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Introduction: Acute respiratory infections (ARIs) are the most common viral
infections encountered in primary care settings. The identification of causal viruses
is still not available in routine practice. Although new strategies of prevention
are being identified, knowledge of the relationships between respiratory viruses
remains limited.

Materials and methods: ECOVIR was a multicentric prospective study in primary
care, which took place during two pre-pandemic seasons (2018-2019 and
2019-2020). Patients presenting to their General practitioner (GP) with ARIs were
included, without selecting for age or clinical conditions. Viruses were detected
on nasal swab samples using a multiplex Polymerase Chain Reaction test focused
on 17 viruses [Respiratory Syncytial Virus-A (RSV-A), RSV-B, Rhinovirus/Enterovirus
(HRV), human Metapneumovirus (hMPV), Adenovirus (ADV), Coronaviruses (CoV)
HKU1, NL63, 229E, OC43, Influenza virus (H1 and H3 subtypes), Influenza virus B,
Para-Influenza viruses (PIVs) 1-4, and Bocavirus (BoV)l.

Results: Among the 668 analyzed samples, 66% were positive for at least one
virus, of which 7.9% were viral codetections. The viral detection was negatively
associated with the age of patients. BoV, ADV, and HRV occurred more
significantly in younger patients than the other viruses (p <0.05). Codetections
were significantly associated with RSV, HRV, BoV, hMPV, and ADV and not
associated with influenza viruses, CoV, and PIVs. HRV and influenza viruses were
negatively associated with all the viruses. Conversely, a positive association was
found between ADV and BoV and between PIVs and BoV.

Conclusion: Our study provides additional information on the relationships
between respiratory viruses, which remains limited in primary care.

KEYWORDS

respiratory virus, acute respiratory infections, primary care, respiratory syncytal virus,
rhinovirus, respiratory coinfection
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1 Introduction

Acute Respiratory Infections (ARIs) are mostly associated with
viruses and are the most frequent infections, with 0 to 6 ARI per
person per epidemic season in temperate regions (1). Although they
can occur at any age from childhood onwards, older adult
communities and patients with chronic respiratory diseases
represent the most vulnerable population, with a high level of
healthcare use and mortality in the older adult. This study was
conducted to provide a new immunization treatment for Respiratory
Syncytial Virus (RSV) (1, 2) and to extend the indication of the flu
vaccine to the entire French population, which raises hopes of a
major impact on public health. Human Rhinovirus (HRV) is the
second major cause of ARI and is known to trigger acute
bronchiolitis in infants and severe exacerbations in patients with
chronic respiratory diseases (3-6). However, epidemiology and
assessment of the burden of these viral infections were provided by
emergency units, inpatient stays, or outpatient clinics. This reflects
a selected population and the most severe diseases. However,
knowledge of the viruses responsible for acute respiratory infections
in primary care is limited (7, 8). Studies available in the community
focus on a single virus in adults or children (9, 10) or target
inappropriate prescribing of antibiotics (11). The development of
standardized molecular diagnosis and multiplex Polymerase Chain
Reaction (PCR) tests has considerably increased the number of
viruses identified and allowed us to compare studies. In addition,
these diagnostic tests have improved the frequency of respiratory
virus co-detection, which ranges from 25 to 55% (3, 5, 6, 11-13).
Although their pathophysiological significance remains unclear,
recent data point to a possible competition between viruses, i.e.,
rhinoviruses and RSV. With the development of immunization
research comes the need to improve this knowledge in the
community population. Therefore, we conducted a prospective
study in primary care settings in patients presenting with symptoms
of acute viral respiratory infection (ARI). The viruses responsible
for ARI were identified by collecting airway secretions with
nasal swabs.

2 Materials and methods
2.1 Protocol

The ECOVIR project was
non-interventional study developed in Normandy, France, conducted

a prospective, multicentric,
during two viral epidemic seasons (January-April 2019, 12 weeks;
October-March 2020, 21 weeks). The design was previously detailed
(14). A total of 36 General Practitioner Investigators (GPIs), in eight
different healthcare centers, enrolled patients during a medical visit.
Inclusion criteria were patients of any age, consulting their general
practitioner with symptoms of acute respiratory infection. Exclusion
criteria were epistaxis and coagulopathy. Each patient was informed
and then examined by a GPI. The GPI categorized the patient as upper
or lower acute respiratory infection and performed a nasal swab for
the collection of airway secretions in a specific tube. The samples were
kept at +4°C in the office and collected twice a week, within the 48h
after the nasal swab application. Commonly, upper ARIs included
rhinitis, sinusitis, angina, pharyngitis, laryngitis, and otitis. Lower
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ARIs included asthma, bronchitis, and community-acquired
pneumonia. Flu syndrome was defined by fever, asthenia, cough, and
muscular pains. The patients were divided into age groups: infants
(0-1Y), young children (2-5Y), children (6-17 Y), young adults
(18-29Y), medium adults (30-44Y), adults (45-64Y), young senior
(65-74Y), and senior (>75Y).

