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 Background: Rhinovirus (RV) is the most common pathogen involved in asthma, and COVID-19, caused by SARS-COV-2, may 
be more severe in asthma patients. Here, we applied integrated bioinformatics to identify potential key genes 
and cytokine pathways after RV infection in asthma, and analyzed changes in angiotensin-converting enzyme 
2 (ACE2), the cellular receptor of SARS-COV-2.

 Material/Methods: The gene expression profile dataset GSE149273 was downloaded from NCBI-GEO, which included 90 samples 
of non-infected, RVA, and RVC. Differentially expressed genes (DEGs) were identified using t tests in the limma 
R package, and subsequently investigated by GO, KEGG, and DO analysis. Moreover, the expression of ACE2 
and the proportion of immune cells were further analyzed to determine the effects of RV on cytokines.

 Results: A total of 555 DEGs of RVA and 421 of RVC were identified. There were 415 DEGs in RVA and RVC, of which 
406 were upregulated and 9 were downregulated. The functional enrichment analysis showed that most DEGs 
were obviously enriched in cytokines, and were mainly enriched in “influenza” and “hepatitis C, chronic”. In 
addition, the expression of ACE2 increased significantly and the proportion of immune cytokines significant-
ly changed after RV infection. Our results suggest that RV can activate the cytokine pathway associated with 
COVID-19 by increasing ACE2.

 Conclusions: The DEGs and related cytokine pathways after asthma RV infection identified using integrated bioinformatics 
in this study elucidate the potential link between RV and COVID-19.
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Background

Respiratory virus infections are closely associated with the 
exacerbation of asthma, in which rhinovirus (RV) is the most 
common pathogen [1]. Coronavirus disease 2019 (COVID-19), 
caused by severe acute respiratory syndrome coronavirus 2 
(SARS-COV-2), may be more serious in patients with chronic 
lung diseases, including asthma [2]. In asthma patients, bio-
logical factors may affect the susceptibility to SARS-COV-2 or 
the severity of COVID-19. Kim et al. found that RV infection 
was also the most common additional respiratory pathogen 
in 116 SARS-COV-2-positive specimens [3]. It is well known 
that there is a great diversity in RV, in which RV-B infection 
usually causes mild or asymptomatic symptoms, and RV-A or 
RV-C are usually associated with more severe illness or exac-
erbation of asthma [4]. RV infection induces the expression 
of interferon (IFN)-stimulated genes and subsequent produc-
tion of cytokines [5].

Angiotensin-converting enzyme 2 (ACE2), a transmembrane 
protein with an extracellular carboxypeptidase domain locat-
ed on the cell membrane of a variety of epithelial cells, was 
originally described as playing a role in the renin-angiotensin 
system [6]. The various roles of ACE2 have gradually been dis-
covered [7]. It participates in the regulation of cardiovascular 
physiology, dietary amino acid homeostasis, innate immunity, 
and intestinal microbial ecology, and plays an important role 
in heart failure, hypertension, myocardial infarction, and car-
diovascular complications of diabetes [8]. It is also a cellular 
receptor for SARS-COVs, including SARS-COV-2 which caused 
the COVID-19 epidemic [9]. The spike protein of virus binds 
to the ACE2 of the host cell, mediating viral invasion of cell 
membranes and transmission to other cells [10]. Therefore, we 
speculated that there are differences in ACE2 gene expression 
in RV-infected asthma patients, and it may be associated with 
severe COVID19 infections.

Gene expression microarray, as an efficient and large-scale 
technique to obtain genetic data, is widely used to study the 
gene expression profile of diseases and plays an important 
role in screening differentially expressed genes (DEGs) [11]. 
With the wider application of this technology, a large quanti-
ty of microarray and sequencing data has been collated and 
stored in the public database platforms, which are available 
for free download. Further analysis and integration of the data 
through relevant statistical software or online analysis tools 
can lead to more in-depth study of molecular mechanisms of 
disease, providing a new method for the study of disease-re-
lated genes. However, the results of different studies on the 
identification of DEGs are not completely consistent, and there 
are still some limitations in single-cohort studies. Many stud-
ies have identified the DEGs of different diseases, including 
ovarian cancer [12], leukemia [13], and gastric cancer [14]. The 

identification of DEGs has been widely used in the analysis of 
various types of diseases and can provide effective therapeu-
tic targets for the disease.

