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Coronavirus disease 2019 (COVID-19): diagnosis and prognosis
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ABSTRACT

Coronavirus disease 2019 (COVID-19) has become a global pandemic with a high rate of transmission. Currently,
there is a lack of vaccines and specific drugs for this newly-emerged virus. Timely diagnosis and treatment, as
well as isolation of patients and virus carriers, contribute to the effective prevention and control of this epidemic.
This review focuses on early stage COVID-19 diagnosis methods and strategies, highlighting the guiding role of

laboratory indicators on treatment strategy formulation, and prognosis assessments.
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INTRODUCTION

Coronavirus disease 2019 (COVID-19) is creating
dramatic and daily evolving changes with profound
impacts on people’s lives and has become a global
pandemic with a high rate of transmission. By April
13, 2020, severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2) had infected over 1.7 million
people worldwide, resulting in 111 652 deaths'". The
fact that coronavirus disease 2019 (COVID-19) cases
has been reported in 202 countries, areas or territo-
ries in both hemispheres has increased the risk of a long-
enduring pandemic, as multiple new centers of outbreaks
have been reported in middle Asia, Europe and North
America.

SARS-CoV-2 is high contagious via human-to-hu-
man transmission, although the exact route of transmis-

sion is unclear. The burden laid by SARS-CoV-2 on
health and medical resources significantly outstrips
that made by the other two newly emerged corona-
virus diseases, severe acute respiratory syndrome
(SARS) and Middle East respiratory syndrome (MERS),
particularly in the centers of outbreaks. While most
infected patients don’t require respiratory support, the
capacity to quickly control transmission and properly
treat patients with severe symptoms, directly impact
the mortality rate of COVID-19. Hubei Province, the
first reported center of the COVID-19 outbreak, had
a higher mortality rate than any other region in China
(4.6% vs. 0.9%, average 4.01%)[2], due to a sudden
shortage of medical resources in late January. Similar
situations are ongoing at the current outbreak centers in
Europe, where the infected population is over a hundred
of thousand, and mortality has exceeded 10%'".
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While our understanding towards SARS-CoV-2
and COVID-19 increases every day, the development
of SARS-CoV-2 specific antiviral drugs and vaccines
has taken time. Currently, the most effective way of
controlling this pandemic without overwhelming the
medical system is to cut the chain of transmission in
time, through quick diagnosis and effective separation
of infected patients from the uninfected population.
This review will provide an overview of currently
available methods and techniques for COVID-19
diagnosis and their application under varied situations.

LABORATORY EXAMINATIONS

The standard COVID-19 diagnostic protocol assesses
clinical symptoms (fever and respiratory symptoms),
SARS-CoV-2 nucleic acid detection, serum-specific
antibodies, lung imaging, comprehensive epidemiological
history (including clustered onset) and other factors (Fig.
1). Dynamic observations of lung imaging and labora-
tory examinations (such as blood routine examination,
biochemical parameters, cytokine levels), help to identify
critically ill patients early in the disease.
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Fig. 1 Diagnostic flow chart.

Blood routine examination has guiding sig-
nificance for clinical treatment and early
differential diagnosis

Although routine blood examination results are
usually nonspecific, they can be used to distinguish
COVID-19 from other types of pneumonia in the early
stages. Laboratory results were combined with other
studies which showed the characteristics of viral

infections in the early stage of COVID-19: The blood
cell examinations showed a normal leukocyte count in
246 of 338 patients (72.7%); the lymphocyte count
(67.4%) was normal or low (67.4%, 228/338);
forty-four of 51 (86.2%) patients” neutrophil count
was decreased (leukocyte count reference value:
4x10°/L~10x10"/L; lymphocyte count reference value:
0.8x10"/L~4.0x10"/L; neutrophil count reference value:
2x10’/L~7%10"/L)""". Most patients had eosinopenia
(52.9%, 73/138)"""' (eosinophil count reference value:
0.02x10°/L~0.52x10/L). As the disease progresses,
it is more common to see the leukocyte and lym-
phocyte counts significantly decrease, accompanied
by an increase in neutrophils'”. In severe cases, the
absolute value of lymphocytes decreased, showing a
progressive reduction, while the number of neutro-
phils continued to increase in some infected patients.
SARS-CoV-2 can directly invade the patient’s immunity
system, destroy the lymphocytes and inhibit lymphocyte
regeneration. In addition, COVID-19 patients showed
normal or elevated neutrophil counts, but lymphocyte
counts decreased, leading to the increase of NLR.
NLR is further elevated as the illness progresses and
remains decreased during convalescence. Therefore,
NLR can serve as a visual clinical indicator',

