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Abstract: During the COVID-19 pandemic, the circulation of non-SARS-CoV-2 respiratory viruses
changed throughout the world. This study aimed to analyze the effect of respiratory syncytial virus
(RSV), metapneumovirus (MPV), rhinovirus (RV), and parainfluenza (PIV)-3 single infection, dual
co-infection, and viral load on cytokine and chemokine expression in 300 Mexican patients with
ARIs negative for SARS-CoV-2. Molecular detection and viral load were performed by RT-qPCR.
Cytokine and chemokine expression was determined in samples positive for single RSV, MPV, RV,
or PIV-3 infection, and in the most frequent dual co-infections, by a cytokine panel using a magnetic-
bead-based multiplex immunoassay. Of the patients positive for viral infection, 91.7% had a single
infection and 8.3% had dual co-infections. In this study, RSV was the respiratory virus with the
highest prevalence, and the most common dual co-infection was RV+RSV. On the other hand, RV
infections had the highest viral loads compared to the other viruses detected. FGF basic, MIP-1ct IL-
8, IP-10, MCP-1, IFN-vy, and RANTES showed differential expression between single infections and
dual co-infections compared to healthy patients. We report, for the first time, the circulation of non-
SARS-CoV-2 viruses in the south of Mexico and the cytokine and chemokine profiles associated
with these viruses.

Keywords: non-SARS-CoV-2 respiratory viruses; single infection; dual co-infection; viral load;
cytokine; chemokine

1. Introduction

Acute respiratory illnesses (ARIs) are an important cause of mortality in children under 5 years
old worldwide [1]. The main etiologies are RNA viruses such as human coronaviruses, influenza
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viruses, metapneumovirus (MPV), parainfluenza virus (PIV), rhinovirus (RV), and respiratory
syncytial virus (RSV) [2]. Most of these respiratory viruses exhibit a pattern of seasonal circulation,
and their outbreaks occur in spring and autumn, with peak incidences in the winter months in
temperate regions and during the rainy season in tropical regions [3-5].

Non-pharmaceutical interventions (NPIs) used during the COVID-19 pandemic caused by the
SARS-CoV-2 virus reduced the circulation of non-SARS-CoV-2 respiratory viruses, including RSV
[6]. RSV is a member of the family Paramyxoviridae and genus Pneumovirus containing a single-
stranded non-segmented, negative-sense RNA genome [7,8]. Before the COVID-19 pandemic, RSV
was the most common cause of lower respiratory tract infection in the pediatric population and an
important cause of hospitalization in adults and the elderly in Latin America [9,10]. In Mexico, RSV
is the leading cause of severe ARIs in preterm infants and adults [11,12], it has been detected in co-
infection with SARS-CoV-2 [13] and circulating with other RNA respiratory viruses, such as RV,
MPYV, and PIV [14,15].

RV is a non-enveloped positive-strand RNA virus in the family Picornaviridae, genus Enterovirus
[16]. RV causes more than 50% of upper respiratory tract infections in humans worldwide and is the
main etiologic agent of the common cold [17]. RV infections can cause wheezing in all age groups
and exacerbations of asthma in both children and adults [18]. Furthermore, RV was the main co-
circulating respiratory virus during the COVID-19 pandemic [19,20]. On the other hand, MPV is an
enveloped negative-stranded RNA virus with a non-segmented genome belonging to the order
Mononegavirales, family Pneumoviridae, and genus Metapneumovirus [21,22]. MPV is an important
etiological agent of ARIs in children, adults, and elderly and immunocompromised patients [23].
Before the COVID-19 pandemic, a study reported that MPV circulated mainly in infants under 12
months and adults between the ages of 26 and 59 years [24]. In contrast, during the COVID-19
outbreak, a higher infection rate of MPV in young children than in older adults was observed [25].
Finally, PIV is an enveloped, negative-sense, single-stranded RNA virus that belongs to the family
Paramyxoviridae. It is classified into four serotypes (PIV-1, PIV-2, PIV-3, and PIV-4) and subdivided
into two genera, Respirovirus (PIV-1 and PIV-3) and Rubulavirus (PIV-2 and PIV-4) [26,27]. PIV is an
important cause of upper (URTIs) and lower respiratory tract infections (LRTIs) in infants, young
children, the elderly, the immunocompromised, and hematopoietic stem cell transplant patients. It is
classified into four serotypes (PIV-1, PIV-2, PIV-3, and PIV-4) [26], and of the four serotypes, PIV-3 is
the most virulent, causes 60-70% of PIV infections [28], and has been detected in co-infection with
SARS-CoV-2 in children and adults [29,30].

The innate immune response plays an important role in defense against respiratory viruses. The
innate immune response signaling cascade begins with the recognition of pathogen-associated
molecular patterns by pattern recognition receptors (PRRs). For RNA viruses, the toll-like receptors
(TLRs) 3, 7, and 8 and, cytosolic RNA sensors, such as melanoma differentiation-associated gene 5
(MDADS) and retinoic acid-inducible gene I (RIG-I), are the most important pattern recognition
receptors (PRRs) [31]. These receptors are expressed in the respiratory epithelial cells and tissue-
resident immune cells. Upon viral sensing, the PRRs activate signaling pathways that trigger the
release of type I and III IFNs, pro-inflammatory cytokines (TNF-a, tumor necrosis factor-alpha; IL-6,
interleukin-6; IL-1f3, interleukin-1 beta; G-CSF, granulocyte colony-stimulating factor, and GM-CSF,
granulocyte-macrophage colony-stimulating factor), and chemokines (MCP-1, monocyte
chemoattractant protein-1; CXCL9, C-X-C motif chemokine ligand 9 and, IP-10, IFN-y inducible
protein-10) that assist in the prevention and clearance of respiratory viral infections [32]. On the other
hand, viral load is one of the important determinants of disease transmission. Additionally, high viral
loads of some respiratory viruses are correlated with the severity of illness [33]. For example, a higher
SARS-CoV-2 viral load is significantly associated with disease severity and increased risk of mortality
[34,35]. For RSV, although some studies have demonstrated that the viral load has a positive
correlation with clinical symptoms in children <5 years of age [36], there is no correlation between a
high viral load and increased severity of the disease [37]. Herein, we analyze the effect of non-SARS-
CoV-2 respiratory viruses, such as single RSV, MPV, RV, and PIV-3 infection, dual co-infection, and
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viral load on cytokine and chemokine expression in a population with ARIs negative for SARS-CoV-
2 in the south of Mexico during the COVID-19 pandemic.

