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Unravelling the acute respiratory
infection landscape: virus type,
viral load, health status and
coinfection do matter
Hortense Petat1,2*, Sandrine Corbet2, Bryce Leterrier2,
Astrid Vabret2 and Meriadeg Ar Gouilh2*

1University of Rouen Normandy, Dynamicure INSERM UMR 1311, CHU Rouen, Department of
Pediatrics and Adolescent Medicine, Rouen, France, 2University of Caen Normandy, Dynamicure
INSERM UMR 1311, Centre hospitalo-universitaire (CHU) Caen, Department of Virology, Caen, France
Introduction: Acute respiratory infections (ARI) are the most common infections

in the general population and are mainly caused by respiratory viruses. Detecting

several viruses in a respiratory sample is common. To better understand these

viral codetections and potential interferences, we tested for the presence of

viruses and developed quantitative PCR (Polymerase Chain Reaction) for the

viruses most prevalent in coinfections: human rhinovirus (HRV) and respiratory

syncytial virus (RSV), and quantified their viral loads according to coinfections and

health status, age, cellular abundance and other variables.

Materials and methods: Samples from two different cohorts were analyzed: one

included hospitalized infants under 12 months of age with acute bronchiolitis

(n=719) and the other primary care patients of all ages with symptoms of ARI

(n=685). We performed Multiplex PCR on nasopharyngeal swabs, and

quantitative PCR on samples positive for HRV or/and RSV to determine viral

loads (VL). Cellular abundance (CA) was also estimated by qPCR targeting the

GAPDH gene. Genotyping was performed either directly from first-line

molecular panel or by PCR and sequencing for HRV.

Results: The risks of viral codetection were 4.1 (IC95[1.8; 10.0]) and 93.9 1 (IC95

[48.7; 190.7]) higher in infants hospitalized for bronchiolitis than in infants in

primary care for RSV and HRV respectively (p<0.001). CA was higher in samples

positive for multiple viruses than in mono-infected or negative samples

(p<0.001), and higher in samples positive for RSV (p<0.001) and HRV (p<0.001)

than in negative samples. We found a positive correlation between CA and VL for

both RSV and HRV. HRV VL was higher in children than in the elderly (p<0.05), but

not RSV VL. HRV VL was higher when detected alone than in samples coinfected

with RSV-A and with RSV-B. There was a significant increase of RSV-A VL when

codetecting with HRV (p=0.001) and when co-detecting with RSV-B+HRV

versus RSV-A+ RSV-B (p=0.02).
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Abbreviations: ADV, adenovirus; CA, cellular

complementary deoxyribonucleic acid; CoV, Coron

practitioner investigator; HRV, Human RhinoVirus; LRT

infection; NVL, normalized viral load; RSV, Respirator

respiratory tract infections.B. Viral codetections.
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Conclusions: Many parameters influence the natural history of respiratory viral

infections, and quantifying respiratory viral loads can help disentangle their

contributions to viral outcome.
KEYWORDS

respiratory viral load, viral respiratory infections, respiratory syncytial virus, rhinovirus,
respiratory viral co-infections
1 Introduction

Multiple respiratory viruses can infect either concurrently or

sequentially respiratory tracts, responsible for Acute Respiratory

Infections (ARI) in the general population (Monto et al., 2014).

Their impacts differ according to the populations’ profiles (age,

geographic areas, industrialization, comorbidity, etc) (O’Grady

et al., 2016). Viral codetections are defined as the detection of

multiple viruses in the same patient sample at the same time. When

several pathogens co-circulate in a patient, a cooperation or a

competition between these pathogens may occur (Nickbakhsh

et al., 2019). The frequency of viral codetections in patients with

ARIs’ symptoms ranges from 25 to 70% in literature and may

depend on numerous factors (Aberle et al., 2005; Martin et al., 2012;

Kouni et al., 2013; Lim et al., 2017; Liu et al., 2021; Petat et al., 2021).

According to a review of articles published in 2014 including studies

about viral coinfections (Goka et al., 2014), 74% of hospitalized

patients included in these studies were under the age of 6 years old.

Studies including older patients or performed in primary care are

very rare.

In hospital care, the two main viruses found in viral

codetections are the Respiratory Syncytial Virus (RSV) and the

Human Rhinovirus (HRV) (Petat et al., 2021): HRV/RSV

codetections account for 11% of infants less than 2 years old

hospitalized for fever or respiratory symptoms (Talj et al., 2022).

RSV detection seems to be associated with a decreased probability

for secondary HRV coinfection, suggesting a negative virus-virus

interference (Greer et al., 2009). During an RSV infection, host

could be refractory to other respiratory viruses. In a prospective

cohort published in 2016, Karpinen et al. showed a negative

association between HRV and RSV: HRV infection rates were

lower in children who presented a recent RSV infection compared

to children who did not (8% versus 14%, p<0,05) (Karppinen et al.,

2016). Also, HRV is known to infect adults about 2 to 3 times

every epidemic season (Sansone et al., 2013), and to cause
abundance; cDNA,
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exacerbations of chronic respiratory diseases and increase

mortality in the elderly (Gerna et al., 2008; Jartti et al., 2015)

(Longtin et al., 2010). RSV is known to generate ARIs in infants,

being the main cause of acute bronchiolitis. Even if RSV is not

responsible for a high mortality rate in developed countries, it still

represents an important burden on health systems, during winter

epidemics (Moore et al., 2020; Demont et al., 2021; Young and

Smitherman, 2021). Viral loads of these viruses are not quantified

in routine practice yet, and no technique is protocolized. Studies

explored associations between severity of symptoms presented by

the patients and the level of the respiratory viral loads (Jansen

et al., 2011; Hartmann et al., 2022). Results are inconsistent

between the studies, because of the heterogeneity of the patients

(age, symptoms), the difference between primary or hospital care

populations, the particularity of each respiratory virus, and the

quantitation techniques.

While other respiratory viruses, such as influenza virus and

RSV, cause destruction of airway epithelial cells, HRV is rarely

associated with upper airway cytopathology. Using scanning and

light electron microscopy of nasal biopsy samples from subjects

with natural colds, Winther et al. found that the epithelial cells

were detached; however, the epithelial cell lining and edges

remained structurally intact (Winther et al., 1986). Similar

preservation of cell morphology and composition has been

observed for the nasal epithelium in studies of experimental

HRV infection, where the extent of viral shedding did not

correlate with the number of cells in the epithelium (Winther

et al., 1986). Upper airway epithelium cytopathology is viral

infection dependent and for some viruses, cellular abundance is

not correlated with viral load, making CA normalization

inappropriate. Precise assessment of respiratory damage would

require characterization of cell types by immunological methods

in respiratory samples.

