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Abstract

Introduction

Delay between symptom onset and access to care is essential to prevent clinical worsening
for different infectious diseases. For COVID-19, this delay might be associated with the clini-
cal prognosis, but also with the different characteristics of patients. The objective was to
describe characteristics and symptoms of community-acquired (CA) COVID-19 patients at
hospital admission according to the delay between symptom onset and hospital admission,
and to identify determinants associated with delay of admission.

Methods

The present work was based on prospective NOSO-COR cohort data, and restricted to
patients with laboratory confirmed CA SARS-CoV-2 infection admitted to Lyon hospitals
between February 8 and June 30, 2020. Long delay of hospital admission was defined as
>6 days between symptom onset and hospital admission. Determinants of the delay
between symptom onset and hospital admission were identified by univariate and multiple
logistic regression analysis.

Results

Data from 827 patients were analysed. Patients with a long delay between symptom onset
and hospital admission were younger (p<0.01), had higher body mass index (p<0.01), and
were more frequently admitted to intensive care unit (p<0.01). Their plasma levels of C-reac-
tive protein were also significantly higher (p<0.01). The crude in-hospital fatality rate was
lower in this group (13.3% versus 27.6%), p<0.01. Multiple analysis with correction for multi-
ple testing showed that age >75 years was associated with a short delay between symptom
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onset and hospital admission (<5 days) (aOR: 0.47 95% CI (0.34—0.66)) and CRP>100 mg/
L at admission was associated with a long delay (aOR: 1.84 95% CI (1.32-2.55)).

Discussion

Delay between symptom onset and hospital admission is a major issue regarding prognosis
of COVID-19 but can be related to multiple factors such as individual characteristics, organi-
zation of care and severe pathogenic processes. Age seems to play a key role in the delay
of access to care and the disease prognosis.

Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), the pathogenic agent of
coronavirus disease 2019 (COVID-19), is a new coronavirus that emerged from China in
December 2019 [1]. The virus causes infections of the lower or upper respiratory tract of vary-
ing severity, from the common cold to severe pneumonia, respiratory failure, and death [2].
Male sex, old age, obesity, biological parameters such as biomarkers of inflammation, are
known to be associated with severe disease [3-6]. The presence of at least one comorbidity
(e.g. cardiovascular or chronic pulmonary disease) has been reported in 60% to 90% of hospi-
talized COVID-19 patients [7]. Regarding access to care, a positive association between a long
time interval between COVID-19 diagnosis or hospital admission and the occurrence of severe
disease or death has been described but little data are available [8, 9].

The NOSO-COR study is an international observational, prospective, multicentric study
carried out in 13 French hospitals and hospitals affiliated with the GABRIEL network [10] in
order to estimate the prevalence and incidence of SARS-CoV-2 infection and to assess the
associated characteristics among healthcare workers and patients. Our previous results, based
on 417 patients, showed that in COVID-19 patients, age as well as delay between symptom
onset and hospital admission were both associated with ICU admission [11].

In order to investigate this observation further in a larger number of patients, this work
aimed #1) to describe in detail the characteristics and symptoms of community-acquired (CA)
COVID-19 patients at hospital admission according to the delay between symptom onset and
hospital admission, #2) to identify determinants associated with the delay of admission.

Methods

The present work was restricted to patients with CA SARS-CoV-2 infection admitted to Lyon
University Hospitals (Hospices Civils de Lyon, HCL), between February 8 and June 30, 2020
with complete data at discharge or death. Compared to our previously published work [11],
this analysis was based on the same cohort, but with a larger number of patients (n = 827 ver-
sus n = 417 in the previously published paper).

The detailed protocol of the NOSO-COR study is available online [10]. Briefly, any patient
who presented an infectious syndrome based on the WHO definition of COVID-19 as of
March 30, 2020 [12], and was hospitalized for a period of at least 24 hours, was included.
Patients with positive real-time Reverse Transcriptase-Polymerase Chain Reaction (RT-PCR)
results were defined as laboratory confirmed SARS-CoV-2 infections. A CA SARS-CoV-2
infection was defined as a patient with symptom onset before or at hospital admission.
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Demographic characteristics, underlying comorbidities, clinical and biological parameters
and patient outcome data were collected. The clinical outcomes were monitored up to hospital
discharge or in-hospital death.

