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ABSTRACT Respiratory tract infection (RTI) is a common cause of visits to the hospital
emergency department. During the ongoing coronavirus disease 2019 (COVID-19) pan-
demic, caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), nonphar-
maceutical intervention has influenced the rates of circulating respiratory viruses. In this
study, we sought to detect RTI etiological agents other than SARS-CoV-2 in emergency
department patients from 13 countries in Europe, the Middle East, and Africa from
December 2020 to March 2021. We sought to measure the impact of patient characteris-
tics and national-level behavioral restrictions on the positivity rate for RTI agents. Using
the BioFire Respiratory Panel 2.0 Plus, 1,334 nasopharyngeal swabs from patients with RTI
symptoms who were negative for SARS-CoV-2 were tested. The rate of positivity for viral
or bacterial targets was 36.3%. Regarding viral targets, human rhinovirus or enterovirus
was the most prevalent (56.5%), followed by human coronaviruses (11.0%) and adenovi-
ruses (9.9%). Interestingly, age stratification showed that the positivity rate was significantly
higher in the children’s group than in the adults’ group (68.8% versus 28.2%). In particular,
human rhinovirus or enterovirus, the respiratory syncytial virus, and other viruses, such as
the human metapneumovirus, were more frequently detected in children than in adults. A
logistic regression model was also used to determine an association between the rate of
positivity for viral agents with each country’s behavioral restrictions or with patients’ age
and sex. Despite the impact of behavioral restrictions, various RTI pathogens were actively
circulating, particularly in children, across the 13 countries.

IMPORTANCE As SARS-CoV-2 has dominated the diagnostic strategies for RTIs during
the current COVID-19 pandemic situation, our data provide evidence that a variety
of RTI pathogens may be circulating in each of the 13 countries included in the
study. It is now plausible that the COVID-19 pandemic will one day move forward to
endemicity. Our study illustrates the potential utility of detecting respiratory patho-
gens other than SARS-CoV-2 in patients who are admitted to the emergency depart-
ment for RTI symptoms. Knowing if a symptomatic patient is solely infected by an
RTI pathogen or coinfected with SARS-CoV-2 may drive timely and appropriate clini-
cal decision-making, especially in the emergency department setting.
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Unlike lower respiratory tract infections (RTIs) (1), acute infections affecting the
upper respiratory tract are often mild, self-limiting illnesses (2). However, like lower

RTIs, upper RTIs (hereafter referred to as RTIs) remain a frequent reason to request a
visit to the hospital emergency department (ED), especially in the pediatric population
(3). Globally, RTIs represent a great threat for young children, the elderly, the chroni-
cally ill, and all persons with a suppressed or compromised immune system. Before the
emergence and spread of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-
2), the etiological agent of the ongoing coronavirus disease 2019 (COVID-19) pandemic
(4), bacteria and viruses, often interacting with one another (5), were recognized as
principal RTI causes. In immunocompetent adults and children (6), in addition to
Streptococcus pneumoniae and Haemophilus influenzae, the causative pathogens identi-
fied were predominantly RNA viruses, such as respiratory syncytial virus (RSV), influenza
virus A and B (FLU A and FLU B), parainfluenza virus (PIV), human metapneumovirus
(HMPV), adenovirus (ADV), rhinovirus, and non-SARS-CoV-2 coronaviruses. The RTI rate
was higher in children than in adults, with variations according to age: the most fre-
quent pathogens were rhinoviruses, RSV, and influenza virus (7–9). However, recent
studies have shown the potential of the SARS-CoV-2 pandemic to influence the epide-
miology of RTIs (10), because of behavioral changes induced by social distancing,
national lockdowns, policies, and all of the nonpharmaceutical interventions that led
to reduced community transmission of commonly circulating respiratory pathogens
(11). Using a Fast-Track Diagnostics assay for 33 other respiratory pathogens in 191
patients with SARS-CoV-2, an Indian study (12) identified 89 (46.6%) patients with coin-
fections, of which 79 (41.1%) were coinfections with bacterial pathogens (mainly
Staphylococcus aureus) and 14 (7.3%) were coinfections with viral pathogens (mainly
adenovirus and rhinovirus).

