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Abstract

The outbreak of Corona Virus Disease-19 (COVID-19), caused by Severe Acute Respiratory Syndrome Corona Virus - 2
(SARS-CoV-2), a global pandemic, is having a significant impact on healthcare, especially the clinical microbiology laboratories
all around the world. There are many reports which suggest that the disease can present with gastrointestinal symptoms such as
nausea, vomiting, diarrhea, and loss of appetite, which the gastroenterologists may have to deal with. Hence, knowledge about
the diagnosis of COVID-19 is important to gastroenterologists as well. The current review therefore covers the challenges faced
while choosing appropriate sample collection, transport, and tests for SARS-CoV-2 infection. The right sample at the right time
from the right anatomical site with the proper precautions is crucial in prompt and accurate diagnosis of COVID-19. The tests can
be divided into direct, indirect, and complementary tests. In the direct test, real-time polymerase chain reaction (RT-PCR) assays
are the molecular tests of choice for the diagnosis of COVID-19. Other direct tests include GeneXpert and TrueNAT. In indirect
testing, antigen-antibody-based techniques are recommended for surveillance for the disease, which may help to formulate the
control measures. Finally, the additional tests help in assessing the disease severity and evaluating the prognosis. All the above
tests are important not only for diagnosis but also for management strategy and prognosis.
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Introduction

Corona Viruses are positive-stranded ribonucleic acid (RNA)
viruses, which belong to the Coronaviridae family. These vi-
ruses cause illness, which may range from asymptomatic in-
fections or mild flu to severe disease like pneumonia [1-3].
The recently emerged strain, Severe Acute Respiratory
Syndrome Corona Virus - 2 (SARS-CoV-2), also has a varied
presentation.

In a recent systematic review, data from 29 studies includ-
ing 6064 cases showed that the prevalence of
gastrointestinal (GI) symptoms was 15% among patients with
Corona Virus Disease-19 (COVID-19) [4]. It was also ob-
served that nearly 10% of patients had only GI symptoms.
Feco-oral transmission can be one potential route for
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transmission of the disease apart from respiratory route [5].
A study testing different samples from patients with SARS-
CoV-2 infection observed that around 29% fecal samples
were positive for viral nucleic acid [6]. In another study by
Xu et al., rectal swabs in 8 of 10 pediatric patients with
COVID-19 were persistently positive even after nasopharyn-
geal samples became negative [7].

Arriving at an early diagnosis in such patients with no
respiratory symptom is important to prevent delay in treatment
and transmission of infection. The preferred testing method is
the real-time reverse transcriptase-polymerase chain reaction
(RT-PCR). Other tests, GeneXpert and TrueNAT, based on
nucleic acid amplification are used in the resource-limited
areas with less expertise [8—11] (https://www.who.int/
emergencies/diseases/novel-coronavirus-2019/technical-
guidance/early-investigations). Viral culture is not
recommended for routine diagnosis. It is of importance
during environmental and the sewage surveillance and
cannot be done in resource-limited setup [12]. This manu-
script guides in the selection, performance, interpretation of
test results, biosafety, and other current issues in the diagnosis
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as well as prognosis of COVID-19, catering to the needs of
clinicians including gastroenterologists, clinical microbiolo-
gists, and public health specialists.

Laboratory diagnosis

Laboratory diagnosis plays a vital role in early identification,
isolation, treatment, and prevention of morbidity and mortality
and curtailing the transmission of SARS-CoV-2 infection. It
involves direct, indirect, and complementary tests (Table 1).
Direct tests are used for identifying the disease-causing agent
from the patients. Indirect tests are used to identify the im-
mune response of the host to the disease. Before selecting the
type of test, pre-analytical procedures constitute a crucial part
of the diagnosis of any infectious disease [12].

Pre-analytical procedures

Pre-analytical procedures include categorizing the patients
based on the risk stratification, deciding the type of sample
to be collected, collection methods, and sample transport.