2. Materials and Methods

2.1. Design and Study Population

This study was conducted from April 17, 2020, to May 24, 2021, in the Virology Laboratory and
the Diagnostic and Health Research Laboratory of the Universidad Auténoma de Guerrero, in the
State of Guerrero, located in the South of Mexico. This study included pediatric and adult patients
with acute respiratory illness, and an operational definition of a suspected case of COVID-19,
according to the operational definitions of COVID-19 cases, of Instituto Mexicano del Seguro Social,
in Mexico [38]. The nasopharyngeal swab was taken from each individual from which RNA
extraction and RT-qPCR were performed for SARS-CoV-2, according to the Berlin Protocol modified
by the Instituto de Diagnoéstico y Referencia Epidemiolégicos Dr. Manuel Martinez Baez (InDRE) of
Mexico for the amplification of E and RARP genes [39]. A total of 5,996 patients with acute respiratory
illness were enrolled. A total of 60.1% (3, 449) were negative for the molecular diagnosis of SARS-
CoV-2, and of these, 300 patients were selected. The clinical characteristics of the 300 patients selected
were obtained from medical records (Supplementary Table 1). A total of 52.5% (157) of the patients
were women, 53.9% (160) were in the age group of 24-44 years, and more than 90% were patients
without co-morbidities (Supplementary Table 2).

2.2. RT-gPCR and viral load for non-SARS-CoV-2 respiratory viruses

Samples negative for SARS-CoV-2 were processed for molecular detection by RT-qPCR for
Influenza A HINI, differential diagnosis, and viral load of RSV, MPV, RV, and PIV-3 using
predesigned hydrolysis probes [39,40]. The SuperScript III Platinum One-Step qRT-PCR Kit
(Invitrogen, Cat. 11732088) was used in a CFX96 Touch Real-Time PCR Detection System (Bio-Rad,
Cat. 1855195) for amplification of the viral genes. RNAsa P gene amplification was considered an
internal control. The primers and probes used for each virus are reported in Supplementary Table 3.
The cycle threshold (Ct) values >37 were considered negative. For viral load quantification, a
standard curve was plotted using serial dilutions of a concentration standard of RSV (ATCC, VR-26),
MPV (ATCC, VR3250SD), RV (ATCC, VR1559DQ), and PIV-3 (ATCC, VR93D). Linear regression
analysis was performed to calculate the PCR efficiency and correlation coefficient based on the
standard curve of each virus. Ct values of the samples were interpolated within the standard curve,
and the logarithms of the initial concentrations were calculated (Log SQ=(Ct-b)/m), wherein Ct is the
threshold cycle, b is the intersection, and m is the slope of the standard curve. The viral load was
expressed as log10 RNA copies per microliter (uL).

2.3. Multiplex immunoassay of cytokines and chemokines

Cytokine and chemokine expression was determined in samples positive for RSV, MPV, RV, or
PIV-3 infection and in the most frequent viral dual co-infections, by a cytokine panel using a
magnetic-bead-based multiplex immunoassay (Bio-Plex Pro Human Cytokine 27- Plex Assay, Bio-
Rad, Cat. M500KCAFQY) according to the manufacturer’s instructions. For this analysis, 17 samples
single-positive for VSR (29.4%,5/17), MPV (29.4%,5/17), RV (23.5%,4/17), and PIV-3 (17.6%,3/17) were
included, in addition to 9 positive samples for the most frequent dual co-infections. SARS-CoV-2-
positive samples were also analyzed, including five single-positive and two co-infections between
SARS-CoV-2 and PIV-3 (unique dual co-infection detected in nasopharyngeal swabs from our
COVID-19 biobank). Nasopharyngeal swabs from three healthy individuals were incorporated as
negative controls. Cytokine concentrations (pg/mL) were determined in duplicate analysis for each
sample, using an automated immunoassay analyzer.


https://doi.org/10.20944/preprints202312.0800.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 December 2023 doi:10.20944/preprints202312.0800.v1

2.4. Data analysis

The data were analyzed using STATA version 16.1 software (StataCorp LLC, College Station,
TX). Cytokine and chemokine expression was analyzed by one-way ANOVA applied to normally
distributed data, while the Kruskal-Wallis test was applied to the rest. Comparative analysis was
performed using Dunnet’s or Dunn’s multiple comparison tests, and the correlation between
differentially expressed cytokines and chemokines and the viral load was determined using the
Spearman correlation coefficient. A p-value of <0.05 was considered significant.