In this study, the original microarray dataset GSE149273 [15] 
was downloaded from the NCBI-Gene Expression Omnibus 
(GEO), which contained a total of 90 samples. DEGs were iden-
tified in RV-A16 infections (RVA) or RV-C15 infections (RVC) 
compared to non-infection (control) in patients with asthma. 
Additionally, gene ontology (GO), Kyoto Encyclopedia of Genes 
and Genomes (KEGG) analysis, and Disease ontology (DO) anal-
ysis were performed to identify the intersecting DEGs of RVA 
and RVC. The gene expression of ACE2 and the proportion of 
22 kinds of immune cells in each sample were further ana-
lyzed to determine the effects of FVA or FVC infection on cy-
tokines. Overall, the findings of the present study highlighted 
key candidate genes and cytokine pathways in RV infection 
in people with asthma. These may provide a reliable molecu-
lar marker to better understand RV infection and analyze its 
relationship with COVID-19.

Material and Methods

Dataset sources

The GSE149273 profile dataset was downloaded from the NCBI-
GEO database (https://www.ncbi.nlm.nih.gov/geo/). The plat-
form for GSE149273 is GPL21290 Illumina HiSeq 3000 (Homo 
sapiens), which includes 90 samples from 30 asthma patients 
with non-infection, RVA, and RVC. Platform and series matrix 
file(s) were downloaded as TXT files.

Expression analysis of DEGs

The original data were converted into an expression matrix, 
and then the mRNA expressions of 90 samples were normal-
ized using the R software package with the robust multi-ar-
ray average algorithm. The t test method in the limma R pack-
age was subsequently used to identify DEGs between RVA and 
RVC infected samples and non-infected samples, respective-
ly. The log fold change >2 and P<0.05 were considered as the 
screening criteria for DEGs identification. The intersection of 
the analysis results of DEGs of RVA and RVC was demonstrat-
ed using VennDiagram in the R package, and the heatmap.2 
of R package was used to draw the heatmaps of RVC, RVA, 
and control groups.

Functional analyses

To further explore the biological processes and signal path-
ways in which the intersecting DEGs of RVA and RVC might be 
involved, functional analyses of the DEGs at the intersection 
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Figure 1. Standardization of gene expression.

