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High SARS-CoV-2 Viral Load and Low
CCL5 Expression Levels in the Upper
Respiratory Tract Are Associated With
COVID-19 Severity
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Mucosal immune response in the upper respiratory tract is cru-
cial for initial control of viral replication, clearance of severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2), and
progression of coronavirus disease 2019 (COVID-19). We ana-
lyzed SARS-CoV-2 RNA load and expression of selected im-
mune genes in the upper respiratory tract (nasopharynx) of 255
SARS-CoV-2-infected patients and evaluated their association
with severe COVID-19. SARS-CoV-2 replication in nasopharyn-
geal mucosa induces expression of several innate immune genes.
High SARS-CoV-2 viral load and low CCL5 expression levels
were associated with intensive care unit admission or death, al-
though CCL5 was the best predictor of COVID-19 severity.
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Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
infection causes coronavirus disease 2019 (COVID-19), a dis-
ease with high mortality and morbidity rates worldwide. Clinical
manifestations range from mild symptoms to pneumonia and
severe acute respiratory syndrome. The proinflammatory re-
sponse and viral replication are closely related to the severity of
the disease and risk of death [1].

SARS-CoV-2 infection initiates in the upper respiratory
tract, mainly in nasal epithelial cells, where the binding of the
virus to the angiotensin-converting enzyme 2 (ACE2) cell re-
ceptor occurs [1]. After cellular and viral membrane fusion, the
viral genome replicates inside the cell. Viral RNAs activate the
innate immune system, triggering signaling pathways leading to
the expression of type I and III interferons (IFN-a/p and IFN-
\), proinflammatory cytokines, and chemokines, and the re-
cruitment of inflammatory myeloid cells. Interferon-mediated
signaling, in turn, upregulates the expression of multiple anti-
viral interferon-stimulated genes (ISGs) [1].

Mucosal immune response in the upper respiratory tract is
crucial for the initial control of viral replication, the clearance
of SARS-CoV-2, and the progression of the COVID-19 [1,2]. A
characteristic of SARS-CoV-2 infection is the high viral loads
in the upper airways before symptom onset, which may be re-
lated to the reduced activation of some innate immunity path-
ways [3, 4]. Also, dysregulated antiviral immunity in the nasal
epithelium seems to predict progression to severe COVID-19
[5, 6]. Therefore, differentiating protective immune response in
the nasopharynx from that leading to fatal outcomes is essential
in developing preventative and therapeutic strategies against
SARS-CoV-2 infection. This study aimed to analyze the viral
RNA load and the expression of selected immune genes in the
upper respiratory tract (nasopharynx) of SARS-CoV-2-infected
patients and evaluate their association with severe COVID-19.

METHODS

Study Design and Patients

We conducted a retrospective study of 255 SARS-CoV-2-in-
fected patients from Hospital Universitario Principe de Asturias
between 9 November 2020 and 8 March 2021, who had a pos-
itive real-time polymerase chain reaction (RT-PCR) test at the
emergency admission. Patients were initially enrolled to com-
plete 3 groups with different severity stages: 85 outpatients that
were examined at the emergency room and discharged within
the first 24 hours (mild cases), 87 hospitalized in medicine wards
that did not require critical care (moderate cases), and 83 crit-
ical patients that were admitted to the intensive care unit (ICU)
or died within 28 days after hospital admission (severe cases).
In parallel to the COVID-19 patients, we enrolled 30 healthy
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individuals with a negative PCR test for SARS-CoV-2 and no
suspicion of any other respiratory infection. Demographic and
clinical data were extracted from medical records.

This study was approved by the Hospital Universitario
Principe de Asturias Ethics Committee (reference EXPRES-
INMUNE-COVID) and the Hospital’s Institutional Review
Board. Informed consent waiver was authorized by the Ethics

Committee.
Laboratory Assays

Nasopharyngeal Swabs Samples

Biological samples (nasopharyngeal swabs) were obtained
during the first 24 hours after the emergency admission. Samples
were placed in a transport medium with guanidinium isothio-
cyanate (NEST Disposable Nasopharyngeal VIM Sampler kit;
Wauxi NEST Biotechnology) for COVID-19 testing, and stored
at —80°C. This medium served as an inactivator and preserv-
ative for SARS-CoV-2 RNA and mucosal biomarkers mRNA.