In addition, patients” blood routine examinations
showed platelet counts had decreased (platelet counts
reference value: 100x10°/L ~300%10°/L). This may
be related to immune-related factors and other fac-
tors that caused secondary thrombocytopenia. Prof.
Zhong conducted a retrospective study on the clinical
characteristics of 1 099 COVID-19 patients in China,
finding that about 36.2% of COVID-19 patients had
thrombocytopenia, among which the higher incidence
of severe cases was 57.7%, and that of non-severe
cases was 31.6%""". However, one paper showed
first an increased platelet peak, which then decreased
in severe patients during treatment. This may be related
to cytokine storms caused by SARS-CoV-2, which
continued to stimulate platelet release. The cut-off
value of platelet lymphocyte ratio difference (/A PLR) as
the patient’s condition progresses: If /\ PLR>126.7,
medical staff must actively intervene to prevent further
deterioration caused by the disease. This means the
absolute value of platelet count and PLR dynamic
changes are an important prognostic indicator for dis-
ease severity and prognosis’"'*.

Low CD4 T cell count is significantly associ-
ated with severe diseases. Some T-lymphocyte subset
analysis research data showed CD4 and CD8 T-
Ilymphocytes began to decrease at an early stage of
COVID-19, but that the CD4/CD8 ratio was normal
in 92.8% of the patients"”. (CD4 reference value:
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550/ML~1 600/ML; CD8 reference value: 320/HL~
1 250/1L; CD4/CD8: 1.2~2.0). As the disease
progresses, CD4 T cells have greater decrease
in severe cases"'", meaning that the immunological
function of COVID-19 patients is significantly sup-
pressed. Thus, T-lymphocyte subset analysis would

8,15-16]

help improve the early diagnosis of COVID-19" .

Abnormal changes in biochemical parameters
suggest possible complications

In the laboratory’s biochemical indexes of COVID-19
patients, it was found that the indexes of some patients
also changed with the development of the disease
(Table 1). Liver function: alanine aminotransferase
(ALT) and aspartate aminotransferase (AST) increased,
albumin (ALB) was reduced, and the rate and ex-
tent of ALT and AST elevation in severe patients
were higher than those in non-serious patients, sug-
gesting that the patients had different degrees of liver
damage'”. However, from existing reports, pa-
tients” liver enzymes were mostly mildly elevated [<3-
4 times the upper limit of normal value (ULN)], and
only very few patients had significant liver enzyme
elevation (>10 ULN)"®. Renal function: urea was
generally reduced, serum iron was often reduced, and
creatinine could be increased along with renal impair-
ment. These suggest that novel coronavirus pneumo-
nia combined with liver damage is more likely, owing
to adverse drug reactions and systemic inflammatory
responses in severely affected patients who are receiv-
ing medical treatment'”. The abnormal biochemical
indicators suggested that in addition to lung lesions,
SARS-CoV-2 could also cause other complications
such as liver or kidney damage™".

Dynamic monitoring of the myocardial enzyme
spectrum is also an important basis for the

Table 1 Biomarkers and function of biochemical
parameters
Biomarkers Function

X . When the liver cells of the human liver undergo
Liver function: | X X . . .
inflammation, poisoning, and necrosis, the liver

ALT, AST, TB, . ) )
cells will be damaged, and the transaminase will

DB, LDH, ALB, . ) )
SAA be released into the blood, causing the transami-

nase in the serum to rise and turn abnormal.
The body excretes metabolic waste from the kid-