The sampling delay (SD) was defined as the number of days
between the first symptoms and the day of swabbing.

2.2 Ethics statement

We obtained the approval of the East II protection committee
(study reference 15/10/10/63004). Each adult patient and the parent
of each child patient was informed and provided their consent. Any
additional specific information was given and consent was obtained
in patients older than 11 years.

2.3 Methods

Samples were kept at four degrees, aliquoted, and processed at
the virology laboratory. Nucleic acid extraction was performed on
“QIAsymphony” (Qiagen®, Hilden, Germany) following the
manufacturer’s instructions and then analyzed by NxTag RPP
Luminex kit for virological identification. A total of 17 viruses
[Respiratory Syncytial Virus-A (RSV-A), Respiratory Syncytial
Virus-B  (RSV-B), (HRV),
Metapneumovirus (hMPV), Adenovirus (ADV), Coronaviruses
(CoV) HKUI1, NL63, 229E, OC43, Influenza virus (H1 and H3
subtypes), Influenza virus B, Para-Influenza viruses (PIVs) 1-4,

Rhinovirus/Enterovirus human

Bocavirus (BoV)], and 3 intra-cellular bacteria (Chlamydophila
pneumoniae, Legionella pneumophila, Mycoplasma pneumoniae)
were targeted. Samples were also tested retrospectively for the
presence of SARS-CoV2 nucleic acid using the C-gene Eurobio kit
on stored RNA.

2.4 Statistical analysis

Quantitative tests were performed using Student-t or Mann-
Whitney tests according to the normal distribution. Qualitative
tests were performed using Chi2 and Fisher exact tests as needed.
Statistical significance was considered at p <0.05. Multivariate
analyses were performed using logistic regression; the models the
models included continuous variables such as age and SD, and
dichotomous variables such as virological results and seasons. The
analyses were performed with RStudio® software (version 1.1.456,
packages ggplot2, tidyverse). The results were expressed as median
[IQ,5.75] or number (n) and percentages (%).

3 Results

A total of 685 patients were included: 191 and 494 during the first
and second seasons, respectively. A total of 17 samples were not able
to be tested because of poor quality; 668 patients and samples were
analyzed (Table 1).
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TABLE 1 Characteristics of the population.
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All 0-1Y 2-5Y 6-17Y 18-29Y 30-44Y 45-64Y 65-75Y

(n=668) (n=56) (n=67) (n=75) (n=106) (n=122) (n=146) (n=60)
Female 409(59) 28(50) 34(50.7) 42(56) 67(63.2) 85(69.7) 89(69.9) 36(60) 24(63.1)
Symptoms n (%)
Rhinitis 565(84.3) 49(87.5) 63(94.0) 67(89.3) 92(86.8) 101(82.8) 113(79.4) 48(80) 32(84.2)
Fever 279(41.6) 22(39.3) 42(62.7) 38(50.7) 44(41.5) 46(37.7) 61(41.7) 15(25) 11(28.9)
Cough 533(79.6) 45(80.4) 49(73.1) 61(81.3) 83(78.3) 95(77.9) 116(79.4) 60(90) 30(78.9)
Dyspnea 63(9.4) 14(25) 12(17.9) 3(4) 8(7.5) 9(7.4) 22(15.1) 8(13.3) 5(13;2)
Headache
(n—545) 208(37.8) NE NE 23(30.7) 46(43.3) 52(42.6) 60(41.1) 21(35) 4(10.5)
Diagnosis n (%)
Upper ARIs 433(64.6) 39 (69.6) 49 (73.1) 45 (60.0) 78 (63.6) 86 (70.5) 83 (56.9) 29 (48.3) 24(63.2)
Lower ARIs 143(21.3) 16(28.6) 17 (25.4) 10 (13.3) 11 (10.4) 14 (13.5) 38 (26.0) 24 (40.0) 13(34.2)
Flu-like
syndrome 94(14.1) 1(1.8) 1(L.5) 20 (26.7) 17 (16.0) 22 (18.0) 25(17.1) 7(11.7) 1(26)
Viruses n (%)
Negative 227(33.9) 6(10.7) 7(10.4) 18(24) 34(32.1) 53(43.4) 64(43.9) 27(45) 18(47.4)
HRV 203(30.3) 30(53.6) 36(53.7) 23(30.7) 32(30.2) 32(26.2) 35(23.0) 10(16.7) 5(13.1)
Influenza 95(14.2) 2(3.6) 14(20.9) 19(25.3) 16(15.1) 15(12.3) 16(10.9) 9(15) 4(10.5)
viruses
CoV 60(9.0) 5(8.9) 3(4.5) 7(9.3) 12(11.3) 13(10.7) 13(8.9) 2(3.3) 5(13.1)
PIV 42(6.3) 6(10.7) 5(7.4) 6(8.0) 8(7.5) 4(3.2) 8(5.4) 5(8.3) 0
RSV 39(5.8) 9(16.1) 2(3.0) 2(2.7) 6(5.7) 2(1.6) 11(7.5) 2(3.3) 5(13.1)
HMPV 34(5.1) 5(8.9) 4(6.0) 7(9.3) 2(1.9) 7(5.8) 3(2.0) 5(8.3) 1(2.6)
ADV 18(2.7) 6(10.7) 10(149) 1(1.3) 0 0 1(0.7) 0 0
BoV 12(1.8) 6(10.7) 4(6.0) 0 0 1(0.8) 1(0.68) 0 0
Codetection 53(7.9) 16(28.6) 15(22.4) 8(10.7) 4(3.8) 4(3.3) 6(4.1) 0 0

