res

Pract. 2020;216(10):153222.

3. Wiersinga WJ, Rhodes A, Cheng AC, Peacock SJ, Prescott HC. Pa-

thophysiology, Transmission, diagnosis, and treatment of coronavirus

disease 2019 (COVID‐19): a review. JAMA. 2020;324(8):782‐793.
4. Syal K. COVID‐19: Herd immunity and convalescent plasma transfer

therapy. J Med Virol. 2020;92(9):1380‐1382.
5. Jomah S, Asdaq SMB, Al‐Yamani MJ. Clinical efficacy of antivirals

against novel coronavirus (COVID‐19): a review. J Infection Public

Health. 2020;13(9):1187‐1195.
6. Tang Y‐W, Schmitz JE, Persing DH, Stratton CW. Laboratory diagnosis

of COVID‐19: current issues and challenges. J Clin Microbiol. 2020;

58(6):e00512–e00520.

7. Gibani MM, Toumazou C, Sohbati M, et al. Assessing a novel, lab‐free,
point‐of‐care test for SARS‐CoV‐2 (CovidNudge): a diagnostic accu-

racy study. Lancet Microbe. 2020;1:e300‐e307.
8. Pan Y, Zhang D, Yang P, Poon LLM, Wang Q. Viral load of SARS‐CoV‐

2 in clinical samples. Lancet Infect Dis. 2020;20(4):411‐412.
9. WHO. Clinical management of COVID‐19. COVID‐19: clinical care.

2020. https://www.WHO/2019-nCoV/clinical/2020.5:1-62

10. Baptist AP, Lowe D, Sarsour N, et al. Asthma disparities during the

COVID‐19 pandemic: a survey of patients and physicians. J Allergy Clin

Immunol Pract. 2020;8:3371‐3377.e1.
11. Van Loon N, Verbrugghe M, Cartuyvels R, Ramaekers D. Diagnosis of

COVID‐19 based on symptomatic analysis of hospital healthcare

workers in Belgium: observational study in a large Belgian tertiary

care center during early COVID‐19 outbreak. J Occup Environ

Med. 2020.

12. Sheng‐Kai MaK, Tsai SY. Integrating travel history via big data

analytics under universal healthcare framework for disease con-

trol and prevention in the COVID‐19 pandemic. J Clin Epide-

miol. 2020.

13. Braithwaite I, Callender T, Bullock M, Aldridge RW. Automated and

partly automated contact tracing: a systematic review to inform the

control of COVID‐19. Lancet Digit Health. 2020;2:e607‐e621.
14. Gasser U, Ienca M, Scheibner J, Sleigh J, Vayena E. Digital tools

against COVID‐19: taxonomy, ethical challenges, and navigation aid.

Lancet Digit Health. 2020;2(8):e425‐e434.
15. Zhang R, Li Y, Zhang AL, Wang Y, Molina MJ. Identifying airborne

transmission as the dominant route for the spread of COVID‐19. Proc
Natl Acad Sci USA. 2020;117(26):14857‐14863.

16. Loeffelholz MJ, Tang YW. Laboratory diagnosis of emerging human

coronavirus infections—the state of the art. Emerg Microbes Infect.

2020;9(1):747‐756.
17. Emery SL, Erdman DD, Bowen MD, et al. Real‐time reverse

transcription‐polymerase chain reaction assay for SARS‐associated
coronavirus. Emerg Infect Dis. 2004;10(2):311‐316.

18. Wang W, Xu Y, Gao R, et al. Detection of SARS‐CoV‐2 in different

types of clinical specimens. JAMA. 2020;323(18):1843‐1844.
19. Li Z, Yi Y, Luo X, et al. Development and clinical application of a rapid

IgM‐IgG combined antibody test for SARS‐CoV‐2 infection diagnosis.

J Med Virol. 2020;92:1518‐1524.

20. CDCInterim guidelines for collecting, handling, and testing clinical

specimens for COVID‐19. 2020. https://www.cdc.gov/coronavirus/

2019-ncov/lab/guidelines-clinical-specimens.html

21. Zou L, Ruan F, Huang M, et al. SARS‐CoV‐2 viral load in upper re-

spiratory specimens of infected patients. N Engl J Med. 2020;382(12):

1177‐1179.
22. Yu F, Yan L, Wang N, et al. Quantitative detection and viral load

analysis of SARS‐CoV‐2 in infected patients. Clin Infect Dis. 2020;

71(15):793‐798.
23. Zhang W, Du RH, Li B, et al. Molecular and serological investigation of

2019‐nCoV infected patients: implication of multiple shedding routes.

Emerg Microbes Infect. 2020;9(1):386‐389.
24. Syal K, Srinivasan A, Banerjee D. VDR, RXR, coronin‐1 and inter-

ferongamma levels in PBMCs of type‐2 diabetes patients: molecular

link between diabetes and tuberculosis. Indian J Clin Biochem. 2015;

30(3):323‐328.
25. FDA. COVID‐19 coronavirus real time PCR kit. https://wwwfdagov/

media/139279/download. 2020.

26. Guo W, Zhou Q, Xu J. Negative results in nucleic acid test of COVID‐
19 patients: assessment from the perspective of clinical laboratories.

Ann Palliat Med. 2020;9:93.

27. Pan Y, Long L, Zhang D, et al. Potential false‐negative nucleic acid

testing results for severe acute respiratory syndrome coronavirus 2

from thermal inactivation of samples with low viral loads. Clin Chem.