DEGs Genes

Upregulated IRF7, MX2, CMPK2, TRIM25, OAS3, IFIT5, DDX60L, RSAD2, MX1, IFI16, ADAR, USP18, STAT1, PNPT1, TRIM14, 
OAS1, OAS2, XAF1, IFIT1, DHX58, DDX58, CMTR1, RTP4, PARP12, SP100, EPSTI1, IFIT2, PARP9, IFI35, HERC6, 
LAMP3, UBE2L6, SAMD9L, PLSCR1, HERC5, OASL, IFIT3, C19orf66, IFI44, TRANK1, SP110, HSH2D, DTX3L, 
ISG15, IFIH1, ZC3HAV1, PARP10, TRIM21, DDX60, PARP14, IFITM1, NMI, SLC25A28, ISG20, ETV7, STAT2, 
NLRC5, TRIM5, MYD88, TDRD7, SMCHD1, XRN1, TRIM22, PHF11, SAMD9, GTPBP2, RNF213, NT5C3A, LAP3, 
ZCCHC2, FAM46A, IFI44L, TREX1, SCO2, GTPBP1, PML, FBXO6, TOR1B, PLEKHA4, UBA7, AIM2, TNFSF10, TAP1, 
NUB1, GBP4, LMO2, MOV10, APOL6, TAPSAR1, GBP1, SCAMP1-AS1, STARD5, EIF2AK2, N4BP1, BST2, TYMP, 
IFITM3, IRF9, HELZ2, RNF19B, HLA-E, MOB3C, LGALS9, CNP, SPATS2L, ZNFX1, GMPR, OPTN, CXCL10, C5orf56, 
RBCK1, APOBEC3G, HDX, CSRNP1, SECTM1, PRKD2, PSMB8, FBXO39, TTC39B, PSMB9, WARS, IRF1, BATF2, 
TRIM38, LGALS17A, LY6E, IFI6, JAK2, CLEC7A, SAMHD1, SP140L, EXOC3L1, PI4K2B, NUPR1, SIDT1, PCGF5, 
IFNL3, CASP1, ACSL1, EHD4, CD68, TAP2, SLFN5, TLR3, LOC101927027, TRIB2, LIFR, GRIP2, ACE2, MASTL, 
BCL2L14, TRAFD1, PRICKLE4, APOL2, BCL3, GBP5, BTC, PIK3AP1, SLC15A3, NFE2L3, ZBP1, ZFYVE26, RASGRP3, 
TMEM140, ZC3H12A, KIAA1551, CTRL, MLKL, NFKBIA, LYSMD2, MAB21L2, GNB4, C17orf67, GBP1P1, DUOX2, 
PMAIP1, USP30-AS1, SOD2, CIITA, OGFR, LYPD5, APOBEC3A, IFNL1, AKAP7, ACKR4, TNFAIP3, RBMS2, 
HESX1, HTR2B, MXD1, IL4I1, BLZF1, DUOXA2, NCOA7, RBM11, HRASLS2, SUSD3, FGD2, CCL5, IFI27, TICAM1, 
CCDC109B, APOBEC3F, GCH1, IL22RA1, TNFSF13B, C19orf38, IKBKE, IFNL2, CASP10, LRRN2, PPM1K, CD7, 
APOL3, IRAK2, NFKBIZ, UBQLNL, C21orf91, IL7, HLA-F, CD38, RELB, GCNT4, RHBDF2, CX3CL1, CD83, TNFRSF6B, 
PPM1J, TAGAP, BTN3A3, TMEM229B, FFAR2, CARD16, SOCS1, STX11, OVOL1, IL19, BIRC3, GLRX, CPNE5, 
MAFF, CXorf49, CXorf49B, CEACAM1, SEC16B, PRDM1, ADCY4, ATF3, LINC00623, TLR2, IFITM2, NRG2, BBC3, 
SOCS3, KIAA0226, CXCL11, CXCL9, IL15RA, LAG3, STARD4, IDO1, SOCS2, ICOSLG, C1GALT1, FANCA, KCNQ4, 
NCF1, C10orf105, AP5B1, TMEM171, GBP2, HK2, BRIP1, RAB43, MUC13, IFI30, NCF1C, SP140, HAPLN3, 
ARID5A, SLC16A1, CD274, KLHDC7B, CACNA1A, CSF3, MAP2, CCL20, TMEM106A, SERPING1, TNFAIP2, CLCA3P, 
TNIP3, DLG2, CXCL8, MAPK8IP2, IL17C, PLAUR, NEURL3, PROX1, APOBEC3B, TNF, MB21D1, THEMIS2, FRMD3, 
HBEGF, BRCA2, DUXAP10, TMEM92, DUSP5, EXOC3L4, APOL4, C11orf82, RIMS2, C15orf48, C2CD4B, NOV, 
ADAM8, SLFN12, MICB, GBP3, GRIN3A, C1R, LOC102724163, SEMA3D, IL2RG, LOC645638, FGF2, FAM169B, 
LOC100294362, MT2A, ABCD1, ZNF618, LRRC3, SAA4, CYP21A1P, SLC26A4-AS1, SERPINB9, SERPINB9P1, 
BATF, LOC388692, TLDC2, IL36G, PRRX2, TGM1, ELOVL7, CXCL3, TNFRSF10A, RTKN2, CCL22, HDAC9, ATP10A, 
IL6, SBK1, BCL2A1, DOC2B, C2CD4A, C1S, ADM, HCG4B, PTPRH, HCAR3, PDCD1LG2, C8orf4, CXCL2, STS, RET, 
NOS2, SLC26A4, SLCO4A1, SELL, NTNG2, HLA-J, RND1, CFB, XDH, MMP13, TRIM31, SAA2, SPRR2A, PTGS2, 
MTNR1A, AKAP2, ACHE, DEFB4A, ICAM1, EREG, SPRR2F, CH25H, IL1RN, NEXN, CSF1, HSPA6, LOC554223, 
APOL1, SLAMF7, LIF, MEF2C, SSC5D, TGM2, ZDHHC14, CXCL13, ERAP2, ANGPTL4, SH2D1B, THSD1, PLA2G4E