RT-PCR Assay for COVID-19 Diagnosis

Viral RNA was obtained at the hospital from clinical samples
using 2 automatic extractors: MagCore HF16 (RBC Bioscience)
and ELITe Ingenius (ELITechGroup). RNA amplification was
performed using 2 RT-PCR platforms, randomly according to
the usual laboratory workflow: Viasure SARS-CoV-2 RealTime
PCR Detection Kit (Certest Biotech SL; detected genes ORFlab
and N) and GeneFinder COVID-19 Plus RealAmp Kit (Osang
Healthcare Co.; detected genes E, N, and RARP). The concord-
ance of these 2 platforms showed 100% agreement and similar
cycle threshold (Ct) values (Supplementary Table 1). Samples
were considered positive when all SARS-CoV-2 genes included
in each RT-PCR assay were amplified.

RT-PCR for Quantification of Mucosal Biomarkers

RNA previously extracted as above was reverse transcribed with
the High-Capacity cDNA Reverse Transcription Kit (Applied
Biosystems) following the manufacturer’s instructions. The ex-
pression of the selected genes (mucosal biomarkers) was quan-
tified in the generated cDNA by RT-PCR using TagMan Gene
Expression Assays specific for each gene (Applied Biosystems).
The PCRs were done in triplicate in a Step One instrument
(Applied Biosystems) following the manufacturer’s instructions.
TagMan Gene Expression Assays containing TagMan MGB
probes (FAM dye-labeled; Applied Biosystems) were used for
the following cellular genes: actin-f (ACTB; Hs99999903_m1),
DExD/H-box helicase 58 (DDX58; RIG-I, Hs00204833_m1l),
tumor necrosis factor (TNF; Hs00174128_m1), interleukin 6 (IL6;
Hs00985639_m1), interleukin 8 (IL8, CXCL8; Hs00174103_m]1),
interferon-f1 (IFNBI1; Hs01077958_s1), interferon-stimulated
gene 15 (ISG15; Hs00192713_m1), interferon-induced protein
with tetratricopeptide (IFITI; Hs00174103_m1l), chemokine

C-X-C motif ligand 10 (CXCLI10; Hs00171042_m1), and che-
mokine C-C motif ligand 5 (CCL5; Hs00982282_m1). We used
ACTB mRNA as an endogenous control to normalize the quan-
titation of an mRNA target for differences in the amount of
total RNA added to each reaction. We also performed a relative
quantification by the comparative Ct (AACt) method (Applied
Biosystems User Bulletin no. 2, http://assets.thermofisher.com/
TFS-Assets/LSG/manuals/cms_040980.pdf) using as a refer-
ence sample (calibrator) a random mixture of samples from 100
SARS-CoV-2 positive individuals. Target mRNA expression was
quantified relative to the calibrator for all experimental samples
and expressed as n-fold.

Expression of SARS-CoV-2 nucleocapsid gene was per-
formed according to the manufacturer’s instructions,
using SYBR-Green reaction mix (Power-Up SYBR-Green
Master MIX; Applied Biosystems) and the following pri-
mers: ACTB (forward, 5-CACCAACTGGGACGACAT-3%
5-ACAGCCTGGATAGCAACG-3") and N (for-
ward, 5-GGGAGCCTTGAATACACCAAAA-3’; reverse,
5-TGTAGCACGATTGCAGCATTG-3"). The expression of

ACTB was used as endogenous control, and relative quantifica-

reverse,

tion was made by the comparative Ct (AACt) method using the
same calibrator as above.

Severe COVID-19 Outcomes

The primary endpoint during hospital admission was ICU
admission or death within 28 days (ICU admission/death). A
single episode was considered for each patient. When a pa-
tient was discharged from the emergency department and
later readmitted during the study period, only the first hospital
admission episode was considered for the analysis, and the cor-
responding respiratory sample for mucosal biomarkers.

