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The interval between onset and admission predicts disease 
progression in COVID-19 patients 
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Background: The prognostic role of the interval between disease onset and hospital admission (O-A 
interval) was undetermined in patients with the coronavirus disease 2019 (COVID-19).
Methods: A total of 205 laboratory-confirmed inpatients admitted to Hankou hospital of Wuhan 
from January 11 to March 8, 2020 were consecutively included in this retrospective observational study. 
Demographic data, medical history, laboratory testing results were collected from medical records. 
Univariate and multivariate logistic regression models were used to evaluate the prognostic effect of the 
O-A interval (≤7 versus >7 days) on disease progression in mild-to-moderate patients. For severe-to-critical 
patients, the in-hospital mortality and the length of hospital stay were compared between the O-A interval 
subgroups using log-rank test and Mann-Whitney U test, respectively.
Results: Mild-to-moderate patients with a short O-A interval (≤7 days) are more likely to deteriorate to 
severe-to-critical stage compared to those with a long O-A interval (>7 days) [unadjusted odds ratio =2.93, 
95% confidence interval (CI), 1.32–6.55; adjusted odds ratio =3.44, 95% CI, 1.20–9.83]. No association was 
identified between the O-A interval and the mortality or the length of hospital stay of severe-to-critical patients.
Conclusions: The O-A interval has predictive values for the disease progression in mild-to-moderate 
COVID-19 patients. Under circumstances of the specific health system in Wuhan, China, the spontaneous 
healthcare-seeking behavior is usually determined by patients’ own heath conditions. Hence, the O-A 
interval can be reflective of the natural course of COVID-19 to some extent. However, our findings should 
be validated further in other cohorts and in other health systems. 
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Introduction

The coronavirus disease 2019 (COVID-19) caused by the 
infection of severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2) has rapidly spread around the world. As 
of June 24, 2020, the World Health Organization reported 
a total of 9,110,186 COVID-19 cases globally, with crude 
mortality of 5.19%. 

The clinical spectrum of SARS-CoV-2 infection ranges 
from asymptomatic infection and mild upper respiratory 
tract illness to severe pneumonia with respiratory failure 
and even death (1). Early detection of patients who are 
likely to develop severe illness is important and can help 
clinicians to optimize use of limited resources. Many 
predictive factors for severity of COVID-19 have been 
investigated and reported, including age, comorbidities (for 
example, hypertension, diabetes), laboratory test results, 
radiological findings etc. (2-12).  

The COVID-19 crisis is an unprecedented challenge 
to health systems worldwide. Every country tries to find 
their own ways to fight against the pandemic. In China, the 
health system and government devote enormous resources 
to finding and curing every COVID-19 patient to effectively 
contain the epidemic. Suspected COVID-19 patient with or 
without symptoms can go to see a doctor at fever clinics of a 
tertiary hospital and get admitted to the designated hospital 
for COVID-19 if the COVID-19 diagnosis is confirmed. 
In United Kingdom, suspected COVID-19 patients with 
symptoms are usually advised to self-isolate at home and 
not to seek medical attention from National Health Service 
(NHS) until they cannot cope with their symptoms or their 
conditions get worse. These measures are useful to contain 
the epidemic and relieve the pressure of NHS. However, 
these measures may also lead to delays in patients receiving 
treatments to some extent. Wu et al. reported that early 
antiviral treatments may alleviate the severity and improve 
the prognosis of COVID-19 patients (13). Whether 
and how the interval between disease onset and hospital 
admission impacts on the prognosis of COVID-19 patients 
is worthy of investigation.

In current retrospective observational study, we aim 
to investigate the prognostic role of the interval between 
onset and admission (O-A interval) in COVID-19 patients. 
We present the following article in accordance with the 
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/atm-20-5320).

Methods

Participants

COVID-19 inpatients admitted to Hankou hospital of 
Wuhan (a tertiary designated hospital for COVID-19, 
reinforced by the medical stuff from hospitals of Sun Yat-sen 
University) from January 11, 2020 to March 8, 2020 were 
consecutively included in this study. COVID-19 diagnoses 
were confirmed by positive real-time reverse-transcription 
polymerase chain reaction (RT-PCR) assay for nasal or 
pharyngeal swab specimens as previously reported (1).  
Patients without laboratory-confirmed evidences of SARS-
CoV-2 infection were excluded from the study. The study 
was conducted in accordance with the Declaration of 
Helsinki (as revised in 2013). This study was approved 
by the Institutional Review Board of the First Affiliated 
Hospital of Sun Yat-sen University (approval number: 
2020-128); written informed consent was waived owing to 
the use of unidentified retrospective data.