Downregulated C20orf195, FAM13C, HPX, INHBB, GPATCH11, PTGFR, PRR18, SLC16A14, SLC47A2

Table 1. 415 DEGs in the intersection of FVA and FVC.
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of RVA and RVC were performed. GO analysis was performed 
to demonstrate the dominant function of the intersecting 
DEGs from molecular function and biological process using 
the clusterProfiler R package. KEGG pathway analysis was 
performed to find the correlation between the intersecting 
DEGs and signal pathways using the clusterprofiler R pack-
age. DO analysis was performed to explore the relationship 
between the intersecting DEGs and diseases using DisGeNET 
data (https://www.disgenet.org/). All the results were visual-
ized, and P<0.05 and gene counts >5 were considered to show 
a statistically significant difference in this functional enrich-
ment analysis.

Analysis of ACE2 and immune cells

The t test was used to analyze the differences in gene expres-
sion of ACEs between RVA infection or RVC infection and con-
trol. P<0.05 was statistically significant. Moreover, the pro-
portion of 22 immune cells in each sample was estimated to 
analyze the infiltration of immune cells after infection using 
cibersortx (https://cibersortx.stanford.edu/index.php), and a 
heatmap was drawn. The vioplot in the R package was used 
to visualize the change in the proportion of 22 immune cells 
relative to the control after RVA or RVC infection. P<0.05 was 
considered statistically significant.
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Figure 2.  Differential expression of data between infection and control. (A) Differential expression of data between RVA and control; 
(B) Differential expression of data between RVC and control; (C) The intersection of RVA and RVC DEGs. The red points in A 
and B represent upregulated genes, the green points represent downregulated genes, and the black points represent genes 
with no significant difference.
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Figure 3.  The heatmap of RVA or RVC infection compared with control. (A) The heatmap of RVA and control; (B) The heatmap of RVC 
and control.
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Figure 4.  Functional enrichment analysis of DEGs in the intersection of RVA and RVC. (A) GO analysis revealed that DEGs were 
significantly enriched in biological processes (BP) and molecular function (MF) terms; (B) Significantly enriched KEGG terms 
obtained from KEGG analysis. GO – gene ontology; KEGG – Kyoto Encyclopedia of Genes and Genomes.
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Results

Data information and identification of DEGs

The GSE149273 profile dataset consisted of 30 patients with 
a median age of 35 years and a balanced sex ratio, 60% of 
whom were non-Hispanic white individuals. Thirty individu-
als were treated with non-infection, RVA, and RVC infection 
respectively, and 90 samples were obtained. The mRNA ex-
pression levels of the 90 samples in the microarray datas-
et GSE149273 were standardized, and the results are shown 
in Figure 1. The GSE149273 dataset was screened using the 
limma R package (logFC >2 and P<0.05), and 555 DEGs were 
obtained between RVA and control and 421 DEGs between 
RVC and control. Among them, 529 upregulated genes and 
26 downregulated genes were identified in RVA, while 408 

upregulated genes and 13 downregulated genes were classi-
fied in RVC. In addition, there were a total of 415 DEGs both 
in RVA and RVC, among which 406 were upregulated and 9 
were downregulated (Table 1). The differential expression of 
multiple genes from FVA or FVC and control in the microarray 
is shown in Figure 2A and 2B, and the intersection of RVA and 
RVC DEGs is shown in Figure 2C. The cluster heatmaps of FVA 
and FVC are shown in Figure 3.