3. Results

3.1. RSV was the most frequent non-SARS-CoV-2 respiratory virus in the population with ARIs, and RV
was the most common virus in dual co-infections

In order to determine the frequency of non-SAR-CoV-2 respiratory viruses in the south of
Mexico during the COVID-19 pandemic, molecular detection by RT-qPCR was performed for
Influenza A HIN1, RSV, MPV, RV, and PIV-3 in 300 nasopharyngeal swabs from patients with ARIs,
negative for SARS-CoV-2. Single infections and dual co-infections were determined. Thirty-six
percent (108/300) of the ARIs were positive for RSV, MPV, RV, and PIV-3, whereas no positive cases
for influenza A HIN1 were detected. Single infections were identified in 91.7% (99/108) of the
samples, and co-infections by two viruses were present in 8.3% (9/108). RSV (20.7%, 62/300) was the
most frequent respiratory virus, followed by MPV (9.3%, 28/300) and RV (4%, 12/300) (Figure 1A).
RV was recurrent in the co-infections, and the most common of them was RV+RSV (45%, 4/9) (Figure

1B).
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Figure 1. Circulation, dual co-infections, and viral load of non-SARS-CoV-2 respiratory viruses in
population with ARIs in the south of Mexico. (A) Frequency of non-SARS-CoV-2 respiratory viruses
in the population with ARIs. (B) Dual co-infections detected in the population with ARIs negative for
SARS-CoV-2. (C) Comparison of viral loads of samples positive for RSV, MPV, RV, and PIV-3
infection. The data were analyzed with the Kruskal-Wallis test, followed by a multiple comparison
analysis of Dunnett’s, ***p<0.0001. Abbreviations: HIN1, Influenza A HIN1; RSV, respiratory
syncytial virus; MPV, metapneumovirus; RV, rhinovirus; PIV-3, parainfluenza virus-3.
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3.2. Patients positive for RV infection had the highest viral loads compared to other respiratory viruses

To compare viral loads among samples positive for RSV, MPV, RV, and PIV-3, absolute
quantification of the viral genome copies was performed using RT-qPCR and the standard curves
specific for each virus. The highest viral loads were found in the samples positive for RV, while the
lowest viral loads were associated with MPV infection. Multiple comparative analyses showed
significant differences between the viral loads of MPV and those of RSV, RV, and PIV-3 (Figure 1C).

3.3. Single infection or dual co-infection with non-SARS-CoV-2 viruses was characterized by an increase in
the expression of IL-1RA and MIP-1a

To determine the level of expression of cytokines and chemokines in the population with IRAs
associated with VSR, MPV, RV, and PIV-3 infections, a multiplex immunoassay was performed for
the detection of 27 cytokines. The panel of cytokines was classified into three groups according to the
type of immune response they coordinate: proinflammatory (FGF basic, G-CSF, GM-CSF, IL-1f3, IL-
2,1L-6, IL-7, IL-12p70, IL-15, IL-17A, IFN-y, TNF-a, and VEGF), anti-inflammatory (IL-1RA, IL-4, IL-
5, IL-6, IL-9, IL-10, IL-13, and PDGF-BB) and chemotaxis (Eotaxin, IL-8, IP-10, MCP-1, MIP-1a, MIP-
1B, and RANTES).

Of the 27 cytokines analyzed, IL-RA and MIP-1a were the only ones that exhibited increased
protein expression levels in single infections and dual co-infections compared to the controls. The
other cytokines showed differential expression. IL-1f3, IL-4, IL-7, IL-12p70, IL-13, and TNF-a were not
detected in the healthy controls or single infections, except TNFa, induced by RSV, and MCP-1a,
induced by MPV and RV (Table 1).

The proinflammatory cytokines MIP-13, MCP-1, IL-8, and IP-10 were upregulated in common
during infection by RV and MPV, while RSV increased levels of RANTES, MIP-1p, and, as mentioned,
TNFa. Interestingly, the immunomodulatory IL-1RA was only augmented by RSV and RV in single
infections. In agreement with such results, we observed increased levels of IL-1RA during co-
infection with RV associated with RSV or PIV3. In addition, the pair RV+RSV induced a more diverse
expression of inflammatory cytokines (IL-8, IL-9, IL-15, IL-17A, MCP-1, MIP-1a, MIP-13, PDGF-BB,
RANTES, and VEGF) than the other virus pairs (Table 2).
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Table 1. Cytokine levels (pg/mL) in patients positive for single RSV, MPV, RV, and PIV-3 infection.