In this context, we analyzed the respiratory samples of

patients suffering from acute respiratory infections enrolled in

two French cohorts (Guérande and ECOVIR). We performed

the virological characterization and developed quantitative RT-

PCR of RSV and HRV to determine viral loads (VL) and

to test correlations between VL and demographic data,

coinfections, cellular abundance and viral genotypes of these

respiratory viruses.
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2 Materials and methods

Our analyses were based on two cohorts: Guérande and

ECOVIR, in which nasopharyngeal swabs of patients suffering

from acute respiratory infection were collected (Figure 1). In

addition, results obtained from these cohorts were compared,

whenever possible, to retrospective data obtained from the

routine molecular diagnostic activity of the virology department

of the hospital of Caen.
2.1 Cohort Guérande

Project Guérande was a prospective, double-blinded,

multicentric study developed in France to test the efficacy of 3%

hypertonic saline nebulization in acute viral bronchiolitis

(Angoulvant et al., 2017; Petat et al., 2021). Briefly, 24 French

hospital centers included patients between October 15, 2012 and

April 15, 2014. Infants from 6 weeks to 12 months old who came to

pediatric emergencies for a first episode of moderate to severe

bronchiolitis were included and nasopharyngeal swabs

were collected.
2.2 Cohort ECOVIR

Detai ls on study design, laboratory methods, and

bioinformatics were previously published (Petat et al., 2022). In

short, project ECOVIR was a prospective, multicentric, non-

interventional study developed in primary care in Normandy,

France. ECOVIR was performed during two epidemic seasons

(2018-2019, 12 weeks and 2019-2020, 21 weeks). For safety
Frontiers in Cellular and Infection Microbiology 03
reasons and uncertainty regarding the early phase of COVID-19

emergence, the second season was abridged in March 2020 and it

was not possible to relaunch it because of the lockdown of SARS-

CoV2 pandemic. Patients were included by General Practitioner

Investigators (GPI) during medical visits. Inclusion criteria were:

French speaking people, whatever their age, consulting their general

practitioner with symptoms of ARI. Each patient was informed,

then examined, and a nasopharyngeal swab was performed. Data

was collected by the GPI.
2.3 Biobank of hospitalized patients

During the 2016-2018 period, the virology department of the

hospital center of Caen (CHU Caen) received 216 nasopharyngeal

swabs from hospitalized patients. These samples were processed

according to routine virological molecular analyses, and HRV

genotyping was performed.
2.4 Ethics

For Guérande, written informed consent was obtained from the

patients’ parents. The Saint-Germain-en-Laye Ethics Committee

approved the study (reference 12020). For ECOVIR, we obtained

the agreement of the “Est II” protection committee (study reference

18/10/10/63004) in January 2019. An information document was

given to each patient included (non-opposition document). For

retrospective data of the virology department of the hospital of

Caen, sample processing was part of routine patient care and non-

opposition consents for the result to be used for research,

were obtained.
FIGURE 1

Workflow of the methodology of the study. This study is based on two cohorts of patients enrolled in hospital and primary care, Guérande and
ECOVIR respectively.
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2.5 Molecular virologic techniques

2.5.1 Extraction of nucleic acids
Every sample was achieved in Virology Laboratory of CHUCaen.

Then nucleic acid (NA) were extracted with « QIAsymphony »,

(Qiagen, Hilden, Germany). To limit the number of thawing and

therefore preserve the sample quality, we aliquoted NA extracts in

8mL microtubes.

2.5.2 Viral detection by Nx-TAG RPP Luminex®

and reverse transcription PCR for Rhinoviruses
NA were submitted to Nx-TAG RPP Luminex® kit for virologic

identification and following manufacturer’s recommendations.

Fifteen viruses (RSV-A, RSV-B, Rhinovirus/Enterovirus,

Metapneumovirus, Adenovirus, CoV-HKU1, CoV-NL63, CoV-

229E, CoV-OC43, Influenza, Para-Influenza 1, 2, 3, 4, Bocavirus)

and 3 intra-cellular bacteria (Chlamydophila pneumoniae,

Legionella pneumophila, Mycoplasma pneumoniae) were screened.

Rhinoviruses were further genotyped by RT-PCR targeting the VP.

The PCR mix was as follow: 10 µL of 2 X Reaction Mix (dNTPs +

MgSO4), 0,8 µL of Superscript™ III RT/Platinum™ Taq Mix, 0,2

µL of RNAse inhibitor, 0,15 µL of each forward (5’ GGG ACC AAC

TAC TTT GGG TGT CCG TGT 3’) and reverse (5’ GCA TCI GGY
Frontiers in Cellular and Infection Microbiology 04
ARY TTC CAC CAC CAN CC 3’) primers. Eight mL of NA were

then added and mixed thoroughly. Retro-transcription was

performed at 50°C for 20 minutes, then activation of the

polymerase enzyme was achieved by heating at 95° for 2 minutes.

Then 35 cycles of PCR were composed of the three following steps:

denaturation at 94°C for 15 seconds, hybridation at 63°C for 30

seconds, and polymerization at 68°C for 40 seconds.

2.5.3 Development of real time RT-PCR
We created an aligned matrix comparing sequences of virus

species (Rhinovirus A or B or C), forward and reverse primers,

specific to each species, and “pan-rhino” primers matching all

species. Primers were ordered dry and desalted at Sigmaaldrich

company (https://www.sigmaaldrich.com/france.html).

Universal positive control- In order to validate the PCR

reaction, we designed a synthetic positive control multivalent

plasmid “multivalent17_virol_pMA-T-1”. The HRV, VRS and

GAPDH (Glyceraldehyde-3-phosphate dehydrogenase gene, used

for human genome copy number estimation) primers, along with

other primers used to detect respiratory viruses commonly used in

our molecular diagnostic laboratory, were combined in a pMA-T-1

plasmid backbone to design the final universal positive control

plasmid. Primers were placed at a distance producing an amplicon
FIGURE 2

The plasmid "multivalent17_virol_pMA-T-1" used as a positive control and standard. Complementary regions to primers and probes used in detection
systems designed in the study were combined in a pMA-T-1 plasmid backbone and designed to produce regions of comparable size of those
targeted in the corresponding viral genome. Green arrows represent primer and probes complementary regions.
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size comparable to the one of the PCR targets in the viral genome

(Figure 2). The plasmid “multivalent17_virol_pMA-T-1” was

ordered at Invitrogen Geneart (Thermo Fisher Scientific, France).

Amplification systems were validated on both the synthetic

control plasmid and a reduced number of samples,. We used the

same methodology to develop qRT-PCR of RSV-A and RSV-B. We

performed qRT-PCR on « LightCycler 480 II » (Roche, Bâle,

Switzerland) and used the « LightCycler® 480 SV 1.5.1 » software.

