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of multiple respiratory viruses (RVs). We have identified clinical or biological characteristics to help distinguish SARS-CoV-2

from other RVs. Methods We used a prospective cohort including all consecutive patients admitted through the emergency

department’s (ED) and presenting respiratory symptoms from November 2019 to April 2020. Patients were tested for RV using

multiplex polymerase chain reaction (mPCR) and SARS-CoV-2 RT-PCR. Results 203/508 patients were positive for an RV

during the non-SARS-CoV-2 epidemic period (November to February), and 268/596 patients were SARS-CoV-2 positive during

the SARS-CoV-2 epidemic (March to April). Younger age, male gender, fever, absence of expectoration and absence of chronic

lung disease were statistically associated with SARS-CoV-2 detection. Combining these variables allowed for the distinguishing

of SARS-CoV-2 infections with 83, 65, 75 and 76% sensitivity, specificity, PPV and NPV, respectively. Conclusion Patients’

characteristics associated with a positive PCR are common between SARS-CoV-2 and other RVs, but a simple discrimination

of strong SARS-CoV-2 suspicion with a limited set of clinical features seems possible. Such scoring could be useful but has to

be prospectively evaluated and will not eliminate the need for rapid PCR assays.
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Abstract

Background

Rapid identification of patients with high suspicion of COVID-19 may become a challenge with the co-
circulation of multiple respiratory viruses (RVs). We have identified clinical or biological characteristics to
help distinguish SARS-CoV-2 from other RVs.

Methods

We used a prospective cohort including all consecutive patients admitted through the emergency depart-
ment’s (ED) and presenting respiratory symptoms from November 2019 to April 2020. Patients were tested
for RV using multiplex polymerase chain reaction (mPCR) and SARS-CoV-2 RT-PCR. Results 203/508
patients were positive for an RV during the non-SARS-CoV-2 epidemic period (November to February), and
268/596 patients were SARS-CoV-2 positive during the SARS-CoV-2 epidemic (March to April). Younger
age, male gender, fever, absence of expectoration and absence of chronic lung disease were statistically asso-
ciated with SARS-CoV-2 detection. Combining these variables allowed for the distinguishing of SARS-CoV-2
infections with 83, 65, 75 and 76% sensitivity, specificity, PPV and NPV, respectively.

Conclusion

Patients’ characteristics associated with a positive PCR are common between SARS-CoV-2 and other RVs,
but a simple discrimination of strong SARS-CoV-2 suspicion with a limited set of clinical features seems
possible. Such scoring could be useful but has to be prospectively evaluated and will not eliminate the need
for rapid PCR assays.

Key words: SARS-CoV2, Influenza, Emergency Department, Respiratory virus
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Words count: 200

Introduction

The first cases of coronavirus disease 2019 (COVID-19) were reported in December 2019, in Wuhan, China 1.
After a rapid spread worldwide, the disease was declared a pandemic in March 2020. As of August 10, 2020,
there have been over 19 million confirmed cases of COVID-19, including 728,013 deaths 2. In France, the
first case of COVID-19 was identified in Bichat Claude Bernard university hospital, in Paris, on January 24,
2020, concomitant with the end of the annual influenza epidemic 3. As in most countries struck by the virus,
the first wave of the pandemic was controlled in France due to a national lockdown that began on March
16, 2020. However, new waves are striking again in several countries with initially controlled outbreaks, and
the pandemic is still accelerating worldwide 4.

The virus is thus highly likely to continue to circulate for a prolonged period. In such a scenario, the SARS-
CoV-2 virus will likely co-circulate with other respiratory viruses (RVs) during the next fall and winter in the
northern hemisphere or during the ongoing months in the southern hemisphere 5. Such co-circulation was
briefly observed in Northern America and Europe at the beginning of the SARS-CoV-2 local outbreaks 6,7. As
patients presenting with influenza-like illnesses (ILIs) could be infected by any RV, including SARS-CoV-2,
this will raise an additional challenge for patients’ diagnosis and isolation in an emergency department (ED).
The looming threat of concurrent SARS-CoV-2 and other RV epidemics is an increasing concern for both
physicians and health policies8. Being able to quickly identify and isolate patients who are highly suspected
of having COVID-19 is indeed a cornerstone of preventing nosocomial transmission of this new and deadly
infection in crowded EDs and other units.

We took advantage of an ongoing prospective study assessing the impact of point-of-care testing with mul-
tiplex PCR in our ED to extend the study. We aimed to identify clinical and biological characteristics that
help to differentiate COVID-19 from other respiratory viral infections.