Upper ARIs included rhinitis, sinusitis, pharyngitis, angina, laryngitis, and otitis. Lower ARIs included asthma, bronchitis, and community-acquired pneumonia. NE, not evaluable. Multiplex
PCR test results: among the 668 samples tested (97.5% patients), 443 (66%) were positive for at least one virus (Table 2). The median [IQ,s ;5] age and SD of patients with negative or positive
samples were, respectively, 45 [1-92] years and 27 [0.3-94] years (p<0.0001), and 3 [2-5] days and 2 [2-8] days. The multivariate analysis confirmed that negative samples were independently
associated with age by year (p <0.00001) and with the SD by day (p <0.00001) according to the onset of symptoms.

The median IQ,s ;5 age of the patients and SD were 32 [12; 54]
years and 3 (2-6) days, respectively. Upper ARIs were the most
frequent diagnosis, with a comparable distribution in each age group.
The frequency of flu-like syndrome was lower at both extremities of
life compared to other age groups (Figure 1).

Among the positive samples, the prevalence of each virus was
as follows: 46% HRV (n=203), 21% Influenza viruses (n=95),
14% CoV (1 =60), 9% PIVs (n=42), 9% RSV (1n=39), 8% hMPV
(n=34),4% ADV (n =18), and 3% BoV (n=12). The distribution
of the viruses differed according to the age of patients (p=0.0001).
The median [IQ,s ;5] ages were as follows: 43 [27-61] years for
negative samples; 22 [3-44] years for HRV; 28 [11-53] years for
influenza viruses; 34 [17.5-54] years for CoV; 20 [5-51] years for
PIVs; 30 [2-60] years for RSV; 24.5 [4-52] years for hMPV; 2
[0.8-3] years for ADV, and 1.9 [1.4-3.5] years for BoV. Only SD
of influenza positive samples differed by a shorter time than that
observed with the other viruses (p <0.0001). RSV (OR =3.1, ICysy
[1.6:6.0], p=0.0005) and BoV (OR = 3.8, ICys,[1.2;12.0], p=0.015)
were associated with lower ARIs compared to upper ARIs.
Influenza viruses and HRV were positively (p<0.0001) and
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negatively (p<0.0001) associated with flu-like syndrome,
respectively.

Viral codetections and associations between the viruses: 53
samples (7.9%) were positive for at least two viruses. The median
age of patients with viral codetection was 3 [1.4-19] years
compared with 29 [9-54] years for patients infected without
codetection (p <0.0001; Figure 2). Viral codetections were found
at 2% (n=1) in October, 15% (n=8) in November, 7% (n=4) in
December, 32% (n=17) in January, 11% (n=6) in February, 24%
(n=13) in March, and 7% (n =4) in April (p=0.003). The risk of
viral codetection was significantly related to the viruses (Table 2);
it was significantly high for HRV, RSV, hMPV, and ADV and 100%
for BoV. Codetections were also independently related to age but
not months. The associations between the viruses are displayed in
Table 3. HRV and influenza viruses negatively interfered with
other viruses, except AdV and BoV. The multivariate analyses
highlighted variation in the associations between the viruses
according to age, seasons, and SD: HRV was negatively associated
with influenza viruses, PIVs, and CoV, influenza viruses were
negatively associated with HRV and CoV, and BoV positively
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TABLE 2 Viral codetections according to the viruses.