The PCR mix was as following: 10 µL of 2X Reaction mix, 0,4 µL of

RNAse out, 0,4 µL of SuperScript III Platinum One-Step

Quantitative RT-PCR System, 0,4 µL of each forward and reverse

primers 50µM, 1 µL of probe 50µM. We used 16 µL of this mix with

4 µL of extract. The PCR program was as following:

retrotranscription at 50°C for 15 minutes, enzyme activation at

95°C for 2 minutes and then 35 cycles of denaturation at 95°C for 10

seconds, hybridation at 50°C for 10 seconds, polymerization at 72°C

for 20 seconds. Then we performed detection fluorescence.

Development of range of standards- Range of standards was

obtained by performing dilution of quantified synthetic plasmid

“multivalent17_virol_pMA-T-1”. Plasmid DNA was quantified by

the « Qubit™ 4 Fluorometer » (Invitrogen, Carlsbad, California,

USA), following manufacture’s recommendations and allowed us to

calculate the number of copies.

Quantitation thresholds- We determined quantitation thresholds

of the viruses by performing PCR in triplicates, on a range of dilution

of the multivalent plasmid “multivalent17_virol_pMA-T-1” for HRV,

RSV-A, RSV-B and GAPDH. Following thresholds were determined:

20 copies/mL for RSV-A, 4,5 copies/mL for RSV-B, 10 copies for HRV.
Viral and GAPDH quantitative tests on the complete

collections- Once the systems had been validated, we performed

qRT-PCR on every sample of the collection. Quantitation was

computed with the software LightCycler® 480 SV 1.5.1. Lineary

regression was performed with the values of the range of standards

and allowed us to calculate number of copies in samples. Analyses

and graphical representation were performed with the R® software.

Cellular abundance- To measure cellular abundance, we

quantified a cellular gene in every sample (GAPDH).

2.5.4 Rhinovirus sequencing
RT-PCR products were loaded on agarose gel for electrophoresis,

and samples positive to rhinovirus VP region were selected

for sequencing. Agarose gel was prepared with 1.8g of agarose

with 120mL of TBE (Tris Borate EDTA) 1X, and 10µL of

GelRed™ Nucleic Acid Gel stain. Migration was performed for

30 minutes at 100V. RT-PCR products producing visible band on

the gel were visualized with « Molecular Imager® GelDoc™ XR+

Imaging System », (BioRad, Hercules, California, USA)

and ImageLab® software. Amplicons (5mL) were digested (clean-

up) with 2mL of ExoSAP-IP (ThermoFischer, Waltham,

Massachusetts, USA), during 15 minutes at 37°C followed by

inactivation of enzymes at 80°C for 15 minutes in a thermocycler.

Sequencing reaction was performed with the kit « BigDye Terminator

version 1.1 cycle sequencing kits » following manufacturer’s
Frontiers in Cellular and Infection Microbiology 05
recommendations (Applied Biosystems, Foster City, California,

USA). Then samples were purified by sephadex gel column

filtration, « Séphadex ® G50 », following manufacturer’s procedure

(Sigma, Saint-Louis, Missouri, USA). Sequencing was then performed

with Sanger’s method on « Applied 3500 Genetic Analyzer » (Applied

Biosystems, Foster City, California, USA). A bioinformatic analysis

was handled with the « CLC Main WorkBench 8 » software (CLC

BioQiagen®, Hilden, Germany). Then the sequences were submitted

to blast analysis (https://blast.ncbi.nlm.nih.gov/Blast.cgi) and

phylogenetics reconstruction methods.
2.6 Statistical analysis

Statistical analyses were performed with standard methods

using RStudio software (version 1.1.456). Univariate, descriptive

statistics and graphs were prepared using Excel© (Microsoft) and

RStudio© softwares. All significance tests were 2-tailed (0.05). For

normally distributed data, Student’s t test was used. To compare

means of different groups, Anova test was implemented with

RStudio software. For non-normally distributed data, Kruskal-

Wallis test was used to highlight a group effect on measured viral

loads among infection groups (mono or coinfection). If a group

effect was found, then Dunn’s post-tests were performed to identify

which groups significantly distinguish from another. Due to

multiple tests, p-value were adjusted using the Benjamini-

Hochberg method.
2.7 Study limitations

Unfortunately, concerning ECOVIR, we had to stop inclusions

of patients during the second season of ECOVIR, for safety reasons

and uncertainty regarding the early phase of COVID-19 emergence.

It was not possible to relaunch it because of the lockdown of SARS-

CoV2 pandemic. It should be noted that cellular abundance value

may be affected by biases because of the technic of sampling (naso-

pharyngeal swab), a manual gesture performed by numerous GPIs

participating in the study. Sample delay, defined by the number of

days between the first symptoms and the day of sample, can be

biases because based on patient declarations.
3 Results

Seven hundred and nineteen samples came from project

Guérande, 685 patients were included in project ECOVIR (191

during the first season, 494 during the second season). Moreover,

this “real life” study is inherently multifactorial (patients suffering

from respiratory infections with numerous types of viruses,

complex viral/viral and viral/host interactions, inter-individual

variations). Consequently, it was sometimes difficult to overcome

sample size effect (most co-infection types do have a too small
frontiersin.org
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sample size to be statistically evaluated) and to evaluate precisely

potential confounding effects.
3.1 Viral prevalence, codetections and
cellular abundance

Qualitative results of Multiplex PCR were very different for both

cohorts (Guérande, ECOVIR, Table 1A). In ECOVIR, negative

samples were less frequent in younger ages, and represent almost

50% of samples in the elderly (>65 years old). Thirteen percent of

samples were positive to RSV in infants and in the elderly in

primary care, versus 90% in infants in hospital. RSV was co-

detected in 56% of cases in infants in hospital, but only in 24% of

cases in primary care. HRV was co-detected in about 30% of cases in

both cohorts (Petat et al., 2023).
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Viral codetections rates were 55% and 7.6% in Guérande and

ECOVIR respectively (Table 1B). The risks of codetection were 4.1

and 93.9 higher in hospitalized infants than in primary care for RSV

and HRV respectively (p<0.001). Repartition of viral codetections in

primary care was highly variable in the two cohorts (Figure 3). The

most abundant codetection was HRV/RSV-A. No codetection was

observed in samples positive to RSV-B in primary care. Influenza

virus was detected with another virus in only 6% of total influenza

virus positive samples.

