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Abstract

Background: To quantitatively assess the impact of the onset-to-diagnosis interval (ODI) on severity and death for
coronavirus disease 2019 (COVID-19) patients.

Methods: This retrospective study was conducted based on the data on COVID-19 cases of China over the age of
40 years reported through China’s National Notifiable Infectious Disease Surveillance System from February 5, 2020 to
October 8, 2020. The impacts of ODI on severe rate (SR) and case fatality rate (CFR) were evaluated at individual and
population levels, which was further disaggregated by sex, age and geographic origin.

Results: As the rapid decline of ODI from around 40 days in early January to <3 days in early March, both CFR and SR
of COVID-19 largely dropped below 5% in China. After adjusting for age, sex, and region, an e ect of ODI on SR was
observed with the highest OR of 2.95 (95% Cl 2.37-3.66) at Day 10-11 and attributable fraction (AF) of 29.1% (95% ClI
22.2-36.1%) at Day 8-9. However, little e ect of ODI on CFR was observed. Moreover, discrepancy of e ect magnitude
was found, showing a greater e ect from ODI on SR among patients of male sex, younger age, and those cases in
Wuhan.

Conclusion: The ODI was significantly associated with the severity of COVID-19, highlighting the importance of
timely diagnosis, especially for patients who were confirmed to gain increased benefit from early diagnosis to some
extent.
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Introduction
Coronavirus disease 2019 (COVID-19) caused by a novel
RNA virus (SARS-CoV-2) has widely spread to become
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ize COVID-19 pandemic, which varied substantially by
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population demography and across geographic region,
and maintained high levels in early stage of the epidemic
[3-5]. In the context of countries/regions with continu-
ing epidemic, the estimation of CFR remained challeng-
ing, which also hindered a rational estimation of the
mortality related factors. Although previous e orts have
produced consistent results that older age, male sex as
well as underlying comorbidities were risk factors for
poor outcomes in COVID-19 cases [6—12], conflicting
views remained for many other uncertain factors, such
as ethnicity, delayed hospitalization, poverty, obesity,
etc. [13—18]. Delay between symptom onset to diagnosis
was considered as a risk factor for severe or death out-
come [19-24], however, it remained obscure whether
these risky behaviors were independently associated with
adverse disease, and whether there is modifying e ect on
the association between them [25].

e epidemic in China has been largely brought under
control, as fatal case number since the end of April 2020
has been brought under 5 [26]. As of October 8, 2021,
China had reported a total of 85 521 COVID-19 cases
[27]. is has allowed a validated analysis for a cred-
ible estimation of these undetermined factors using the
national reportable data. Here, by performing a nation-
wide analysis using a national dataset, we aimed to
examine the e ect of delay between symptom onset to
diagnosis on mortality and severe risk among population
subgroups by sex, age, and epidemic regions.

Methods

Data sources

Since COVID-19 was included in the list of Chinese
notifiable infectious disease on January 21, 2020, each
COVID-19 case was required to report to China CDC
though the National Notifiable Infectious Diseases Sur-
veillance System of China (NNIDSS) [28]. Individual
data, including demographical information, exposure
history, clinical manifestations and signs, physical exami-
nations [e.g., chest X-ray or computed tomography (CT)
scanning], clinical complications, and underlying condi-
tion were collected from the medical records.

Patient eligibility criteria

is retrospective study was performed based on the
data of confirmed COVID-19 cases reported through
NNIDSS from February 5, 2020 to October 8, 2020.
According to the National Health Commission of the
People’s Republic of China “Diagnosis and Treatment
Program for Novel Coronavirus Infected Pneumonia”
[29], all COVID-19 cases were confirmed by real-time
polymerase chain reaction (PCR) and clinical manifes-
tations. In addition, in the early stage of the epidemic,
medical imaging examinations such as CT and X-rays
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were also used to confirm cases in Wuhan. We excluded
people younger than 40 years old due to their low mortal-
ity and low severe rates. In addition, asymptomatic cases
and imported cases from abroad were also excluded from
the study.

Outcomes

is study used death and clinical severity as main study
outcomes. Severe and mild cases were classified by the
“Diagnosis and Treatment Scheme of New Coronavirus
Infected Pneumonia” [29].

Ethics declaration

National Health Commission of the People’s Republic of
China decided to collect and analyze the COVID-19 case
data to control the outbreak. is study was approved by
the ethical review committee of the Chinese Center for
Disease Control and Prevention (2020-026). Data were
de-identified, and informed consent was waived by the
ethical review committee of the Chinese Center for Dis-
ease Control and Prevention.