10.3389/fpubh.2023.1269805

Univariate analysis

Multivariate analysis

Viruses Codetections n (%) OR [Clys] p OR [Clssy] p
HRV (1=203) 37 (18) 3,1[1.7; 5.9] 0.002 3.4[1.9;5.8] <0.001
Influenza viruses (n=95) 13 (14) 1,2 [0.6; 2.4] NS NS
CoV (n=60) 9 (15) 1.4 [0.6; 2.9] NS NS
PIVs (n=42) 9(22) 22[1;4.9] 0.04 NS
RSV (n=39) 10 (26) 2.9[1.3;6.3] 0.005 4.0[2.1;7.7] <0.001
hMPV (n=34) 13 (38) 5.7 [2.6;12.2] <0.001 6.1[3.1;11.8] <0.001
AdV (n=18) 12 (67) 18.7 [6.7; 51.4] <0.001 6.5 [3.0; 14.3] <0.001
BoV (n=12) 12 (100) NC - NC
Age (years) - - - 0.11 [0.03;0.37]

NS, not significant; NC, Not Calculable. The model of logistic regression included the viruses, age, SD, and seasons.

Patients consulted a
general practitioner for
symptoms of acute
respiratory infection

Epidemic

seasons
2019 and 2019-
2020

Naso-pharyngal swab

Conservation at 4°C

[ Reception at the Laboratory of Virology: ]

Stickers creation

Division in aliquote fractions
Extraction of nucleic acids
Stored at -80°C

Biobanking at the « Centre de

Ressources Biologiques »

FIGURE 1
Workflow of ECOVIR study. Adapted from Ordofiez-Mena et al. (16).

Patients were called by Clinical, sociodemographic and
aresident epidemiologic data
Molecular screening of
mdunl‘h the samples Data analysis
Spidemic Viral quantifcation of Database
seasons targeted viruses Lime Survey® sofware

Clinical data —_—

Assignment of an
anonymous number

Writing of the final report

interfered with PIVs. Influenza viruses remained the only ones

negatively associated with the length of SD.

4 Discussion

mainly upper infections, and none were referred to hospital. Thus, this
cohort represents the daily activity of GPs. Negative samples were
found in one to three patients. Their frequencies increased
independently with age and the SD in relation to the onset of
symptoms. In children aged between 2 and 6 years, the rate of negative
samples was 11%. This was 5 times higher than we reported earlier in

This study reported data on the respiratory viruses encountered
in patients attending GP practices, which remains seldom studied. The
aim was to focus on the viral co-detections in a community cohort.
This cohort comprised mainly adults aged from 18 to 64 years, a few
older adults (14%), and 28% children. All patients attended for ARIs,
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infants with bronchiolitis at emergency departments [Guérande study;
(5)]. Few primary care studies included comparable profiles of
children with mainly upper ARTIs. They reported higher rates of
undetected viruses than we did, both at a primary care level (26-28%)
(1, 17) and in outpatients (28 to 42%) (4). The rate of negative samples
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FIGURE 2
Codetections, negative and positive samples according to age groups.

TABLE 3 Associations between the viruses and risk of viral coinfection.

RSV Influenza viruses hMPV PIV ADV CoV BoV HRV
RSV n=39 -
1
Influenza 0.09
viruses n=95 [0.01-0.64]
p =0.006
2
0.21
hMPV n=34 2 NS -
[0.05-0.90]
p=0.02
PIVs n=42 0 1NS 0 -
ADV n=18 0 2 NS 1NS 1NS -
2
0.11
CoV n=60 1NS 2NS 0 NS 1 -
[0.03-0.45]
p <0.0001
3
9.22
BoVn=12 0 1NS 2NS 3NS 1NS -
[2.26-37.5]
p=0.009
7 6 7 6 4 -
0.23 0.05 0.28 0.17 0.06
HRV n=203 9NS 6 NS
[0.1-0.53] [0.02-0.12] [0.12-0.66] [0.07-0.42] [0.02-0.18]
p =0.0002 p <0.0001 p=0.0014 p <0.0001 p <0.0001

The results show the number of viruses, Odds ratio (OR and o5, CI), and probability (p).

doubled from the age of 6years and quadrupled from the age of  selection of the children than that was in adults. In three studies from

40years, then remained stable around 40-45%. This is comparable  primary care (15, 19, 20) and one study from emergency department
with those reported in a household (1) and in LRTT cohort studies (8,

18) but was higher than those reported in a “coughing” population

(21) children were selected with acute cough and acute lower
respiratory symptoms. The frequency of negative samples varied from

(16). The rates of undetected viruses appeared more dependent on the 36 to 45%. An observed rate of 14% was, conversely, found in children
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less than 6 years old in a recent study (21), contrasting with a very high
rate of 64% in those older than 6 years old. In children with influenza-
like illness, the prevalence of negative samples was, conversely, the
highest in the youngest age group of 0-4 years old (31%) and strongly
decreased in the older adult (22).