Cytokine Controls RSV MPV RV PIV-3

n  Median Percentile 25-75 n  Median Percentile25-75 n  Median  Percentile 25-75 n  Median Percentile 25-75 n  Median  Percentile 25-75
Eotaxin 3 0.63 0.18-1.11 5 1.05 0.50-1.40 5 0.75 0.32-1.01 4 0.67 0.5-2.09 3 0 0-0.72
FGF basic 3 25.9 0-29.73 5 15405 14.19-37.73 5 14.19 0-16.56 4 7.40 1.66-16.55 3 0 0-17.66
G-CSF 3 425.72 201.56-830.91 5 22383 196.29-341.91 5 472.28 432.48-645.06 4 1144.28 782.8-2624.34 3 239.43 55.5-1486.55
GM-CSF 3 6.78 0-7.7 5 5.03 0-9.83 5 2.37 0-8.91 4 2.87 1.12-4.56 3 0 0-3.26
IL-1p 3 0.00 0-0.57 5 0.18 0-0.57 5 0 0-0.57 4 0.23 0-0.51 3 0 0-0.03
IL-1RA 3 14.28 0-14.28 5 77.39 57.18-155.06 5 14.28 0-160.01 4 38.03 16.95-49.67 3 14.28 0-64.17
IL-2 3 6.12 2.9-8.19 5 2.39 1.23-11.30 5 4.46 4.05-4.67 4 2.49 2.28-2.90 3 1.65 0-3.95
IL-4 3 0.00 0-0 5 0.00 0-0 5 0 0-0 4 0 0-0 3 0 0-1.89
IL-5 3 27.57 0-31.67 5 0.00 0-2.39 5 0 0-23.42 4 0.26 0-11.62 3 0 0-5.73
IL-6 3 2.45 0.51-2.61 5 2.09 0-4.71 5 1.28 0.42-1.65 4 0.52 0.16-0.91 3 0 0-1.82
1L-7 3 0.00 0-0 5 0 0-0 5 0 0-0 4 0 0-0 3 0 0-0
1L-8 3 3.92 2.7-5.73 5 6.33 3.11-9.77 5 14.22 6.03-18.27 4 28.21 8.27-171.76 3 2.81 0-3.3
IL-9 3 9.00 7.65-10.52 5 8.33 6.96-10.68 5 7.98 5.76-9.33 4 7.30 5.06-8.49 3 13.35 7.98-34.29
IL-10 3 1.82 0.03-2.09 5 1.67 0-2.36 5 1.40 0.51-1.53 4 2.36 1.66-2.36 3 0.96 0-1.53
IL-12p70 3 0.00 0-2.33 5 0.00 0-0 5 0 0-0 4 0 0-0 3 0 0-0
IL-13 3 0.00 0-0 5 0.00 0-1.22 5 0.45 0.32-0.56 4 0 0-0.3 3 0 0-0.78
IL-15 3 333.08 222.98-449.64 5 194.16 0-260.6 5 242.48 242 .48-248.66 4 211.26 86.93-271.18 3 111.71 0-372.8
IL-17A 3 12.09 9.98-12.8 5 6.62 0.33-8.06 5 13.74 11.16-18.36 4 5.38 3.39-7.46 3 6.12 0-7.1
IFN-y 3 2.66 0-3.05 5 3.23 1.74-3.33 5 2.66 2.06-3.96 4 2.56 2.36-2.66 3 2.16 0.14-6.2
1P-10 3 18.08 0-22.07 5 524 0-8.49 5 25.49 12.3-268.52 4 314.85 185.39-437.22 3 0 0-10.59
MCP-1 3 0.83 0-3.48 5 2.13 0-3.48 5 6.14 5.75-6.14 4 15.02 5.93-24.46 3 0.83 0-0.83
MIP-1a 3 0.45 0-0.62 5 1.31 1.31-1.58 5 0.98 0.84-1.31 4 1.97 1.43-9.16 3 1.35 0.71-1.35
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MIP-1f3 3 6.89 3.78-14.51 5 14.18 7.73-15.83 5 23.21 8.63-23.91 4 52.17 36.61-187.19 3 2.79 0-17.61
PDGF-BB 3 40.26 18.72-54.24 5 39.45 26.88-52.73 5 25.73 19.65-30.35 4 59.45 38.45-68.84 3 21.51 0-40.26
RANTES 3 9.51 4.59-10.73 5 15.12 5.1-16.53 5 13.59 10.73-13.94 4 8.60 5.50-16.73 3 6.09 1.37-7.44
TNF-a 3 0.00 0-0 5 7.05 0-12.47 5 0 0-1.70 4 0.85 0-2.12 3 0 0-0
VEGF 3 377.79 187.52-589.74 5 0 0-0 5 0 0-0 4 43.46 0-90.29 3 0 0-245.75

The n represents the number of samples in which the cytokines were analyzed for each condition. Abbreviations: FGF basic, fibroblast growth factor basic; G-CSF, granulocyte colony-stimulating
factor; GM-CSF, granulocyte-macrophage colony-stimulating factor; IL, interleukin; RA, receptor antagonist; IFN, interferon; IP-10, IFN-y inducible protein-10; MCP-1, monocyte chemoattractant
protein-1, MIP, macrophage-inflammatory protein; PDGF-BB, platelet-derived growth factor-BB: RANTES, regulated upon activation normal T cell expressed and secreted; TNF, tumor necrosis
factor; VEGEF: vascular endothelial growth factor.

Table 2. Cytokine levels (pg/mL) in patients positive for non-SARS-CoV-2 respiratory viruses dual co-infection.
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Cytokine RV+RSV RV+PIV-3 MPV+RSV RV+MPV
n  Median Percentile 25-75 n Median Percentile 25-75 n  Median Percentile 25-75 n  Median Percentile 25-75

Eotaxin 4 1.43 0.7-2 2 0.4 0.11-0.69 2 0.44 0-0.89 1 0 ---

FGF basic 4 7.7 0-62.17 2 0 0-0 2 0 0-0 1 0 ---

G-CSF 4 1035.1 394.4-1808.09 2 262.81 110.99-414.63 2 134.41 119.33-149.49 1 3655.38 ---

GM-CSF 4 447 0.19-8.65 2 1.12 0-2.24 2 11.69 4.4-18.98 1 0 ---

IL-1B 4 0 0-0.38 2 0 0-0 2 0 0-0 1 0 -

IL-1IRA 4 75.03 0-228.37 2 96.96 33.9-160.01 2 0 0-0 1 0 -

IL-2 4 2.64 1.34-5.3 2 0 0-0 2 1.39 0.81-1.97 1 0 -

IL-4 4 0.18 0-0.5 2 0.71 0-1.41 2 0.29 0-0.59 1 0 -

IL-5 4 2.05 0-32.57 2 0 0-0 2 0 0-0 1 0 - §-
IL-6 4 0.16 0-0.98 2 1.22 0-2.45 2 0 0-0 1 20.7 - %
IL-7 4 0 0-9.72 2 0 0-0 2 1.26 0-2.52 1 0 --- g
IL-8 4 42.25 22.43-205.58 2 12.43 0-24.86 2 3.37 0-6.74 1 6.84 --- 3
IL-9 4 11.44 3.45-17.3 2 9.77 4.55-15 2 5.58 4.55-6.62 1 4.02 ---