Statistical analysis

For confirmed patients with COVID-19, the onset-to-
diagnosis interval (ODI) was defined as the interval in
days from symptom onset to laboratory diagnosis. In
China, patients with positive nucleic acid tests were
defined as confirmed cases after they had clinical symp-
toms or signs, so the ODI of all cases was greater than or
equal to 0.

e median and interquartile range (IQR) were used
to describe the ODIs, which were compared among sex,
and age groups (40-59 years, 60-69 years, and > 70 years)
by Wilcoxon rank-sum test or Kruskal-Wallis rank-sum
test. e ODI, severe rate (SR) and CFR in all the cases
were delineated and compared between two regions
(Wuhan vs. outside Wuhan).

e factors potentially associated with ODI were ana-
lyzed using multivariate linear regression model, which
had accounted for sex, age and region. e profile of SR
and CFR in response to the ODI was explored by Join-
Point regression (JPR) model to identify the turning
points of ODIs at which the significant change of SR and
CFR could be marked. Given that CFRs and SRs followed
abnormal distribution, natural log-linear model was used
to estimate the linear trends of annual percentage change
(APC) as recommended. Under a log-linear model, rates
change at a constant percentage by each day of the inter-
val, was calculated as a fixed APC. Positive or negative
value of APC with statistical significance indicated an
increasing or decreasing trend respectively, while non-
significant (P > 0.05) APC was considered as stable trend.
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Logistic regression model was applied to evaluate
the effects of ODI on the severe or fatal outcome. For
the categorical grouping, the ODI within 19 days was
subgrouped by a two-day interval, i.e., 0-1, 2-3, 4-5...,
and 18-19. A series of logistic regression models were
applied to evaluate the impact of different ODIs with
the shortest interval of 0—1 day used as reference. All
analysis was performed with sex, age and geographic
region included, based on which the adjusted odds
ratio (OR) and 95% confidence interval (Cl) were esti-
mated. In addition, attributable fraction (AF) of ODI
to severe or fatal outcome was estimated by age, sex
and region.

We estimated the possible overall numbers of severe
cases and deaths under predesigned 16 scenarios, in
which if all patients were diagnosed within 0, 1, 2, ...,
and > 15 days after symptom onset. Based on the real
SRs and CFRs reported under different ODIs from 0
to> 15 days in 12 patient subgroups classified by age
groups (40-59 years, 60-69 years, and>70 years),
sex (male and female), and regions (Wuhan and out-
side Wuhan), we projected the numbers of severe or
deceased cases for each subgroups and respectively
for each of the predesigned 16 scenarios, and then the
overall number of severe or deceased cases were esti-
mated by summating the numbers of 12 subgroups for
each of 16 scenarios.

All data analyses were performed using the R 3.6.2
(R Foundation for Statistical Computing, Vienna, Aus-
tria). All P-values were two sided and a P-value<0.05
was considered as significant.
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Results

From 5 February 2020 to 8 October 2020, a total of 16
077 COVID-19 cases over the age of 40 years old (47.5%
male, 21.8% aged > 70 years, 71.7% from Wuhan) were
recruited in 31 provinces in the mainland of China
(Table 1). Severe and fatal outcomes were recorded
from 1 792 and 837 cases, giving a SR of 11.1% and
CFR of 5.2%, respectively. Compared with other regions
in China, Wuhan had a higher proportion of patients
aged > 70 years (23.6% vs. 17.4%), as well as significantly
higher rates of severe outcome and deaths. As the rapid
decline of ODI from about 40 days in early January 2020
to<3 days in early March, both COVID-19 related CFR
and SR largely decreased, till to below 5% (Fig. 1). e
ODI, as well as the SR and CFR were maintained at a
similar level among most provinces of China during the
entire epidemic period except Wuhan (Additional file 1:
Fig. S1).

ODI and related factors
We profiled the ODIs in terms of age and sex for Wuhan
and outside Wuhan separately. e overall median ODI
was 4 days (IQR 2-7), while Wuhan had longer median
ODls than outside Wuhan (Table 1, Additional file 1: Fig.
S2). In general, the ODI appeared to be slightly longer
in female cases and cases aged 60-69 years, and notably
longer in Wuhan and among both severe cases than their
counterparts (all P<0.001, Table 1). However, fatal cases
did not appear to have a longer ODI relative to non-death
cases.