One patient out of three was infected with HRV, which is the most
encountered virus in other primary care studies. This was independent
of the selection of the population, except for infant cohorts (2, 7, 18,
19, 22). The other viruses were, by decreasing frequency, Influenza,
CoV, PIV, RSV, hMPV, ADV, and BoV. In this study, the chance to
detect HRV, PIVs, and AdV decreased with aging. This was, however,
not constantly observed for PIVs and AdV, as was previously reported
for HRV (4, 21, 22). Interestingly, RSV was not associated with the age
of the patient. This might be dependent on the part of infants in the
studied population (4, 22). However, in primary care, this meant that
RSV concerned all the patients attending their GP practice, which is
underestimated. Influenza was the only virus dependent on the SD,
suggesting a short delay in consultation regarding severe symptoms.
Influenza viruses, RSV, and AdV were strongly associated with the
winter season, and other viruses were less dependent on the season.

Viral codetections represented 8% of samples, which is slightly
higher than the reported range of 4-7% (22, 23) but less than the 16
to 55% observed in hospitalized patients (5, 24). In this population,
we found a decrease in the level of coinfections with age (22, 24),
which corroborated the lack of viral immunity in the older adult (25).
Codetections also depended on the associations between viruses,
while seasons did not. HRV represented two-thirds of coinfections.
Whether a high prevalence of HRV has previously been reported
through co-infections (8, 22), CoV (8), ADV (1, 4), and Influenza (22,
26) were also reported as the most frequently associated viruses with
codetections. HRV and Influenza were negatively associated with all
the viruses, except AdV and BoV. The only positive associations were
between AdV and BoV and influenza viruses and BoV. This suggests
these viral infections can be facilitated by a viral co-infection. In
addition, RSV and influenza viruses were significantly not codetected
with coronaviruses. Two previous studies reported comparable
negative associations between the respiratory viruses (24, 26) but with
slight differences. This might be explained by the variations in
epidemic peaks from year to year (27), by the selected population
(type of disease, age), the site of care (hospital, outpatients, or primary
care), and the country, as viruses differed in their duration of
circulation in different countries (28). Despite the high frequencies of
co-infections between HRV and RSV in infants (5), the negative
interference between these two viruses has been documented by
temporality studies during the pandemic (29) or in infants protected
by palivizumab (30). A comparable relationship was reported with
influenza and HRV or RSV in several studies (31, 32). Therefore, viral
co-detections are still difficult to interpret. They might be either
infections occurring within a short period of time with active viral
replication for both viruses or sequential infections with the
persistence of one of the two viruses whose virulence is attenuated
corresponding to a possible interference between them. Nevertheless,
two recent studies provided contradictory data by involving the
interferon pathways. Wu et al. demonstrated that HRV attenuated the
virulence of influenza A in accordance with previous clinical
observations. Eissaidi et al. found that RSV and influenza reduced
HRYV replication, while HRV had no effect on RSV and influenza
replication, regardless of the timing of co-infection (33).
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Because of the pandemic, the study was stopped and the expected
number of 1,000 included patients was not achieved. As specified,
SARS-CoV2 was detected in only two patients, confirming that
we stopped before the pandemic and any effect on the viruses’
circulation. In addition, only viruses were researched and analyzed in
this study. Although the Multiplex PCR enabled the detection of three
intracellular bacteria, only three were found without any co-infection,
and the three patients were excluded. Therefore, we could not withdraw
possible interactions of bacteria in the association of viruses. The
strength of this study is that it shows the acceptability and feasibility of
nasal swabs, with little failure, in a prospective study in primary care.

5 Conclusion

At a time when new immunization treatments are available to the
community and many others are in development, this prospective
study has provided new and complementary data on the circulation
of the virus in the community during epidemics. Our results suggest
that viral clearance, with the exception of influenza, is accelerated in
adults and the older adult, which does not facilitate the study of viral
epidemiology in the community. In addition, we observed that the
diversity of viruses detected may or may not change according to the
age of patients. Finally, the presence of viral coinfections and their
negative or positive associations is likely to pose a challenge for future
immunization. This suggests a possible replacement of eradicated
viruses by others. In conclusion, we need further epidemiology studies
in primary settings to prepare for possible emergent viral epidemics.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by East II protection
committee, France. The studies were conducted in accordance with
the local legislation and institutional requirements. Written informed
consent for participation in this study was provided by the participants’
legal guardians/next of kin.

Author contributions

HP: Conceptualization, Formal Investigation,
Methodology, Validation,
Visualization, Writing - original draft. MS: Investigation, Writing —

analysis,
Resources, Software, Supervision,
review & editing. CM: Conceptualization, Methodology, Validation,
Writing - review & editing. XH: Investigation, Writing — review &
editing. FL: Investigation, Methodology, Writing - review & editing.
AR: Investigation, Writing - review & editing. SC: Methodology,
Software, Writing - review & editing. BL: Formal analysis, Writing -
review & editing. AV: Conceptualization, Methodology, Supervision,
Writing - review & editing. MA: Conceptualization, Formal analysis,

Methodology, Validation, Writing - review & editing.

frontiersin.org


https://doi.org/10.3389/fpubh.2023.1269805
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Petat et al.

