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Coronavirus (SARS-CoV-1, SARS-CoV-2) and Flavivirus (DENV, WNV) virions
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SARS-CoV-1, SARS-CoV-2 Dengue virus, West Nile virus

Spike glycoprotein trimer (S)

Membrane protein (M)

Envelope small membrane 
protein pentamer (E)

Capsid (C)

Envelope (E)

Membrane glycoprotein (M)

RNA genome

Adapted from Pierson, T.C. and Diamond, M.S. (2020) The continued threat of emerging 
flaviviruses. Nat. Microbiol. 5, 796–812.

Adapted from ViralZone 2020 SIB Swiss Institute of Bioinformatics: 
https://www.viprbrc.org/brc/home.spg?decorator=corona_ncov

Positive SS-RNA, enveloped, 80–160 nm in size, 27–32 Kb, 
4 S, 16 NS and 9 accessory proteins (29 proteins in total)

Positive SS-RNA, enveloped, 40–50 nm in size, 10 Kb, 
3 S and 7 NS proteins (10 proteins in total)

Nucleoprotein (N)

https://www.viprbrc.org/brc/home.spg%3Fdecorator=corona_ncov
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Background on SARS-CoV-1 and SARS-CoV-2 coronaviruses
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Worldwide COVID-19 pandemic (>22 million cases, >780,000 deaths) caused by SARS-CoV-2 (as of August 19, 2020)*
• Highly pathogenic, fatality rate: 1–3%
• Infection of airway epithelium cells mainly by airborne droplets
• Hypercytokinemia, severe inflammation, etc.
• Cases with mild symptoms: 80–85% 
• Severe cases: 10–15% of cases exhibit severe pneumonia and respiratory failure requiring ICU hospitalization and 

mechanical ventilation; death rate up to 25%
• Severity correlates with many factors (age, gender, race and co-morbidities such as  heart diseases, lung diseases, kidney 

diseases, type II diabetes and obesity)

Biomedical research response:
• Extremely intensive area of research, some progress, but no highly effective therapies or vaccines for COVID-19 yet.

◦ August 19, 2020: 2103 trials, 8 completed with results (https://www.covid19-trials.com)
◦ August 19, 2020: 34 vaccine trials in phase I to III, (https://vac-lshtm.shinyapps.io/ncov_vaccine_landscape/) 

SARS-CoV-1, SARS-CoV-2 (Coronavirus, Coronaviridae)

*Johns Hopkins University, Coronavirus Resource Center: https://coronavirus.jhu.edu/map.html

https://www.covid19-trials.com/
https://vac-lshtm.shinyapps.io/ncov_vaccine_landscape/
https://coronavirus.jhu.edu/map.html
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Background on Dengue virus and West Nile arboviruses 
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Global spread, epidemic transmission
• Both are arboviruses (arthropods are the vectors: mosquitoes)
• Infection of myeloid cells

DENV
• Mild to severe disease, (390 million total infections), 100 million clinically apparent cases and 500,000/year severe dengue 

cases, 22,000 deaths and 2.5 billion at risk
• Visceral and hemorrhagic diseases (vascular leakage, thrombocytopenia, shock syndrome, etc.)
• Denvaxia – the only live attenuated vaccine, partially effective against DENV

WNV
• Induces neurological diseases (encephalitis, meningitis, cognitive impairment, seizure disorders and paralysis)
• 80% asymptomatic, but fatality rate for symptomatic cases is 10%
• Severity correlate with many factors (age, co-morbidities, genes polymorphisms, immune status, etc.)
• Currently, no WNV vaccines or antiviral treatments are approved for human use

DENV and WNV (Flavivirus, Flaviviridae)
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QIAGEN Sample to Insight
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QIAGEN Sample to Insight solution