Delay between symptom onset and hospital admission was computed as the difference
between the two dates. Data higher than the 99" percentile of the distribution of the delay
were considered as outliers and removed. We categorized the delay in 2 groups according to
the median of its distribution: “Short delay” when occurrence of symptoms was 5 days
(included) or less before hospital admission; “long delay” when occurrence of symptoms was
>6 days before hospital admission. This choice was guided by the distribution of the variable
(S1 Fig and S1 Table). Admission to ICU included patients directly admitted to ICU and those
hospitalized in a medical ward and subsequently transferred to ICU during their hospitaliza-
tion. Continuous variables were reported as median and interquartile range (IQR) with com-
parisons using the Mann-Whitney U test. Qualitative variables were computed as number of
individuals (n) and frequency (%) using the )2 or Fisher exact test as appropriate for compari-
son. The trend of the delay between symptom onset and hospital admission by age group and
the trend of the proportion of patients with ICU hospitalization by age group were assessed
using CuzicK’s test. All tests were 2-tailed, with p<0.05 considered statistically significant.

The logistic regression analysis was performed with delay between symptom onset and hos-
pital admission as the dependent variable. Explanatory variables were first tested by univariate
regression. Interaction of each variable with the variable age > 75 years and sex was tested 1 by
1. Variables with p<0.10 in univariate analysis were added in a multivariate logistic regression
model (i.e. the complete model). Then, using a backward selection technique, variables were
removed one by one from the complete model, in order to keep the simplest model to predict
the delay (i.e. the parsimonious model). Holmes correction for multiple testing was applied to
the final parsimonious model. Statistical analysis was performed using STATA 13" (College
Station, TX, USA).

Ethics

The study was approved by the clinical research and ethics committee of Ile-de-France V on
March 8, 2020 (NOSO-COR, ClinicalTrials: NCT04290780). This study is an observational
study based on patient medical records, and all data were fully anonymized at the time of col-
lection. According to French law, patients or parents/guardians of minors received written
information on this observational study, and their non-opposition to the use of their data was
obtained.

Results

Between February 8 and June 30, 2020, a total of 1,150 patients hospitalized in Lyon University
Hospital were included. Of the 905 (78.7%) patients with a CA SARS-CoV-2 infection, 67
(7.4%) were excluded because of an unknown delay between symptom onset and hospital
admission, and 11 (1.2%) were considered as outliers, leaving 827 patients for the final
analysis.

The characteristics of the overall study population, according to the delay between symp-
tom onset and hospital admission, are detailed in Table 1. The median age was 73 years (IQR:
61-84), 55.9% of patients were male, 21.9% were admitted to intensive care unit (ICU) or
transferred to ICU during their hospitalization. Cardiovascular disease was the most frequent
comorbidity (53.2%). Patients with a longer delay were younger (p<0.01); had a higher body
mass index (p<0.01); were more frequently admitted to ICU (p<0.01). They presented differ-
ent characteristics and symptoms at admission more frequently, particularly cough (p<0.01),
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Table 1. Characteristics of the study population according to delay between symptom onset and hospital admission, Lyon University Hospital (NOSO-COR Study),

February 8-June 30, 2020.