Data collection

Demographic data, medical history, laboratory testing 
results, and medication treatments of included patients were 
collected from electronic medical records using a predefined 
form independently by two clinicians. Specially, the O-A 
interval was defined as the time from initial symptoms 
(mainly fever, cough, fatigue) onset to the date of admission, 
which could be extracted from the chief complains and the 
history of present illness in medical records. Disease severity 
on admission and the most severe form of the disease 
during the hospitalization of each patient were evaluated 
independently by two experienced clinicians by reviewing 
the medical records, and any disagreement was resolved by 
discussion to achieve a consensus. Mild cases were defined 
as patients with mild clinical symptoms and no sign of 
pneumonia on computer tomography imaging. Moderate 
cases were defined as patients with fever or/and respiratory 
tract symptoms and manifestations of pneumonia on 
computer tomography imaging. Severe cases were 
defined as patients met with any of the following criteria: 
(I) shortness of breath, respiration rate ≥30 times/min;  
(II) the oxygen saturation measured by pulse oximetry 
≤93% in resting state; (III) the ratio of arterial partial 
pressure of oxygen to fraction of inspiration oxygen  
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≤300 mmHg. Critical cases were defined as patients met 
with any of the following criteria: (I) respiratory failure, in 
need of mechanical ventilation; (II) shock; (III) other organ 
failure, admission to the intensive care unit. Data cut-off 
date was March 15, 2020.

Outcomes

For patients with mild-to-moderate disease on admission, 
the outcome was defined as disease deteriorating to severe-
to-critical stage during hospitalization. For patients 
with severe-to-critical disease on admission or during 
hospitalization, two types of outcomes were evaluated: 
death during hospitalization (time-to-event data) and length 
of hospital stay. 

Statistical analysis

Normal distributed variables were displayed as mean ± 
standard deviation and compared by independent-samples 
t-test. Non-normal distributed continuous variables were 
displayed as median (interquartile range) and compared by 
Mann-Whitney U test. Categorical variables were displayed 
as frequency (percentage) and compared by Pearson χ2 test 
or Fisher’s exact test. Univariate and multivariate logistic 
regression models were used to evaluate the role of the O-A 
interval in predicting disease progression. Log-rank test 
was used to compare the mortality rates of severe-to-critical 
patients with different O-A intervals. A two-sided P value 
<0.05 was considered statistically significant. Statistical 
analyses were conducted using Stata 14.1 (StataCorp). 

Results

Characteristics of patients

A total of 205 patients were included in this study with a 
mean age of 58.4 years old. Male patients accounted for 
47.8% of the cohort. Among the whole cohort, 118 patients 
were classified as mild-to-moderate cases on admission. 
Detailed demographic characteristics, laboratory findings 
on admission, and medication treatments are summarized 
in Table 1. The variables, C-reactive protein (CRP) and 
D-dimer, have the highest missing data rates, which are 
31.7% and 24.4%, respectively. Patients with severe-to-
critical disease on admission seem to have higher neutrophil 
count, CRP, blood glucose, aspartate aminotransferase 
(AST), albumin, lactate dehydrogenase (LDH), fibrinogen, 
and D-dimer, shorter thrombin time (TT), and lower 
lymphocyte count compared to those with mild-to-
moderate disease. The median of O-A interval of the whole 
cohort is 10 (interquartile range, 6–14) days, and the O-A 
interval is not associated with disease severity on admission. 
The patterns of disease progression are shown in Figure 1.

Prognostic role of the O-A interval

During the data extraction, we found that patients usually 
reported the time of symptoms onset using “week(s)” or 
“10 days” when the O-A interval was longer and they could 
not recall the date of onset exactly. Considering above, we 
defined the O-A interval ≤7 days as short interval, while the 
O-A interval >7 days as long interval.