Sample 
collection 

and 
stabilization
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NGS library 
preparation Sequencing Data 

analysis

• QIAseq RNA
• QIAseq DNA

• QIAcube Connect
• QIAsymphony
• EZ1 Advanced XL

• QIAamp Kits

• RNeasy Kits
• miRNeasy Kits
• exoRNeasy Kits

• PAXgene systems • Illumina and 
Thermo Fisher 
sequencers

• QIAGEN OmicSoft 
Array Suite

• QIAGEN CLC 
Genomics 
Workbench

• QIAGEN Microbial 
Genomics Module

• QIAGEN CLC 
Main Workbench

• QIAGEN CLC 
Genome Finishing 
Module

• QIAGEN Ingenuity 
Pathway Analysis

• QIAGEN Ingenuity 
Variant Analysis
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• QIAGEN OmicSoft 
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• QIAGEN OmicSoft 
DiseaseLand

• QIAGEN OmicSoft 
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• QIAGEN OmicSoft 
GeneticsLand

Interpretation
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QIAGEN CLC Genomics Workbench to QIAGEN IPA & QIAGEN OmicSoft Land Explorer

RNA-seq FASTQ files

Sample metadata

Import

Transcriptomic analyses of in vitro flavivirus- or coronavirus-infected cells

• Array Studio 
• Land Explorer

Your 
expression 

data

Public 
‘omics 
data
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• It can adapt to simple or sophisticated workflows

• It can produce intermediate files

Customizable drag-and-drop workflow

An example workflow for RNA-seq

Gene quantifications

Reads

Trim reads

RNA quantification

Read alignments

QC for sequencing 
reads

QC report

Trimmed reads

Gene quantifications
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Analysis of host response in QIAGEN CLC Genomics Workbench/Genomics Cloud Engine
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Workflow metadata
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Output from QIAGEN CLC Genomics Workbench
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Expression tracking at gene or transcript level Differential expression profiling at gene and transcript level: 
SARS-CoV-1/-2 vs. mock 
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The battle of virus versus host
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Virus is trying to
• Shut down the host’s anti-viral activities
• Boost host activities needed for replication

Host is trying to
• Increase anti-viral responses
• Starve virus of resources

The transcriptome is a snapshot of these opposing efforts at a point in time.
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Impact on differential gene expression by each virus
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Dengue

WNVSARS-CoV-2

295

110

171

45

204
71

1609

SARS-CoV-1 WNV

Dengue

283

112

183

43

216

59

1373
SARS-CoV-2

SARS-CoV-1

1394 691433
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Heatmap of RNA-seq genes: SARS-CoV-1 or SARS-CoV-2 vs. mock 
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Similarities of molecular patterns after in vitro infection with flavivirus or coronavirus
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Expression in lung, kidney, gut and heart tissues and blood vessels (target organs in COVID-19)
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ACE2 is receptor, expression in tissues (GTEx-B38) TMPRSS2 is the priming protease, expression in tissues 
(GTEx-B38)
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Potential receptors for Dengue virus (3) and West Nile virus (2)
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Expression in myeloid cells (Blueprint-B38)

CLEC5A (C-type lectin) MR1 (Mannose receptor) CD209 (DC-SIGN)
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Summary of a QIAGEN IPA core analysis

Transcriptomic analyses of in vitro flavivirus- or coronavirus-infected cells

IPA analysis of Calu-3 transcriptome (gene 
level) 1 day after infection

Cutoffs in IPA:
• Absolute fold change >1.5
• p-value < 0.05
• Min. counts (SARS-CoV-2 or mock) ≥ 5

SARS-CoV-2 infected Calu-3
Mock-infected Calu-3

Comparison for this analysis:
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Graphical summary of Dengue virus- and West Nile virus-infected A549 cells 
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DENV vs. mock (GE) 24 hours, A549 West Nile virus vs. mock (GE) 24 hours, A549
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Comparison of Canonical Pathways of the 4 virus-infected cells vs. mock