In this international multicenter study in SARS-CoV-2-negative patients admitted to
the hospital ED with respiratory symptoms, we report the results of nasopharyngeal
swab (NPS) sample testing with the BioFire Respiratory Panel 2.0 plus (RP2plus) assay, a
multiplex PCR assay that identifies simultaneously 18 viruses and 4 bacteria associated
with RTI. We aimed not only to detect RTI etiological agents in ED patients from
Europe, the Middle East, and Africa during the December 2020 through March 2021
COVID-19 pandemic period, but also to assess the relationship between positivity rate
and national-level behavioral restrictions, patient characteristics (i.e., sex and age), and
the respiratory pathogens’ regional distributions, used as a proxy for seasonality.

RESULTS
Respiratory pathogens detected in SARS-CoV-2-negative patients from December

2020 to March 2021. Using the multiplex PCR-based RP2plus assay, we tested single NPS
samples from 1,334 patients in 13 countries (see Table S1 in the supplemental material).
Among the patients with RP2plus assay-positive samples (484/1,334, 36.3%), 422 (31.7%),
48 (3.6%), 11 (0.8%), and 3 (0.2%) patients tested positive for 1, 2, 3, and 4 viral or bacterial
targets, respectively (Fig. 1A). No viral or bacterial etiology could be determined for 850
(63.7%) samples. Of 563 viral or bacterial targets identified in total, 318 (56.5%) were
human rhinovirus or enterovirus (HRV/EV), 62 (11.0%) were human coronavirus (HCOV), 56
(9.9%) were ADV, 45 (8.0%) were PIV, 41 (7.3%) were RSV, 20 (3.6%) were HMPV, 9 (1.6%)
were FLU A, 7 (1.2%) were FLU B, 4 (0.7%) were Bordetella pertussis or Bordetella parapertus-
sis, and 1 (0.2%) was Mycoplasma pneumoniae (Fig. 1B). The two most frequent viral associ-
ations were HRV/EV with ADV (1.2%, 16/1,334) and HRV/EV with PIV (0.5%, 7/1,334). Details
about the types and subtypes of HCOV, PIV, and FLU A viruses as well as the species of
Bordetella detected are provided in Table S2.

After excluding 60 patients (in one study site) for whom sex or age data were not
available, we found 54.8% (698/1,274) of patients to be male and 45.2% (576/1,274) to
be female. Of 478 patients with positive RP2plus assay results, which corresponded to
557 viral or bacterial targets identified (see Table S3), 243 (50.8%) were male and 235
(49.2%) were female (P = 0.0325). When stratifying positive RP2plus assay results by
patient age group (Fig. 1C), we found rates of positive samples to be highest in the
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FIG 1 Detection rate and identification of respiratory pathogens among SARS-CoV-2-negative patients. (A and B) Rates
of positivity, by targets identified by the RP2plus assay, are shown for all the patients tested (A) or only the patients
with positive assay results (B). (C) A polar chart of the positivity rate according to patient age groups. (D) Proportion
of patients who tested positive for $2 or ,2 RP2plus assay targets were compared between adults (.20 years old)
and children (#10 years old). ***, P ,0.0001, chi-square test. (E and F) A heatmap with hierarchical clustering (E) or
numbers (F) of detected pathogen types are shown according to patient age groups. HRV/EV, human rhinovirus/
enterovirus; HCOV, human coronavirus; ADV, adenovirus; PIV, parainfluenza virus; RSV, respiratory syncytial virus;
HMPV, human metapneumovirus; FLU A, influenza virus A; FLU B, influenza virus B; BT, B. pertussis or B. parapertussis;
MPP, Mycoplasma pneumoniae.

Multiplex PCR of RTIs in SARS-CoV-2-Negative Patients Microbiology Spectrum

September/October 2022 Volume 10 Issue 5 10.1128/spectrum.02368-22 3

D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//j

ou
rn

al
s.

as
m

.o
rg

/jo
ur

na
l/s

pe
ct

ru
m

 o
n 

27
 M

ar
ch

 2
02

4 
by

 1
85

.1
1.

15
3.