Specimen collection and shipment Before collection, ade-
quate training must be given to staff regarding the standard
operational procedures for collection and transport of samples
as well as the biosafety measures. The sensitivity for the de-
tection of Corona Virus is high if samples from both the upper
and lower respiratory tracts are collected. High viral loads
were observed in the respiratory tract within 5-6 days of
symptom onset [12]. The upper respiratory samples include
nasopharyngeal (NP) and oropharyngeal (OP) specimens. In a
study, the sensitivity of OP swabs for the detection of SARS-
CoV-2 RNA was 32% as compared with NP swabs of 63% [6,
10]. Lower respiratory tract samples may also be used. These
include sputum, lung biopsy, bronchoalveolar lavage (BAL),
and tracheal aspirate, which may be collected in intubated
patients. The collection of lower respiratory tract samples is
usually associated with the generation of aerosols, which
poses a risk to the healthcare workers (HCWs).
Bronchoscopy for collection of BAL is an invasive procedure
and requires well-trained staff and may not be available in all
settings.

The Center for Disease Control and Prevention (CDC) rec-
ommends that if NP and OP swabs are being collected, these
must be placed in the same collection tube containing the viral
transport medium (VIM) (https://www.cdc.gov/coronavirus/
2019-ncov/lab/guidelines-clinical-specimens.html). Swabs
should be collected using synthetic fiber with plastic or wire
shafts. For obtaining a NP sample, a swab is inserted through
the nostril parallel to the palate until resistance is felt indicating
encounter with the nasopharynx. The swab should cover a
distance equal to that from nostrils to the outer opening of the
ear. The swab is then gently rubbed and left in place for several
seconds to absorb secretions, then removed slowly. The same
swab can be used to collect a sample from both the sides. For the
collection of OP sample, another swab is rubbed over both
tonsillar pillars and posterior oropharynx. A properly inserted
NP swab usually causes tear formation in patients, while a
properly placed OP swab should elicit a gag reflex [12].
Calcium alginate swabs or swabs with wooden shafts should
not be used as these may contain substances that inactivate
some viruses and inhibit PCR testing. The collected samples
should be placed immediately into a sterile transport tube
containing 2-3 mL of VTM. Swabs and other specimens may
be stored at 2—8 °C for up to 72 h after collection. If a delay in
testing or shipping is expected, the specimens should be stored at
=70 °C or below. Samples must be packaged, shipped, and
transported according to the International Air Transport
Association (IATA) guidelines in a triple-layered fashion. It has
to be duly labeled with the biohazard symbol and the patient
details (https://www.cdc.gov/coronavirus/2019-ncov/lab/
guidelines-clinical-specimens.html).

For sputum collection, its induction is not recommended.
Samples should be collected wearing complete personal pro-
tective equipment (PPE) due to the risk of generation of aero-
sols [12]. Proper and appropriate collection of specimens is
the most crucial step in the laboratory diagnosis of any respi-
ratory infection. If not collected properly, it may lead to false-
negative test results [13]. Other samples like blood, serum,
stool, urine, and the other body fluids and sewage specimens
have also shown to give effective results in the diagnosis and
surveillance of the SARS-CoV-2 infection [14].

Fecal samples Approximately 10 g of feces may be collected
in a wide-mouthed clean container. A stool suspension is
made in isotonic saline solution or phosphate-buffered saline,

Table 1 Various tests used for

management of Corona Virus Direct tests

Indirect test

Disease-19

Real-time reverse transcriptase-polymerase chain reaction

(preferred)
Xpert® Xpress SARS-CoV-2
TrueNAT

Antigen and antibody detection by serological
assays

SARS-CoV-2 Severe Respiratory Distress Syndrome Corona Virus-2
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Table 2 Sensitivity of different clinical samples by real-time polymer- Organization (WHO), which has been published for laborato-
ase chain reaction (RT-PCR) . . .

ry biosafety [21]. The respiratory specimens should be proc-
Sample type Sensitivity essed in class II biological safety cabinet (https://www.who.