IL-10 4 1.1 0.33-5.3 2 0 0-0 2 0.55 0-1.1 1 0 ---
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IL-12p70 4 0 0-2.48 2 0 0-0 2 0 0-0 1 0 -
IL-13 4 0.82 0-2.12 2 0.39 0-0.78 2 0.74 0-1.49 1 -
IL-15 4 151.46 97.45-252.24 2 52.47 0-104.94 2 238.63 0-477.26 1 0 -—
IL-17A 4 15.86 2.94-32.295 2 1.17 0.5-1.85 2 9.36 6.86-11.87 1 21 -—
IEN-y 4 1.19 0.32-4.22 2 3.29 1.4-5.19 2 0.92 0-1.85 1 0 -
IP-10 4 415.38 145.83-2349.82 2 3.79 0-7.58 2 27.11 0-54.21 1 418.28 --
MCP-1 4 24.53 7.64-71.65 2 1.67 0-3.33 2 7.57 3.17-11.97 1 16.1 -
MIP-1ax 4 7.83 0.7-16.7 2 0.96 0.53-14 2 0.49 0-0.98 1 1.2 -
MIP-13 4 56.27 11.84-153.4 2 4.59 3.96-5.22 2 2.54 1.29-3.78 1 27.83 -
PDGE-BB 4 25.97 11.66-45.14 2 0 0-0 2 29.57 11.78-47.36 1 0 -
RANTES 4 11.86 8.48-61.88 2 421 2.82-5.6 2 4.34 3.59-5.1 1 0 -
TNF-a 4 4.57 0-16.08 2 0 0-0 2 3.53 0-7.05 1 13.76 -
VEGF 4 88.40 0-201.26 2 14.02 0-28.04 2 50.06 0-100.13 1 0 -

The n represents the number of samples in which the cytokines were analyzed for each condition. Abbreviations: FGF basic, fibroblast growth factor basic; G-CSF, granulocyte colony-stimulating
factor; GM-CSF, granulocyte-macrophage colony-stimulating factor; IL, interleukin; RA, receptor antagonist; IFN, interferon; IP-10, IFN-y inducible protein-10; MCP-1, monocyte chemoattractant
protein-1, MIP, macrophage-inflammatory protein; PDGF-BB, platelet-derived growth factor-BB: RANTES, regulated upon activation normal T cell expressed and secreted; TNF, tumor necrosis
factor; VEGF: vascular endothelial growth factor.

3
T
=i
=
»
£
s
=
T
=
D
T
=
=
—_
2
o
=
=3
=
©)
—
)
m
m
2
=)
m
=
m
=
m
&)
o
(]
(%)
—
[1]
b
-
N
o)
1]
o
(]
3
o
(]
=
N
(=}
N
W

91d/¥602°01-10P



https://doi.org/10.20944/preprints202312.0800.v1

doi:10.20944/preprints202312.0800.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 December 2023

3.4. G-CSF, IP-10, and VEGF expression were decreased in PIV-3 dual co-infections. FGF basic, MIP-1c, IL-
8, IP-10, MCP-1, IEN-y, and RANTES are differentially expressed between single infections and dual co-
infections

To investigate whether the differential expression of these cytokines is a hallmark of non-SARS-
CoV-2 virus infection, samples from patients with single SARS-CoV-2 infection and SARS-CoV-
2+PIV-3 co-infection patients were analyzed. SARS-CoV-2-positive samples did not show expressions
of IL-1p3, IL-4, IL-7, IL-13, TNF-a, or IL-12p70. Of the cytokines detected, G-CSF, IP-10, and VEGF
showed higher concentrations in single infection than in co-infection. In contrast, IL-1RA, IL-15, MIP-
1B, and PDGF-BB were found at lower levels in single SARS-CoV-2 infection. Also, PIV-3, in co-
infection with SARS-CoV-2 or RV, showed lower levels of G-CSF, IL-17A, RANTES, and VEGEF in
common with respect to the controls, suggesting that changes in the expressions of these cytokines
may be regulated by PIV-3, and this co-infection might be of low risk to develop severe illness [41]
(Table 3).

Table 3. Cytokine levels (pg/mL) in patients positive for single SARS-CoV-2 infection and dual co-

infection.
Cytokine SARS-CoV-2 SARS-CoV-2+PIV-3
n Median Percentile 25-75 n  Median Percentile 25-75