Transcriptomic analyses of in vitro flavivirus- or coronavirus-infected cells

Signaling Pathways (24 h pi, GE) Signaling Pathways (continued)

p-value: 2 (log10)

Z-score >|2|

p-value: 2 (log10)

Z-score >|2.5|

Gene 
expression 
24 h post 
infection

Metabolic Pathways (24 h post 
infection (pi), GE)
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Interferon signaling is activated in SARS-CoV-2-infected Calu-3 cells at 24 h pi (GE)

Transcriptomic analyses of in vitro flavivirus- or coronavirus-infected cells

One of the hallmarks of antiviral defense is activated across all four (not shown) in vitro virus-infected cells

p-value: 1.72E-11

Z-score: 3.771

W
N

V
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Comparing Upstream Regulators of the 4 virus-infected cells vs. mock at 24 h pi (GE)

Transcriptomic analyses of in vitro flavivirus- or coronavirus-infected cells

Similar Transcription Regulator program is induced

p-value: 2 (log10)

Z-score >|2.5|

Antiviral response is increased (Regulator Effect)

SARS-CoV-2 vs. mock
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Comparing Upstream Regulators of the 4 virus-infected cells vs. mock at 24 h pi (GE)
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Interferons Interleukins (Chemokines and TNF family)

IFN type I

IFN type II

IFN type III

Anti-inflammatory

Pro-inflammatory
Chemotaxis factors

p-value: 1.3 (log10)

Z-score >|2|
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Biological processes induced 24 h pi when IFN and IL pro-inflammatory are activated (GE) 
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Activation of leukocytes is increased, as well inflammatory 
response (not shown)

Angiogenesis is increased in virus-infected cells 24 h pi, as 
well chemotaxis, cell cycle progression (not shown)

p-value: 2.16E-48

Z-score: 5.0 

p-value: 2.64E-36

Z-score: 4.0
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Transcriptomic analyses of time-dependent in vitro infection of A549 cells by Dengue 
virus
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Kinetics of DENV in vitro infection at 36 h pi 
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Indicates inhibition of cholesterol biosynthesis and activation of T lymphocytes and myeloid specific pathways 

Metabolic pathways Signaling pathways

24h 36h

24h 36h
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TREM1 signaling is predicted to be activated in DENV vs. mock at 36 h pi

Transcriptomic analyses of in vitro flavivirus- or coronavirus-infected cells

Cell adhesion and proinflammatory response are activated TREM1 signaling activity plot across 12,000 analyses

p-value: 8.32E-3

Z-score: 3 
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Evaluation of metadata of TREM1 signaling predicted to be activated 

Transcriptomic analyses of in vitro flavivirus- or coronavirus-infected cells

TREM1 is activated during viral infection and IL-1 and TNF treatment, and in neutrophil-driven ANCA vasculitis
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Comparison of Upstream Regulators of DENV vs. mock at 24 h or 36 h pi

Transcriptomic analyses of in vitro flavivirus- or coronavirus-infected cells

Upstream Regulator: Other and peptidase ELANE and OSCAR are predicted to be activated at 36 h pi  

p-value: 3 (log10)

Z-score >|2|
24

h
36

h

ELANE and OSCAR are highly expressed in Dengue Hemorrhagic fever, 
Human Disease B37
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ELANE and OSCAR are upstream regulators predicted to be activated in DENV at 36 h pi
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ELANE and OSCAR are increasing chemotaxis of neutrophil, binding of endothelial cells and vasculitis

• Neutrophils may have a detrimental role 
in DENV infection via NET formation, by 
increasing vascular damages

• ELANE is involved in NET formation and 
antimicrobial response

• ELANE and OSCAR may contribute to 
amplify vascular permeability seen in 
DENV hemorrhagic fever