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

Acknowledgments

The authors acknowledge the contributions of the GPIs and
healthcare centers, the team of the CHU Caen Virology Unit and
Hospital Research and Innovation directory (DRCI, Anne PETAT, and
all the patients and their families). We also thank Naomi Stone for
reviewing the English writing.

GPIs and healthcare centers

- Maison de santé Saint Eloi, Rouen, France: Dr. Aude Le Floch,
Dr. Stéphane Le Friec, Dr. Marianne Laine, Dr. Lucille Pellerin,
Dr. Marie Rigal-Lashkar, Dr. Barbara Vatin.

- Maison de santé du Pays Neufchatelois, Neufchatel En Bray,
France: Dr. Florence Calero, Dr. Hélene Comont, Dr. Christophe
Guillerm, Dr. Claire Houle, Dr. Vincent Lemarie, Dr. Sophie
Ozanne, Dr. Anne-Sophie Pimont, Pr Matthieu Schuers, Dr.
Olivier Wermester.

- Maison Meédicale Amstrong, Grand Quevilly, France: Dr.
Caroline Jouen, Dr. Jean-Yves Maunoury, Dr. Elisabeth Mauviard,
Dr. Yveline Sevrin, Dr. Charlotte Vianney.

References

1. Monto AS, Malosh RE, Petrie JG, Thompson MG, Ohmit SE. Frequency of acute
respiratory illnesses and circulation of respiratory viruses in households with children
over 3 surveillance seasons. J Infect Dis. (2014) 210:1792-9. doi: 10.1093/infdis/jiu327

2. Monto AS. Occurrence of respiratory virus: time, place and person. Pediatr Infect
Dis J. (2004) 23:558-64. doi: 10.1097/01.inf.0000108193.91607.34

3. Peng D, Zhao D, Liu J, Wang X, Yang K, Xicheng H, et al. Multipathogen infections
in hospitalized children with acute respiratory infections. Virol J. (2009) 6:1-7. doi:
10.1186/1743-422X-6-155

4. Ambrosioni J, Bridevaux PO, Wagner G, Mamin A, Kaiser L. Epidemiology of viral
respiratory infections in a tertiary care Centre in the era of molecular diagnosis, Geneva,
Switzerland, 2011-2012. Clin Microbiol Infect. (2014) 20:0578-84. doi:
10.1111/1469-0691.12525

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

6. Lim FJ, Wake ZV, Levy A, Tempone S, Moore HC, Richmond PC, et al. Viral
etiology and the impact of Codetection in young children presenting with influenza-like
illness. J Pediatric Infect Dis Soc. (2017) 6:260-6. doi: 10.1093/jpids/piw042

7. Thornton HV, Hay AD, Redmond NM, Turnbull SL, Christensen H, Peters TJ, et al.
Throat swabs in children with respiratory tract infection: associations with clinical
presentation and potential targets for point-of-care testing. Fam Pract. (2017) 34:407-15.
doi: 10.1093/fampra/cmw136

8. Vos LM, Bruyndonckx R, Zuithoff NPA, Little P, Oosterheert JJ, Broekhuizen BDL, et al.
Lower respiratory tract infection in the community: associations between viral aetiology and
illness course. Clin Microbiol Infect. (2021) 27:96-104. doi: 10.1016/j.cmi.2020.03.023

9. Zlateva KT, van Rijn AL, Simmonds P, Coenjaerts FE], van Loon AM, Verheij TTM,
et al. Molecular epidemiology and clinical impact of rhinovirus infections in adults

during three epidemic seasons in 11 European countries (2007-2010). Thorax. (2020)
75:882-90. doi: 10.1136/thoraxjnl-2019-214317

10. Hara M, Takao S, Fukuda S, Shimazu Y, Miyazaki K. Human metapneumovirus
infection in febrile children with lower respiratory diseases in primary care settings in
Hiroshima. Japan Jpn ] Infect Dis. (2008) 61:500-2. doi: 10.7883/yoken.JJID.2008.500

11. Aberle JH, Aberle SW, Pracher E, Hutter HP, Kundi M, Popow-Kraupp T. Single
versus dual respiratory virus infections in hospitalized infants: impact on clinical course

Frontiers in Public Health

10.3389/fpubh.2023.1269805

- Pole de santé du Port, Granville, France: Pr Francois Le Bas, Dr.
Alexis Plunet

- Pole de santé de Villedieu, Villedieu-Les-Poeles, France: Dr.
Olivier Bataille, Dr. Nicolas Boyer, Dr. Philippe Sabathier, Dr.
Thomas Trenier.