Eotaxin 6 044 0.24-0.72 2 0.74 0.24-1.25
FGF basic 6 0 0-0 2 12.13 0-24.26
G-CSF 6 74142 116.55-2274.51 2 26942 136.55-402.29
GM-CSF 6 0 0-0 2 3.11 0-6.21
IL-1B 6 0 0-0.63 2 0 0-0
IL-1RA 6 32.09 0-89.82 2 49.88 49.88-49.88
IL-2 6 4.1 1.76-5.91 2 2.59 1.76-3.42
IL-4 6 0 0-0 2 0 0-0
IL-5 6 3.26 0-25.5 2 6.77 2.39-11.16
IL-6 6 0 0-0 2 1.55 1.1-2
IL-7 6 0 0-0 2 0 0-0
IL-8 6 371 3.11-8.36 2 1.65 0-3.3
IL-9 6 436 0.95-11.69 2 5.93 5.24-6.62
IL-10 6 0 0-1.82 2 0.95 0.66-1.25
IL-12p70 6 0 0-0 2 0 0-0
IL-13 6 0 0-0 2 0.16 0-0.32
IL-15 6 237.33 0-328.4 2 298.72 288.42-309.02
IL-17A 6 195 0-14.21 2 3.71 1.05-6.36
IFN-y 6 0.85 0.0-1.4 2 2.84 1.62-4.05
IP-10 6 20391 128.09-240.17 2 121.76 0.83-242.7
MCP-1 6 6.56 0-14.75 2 4.28 0.15-8.4
MIP-1a 6 084 0-1.67 2 1.52 0.98-2.07
MIP-1p 6 17.08 7.65-29.54 2 21.38 1.19-41.57
PDGF-BB 6 18.7 0-45.8 2 2448 17.76-31.2
RANTES 6 3.26 0.96-5.34 2 6.08 4.35-7.82
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TNF-a 6 0 0-9.81 2 0.4 0-0.8
VEGF 6 274.63 0-414.8 2 21245 194.46-230.43

The n represents the number of samples in which the cytokines were analyzed for each condition. Abbreviations:

FGF basic, fibroblast growth factor basic; G-CSF, granulocyte colony-stimulating factor; GM-CSF, granulocyte-
macrophage colony-stimulating factor; IL, Interleukin; RA, receptor antagonist; IFN, interferon; IP-10, IFN-y
inducible protein-10; MCP-1, monocyte chemoattractant protein-1, MIP, macrophage-inflammatory protein;
PDGE-BB, platelet-derived growth factor-BB: RANTES, regulated upon activation normal T cell expressed and
secreted; TNF, tumor necrosis factor; VEGF: vascular endothelial growth factor.

On the other hand, to establish the profiles of the inflammatory and antiviral immune response
during single RSV, RV, MPV, and PIV-3 infection and most frequent viral dual co-infections, the
concentrations of each of the cytokines and chemokines were transformed and expressed as Log10
and are represented in a radar chart. Concentrations outside the detection range were arbitrarily
replaced at 0. The general patterns of cytokine expression between the single infections and dual co-
infections were markedly characterized by the induction of IL-1RA. However, in the MPV dual co-
infections, this anti-inflammatory cytokine was not detected.

As for the cytokines and chemokines expressed differentially in single infections and dual co-
infections, RV+RSV co-infection was characterized by high levels of expression of FGF basic (p>0.99)
and MIP-1a (p=0.23). The cases of single RV infection and RV+RSV co-infection showed a marked
increase in the expressions of IL-8 and IP-10 compared to the controls and other infections or dual co-
infections. Single PIV-3 infection was characterized by decreased levels of MCP-1 (p>0.99) compared
to those infected with one or two viruses and the controls. Single RSV infection was a unique viral
infection characterized by an increase in IFN-y expression compared to the controls. On the other
hand, RV+RSV co-infection was a unique dual co-infection in which a marked increase in RANTES
expression was observed (Figure 2A-2C). Together, these results suggest a distinctive signature of the
SARS-CoV-2 infection and non-SARS-CoV-2 viruses.
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Figure 2. Comparison of expression profiles of cytokines in healthy individuals and single infection
and dual co-infection with RSV, MPV, RV, PIV-3, and SARS-CoV-2. (A) Log10 of the concentration
values of the cytokines and chemokines in controls, (B) single infection and dual co-infection with
non-SARS-CoV-2 viruses, and (C) SARS-CoV-2 virus. Each radar chart accounts for the 27 cytokines
assessed in each viral infection. Concentrations outside the detection range were established at 0.
Abbreviations: FGF basic, fibroblast growth factor basic; G-CSF, granulocyte colony-stimulating
factor; GM-CSF, granulocyte-macrophage colony-stimulating factor; IL, interleukin; RA, receptor
antagonist; IFN, interferon; IP-10, IFN-y inducible protein-10; MCP-1, monocyte chemoattractant
protein-1, MIP, macrophage-inflammatory protein; PDGF-BB, platelet-derived growth factor-BB:
RANTES, regulated upon activation normal T cell expressed and secreted; TNF, tumor necrosis factor;
VEGE: vascular endothelial growth factor.

3.5. Eotaxin expression levels are significantly associated with RSV viral load

To perform a comparative analysis of the cytokines and chemokines with differential expression,
a multiple comparison analysis was performed, and the Spearman correlation coefficient was
determined. RV+RSV co-infection was the unique dual co-infection in which increased levels of FGF
basic and IL-5 were found, compared to the controls and single infections. Single infection with the
highest viral load (RV) showed lower levels of IFN-y expression than the controls (p=0.83), while
single infection with a lower viral load (RSV), showed the most increased levels (p=0.40). On the other
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hand, single SARS-CoV-2 infection was a unique viral infection in which high VEGF levels were
found compared to the controls (p>0.99) (Figure 3). Single RV infection showed increased levels of
PDGF-BB compared to the controls and other single infections or dual co-infections. Single PIV-3
infection and RV+RSV co-infection showed elevated levels of IL-9 compared to the controls and other
viral infections (p>0.99) (Figure 4). Single PIV-3 infection was a unique viral infection in which
decreased levels of MCP-1 were found compared to the controls (p>0.99). RV+RSV co-infection was a
unique dual infection that induced high expressions of IL-8 and MIP-1a compared to the controls
and single infection cases (Figure 5). Significant differences were observed between the expression
levels of Eotaxin and the viral load of RSV (p=0.03) (Supplementary Table 4).

mL)
IL-1B (pg/mL)

G-CSF (pe/mL)
g

FGF basic (pg/

TNF-a (pg/mL)