Kidney function: neys to maintain the body’s electrolyte stability

CRE, UA and acid-base balance. Kidney damage can cause
a series of changes in serum indicators.
. Cardiac cell damage results in increased cell
Myocardial . .
membrane permeability and release of cardiac
enzymes: . . .
enzymes into the blood. By detecting changes in
CK, CK-MB

myocardial enzymes, the degree of myocardial

damage can be determined.

clinical assessment of COVID-19 patients with heart
damage. Some COVID-19 patients had elevated cre-
atine kinase (CK), lactate dehydrogenase (LDH),
hydroxybutyrate dehydrogenase (HBDH) or aspartate
aminotransferase (AST)®". It is speculated that as
COVID-19 progressed, heart hypoxia will increase,
myocardial cells will be damaged at varying degrees
and cell membrane permeability will increase, leading
to increased myocardial enzyme activity. The lactate
dehydrogenase (LDH) and brain natriuretic peptide
(BNP) in severe patients are both significantly higher
than in ordinary patients”. This may be due to
increased hypoxia leading to heart damage following
disease progression. It is suggested that special care
should be taken to protect heart function in COVID-19
patients™. The higher the ALT, AST, TB, DB, SAA,
LDH, and CK-MB, the greater the risk of SARS-
CoV-2 infection. It is suggested that these items can
be used as early auxiliary diagnoses indicators of
biochemical changes indicative of SARS-CoV-2"*".
Cytokine storm syndrome (CSS) is a very
significant cause of COVID-19 patient death

Generally speaking, COVID-19 patients go through
three stages of development. At the beginning of the
infection, the virus begins to multiply in the body.
In the second stage, the body desperately tries
to remove the virus by releasing a large number of
pro-inflammatory cytokines, while the excessive
immune response causes damage to the body (Fig.
2). CSS causes rapid progression to acute respiratory
distress syndrome, coagulopathy, and even multiple
organ failure (Table 2). The present research found the
following levels of pro-inflammatory cytokines: 1L-2,
IL-6, IL-7, IL-8, IL-9, IL-10, GM-CSF, MCP-1, TNF-a
and INF-y in the plasma of COVID-19 patients were
increased®*”!, Notably, expression levels of IL-6, IL-2R
and IL-10 were greatly increased in severe patients.
Monitoring the levels of IL-6, IL-2R and IL-10 in the
disease’s early stages is helpful in assessing the risk
of progression to a severe condition, and for the
prognosis of patients. Therefore, this report recom-
mends pro-inflammatory cytokines should be given
more attention in the treatment of critically ill patients
with COVID-19.

PCT, ESR and CRP are commonly used in the
diagnosis of infectious diseases. Combined detection
is a valuable indicator for the early diagnosis of COV-
ID-19. While some evidence suggests that most patients
with early stage COVID-19 have a normal level of
procalcitonin (PCT), PCT was found significantly
higher in severe patients than in non-severe patients.
PCT is a specific inflammatory indicator of bacterial in—
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Fig. 2 Stage of COVID-19 development. The most important factor is that a large number of cytokines are released in the

process of clearing the viruses, causing cytokine storm.

Table 2 Cytokine storm related cytokines and function

Cytokins Function

Interleukins (IL):
IL-1B, IL-2 R, IL-6, IL-7, IL-8,
IL-9, IL-10, IL-17

Growth and differentiation of
leukocytes

Activate antiviral properties and
Interferons (IFN): . . .
regulate innate immunity to play

IFN-y L
an antiproliferative role
Chemokines: .
leukocyte recruitment
MCP-1, IP10

. . Stimulates hematopoietic pro-
Colony-stimulating factors (CSF): . . .
genitor cell proliferation and
G-CSF, GM-CSF

differentiation

Tumor necrosis factor (TNF) Proinflammatory, activates cy-

TNFo totoxic T lymphocytes

fection, and its significant increase indicates that pa-
tients are more susceptible to secondary bacterial infec-
tion and a poor prognosis”™. In addition, erythrocyte-
sedimentation rates (ESR) and levels of C-reactive
protein (CRP) and hypersensitive C-reactive protein
(HS-CRP) significantly increase in most COVID-19
patients[2H7](ESR reference value: adult male 0-15mm/h,
adult female 0-20mm/h; CRP reference value: <8mg/
L; HS-CRP reference value: 1-10mg/L). Combined
detection of CRP, hs-CRP, ESR and PCT levels can
determine prognosis, combined with other indicators to
analyze the severity of COVID-19".