22
9.

https://journals.asm.org/journal/spectrum
https://doi.org/10.1128/spectrum.02368-22


#2-year-old (72.7%, 104/143) or 3- to 10-year-old (64.8%, 92/142) patient groups and
lowest in the 71- to 80-year-old (19.6%, 21/107) and 81- to 90-year-old (12.5%, 10/80)
patient groups. Conversely, positive sample rates were comparable across the other
age groups, with relatively higher rates being seen in the 11- to 20-year-old (32.4%, 23/
71), 21- to 30-year-old (39.4%, 61/155), and 31- to 40-year-old (37.7%, 61/162) patient
groups. Overall, positive detection rates were significantly higher in children (#2 and 3
to 10 years old) than .20-year-old adults (68.8% [196/285] versus 28.2% [259/918]; P
,0.0001). In addition, as shown in Fig. 1D, the number of positive samples with multi-
ple ($2) targets identified was significantly higher in children (#2 and 3 to 10 years
old) than in adults .20 years old (22.9% [45/196] versus 5.4% [14/259]; P , 0.0001).
Consistent with these findings, a hierarchical clustering analysis based on the age
groups of patients with samples positive for one or more viral targets showed that
samples from the #2-year-old and 3- to 10-year-old patient groups clustered together,
as did samples from the patient groups 21 to 30 years, 31 to 40 years, and .50 years
(Fig. 1E).

Finally, we stratified the 557 viral or bacterial targets identified by the RP2plus assay
according to detection number per patient age group (Fig. 1F). Consequently, HRV/ER
was detected in 10 of 11 groups (all except for the .90-year-old group), HCOV was
detected in 8 of 11 groups, ADV was detected in 10 of 11 groups, PIV was detected in
all 11 groups, RSV was detected in 7 of 11 groups, HMPV was detected in 4 of 11
groups, FLU A or FLU B was detected in 8 of 11 groups, and B. pertussis, B. parapertussis,
or M. pneumoniae was detected in 3 of 11 groups. As shown in Table S4, HRV/EV, RSV,
HMPV, ADV, or PIV detection differed significantly between children (#2 and 3 to 10
years old) and adults (.20 years old) groups (P , 0.0001), whereas no significant dif-
ference was observed for HCOV detection between the groups (P = 0.1214).

Respiratory pathogen detection rates associated with national-level behavioral
restrictions, sex, or age groups, but not with regions. Using a logistic regression-
based inference model on RP2plus assay positivity, we assessed whether a country’s
containment policy implementation, patient sex or age, or the expected regional level
of pathogens (i.e., northern, equatorial, or southern) impacted the overall respiratory
pathogen detection rate or captured potential seasonality differences. We showed that
an increase in the overall behavioral restriction of a country, which was expressed as a
normalized containment and health index (CHI) value, was associated with a reduced
likelihood of a patient in that country having a positive result (odds ratio [OR], 0.55;
95% confidence interval [CI], 0.34 to 0.89) (Fig. 2).

FIG 2 Effect of a country's containment policy (i.e., CHI), sex, age, or hemispheric region on the
probability of a SARS-CoV-2-negative patient testing positive with the RP2plus assay. A logistic regression
model, which was built to evaluate potential associations between variables, showed an impact of
containment and health index (CHI), sex, or age, but not of Northern or Southern hemisphere regions, on
the RP2plus assay positivity rate.
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We also observed that female patients had an increased likelihood of having a posi-
tive result (OR, 0.86; 95% CI, 0.75 to 0.98), whereas the older a patient was, the less
likely that patient was to have a positive result (OR, 0.44; 95% CI, 0.37 to 0.53). A coun-
try’s regional distribution did not make a significant difference to the overall respira-
tory pathogen detection rate in our model (northern OR, 1.40 and 95% CI, 0.35 to 5.59;
southern OR, 0.83 and 95% CI, 0.19 to 3.54). A calculation without center C14, which
recruited RTI patients from hospital and sentinel site wards, didn’t change the conclu-
sions nor the significance of the results (see Fig. S1).