Characteristics All patients Patient with a short delay Patient with a long delay between | p-value
n =827 between symptom onset and hospital symptom onset and hospital
admission (<5 days): n = 421 admission
(>6 days): n = 406
Male gender, n (%) 462 (55.9) 219 (52.0) 243 (59.9) 0.02
Age, median (IQR) 73 (61-84) 79 (65-87) 69 (54-78) <0.01
Age > 75y.,n (%) 384 (46.4) 246 (58.4) 138 (34.0) <0.01
BMI, median (IQR) 26.2 (23.1-29.7) 25.7 (22.5-29.2) [349] 26.7 (23.7-30.0) [315] <0.01
[664]
BMI > 30, n (%) 153 (23.0) 76 (21.8) 77 (24.4) 0.42
Comorbidities, n (%)
Cardiovascular disease 440 (53.2) 256 (60.8) 184 (45.3) <0.01
Diabetes 191 (23.1) 106 (25.2) 85 (20.9) 0.15
Malignancy 146 (17.7) 92 (21.9) 54 (13.3) 0.01
Chronic kidney disease 115 (13.9) 72 (17.1) 43 (10.6) 0.07
Chronic lung disease 103 (12.5) 60 (14.3) 43 (10.6) 0.11
Chronic liver disease 55 (7.5) [736] 28 (7.1) [395] 27 (7.9) [341] 0.67
Immunodeficiency 48 (5.8) 27 (6.4) 21(5.2) 0.45
Smoking status, n (%) [626] [304] [322] 0.30
Current smoker 29 (4.6) 18 (5.9) 11 (3.4)
Ex-smoker 197 (31.5) 97 (31.9) 100 (31.1)
Never smoker 400 (63.9) 189 (62.2) 211 (65.5)
Characteristics All patients Patient with a short delay between Patient with a long delay between | p-value
n=_827 symptom onset and hospital admission symptom onset and hospital
(<5 days): n = 421 admission (>6 days): n = 406
Temperature at admission, median (IQR) 38.0 (37.1-38.6) 38.0 (37.2-38.5) [383] 38.0 (37.1-38.8) [356] 0.12
[739]
Symptoms at admission, n (%)
History of fever/chills 674 (81.5) 330 (78.4) 344 (84.7) 0.02
Weakness 584 (70.6) 282 (67.0) 302 (74.4) 0.02
Cough 560 (67.7) 252 (59.9) 308 (75.9) <0.01
Shortness of breath 550 (66.5) 257 (61.1) 293 (72.2) 0.01
Diarrhea 229 (27.8) 103 (24.5) 126 (31.0) 0.04
Pain 225(27.2) 97 (23.0) 128 (31.5) <0.01
Mpyalgia 144 (17.4) 60 (14.3) 84 (20.7) 0.02
Abdominal pain 62 (7.5) 36 (8.6) 26 (6.4) 0.24
Chest pain 50 (6.0) 19 (4.5) 31(7.6) 0.06
Joint pain 12 (1.5) 5(1.2) 7 (1.7) 0.99
Nausea 107 (12.9) 50 (11.9) 57 (14.0) 0.35
Headache 105 (12.7) 43 (10.2) 62 (15.3) 0.03
Confusion 93 (11.3) 63 (14.5) 30(7.4) 0.01
Runny nose 72 (8.7) 33(7.8) 39 (9.6) 0.37
Ageusia 64 (7.7) 14 (3.3) 50 (12.3) <0.01
Anosmia 58 (7.0) 12 (2.9) 46 (11.3) <0.01
Sore throat 34 (4.1) 16 (3.8) 18 (4.4) 0.65
Biological parameters, median (IQR)
White blood cells (G/L) 6.36 (4.87-8.59) 6.46 (4.71-8.62) [394] 6.26 (4.95-8.52) [375] 0.76
[769]
Neutrophils (G/L) 4.75 (3.28-6.83) 4.73 (3.19-7.07) [393] 4.82 (3.35-6.61) [375] 0.69
[768]
(Continued)
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Table 1. (Continued)

Lymphocytes (G/L) 0.95 (0.64-1.31) 0.95 (0.63-1.32) [392] 0.94 (0.64-1.30) [375] 0.78
[767]

CRP (mg/L) 71.4 (30.0-135.1) 65.0 (27.3-116.7) [369] 86.6 (32.4-142.2) [342] <0.01
[711]

Admission to ICU, n (%) 181 (21.9) 76 (18.1) 105 (25.9) <0.01
Admission directly to ICU 136 (16.4) 46 (10.9) 90 (22.2) <0.01
Admission to general ward and transfer to ICU 45 (5.4) 30(7.1) 15 (3.6) 0.03

during hospitalization

Death during hospitalization, n (%) 170 (20.6) 116 (27.6) 54 (13.3) <0.01

NOTE: in square brackets []: number of data available for the variable. If no square brackets, there is no missing data for the variable. BMI: Body mass index, CRP: C-

reactive protein, IQR: Interquartile range. “reference category: white blood cells < 10 G/L, ‘reference category: Neutrophils < 7.5 G/L,. éreference category:

Lymphocytes > 1 G/L, Preference category: CRP < 100 mg/L

https://doi.org/10.1371/journal.pone.0261428.t001

weakness (p = 0.02), shortness of breath (p = 0.01), pain (p<0.01), ageusia (p<0.01) and anos-
mia (p<0.01). The frequency of reported confusion was lower in patients with a longer delay
(p<0.01), whereas the plasmatic levels of C-reactive protein (CRP) were significantly higher
(p<0.01) than in patients with a shorter delay. The crude in-hospital fatality rate was lower in
the group of patients with a longer delay (13.3%) than in patients with a short delay (27.6%),
p<0.01.