Cellular abundance (CA) in samples with viral monodetection

was significantly higher than in negative samples (p<0.001), and

significantly lower than samples with viral codetections (p<0.001)

(Figure 4A). CA were significantly higher in younger patients under

6 years old compared to the adults aged between 18 and 65 years

(p<0.01, Figure 4B). Compared to the negative samples, CA were

significantly higher in samples positive to RSV (p<0.001), HRV

(p<0.001), or CoV (p<0.05) (Figure 4C).
3.2 Respiratory viral loads

3.2.1 Viral loads and age classes in ECOVIR
(primary care)

Results from ECOVIR were used to compare the viruses’ viral

loads between all ages of population (Figure 5A). HRV represents

almost a half of samples in children under 6 years old, and only 23%

in adults (more than 18 years old). RSV was detected in 13% of

infants (0-1 year old), very rare in children between 2 and 18 years

old, and represents only 5% of samples in adults from 18 to 65 years

old. In the elderly, the rate increased to 8%. RSV-A and RSV-B VL

tend to be higher in hospitalized patients compared to patients in

primary care, but not HRV VL (Figure 5B).

We compared respiratory VL in samples from ECOVIR cohort,

because all ages were represented. The number of samples per age

class was low and no significant difference was found between them

concerning RSV VL (Figure 5C). Nevertheless, a tendency toward a

higher RSV VL was observed in infants and the elderly compared to

the adult population. Regarding HRV, VL in age classes 0-2 and 2-6

years were significantly lower compared with VL in age class >65

years old (p= 0.04 and 0.02 respectively) (Figure 5D). We compared

VL in Guérande and in infants from ECOVIR (same age

population): RSV-A VL was higher in hospitalized infants

(p=0.05), HRV VL was higher in infants in primary care

(p=0.005), and there was no difference concerning RSV-B VL.

3.2.2 Viral loads and mono or co-detections in
Guérande (Hospitalized infants)

We compared HRV and RSV VL according to the codetections

found, in the Guérande’s cohort, because of the high rate of viral

codetections, and of the homogeneity of the cohort. HRV VL is

higher when detected alone compared with samples co-detected

with RSV-A, with RSV-B and with RSV-A and RSV-B, but not

significantly (p=0.309) (Figure 6A). We can also note that RSV-A

tends to replicate more than RSV-B. A significant increase of RSV-

A VL was found when codetected with HRV only (p=0.001). At the

opposite, a significant decrease of the RSV-A VL was observed
TABLE 1 Virological results.

A. Multiplex PCR using NxTAG Luminex Panel.

Viruses Guérande- n=719
n (%)

ECOVIR- n=685
n (%)

RSV-A 441 (61) 27 (4)

RSV-B 297 (41) 11 (1.6)

HRV 246 (34) 193 (29)

CoV-229E 5 (0.6) 12 (1.8)

CoV-OC43 19 (3) 15 (2.2)

CoV-HKU1 4 (0.5) 17 (2.5)

CoV-NL63 10 (1) 17 (2.5)

Flu 4 (0.5) 98 (14.5)

PIV 59 (8) 34 (5)

BoV 49 (7) 7 (1)

hMPV 41 (6) 32 (4.7)

ADV 55 (8) 10 (1.5)

Negative 12 (2) 221 (32.7)
B. Viral codetections.

Detected
virus

Guérande
(n=719)
n (%)

ECOVIR
(n=685)
n (%)

p
OR
CI95%

RSV 263 (56) 9 (24) <0.001
4.1[1.8 ;
10.0]

HRV 229 (93) 27 (14) <0.001
93.9 [48.7 ;
190.7]

CoV 34 (92) 7 (12) <0.001
75.6 [17.7 ;
482.5]

Flu 4 (100) 5 (6) <0.001 NA
RSV, respiratory syncytial virus; HRV, human rhinovirus; CoV, coronavirus; Flu, influenza;
PIV, parainflmuenza; BoV, bocavirus. The OR values are calculated referred to the Guérande’s
group for each virus.
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when codetected with RSV-B + HRV, compared with RSV-B

(p=0.02) (Figure 6B). No difference of VL was observed between

RSV-B found alone and in codetections (p=0.90).

3.2.3 C. Viral loads and sample delays
Sample delay was defined as the number of days between the

onset of symptom and the nasopharyngeal swabbing. To propose a

comparison with least biases possible, VL of samples from a unique

cohort were considered (Guérande, accounting for most

homogeneous samples with a better precision of sample delay

estimation). There was no significant difference between VL

according to the samples delays for HRV and RSV (Figure 7). For

HRV, we can notice a trend toward a higher HRV VL during the

first two days of symptoms.
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3.2.4 Viral loads and cellular abundance
Cellular abundance was significantly lower in negative samples

than in positive sample, regardless the virus (p<0.001). Despite VL

and CA are not correlated, we see important variation in CA, with

age or according to virus type (Figure 8). The strongest linear

dependency is noted for HRV first and then RSV-A while RSV-B

viral loads seem much less associated with cellular abundance,

highlighting notable differences between viruses.
3.3 HRV genotyping

PCR Multiplex tests found 246 (34%) and 193 (29%) samples

positive to HRV/enterovirus respectively in Guérande and
A

B

FIGURE 3

Intersections of viral detections in Guerande and ECOVIR cohorts. The number samples of each viruses is represented on the left side. At the top of
the figure are represented the numbers of codetections described under. Lines linking dots represent intersection of viral detections or codetections
(A) ECOVIR; (B) Guérande.
A B C

FIGURE 4

Cellular abundance in ECOVIR (primary care) samples. (A) Cellular abundance and viral codetections; (B) Cellular abundance according to the age of
patients; (C) Cellular abundance according to the viruses found in samples Statistical test: Anova test *p<0.05, **p<0.01; ***p<0.001.
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ECOVIR. HRV genotyping was performed on positive samples: we

found respectively 61, 15 and 24% in ECOVIR (n=82) and 42, 18,

and 40% in Guérande (n=122) of HRV-A, HRV-B and HRV-C

(Figure 9A). Viral loads were determined on 220 and 131 samples

for Guérande and ECOVIR respectively. HRV VL was significantly

higher in infants from primary care compared to hospitalized
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infants (Figure 9B). All HRV VL were significantly higher in

primary care compared to hospitalized patients (respectively p=

0.04, 0.008 and 0.03 for HRV-A, HRV-B and HRV-C) (Figure 9C).

No significant difference was found between VL according to HRV

serotypes in both cohorts (p=0.099). HRV VL were more variable in

Guérande compared with ECOVIR cohort (Figures 9D, E).

