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Background: In December 2019 a novel coronavirus SARS-CoV-2 emerged in the Hunan
seafood market in Wuhan, China, and soon became a global health problem. Since its
outbreak, SARS-CoV-2 has had a major impact on clinical diagnostic laboratories. The
scientific community has quickly risen to the occasion and reports of new developments
have arrived at an unprecedented scale. At present, there is a growing list of over 400 SARC-
CoV-2 diagnostic tests either in development or approved for clinical use. This presentation
reviews the current laboratory methods available for testing COVID- 19 in microbiology
laboratories and also provides an insight into the future diagnostics approaches.
Methods: Proper respiratory specimen collected at the appropriate time and from the right
anatomical site is critical in the accurate and timely diagnosis of SARSCoV2. While
oropharyngeal and nasopharyngeal swabs are recommended for the detection of early
infection, other lower respiratory tract specimens like the sputum and bronchoalveolar
lavage are used for late detection and monitoring of patients with severe COVID-19
pneumonia.
Results and Conclusion: Real-time RT-PCR based molecular assay remains the test of choice
for the etiological diagnosis of SARS-CoV-2 while serological tests are being introduced as
supplementary tools. Finally, there is an urgent need for scaling up the diagnostic capacity
by the introduction of reliable and accurate point-of-care tests which will assist in effective
control of this outbreak. These assays can be used in the local hospitals and clinics bearing
the burden of identifying and treating patients.

© 2020 Tuberculosis Association of India. Published by Elsevier B.V. All rights reserved.

1. Introduction

Coronaviruses belong to family Coronaviridae which include
four genera designated by Greek letters alpha, beta, delta, and
alphacoronaviruses  and

gamma."! Of these only

betacoronaviruses are known to cause disease in humans.
Coronaviruses are so named because they look like halos
(known as coronas) when viewed under the electron micro-
scope. These spherical shaped enveloped viruses contain
single-stranded 32 kilobases long positive-sense RNA. Coro-
naviruses have the largest known viral genome and can
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contain up to 10 open reading frames (ORFs). These viruses
spread through the air and are responsible for about 10-30%
of the colds worldwide. Since the isolation of the first coro-
navirus in 1937, Human coronaviruses (HCoVs) have been
known to cause mild upper respiratory disease in humans
until two highly pathogenic HCoVs-severe acute respiratory
syndrome coronavirus (SARS-CoV) and Middle East respira-
tory syndrome coronavirus (MERS-CoV) emerged from animal
reservoirs in the 21st century. SARS-CoV and MERS-CoV
caused a global epidemic with alarming morbidity and mor-
tality.”’ In December 2019, a novel coronavirus named as
2019-novel coronavirus (2019-nCoV or SARS-CoV-2) was
identified to cause atypical pneumonia in a cluster of patients
linked to the wholesale market in Wuhan, China.* Soon 2019-
nCoV was reported from almost all the countries in the world,
suggesting the possibility of human-to-human transmissions
and/or multiple spill-over events in different settings. On
March 12th, 2020, WHO declared the 2019- nCoV outbreak as
pandemic.” The spectrum of this disease in humans is yet to
be fully determined. The incubation period of SARS-CoV-2
infection is almost similar to that of SARS. The reported
mean incubation period of the disease is 5.2 days.® The re-
ported symptoms include fever and cough reported early in
the course of illness.”® Infections are also characterized by
dyspnea, respiratory distress, and a positive chest X-ray.’
Lower respiratory symptoms often develop about 1 week
from the onset of initial symptoms.” As of August 16, 2020, a
total 21,294,845 confirmed cases and 761,779 deaths due to
2019-nCoV have been reported globally.’® There is thus an
urgent need for reliable diagnostic tests specific for confirming
suspected cases, screening patients, and conducting virus
surveillance.