Median delay between symptom onset and hospital admission was 5 days (IQR: 3-9). This
delay was significantly longer in ICU-hospitalized patients compared to those without ICU
admission (7 days [IQR: 4-10] vs 5 days [IQR: 2-8], p<0.01).

As shown in Fig 1, the delay between symptom onset and hospital admission and the propor-
tions of patients hospitalized to ICU decreased with age for patients above 60 years of age
(p<0.01 and p<0.01, respectively). Patient characteristics according to age are displayed in S2
Table. The results showed that the median delay between symptom onset and hospital admis-
sion decreased in older patients (P<0.01). The proportion of ICU admission decreased in older
patients (P<0.01), while death during hospitalization increased in this population (P<0.01).
Opverall, older patients had more comorbidities, such as cardiovascular diseases (P<0.01),
malignancy (P<0.01) or chronic kidney diseases (P<0.01) compared to younger patients.

Overall, 711 patients (86.0%) for whom complete data were available, were included in the
logistic regression analysis. Table 2 depicts the association between underlying comorbidities,
clinical features and biological parameters at admission and the delay between symptom onset
and hospitalization. In multivariate analysis, age >75 years (p<0.01), and confusion at admis-
sion (p = 0.02), were associated with a short delay between symptom onset and hospital admis-
sion. On the contrary, weakness (p = 0.02), cough (p = 0.01), ageusia (p = 0.02), anosmia
(p =0.03) and CRP>100 mg/L at admission (p<0.01) were associated with a long delay
between symptom onset and hospital admission. After correction for multiple testing, only
two variables remained significant in the model: age >75 years was associated with a short
delay between symptom onset and hospital admission (p<0.01) and CRP>100 mg/L at admis-
sion was associated with a long delay between symptom onset and hospital admission
(p<0.01).

Discussion

The results of our study showed that during the course of SARS-CoV-2 infection, older
patients (>75 years) present earlier to the hospital. An association between younger age and
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ICU during their hospitalization.
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longer delay to hospital admission was also found in Brazil [13]. Higher prevalence of some
infectious diseases (e.g. bacteremia) together with more severe presentation of other infectious
diseases such as influenza in the elderly could explain, at least partly, the observed shorter
delay between symptom onset and hospital admission in this population [14]. Aging plays a
role in the pathogenic process and is also an independent determinant of outcome [11, 13].
However, age could also be a determinant of behavior and perception of risk and severity. A
recent review of the literature showed that risk perception increases with age [15]. Some
researchers even postulate the existence of “a unique integrated compensatory biological/
behavioral immune system” by reasoning that the weakened immune system in older adults
could be compensated by more prudent behavior [16, 17]. Age would therefore play a key role
in the delay of access to care and the prognosis of COVID-19. It suggests also that young peo-
ple without comorbidities may neglect the first clinical signs of COVID-19 and the need to
consult health care facilities. Indeed, due to the widespread information communicated by
social media on the low COVID-19 morbidity and mortality in this population; adolescents
and young adults may have a lower risk perception of COVID-19 for themselves compared to
older people, thus delaying the seeking of care [18-20].

A recent study carried out in China showed a positive association between severity of
COVID-19 and the interval between symptom onset and diagnosis [9]. Similarly, the low
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Table 2. Association between patient characteristics and delay between symptom onset and hospital admission, Lyon University Hospital (NOSO-COR Study), Feb-
ruary 8-June 30, 2020.