The change of coagulation index is closely
related to the development and prognosis of
severe patients

Clotting function was normal in most patients, but
coagulation dysfunction and the PT time was found
longer in severe patients, even dead patients”"*",
Which may be related to the large release of proin-
flammatory cytokines caused by severe neo-coronary
pneumonia. These cytokines are mediators of athero-
sclerosis which directly lead to plaque rupture through
local inflammation, induction of procoagulant factors,
and changes in hemodynamics™. Current research
indicates that disseminated intravascular coagulation
(DIC) and pulmonary embolism may be one of the
leading causes of death in patients with new crowns,
however more research data is needed for inflamma-
tion (Fig. 3). This means that coagulation parameters
are closely related to poor prognosis™*".

Mild normal
Patients coagulation

COVID-19

Severe cytokines

Patients

Fig. 3 Coagulation index changes with the develop
ment of the disease.
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ETIOLOGICAL EXAMINATIONS

Molecular and phylogenetic characterizations
of SARS-CoV-2

SARS-CoV-2 is a linear positive-sense single
stranded RNA (ssRNA) virus, labeled under the sub-
genus Sarbecovirus of the genus Betacoronavirus™.
Phylogenetic analysis has shown that SARS-CoV-2
has a closer relationship with two bat-derived corona-
viruses (88% identity), bat-SL-CoVZC45 and bat-SL-
CoVZXC21, than with SARS-CoV (~79% identity)
and MERS-CoV (~50% identity) (Fig. 4. Over
2 000 SARS-CoV-2 genomes have been uploaded to
public databases, providing a temporal resolution of
nucleotide substitution rate (subs per site per year)
of 8x10™" without significant mutation”"™', which
is lower than that of Influenza A virus (1.43%x10™ to
11.62x107)"" and SARS-CoV (0.80x107° to 2.38
x10™)"" while being a little higher than MERS-CoV

Coronavirus disease 2019 (COVID-19): diagnosis and prognosis, 2020, 4(2)

(4.81x107H" According to recently published
research, sequenced SARS-CoV-2 strains could be
distinguished into 3 subtypes according to the amino
acid changes. While A type was considered the ancestral
type, B type was the most prevalent type in China and
other areas in East Asia (Fig. 5)".

The full-length genome of SARS-CoV-2 is about
29 903 nt, mainly encoding the non-structural protein
replicase ORFlab and four structural proteins, spike
(S), envelope (E), membrane (M) and nucleocapsid
(N) (Fig. 6)""'. Seven conserved replication enzymes
on ORF1ab are coronavirus-specific domains'""’. The
S protein is responsible for receptor-binding and mem-
brane fusion'”""; the M protein adapts a membrane
region for virion assembly and structural proteins
capture at the budding site!™*'; the E protein is
involved in the virus assembly and release"”""”; and
the N protein facilitate the binding of the viral RNA
genome to the replication - transcription complex and
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Fig. 6 Schematic presentation of the SARS-CoV-2 genome organization. Adopted from Kim D. e al'"”. The representative
SARS-CoV-2 full-length genomic RNA (29 903 nt) also serves as an mRNA. ORFla and ORF1b are translated. Nine major subgenomic
RNAs are produced. In order to provide better visualization, the sizes of the boxes representing small accessory proteins are bigger

than the actual size of the ORF. The black box indicates the leader sequence.

virions packages'™**”. Sequence identities between
SARS-CoV-2 and other members of subgenus
sarbecovirus vary from over 98% in the E gene to
lower than 73% in the S gene[33]. So far, ORF1lab, E, N,
RdARP and S genes have been used as molecular
targets for SARS-CoV-2 nucleic acid tests'™”