Methods

Patients and inclusion criteria

Bichat-Claude Bernard hospital is a large 850-bed university reference center for high-risk pathogens in
Northern Paris. All consecutive patients presenting with an ILI and admitted to the hospital through the
ED were prospectively included from November 18, 2019 to March 30, 2020. All were tested for respiratory
viral infection using mPCR assay (see below). The first COVID-19 case at our ED was identified on February
28, and systematic on-site specific SARS-CoV-2 RT-PCR began on March 2, 2020.

An ILI was defined as the association of at least one systemic symptom (fever with temperature higher
than 38.5°, malaise, headache and myalgia) with one respiratory symptom (cough, sore throat and dyspnea),
according to the eCDC ILI definition 9. Those indications of PCR testing were identical during both periods
in our ED despite the constraints of the epidemics.

Study periods

In France, the influenza epidemic period extended from November 18, 2019 to March 2, 2020. During this
period, SARS-CoV-2 was not spreading in the community or among patients returning or travelling from
foreign countries, notably Northern Italy and China. All suspicions of SARS-CoV-2 based on these exposures
were thus admitted from other EDs or hospitals in the dedicated ward of the Infectious Diseases department
and were not included in this study. Starting on March 3, all patients with an ILI visiting the ED were
systematically suspected of COVID-19 and tested for both human RVs and SARS-CoV-2.

3



P
os

te
d

on
A

u
th

or
ea

24
S
ep

20
20

—
T

h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
60

09
14

31
.1

57
43

66
1

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

.

To reflect these two periods, they were analyzed separately: (i) Period 1, hereafter called the respiratory
virus (RV) period, with active circulation of non-SARS-CoV-2 RVs, from November 18, 2019 to March 2,
2020, and (ii) Period 2, hereafter called the SARS-CoV-2 period with active circulation of SARS-CoV-2,
starting on March 3.

Virological testing

During the RV period, multiplex PCR was performed as point of care using the QIAstat-Dx Respiratory
Panel (QIAGEN, Hilden, Germany). This rapid multiplex PCR assay allows for the detection of 22 viral
and bacterial respiratory targets, including influenza, parainfluenza, rhinoviruses/enteroviruses, RSV, me-
tapneumovirus, adenovirus, coronaviruses, bocavirus, Mycoplasma pneumoniae ,Legionella pneumophila and
Bordetella pertussis10. During the SARS-CoV-2 period, and depending on kit availability, viral investigations
were conducted either with the QIAstat-Dx Respiratory SARS-CoV-2 Panel (Qiagen, Hilden, Germany), al-
lowing for the detection of the same respiratory pathogens plus SARS-CoV-2 11, or with a combination of the
RT-PCR RealStar SARS-CoV-2 Kit RUO (Altona Diagnostics, Hamburg, Germany)12 and rapid multiplex
PCR FilmArray RP2 (BioFire, BioMérieux, Marcy-L’Etoile, France) 13, allowing for the detection of the
same viral respiratory pathogens except bocavirus.

Clinical and biological data

Demographic and clinical data were prospectively collected, including age, sex, respiratory symptoms (e.g.
cough, dyspnea, expectoration, chest pain and auscultatory abnormalities), time since the onset of symptoms,
comorbidities (e.g. diabetes, history of stroke, myocardial infarction, chronic heart failure, chronic kidney
failure, chronic bronchitis and asthma) and clinical parameters at ED admission (e.g. temperature, blood
pressure, cardiac frequency, respiratory frequency, oxygen saturation and Glasgow coma score). The following
biological data were also recorded: blood counts, C-Reactive Protein and NT-pro brain natriuretic peptide
(NT pro-BNP). Based on the ongoing acquisition of COVID-19-related symptoms, diarrhea, anosmia and
ageusia were added to data recording after the beginning of the SARS-CoV-2 period.

Modelling strategy for assessing the effect of the co-circulation of SARS-CoV-2 and other respiratory viruses

Under the hypothesis of a co-circulation of SARS-CoV-2 and other RVs, we modelled the odds of having a
positive PCR for SARS-CoV-2 with respect to other viruses, given that the PCR is positive. For the sake
of clarity, we denoted the sample by S , with the convention S= 1 for the SARS-CoV-2 period and S = 2
for the RV period. We considered a mixture SARS-CoV-2 and RV period with parameter p = P (S = 1).
According to Bayes formula, the probability of a random observation from the mixture actually being drawn
from Sample 1 given that the PCR is positive is as follows:

P (S = 1|PCR+) =
P (PCR+|S = 1) p

P (PCR+|S = 1)p + P (PCR+|S = 2)(1− p)

and the corresponding odds are

O (S = 1|PCR+) =
P (PCR+|S = 1) p

P (PCR+|S = 2)(1− p)

Therefore, if we consider a binary covariate X, the odds ratio for being COVID+ in the strata X = 1 with
respect to the strata X = 0 can be written as follows:

ORS,X|PCR+ =
RRPCR,X|1

RRPCR,X|2
ORS,X (1)

4



P
os

te
d

on
A

u
th

or
ea

24
S
ep

20
20

—
T

h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
60

09
14

31
.1

57
43

66
1

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

.

where RRPCR,X|sdenotes the relative risk of having a positive PCR in the strata X = 1 with respect to X
= 0, given that the observation belongs to sample s. This equality, initially derived in the case of a binary
covariate X, can be straight forwardly extended to the case of categorical or quantitative variables and
covariate-adjusted quantities.

Equation (1) has a clear interpretation in the sense that it identifies two independent contributions to the
quantity ORS,X|PCR+. The first one is the ratio between two relative risks and reflects the difference of
association between the covariate and the PCR diagnosis in both samples. If, for example, the male sex is
strongly associated with a higher risk of having a positive PCR for SARS-CoV-2, but no association exists
for other RVs, then a positive PCR drawn from the mixture sample tends to more likely be for SARS-CoV-2
if the patient is male. The second contribution comes from the imbalance between both samples for covariate
X. If, for example, patients from the SARS-CoV-2 period are significantly younger, then a positive PCR in
a young patient is more likely to be a COVID case.

Statistical analysis

The baseline characteristics within each group were described with numbers and percentages for qualitative
variables and median and interquartile range (IQR) for quantitative variables.

We assessed factors associated with a positive PCR for SARS-CoV-2 in the SARS-CoV-2 period and for other
RVs in the RV period using univariate logistic regression. For each sample and variable, we reported the Odd
ratio (OR), the 95% confidence interval using a normal approximation and the p-value corresponding to the
Wald statistic. We used a threshold of 0.05 for statistical significance. We then performed a multivariate model
resulting from a stepwise selection procedure among variables with a p-value below 0.05 in the univariate
analysis and a proportion of missing values below 20%.

Regarding the modelling of the SARS-CoV-2 risk in a period of co-circulation with other RVs, we estimated
relative risks on the right-hand side of Equation (1) with a quasi-Poisson regression model to take over-
dispersion into account. Since these relative risks vary according to the proportion of positive PCR in both
samples, we built different scenarios corresponding to different degrees of prevalence of positive PCR for
SARS-CoV-2 and other RVs. Relative risks for these scenarios were estimated with a-priori weights on the
observations. The quantity ORS,X and its standard error were estimated with a logistic regression from the
union of both samples. Finally, the estimate for ORS,X|PCR+ was reported, and its 95% confidence interval
was derived with a normal approximation under the hypothesis of independence between its components.

We also performed a multivariate model for the quantityORS,X|PCR+ by using multivariate models for the
right-hand side of (1) and a stepwise selection procedure based on covariates with p < 0.05 in the univariate
analysis and less than 20% of missing data. Moreover, to evaluate the discrimination of the multivariate
model, we reported the AUC and its 95% confidence interval, derived from 2,000 bootstrap replicates. We
finally proposed a clinical score from the multivariate analysis by rounding estimates, and we assessed
its discrimination performances (AUC, sensibility and specificity for a given threshold). All analyses were
performed using R v4.0.2.

The study has been approved by our local ethic committee.

Results

Patients’ demographic characteristics

During the RV and SARS-CoV-2 study periods, 508 and 596 patients were included, respectively. Patients
were more frequently male during both periods: 57% (289/508) and 59% (354/596), respectively. The median
age was 73 [63–85] years and 60 [46–76] years during the RV and SARS-CoV-2 periods, respectively (p <
0.001). Detailed patients’ characteristics are depicted in Table 1.

5
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Patients with a negative PCR presented similar characteristics between both periods, except for age – patients
were older during the SARS-CoV-2 period (73 [63–85] and 63 [43–72] years, p < 0.001) – and cardiac failure,
which was more prevalent during the SARS-CoV-2 period (13% vs 5.8%, p < 0.002; Table 1). Due to
these few, but significant, differences between the two negative-PCR populations from the two periods, we
conducted separate analyses of the factors associated with a positive PCR for any RV (in the RV period)
and SARS-CoV-2 (in the SARS-CoV-2 period) in comparison with their own PCR-negative populations.