Functional enrichment analysis

To identify which biological functions and pathways were most 
significantly associated with the DEGs, a total of 415 genes 
in the intersection of RVA and RVC were analyzed for GO and 
KEGG pathways. GO analysis of DEGs in this study was divid-
ed into 2 functional groups: a biological processes group and 

GO ID GO Term Count P-value

BP

GO: 0009615 Response to virus 75 9.27E-60

GO: 0051607 Defense response to virus 67 1.20E-59

GO: 0034341 Response to interferon-gamma 51 5.09E-43

GO: 0060337 Type I interferon signaling pathway 38 1.25E-40

GO: 0071357 Cellular response to type i interferon 38 1.25E-40

GO: 0034340 Response to type i interferon 38 8.46E-40

GO: 0071346 Cellular response to interferon-gamma 45 1.81E-37

GO: 0048525 Negative regulation of viral process 33 2.80E-32

GO: 0060333 Interferon-gamma-mediated signaling pathway 32 3.39E-32

GO: 1903901 Negative regulation of viral life cycle 31 8.43E-32

MF

GO: 0005125 Cytokine activity 29 1.03E-15

GO: 0048018 Receptor ligand activity 39 1.62E-13

GO: 0005126 Cytokine receptor binding 29 9.81E-13

GO: 0042379 Chemokine receptor binding 13 5.95E-10

GO: 0008009 Chemokine activity 11 2.92E-09

GO: 0045236 CXCR chemokine receptor binding 6 2.79E-08

GO: 0003725 Double-stranded RNA binding 12 3.25E-08

GO: 0016814
Hydrolase activity, acting on carbon-nitrogen (but not 
peptide) bonds, in cyclic amidines

7 4.39E-06

GO: 0042056 Chemoattractant activity 7 9.61E-06

GO: 0048020 CCR chemokine receptor binding 7 2.25E-05

Table 2. GO functional annotation for the most significantly related targets of 415 DEGs.
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a molecular function group (Figure 4A). In the biological pro-
cesses group, the DEGs were mainly enriched in “response to 
virus”, “defense response to virus”, and “response to interfer-
on-gamma”. In the molecular function group, the DEGs were 
mainly enriched in “receptor ligand activity”, “cytokine activ-
ity”, and “cytokine receptor binding”. The top 10 GO terms 
for each category are listed in Table 2. KEGG pathway anal-
ysis demonstrated that DEGs were significantly enriched in 
“Cytokine-cytokine receptor interaction”, “Influenza A”, and 

KEGG ID KEGG Term Count P-value

hsa05164 Influenza A 33 4.44E-20

hsa04621 NOD-like receptor signaling pathway 30 2.20E-16

hsa04060 Cytokine-cytokine receptor interaction 34 1.28E-13

hsa04061 Viral protein interaction with cytokine and cytokine receptor 20 7.62E-13