Application of metagenomic high-throughput
sequencing in SARS-CoV-2 detection

Metagenomic high-throughput sequencing is the
core technology for obtaining the whole genome of
SARS-CoV-2, which has laid the foundation for the
development of diagnosis kits and epidemic analysis.
Current major manufacturers of high-throughput

sequencing platforms include Illumina, ThermoFisher,
MGI, Oxford Nanopore and PacBio. Sequencing plat-
forms produced by Illumina, MGI and ThermoFisher
use next generation sequencing (NGS) technology,
while single-molecule real-time sequencing (SMRT)
techniques are applied by Oxford Nanopore and
PacBio. NGS and SMRT have been reported in clini-cal
use for pathogen detections, and both technologies
were used in the de novo assembly of the first SARS-
CoV-2 genomes"".

The first complete genome of SARS-CoV-2 was
published on the GISAID database on Jan 10th,
2020"*7" 11 days after China reported clusters of
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pneumonia with unknown causes in association with
the Huanan Seafood Market on Dec 31st, 2019”". The
phylogenetic relation between SARS-CoV-2 and bat-
derived coronaviruses was further confirmed by
genetic analysis of genomes sequenced by DNBSEQ-
T7, which is manufactured by MGI Shenzhen™. In
China, high-throughput sequencing has been officially
approved for COVID-19 diagnosis”™. The DNBSEQ-
T7 sequencing and analysis system has gone through
emergency certification by the Chinese National
Medical Products Administration (NMPA2020340061,
NMPA2020340062), being the first certificated high-
throughput sequencing system for SARS-CoV-2
detection and infection confirmation.

Despite the fact that high throughput sequencing
has significantly contributed to our understanding of
SARS-CoV-2, it is not as widely used as real-time
reverse transcriptase polymerase chain reaction (rRT-
PCR) and serology detection in clinical practice due to
its higher cost and longer turn-around time. However,
this technology is crucial not only in COVID-19 diag-
nosis, but also in origin tracing, infection mechanism
exploration, mutations monitoring, and vaccine
development.

Nucleic acid test for COVID-19 diagnosis

Nucleic acid detection is currently regarded as the
golden standard for SARS-CoV-2/COVID-19 diagnosis.
Reported nucleic acid detection methods for SARS-
CoV-2 include rRT-PCR, metagenomic sequencing,
isothermal amplification, digital PCR and CRISPR. As
of 27 March 2020, there are at least 126 enterprises in
China developing COVID-19 nucleic acid detection
kits and 15 kits have been approved in China by the
National Medical Products Administration (NMPA),
including 10 rRT-PCR kits, 1 sequencing kit, 3 isothermal
amplification kits and 1 Hybrid capture immunofluo-
rescence kit”"; the US FDA have given emergency
use authorizations to 19 nucleic acid detection kits for
diagnostic tests””. The WHO published a list of
recommended target regions and primers from multiple
national or regional health institutes (Table 3).

SARS-CoV-2 nucleic acid detection is not only
critical for clinical diagnosis but is also important for
precautionary screening inside the community and
at borders. The experience in Hubei Province de-
mon strated that the improvement of testing capacity
is important for early diagnosis and outbreak control.
At least 18 CDC centers, 66 hospitals, and 13 third-
party independent institutions have been authorized
for SARS-CoV-2 nucleic acid testing in Hubei Pro-
vince™. In other areas outside Hubei Province, gen-
eral screening projects have been launched for people

with exposure histories or at high risk, in order to
prevent potential community epidemics. For example,
the COVID-19 Prevention Headquarter of Guangdong
Province has ordered mandatory SARS-CoV-2 nucleic
acid testing for all patients in the fever clinics””; and
the Shanghai Municipal Health Commission requires
all international travelers receive SARS-CoV-2
nucleic acid tests at the ports of entry'™”.