Of the 118 patients with mild-to-moderate disease on 

Table 1 Characteristics of COVID-19 patients

Characteristics
COVID-19 severity on admission

P value 
Total (N=205) Mild-to-moderate (N=118) Severe-to-critical (N=87)

Demographic

Age, year 58.4±13.5 57.2±13.5 60.1±13.3 0.131a

Male 98 (47.8%) 56 (47.5%) 42 (48.3%) 0.908b

O-A interval, day 10 [6–14] 10 [6–14] 10 [7–14] 0.270c

Comorbidity

Any 91 (44.4%) 49 (41.5%) 42 (48.3%) 0.336b

Diabetes 36 (17.6%) 19 (16.1%) 17 (19.5%) 0.522b

Hypertension 64 (31.2%) 35 (29.7%) 29 (33.3%) 0.575b

Table 1 (continued)
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Table 1 (continued)

Characteristics
COVID-19 severity on admission

P value 
Total (N=205) Mild-to-moderate (N=118) Severe-to-critical (N=87)

CVD 24 (11.7%) 12 (10.2%) 12 (13.8%) 0.425b

COPD 8 (3.9%) 4 (3.4%) 4 (4.6%) 0.725d

Laboratory findings on admission

WBC count, ×109/L 5.0 (3.8–6.8), n=196 4.6 (3.7–6.0), n=114 5.6 (3.9–7.9), n=82 0.140c

Neutrophil count, ×109/L 3.5 (2.4–5.4), n=196 3.3 (2.3–4.5), n=114 4.1 (2.5–6.9), n=82 0.036c

Lymphocyte count, ×109/L 0.8 (0.6–1.2), n=196 1.0 (0.7–1.4), n=114 0.7 (0.5–0.9), n=82 <0.001c

Neutrophil-to-lymphocyte ratio 4.13 (2.17–8.00), n=196 3.35 (1.89–5.93), n=114 5.13 (2.85–11.85), n=82 <0.001c

Platelet count, ×109/L 194 [148–273], n=196 200 [155–275], n=114 174.5 [138–273], n=82 0.304c

Hemoglobin, g/L 126 [117–137], n=196 128 [120–140], n=114 125 [114–136], n=82 0.050c

C-reactive protein, mg/L 32.0 (7.7–36.0), n=140 21.1 (3.6–35.0), n=85 35.1 (30.0–36.6), n=55 <0.001c

Glucose, mmol/L 6.08 (5.11–8.25), n=188 5.57 (4.95–7.31), n=112 6.89 (5.53–9.34), n=76 <0.001c

Alanine aminotransferase, U/L 25 [17–40], n=194 24 [16–37], n=114 26 [17–42], n=80 0.199c

Aspartate aminotransferase, U/L 28 [20–40], n=194 27 [19–35], n=114 31 [23–48], n=80 0.005c

Total bilirubin, mmol/L 8.6 (6.4–11.7), n=194 8.5 (6.4–10.5), n=114 9.3 (6.3–13.9), n=80 0.122c

Albumin, g/L 34.6 (31.0–36.9), n=194 35.0 (31.8–37.7), n=114 33.3 (29.9–35.7), n=80 0.008c

Globulin, g/L 29.7 (26.4–32.9), n=194 29.8 (25.9–33.0), n=114 29.5 (26.5–32.2), n=80 0.753c

Blood urea nitrogen, mmol/L 4.58 (3.39–5.85), n=190 4.30 (3.27–5.49), n=112 5.00 (3.53–7.05), n=78 0.063c

Serum creatinine, μmol/L 65 [54–80], n=191 65 [54–78], n=113 70 [53–85], n=78 0.364c

Lactate dehydrogenase, IU/L 247 [188–344], n=185 218 [180–285], n=112 310 [214–415], n=73 <0.001c

Prothrombin time, s 14.2 (13.1–16.5), n=185 13.9 (13.1–15.6), n=106 14.5 (13.4–17.7), n=79 0.055c

International normalized ratio 1.1 (1.03–1.22), n=185 1.1 (1.03–1.17), n=106 1.14 (1.05–1.28), n=79 0.133c

APTT, s 34.8 (31.1–37.7), n=185 34.8 (31.1–37.0), n=106 34.9 (31.1–39.5), n=79 0.276c

Thrombin time, s 15.2 (14.5–16.0), n=185 15.4 (14.7–16.0), n=106 15 (14.4–15.8), n=79 0.019c

Fibrinogen, g/L 3.65 (2.92–4.48), n=185 3.53 (2.87–4.27), n=106 4.06 (3.02–4.62), n=79 0.021c

D-dimer, mg/L 0.29 (0.10–1.20), n=155 0.23 (0.08–0.69), n=89 0.54 (0.14–1.77), n=66 0.020c