2. Laboratory diagnosis
2.1. Specimen collection

Upper respiratory tract specimens collected within 5—6 days
of the onset of the symptoms have demonstrated high viral
loads. Thus, a nasopharyngeal and/or an oropharyngeal swab
are recommended for initial screening and diagnosis of early
infection.’™'? Swabs should have flocked non-toxic synthetic
fibers, such as polyester, as well as synthetic nylon handles.*?
Because of its safety and better tolerance by the patients, a
single nasopharyngeal swab has become the specimen of
choice. Wang et, al,, in their recent study have reported that
oropharyngeal swabs (n = 398) were used much more
frequently than nasal swabs (n = 8) in China during the
COVID-19 outbreak; however, they were able to detect SARS-
CoV-2 RNA in only 32% of oropharyngeal swabs, which was
significantly lower than the level in nasal swabs (63%).* In
order to increase the sensitivity, the WHO recommends the
collection of a combined nasopharyngeal and oropharyngeal
swab.'® However, an important aspect to consider while col-
lecting both nasal and oral swabs either as independent
specimens or together within a single aliquot of viral transport
medium is that it may place potential stress on national and
institutional supply chains. Once collected, swabs should be

placed in vials containing Viral Transport Medium (VTM) and
transported to the laboratory within 24—72 hours, ideally
under refrigerated conditions (4—8 °C). If delays in transport
are expected, the samples should be stored at —70 °C.

Lower respiratory tract specimens such as sputum and
bronchoalveolar lavage are used for late detection and moni-
toring of patients with severe COVID-19 pneumonia.®’® A
recent study concluded that bronchoalveolar lavages yield the
highest SARS-CoV-2 RNA.™ It should however be noted that
this study did not compare/evaluate the use of nasopharyn-
geal or oropharyngeal swabs. In patients requiring emergent
intubation, a lower respiratory tract specimen should be
collected during the intubation procedure. Some patients with
COVID-19 pneumonia have also demonstrated high viral loads
in fecal material late in their clinical course.”” The enteric
involvement in patients with severe coronavirus infections
has previously been established where SARS coronaviruses
were isolated from the stool and were also demonstrated in
enterocytes under the electron microscope.’®' Thus, in
addition to direct respiratory samples, in advanced COVID-19
cases, rectal swabs may be preferred sample for diagnosis.®

2.2.  Assay selection

Since its emergence the development of SARC-CoV-2 di-
agnostics has advanced rapidly. While most countries are
relying on nucleic acid testing, there is an ongoing effort to
develop serological tests.?**!

2.3. Serology

Immunoassays have been developed for the rapid detection of
SARS-CoV-2 antigens or antibodies. These rapid point-of-care
immunoassays are generally lateral flow assays and have
been developed for detecting antigens such as the SARS-CoV-2
virus and for detecting antibodies (IgM and IgG) against SARS-
CoV-2.

Rapid antigen tests would theoretically provide the
advantage of fast time to result and low cost of detection but
are likely to suffer from poor sensitivities based on previous
experiences with flu viruses®>**.?* Nonspecific responses of
IgM and weeks required to develop specific IgG responses limit
their use in active case management but can play a role in
diagnosing late infection. A significant perspective to consider
is the potential utilization of serology in the asymptomatic
population or those presenting with mild symptoms
(including health care workers). These are a substantial group
of people who are not tested for viral RNA (for practical rea-
sons) thereby masking a population's true rate of infection. As
the epidemic progresses and more large-scale studies become
available, serology may offer the greatest potential to under-
stand the true scale of human-to-human transmission of the
2019 novel coronavirus.

Currently, there are an increasing number of in vitro
diagnostic companies that are developing or have developed
tests for antibodies (https://www.finddx.org/covid-19/
pipeline/). Five of the seventeen antigen-detection rapid
diagnostic tests and 26 of the 53 antibody detection tests re-
ported on the website have been selected for the first round of
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evaluation. Additional tests will continue to be reviewed on a
rolling basis. Cellix was the first company to get emergency
use status from the FDA. Ortho Clinical's VITROS and Mesa
Biotech's Accula SARS-CoV-2 tests are the others that got this
approval.

2.4.  Nucleic acid testing or molecular testing

Deep sequencing molecular methods such as the next-
generation sequencing and metagenomic next-generation
sequencing will play an important role in determining future
SARS-CoV-2 mutation but are currently of no use in the
diagnosis of COVID-19. Cases of SARS-CoV-2 tested negative
for endemic HCoVs included in the molecular repository
panels.’ Thereby indicating the need for different sets of
target oligonucleotides.