Multivariate linear regression model further revealed

significantly longer ODIs in female, cases aged
Table 1 The demographical characteristics and onset-to-diagnosis intervals (ODI) of COVID-19 cases
Variables All cases Wuhan Outside Wuhan P*
n (%) ODI, M (IQR) P n (%) ODI,M(IQR) P n (%) ODI,M(IQR) P

Sex <0.001 <0.001 0.158

Male  7640(475)  4(2-7) 5307 (461)  4(2-7) 2333(512) 3(1-5) <0.001

Female 8437 (525) 4(2-7) 6 216 (53.9) 5(2-8 2221(488) 3(1-5) <0.001
Age, years <0.001 0433 <0.001

40-59  8456(526)  4(2-7) 5669 (49.2)  4(2-8) 2787(612) 3(1-5) <0001

60-69 4114 (256) 4(2-7) 3139 (27.2) 5(2-8 975 (21.4) 3(1-6) <0.001

>70 3507 (21.8)  4(2-7) 2715(236)  4(2-8) 792 (17.4) 3(1-5) <0.001
Severe <0.001 <0.001 0.002

No 14285(88.9)  4(2-7) 10112 (87.8)  4(2-8) 4173 (91.6) (1-5) <0.001

Yes 1792 (11.1) 5(2-9 1411 (122) 6(3-9 381 (84) — <0.001
Death 0.971 0.047 0.655

No 15240 (948) 4 (2-7) 10794 (937)  4(2-8) 4446(976) 3(1-5) <0.001

Yes 837 (5.2) 4(2-7) 729 (6.3) 4(2-7) 108 (2.4) 3(1-5) <0.001
Total 16 077 (100.0) 4 (2-7) 11523 (100.0) 4 (2-8) 4554(1000) 3(1-5)

*Comparison on the medians of ODI between Wuhan and Outside Wuhan. M median; /QR interquartile range; COVID-19 coronavirus disease 2019
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60-69 years and cases in Wuhan (Additional file 1:
Table S1). Subgroup analysis showed that the pattern of a
longer ODI in sex was consistently seen in both regions,
but cases aged 60-69 years did not have a longer ODI in
Wuhan.

Profile of SR in relate to ODI

As a whole the SR increased from 7.0% to 20.0% and then
decreased to 8.0%, corresponding to the increase of ODI
from 0 to 20 days, with a turning point observed at Day
10 of the ODI. Before the turning point, the APC of SR
was 8.61% (P<0.05), but after that it was -6.66% (P<0.05)
(Fig. 2A).

With the increase of ODI, earlier appearing of turning
points and higher APCs of SR were found in patients of
males over females (10 days vs. 13 days for the turning
points, and 10.50% vs. 8.25% for APCs), in patients aged
40-59 years, 60-69 years, and aged > 70 years (10 days,
9 days and 13 days for the turning points, 13.47%, 14.90%
and 4.85% for APCs), and outside Wuhan over Wuhan
(10 days vs. 13 days for the turning points, 10.64% vs.
5.53% for APCs), respectively (Fig. 2B-D). Given the
same ODI, older age and from Wuhan both led to a

higher SR (Fig. 2C-D). e turning points of ODI for
those aged<70 years were significantly longer outside
Wuhan than in Wuhan, while it was comparable and
those aged > 70 years between two regions (Additional
file 1: Fig. S3).

Impact of ODI on severity of patients with COVID-19

A serial of SR-related ORs and AFs were evaluated
based on two-day grouping of ODIs, and also separately
delineated by sex, age and region over the whole study
period (Fig. 3A-D, Additional file 1: Tables S2-S3). All-
data based ODI risk functions showed a monotonic
pattern, with the highest OR of 2.95 (95% CI 2.37-3.66)
at Day 10-11 and AF of 29.1% (95% CI 22.2%-36.1%)
for severe outcome of COVID-19 cases observed at Day
8—9 after adjusting for age, sex and region (Fig. 3A).
A similar pattern was observed for the sex- or age-
specific ORs and AFs of severe outcome, disclosing
more robust adverse e ects of ODI for younger cases
(Fig. 3B-3C). e e ect of ODIs on SR was comparable
between two regions until to prolonged ODI of Day 8-9
(Fig. 3D). e magnitude of the association between
ODI and severe disease was continuously elevated in
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Wuhan, with the highest OR and AF observed at Day
10-11 and Day 8-9, while the OR and AF were elevated
to the highest level at Day 12—13 and Day 2—3 outside
Wuhan. Lower ORs of ODI for severe outcome in cases
aged > 70 years were observed both in Wuhan and out-
side Wuhan (Additional file 1: Fig. S4).