DISCUSSION

By assessing the respiratory pathogen circulation in 13 European, Middle East, or
African countries (24 study sites) from December 2020 to March 2021, this study pro-
vided a descriptive picture of RTIs in SARS-CoV-2-negative patients with respiratory
symptoms, mostly in an ED setting. The rate of RP2plus assay positivity for viral or bac-
terial targets among the 1,334 patients was 36.3%. Regarding viral targets, our results
revealed that HRV/EV was the most prevalent (56.5%), followed by HCOV (11.0%), ADV
(9.9%), PIV (8.0%), RSV (7.3%), and HMPV (3.6%). However, age stratification revealed a
significantly higher RP2plus assay positivity rate in the children’s group than in the
adults’ group (68.8% versus 28.2%), which confirmed the already-observed vulnerabil-
ity of the pediatric population to RTIs (13–16). We have no certainty about why (non-
SARS-CoV-2) HCOV was more uniformly distributed across patients than most other
viruses. Both the lack of protective immunity conferred by HCoV and the propensity of
HCoV to cause reinfection are potential explanations for these findings.

Consistently, in our study, HRV/EV, RSV, PIV, ADV, and HMPV were identified more often
in children than in adults, which confirmed the epidemiology of viral RTIs in the pediatric
population. The children’s group in our study also showed a significantly higher number of
multiple viral pathogens identified by the RP2plus assay. This accounted for 22.9% of chil-
dren in the #2-year or 3- to 10-year age groups and for 5.4% of adults in the .20-year
age groups and was in agreement with previous observations (17). This was also reminis-
cent of recent findings from an epidemiological study that revealed a viral etiology
in 91.2% of children hospitalized in Morocco and the ordering of HRV. RSV . PIV. FLU
A. HMPV as the most often detected viruses (8).

The limited information about the clinical characteristics of patients hampered us
from knowing if patients with multiple pathogens detected had more severe symp-
toms than the supposedly negative or singly infected ones. In addition, the clinical
relevance of multiple-target detection by PCR assays remains unclear, as does the con-
tradiction about whether detection of multiple targets is associated with more severe
disease (17–19). For single-target detection, a literature review and meta-analysis of
case-control studies conducted in 2015 showed strong evidence for causal attribution
of RSV, FLU, PIV, and HMPV and less strong evidence for HRV in young children (,5
years old) with RTI (cases) compared to children without RTI (controls) and no signifi-
cant difference for ADV or HCOV in cases and controls (20). Furthermore, a recent case-
control study of preschool children in Europe confirmed that hospitalization was
mostly associated with RSV, PIV, HMPV, and FLU pathogens (21). Additionally, the dif-
ferent RSV genotypes were indistinguishable by the multiplex PCR assay used in this
study. These genotypes indeed differ from each other in terms of not only pathogenic-
ity but also geographical distribution and spectrum of infection (22). The assay also did
not allow for the quantification of pathogens detected in NPS samples, which would
have reinforced the differences that we noticed in detection rates between patients.

Patients were not tested for RTI bacterial pathogens such as streptococcal species
(23) or S. aureus (12) or for less frequent but relevant respiratory viruses, such as human
bocavirus (24). Unsurprisingly, nearly two-thirds of patients with RTI-compatible symp-
toms were not diagnosed with RTI in our study, suggesting that the rate of RTI may be
underestimated.

Interestingly, in our study, FLU A or FLU B was less frequently detected, and this
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finding mirrors that already described by surveillance networks in the Northern or
Southern hemispheres (25, 26). However, the influence of the vaccination rate in the
low circulation of FLU A and B viruses in our study has not been explored. It is possible
that the SARS-CoV2 pandemic caused changes in the RTI epidemiology, which might
have resulted in a lower occurrence of influenza cases. In many countries where behav-
ioral restriction led to a national lockdown, the rate of virus detection fell perhaps as a
reflection of COVID-19 containment measures (9, 11). Because we have no baseline in
the RTI pathogen positivity rate from the 13 countries—24 study sites—before the
COVID-19 pandemic, a way to assess the relationship between age-stratified detection
rates and national-level behavioral restrictions was for us to use the Oxford COVID-19
government response tracker’s stringency index (27). This index has the strength to
measure the degree of behavioral restrictions in place in each country throughout the
study. As a result, using SARS-CoV2-negative but symptomatic patients, the model
enabled us to find an association between behavioral restrictions and the overall rate
of viral detection in the 13 countries involved in our study. A consequence of appa-
rently COVID-19-induced changes in the RTI epidemiology has been the loss of sea-
sonal fluctuations or peaks of RSV and influenza (9, 28) and by a domino effect in the
disruption of respiratory disease clinical trials (29). The model allowed us to determine
that there was not any impact of region—as a proxy for seasonality—on the virus
detection rates in our study. Conversely, we observed that age and sex had an impact
on these rates, which in one case might have been related to the higher number of
children with RTI detected compared to adult patients studied by us.