Eleven molecular devices for diagnosis of SARS-CoV-2 had
received urgent approval from National Medical Products
Administration (NMPA) during the growing outbreak in China.
Variable performance has been reported on these
devices.” %% It is however important to note that nine out of
these eleven devices incorporated real-time RT-PCR tech-
niques with hydrolysis probes. Since then most of the mo-
lecular diagnostics being developed for the diagnosis of
COVID-19 infections involve real-time RT-PCR. A major
advantage of real-time RTPCR assays is that amplification and
analysis are done simultaneously in a closed system to
minimize false-positive results associated with amplification
product contamination. Several RTPCR protocols for detection
of SARSCoV-2 RNA have been posted by world health organi-
(http://www.who.int/emegencies/diseases/novel-
coronavirus-2019/technical-guidance/laboratory-guidance).
Of these, the protocols from US Centers for Disease Control
and Prevention (CDC),”° The Charité Institute of Virology in
Berlin, Germany”® and the Hong Kong University®' are widely
utilized. Other molecular methods that are being evaluated
include the Clustered Regularly Interspaced Short Palindromic
Repeats (CRISPR), the Loop-Mediated Isothermal Amplifica-
tion (LAMP), and multiplex isothermal amplification followed
by microarray.*

zation

2.5.  Target selection for RT-PCR

Coronaviruses have a number of molecular targets within
their positive-sense, single-stranded RNA genome that can be
used for PCR assays.'™"® These include structural proteins,
including envelope glycoproteins spike (S), envelope (E),
transmembrane (M), helicase (Hel), and nucleocapsid (N). In
addition to these genes that encode structural proteins, there
are species-specific accessory genes that are required for viral
replication. These include RNA dependent RNA polymerase
(RdRp), hemagglutinin-esterase (HE), and open reading frames
136 ORFla and ORF1b."’

To avoid possible cross-reaction with other endemic
coronaviruses, at least two molecular targets should be
included in the assay for detection of SARS-CoV-2. The ideal
design would include at least one conserved region and one
specific region to mitigate against the effects of genetic drift,

especially as the virus evolves within new populations. The
CDC recommends two nucleocapsid targets (N1 and N2) while
WHO recommends initial screening with E gene followed by
confirmation using the RdRp."

3. Result interpretation

If all the targets in the RT-PCR assay test positive, a case is
considered to be laboratory confirmed. A cycle threshold value
(Ct-value) less than 40 is defined as a positive test, while a Ct-
value of 40 or more is defined as a negative test. A Ct-value <40
only one of the two targets is defined as indeterminant and
requires confirmation by retesting.’® Currently the assays
with three targets, positives for two or more targets are
considered positive.

4, Future directions

Currently, most of the COVID-19 testing is performed in the
laboratory environment. Accurate and scalable point-of-care
(POC) tests would increase the scope of testing in the com-
munity outside the laboratory settings." Diagnostics de-
velopers are now striving to bring fast SARS CoV-2 tests to
market as soon as possible. These short-turnaround-time
tests will be very important for real-time patient manage-
ment and infection control decisions. Six commercially
available POC tests Xpert SARS-Cov-2 by Cepheid, VitaPCR
COVID-19 assay by Credo, RapiPrep COVID-19 by Microsens
Dx, ePlex SARS-CoV-2 by GlenMark Diagnostics, Accula SARS-
CoV-2 by Mesa Biotech and ID NOW COVID-19 by Abbott Di-
agnostics have shown promising results and have obtained
either the CE marking or the emergency use approval. The
time to result of these tests varies from 13 minutes (Abbott ID
NOW) to 45 minutes (Cepheid Xpert Xpress). None of these
devices, however, have evidence of clinical diagnostic accu-
racy so far. These tests have been validated on a small number
of spiked samples in the laboratory (20—50 positive samples).
The release of new and reliable tests or expanding the ca-
pacity of tests will go a long way in curbing the pandemic. To
this date more than 100 tests have received emergency use
authorization by the US FDA (https://www.fda.gov/medical-
devices/emergency-situations-medical-devices/emergency-
use-authorizations-medical-devices). The choice of the sam-
ple is also critical. Although Nasopharyngeal swabs have
shown superiority over the oropharyngeal swabs, to increase
the yield an oropharyngeal swab can be combined with a
nasopharyngeal swab but this would require twice the number
of swabs. Alternative samples such as the saliva and nasal
washes could be used for epidemiological screening. Recently
a test developed by Rutgers, RUCDR Infinite Biologics and its
collaborators, Spectrum Solutions and Accurate Diagnostic
Labs which use saliva have obtained FDA emergency use
approval (https://www.fda.gov/medical-devices/emergency-
situations-medicaldevices/emergency-useauthorizations).
The role of rectal swabs in managing patients with late infec-
tion is currently not well understood and needs more research.