Characteristics Crude OR of the risk of p- Adjusted OR of the risk of p- Adjusted OR of the risk of long P- Corrected p-value
long delay between value | long delay between symptom | value | delay between symptom onset | value | (Holmes multiple
symptom onset and onset and hospital admission and hospital admission (>5 d) testing correction)

hospital admission (>5 d) (>5 d) (ie. complete model) (ie. parsimonious model) (CI
(CI 95%)° (C195%)° 95%)°

Male gender 1.31 (0.98-1.77) 0.07 0.90 (0.65-1.26) 0.55
Age>75y 0.36 (0.26-0.49) <0.01 0.54 (0.38-0.77) <0.01 0.47 (0.34-0.66) <0.01 <0.01
BMI > 30 1.17 (0.79-1.74) 0.43
Comorbidities

Cardiovascular 0.53 (0.39-0.72) <0.01 0.79 (0.56-1.11) 0.18
disease

Diabetes 0.90 (0.63-1.27) 0.55

Malignancy 0.55 (0.37-0.82) <0.01 0.66 (0.43-1.01) 0.06 0.65 (0.42-0.99) 0.05 0.08

Chronic lung 0.73 (0.47-1.14) 0.16

disease

Chronic kidney 0.61 (0.39-0.94) 0.03 0.93 (0.57-1.51) 0.76

disease

Chronic liver 1.13 (0.63-2.03) 0.69

disease

0.79 (0.41-1.50) 0.47
Immunodeficiency
Smoking status

Current smoking 1 (ref.)

Ex smoker 1.52 (0.67-3.47) 0.32

Never smoking 1.53 (0.69-3.40) 0.29

Characteristics Crude OR of the risk of p- Adjusted OR of the risk of p- Adjusted OR of the risk of long p- | Corrected p-value
long delay between value | long delay between symptom | value | delay between symptom onset | value | (Holmes multiple
symptom onset and onset and hospital admission and hospital admission (>5 d) testing correction)

hospital admission (>5 d) (>5 d) (ie. complete model) (ie. parsimonious model) (CI
(C195%)* (C195%)° 95%)°
Symptoms at
admission
History of fever/ 1.57 (1.07-2.30) 0.02 1.28 (0.83-1.95) 0.26
chills

Weakness 1.40 (1.01-1.95) 0.04 1.52 (1.06-2.18) 0.02 1.53 (1.07-2.19) 0.02 0.08

Cough 2.13 (1.54-2.96) <0.01 1.47 (1.03-2.10) 0.03 1.56 (1.10-2.22) 0.01 0.08

Shortness of 1.51 (1.10-2.06) 0.01 1.20 (0.84-1.70) 0.31

breath

Diarrhea 1.45 (1.04-2.01) 0.03 1.22 (0.85-1.75) 0.28

Mpyalgia 1.83 (1.24-2.69) <0.01 1.38 (0.89-2.13) 0.15

Abdominal pain 0.83 (0.48-1.43) 0.50

Chest pain 1.60 (0.86-2.98) 0.14

Joint pain 1.52 (0.48-4.84) 0.48

Nausea 1.15 (0.75-1.75) 0.53

Headache 1.66 (1.07-2.57) 0.02 1.02 (0.62-1.69) 0.94

Confusion 0.41 (0.25-0.68) <0.01 0.56 (0.33-0.96) 0.04 0.52 (0.31-0.89) 0.02 0.08

Runny nose 1.39 (0.83-2.34) 0.22

Ageusia 5.06 (2.57-9.94) <0.01 2.58 (1.17-5.71) 0.02 2.61 (1.20-5.71) 0.02 0.08

Anosmia 5.03 (2.48-10.19) <0.01 2.28 (0.98-5.29) 0.06 2.50 (1.10-5.70) 0.03 0.08

Sore throat 1.08 (0.51-2.30) 0.84

Biological
parameters
(Continued)
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Table 2. (Continued)

White blood
cells > 10 G/L

Neutrophils > 7.5
G/L

Lymphocytes < 1
G/L

CRP > 100 mg/L

0.86 (0.57-1.30)

0.88 (0.60-1.31)

1.10 (0.82-1.48)

1.72 (1.27-2.33)

0.48

0.54

0.51

<0.01 1.76 (1.24-2.48) <0.01 1.84 (1.32-2.55) <0.01 <0.01

NOTE: BMI: Body mass index, CRP: C-reactive protein

%in univariate analysis,

b

in multivariate analysis, the complete model included all variables with p<0.10 in univariate analysis,