int/emergencies/diseases/novel-coronavirus-2019/technical-
Nasal swab [5] 63% guidance/early-investigations) [12, 17]. Samples should be
Pharyngeal swab [5] 32% transferred and stored properly as heating might degrade the
Feces [5, 18] 48.1% RNA [18, 19]. In self-enclosed integrated nucleic acid extrac-
Blood [5, 18] 1-3% tion, amplification, and detection systems such as Cobas
Sputum [5, 18] 72-75% (Roche Molecular Systems, Pleasanton, CA, US),
Bronchoalveolar lavage [5, 18] 93-95% GeneXpert (Cepheid, Sunnyvale, CA, US), and TrueNAT

which is centrifuged at 8000 revolution per minute (RPM) for
5 min. Supernatant is then collected for the detection of virus.
Samples should be tested as soon as possible and stored at
4 °C; if delay of > 24 h is expected, these can be stored at —
70 °C (http://www.chinacdc.cn/en/COVID19/202003/
P020200308322036088669.pdf). Anal swabs can also be col-
lected by inserting a swab up to a depth of 3-5 cm, rotating it
and pulling it out. The sample is transferred into a collection
tube with viral preserving solution (http://www.chinacdc.cn/
en/COVID19/202003/P020200308322036088669.pdf).
Many studies have shown the varying excretion of virus in the
stool, but not all the studies provided evidence to evaluate
relationship between viral excretion in the stool and the pres-
ence of GI symptoms. Due to the inadequate data to prove its
relevance, it is still advised to test both the OP and NP samples
[15, 16]. To summarize, the sensitivity data for the detection
of SARS-CoV-2 RNA in various samples by RT-PCR have
been listed in Table 2.

Safety measures for specimen processing for PCR and
other tests

All specimens collected for laboratory investigations should
be regarded as potentially infectious. One must ensure that
HCWs collecting samples adhere rigorously to infection pre-
vention and control guidelines according to the World Health

(Molbio Diagnostics Pvt. Ltd., Tirupati, India), the samples
from media are transferred into a cartridge in a class II bio-
safety cabinet, after which the cartridge is sealed [20].

The samples will be processed inside the biosafety level 2
(BSL-2) laboratory with all the standard contact precautions.
Any breach in the good laboratory practices and safety tech-
niques of BSL-2 might expose the technician for the unprec-
edented event. To date, there is lack of data on laboratory
outbreak of SARS-CoV-2 infection [21]. BSL-2 should be
used when nucleic acid handling and storage of SARS-CoV-
2 is done to avoid any exposure to the technician. In India,
according to Indian Council of Medical Research (ICMR)
guidelines, we discard the samples in a biohazard bag contain-
ing 2% lyzol or 5% freshly prepared sodium hypochlorite
solution after sealing the bag. According to the national guide-
lines, these discarded samples will be treated as infectious
waste and sent for further processing [22].

Assay selection

The molecular diagnostic tests are being the preferred method
for the diagnosis of SARS-CoV-2 infection. The RT-PCR
assay is considered as the current gold standard assay for
confirmatory diagnosis of COVID-19 [8, 10, 18, 23].
Target selection for RT-PCR assays

The various organizations, like CDC (USA), have approved
various kits [24]. Different manufacturers have used different

Table 3  Limit of detection of different nucleic acid—based tests
Types of tests Targets Limit of detection (LOD) Positive percent Negative percent
agreement (95% CI) agreement (95% CI)
Real-time RT-PCR E gene < 10 copies/mL 100% 100%
RdRp (varies from kit to kit)
N2 gene
Orflb
S gene
Xpert® Xpress SARS-CoV-2 E gene 250 copies/mL 100% 100%
N2 gene
TrueNAT RdRp 486 copies/mL 100% 100%
E gene