Source: Sung, P. S., Huang, T. F. and Hsieh, S. L. 
(2019). Extracellular vesicles from CLEC2-activated 
platelets enhance dengue virus-induced lethality via 
CLEC5A/TLR2. Nature communications, 10, 2402. 
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Transcriptomic analyses of in vitro infection of A549 cells by West Nile virus 
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WNV infection activates immune-related pathways and unfolded protein response 24 h pi
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Activated signaling pathways Unfolded proteins response is activated

p-value: 2.14E-07

Z-score: 3.162

BiP/HSPA5 is upregulated and may play a major role in the UPR during flavivirus 
infection by promoting protein folding and virion assembly.
Source:  Lewy, T. G., Grabowski, J. M., and Bloom, M. E. (2017). BiP: Master regulator of the unfolded protein response 
and crucial factor in flavivirus biology . The Yale journal of biology and medicine, 90, 291–300. 
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Inhibition of ERAP1 promotes the antiviral response in WNV-infected cells at 24 h pi (GE)
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Some major mediators of antiviral response against WNV are shown here

ERAP1 is not predicted in WNV TRIM6KO vs. mock

W
N

V
W

N
V 
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Transcriptomic analyses of SARS-CoV-1 and SARS-CoV-2 in vitro infection of Calu-3 
cells

Transcriptomic analyses of in vitro flavivirus- or coronavirus-infected cells
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Transcriptomic analyses of SARS-CoV-1 and SARS-CoV-2 at 4,12 and 24 h pi (GE)

Transcriptomic analyses of in vitro flavivirus- or coronavirus-infected cells

Metabolic Pathways Signaling Pathways Signaling Pathways (continued)

p-value: 1.3 (log10)

Z-score >|2|

p-value: 2 (log10)

Z-score >|2.5|

4h 12h 24h
4h12h24h 4h 12h 24h



Sample to Insight

Transcriptomic analyses of SARS-CoV-1 and SARS-CoV-2 at 4,12 and 24 h pi (GE)

Transcriptomic analyses of in vitro flavivirus- or coronavirus-infected cells

Metabolic Pathways Signaling Pathways Signaling Pathways (continued)

p-value: 1.3 (log10)

Z-score >|2|

p-value: 2 (log10)

Z-score >|2.5|

4h 12h 24h
4h12h24h 4h 12h 24h

• Oxidative phosphorylation

• Glucose metabolism

• Cholesterol metabolism

• Fatty acid metabolism

• Alcohol metabolism

• Ketones metabolism

• BCAA degradation

• Production of ATP, NADH

• Innate immune responses triggered

• DC, B, T, NK cells engaged

• Interferon response increased 

• TH1, TH17 induced

• Pro-inflammatory signaling

• UPR activated
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SARS-CoV-2 vs. mock 24 h pi (TE)

Coronavirus pathogenesis pathway is 
activated 

p-value: 1.78E-15

Z-score: 2.7
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Integrin and α-adrenergic signaling are significantly inhibited in SARS-CoV-2 infection
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Integrin signaling is inhibited at 24 h pi (GE) α-adrenergic signaling is inhibited at 24 h pi (GE) 

• COVID-19 induces cardiovascular consequences (myocardial injury, 
myocarditis, stroke, arrhythmias, heart failure, cardiogenic shock, etc.) and 
the deregulation of this pathway may play a role

• SARS-CoV-2 S protein is hypothesized to bind via its RGD/KGD sequence 
to integrin (e.g., a5b1); this sequence may facilitate the binding

• Integrin and integrin receptors may be down-regulated after binding (as seen 
for others viruses)
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SARS-CoV-2 decreases fatty acid and cholesterol metabolism significantly at 24 h pi
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Heatmap of Upstream Regulator Analysis (enzyme, GE)

4h 12h 24h
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CCR5 is activated allowing chemotaxis of leukocytes