hsa04668 TNF signaling pathway 20 7.04E-12

hsa05162 Measles 22 7.43E-12

hsa05169 Epstein-Barr virus infection 24 3.95E-10

hsa05160 Hepatitis C 20 3.30E-09

hsa04064 NF-kappa B signaling pathway 16 9.32E-09

hsa04657 IL-17 signaling pathway 15 1.65E-08

hsa05167 Kaposi sarcoma-associated herpesvirus infection 21 1.77E-08

hsa04630 JAK-STAT signaling pathway 19 3.65E-08

hsa04623 Cytosolic DNA-sensing pathway 12 6.12E-08

hsa04620 Toll-like receptor signaling pathway 15 6.73E-08

hsa04622 RIG-I-like receptor signaling pathway 12 2.08E-07

hsa04625 C-type lectin receptor signaling pathway 14 4.49E-07

hsa04217 Necroptosis 17 7.52E-07

hsa05134 Legionellosis 10 1.77E-06

hsa04062 Chemokine signaling pathway 18 1.94E-06

hsa05133 Pertussis 11 3.86E-06

hsa05161 Hepatitis B 16 4.60E-06

hsa05168 Herpes simplex virus 1 infection 29 2.77E-05

hsa05323 Rheumatoid arthritis 11 2.78E-05

hsa05170 Human immunodeficiency virus 1 infection 16 0.000129

hsa05145 Toxoplasmosis 11 0.000155

hsa05140 Leishmaniasis 9 0.000166

hsa05144 Malaria 7 0.000289

hsa05143 African trypanosomiasis 6 0.00035

hsa05235 PD-L1 expression and PD-1 checkpoint pathway in cancer 9 0.000498

hsa04612 Antigen processing and presentation 8 0.000928

hsa04930 Type II diabetes mellitus 6 0.00116

hsa05142 Chagas disease (American trypanosomiasis) 9 0.001339

Table 3. KEGG functional annotation for 415 DEGs.

“NOD-like receptor signaling pathway” (Figure 4B). All KEGG 
pathway terms are listed in Table 3. These results indicate that 
most DEGs were significantly enriched in virus and cytokine. 
To further clarify the relationship between DEGs and various 
diseases, 415 DEGs were subjected to DO analysis. The specif-
ic conditions of diseases enriched by each gene are shown in 
Figure 5. After enrichment analysis, it was found that the DEGs 
were mainly enriched in “Influenza”, “Hepatitis C, Chronic”, 
and “Respiratory Syncytial Virus Infections”. The enrichment 

results are shown in Figure 6A, and the interaction network 
between diseases and DEGs is shown in Figure 6B.

Expression of ACE2 gene and immune cells

The ACE2 gene is one of the 415 DGEs, and this study fur-
ther confirmed that the expression of ACE was significant-
ly increased after RVA or RVC infection (P<0.01), along with 
upregulated DGEs (Figure 7). Functional enrichment analy-
sis showed that most DEGs were significantly related to cyto-
kines, so we analyzed the content and proportion of 22 kinds 
of immune cells in 90 samples. The content of immune cells 
is shown in Figure 8A and the heatmap of cell proportions is 
shown in Figure 8B. The results showed that the proportion of 
“NK cells activated”, “Macrophages M1”, and “Dendritic cells 
activated” was increased after infection with RVA or RVC, while 
that of “T cells CD8” and “Mast cells resting” was decreased. 
Based on the correlation analysis of the immune cells, we 
found that “T cells follicular helper”, “Dendritic cells activat-
ed”, “Neutrophils”, and “NK cells activated” had a positive cor-
relation with “Macrophages M1”, and “T cells CD8” was also 
positively correlated with “Dendritic cells resting” (Figure 8C).

To identify changes in the expression of individual immune cells 
after infection, we visualized the proportion of 22 kinds of im-
mune cells relative to control after RVA or RVC infection. The 
results showed that the proportions of “B cells naïve”, “T cells 
CD8”, “NK cells resting”, “Macrophages M0”, “Macrophages 
M2”, “Dendritic cells resting”, and “Mast cells resting” were 
significantly decreased, while that of “T cells follicular help-
er”, “NK cells activated”, “Macrophages M1”, “Dendritic cells 
activated” and “Neutrophils” increased significantly after 
RVA infection (Figure 9A). And the proportion of “B cells na-
ïve”, “T cells CD8”, “NK cells resting”, “Macrophages M0”, 
“Dendritic cells resting”, and “Mast cells resting” was signif-
icantly decreased, while “T cells gamma delta”, “NK cells ac-
tivated”, “Macrophages M1”, “Dendritic cells activated”, and 
“Neutrophils” was significantly increased after RVC infection 
(Figure 9B). In general, RV infection significantly activated the 
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Figure 5. DGEs-enriched diseases.

results are shown in Figure 6A, and the interaction network 
between diseases and DEGs is shown in Figure 6B.