RT-PCR reverse transcriptase-polymerase chain reaction, C/ confidence interval
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Fig. 1 Diagram of TrueNAT (Molbio Diagnostics Pvt. Ltd., Tirupati,
India). a The PCR microchip used for amplification of the nucleic acid.
b The nucleic acid extractor towards the left side, amplifier towards the

gene targets. Most kits target one or more of the structural
genes like an envelope (E), spike (S), nucleocapsid (N),
membrane (M), and helicase (Hel) genes [26-28]. In ad-
dition to the above genes, there are some species-specific
accessory genes, which help in viral replication, like
RNA-dependent RNA polymerase (RdRp) gene,
hemagglutinin-esterase (HE) gene, and open reading
frame la (ORFla) gene, and ORF1b gene [9, 24-27].
The WHO recommends screening with an E gene follow-
ed by a confirmatory test using the RdRp gene to avoid
cross-reaction with other endemic coronaviruses due to
the genetic drift of SARS-CoV-2 [9]. Assay performance
is usually dictated by the reagent design, not the target
itself, since the viral genes are present in equal copy
numbers.

Post-analytical issues This involves the interpretation of mo-
lecular results and reporting.

right side with a calibrated pipette, and the AUTO Universal Cartridge—
Based Sample Prep® Trueprep kit

Interpretation of molecular test results

In most of the symptomatic patients, viral RNA is measured by
cycle threshold (Ct), which can be detected as early as day 1 and
peaks in the first week after onset of symptoms [29]. The Ct
value is the number of cycles of amplification required to gener-
ate a fluorescent signal. Thus, lower values of Ct will mean high
viral RNA load [28]. These Ct values have no direct or indirect
correlation with the severity of the disease, whereas the Ct values
can be inversely proportional to the viral load present in the
sample and thus the transmissibility [14, 28, 30].

The interpretation of the result is specific to the kit; i.e. in the
CDC-recommended kit, if both the genes test positive, then the
test will be considered positive (genes N1, N2); if the Ct value
is less than 40 and if only one gene tests positive, it will be
reported as indeterminate and repeat testing has to be done for
confirmation [24]. By the 3rd week, positivity declines and,

Fig. 2 a The laboratory worker in full personal protective equipment (PPE) processing the samples from patients with Corona Virus Disease (COVID-
19) in the biosafety cabinet. b The nucleic acid extraction from the virus. ¢ Polymerase chain reaction (PCR) machine amplifying the desired target
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Table 4 Limitation and advantage of TrueNAT over Xpert® Xpress SARS-CoV-2

SL TrueNAT

Xpert® Xpress SARS-CoV-2

No.
Chip-based assay Cartridge-based assay
2 Target: RNAase P, RdRp gene E gene, N2 gene
3 Advantages Limitations
a. Battery operable a. Power operable
b. No need of air-conditioned rooms b. Needs air-conditioned room
c. Cost-effective c. More risk of aerosol generation
d. Indigenous company, thus good availability
e. Less risk of aerosol generation, as viral lysis media lyses most of the infectious
material
4 Limitations Advantages

a. It is a 2-step process, since it works on 2 genes
b. Limit of detection is more, i.e. 486 copies/mL

a. Single-step process
b. Limit of detection is less than TrueNAT, i.e. 250
copies/mL

SARS-CoV-2 Severe Respiratory Distress Syndrome Corona Virus-2

after that, becomes undetectable [29]. Sometimes, the positivity
may persist even beyond 6 weeks after the first test [29].