Statistical Analysis

Statistical analysis was performed using Stata IC 15.1
(StataCorp). Figures were generated using GraphPad Prism 8.0
(GraphPad Software, Inc). All P values were 2-tailed, and the
significance level was set at .05 (2-tailed).

The differences between independent groups were assessed
using the Mann-Whitney U test, X* test, or Fisher exact test.
Correlation analysis between mucosal biomarkers was per-
formed using the Pearson coefficient (r). Logistic regression
analysis was employed to determine the association of mucosal
biomarkers with COVID-19 outcomes, providing the odds ratio
(OR) and their 95% confidence intervals (CIs). In all cases, we
performed univariate and multivariate regression analyses ad-
justed by significant covariables prior to SARS-CoV-2 infec-
tion (age, sex, and comorbidities) and covariables at baseline
(time from COVID-19 symptoms to sample collection, inter-
national normalized ratio, C-reactive protein, ferritin, lactate
dehydrogenase, alanine aminotransferase, albumin, estimated
glomerular filtration rate, creatinine, glucose, thrombocytes,
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neutrophils, lymphocytes, and hematocrit). Covariables were
selected by a stepwise forward selection method (pin < 0.05 and
pout < 0.10) to avoid model overfitting. For association anal-
ysis, mucosal biomarker values were log, transformed (base-2
logarithms). The predictive performance of severe COVID-19
was assessed by area under the receiver-operating characteristic
curve (AUC), which was considered excellent (0.90-1), good
(0.80-0.90), reasonable (0.70-0.80), and poor (0.60-0.70). Also,
we divided the study population in half into training and valida-
tion cohorts to evaluate the predictive value of the tested genes.

RESULTS

Characteristics of COVID-19 Patients

Baseline characteristics of COVID-19 patients are shown in
Supplementary Table 2. Patients were 60% men, the median age
was 63.8 years, and the main comorbidities were chronic heart
disease, hypertension, chronic obstructive pulmonary disease,
obesity, diabetes, and dyslipidemia. After hospital admission,
19.6% entered the ICU, 16.1% had invasive mechanical venti-
lation, and 14.1% died within 28 days. Healthy controls were
47.7% men and the median age was 60 years.

Innate Immunity Genes Are Upregulated in COVID-19 Patients
COVID-19 patients had higher gene expression levels of
interferon-stimulated gene 15 (ISG15), interferon-p (IFN-
B), interferon-induced protein with tetratricopeptide repeats
1 (IFIT1), retinoic acid-inducible gene I (RIGI), tumor ne-
crosis factor-a (TNF-a), interleukin 6 (IL-6), chemokine (C-C
motif) ligand 5 (CCL5), and C-X-C motif chemokine ligand 10
(CXCL10) than healthy controls (P value < .05; Supplementary
Figure 1). Patients with severe COVID-19 had significantly
higher values for SARS-CoV-2 viral load, IFN-f, IFIT1, IL-6,
and IL-8 than patients with mild or moderate disease, while
CCLS5 values were substantially lower in patients with severe
COVID-19 (P value < .05; Figure 1). Moreover, we found a
strong direct correlation between SARS-CoV-2 viral load
and ISG15, RIGI, TNF-qa, IL-6, and CXCL10 (P value < .001;
Supplementary Figure 2).

Mucosal Biomarkers Predict COVID-19 Outcomes
In adjusted regression models (Figure 2; full description in
Supplementary Table 3), SARS-CoV-2 viral load was a risk
factor (adjusted OR [aOR] = 1.19, P value <.001), and CCL5
was a protective factor for ICU admission or death during hos-
pital admission (aOR = 0.70, P value =.002). When the whole
cohort was divided in half (training and validation cohorts), we
also found significant associations for SARS-CoV-2 viral load
and CCLS5 in both cohorts (P value < .05), supporting that the
association between high levels of SARS-CoV-2 viral load and
low levels of CCL5 expression with COVID-19 severity is robust.
Moreover, CCL5 was the only mucosal biomarker tested
with an AUC > 0.70 (Supplementary Figure 3A), and the

combination with other mucosal biomarkers did not signif-
icantly improve the AUC value (data not shown). CCL5 was
also directly correlated with higher peripheral oxygen satura-
tion (Spo,) values at emergency admission (r = 0.295; P < .001;
Supplementary Figure 3B).