Expression of ACE2 gene and immune cells

The ACE2 gene is one of the 415 DGEs, and this study fur-
ther confirmed that the expression of ACE was significant-
ly increased after RVA or RVC infection (P<0.01), along with 
upregulated DGEs (Figure 7). Functional enrichment analy-
sis showed that most DEGs were significantly related to cyto-
kines, so we analyzed the content and proportion of 22 kinds 
of immune cells in 90 samples. The content of immune cells 
is shown in Figure 8A and the heatmap of cell proportions is 
shown in Figure 8B. The results showed that the proportion of 
“NK cells activated”, “Macrophages M1”, and “Dendritic cells 
activated” was increased after infection with RVA or RVC, while 
that of “T cells CD8” and “Mast cells resting” was decreased. 
Based on the correlation analysis of the immune cells, we 
found that “T cells follicular helper”, “Dendritic cells activat-
ed”, “Neutrophils”, and “NK cells activated” had a positive cor-
relation with “Macrophages M1”, and “T cells CD8” was also 
positively correlated with “Dendritic cells resting” (Figure 8C).

To identify changes in the expression of individual immune cells 
after infection, we visualized the proportion of 22 kinds of im-
mune cells relative to control after RVA or RVC infection. The 
results showed that the proportions of “B cells naïve”, “T cells 
CD8”, “NK cells resting”, “Macrophages M0”, “Macrophages 
M2”, “Dendritic cells resting”, and “Mast cells resting” were 
significantly decreased, while that of “T cells follicular help-
er”, “NK cells activated”, “Macrophages M1”, “Dendritic cells 
activated” and “Neutrophils” increased significantly after 
RVA infection (Figure 9A). And the proportion of “B cells na-
ïve”, “T cells CD8”, “NK cells resting”, “Macrophages M0”, 
“Dendritic cells resting”, and “Mast cells resting” was signif-
icantly decreased, while “T cells gamma delta”, “NK cells ac-
tivated”, “Macrophages M1”, “Dendritic cells activated”, and 
“Neutrophils” was significantly increased after RVC infection 
(Figure 9B). In general, RV infection significantly activated the 

expression of NK cells, dendritic cells, and neutrophils, and re-
duced the expression of CD8 T cells.

Discussion

SARS-COV-2, causing COVID-19, is a novel virus first detect-
ed in December 2019 in Wuhan, China and the disease is 
thought to be more severe in patients with chronic lung dis-
ease [16]. RV airway infection is the most common virus caus-
ing the common cold and is a major contributor to the devel-
opment and exacerbation of asthma [17]. RV infection induces 
the expression of IFN-stimulated genes and subsequent cyto-
kines [18], and ACE2, the receptor of SARS-COV-2, has recently 
been identified as an IFN-stimulated gene [19]. Therefore, RV 
infection may be associated with severe COVID-19 infection 
through key candidate genes and cytokine pathways. Studies 
have shown that there are large clinical variations due to dif-
ferences in autoantibodies among individuals in the course 
of SARS-COV-2 infection, and type I IFNs in protective immu-
nity against SARS-Cov-2 are crucial [20]. There are many im-
munological tests for SARS-COV-2 infection, but the protec-
tive immune genes for SARS-CoV-2 have not yet been fully 
clarified, and the study of genes and cytokines can provide a 
unique opportunity to control the infection and disease [21]. 
Microarrays and high-throughput sequencing have been wide-
ly used to detect the expressions of various genes in the hu-
man genome and to predict potential targets for related dis-
eases, which can help identify target genes for diagnosis or 
treatment of diseases [22].

In the present study, the genomic dataset was obtained from 
GEO, including 90 samples with non-infection, RVA infec-
tion, and RVC infection. Bioinformatics analysis was conduct-
ed, identifying 555 DEGs between RVA and control and 421 
DEGs between RVC and control. A total of 415 DEGs were in-
volved both in RVA and RVC, among which 406 were upregu-
lated and 9 were downregulated. Functional enrichment anal-
ysis showed that DEGs were mainly enriched in “response to 
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Figure 8.  Expression of 22 kinds of immune cells in the 90 samples. (A) The content of 22 kinds of immune cells; (B) The heatmap of 
22 kinds of immune cells proportional; (C) Correlation between different immune cells.
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virus”, “response to interferon-gamma”, “receptor ligand ac-
tivity”, “cytokine activity”, “cytokines-cytokine receptor inter-
action”, “NOD-like receptor signaling pathway”, “Influenza 
A”, and “respiratory syncytial virus infection”. These results 
indicate that most DEGs were significantly enriched in virus 
and cytokine, which is consistent with normal expression af-
ter virus infection.