Transcriptomic analyses of in vitro flavivirus- or coronavirus-infected cells

Upstream Regulator Analysis, cytokines, SARS-CoV-2 vs. mock, 24 h pi GE (as soon as 12 h pi)

p-value: 8.90E-3

Z-score: 2.6 CCR5 may be a potential 
therapeutic target against SARS-
CoV-2 infection
Chua, R.L. et al. (2020) COVID-19 severity correlates with 
airway epithelium-immune cell interactions identified by 
single-cell analysis Nat. Biotechnol. [published online 
ahead of print]. 
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Coronavirus Network Explorer: Chemotaxis
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SARS-CoV-2 induces a strong chemotaxis in COVID-19 patients (24 h pi, GE)

SARS-CoV-2 viral proteins
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Anakinra could be used to decrease SARS-CoV-2 infection (24 h pi, GE)

Transcriptomic analyses of in vitro flavivirus- or coronavirus-infected cells

Upstream Regulator Analysis predicted that Anakinra (anti-IL1R1) is “inhibited”

A phase III clinical trial is underway investigating 
whether blocking IL-1 activity improves the 
outcome of COVID-19 patients with cytokine 
release syndrome

Sources:

• Calabrese, L.H. (2020) Cytokine storm and the prospects for 
immunotherapy with COVID-19. Cleve Clin. J. Med. 87, 389–393.

• Treatment of COVID-19 Patients With Anti-interleukin Drugs 
(COV-AID), NCT04330638, phase 3, recruiting.
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Upregulated transcript variants linked to acute respiratory distress syndrome (ARDS) 

Transcriptomic analyses of in vitro flavivirus- or coronavirus-infected cells

IsoProfiler for SARS-CoV-1 vs. mock and SARS-CoV-2 vs. mock (TE) at 24 h pi

Biotype: Protein coding
Transcript Level: TSL1
GTEx Enrichment: Lung, whole blood 
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CXCL8-201 as biomarker for prognosis of acute respiratory distress syndrome

Transcriptomic analyses of in vitro flavivirus- or coronavirus-infected cells

Tissue expression enrichment of CXCL8 transcripts Schematic of CXCL8 transcripts and Findings 

Neutrophil populations is significantly increased in COVID-19 
patients with ARDS

CXCL8 is the major neutrophil chemotactic factor in humans

Source: Wilk, A. J. et al. (2020). A single-cell atlas of the peripheral immune response in patients 
with severe COVID-19. Nature medicine, 26(7), 1070–1076. 
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Analysis Match combines knowledge with data

QIAGEN OmicSoft Array Studio

ArrayExpress, GEO, TCGA, SRA, 
LINCS, etc. 

73,000+ expression comparison datasets

Built from >375,000 samples

Journal articles and databases such as  
Clinical Trials, COSMIC, MGD,OMIM , etc. 

Reprocessed using the 
same pipeline

QIAGEN Ingenuity Pathway Analysis

>7.2 million
curated Findings

Curation and QA

• Biological analyses of each dataset

• Compare your analysis to all QIAGEN 
OmicSoft analyses

Transcriptomic analyses of in vitro flavivirus- or coronavirus-infected cells
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Discovery of a potential inhibitor of SARS-CoV-2 infection using Analysis Match

Transcriptomic analyses of in vitro flavivirus- or coronavirus-infected cells

SARS-CoV-2 vs. mock, 24 h pi, GE, filtering on tissue, CP z-score negative

PIKfyve (lipid/protein kinase) plays an important 
role in endocytic mechanism and has been 
proposed as a potential therapeutic target 
against SARS-CoV-2 infection
Sources:
• Bouhaddou, M. et al. (2020). The global phosphorylation landscape of 

SARS-CoV-2 infection. Cell [Advance online publication].
• Ou, X. at al. (2020). Characterization of spike glycoprotein of SARS-CoV-2 

on virus entry and its immune cross-reactivity with SARS-CoV. Nature 
communications, 11, 1620. 
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Conclusions