DISCUSSION

This study found that decreased expression of CCL5 and el-
evated SARS-CoV-2 viral load in nasopharyngeal samples
were associated with poor COVID-19 outcomes. In our study,
COVID-19 patients had upregulated innate immunity genes,
which were directly associated with SARS-CoV-2 viral load.
Characterizing the immune response triggered in the upper
respiratory tract by SARS-CoV-2 is essential because the virus
infection, replication, and dissemination begins in this place.
An adequate immune response in the nasopharynx contributes
to controlling virus replication, preventing its spread towards
the lower respiratory tract, and avoiding disease complications.
Conversely, an unbalanced innate immune response is closely
related to COVID-19 severity and the risk of death [1].

We found that COVID-19 patients with high values of SARS-
CoV-2 viral load had higher odds of ICU admission or death. In
agreement with our data, some studies have found that SARS-
CoV-2 viral loads on the upper respiratory tract are positively
associated with disease severity [7-9]. However, others have
found no correlation [4, 10, 11]. This difference may be related
to different times between sample collection and SARS-CoV-2
viral load quantification.

Moreover, higher levels of CCL5 were associated with better
COVID-19 outcomes, and it was also the only biomarker with
acceptable predictive performance. CCL5 (also known as regu-
lated upon activation normal T-cell expressed and secreted,
RANTES) is a potent chemoattractant for several immune cells
such as monocytes and natural killer (NK) cells and promotes
interaction between T cells and dendritic cells, essential for virus
control [12]. Thus, the CCL5 expression may help eliminate
SARS-CoV-2 infection and prevent patients from developing
severe COVID-19 [13]. In agreement with this, it has been de-
scribed that in patients with critical COVID-19, CD8" cytotoxic
lymphocytes expressed lower levels of CCL5 [14]. In addition,
COVID-19 patients with mild disease had higher nasopharyn-
geal CCL5 expression than those with severe pneumonia at the
emergency room [15]. Thus, profiling the expression of the
CCL5 gene in the nasopharyngeal mucosa with the same sample
used for diagnosis could help improve the prognosis of patients
at the initial phase of infection and guide potential treatments.

However, our study can be considered preliminary and has
several limitations, such as it was retrospective, had a limited
sample size, and only a few biomarkers were evaluated. Further
studies should confirm our findings and corroborate the po-
tential use of nasopharyngeal biomarkers to predict the clinical
course of COVID-19.
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A-J, Relative expression of innate immunity genes and SARS-CoV-2 viral load in the upper respiratory tract of COVID-19 patients. Values are expressed as log,
(fold-changes) to the median of healthy controls to facilitate comparisons between groups. The differences between groups were assessed using the Mann-Whitney Utest.
Abbreviations: CCL5, chemokine (C-C motif) ligand 5; COVID-19, coronavirus disease 2019; CXCL10, C-X-C motif chemokine ligand 10; IFIT1, interferon-induced protein with
tetratricopeptide repeats 1; IFN-@, interferon-f3; IL-6, interleukin 6; IL-8, interleukin 8; ISG15, interferon-stimulated gene 15; RIGI, retinoic acid-inducible gene I; SARS-CoV-2,
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Figure2. A-C, Association between mucosal biomarkers (log, values) in the upper respiratory tract and ICU admission or death during hospital admission. The association
analysis was performed by logistic regression adjusted by the most significant covariables. Abbreviations: aOR, adjusted odds ratio; CCL5, chemokine (C-C motif) ligand 5; CI,
confidence interval; ICU, intensive care unit; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; VL, viral load.

CONCLUSION

SARS-CoV-2 replication in the nasopharyngeal mucosa in-
duces the expression of several innate immune genes. High
SARS-CoV-2 viral load and low CCL5 expression levels were
associated with ICU admission or death, although CCL5 was
the best predictor of COVID-19 severity.
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Supplementary materials are available at The Journal of
Infectious Diseases online. Supplementary materials consist of
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Questions or messages regarding errors should be addressed to
the author.
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