Virological findings

During the first study period, 216/508 (43%) patients had a positive mPCR, including 13 dual viral coinfec-
tions, leading to the following viral distribution: 68 (31%) rhinovirus, 60 (28%) influenza, 35 (16%) RSV, 30
(14%) human metapneumovirus, 28 (13%) coronaviruses, four (2%) parainfluenza, three (0.1%) adenovirus
and one (0.5%) bocavirus. During the second study period, 268/596 (45%) patients had a positive PCR for
SARS-CoV-2, and 70 other respiratory viral infections were also identified, including 18 co-infections with
SARS-CoV-2. As patients’ populations presented some differences across the two periods, patients with a
non-SARS-CoV-2 virus were analysed as SARS-CoV-2-negative patients, while those with a SARS-CoV-2
co-infection were considered as SARS-CoV-2-positive.

Patients’ characteristics associated with the detection of a non-SARS-CoV-2
respiratory virus

The median duration of symptoms was 2 [1–4] days before ED admission. The following characteristics were
associated with a positive mPCR in the univariate analysis (Table 1): younger age, presence of fever, cough
and expectorations, and lower white blood cell and platelet counts. These variables were also retrieved in
the multivariate analysis, except for lower white blood cell count (Table 2).

Clinical and biological characteristics associated with the detection of SARS-
CoV-2

The median duration of symptoms was 3 [2–7] days, and the following characteristics were associated with
a positive SARS-CoV-2 PCR in the univariate analysis (Table 1): male gender, younger age, fever, chills,
myalgia, cough, bilateral cracklings, diabetes, chronic lung disease, history of stroke, higher respiratory rate,
CRP, lower NT-proBNP, lower leukocytes and lymphocytes counts and lower platelet count. Regarding
comorbidities, chronic lung disease, diabetes and a history of stroke were associated with a positive SARS-
CoV-2 PCR. In the multivariate analysis, the following features remained associated with SARS-CoV-2
detection (Table 2): younger age, male gender, fever, chills, myalgia, higher respiratory rate and absence of
chronic lung disease. A positive PCR for SARS-CoV-2 was also associated with ICU admission (OR, 8.4; 95%
CI, 4.6–16.8; p < 0.001) and with mortality during hospitalization (OR, 3.0; 95% CI, 1.8–5.2; p < 0.001).

Comparison of human respiratory viruses and characteristics associated with
SARS-CoV-2

Under the hypothesis of SARS-CoV-2 co-circulation along with other RVs, variables associated with the
virologic diagnosis (SARS-CoV-2 vs other viruses) among positive PCR were as follows (Table 2): male gender
(aOR, 1.64; 95% CI, 1.10–1.44; p = 0.015), absence of chronic lung disease (0.40, 0.25–0.64, <0.001), age (0.80
per 10 years, 0.72–0.89, <0.001), presence of fever (3.27, 2.17–4.94, <0.001) and absence of expectorations
(0.13, 0.07–0.26, <0.001). A clinical score based on this multivariate analysis was computed using integer
coefficients based on OR logarithms (Supplementary Table S2), ranging from -6 to +5. Under the baseline
scenario conditions, corresponding to the overall period of the study with a prevalence of 43% of positive
PCR and a distribution of 56% and 44% of SARS-CoV-2 and non-SARS-CoV-2 viruses, respectively, among
positive PCR, our score has an AUC of 0.81 (95% CI 0.77–0.85; Supplementary Figure S1). Furthermore,

6
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when using a score greater than 1 to predict SARS-CoV-2 among all viral infections, we observed a sensitivity
and a specificity of 83% and 65%, respectively. To note, with a score greater than or equal to 1, the sensitivity
and specificity were at 91% and 52%, respectively.

To test the robustness of our observations in case of variable prevalence of SARS-CoV-2 among all RVs, two
other scenarios were added, assuming the same global positivity rate of 43% with a dominant or a limited
SARS-CoV-2 distribution circulation among positive PCR at 75% and 25%, respectively. The following
factors were associated with COVID-19 diagnosis in all scenarios: younger age, male gender, fever, myalgia,
dyspnea, absence of expectoration and absence of chronic lung disease (Cf. Supplementary Table S1). The
positive predictive value (PPV) and the negative predictive value (NPV) with a score greater than one were
at 75 and 76% with the viral distribution observed in our study, respectively. Under the dominant and the
limited SARS-CoV-2 distribution scenarios (i.e. 75% and 25% probability of SARS-CoV-2 among positive
patients), the PPVs were at 92% and 57%, respectively, and the NPVs were at 45 and 88%, respectively.