Transcriptomic analyses of in vitro flavivirus- or coronavirus-infected cells

Transcriptomic analyses of in vitro flavivirus- or coronavirus-infected cells

1 Antiviral response is similar across the 4 viruses at 24 h post infection

2 Potential key upstream regulators and biological processes have been 
identified in these infections

3 Differentially expressed isoforms could be used as biomarker for key 
pathological endpoints

4 Discovery of potential therapeutic targets or compounds to inhibit these 
infections by comparing to unrelated thousands of datasets
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Resources
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QIAGEN IPA

• IPA product info: https://digitalinsights.qiagen.com/products-overview/discovery-insights-portfolio/analysis-and-visualization/qiagen-ipa

• IPA Analysis Match: https://tv.qiagenbioinformatics.com/video/37242337/exploring-ipas-analysis-match-an

• Land Explorer: https://digitalinsights.qiagen.com/products-overview/discovery-insights-portfolio/content-exploration-and-databases/qiagen-omicsoft-land-explorer/

• Coronavirus Network Explorer: https://digitalinsights.qiagen.com/coronavirus-network-explorer/

QIAGEN  OmicSoft:

• Product Info: https://digitalinsights.qiagen.com/products-overview/discovery-insights-portfolio/qiagen-omicsoft/

QIAGEN CLC Genomics

• Product info: https://digitalinsights.qiagen.com/products-overview/analysis-and-visualization/qiagen-clc-genomics-workbench/

https://digitalinsights.qiagen.com/products-overview/discovery-insights-portfolio/analysis-and-visualization/qiagen-ipa
https://tv.qiagenbioinformatics.com/video/37242337/exploring-ipas-analysis-match-an
https://digitalinsights.qiagen.com/products-overview/discovery-insights-portfolio/content-exploration-and-databases/qiagen-omicsoft-land-explorer/
https://digitalinsights.qiagen.com/coronavirus-network-explorer/
https://digitalinsights.qiagen.com/products-overview/discovery-insights-portfolio/qiagen-omicsoft/
https://digitalinsights.qiagen.com/products-overview/analysis-and-visualization/qiagen-clc-genomics-workbench/
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QIAGEN expands integrated coronavirus NGS and software solutions to accelerate COVID-19 research
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• QIAseq SARS-CoV-2 Primer Panel converts viral RNA samples into libraries ready for sequencing

• QIAGEN Digital Insights solutions support COVID-19 drug, vaccine and epidemiology research

• For an overview of QIAGEN’s coronavirus testing solutions, please visit http://www.qiagen.com/coronavirus.

• To explore QIAGEN’s NGS-specific solutions for COVID-19 research, please visit https://go.qiagen.com/CoronavirusNGS

• For details of QIAGEN’s SARS-CoV-2 Whole Genome Sequencing Service, please 
visit https://www.qiagen.com/applications/genomic-services/sars-cov-2-whole-genome-sequencing-services

https://corporate.qiagen.com/newsroom/press-releases/2020/20200818_qiaseq_sars_cov_2
https://corporate.qiagen.com/newsroom/press-releases/2020/20200818_qiaseq_sars_cov_2
http://www.qiagen.com/coronavirus
https://go.qiagen.com/CoronavirusNGS
https://www.qiagen.com/applications/genomic-services/sars-cov-2-whole-genome-sequencing-services
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Customer support and additional resources

Telephone:

• Global: +1 (650) 381-5111

• US toll free: +1 (866) 464-3684

• Denmark toll free: +45 80 82 01 67

• German toll: +49 (0)341 33975301 

Email:

ts-bioinformatics@qiagen.com

Websites:

https://digitalinsights.qiagen.com/

http://tv.qiagenbioinformatics.com

Contact Contact us via email or telephone

Reply A response within ONE business day

Hours 08:00 - 17:00 Pacific
08:00 - 13:00 GMT

Transcriptomic analyses of in vitro flavivirus- or coronavirus-infected cells

http://qiagen.com
https://digitalinsights.qiagen.com/
http://tv.qiagenbioinformatics.com/
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