We constructed the phylogenetic tree of HRV found in the

samples from both cohorts (Figure 10). According to phylogenetic

analysis, ECOVIR samples accounted for representative and

balanced diversity of each HRV genotype.
4 Discussion

Within this work, following viral characterization, viral

codetections in ARI were explored by quantifying respiratory VL

of viruses mostly detected (RSV and HRV) in nasopharyngeal

swabs. These samples came from two distinct and different

cohorts: one performed in hospital in infants with bronchiolitis

(Guérande), and the other one in primary care in patients of all ages

mostly free of comorbidity (ECOVIR). The Guérande cohort

confirm the association of bronchiolitis with RSV but this virus

also circulates in the general population as shown by ECOVIR’s

results. These cohorts also confirm the preferential circulation of

respiratory viruses in childhood and the importance of RSV and

HRV in respiratory health in childhood and elderly. These

differences have previously been extensively discussed in Petat

et al. in 2021. Similarly to previous studies, we found a higher

prevalence of HRV-A, then HRV-C compared to HRV-B,

highlighting differences in the epidemiology of the viruses.
A

B

FIGURE 6

Viral loads and codetections of HRV and RSV. Viral loads are
expressed in number of copies per microliter of sample. (A) HRV
viral loads alone and in coinfection with either RSV-A, RSV-A & RSV-
8 or RSV-B. (B) RSV-A and RSV-B viral loads alone or in coinfection
with RSV (B or A) or HRV or other viruses. **p<0.01; ***p<0.001.
A B

C D

FIGURE 5

Viruses prevalences, viral loads (VL) and age classes. (A) Viruses and age classes (cohort ECOVIR); (B) RSV-A, RSV-B and HRV VL in both cohorts
(Guérande and ECOVIR); (C) RSV VL and age of patients (cohort ECOVIR); (D) HRV VL and age of patients (cohort ECOVIR). *p<0.05 VL are
expressed in number of copies per microliter of sample.
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First, in line with literature, we found that the prevalence of

codetections is related to the age of patients with ARI. Young age is

associated to higher codetection rates in the general population

(Nickbakhsh et al., 2016; Heimdal et al., 2022). The high likelihood

of coinfections in childhood may be attributable to the combination

of the relatively synchronous seasonal epidemiology of most

respiratory viruses and immature immunity of children, making

them more susceptible to respiratory viruses during their first

winter of life. Other studies including children under 5 years of

age reported higher frequencies of viral codetections than those

including adolescents and young adults (Nickbakhsh et al., 2019). A

study published in 2016 analyzing respiratory specimens from

44230 respiratory infections between 2005 and 2013 showed that

viral codetections were significantly more common in patients

younger than one year (Nickbakhsh et al., 2016). Some viruses

may be more represented than others in these codetections. In our

study, RSV was co-detected in 56% of hospitalized infants

presenting bronchiolitis, but only in 30% in the same group in

primary care. That is what is described in literature: the rate of viral

coinfections appears to be greater in inpatient versus outpatient
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cohorts (Aberle et al., 2005; Calvo et al., 2008; Libster et al., 2010).

This suggests that viral codetections could also be associated with

clinical severity of patients. Our team previously reported that there

was a greater severity of respiratory infection in infants hospitalized

for bronchiolitis infected with RSV alone compared to those

infected with HRV alone (Marguet et al., 2009). HRV is the

respiratory virus the most frequently found, in all ages, in all

populations. We know thanks to studies performed in general

population that adults are infected by HRV several times yearly

(Monto et al., 2014). In a previous study, we found that, in infants,

the risk of being infected by HRV is higher in the absence of RSV,

suggesting interferences or exclusion mechanisms between these

two viruses (Petat et al., 2021). We found the most frequent

codetection in primary care was HRV/RSV-A, and that RSV-B

was never co-detected, but the number of RSV-B positive samples

was low (n=11) and the lower circulation of RSV-B may partially

explain this result. This is different from data we found before in the

Guérande’s cohort (hospitalized patients) (Petat et al., 2021), where

RSV-B was co-detected in 63% of cases. HRV/RSV codetection is

the most frequent described codetection in studies (Nickbakhsh
A B C

D

FIGURE 8

Correlation between cellular abundance (CA) and viral loads (VL) according to viruses. Cellular abundance and viral loads are expressed in copies of
GAPDH gene per microliter and copies of the viral gene per microliter, respectively. (A) RSV-A: (B) RSV-B: (C) HRV: (D) HRV, RSV-A and RSV-B.
A B C

FIGURE 7

Viral loads (VL) and sample delays (SD). Viral loads are expressed in number of copies per microliter of sample. Sample delays are based on patient
declarations and represent the number of days separating the onset of symptoms and the nasopharyngeal sampling. No difference between the SD
was noted for each virus. (A) SD for RSV-A (B) SD for RSV-B (C) SD for HRV.
frontiersin.org

https://doi.org/10.3389/fcimb.2024.1380855
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org


Petat et al. 10.3389/fcimb.2024.1380855
et al., 2016; Nickbakhsh et al., 2019), even if influenza viruses,

coronaviruses and parainfluenza viruses are implicated too.

However, RSV detection is associated with a decreased probability

of HRV coinfections, indicating a negative virus-virus interaction

(Greer et al., 2009; Martin et al., 2013). Moreover, in a 2016

prospective cohort study, Karppinen et al. showed a negative

association between RSV and HRV in infants younger than 24

months: the rate of HRV infections was lower in children who had a

recent RSV infection compared to children who were not infected

(8% versus 14%, p<0.05) (Karppinen et al., 2016). This is in line

with our results and suggests that during or in the immediate

aftermath of RSV infection, the host may be refractory to other

viruses, maybe because of the local innate immunity activation and

inflammation in response to infection. In a study published in 2020,

based on in vitro co-infections, Essaidi et al. showed that flu and

RSV could interfere with HRV replication, whereas HRV does not

interfere with either of these viruses (Essaidi-Laziosi et al., 2020).

This result is in line with our results regarding the apparent lower

replication of HRV in coinfection with RSV. Essaidi et al. also

suggested a key role of IFN production to explain these
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interferences. Other experiments are now awaited to confirm

these hypotheses and detail the mechanisms of interferences.

We performed molecular estimation of cellular abundance (CA)

in samples. A higher CA was found in samples with viral

codetections compared to samples with monodetection. The

lowest CA was found in negative samples. CA is probably

multifactorial and may reflect a combination of desquaming cells,

airway macrophages and other innate immunity recruited cells and

lysed cells directly resulting from the replication of viral viruses in

the respiratory tract (Barreto-Duran et al., 2022). We noted that CA

was higher in children under the age of six. So, cell lysis and

inflammatory response could be more intense in these infants. At

the opposite, lower CA in the elderly may be explained by relative

immune senescence and a weaker innate immune response at this

age. Samples positive to RSV, HRV and CoV also presented a higher

CA than negative samples, contrary to samples positive to influenza

viruses. This may highlight significant differences between viruses

in their ability to exploit cell machinery at their own advantage, to

avoid or control host’s innate immune response. Nevertheless, while

VL and CA are not correlated, viral-induced lysis or differential cell
B C

D E

A

FIGURE 9

HRV. (A) Number of samples of HRV-A, HRV-B and HRV-C according to the age of the patients; (B) HRV VL in infants in ECOVIR and in Guérande;
(C) HRV-A, B and C VL in ECOVIR and Guérande; (D) density plot of HRV-A, B and C VL in ECOVIR; (E) densityplot of HRV-A, B and C VL
in Guérande.
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recruitment in response to inflammation in ARI both contribute to

CA in the course of the infection. A most in-depth study of the cells

found in nasopharyngeal swabs may allow to better characterize

inflammation and innate immunity cells recruitment profiles

according to viruses, codetections, and age of patients. The study

of gene expression and inflammation markers, such as cytokines,

would also provide insights on the differences between viruses,

regarding pathways activated following infections.