Medication treatments during hospitalization

Antivirals 71 (34.6%) 38 (32.2%) 33 (37.9%) 0.394b

Antibiotics 180 (87.8%) 99 (83.9%) 81 (93.1%) 0.047b

Intravenous steroids 110 (53.7%) 53 (44.9%) 57 (65.5%) 0.003b

Intravenous immunoglobulin 48 (23.4%) 24 (20.3%) 24 (27.6%) 0.226b

Traditional Chinses medicine 56 (27.3%) 35 (29.7%) 21 (24.1%) 0.380b

All values are noted as mean ± standard deviation, frequency (percentage) or median (interquartile range). n represents the number of  
patients with available data. O-A interval, the interval between onset and admission; CVD, cardiovascular or cerebrovascular disease; 
COPD, chronic obstructive pulmonary disease; WBC, white blood cell; APTT, activated partial thromboplastin time. a, independent-samples  
t-test; b, Pearson χ2 test; c, Mann-Whitney U test; d, Fisher’s exact test.
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Figure 1 Overview of disease progression patterns in COVID-19 patients.

admission, 37 patients deteriorated to severe-to-critical 
stage during hospitalization (Figure 1). The characteristics 
of mild-to-moderate patients with different O-A intervals 
are summarized in Table S1. Univariate logistic regression 
analysis revealed that the short O-A interval is associated 
with higher risk of disease progression [odds ratio (OR) 
=2.93, 95% CI, 1.32–6.55] (Table 2). After reviewing 
previous studies (2-10) and consultation with experienced 
clinicians, we select age (>60 vs. ≤60 y), comorbidities 
(including hypertension, diabetes, cardiovascular or 
cerebrovascular disease, and chronic obstructive pulmonary 

disease), neutrophil-to-lymphocyte ratio (NLR), CRP, 
D-dimer, total bilirubin, albumin, blood urea nitrogen 
(BUN), LDH as potential covariates to adjust the effect of 
the O-A interval in a multivariate logistic regression model. 
However, CRP and D-dimer are ruled out because of the 
high proportion of missing data. Among other coagulation 
indexes (prothrombin time, international normalized ratio, 
activated partial thromboplastin time, TT, fibrinogen), 
we choose TT to replace D-dimer as TT is most closely 
correlated with D-dimer (Table S2). Considering the limited 
sample size, only covariates with statistically significant 

Table 2 Unadjusted and adjusted prognostic role of O-A interval on disease progression

Variables
Univariate regression Multivariate regression

OR (95% CI) P value OR (95% CI) P value

O-A interval (≤7 vs. >7 d) 2.93 (1.32–6.55) 0.009 3.44 (1.20–9.83) 0.021

Age (>60 vs. ≤60 y) 5.00 (2.15–11.64) < 0.001 2.22 (0.72–6.87) 0.166

Comorbidity (any vs. none) 3.48 (1.54–7.83) 0.003 2.80 (0.88–8.91) 0.081

Neutrophil-to-lymphocyte ratio 1.08 (1.00–1.06) 0.043 1.03 (0.92–1.16) 0.560

Thrombin time, s 1.11 (0.94–1.31) 0.206

Total bilirubin, mmol/L 1.08 (0.97–1.20) 0.170

Albumin, g/L 0.93 (0.85–1.00) 0.061

Blood urea nitrogen, mmol/L 1.28 (1.06–1.55) 0.010 1.31 (0.93–1.83) 0.120

Lactate dehydrogenase, IU/L 1.01 (1.00–1.01) 0.001 1.01 (1.00–1.01) 0.010

Complete-case analysis was adopted in multivariate logistic regression model. 106/118 cases were included in multivariate analysis, and 
34/106 cases experienced disease deterioration. O-A interval, the interval between onset and admission; OR, odds ration; CI, confidence 
interval.

https://cdn.amegroups.cn/static/public/ATM-20-5320-supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-20-5320-supplementary.pdf
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prognostic effects in the univariate logistic regression 
model (P value <0.05) can enter the multivariate logistic 
regression model. Finally, age, comorbidities, NLR, LDH, 
and BUN entered the multivariate logistic regression model 
as covariates. After adjustment, the short O-A interval 
is still associated with higher risk of disease progression  
(OR =3.44, 95% CI, 1.20–9.83) (Table 2).   

Of 124 patients with severe-to-critical disease on 
admission or during hospitalization, 8 patients died, 103 
patients recovered and got discharged, and 13 patients were 
still in hospital by the data cut-off date (Figure 1). We did 
not find prognostic effects of the O-A interval on death 
rates of severe-to-critical patients during hospitalization 
(Figure 2A). Besides, we did not find impacts of the O-A 
interval on the length of hospital stay of discharged patients 
(Figure 2B).