rRT-PCR testing was the earliest and most widely
applied nucleic acid detection method developed for
SARS-CoV-2. The WHO guidelines recommend the
collection of upper respiratory tract specimens (URT:
nasopharyngeal and oropharyngeal) for SARS-CoV-2
rRT-PCR testing. If the URT detection results are
negative in a suspected case, along with other clinical in-
dications of SARS-CoV-2 (such as pneumonia), lower
respiratory tract specimens (LRT: sputum, tracheal
aspirate, or bronchoalveolar lavage fluid from me-
chanically ventilated patients) should be collected for
viral nucleic acid examination'". Appropriate personal
protective equipment (PPE) should be used during
sample collection (droplets and contact precautions
for URT samples and airborne precautions for LRT sam-
ples). Other WHO recommendations for URT sample
collection include: D use virus swabs (sterile poly-
ester or rayon, not cotton wool swabs); @) promptly
submit the test; @ do not smear the nostrils or tonsils
for sampling. Clinicians should avoid inducing sputum
specimens as they may increase the risk of airborne
transmission™",

Besides specimens recommended by the WHO,
the SARS-CoV-2 genome has been detected in other
types of samples, such as fibrobronchoscopies, brush
biopsies, feces and blood by rRT-PCR'”™® In a
study conducted in Guangzhou, China, 55% (41/47)
of COVID-19 patients had positive detection results
in both their respiratory and fecal samples. In most
patients, SARS-CoV-2 RNA was first detected in
respiratory samples, but it remained longer in the fe-
cal samples for up to a month after the respiratory
samples became negative'®”. There are recommenda-
tions to recruit rRT-PCR test for fecal samples as an
implementation to current discharge standards'®".

The detection efficiency of a nucleic acid test is
impacted by the sample types, COVID-19 clinical
stage and technological limitations of PCR. A few
cases have been reported that, without disease re-
lapse, recovered patients with two negative results
tested positive again after days or with another type
of specimens. Due to sensitivity limitations in nucleic
acid detection technology, there may be false nega-
tive results in samples with low viral concentrations,
including samples from patients during the incubation



Coronavirus disease 2019 (COVID-19): diagnosis and prognosis, 2020, 4(2)

103

Table 3 Recommended target region and primers for RT-PCR detection of SARS-CoV-2

Institute

Gene targets Primers and probe(s)(5—3")

PCR

Sample/

strategy specimen type )

China CDC,
China

Institut Pasteur,

Paris, France

US CDC, USA

National Institute
of Infectious

Diseases, Japan

National Institute
of Infectious

Diseases, Japan

ORFlab and N

Two targets in
RdARP

Three targets

in N gene

Pancorona and
multiple tar—
gets, Spike

protein

Pancorona
and multiple
targets, Spike

protein

Target 1: ORFlab gene

F: CCCTGTGGGTTTTACACTTAA

R: ACGATTGTGCATCAGCTGA

P: FAM-CCGTCTGCGGTATGTGGAAAGGTTATGG-BHQI

Target 2: N gene

F: GGGGAACTTCTCCTGCTAGAAT

R: CAGACATTTTGCTCTCAAGCTG

P: FAM-TTGCTGCTGCTTGACAGATT-TAMRA

Target 1: RdRp gene / nCoV_IP2

nCoV_IP2-12669Fw: ATGAGCTTAGTCCTGTTG

nCoV_IP2-12759Rv: CTCCCTTTGTTGTGTTGT
nCoV_IP2-12696bProbe(+): AGATGTCTTGTGCTGCCGGTA [57]Hex [37]
BHQ-1

Target 2: RdRp gene / nCoV_IP4

nCoV_IP4-14059Fw GGTAACTGGTATGATTTCG

nCoV 1 _IP4-14146Rv CTGGTCAAGGTTAATATAGG
nCoV_IP4-14084Probe(+) TCATACAAACCACGCCAGG [5°]Fam [3"]BHQ-1
Target 3: E gene / E_Sarbeco

E_Sarbeco_F1 ACAGGTACGTTAATAGTTAATAGCGT

E_Sar 2 beco_R2 ATATTGCAGCAGTACGCACACA

E_Sarbeco_P1 ACACTAGCCATCCTTACTGCGCTTCG [5]Fam [3"]BHQ-1
Target 1:2019-nCoV_N1-F/R/P