- Cabinet médical Colombelles, Colombelles, France: Dr. Elise
Barbe-Delrue, Dr. Philippe Grujard, Dr. Jeanne Le Bas, Dr.
Stéphane Vallayes.

- Pole santé de Vaucelles, Caen, France: Dr. Xavier Humbert, Dr.
Grégory Daireaux, Dr. Charlotte Milcent.

- Maison médicale Deauville Cote Fleurie, Deauville, France: Dr.
Andry Rabiaza, Dr. Nicolas Sainmont, Dr. Laurent Simon.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

of disease and interferon-gamma response. Pediatr Infect Dis J. (2005) 24:605-10. doi:
10.1097/01.inf.0000168741.59747.2d

12. Kouni S, Karakitsos P, Chranioti A, Theodoridou M, Chrousos G, Michos A.
Evaluation of viral co-infections in hospitalized and non-hospitalized children with
respiratory infections using microarrays. Clin Microbiol Infect. (2013) 19:772-7. doi:
10.1111/1469-0691.12015

13. Martin ET, Kuypers J, Wald A, Englund JA. Multiple versus single virus respiratory
infections: viral load and clinical disease severity in hospitalized children. Influenza
Other Respi Viruses. (2012) 6:71-7. doi: 10.1111/j.1750-2659.2011.00265.x

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

15. Thornton AJ, Morley CJ, Hewson PH, Cole TJ, Fowler MA, Tunnacliffe JM.
Symptoms in 298 infants under 6 months old, seen at home. Arch Dis Child. (1990)
65:280-5. doi: 10.1136/adc.65.3.280

16. Ordoniez-Mena JM, Fanshawe TR, Butler CC, Mant D, Longhurst D, Muir P, et al.
Relationship between microbiology of throat swab and clinical course among primary
care patients with acute cough: a prospective cohort study. Fam Pract. (2020) 37:332-9.
doi: 10.1093/fampra/cmz093

17. Kamikawa J, Granato CFH, Bellei N. Viral aetiology of common colds of outpatient
children at primary care level and the use of antibiotics. Mem Inst Oswaldo Cruz. (2015)
110:884-9. doi: 10.1590/0074-02760150154

18.Ieven M, Coenen S, Loens K, Lammens C, Coenjaerts F, Vanderstraeten A, et al.
Aetiology of lower respiratory tract infection in adults in primary care: a prospective
study in 11 European countries. Clin Microbiol Infect. (2018) 24:1158-63. doi: 10.1016/j.
cmi.2018.02.004

19. McGeoch LJ, Thornton HV, Blair PS, Christensen H, Turner NL, Muir P, et al.
Prognostic value of upper respiratory tract microbes in children presenting to primary
care with respiratory infections: a prospective cohort study. PloS One. (2022)
17:€0268131. doi: 10.1371/journal.pone.0268131

20. Bruyndonckx R, Coenen S, Butler C, Verheij T, Little P, Hens N, et al. Respiratory
syncytial virus and influenza virus infection in adult primary care patients: association
of age with prevalence, diagnostic features and illness course. Int J Infect Dis. (2020)
95:384-90. doi: 10.1016/4.1jid.2020.04.020

frontiersin.org


https://doi.org/10.3389/fpubh.2023.1269805
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1093/infdis/jiu327
https://doi.org/10.1097/01.inf.0000108193.91607.34
https://doi.org/10.1186/1743-422X-6-155
https://doi.org/10.1111/1469-0691.12525
https://doi.org/10.3390/v13060990
https://doi.org/10.1093/jpids/piw042
https://doi.org/10.1093/fampra/cmw136
https://doi.org/10.1016/j.cmi.2020.03.023
https://doi.org/10.1136/thoraxjnl-2019-214317
https://doi.org/10.7883/yoken.JJID.2008.500
https://doi.org/10.1097/01.inf.0000168741.59747.2d
https://doi.org/10.1111/1469-0691.12015
https://doi.org/10.1111/j.1750-2659.2011.00265.x
https://doi.org/10.3390/mps5060098
https://doi.org/10.1136/adc.65.3.280
https://doi.org/10.1093/fampra/cmz093
https://doi.org/10.1590/0074-02760150154
https://doi.org/10.1016/j.cmi.2018.02.004
https://doi.org/10.1016/j.cmi.2018.02.004
https://doi.org/10.1371/journal.pone.0268131
https://doi.org/10.1016/j.ijid.2020.04.020

Petat et al.