http://www.who.int/emegencies/diseases/novel-coronavirus-2019/technical-guidance/laboratory-guidance
http://www.who.int/emegencies/diseases/novel-coronavirus-2019/technical-guidance/laboratory-guidance
https://www.fda.gov/medical-devices/emergency-situations-medical-devices/emergency-use-authorizations-medical-devices
https://www.fda.gov/medical-devices/emergency-situations-medical-devices/emergency-use-authorizations-medical-devices
https://www.fda.gov/medical-devices/emergency-situations-medical-devices/emergency-use-authorizations-medical-devices
https://www.fda.gov/medical-devices/emergency-situations-medicaldevices/emergency-useauthorizations
https://www.fda.gov/medical-devices/emergency-situations-medicaldevices/emergency-useauthorizations
https://doi.org/10.1016/j.ijtb.2020.09.023
https://doi.org/10.1016/j.ijtb.2020.09.023

INDIAN JOURNAL OF TUBERCULOSIS 67 (2020) S128—-S131

S131

Conflicts of interest

The authors have none to declare.

REFERENCES

10.

11.

12.

13.

14.

15.

. CuiJ, Li F, Shi ZL. Origin and evolution of pathogenic

coronaviruses. Nat Rev Microbiol. 2019;17:181—192.

. Donnelly CA, Malik MR, Elkholy A, Cauchemez S Van,

Kerkhove MD. Worldwide reduction in MERS cases and
deaths since 2016. Emerg Infect Dis. 2019;25:1758—1760.

. Poon LL, Guan Y, Nicholls JM, Yuen KY, Peiris JS. The

aetiology, origins, and diagnosis of severe acute respiratory
syndrome. Lancet Infect Dis. 2004;4:663—671.

. World Health Organization. Novel coronavirus (2019-nCoV),

Situation report-1 https://www.who.int/docs/default-source/
coronaviruse/situation-reports/20200121-sitrep-1-2019-ncov.
pdf?sfvrsn=20a99c10_4.

. World health organization. Coronavirus Disease (COVID-19)

outbreak-available at: http://www.euro.who.int/en/health-
topics/health-emergencies/coronavirus-covid19/news/news/
2020/3/who-announces-covid-19-outbreak-a-pandemic/.

. Li Q, Guan X, Wu P, et al. Early transmission dynamics in

Wuhan, China, of novel coronavirus-infected pneumonia. N
Engl ] Med. 2020;382:1199—1207.

. Huang C, Wang Y, Li X, et al. Clinical features of patients

infected with 2019 novel coronavirus in Wuhan, China. Lancet.
2020;24:30183—30185.

. Wang W, Tang J, Wei F. Updated understanding of the

outbreak of 2019 novel 198 coronavirus (2019-nCoV) in
Wuhan, China. ] Med Virol. 2020;92:441—447.

. Lu R, Zhao X, Li]J, et al. Genomic characterization and

epidemiology of 2019 novel coronavirus: implications for
virus origins and receptor binding. Lancet.
2020;30:30251—-30258.

World Health Organization. Coronavirus Disease 2019
(COVID-19), Situation Report- 209 https://www.who.int/docs/
default-source/coronaviruse/situation-reports/20200816-
covid-19-sitrep-209.pdf?sfvrsn=5ddelca2 2.

Wolfel R, Corman VM, Guggemos W, et al. Virological
assessment of hospitalized patients with COVID-2019. Nature.
2020;579. https://doi.org/10.1038/s41586-020-2196-x [Epub
ahead of 214 print].

Kim C, Ahmed JA, Eidex RB, et al. Comparison of
nasopharyngeal and oropharyngeal swabs for the diagnosis
of eight respiratory viruses by real-time reverse transcription-
PCR assays. PloS One. 2011;6, €21610. https://doi.org/10.1371/
journal.pone.0021610.

Corman VM, Landt O, Kaiser M, Molenkamp R, Meijer A,
Chu DKW. Detection of 2019 novel coronavirus (2019-nCoV)
by real-time RT-PCR. Euro Surveill. 2020;25(3). https://doi.org/
10.2807/1560-7917.ES.2020.25.3.2000045.

Wang W, Xu Y, Gao R, et al. Detection of SARS-CoV-2 in
different types of clinical specimens. JAMA. 2020;11.