SARS-COV-2 infection is mediated by a Spike virus protein 
and ACE2, and fuses with target cells through a type I mecha-
nism [23]. ACE2 is expressed in the alveoli, heart, esophagus, 
kidney, bladder, and ileum, suggesting that all of these organs 
may be affected by SARS-COV-2 [24,25]. The expression of ACE2 
mediates SARS-COV-2 infection in host lung cells [10], so it can 
be reasonably concluded that increased expression of ACE2 in 
lung cells will increase susceptibility to SARS-COV-2 infection 

or lead to more severe COVID19 disease. Generally, after cel-
lular detection of viral entry into a host cell, IFN-induced IFN-
stimulated genes are essential for host antiviral defense, and 
studies have shown that ACE2 is an INF-stimulated gene in hu-
man airway epithelial cells [19]. Inducers of the IFN pathway, 
including influenza infection, can lead to increased expression 
of ACE2 in cells, thereby increasing susceptibility to COVID-19. 
Our study found that ACE2 was one of the 415 DEGs in RV and 
control, and there was a significant increase in the expression 
of ACE2 in asthma patients infected with RV, indicating that 
RV infection can increase susceptibility to SARS-COV-2 or lead 
to more severe COVID19.

Immune cells are the cells involved in or related to the im-
mune response, and they play an important role in the hu-
man body. Studies have shown that NK cells are activated in 
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Figure 9.  Expression of 22 kinds of immune cells after RVA or RVC infection. (A) Expression of 22 kinds of immune cells after RVA 
infection; (B) Expression of 22 kinds of immune cells after RVC infection.

COVID-19 [26], and can also be activated in humans after in-
fluenza virus infection, while dendritic cells are necessary for 
NK cell activation [27]. Dendritic cells play an important role in 
defense against lung infections [28]. In human dendritic cells 
derived from monocytes infected by SARS-COV, the chemo-
kines are upregulated [29]. Furthermore, lymphocytosis may 

be due to the direct effects of cytokines on T cell populations 
and/or the indirect effects on other cell types such as den-
dritic cells [30] and neutrophils [31,32] in severe disease. Our 
research found that NK cells, dendritic cells, and neutrophils 
were activated after RV infection in asthma, which was con-
sistent with the previous description. In addition, we found a 
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significant decrease in CD8 T cells of people with asthma in-
fected with RV, which was similar to earlier observations about 
SARS-CoV-1 infection. Some studies reported that lymphopenia 
was caused by a sharp decrease in the number of T cells CD4 
and CD8 in COVID-19 patients [33]. T cells play an important 
role in viral infections, in which CD4 T cells help to produce 
antibodies and coordinate the response of other immune cells, 
while CD8 kills infected cells to reduce the viral burden, and 
lower numbers of CD8 cells have been shown to be correlated 
with severity of COVID-19 [34]. The hyperactivation of mono-
cytes, macrophages, and dendritic cells is the driving factor of 
human immunopathology. Our study found a significant corre-
lation between CD8 and dendritic cells after RV infection, indi-
cating that asthma patients infected with RV would be more 
susceptible to COVID-19, which was also consistent with the 
higher incidence of COVID-19 among young asthmatics, ac-
counting for 27% of the hospitalized 18–49 age group in the 
United States [35]. All results showed that viral infections as-
sociated with asthma exacerbations and SARS-COV-2 infec-
tions showed synergistic biomolecular interactions. RV infec-
tion can aggravate COVID-19 infection by increasing key gene 
and cytokine pathways associated with COVID-19.
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