21. Wetzke M, Funken D, Lange M, Bejo L, Haid S, Monteiro JGT, et al. IRIS: infection
with Resplratory syncytial virus in infants-a prospective observational cohort study.
BMC Pulm Med. (2022) 22:88. doi: 10.1186/s12890-022-01842-1

22.Souty C, Masse S, Valette M, Behillil S, Bonmarin I, Pino C, et al. Baseline
characteristics and clinical symptoms related to respiratory viruses identified among
patients presenting with influenza-like illness in primary care. Clin Microbiol Infect.
(2019) 25:1147-53. doi: 10.1016/j.cmi.2019.01.014

23. Price OH, Sullivan SG, Sutterby C, Druce J, Carville KS. Using routine testing data
to understand circulation patterns of influenza a, respiratory syncytial virus and other
respiratory viruses in Victoria. Australia Epidemiol Infect. (2019) 147:¢221. doi: 10.1017/
$0950268819001055

24. Greer RM, McErlean P, Arden KE, Faux CE, Nitsche A, Lambert SB, et al. Do
rhinoviruses reduce the probability of viral co-detection during acute respiratory tract
infections? J Clin Virol. (2009) 45:10-5. doi: 10.1016/j.jcv.2009.03.008

25. Schildgen O. The lack of protective immunity against RSV in the elderly. Epidemiol
Infect. (2009) 137:1687-90. doi: 10.1017/50950268809990690

26. Price RHM, Graham C, Ramalingam S. Association between viral seasonality and
meteorological factors. Sci Rep. (2019) 9:929. doi: 10.1038/541598-018-37481-y

27. Zheng P, Huang C, Leng D, Sun B, Zhang XD. Transcriptome analysis of peripheral
whole blood identifies crucial IncRNAs implicated in childhood asthma. BMC Med
Genet. (2020) 13:136. doi: 10.1186/512920-020-00785-y

Frontiers in Public Health

08

10.3389/fpubh.2023.1269805

28.Li Y, Reeves RM, Wang X, Bassat Q, Brooks WA, Cohen C, et al. Global patterns
in monthly activity of influenza virus, respiratory syncytial virus, parainfluenza virus,
and metapneumovirus: a systematic analysis. Lancet Glob Health. (2019) 7:¢1031-45.
doi: 10.1016/52214-109X(19)30264-5

29. Engels G, Sack J, Weissbrich B, Hartmann K, Knies K, Hirtel C, et al. Very low
incidence of SARS-CoV-2, influenza and RSV but high incidence of rhino-, adeno- and
endemic coronaviruses in children with acute respiratory infection in primary care
pediatric practices during the second and third wave of the SARS-CoV-2 pandemic.
Pediatr Infect Dis J. (2022) 41:e146-8. doi: 10.1097/INF.0000000000003460

30. Achten NB, Wu P, Bont L, Blanken MO, Gebretsadik T, Chappell JD, et al.
Interference between respiratory syncytial virus and human rhinovirus infection in
infancy. J Infect Dis. (2017) 215:1102-6. doi: 10.1093/infdis/jix031

31. Wu A, Mihaylova VT, Landry ML, Foxman EF. Interference between rhinovirus
and influenza a virus: a clinical data analysis and experimental infection study. Lancet
Microbe. (2020) 1:e254-62. doi: 10.1016/52666-5247(20)30114-2

32. Nickbakhsh S, Mair C, Matthews L, Reeve R, Johnson PCD, Thorburn F et al.
Virus-virus interactions impact the population dynamics of influenza and the common
cold. Proc Natl Acad Sci U S A. (2019) 116:27142-50. doi: 10.1073/pnas.1911083116

33. Essaidi-Laziosi M, Geiser J, Huang S, Constant S, Kaiser L, Tapparel C. Interferon-
dependent and respiratory virus-specific interference in dual infections of airway
epithelia. Sci Rep. (2020) 10:10246. doi: 10.1038/541598-020-66748-6

frontiersin.org


https://doi.org/10.3389/fpubh.2023.1269805
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1186/s12890-022-01842-1
https://doi.org/10.1016/j.cmi.2019.01.014
https://doi.org/10.1017/S0950268819001055
https://doi.org/10.1017/S0950268819001055
https://doi.org/10.1016/j.jcv.2009.03.008
https://doi.org/10.1017/S0950268809990690
https://doi.org/10.1038/s41598-018-37481-y
https://doi.org/10.1186/s12920-020-00785-y
https://doi.org/10.1016/S2214-109X(19)30264-5
https://doi.org/10.1097/INF.0000000000003460
https://doi.org/10.1093/infdis/jix031
https://doi.org/10.1016/S2666-5247(20)30114-2
https://doi.org/10.1073/pnas.1911083116
https://doi.org/10.1038/s41598-020-66748-6

	Positive and negative viral associations in patients with acute respiratory tract infections in primary care: the ECOVIR study
	1 Introduction
	2 Materials and methods
	2.1 Protocol
	2.2 Ethics statement
	2.3 Methods
	2.4 Statistical analysis

	3 Results
	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions

	References