1L-15 (pg/mL)

Figure 3. Expression of pro-inflammatory cytokines in single infection and dual co-infection with
RSV, MPV, RV, PIV-3, and SARS-CoV-2. Data are expressed as median with range or median with
25th and 75th percentiles. One-way ANOVA was applied to normally distributed data, followed by
Dunnett's multiple comparison test. Kruskal-Wallis test was applied to the rest, followed by Dunn’s
multiple comparison test. No detectable levels of IL-1f3, IL-7, or IL-12p70 were found in SARS-CoV-
2+PIV-3 co-infection. Abbreviations: FGF basic, fibroblast growth factor basic; G-CSF, granulocyte
colony-stimulating factor;, GM-CSF, granulocyte-macrophage colony-stimulating factor; IL,
interleukin; IFN, interferon; TNF, tumor necrosis factor; VEGF, vascular endothelial growth factor.
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Figure 4. Expression of anti-inflammatory cytokines in single infection and dual co-infection with
RSV, MPV, RV, PIV-3, and SARS-CoV-2. Data are expressed as median with 25th and 75th percentiles
and analyzed with the Kruskal-Wallis test, followed by Dunn’s multiple comparison test. No
detectable levels of IL-4 were found in SARS-CoV-2+PIV-3 co-infection. Abbreviations: IL,
interleukin; RA, receptor antagonist; PDGF-BB, platelet-derived growth factor-BB.
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Figure 5. Expression of chemokines in single infection and dual co-infection with RSV, MPV, RV, PIV-
3, and SARS-CoV-2. Data are expressed as median with 25th and 75th percentiles and analyzed with
the Kruskal-Wallis test, followed by Dunn's multiple comparison test. Abbreviations: MCP-1,
monocyte chemoattractant protein-1; IP-10, IFN-y inducible protein-1; MIP, macrophage-
inflammatory protein; RANTES, regulated upon activation normal T cell expressed and secreted.

4. Discussion

IRAs caused by RNA respiratory viruses are the most frequent causes of hospital admission,
which reached the highest rate during the COVID-19 pandemic. However, there is little information
about the epidemiology of RNA viruses that circulated during the COVID-19 pandemic and patterns
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of infection associated with feasible co-infections and the immune response. Herein, we studied four
of the most relevant non-SARS-CoV-2 viruses related not only to upper but also to lower respiratory
tract disease in a group of children and adults with ARI. RSV was the main etiology of ARI, indicating
it remains one of the most important respiratory viruses, in agreement with previous studies that
reported RSV infecting both children and adults, highlighting its importance at all ages [12]. It is well
known that many respiratory viruses show enhanced spread in winter months, indicating that lower
temperatures and social behavior improve transmission, [4] determining seasonality [42].

Global RSV epidemics start in the Southern Hemisphere and move to the Northern Hemisphere.
In most countries in the Southern Hemisphere, RSV epidemics started between March and June, and
in countries in the Northern Hemisphere, between September and December [43], with higher
incidence during winter [5]. However, it is clear that the COVID-19 pandemic not only altered RSV
circulation across geographic regions, climate zones, and at-risk groups [44-46], but also affected the
seasonality pattern since our recovery of RSV-positive samples occurred between January and March,
with a higher peak in the first week of February (Supplementary Figure 1).

In the same period, ARI was associated with infections of MPV (9.3%), RV (4.0%), and PIV-3
(2.0%). Normally, MPV and RV are detected throughout the year [4], whereas PIV epidemics are
mainly detected in the spring and early summer [47]. The PIV-3 cases reported in our study were
detected during the winter, suggesting that its pattern of circulation was also altered. Interestingly,
we did not find positive cases of Influenza A HIN1. The most probable explanation for the
disappearance of influenza in the South of Mexico and changes in the pattern of circulation of the
other viruses are a consequence of the implemented strategies to reduce SARS-CoV-2 transmission,
such as physical distancing, the use of face masks, frequent hand washing, and the isolation of
individuals with respiratory symptoms, as previously reported [48].

Most patients positive for the viruses of interest showed single infections (91.7%), whereas co-
infections with two viruses displayed low frequency (8.3%). RV was the most common virus in co-
infections, and the most frequent of those was RV+RSV. Our results coincide with those of a study
that reported that viral co-infections principally involve RV and RSV [49]. Another study reported
that RSV is frequently found in co-infection with bacteria [50] as Staphylococcus aureus, Pseudomonas
aeruginosa, Streptococcus pneumoniae, Moraxella catarrhalis, Haemophilus influenzae, and Klebsiella
pneumonia [51]. In our study, we do not exclude the possibility that the group studied could have had
a bacterial infection, as respective molecular detection was not performed.

We determined the viral loads using nasopharyngeal swabs, and we found that positive patients
for RV had the highest viral load, whereas positive patients for MPV showed the lowest viral loads
compared to the other viruses studied (p<0.0001). It has been reported that in adults, the high viral
load of RV is associated with symptom severity but not with symptom duration [52]. In contrast, a
study reported that, in children, the viral load of MPV is significantly correlated with the course of
illness, finding high viral loads in those who had it for 6 to 11 days compared to those who had it for
less than 5 days or more than 11 days, suggesting that the viral load of MPV is significantly correlated
with the course of illness and that between days 6 and 11, high MPV viral shedding occurs [53]. We
consider that nasopharyngeal swabs were an appropriate sample for virus detection and viral load
quantification. However, an important limitation of our study is that we do not know on which day
of the course of illness the samples were taken; in addition, we do not have the clinical data of the
patients’ oxygen saturation. Therefore, we suggest that the course of illness can be an important factor
in the context of the viral load and highlight the importance of sampling from the beginning of the
symptoms.