2020;66(6):794‐801.
28. Huggett JF, Benes V, Bustin SA, et al. Cautionary note on con-

tamination of reagents used for molecular detection of SARS‐CoV‐2.
Clin Chem. 2020.

29. Surkova E, Nikolayevskyy V, Drobniewski F. False‐positive COVID‐19
results: hidden problems and costs. Lancet Respir Med. 2020.

30. Alsharif W, Qurashi A. Effectiveness of COVID‐19 diagnosis and

management tools: a review. Radiography. 2020.

31. Landi F, Gremese E, Rota E, et al. Positive RT‐PCR nasopharyngeal

swab in patients recovered from COVID‐19 disease: when does

quarantine really end? J Infect. 2020:4814.

32. Bohn MK, Mancini N, Loh TP, et al. IFCC interim guidelines on serological

testing of antibodies against SARS‐CoV‐2. Clin Chem Lab Med. 2020.

33. Wooding DJ, Bach H. Treatment of COVID‐19 with convalescent

plasma: lessons from past coronavirus outbreaks. Clin Microbiol Infect.

2020;26(10):1436‐1446.
34. WHO. The latest on COVID19 immnunity & the current global situa-

tion. Coronavirus update 348. World Health Organization. 2020:1–26.

35. Cox RJ, Brokstad KA. Not just antibodies: B cells and T cells mediate

immunity to COVID‐19. Nat Rev Immunol. 2020;20(10):581‐582.
36. Shibata S, Ishiguro T, Kobayashi Y, et al. High incidence of false‐

positive results of IgG antibody against SARS‐CoV‐2 with rapid im-

munochromatographic antibody test due to human common cold

coronavirus infection. Respir Med Case Rep. 2020;31:101180.

37. Jacofsky D, Jacofsky EM, Jacofsky M. Understanding antibody testing

for COVID‐19. J Arthroplasty. 2020;35(7S):S74‐S81.
38. Baraniuk C. Covid‐19 antibody tests: a briefing. BMJ. 2020;369:

m2284.

39. Bruni M, Cecatiello V, Diaz‐Basabe A, et al. Persistence of anti‐SARS‐
CoV‐2 antibodies in non‐hospitalized COVID‐19 convalescent health

care workers. J Clin Med. 2020;9(10):3188.

40. Moore JL, Ganapathiraju PV, Kurtz CP, Wainscoat B. A 63‐year‐old
woman with a history of non‐hodgkin lymphoma with persistent

SARS‐CoV‐2 infection who was seronegative and treated with con-

valescent plasma. Am J Case Rep. 2020;21:e927812.

41. Diao B, Wen K, Zhang J, et al. Accuracy of a nucleocapsid protein

antigen rapid test in the diagnosis of SARS‐CoV‐2 infection. Clin Mi-

crobiol Infect. 2020.

42. MacLachlan NJ, Dubovi EJ, eds. Laboratory diagnosis of viral infec-

tions. Fenner's Veterinary Virology. Fourth Edition. Academic Press;

2011:101‐123.

SYAL | 1841

https://orcid.org/0000-0002-0046-0205
https://coronavirusjhuedu/maphtml
https://www.WHO/2019-nCoV/clinical/2020.5:1-62
https://www.cdc.gov/coronavirus/2019-ncov/lab/guidelines-clinical-specimens.html
https://www.cdc.gov/coronavirus/2019-ncov/lab/guidelines-clinical-specimens.html
https://wwwfdagov/media/139279/download
https://wwwfdagov/media/139279/download


43. Samson R, Navale GR, Dharne MS. Biosensors: frontiers in rapid de-

tection of COVID‐19. 3 Biotech. 2020;10(9):385.

44. Hoofnagle AN, Wener MH. The fundamental flaws of immunoassays

and potential solutions using tandem mass spectrometry. J Immunol

Methods. 2009;347(1‐2):3‐11.
45. Singh P, Chakraborty R, Marwal R, et al. A rapid and sensitive method

to detect SARS‐CoV‐2 virus using targeted‐mass spectrometry.

J Proteins Proteomics. 2020;11(3):159‐165.
46. Ziegler K, Steininger P, Ziegler R, Steinmann J, Korn K, Ensser A.

SARS‐CoV‐2 samples may escape detection because of a single point

mutation in the N gene. Euro Surveill. 2020;25(39).

47. Whetton AD, Preston GW, Abubeker S, Geifman N. Proteomics

and informatics for understanding phases and identifying

biomarkers in COVID‐19 disease. J Proteome Res. 2020;19:

4219‐4232.

48. Quesada JA, Lopez‐Pineda A, Gil‐Guillen VF, Arriero‐Marin JM,

Gutierrez F, Carratala‐Munuera C. Incubation period of COVID‐19: a
systematic review and meta‐analysis. Rev Clin Esp. 2020.

49. Hou T, Zeng W, Yang M, et al. Development and evaluation of a rapid

CRISPR‐based diagnostic for COVID‐19. PLOS Pathog. 2020;16(8):

e1008705.

How to cite this article: Syal K. Guidelines on newly identified

limitations of diagnostic tools for COVID‐19 and

consequences. J Med Virol. 2021;93:1837‐1842.
https://doi.org/10.1002/jmv.26673

1842 | SYAL

https://doi.org/10.1002/jmv.26673