Discussion

In this large monocentric prospective cohort study, including 508 and 596 consecutive ILI patients attending
the ED during the RV and SARS-CoV-2 periods, respectively, we identified several clinical features associated
with positive viral PCR. This allowed us to identify the highest COVID-19 suspicions among all respiratory
viral infections.

The ability to distinguish COVID-19 from other RVs will become an increasingly important issue in northern-
hemisphere countries as circulation of SARS-CoV-2 could be expected to continue during the upcoming year
and the next epidemic of winter-associated viruses’5. The importance of such co-circulation is difficult to
predict. Few countries in the southern hemisphere are currently describing high co-circulation of other RVs
with SARS-CoV-2. However, several countries at the beginning of the SARS-CoV-2 outbreaks in Northern
America or Europe reported such co-circulation6,7.

The features observed in our cohort for COVID-19 patients are in line with previous reports 14. Most of
these clinical features are also associated with other respiratory viral infections observed in our study and
previous works 15,16. By analyzing the comparative strength of these clinical features’ associations with
SARS-CoV-2 positivity in relation to other RVs, we were able to define a limited set of markers associated
with a higher risk of being infected by SARS-CoV-2: being male, of a younger age, with feverishness and
in the absence of expectoration is predictive of a SARS-CoV-2 infection, while having chronic lung diseases
is predictive of non-SARS-CoV-2 RVs. Our results were confirmed under several SARS-CoV-2 prevalence
conditions and are in line with the only other study available to date comparing features associated with
SARS-CoV-2 to those associated with other respiratory viral infections. The latter study described anosmia,
dysgeusia, diarrhoea, frontal headache and bilateral crackling sounds as being more frequently associated
with COVID-19 than other RVs 17. Our results confirm the findings of this smaller retrospective work on
a large prospective cohort, except for diarrhea, which was not associated with COVID-19 diagnosis in our
population. In both this previous work and our study, no biological findings upon ED admission allowed
for a discrimination between SARS-CoV-2 and non-SARS-CoV-2 respiratory infections. An interesting point
highlighted in our work is the impact of SARS-CoV-2 and the other RVs relative prevalence on the clinical
scoring with PPVs ranging from 57 to 92% and NPVs ranging from 45 to 88% depending on the proportion of
SARS-CoV-2 among RVs. As those relative prevalence cannot be predicted and will probably evolve during
the RV epidemic period, any clinical scoring of COVID-19 suspicion will have to be monitored in real time
and will not eliminate the need for rapid molecular assays.

Our study presents several limitations. first, it is a monocentric study, and the RV period was designed
before the emergence of SARS-CoV-2 for analyzing other RV features. Therefore, a few key characteristics,
such as diarrhea, anosmia and ageusia, or procalcitonin, which was initially not known to be associated
with COVID-19, could not be included in the present work. Their collection could help in future works to
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improve the clinical scoring of COVID-19 suspicions. As the French COVID-19 initial outbreak began at
the end of the winter season, a few other RVs were identified during the SARS-CoV-2 period, alone or in
association with SARS-CoV-2. The small numbers of co-infections observed in our work did not allow for
an individual assessment of their clinical and biological presentations. Finally, the proposed clinical score
requires an external validation before being used for patient management. Moreover, the identified features
may evolve in the upcoming years with the ongoing immunization of the general population. A surveillance
of the disease’s evolution will be therefore, required in the future.

In conclusion, symptoms associated with SARS-CoV-2 and with other respiratory viral infections are fre-
quently shared 8. This poses potential challenges in patient management in case of a large co-circulation of
all these viruses, as it may be expected in the upcoming months in most northern countries. Despite this
overlap, COVID-19 patients present several clinical characteristics less frequently identified among those
infected by other RVs such as influenza. Based on these data, we developed a clinical tool to aid in screening
SARS-CoV-2 infection among all viral respiratory infections. These observations were confirmed in various
ratios of SARS-CoV-2 and other RVs. As having an efficient, reliable and rapid patient’s triage system upon
ED entrance, clinical scoring could be a tempting and useful tool depending on one’s local environment and
constraints, especially due to the large PCR turnaround time or poor single room availability either in the
ED or in the hospital. However, this tool needs to be prospectively evaluated before any potential use and,
as we demonstrated, the performances may be strongly impacted by the relative prevalence of SARS-CoV-2
and other RVs. As this relative prevalence is impossible to predict in the near future, no clinical scoring will
waive the need for molecular assays. Therefore, our main efforts, on the eve of the next respiratory viruses
epidemic period, should still focus on having a large availability, accessibility and optimized use of rapid
molecular testing.
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