We performed HRV and RSV VL quantitation. HRV VL was

higher in the elderly than in the other age classes. A study published

in 2015 (Lee et al., 2015) including adults hospitalized for RSV

infection found a strong association between the level of RSV VL

and the severity of ARI, but the median age of patients was 78 years

old. This could suggest a decrease of innate immunity defenses in

the elderly, which is described in the literature (Cunha, 2001).

Concerning the RSV, we compared VL in hospitalized infants

(Guérande) and infants in primary care (ECOVIR): RSV-A VL

was higher in hospitalized infants, and RSV-B VL was not different

in both cohorts. HRV VL was higher in infants seen in primary care.

In our hospital cohort, HRV was co-detected in 93% of cases,

mostly with RSV. We could explain this lower HRV VL in

hospitalized infants by the putative negative interference between

HRV and RSV. When co-detected with RSV, HRV VL is lower,

suggesting that these viruses probably use similar mechanisms

during infection. While HRV VL appear to be higher alone than
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in co-infection, this trend is based on 3 samples only and should not

be considered as is. More samples are required to better characterize

the effect of monoinfection VS co-infection regarding HRV VL.

Moreover, the higher VL of RSV-A in the presence of HRV may

indicate that RSV-A could benefit from HRV coinfection.

Intriguingly, the opposite is observed (RSV-A VL decrease) when

RSV-B is found in addition to RSV-A + HRV coinfection. This may

suggest a trade-off between these viruses, according to which despite

a global negative interference, RSV-A replication in airways may

benefit from a coinfection with HRV, while not in the presence of

RSV-B, but this last assumption requires to be confirmed by more

observations of HRV + RSV-A + RSV-B coinfections or cellular

model experiments. These observations unravel complex

interactions between these viruses and would need further in-

depth investigations to be fully understood.

Most studies did not show an association between HRV VL and

ARI severity. A study published in 2017 compared viral loads in

ambulatory patients versus intensive care patients: the HRV viral

loads were not significantly different between these two patient

populations (Granados et al., 2017). VL were similar across age

groups (all age groups were represented). This is not what we found

in our cohorts: HRV VL were higher for the three serotypes (HRV-

A, HRV-B and HRV-C) in primary care compared to hospitalized

infants. This is reminiscent of the possible negative interference in

coinfections (HRV/RSV) affecting HRV VL. A Japanese study
FIGURE 10

Phylogenetic tree of HRV in samples. ECOVIR and Guérande samples are highlighted in purple. Blue, green and red name indicate Rhinovirus A, B
and C respectively (nbci data). Black names starting with a reference number represent data from ncbi database. Black names starting with "HRV"
refer to data obtained from routine virology department of university hospital of Caen surveillance. In red come from ospital routine's patients;
samples in black are the references Genbak.
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showed an association between viral load and ARI severity in

children between 11 months and 3 years of age (Takeyama et al.,

2012). This was no longer observed after the age of 4 years, nor

before the age of 11 months. HRV VL seem to vary according to age

and severity of the patients.

In an attempt to characterize the VL temporal dynamics, HRV

and RSV were compared according to the delay between the first

symptoms presented by the patients. We found no difference for

both viruses. Personal differences in susceptibility and perception

could explain these results. These results were not obtained from VL

repeatedly obtained from a single patient during the course of

infection but instead from a pool of patients sampled one time each

and this represents a severe bias against accurate viral load

dynamics estimation. A follow-up of single patients with repeated

VL measurement during a viral ARI would be the best way to

establish a “natural history” of the viral ARIs but represents a

challenge in term of acceptation and ethics.

At last, respiratory microbiota is different in every patient,

depending on age, personal history, and other factors. From early

childhood, the respiratory microbiota determines respiratory

health, and therefore repeated viral infections (de Steenhuijsen

Piters et al., 2020). Studying the potential link between respiratory

microbiota and viral coinfections could also be of interest to better

understand the future respiratory health of our young patients.
5 Conclusion

By comparing the prevalence of viruses in different settings and

quantifying respiratory viral loads of the most abundant viruses

found in codetection in ARI (HRV and RSV), we know that health

conditions, virus type, patient age and presence or absence of viral

coinfections matter. This article highlights the complex relationship

between HRV and RSV and suggests in many different cases that

when in co-infection with RSV, HRV replicates at a lower level,

confirming competition and a negative interference between these

two viruses. Despite this negative interference for HRV, RSV-A

benefits from this coinfection with HRV alone by an unknown

mechanism. In addition to these virus-virus interactions, the

interplay between host innate immunity and viruses probably

plays a central role in these interactions.
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Calvo, C., Garcıá-Garcıá, M. L., Blanco, C., Vázquez, M. C., Frıás, M. E., Pérez-Breña,
P., et al. (2008). Multiple simultaneous viral infections in infants with acute respiratory
tract infections in Spain. J. Clin. Virol. 42, 268–272. doi: 10.1016/j.jcv.2008.03.012

Cunha, B. A. (2001). Pneumonia in the elderly. Clin. Microbiol. Infect. 7, 581–588.
doi: 10.1046/j.1198-743x.2001.00328.x

Demont, C., Petrica, N., Bardoulat, I., Duret, S., Watier, L., Chosidow, A., et al.
(2021). Economic and disease burden of RSV-associated hospitalizations in young
children in France, from 2010 through 2018. BMC Infect. Dis. 21, 1–10. doi: 10.1186/
s12879-021-06399-8

de Steenhuijsen Piters, W. A. A., Binkowska, J., and Bogaert, D. (2020). Early life
microbiota and respiratory tract infections. Cell Host Microbe 28, 223–232.
doi: 10.1016/j.chom.2020.07.004

Essaidi-Laziosi, M., Geiser, J., Huang, S., Constant, S., Kaiser, L., and Tapparel, C.
(2020). Interferon-dependent and respiratory virus-specific interference in dual
infections of airway epithelia. Sci. Rep. 10, 10246. doi: 10.1038/s41598-020-66748-6

Gerna, G., Campanini, G., Rognoni, V., Marchi, A., Rovida, F., Piralla, A., et al.
(2008). Correlation of viral load as determined by real-time RT-PCR and clinical
characteristics of respiratory syncytial virus lower respiratory tract infections in early
infancy. J. Clin. Virology. 41, 45–48. doi: 10.1016/j.jcv.2007.10.018