Profile of CFR in relate to ODI

ere appeared to be only a slight decrease in CFR as
ODI increased from 0 to 20 days (P>0.05) (Fig. 2E).
In addition to a slight increase in CFR in male cases, a
slight decrease in CFR was also observed in all age and
gender subgroups, with increasing ODI (Fig. 2F-G).
However, the linear correlation between CFR and ODI
was significant both in Wuhan and outside Wuhan,
with APCs of —2.17 and — 12.12, respectively (Fig. 2H).
When two regions were considered respectively,
only female cases and cases aged 60-69 years outside
Wuhan had a significant positive association between
CFR and ODI, with APCs of 6.99% and 7.88%, respec-
tively (Additional file 1: Fig. S3).

Impact of ODI on CFR of COVID-19

A serial of CFR-related ORs and AFs were evaluated
based on two-day grouping of ODIs, and were also sep-
arately delineated by sex, age and region over the whole
study period (Fig. 3E-H, Additional file 1: Table S4-S5).
Although ODIs of 2-3 days were shown to have signifi-
cant impacts on death outcome (P<0.05), the magnitude
of this risky e ect was minor, with OR of 2.17 and AFs
from 12.4%. Significant di erences were observed for
sex-, age-, and region-specific ORs and AFs of death out-
come, disclosing the adverse e ects of ODI on death out-
come were only seen among male cases, younger cases
aged 40-59 years, and cases from Wuhan (Fig. 3F-H).
Notably, male cases displayed an increasing risk of
COVID-19 death as the increase of ODI, with the high-
est OR of 1.39 (95% CI 1.05—1.85) and AF of 16.9% (95%
Cl 0.8—33.1%) at the ODIs of Day 2—3, while no such
e ect was observed for female cases (Fig. 3F, Additional
file 1: Table S4-S5). An increased risk of death from
the increase of ODI was observed from patients aged
40-59 years, with the OR of 2.03 (95% CI 1.20—3.46) and
AF of 33.6% (95% CI 9.0-58.2%) at the ODIs of Day 2—3,
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while no such e ect was observed for other age groups
(Fig. 3G, Additional file 1: Table S4-S5). e e ect of
ODI on fatal outcome was only observed in Wuhan,
with the OR of 1.31 (95% CI 1.03—1.67) and AF of 13.9%
(95% CI — 0.3 to 28.2%) at the ODIs of Day 2—3, while no
such e ect was observed outside Wuhan (Fig. 3H, Addi-
tional file 1: Tables S4-S5). Among the cases in Wuhan,
higher ORs of ODI for fatal outcome were demonstrated
in male than in female, in the 40-59 years group than in

the > 60 years group (Additional file 1: Fig. S5). Among
the cases outside Wuhan, insignificant associations were
observed in most two-day groups of ODI stratified by sex
and age.

Prediction of overall numbers of severe cases and deaths
for different scenarios

e estimated overall numbers of severe cases ranged
from 1 236 (95% CIl 683-2 047) to 1 801 (95% CI



Lu et al. BMC Infectious Diseases (2022) 22:674

1 553-2 076) under the 16 scenarios, which were sig-
nificantly increasing with the prolonged ODI. If all cases
were diagnosed within 10 days after symptom onset, the
predicted severe cases were estimated to be 1.4 times
of the scenario when all cases were diagnosed with 0 or
1 day after symptom onset (Fig. 4 and Additional file 1:
Table S6). If all cases were diagnosed within 15 days after
symptom onset, the predicted number of severe cases
was further increased to 1 801 (95% CI 1 553-2 076). For
prediction of deaths in di erent scenarios, the estimated
overall numbers ranged from 764 (95% CI 405-1 422) to
844 (95% CI 692-1 029), which slightly increased in relate
to the prolonged ODI, and with much lower magnitude
than those of severe cases. If all cases were diagnosed
before 3 days after symptom onset, only little reduc-
tion of death cases was obtained, which was close to the
actual number of death cases reported.

Discussion

ere were previous studies that have determined the
association between delayed hospitalization and adverse
outcome, however, yielding inconsistent results owing to
the discrepancy in terms of the considered outcome, the
sample size or the epidemic regions [19—24]. Herein by
performing an integrated data analysis on the reported
cases in China, we provided first evidence that early
diagnosis contributed to the decrease of COVID-19 SR,
however the impact on CFR was little. Moreover, a com-
plicated interaction was observed, indicating a greater
e ect from ODI on SR among patients of male sex,
aged 60-69 years, and those cases in Wuhan. From the
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perspective of public health, early diagnosis contributed
to the causal relationship from patients with younger age
on the severe outcome, in that it had taken account of
over 1.7-35.4% in the group of the 40-59 years and — 0.8
to 43.8% in the group of the 60-69 years related severe
outcome. However, only exerting minor e ect on the
causal relationship was observed for the patients aged
age > 70 years.