Conclusions. Based on positive RP2plus assay results, we showed that various
pathogens were actively circulating in each of the 13 countries. While SARS-CoV-2 took
a preponderant importance in diagnostic strategies to face the current pandemic situa-
tion, it is plausible that the SARS-CoV-2 epidemiology will one day move forward to en-
demicity, enhancing the importance of detecting respiratory pathogens other than
SARS-CoV-2 in patients admitted to the ED for RTI symptoms.

MATERIALS ANDMETHODS
Ethics statement. The study was performed in accordance with the Declaration of Helsinki and the

Declaration of Taipei adopted by the World Medical Association in June 1964 and in October 2016,
respectively. Additionally, the study followed the Good Clinical Practices as per the International Council
7for Harmonization of Technical Requirement for Pharmaceutical for Human Use guidelines (https://
www.ema.europa.eu/en/ich-e6-r2-good-clinical-practice) and/or all equivalent regulations (ISO stand-
ards 15189 and 13612), as well as any recommendations made by local health authorities. Each study
site obtained the approval from the ethics committee in its country.

Study design and clinical samples. This observational prospective multicenter study was con-
ducted in 24 study sites from 13 countries across Europe, the Middle East, and Africa (Table S1). The pri-
mary aim of this study was to assess the age-stratified circulation of RTI-causing viruses other than
SARS-CoV-2 and of RTI-causing bacteria (included in the RP2plus assay) during the COVID-19 pandemic
period from December 2020 through March 2021. The secondary aim was to assess the detection rates
of RTI pathogens in relation to the behavioral restrictions enacted by each of the countries included in
the study. Accordingly, we included patients who had presented to each hospital’s ED with a suspicion
of COVID-19 due to the presence of respiratory symptoms but who tested reverse transcription-PCR (RT-
PCR) negative for SARS-CoV-2. For these patients, the RP2plus assay was performed on a remnant of
their NPS samples that had been used for SARS-CoV-2 testing. Patients who tested RT-PCR positive for
SARS-CoV-2 were excluded prior to running the RP2plus assay. Both pregnant women and prisoners
were excluded a priori (i.e., regardless of SARS-CoV-2 testing results).

A list of predefined variables was collected to include RP2plus assay results, demographic data (age
and sex), and the patient state after the assay was performed (i.e., discharge or admission to an intensive
care unit or a general ward). According to age ranges, patients were distributed across different groups as
follows:#2 years, 3 to 10 years, 11 to 20 years, 21 to 30 years, 31 to 40 years, 41 to 50 years, 51 to 60 years,
61 to 70 years, 71 to 80 years, 81 to 90 years, and .90 years. Of 24 study sites, 18 enrolled both adult and
pediatric patients (C1, C2, C4, C5, C6, C7, C8, C11, C14, C15, C16, C21, C22, C23, C31, C29, C34bis, C37, and
C39); three study sites admitted only adult patients (C32, C33, and C38); one study site admitted only pedi-
atric patients (C19); and one study site admitted hematological adult and pediatric patients (C10).

BIOFIRE RP2plus assay testing. For the RP2plus assay, we used NPS samples that had been prospec-
tively collected in 1 to 3 mL of transport medium directly from patients in the ED and then transferred
to each study site’s microbiology laboratory, where SARS-CoV-2 RT-PCR testing was performed. For
inclusion in the study, each study site randomly selected NPS samples (5 per week) that had tested
SARS-CoV-2 negative. The RP2plus assay allows detection of 18 viruses, including ADV, HCOV 229E,
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HCOV HKU1, HCOV NL63, HCOV OC43, Middle East respiratory syndrome coronavirus (MERS-CoV),
HMPV, FLU A, FLU A subtype H1, FLU A subtype H1-2009, FLU A subtype H3, FLU B, PIV 1, PIV 2, PIV 3,
PIV 4, HRV/EV, and RSV, and 4 bacterial species (B. pertussis, B. parapertussis, Chlamydophila pneumoniae,
and M. pneumoniae). The RP2plus assay has been shown to have an overall sensitivity and specificity of
97.4% and 99.4%, respectively.