Goka, E. A., Vallely, P. J., Mutton, K. J., and Klapper, P. E. (2014). Single and multiple
respiratory virus infections and severity of respiratory disease: a systematic review.
Pediatr. Respir. Rev. 15, 363–370. doi: 10.1016/j.prrv.2013.11.001

Granados, A., Peci, A., McGeer, A., and Gubbay, J. B. (2017). Influenza and
rhinovirus viral load and disease severity in upper respiratory tract infections. J.
Clin. Virol. 86, 14–19. doi: 10.1016/j.jcv.2016.11.008

Greer, R. M., McErlean, P., Arden, K. E., Faux, C. E., Nitsche, A., Lambert, S. B., et al.
(2009). Do rhinoviruses reduce the probability of viral co-detection during acute
respiratory tract infections? J. Clin. Virol. 45, 10–15. doi: 10.1016/j.jcv.2009.03.008

Hartmann, K., Liese, J. G., Kemmling, D., Prifert, C., Weißbrich, B., Thilakarathne,
P., et al. (2022). Clinical burden of respiratory syncytial virus in hospitalized children
aged ≤5 years (INSPIRE study). J. Infect. Dis. 226, 386–395. doi: 10.1093/infdis/jiac137

Heimdal, I., Valand, J., Krokstad, S., Moe, N., Christensen, A., Risnes, K., et al.
(2022). Hospitalized children with common human coronavirus clinical impact of
codetected respiratory syncytial virus and rhinovirus. Pediatr. Infect. Dis. J. 41, e95–
101. doi: 10.1097/INF.0000000000003433

Jansen, R. R., Wieringa, J., Koekkoek, S. M., Visser, C. E., Pajkrt, D., Molenkamp, R.,
et al. (2011). Frequent detection of respiratory viruses without symptoms: toward
defining clinically relevant cutoff values. J. Clin. Microbiol. 49, 2631–2636. doi: 10.1128/
JCM.02094-10

Jartti, T., Hasegawa, K., Mansbach, J. M., Piedra, P. A., and Camargo, C. A. (2015).
Rhinovirus-induced bronchiolitis: Lack of association between virus genomic load and
short-term outcomes. J. Allergy Clin. Immunol. 136, 509–512.e11. doi: 10.1016/
j.jaci.2015.02.021

Karppinen, S., Toivonen, L., Schuez-Havupalo, L., Waris, M., and Peltola, V. (2016).
Interference between respiratory syncytial virus and rhinovirus in respiratory tract
infections in children. Clin. Microbiol. Infection. 22, 208.e1–208.e6. doi: 10.1016/
j.cmi.2015.10.002
Kouni, S., Karakitsos, P., Chranioti, A., Theodoridou, M., Chrousos, G., and Michos,
A. (2013). Evaluation of viral co-infections in hospitalized and non-hospitalized
children with respiratory infections using microarrays. Clin. Microbiol. Infection. 19,
772–777. doi: 10.1111/1469-0691.12015

Lee, N., Chan, M. C. W., Lui, G. C. Y., Li, R., Wong, R. Y. K., Yung, I. M. H., et al.
(2015). High viral load and respiratory failure in adults hospitalized for respiratory
syncytial virus infections. J. Infect. Dis. 212, 1237–1240. doi: 10.1093/infdis/jiv248

Libster, R., Coviello, S., Cavalieri, M. L., Morosi, A., Alabart, N., Alvarez, L., et al.
(2010). Pediatric hospitalizations due to influenza in 2010 in Argentina. N Engl. J. Med.
363, 2472–2473. doi: 10.1056/NEJMc1008806

Lim, F. J., Wake, Z. V., Levy, A., Tempone, S., Moore, H. C., Richmond, P. C., et al.
(2017). Viral etiology and the impact of codetection in young children presenting with
influenza-like illness. J. Pediatr. Infect. Dis. Soc 6, 260–266. doi: 10.1093/jpids/piw042

Liu, P., Xu, M., Cao, L., Su, L., Lu, L., Dong, N., et al. (2021). Impact of COVID-19
pandemic on the prevalence of respiratory viruses in children with lower respiratory
tract infections in China. Virol. J. 18, 159. doi: 10.1186/s12985-021-01627-8

Longtin, J., Marchand-Austin, A., Winter, A. L., Patel, S., Eshaghi, A., Jamieson, F.,
et al. (2010). Rhinovirus outbreaks in long-term care facilities, Ontario, Canada. Emerg.
Infect. Dis. 16, 1463–1465. doi: 10.3201/eid1609.100476

Marguet, C., Lubrano, M., Gueudin, M., Roux, P. L., Deschildre, A., Forget, C., et al.
(2009). In very young infants severity of acute bronchiolitis depends on carried viruses.
PloS One 4, e4596. doi: 10.1371/journal.pone.0004596

Martin, E. T., Fairchok, M. P., Stednick, Z. J., Kuypers, J., and Englund, J. A. (2013).
Epidemiology of multiple respiratory viruses in childcare attendees. J. Infect. Dis. 207,
982–989. doi: 10.1093/infdis/jis934

Martin, E. T., Kuypers, J., Wald, A., and Englund, J. A. (2012). Multiple versus single
virus respiratory infections: viral load and clinical disease severity in hospitalized
children. Influenza Other Respir. Viruses. 6, 71–77. doi: 10.1111/j.1750-
2659.2011.00265.x

Monto, A. S., Malosh, R. E., Petrie, J. G., Thompson, M. G., and Ohmit, S. E. (2014).
Frequency of acute respiratory illnesses and circulation of respiratory viruses in
households with children over 3 surveillance seasons. J. Infect. Dis. 210, 1792–1799.
doi: 10.1093/infdis/jiu327

Moore, H. C., Lim, F. J., Fathima, P., Barnes, R., Smith, D. W., de Klerk, N., et al.
(2020). Assessing the burden of laboratory-confirmed respiratory syncytial virus
infection in a population cohort of Australian children through record linkage. J.
Infect. Dis. 222, 92–101. doi: 10.1093/infdis/jiaa058

Nickbakhsh, S., Mair, C., Matthews, L., Reeve, R., Johnson, P. C. D., Thorburn, F.,
et al. (2019). Virus-virus interactions impact the population dynamics of influenza and
the common cold. Proc. Natl. Acad. Sci. U S A. 116, 27142–27150. doi: 10.1073/
pnas.1911083116

Nickbakhsh, S., Thorburn, F., Wissmann, B. V., McMenamin, J., Gunson, R. N., and
Murcia, P. R. (2016). Extensive multiplex PCR diagnostics reveal new insights into the
epidemiology of viral respiratory infections. Epidemiol. Infection. 144, 2064–2076.
doi: 10.1017/S0950268816000339