Discussion

In this observational study, we investigated the potential 
prognostic effect of the O-A interval in COVID-19 
inpatients. We should understand what the O-A interval 
stands for before we can interpret the prognostic role 
of the O-A interval. In China, the hierarchical medical 
system is less developed, and citizens who feel unwell can 
go to see a doctor in a tertiary hospital directly without a 
reference from general physicians. If necessary, patients 
can be admitted to hospital by outpatient doctors. During 
the epidemic in Wuhan, tens of thousands of healthcare 
workers from other part of China reinforced the medical 

system of Wuhan to make sure that every suspected case 
was tested, and every confirmed case was treated properly. 
Under such circumstances in Wuhan, the spontaneous 
healthcare-seeking behavior is usually determined by 
patients’ own heath conditions. In addition, we found that 
the disease severity on admission was not associated with 
the O-A interval. Hence, the O-A interval is reflective of 
the time by which COVID-19 develops into a stage when 
patients find it necessary to go to hospital.  

To predict the prognosis of COVID-19 patients is to 
predict how the virus and host interact with each other. 
Symptoms, signs, laboratory test results, and imagining 
features can reflect the interaction between the virus 
and host partially, and can be of prognostic roles, as 
previously reported (2-10). In this study, we found that 
the O-A interval could predict disease progression during 
hospitalization in mild-to-moderate patients. Patients 
with the O-A interval ≤7 days could remember the date 
of initial symptoms onset precisely indicating that these 
initial symptoms were usually typical and impressive. The 
shorter O-A interval which indicates rapid symptoms 
worsening, may also reflect the nature of interaction 
between the virus and host. This may explain why mild-to-
moderate COVID-19 patients with shorter O-A interval 
are more likely to deteriorate during hospitalization. The 
O-A interval can be accessed from history taking easily 
on admission. This predictor can give clinicians quick 
impression about disease progression in mild-to-moderate 
patients and aid in making clinical decisions to some extent.  

On the other hand, the O-A interval does not seem to 

Figure 2 Prognostic role of the O-A interval in severe-to-critical patients. (A) Kaplan-Meier curves depicting mortality during 
hospitalization. (B) Boxplots depicting the length of hospital stay of discharged patients. O-A interval, interval between onset and admission.
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influence the mortality in patients with severe-to-critical 
disease. However, we should note that the statistical power 
in mortality analysis was low due to the small event number. 
We also compared the length of hospital stay between 
discharged severe-to-critical patients with a short O-A 
interval and those with a long O-A interval and found no 
difference. It seems that the O-A interval has no prognostic 
role in severe-to-critical patients. 

When we try to interpret the result in this study, we 
should bear in mind that the O-A interval reflects the 
nature course of COVID-19 under the circumstances of 
Chinese strategy against epidemic. In different countries 
or regions with different health systems adopting different 
anti-epidemic strategies, the O-A interval may have 
different meanings, and hence have different prognostic 
values. For example, in United Kingdom, people with mild 
diseases are encouraged to self-isolate at home and not to 
seek medical attention from NHS until they cannot cope 
with their symptoms or their conditions get worse. Under 
this circumstance, the O-A interval may be prognostic for 
patients who are present in the urgent care or emergency 
room and usually with severe form of COVID-19, which 
can help healthcare providers at those situations decide the 
disposition of the patients. However, whether the longer 
O-A interval caused by delay in receiving treatments would 
influence the prognosis of COVID-19 patients or not still 
needs to be further investigated by cross-regional studies in 
the future.

Some limitations of this study should be noted. First, 
the statistical power was limited by the small sample size 
of this study. Our findings should be validated in a larger 
cohort in other institutions in the future. Second, due 
to the retrospective study design, not all laboratory tests 
were done in all patients. Selection bias may be caused by 
excluding cases with missing data from analyses. Third, 
not all potential confounding factors were considered in 
multivariate analysis due to the limited sample size. CRP 
and D-dimer which are important prognostic factors in 
COVID-19 (8,14-17), were not included in the multivariate 
analysis due to the high proportion of missing data. 
However, in supplementary multivariate analyses including 
CRP or D-dimer as one of the covariates, the O-A interval 
remained to be an independent prognostic factor in mild-
to-moderate patients (Tables S3,S4).

Conclusions

The O-A interval can predict disease progression in 

COVID-19 patients. Mild-to-moderate patients with a 
short O-A interval (≤7 days) are more likely to deteriorate 
to severe-to-critical stage. Our findings should be validated 
in other cohorts and in other health systems.   
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