Study population. In the December 2020 to March 2021 study period, a total of 1,337 patients were
enrolled. Three patients whose characteristics deviated from the protocol of the study (i.e., patients with
a final diagnosis of COVID-19) were excluded. Overall, 1,334 patients were included for data analysis on
viral or bacterial positivity. Mostly all patients, 95.7% (1,277/1,334) from 23 study sites came from hospi-
tal emergency departments. However, the C14 study site collected ward patients’ samples as a national
reference center for pneumonia (which includes 5 sentinel sites and 10 hospitals, representing 4.3% [57/
1,334] of all samples). Because one study site had no data on sex or age for 60 patients (C29), 1,274
patients were analyzed for age stratification calculation and sex analysis. Of note, the age group of 11 to
20 years was removed from the chi-square comparison between children’s and adults’ groups.

Statistical and logistic regression analyses. Descriptive statistics included the number and propor-
tion, median and interquartile ranges, and means and 95% CI, as appropriate. Comparative statistics included
the Kruskal-Wallis test, chi-square test, Mann-Whitney test, or analysis of variance test, as appropriate. For all
comparisons, the level of statistical significance was set at a P value of ,0.05. Excel, R version 4.1.2 with the
ggplot 2 package and the ClustVis tool (30), and GraphPad version 7.0 were used to analyze data as well, and
Affinity Designer v1.10.4.1198 was used to construct figures.

Data on the national policies restricting people’s behaviors were gathered from the Oxford COVID-
19 Government Response Tracker (OxCGRT) (27) and the mean of the period was used. The containment
and health index (CHI) (27) describes, as a daily value on a scale from 0 to 100, a country’s implemented
containment policies. The CHI index aggregates 23 standardized indicators, such as school closures,
travel restrictions, or stay-at-home requirements. Data are collected country by country and compiled
from publicly available sources by OxCGRT staff.

The effects of a country’s containment policy, sex, age, and region (i.e., Northern hemisphere, equa-
torial, or Southern hemisphere) on the overall positivity rate were evaluated using the logistic regression
model shown in the following equation:

logitðtotal positivityijÞ ¼ b0 1 b1 � CHIj 1 b2 � Sexi 1 b3 � Agei

1b4 � ISeasonality¼Northern;j 1 b5 � ISeasonality¼Southern;j 1U0j

The total positivity represents an assay’s detection status, where 1 indicates that one or more patho-
gens were detected and 0 indicates that no pathogens were detected. The average CHI across the inves-
tigated time frame was calculated and standard scaled to allow for coefficient comparison with other
terms in the model. A positive value for b1 indicates that an increased CHI value increases the odds of
total positivity. The variable of sex is codified with 1 for male patients and 0 for female patients. The
coefficient b2 is interpreted as the change in log-odds ratio of having a positive assay result for male
patients compared to female patients. The patient age was defined by the upper bound of the group
age range, such that #2 years translated to 0.2, 3 to 10 years to 1, 11 to 20 years to 2, and so on. These
values were then standard scaled for use in the model. A positive value for b3 indicates that age
increases the odds of the total assay’s positivity. The study sites were separated into three regions based
upon the Tropic of Cancer and Tropic of Capricorn (i.e., Northern, Equatorial, or Southern hemispheres).
When fitting the model, Equatorial was set as the baseline region, allowing the differences in positivity
rates of the Northern and Southern regions compared to the Equatorial region to be estimated. Thus,
coefficients b4 and b5 were interpreted as the change in log-odds ratio for a patient in the respective
Northern or Southern region to have a positive assay result compared to a patient in the Equatorial
region. This region variable was included to capture potential seasonality differences. Study site was
included in the model as the random variable U0j to account for site-to-site differences in testing prac-
tices that are not explained by the other terms in the model. It is assumed that U0j ; N(0, s 2site).

The logistic regression model inference on total assay positivity was computed using R version 3.6.3
with lme4 and sjPlot packages.
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