World Health Organization. Laboratory testing for 2019 novel
coronavirus (2019-nCoV) In suspected human cases available
at: https://www.who.int/publications/i/item/10665-331501.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

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;28.

Young BE, Ong SWX, Kalimuddin S, et al. Epidemiologic
features and clinical course of patients infected with SARS-
CoV-2 in 235 Singapore. JAMA. 2020;3.

Leung WK, TO KF, Chan PK, et al. Enteric involvement of
severe acute respiratory syndrome-associated coronavirus
infection. Gastroenterology. 2003;125:1011—-1017.

XuD, Zhang Z, Jin L, et al. Persistent shedding of viable SARS-
CoVinurine and stool of SARS patients during the convalescent
phase. Eur ] Clin Microbiol Infect Dis. 2005;24:165—171.

World Health Organization. Coronavirus Disease (COVID-19)
Technical Guidance: 251 Laboratory Testing for 2019-nCoV in
Humans. https://www.who.int/emergencies/diseases/novel-
coronavirus-2019/technical-guidance-publications.

Centers for Disease Control and Prevention. Coronavirus
disease 2019 (COVID-19): CDC 255 tests for COVID-19. Last
reviewed March 9, 2020. https://www.cdc.gov/coronavirus/
2019-ncov/about/testing. html.

Chen Y, Chan KH, Hong C, et al. A highly specific rapid
antigen detection assay for onsite diagnosis of MERS. ] Infect.
2016;73:82—84.

Lau Susanna KP, Xiao-Yan Che Patrick C, Woo Y, et al.
Detection of severe acute respiratory syndrome (SARS)
coronavirus nucleocapsid protein in sars patients by enzyme-
linked immunosorbent assay. J Clin Microbiol.
2004,42:2884—2889.

Sastre P, Dijkman R, Camunas A, et al. Differentiation
between human coronaviruses NL63 and 229E using a novel
double antibody sandwich enzyme-linked immunosorbent
assay based on specific monoclonal antibodies, 266 Clin
Vaccine Immunol. 2011;18:113—118.

Mahony JB, Richardson S. Molecular diagnosis of severe acute
respiratory syndrome: the state of the art. ] Mol Diagn.
2005;7:551—-559.

Wu W, Tang YW. Emerging molecular assays for detection
and characterization of respiratory viruses. Clin Lab Med.
2009;29(4):673—693.

Babady NE, England MR, Jurcic Smith KL, et al. Multicenter
evaluation of the ePlex respiratory pathogen panel for the
detection of viral and bacterial respiratory tract pathogens in
nasopharyngeal swabs. ] Clin Microbiol. 2018;56(2), 01658-01617.
Babady NE, Mead P, Stiles ], et al. Comparison of the Luminex
XTAG RVP fast assay and the IdahoTechnology FilmArray RP
assay for detection of respiratory viruses in pediatric patients
at a cancer hospital. J Clin Microbiol. 2012;50(7):2282—2288.
Holshue ML, DeBolt C, Lindquist S, Lofy KH, Wiesman J,
Bruce H. First case of 2019 novel coronavirus in the United
States. N Engl ] Med. 2020;382:929—936.

Rothe C, Schunk M, Sothmann P, et al. Transmission of 2019-
nCoV infection from an asymptomatic contact in Germany. N
Engl ] Med. 2020;382:970—971.

Chan JF, Yuan S, Kok KH, et al. A familial cluster of
pneumonia associated with the 2019 novel coronavirus
indicating person-to-person transmission: a study of a family
cluster. Lancet. 2020;395:514—523.

AiJW, Zhang Y, Zhang HC, Xu T, Zhang WH. Era of molecular
diagnosis for pathogen identification of unexplained
pneumonia, lessons to be learned. Emerg Microb Infect.
2020;9:597—-600.