F: GACCCCAAAATCAGCGAAAT

R: TCTGGTTACTGCCAGTTGAATCTG

Probe: FAM-ACCCCGCATTACGTTTGGTGGACC-BHQI1

Target 2: 2019-nCoV_N2-F/R/P

Fr: TTACAAACATTGGCCGCAAA

R: GCGCGACATTCCGAAGAA

Probe: FAM—ACAATTTGCCCCCAGCGCTTCAG-BHQ1

Target 3: 2019-nCoV_N3-F/R/P

2019—nCoV_N3 Forward Primer: GGGAGCCTTGAATACACCAAA A
2019—nCoV_N3 Reverse Primer: TGTAGCACGATTGCAGCATTG
2019-nCoV_N3 Probe: FAM-AYCACATTGGCACCCGCAATCCTG-
BHQ1

Target 4:RP-F/R/P

RNAse P Forward Primer: AGATTTGGACCTGCGAGCG

RNAse P Reverse Primer: GAGCGGCTGTCTCCACAAGT

RNAse P Probe: FAM — TTCTGACCTGAAGGCTCTGCGCG -BHQ-1
Target 1: ORFla set

1 Ist NIID_WH-1_F501 Sense TTCGGATGCTCGAACTGCACC

2 1st NIID_WH-1_R913 Antisense CTTTACCAGCACGTGCTAGAAGG

3 2nd NIID_WH-1_F509 Sense CTCGAACTGCACCTCATGG

4 2nd NIID_WH-1_R854 Antisense CAGAAGTTGTTATCGACATAGC
Target 2: S set

7 1st WuhanCoV-spkl—f Sense TTGGCAAAATTCAAGACTCACTTT

8 1st WuhanCoV-spk2-r Antisense TGTGGTTCATAAAAATTCCTTTGTG
9 2nd NIID_WH-1_F24381 Sense TCAAGACTCACTTTCTTCCAC

10 2nd NIID_WH-1_R24873 Antisense ATTTGAAACAAAGACACCTTCAC
Target 1: N protein gene region

NIID_2019-nCOV_N_F2 AAATTTTGGGGACCAGGAAC
NIID_2019-nCOV_N_R2 TGGCAGCTGTGTAGGTCAAC
NIID_2019-nCOV_N_P2 FAM-ATGTCGCGCATTGGCATGGA-BHQ

RT-PCR

RT-PCR

RT-PCR

Nested
RT-PCR

RT-PCR

Real-time N/A

N/A

Upper respira-
tory specimen
(Nasopharyngeal
specimen, oro-
pharyngeal (OP)
specimen, nasal
mid-turbinate
(NMT) swab,
anterior nares

specimen)

Pharyngeal

swab

Real-time Pharyngeal

swab

(continued on next page)
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Table 3 Recommended target regions and primers for RT-PCR detection of SARS-CoV-2 (continued)

i Gene . Y
Institute Primers and probe(s)(5—3")

targets

PCR Sample/
strategy specimen type’

Charité, Ger- RdRP,E,N Target 1: RdRP gene

RT-PCR  Not mentioned

many RARP_SARSr-F2 GTGARATGGTCATGTGTGGCGG
RARP_SARSr-R1 CARATGTTAAASACACTATTAGCATA
RARP_SARSr-P2 FAM-CAGGTGGAACCTCATCAGGAGATGC BBQ
RARP_SARSr-P1 FAMCCAGGTGGWACRTCATCMGGTGATGC BBQ

Target 2: E gene

E gene E_Sarbeco_F1 ACAGGTACGTTAATAGTTAATAGCGT
E_Sarbeco_R2 ATATTGCAGCAGTACGCACACA

E_Sarbeco_P1 FAM-ACACTAGCCATCCTTACTGCGCTTCGBBQ

Wis A/T; R is G/A; M is A/C ; FAM, 6-carboxyfluorescein; BBQ, blackberry

quencher
ORF1b- Assay 1 (Target: ORF1b—nspl4)

nspl4, N

HKU, Hong
Kong SAR

Forward primer (HKU-ORF1b—nsp14F): TGGGGYTTTACRGGTAACCT

RT-PCR  Upper respiratory

and sputum sam-

Reverse primer (HKU- ORF1b—nsp14R): AACRCGCTTAACAAAGCACTC ples.
Probe (HKU-ORF1b—-nsp141P): FAM-TAGTTGTGATGCWATCATGACTAG-