O’Grady, K. F., Grimwood, K., Sloots, T. P., Whiley, D. M., Acworth, J. P.,
Phillips, N., et al. (2016). Prevalence, codetection and seasonal distribution of
upper airway viruses and bacteria in children with acute respiratory illnesses with
cough as a symptom. Clin. Microbiol. Infect. 22, 527–534. doi: 10.1016/
j.cmi.2016.02.004

Petat, H., Gajdos, V., Angoulvant, F., Vidalain, P. O., Corbet, S., Marguet, C., et al.
(2021). High frequency of viral co-detections in acute bronchiolitis. Viruses. 13, 990.
doi: 10.3390/v13060990

Petat, H., Schuers, M., Corbet, S., Humbert, X., Le Bas, F., Marguet, C., et al. (2022).
The design and implementation of the ECOVIR project: A primary health care
surveillance system to strengthen co-detection of respiratory viruses in normandy.
Methods Protoc. 5, 98. doi: 10.3390/mps5060098

Petat, H., Schuers, M., Marguet, C., Humbert, X., Le Bas, F., Rabiaza, A., et al. (2023).
Positive and negative viral associations in patients with acute respiratory tract
frontiersin.org

https://doi.org/10.1097/01.inf.0000168741.59747.2d
https://doi.org/10.1001/jamapediatrics.2017.1333
https://doi.org/10.3389/fimmu.2022.991991
https://doi.org/10.1016/j.jcv.2008.03.012
https://doi.org/10.1046/j.1198-743x.2001.00328.x
https://doi.org/10.1186/s12879-021-06399-8
https://doi.org/10.1186/s12879-021-06399-8
https://doi.org/10.1016/j.chom.2020.07.004
https://doi.org/10.1038/s41598-020-66748-6
https://doi.org/10.1016/j.jcv.2007.10.018
https://doi.org/10.1016/j.prrv.2013.11.001
https://doi.org/10.1016/j.jcv.2016.11.008
https://doi.org/10.1016/j.jcv.2009.03.008
https://doi.org/10.1093/infdis/jiac137
https://doi.org/10.1097/INF.0000000000003433
https://doi.org/10.1128/JCM.02094-10
https://doi.org/10.1128/JCM.02094-10
https://doi.org/10.1016/j.jaci.2015.02.021
https://doi.org/10.1016/j.jaci.2015.02.021
https://doi.org/10.1016/j.cmi.2015.10.002
https://doi.org/10.1016/j.cmi.2015.10.002
https://doi.org/10.1111/1469-0691.12015
https://doi.org/10.1093/infdis/jiv248
https://doi.org/10.1056/NEJMc1008806
https://doi.org/10.1093/jpids/piw042
https://doi.org/10.1186/s12985-021-01627-8
https://doi.org/10.3201/eid1609.100476
https://doi.org/10.1371/journal.pone.0004596
https://doi.org/10.1093/infdis/jis934
https://doi.org/10.1111/j.1750-2659.2011.00265.x
https://doi.org/10.1111/j.1750-2659.2011.00265.x
https://doi.org/10.1093/infdis/jiu327
https://doi.org/10.1093/infdis/jiaa058
https://doi.org/10.1073/pnas.1911083116
https://doi.org/10.1073/pnas.1911083116
https://doi.org/10.1017/S0950268816000339
https://doi.org/10.1016/j.cmi.2016.02.004
https://doi.org/10.1016/j.cmi.2016.02.004
https://doi.org/10.3390/v13060990
https://doi.org/10.3390/mps5060098
https://doi.org/10.3389/fcimb.2024.1380855
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org


Petat et al. 10.3389/fcimb.2024.1380855
infections in primary care: the ECOVIR study. Front. Public Health 11, 1269805.
doi: 10.3389/fpubh.2023.1269805

Sansone, M., Andersson, M., Brittain-Long, R., Andersson, L. M., Olofsson, S.,
Westin, J., et al. (2013). Rhinovirus infections in western Sweden: a four-year molecular
epidemiology study comparing local and globally appearing types. Eur. J. Clin.
Microbiol. Infect. Dis. 32, 947–954. doi: 10.1007/s10096-013-1832-x

Takeyama, A., Hashimoto, K., Sato, M., Sato, T., Kanno, S., Takano, K., et al. (2012).
Rhinovirus load and disease severity in children with lower respiratory tract infections.
J. Med. Virology. 84, 1135–1142. doi: 10.1002/jmv.23306
Frontiers in Cellular and Infection Microbiology 14
Talj, R., Amarin, J. Z., Rankin, D. A., Bloos, S. M., Shawareb, Y., Rahman, H., et al.
(2022). Clinical characteristics, outcomes, and seasonality of acute respiratory infection
associated with single and codetected rhinovirus species among hospitalized children in
Amman, Jordan. J. Med. Virol. 94, 5904–5915. doi: 10.1002/jmv.28042

Winther, B., Gwaltney, J. M., Mygind, N., Turner, R. B., and Hendley, J. O. (1986).
Sites of rhinovirus recovery after point inoculation of the upper airway. JAMA. 256,
1763–1767. doi: 10.1001/jama.1986.03380130091034

Young, M., and Smitherman, L. (2021). Socioeconomic impact of RSV
hospitalization. Infect. Dis. Ther. 10, 35–45. doi: 10.1007/s40121-020-00390-7
frontiersin.org

https://doi.org/10.3389/fpubh.2023.1269805
https://doi.org/10.1007/s10096-013-1832-x
https://doi.org/10.1002/jmv.23306
https://doi.org/10.1002/jmv.28042
https://doi.org/10.1001/jama.1986.03380130091034
https://doi.org/10.1007/s40121-020-00390-7
https://doi.org/10.3389/fcimb.2024.1380855
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

	Unravelling the acute respiratory infection landscape: virus type, viral load, health status and coinfection do matter
	1 Introduction
	2 Materials and methods
	2.1 Cohort Gu&eacute;rande
	2.2 Cohort ECOVIR
	2.3 Biobank of hospitalized patients
	2.4 Ethics
	2.5 Molecular virologic techniques
	2.5.1 Extraction of nucleic acids
	2.5.2 Viral detection by Nx-TAG RPP Luminex&reg; and reverse transcription PCR for Rhinoviruses
	2.5.3 Development of real time RT-PCR
	2.5.4 Rhinovirus sequencing

	2.6 Statistical analysis
	2.7 Study limitations

	3 Results
	3.1 Viral prevalence, codetections and cellular abundance
	3.2 Respiratory viral loads
	3.2.1 Viral loads and age classes in ECOVIR (primary care)
	3.2.2 Viral loads and mono or co-detections in Gu&eacute;rande (Hospitalized infants)
	3.2.3 C. Viral loads and sample delays
	3.2.4 Viral loads and cellular abundance

	3.3 HRV genotyping

	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