http://refhub.elsevier.com/S0019-5707(20)30171-2/sref1
http://refhub.elsevier.com/S0019-5707(20)30171-2/sref1
http://refhub.elsevier.com/S0019-5707(20)30171-2/sref1
http://refhub.elsevier.com/S0019-5707(20)30171-2/sref2
http://refhub.elsevier.com/S0019-5707(20)30171-2/sref2
http://refhub.elsevier.com/S0019-5707(20)30171-2/sref2
http://refhub.elsevier.com/S0019-5707(20)30171-2/sref2
http://refhub.elsevier.com/S0019-5707(20)30171-2/sref3
http://refhub.elsevier.com/S0019-5707(20)30171-2/sref3
http://refhub.elsevier.com/S0019-5707(20)30171-2/sref3
http://refhub.elsevier.com/S0019-5707(20)30171-2/sref3
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200121-sitrep-1-2019-ncov.pdf?sfvrsn=20a99c10_4
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200121-sitrep-1-2019-ncov.pdf?sfvrsn=20a99c10_4
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200121-sitrep-1-2019-ncov.pdf?sfvrsn=20a99c10_4
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200121-sitrep-1-2019-ncov.pdf?sfvrsn=20a99c10_4
http://www.euro.who.int/en/health-topics/health-emergencies/coronavirus-covid19/news/news/2020/3/who-announces-covid-19-outbreak-a-pandemic/
http://www.euro.who.int/en/health-topics/health-emergencies/coronavirus-covid19/news/news/2020/3/who-announces-covid-19-outbreak-a-pandemic/
http://www.euro.who.int/en/health-topics/health-emergencies/coronavirus-covid19/news/news/2020/3/who-announces-covid-19-outbreak-a-pandemic/
http://refhub.elsevier.com/S0019-5707(20)30171-2/sref6
http://refhub.elsevier.com/S0019-5707(20)30171-2/sref6
http://refhub.elsevier.com/S0019-5707(20)30171-2/sref6
http://refhub.elsevier.com/S0019-5707(20)30171-2/sref6
http://refhub.elsevier.com/S0019-5707(20)30171-2/sref7
http://refhub.elsevier.com/S0019-5707(20)30171-2/sref7
http://refhub.elsevier.com/S0019-5707(20)30171-2/sref7
http://refhub.elsevier.com/S0019-5707(20)30171-2/sref7
http://refhub.elsevier.com/S0019-5707(20)30171-2/sref8
http://refhub.elsevier.com/S0019-5707(20)30171-2/sref8
http://refhub.elsevier.com/S0019-5707(20)30171-2/sref8
http://refhub.elsevier.com/S0019-5707(20)30171-2/sref8
http://refhub.elsevier.com/S0019-5707(20)30171-2/sref9
http://refhub.elsevier.com/S0019-5707(20)30171-2/sref9
http://refhub.elsevier.com/S0019-5707(20)30171-2/sref9
http://refhub.elsevier.com/S0019-5707(20)30171-2/sref9
http://refhub.elsevier.com/S0019-5707(20)30171-2/sref9
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200816-covid-19-sitrep-209.pdf?sfvrsn=5dde1ca2_2
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200816-covid-19-sitrep-209.pdf?sfvrsn=5dde1ca2_2
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200816-covid-19-sitrep-209.pdf?sfvrsn=5dde1ca2_2
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200816-covid-19-sitrep-209.pdf?sfvrsn=5dde1ca2_2
https://doi.org/10.1038/s41586-020-2196-x
https://doi.org/10.1371/journal.pone.0021610
https://doi.org/10.1371/journal.pone.0021610
https://doi.org/10.2807/1560-7917.ES.2020.25.3.2000045
https://doi.org/10.2807/1560-7917.ES.2020.25.3.2000045
http://refhub.elsevier.com/S0019-5707(20)30171-2/sref14
http://refhub.elsevier.com/S0019-5707(20)30171-2/sref14
https://www.who.int/publications/i/item/10665-331501
http://refhub.elsevier.com/S0019-5707(20)30171-2/sref16
http://refhub.elsevier.com/S0019-5707(20)30171-2/sref16
http://refhub.elsevier.com/S0019-5707(20)30171-2/sref16
http://refhub.elsevier.com/S0019-5707(20)30171-2/sref17
http://refhub.elsevier.com/S0019-5707(20)30171-2/sref17
http://refhub.elsevier.com/S0019-5707(20)30171-2/sref17
http://refhub.elsevier.com/S0019-5707(20)30171-2/sref18
http://refhub.elsevier.com/S0019-5707(20)30171-2/sref18