“in multivariate analysis, the model included the variables retained after backward selection, ie. age >75 y. 0., malignancy, weakness, cough, confusion, ageusia, anosmia

and CRP > 100 mg/L

https://doi.org/10.1371/journal.pone.0261428.t1002

fatality rate from COVID-19 in South Korea was attributed to a rapid presentation to health
care facilities as soon as symptoms appeared [21]. This observation has also been reported for
other viral respiratory diseases, such as influenza, where more severe clinical presentation with
admission to ICU have been associated to late laboratory diagnosis [22]. This work showed
that a long delay between symptom onset and hospital admission was associated with an
increase in ICU admission. However, it showed also that patient characteristics (e.g. age,
comorbidities such as cardiovascular diseases) changed according to the delay between symp-
tom onset and hospital admission, and could act as confounding factors. Indeed, the differ-
ences in patient characteristics, biological signs or imaging procedures, in particular age,
inflammatory levels, or computed tomography detected lung lesions according to the delay
between symptom onset and hospital admission have been reported to be closely linked to the
clinical course of the disease and the prognosis [23, 24]. Investigating the association between
delay of hospital admission and ICU admission is complex in the context of our study because
of the heterogeneity of the population, the close relationship between ICU admission, age and
patient health conditions. In addition, it is known that the first wave of COVID-19 created
overloads in the healthcare system due to the limited number of beds in ICU [25, 26]. Our data
did not allow to investigate whether the lower proportion of ICU admission in older patients
was the result of or the presence of a large proportion of patients with do-not-resuscitate
decisions.

Plasmatic level of CRP>100 mg/L was found to be associated with a long delay between
symptom onset and hospital admission. It is known that hyper inflammation can occur during
the clinical course of the disease [27] and that elevated plasmatic level of inflammatory bio-
markers (such as CRP) were associated with COVID-19 severity [28]. Our results showed that
clinical presentation at admission could be associated with the delay between symptom onset
and hospital admission, even if the variables did not reach significance after correction for
multiple testing (p = 0.08). Confusion at admission tended to be associated with a short delay
between symptom onset and hospital admission, as already reported in the literature [29]. This
observation could be explained by an early COVID-19 diagnosis and hospital admission in
cognitively impaired persons, for example institutionalized persons or individuals with
dementia [30]. Ageusia and anosmia tended to be associated with a long delay between symp-
tom onset and hospital admission, whilst they are typically early symptoms [31]. A classifica-
tion bias might explain this observation, as these two symptoms have a long time of recovery,
up to several weeks [31].
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None of the studied comorbidities was associated with the delay between symptom onset
and hospital admission, despite a statistical significance of cardiovascular diseases, malignancy,
chronic kidney diseases in univariate analysis. These factors, described as risk factors for
COVID-19 severity in other studies [32-34] are closely associated with age, which seems to be
the major determinant of the delay between symptom onset and hospital admission.

The prospective character of the study design and data collection using a standardized pro-
tocol are the main strengths of the study implemented early in the pandemic. The study could
bring additional findings that will inspire future exploration of the complex link between
patient characteristics, delay of hospital admission and outcome for this emerging infection.

This study has however some limitations. We did not collect parameters such as socioeco-
nomic status, known to be associated with access to care for other diseases [21]. Also, a bias
might exist as governmental guidelines changed from March 2020 and during the entire
COVID-19 pandemic, the French government recommended the general population to first
call their general practitioner (GP) in case of suspicion of COVID-19. GPs had to prescribe
nasopharyngeal swabs for COVID-19 confirmation, to assess the clinical severity of the
COVID-19 confirmed patients and to call the emergency department to inform the hospital
for those requiring hospitalization. Finally, the statistical power of the study could be too low
to detect an independent effect between delay of hospital admission and patient characteristics.

In conclusion, delay between symptom onset and hospital admission is a key issue regard-
ing prognosis. It can be related to individual characteristics, organization of care and/or a
pathogenic process increasing the need for healthcare (e.g. exacerbation of a chronic disease).
The respective contribution of these factors remains challenging to determine. Improving
access to diagnosis, clinical surveillance and access to care after symptom onset is essential to
avoid severe clinical symptoms in patients with high risk of severe disease. It could also reduce
the rate of transmission during the interval between symptom onset and hospital admission,
particularly in patients with a delayed diagnosis (e.g. young patients), by informing them
about the prevention measures to apply. In this context, patient surveillance using a telemedi-
cine system could be an innovative approach [35].
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