TAMRA
Assay 2 (Target: N)

Forward primer (HKU-NF): TAATCAGACAAGGAACTGATTA
Reverse primer (HKU-NR): CGAAGGTGTGACTTCCATG
Probe (HKU-NP): FAM-GCAAATTGTGCAATTTGCGG-TAMRA

National N
Institute

of Health,
Thailand

WH-NIC N-F CGTTTGGTGGACCCTCAGAT
WH-NIC N-R CCCCACTGCGTTCTCCATT
WH-NIC N-P FAM-CAACTGGCAGTAACCA- BQH1

RT-PCR  Not mentioned

period and rehabilitation period. The reasons for false
negatives include a failure in the collection of nucleic
acid at sampling, improper storage, transportation or
processing of specimens, or limitations in the technology
itself, such as unpredicted impacts of virus mutations
and PCR inhibition factors”™*". The fact that SARS-
CoV-2 clearance requires such a long period requires
comprehensive interpretation of the PCR results with
precautions'””,

ANTIBODY TEST FOR COVID-19 DIAG-
NOSIS

Serology tests are widely applied in the diagnosis
of respiratory infections and especially in rapid patho-
gen detection, due to shorter turn-around time and
sampling convenience. After the development and
certification of several nucleic acid test kits/systems,
8 antibody test kits have been certified for COVID-19
diagnosis in China until March 27, 2020, including
ELISA, peptide-based magnetic chemiluminescence
enzyme immunoassay (CLEIA), fluorescence immu-
nochromatographic assay (FICA) and colloidal
gold-immunochromatographic assay (GICA).

Real world clinical data on preprint papers indicated
that antibody tests had a high specificity for detect-
ing SARS-CoV-2, but that sensitivity for all test kits

varied from 57.24% to 93.3% ", Test sensitivity was
also impacted by the choice of antibody targets (Spike
or nucleocapsid) and the type of immune globulin
5. It is generally considered that antibodies target-
ing the nucleocapsid provide higher sensitivity than
those targeting the spike part 5. IgM and IgG are
both considered sensitive in detecting SARS-CoV-2,
however, sensitivity varies among kits from different
manufacturers.

Unlike nucleic acid tests, which directly detect viral
RNA, the target of antibody tests is lymphocytes
following disease progression. For these cases, the
sensitivity of antibody tests at the initial stage of in-
fection may be quite low. According to the reported
data, although antibodies could be detected early after
fever onset, the positivity of IgG and IgM detection
was higher at more advanced stage of infection'*™".
In a study that involved 238 COVID-19 patients, al-
though antibody tests had better sensitivity over rRT-
PCR analysis (81.5% and 64.3%) in general, the un-
steady detection results before the 11" day of disease
onset rendered them unsuitable for initial screening'™".
A similar discovery was made in another study, where
a high positivity of IgG and IgM detection was observed
after 10 days of illness onset'*". In conclusion, anti-
body tests have high specificity and sensitivity at later
stages of COVID-19, making them reliable methods
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in infection confirmation especially in suspect patients
with negative rRT-PCR results. However, due to their
insufficient sensitivity at the latent period or initial
stage of infection, they should not be the initial choice
for precautionary screening.

CONCLUSIONS

Taken together, SARS-CoV-2 brought a serious
risk to worldwide human health. Combined laboratory
examinations and etiological examinations were
important elements against the progress of COVID-19,
including early diagnosis, therapeutic strategy formu-
lation and prognosis assessment. Some reports sug-
gested that there were significant changes: leukocyte
count and lymphocyte count, CD4 T cells, have become
the key to early diagnosis. Platelet count, NLR, PLR
and some biochemical parameters such as ALT, AST,
LDH, BNP and certain inflammatory factors such as
IL-6, IL-2R and IL-10 appeared to be related to serious
patients. CCS and abnormal blood coagulation caused
rapid progression, which suggests a bad prognosis
once happens.
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