http://refhub.elsevier.com/S0019-5707(20)30171-2/sref18
http://refhub.elsevier.com/S0019-5707(20)30171-2/sref18
http://refhub.elsevier.com/S0019-5707(20)30171-2/sref19
http://refhub.elsevier.com/S0019-5707(20)30171-2/sref19
http://refhub.elsevier.com/S0019-5707(20)30171-2/sref19
http://refhub.elsevier.com/S0019-5707(20)30171-2/sref19
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/technical-guidance-publications
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/technical-guidance-publications
https://www.cdc.gov/coronavirus/2019-ncov/about/testing.html
https://www.cdc.gov/coronavirus/2019-ncov/about/testing.html
http://refhub.elsevier.com/S0019-5707(20)30171-2/sref22
http://refhub.elsevier.com/S0019-5707(20)30171-2/sref22
http://refhub.elsevier.com/S0019-5707(20)30171-2/sref22
http://refhub.elsevier.com/S0019-5707(20)30171-2/sref22
http://refhub.elsevier.com/S0019-5707(20)30171-2/sref23
http://refhub.elsevier.com/S0019-5707(20)30171-2/sref23
http://refhub.elsevier.com/S0019-5707(20)30171-2/sref23
http://refhub.elsevier.com/S0019-5707(20)30171-2/sref23
http://refhub.elsevier.com/S0019-5707(20)30171-2/sref23
http://refhub.elsevier.com/S0019-5707(20)30171-2/sref23
http://refhub.elsevier.com/S0019-5707(20)30171-2/sref24
http://refhub.elsevier.com/S0019-5707(20)30171-2/sref24
http://refhub.elsevier.com/S0019-5707(20)30171-2/sref24
http://refhub.elsevier.com/S0019-5707(20)30171-2/sref24
http://refhub.elsevier.com/S0019-5707(20)30171-2/sref24
http://refhub.elsevier.com/S0019-5707(20)30171-2/sref24
http://refhub.elsevier.com/S0019-5707(20)30171-2/sref24
http://refhub.elsevier.com/S0019-5707(20)30171-2/sref25
http://refhub.elsevier.com/S0019-5707(20)30171-2/sref25
http://refhub.elsevier.com/S0019-5707(20)30171-2/sref25
http://refhub.elsevier.com/S0019-5707(20)30171-2/sref25
http://refhub.elsevier.com/S0019-5707(20)30171-2/sref26
http://refhub.elsevier.com/S0019-5707(20)30171-2/sref26
http://refhub.elsevier.com/S0019-5707(20)30171-2/sref26
http://refhub.elsevier.com/S0019-5707(20)30171-2/sref26
http://refhub.elsevier.com/S0019-5707(20)30171-2/sref27
http://refhub.elsevier.com/S0019-5707(20)30171-2/sref27
http://refhub.elsevier.com/S0019-5707(20)30171-2/sref27
http://refhub.elsevier.com/S0019-5707(20)30171-2/sref27
http://refhub.elsevier.com/S0019-5707(20)30171-2/sref28
http://refhub.elsevier.com/S0019-5707(20)30171-2/sref28
http://refhub.elsevier.com/S0019-5707(20)30171-2/sref28
http://refhub.elsevier.com/S0019-5707(20)30171-2/sref28
http://refhub.elsevier.com/S0019-5707(20)30171-2/sref28
http://refhub.elsevier.com/S0019-5707(20)30171-2/sref29
http://refhub.elsevier.com/S0019-5707(20)30171-2/sref29
http://refhub.elsevier.com/S0019-5707(20)30171-2/sref29
http://refhub.elsevier.com/S0019-5707(20)30171-2/sref29
http://refhub.elsevier.com/S0019-5707(20)30171-2/sref30
http://refhub.elsevier.com/S0019-5707(20)30171-2/sref30
http://refhub.elsevier.com/S0019-5707(20)30171-2/sref30
http://refhub.elsevier.com/S0019-5707(20)30171-2/sref30
http://refhub.elsevier.com/S0019-5707(20)30171-2/sref31
http://refhub.elsevier.com/S0019-5707(20)30171-2/sref31
http://refhub.elsevier.com/S0019-5707(20)30171-2/sref31
http://refhub.elsevier.com/S0019-5707(20)30171-2/sref31
http://refhub.elsevier.com/S0019-5707(20)30171-2/sref31
http://refhub.elsevier.com/S0019-5707(20)30171-2/sref32
http://refhub.elsevier.com/S0019-5707(20)30171-2/sref32
http://refhub.elsevier.com/S0019-5707(20)30171-2/sref32
http://refhub.elsevier.com/S0019-5707(20)30171-2/sref32
http://refhub.elsevier.com/S0019-5707(20)30171-2/sref32
https://doi.org/10.1016/j.ijtb.2020.09.023
https://doi.org/10.1016/j.ijtb.2020.09.023