In our study, we also found that, in 71% of RV dual co-infections, the RV viral load was higher
than that of the other co-infecting viruses (Supplementary Table 5). This finding could be explained
by a study that described that, in viral co-infections, a virus competitively suppresses the replication
of another, which is termed viral interference [54]. Interestingly, a mathematical model showed that
during co-infections, a fast-growing virus could block a slow-growing virus simply by being the first
that started infection, consuming more target cells without immediate viral interference by immune
response. This study showed that RV is the fastest-growing virus and reduces replication of the other
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viruses (PIV, MPV, RSV, and influenza A) during co-infection, while RSV has the slowest-growing
rate with longer infecting times than the other viruses, and its replication is suppressed in the
presence of other viruses [55]. Although we did not determine the viral load of SARS-CoV-2, a study
found that the replication of this virus is easily suppressed by other respiratory viruses during co-
infection. That study also showed that despite the fact that SARS-CoV-2 replication was largely
suppressed, co-infections will be detected since the SARS-CoV-2 viral load is high and decays slowly
[56].

Surprisingly, we found that the single infection with the highest viral load (RV) showed lower
levels of IFN-y expression than the controls, while single infection with a lower viral load (RSV)
showed increased levels of this cytokine. In contrast to our results, a study showed that, in infants,
RSV infection, compared to RV infection and other respiratory viruses, was associated with lower
IFN-y production [57]. On the other hand, another study showed significantly lower IFN-vy levels in
nasopharyngeal aspirates from RSV-infected patients compared to MPV-infected patients,
suggesting the suppression of host IFN-y-production by NS1 and NS2 proteins of RSV, through the
suppressor of cytokine signaling (SOCS) proteins and IFN-stimulated gene-15 (ISG15) proteins, could
play an important role [58]. We consider that an increased expression of IFN-y in response to RSV
infection could be associated with clinical and viral variables, the nasopharyngeal airway
microbiome, and metabolome, as previously demonstrated [59].

Cytokine and chemokine expression profiles in patients positive for single infections and co-
infections of non-SARS-CoV-2 viruses exhibited increased levels of the immunoregulatory IL-1RA
compared to the controls, suggesting their participation in controlling inflammation. FGF basic, IL-8,
IP-10, MCP-1, MIP-1a, IFN-y, and RANTES were differentially expressed. We also found decreased
expressions of G-CSF and VEGF in PIV-3 dual co-infections but not in single SARS-CoV-2 infections.
This finding could be consistent with an inflammatory phenotype in patients with COVID-19 with
notoriously elevated cytokines, such as G-CSF [60]. We hypothesize that PIV-3 co-infections could
have a protective effect on the cytokine response (Figure 5B-5C) and a milder form of the infection.
We consider that, even though host response depends on the viral load, also the infection time course,
age, and sex may contribute to disease severity, as demonstrated in another study [61]. IL-8 and MIP-
la were chemokines with the highest expression in RV+RSV co-infection compared to the controls
and those infected with one virus. Another important finding was that RV+RSV co-infection was the
unique dual co-infection in which a marked increase in RANTES expression was found. In addition,
significant differences were observed between the expression levels of eotaxin and the viral load of
RSV (p=0.03). We hypothesized that differences in the eotaxin expression could be involved in
immunity cell responses in individuals infected with RSV [62]. In this work, we report, for the first
time, the circulation of RSV, MPV, RV, and PIV-3 in the south of Mexico during the COVID-19
pandemic and the cytokine and chemokine profiles associated with these viral infections and co-
infections. We suggest that, together, these inflammatory biomarkers could have significant
diagnostic value in the respiratory illness caused by non-SARS-CoV-2 viruses.

5. Conclusions

The emergence of SARS-CoV-2 decreased the circulation of non-SARS-CoV-2 respiratory viruses
in the world. In the first year of the pandemic, laboratories prioritized diagnostics for COVID-19,
reducing the diagnosis for other respiratory viruses, which cause infections with similar clinical
manifestations. Therefore, the circulation and co-circulation of other respiratory viruses during the
COVID-19 pandemic could have aggravated many cases. Our study showed that although non-
pharmaceutical interventions to reduce the transmission of SARS-CoV-2 were intensified, other
respiratory viruses were still circulating, although at a slower rate. We found that the cytokine and
chemokine expression profiles were different between single virus infections and dual co-infections.
The determination of cytokine and chemokine expression in nasopharyngeal swabs provides reliable
information about the local immune response to viral infections. Considering the relatively small
sample size of patients with IRAs negative for SARS-CoV-2 in our study, external validation is
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warranted. We consider it important to investigate the behavior of circulating respiratory viruses in
the presence of a new pandemic-causing virus.

Supplementary Materials: The following supporting information can be downloaded at the website of this
paper posted on Preprints.org. Supplementary Table 1: Clinical characteristics of the population in the south of
Mexico with ARIs negative for SARS-CoV-2; Supplementary Table 2: Co-morbidities of the population in the
south of Mexico with ARIs negative for SARS-CoV-2; Supplementary Table 3: Nucleotide sequences of primers
and probes used for real-time TagMan PCR; Supplementary Table 4: Correlations between cytokine
concentration (pg/mL) and viral load (Log10 copies viral RNA/uL); Supplementary Table 5: Viral load of samples
positive for non-SARS-CoV-2 respiratory virus co-infection; Supplementary Figure 1: Cumulative non-SARS-
CoV-2 respiratory viruses cases, by epidemiological week, during the COVID-19 pandemic in south of Mexico.
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