Other nucleic acid-based tests

TrueNAT and Xpert® Xpress SARS-CoV-2 tests are based on
nucleic acid amplification (NAAT), which was earlier used for
tuberculosis detection [11]. The targets are E gene and N2 gene
in Xpert and RdRp gene in TrueNAT with a limit of detection of
250 copies/mL and 486 copies/mL, respectively (Table 3) [11]
(http://www.molbiodiagnostics.com/uploads/product_download/
20200526.133547~Final-Truenat-SARS-CoV-2-packinsert-
VER-02.pdf). Laboratories that have installed TrueNAT and
GeneXpert under Revised National Tuberculosis Control
Program (RNTCP) of the Ministry of Health and Family
Welfare, Government of India, but do not have expertise, human
resources, and infrastructure to perform RT-PCR are provided
with these test kits by ICMR. Currently, these kits are not available
commercially and are procured and supplied by ICMR. TrueNAT
has an edge compared with GeneXpert® since it works on a
battery and also without the need for an air conditioner as needed
for other nucleic acid amplification tests (Fig. 1) [31]. For
TrueNAT samples have to be sent in viral lysis media (VLM)
and not in VTM. Limitations of TrueNAT and Xpert® Xpress
SARS-CoV-2 are summarized in Table 4. Figure 2 shows the
schematic diagram of sample preparation within the biosafety
cabinet, nucleic acid extraction, and RT-PCR.

Indirect test
Serology of COVID-19
Serological assays based on the detection of antibodies help in

outbreak investigation and seroprevalence studies.
Seroprevalence studies help as an indirect indicator to see

@ Springer

the percentage of the population who can get infected due to
the virus, which helps for the preparation of subsequent waves
of infection.

These assays are available on various platforms like
enzyme-linked immunosorbent assay (ELISA), rapid diagnos-
tic tests in the form of lateral flow assay, and enzyme-linked
fluorescent assay (ELFA) (VIDAS®, SARS-CoV-2 serology,
Biomerieux, France). However, these tests are not recom-
mended for diagnostic purposes due to the cross-reactivity
with other endemic coronaviruses, which usually cause usual
type of flu in the community [31, 32]. One study showed that
only <40% of patients had detectable antibodies during the
first 67 days of COVID-19 [33]. A positive test may indicate
past infection with the virus. Various test kits have been made
available in the market for detecting the antigen in the serum
of the patients. However, the duration and dynamics of the
secretion of the protein antigens have not been established.
Therefore, the negative result cannot be used as a criterion to
rule out the infection with SARS-CoV-2 (https://www.paho.
org/en/documents/laboratory-guidelines-detection-and-
diagnosis-covid-19-virus-infection).

Supplementary tests

These help in assessing the disease severity and prognosis.
The tests like complete hemogram, liver function test, renal
function test, coagulation profile, chest X-ray, and high-
resolution computerized tomography (HRCT) scan of lungs
help detecting degree of involvement of different organs and
systems in patients with COVID-19.

Vulnerabilities in the diagnostic procedures

The potential vulnerabilities include pre-analytical issues such
as problems in identification, inappropriate or inadequate
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collection, handling, maintenance of the cold chain during
transport, fluctuation in storage temperature, presence of in-
terfering substances, manual errors, and sample contamina-
tion. There are various analytical issues like testing outside
the diagnostic window, active viral recombination, inade-
quately validated assays, and instrument malfunctioning.
Post-analytical vulnerabilities like errors and delay in
reporting should be noted. These can be identified and mini-
mized by dissemination of clear instructions for specimen col-
lection, management, and storage, along with the refinement
of molecular targets and thorough compliance with analytical
procedures, with quality assurance [34].

Cost-effective approach for testing

Low- and middle-income countries (LMIC) are facing the
brunt of the disease with limited access to the expertise, ma-
terials, and infrastructure. As proposed by the ICMR, five
samples of the different patients can be pooled together and
can be tested (pool testing) [35]. The approach of collecting
the samples of 5 members of the same family with mild or no
symptom in a single VIM can be tried. Extended use of PPE
may be considered according to the CDC strategy to reduce
the economic burden and to minimize the human resources
required [36]. As the lockdown has already hit these LMIC
countries economically, further brunt can be decreased by
rationalizing the test and the approach.

India’s strategic testing approach has been complemented
by the prolonged national lockdown while ICMR is trying to
ramp-up its testing capabilities by providing kits to various
laboratories as well as by using different innovative methods
for the peripheral laboratories, which lack the infrastructure to
perform RT-PCR. The accurate laboratory diagnosis of
COVID-19 will help in preventing its spread. India is all set
to cater to the increasing needs of testing by a multimodal
approach [31].
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