Moreover, the diverging patterns in the e ects of
ODI observed between men and women remained sta-
ble across geographic regions, supporting that the ODI
related reduced SR observed between sex and among
age were free of geographic interference.  ese findings
would favor the view that the vulnerability to ODI dif-
fered among the population, which might be the result of
adi erential host response to the disease. e underlying
physiological mechanisms by which ODI trigger di eren-
tial COVID-19 mortality in sex and age was postulated
to be mediated by age and sex specific immunological
responses, since for such an emerging and high conta-
gious disease as COVID-19, no heterogenicity on medi-
cal measures might be responsible for the apparent age or
sex di erences.

Aging had been well known to lead to numerous
physiological changes, including the deterioration of the
immune system, rendering the elderly more susceptible
to infections. Senescence of the immune system in the
elderly led to increased levels of tissue and circulating
proinflammatory cytokines in the absence of an immu-
nological threat where accumulating dysfunctional sub-
sets contribute to immune failure [30—32]. Age-related
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Fig. 4 The predictive and real numbers of severe and death cases according to the di erent cuto value of ODI
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changes in host immune activity in response to COVID-
19 disease had been identified in previous study which
involved alterations in the composition and functional
declines of diverse immune cells [33]. During process of
disease progression, the e ect from ODI was highly likely
to be overwhelmed by the predominant role of aging, as
the age increased, thus a greater e ect was observed from
the younger group instead.

e sex di erence in eliciting di erential host response
against SARS-COV-2 infection has been studied.
According to Takahashi et al's study, a more robust T cell
response was observed among female patients than male
patients at baseline, and poor T cell responses were asso-
ciated with future progression of disease in male patients
[34], which was related to a more rapid disease progres-
sion in male than in female patients. erefore, male
might be more vulnerable to longer ODI in progressing
into severe outcome, due to the host immune response
against SARS-COV-2 inherent to male.  ese di erences
in the baseline immune capabilities in male and female
patients during the early phase of SARS-CoV-2 infection
provide a potential basis for sex-dependent e ect from
ODl.

After the COVID-19 break, the Chinese government
sent a large number of medical sta to Wuhan from all
over the country and established several temporary hos-
pitals, which greatly relieved the pressure on the medical
system in Wuhan [35, 36]. However, due to the still large
number of COVID-19 cases, the accessibility of medical
services in Wuhan is still lower than that in other parts
of China, which leads to a longer ODI for COVID-19
patients in Wuhan. In addition, poor access to medical
services also made patients with severe illness not being
able to seek medical treatment in time in Wuhan, while
patients with longer ODI in other regions may be due to
milder symptoms.  erefore, we suggest that the case
classification mechanism should be improved to prior-
itize hospitalization for patients who are more likely to
develop severe disease when a pandemic arrives.

ere are some limitations in our study. First, we can-
not distinguish the e ects of the factors on the disease
outcome of COVID-19, such as availability of medi-
cal resource, types of treatment, health condition of
patients and so on. In many studies, the general reduc-
tion in disease mortality and risk along the epidemic
progress has been associated with medical care policy,
such as improvements in diagnosis capacity available,
health-care systems (e.g., rapid hospital admission and
improved treatment of patients) [37, 38], reduction
in risk factors (e.g., the intervention policy of social
distancing, isolation and quarantine), and planned
policies led by governments and public health agen-
cies [39—43]. All these policies had been reflected by
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a rapid diminishing of the diagnosis delay which was
witnessed after the major measured were adopted. Sec-
ond, changes in case definitions and intensity of test-
ing along with the epidemic might make a di erence
in the detection rate of patients with di erent sever-
ity, and could influence the estimates for the e ects of
ODI on the SR and CFR. We have rechecked the clini-
cal records of patients to include patients using a stand-
ard diagnosis criterion, thus could minimizing the bias
from misclassification.

In summary, we determined the correlation between
prolonged ODI and increased CFR and higher SR, with
a stronger correlation observed for male and younger
patients aged<70 years old, which might be explained
by the age-specific and sex-specific di erences in host
immunity responses to COVID-19. e reduction in risk
of mortality that di ered regarding age and sex highlights
the importance of taking a sex- and age-based approach
to the overall treatment and management, especially
when considering sex di erences in the immune response
to SARS-COV-2 infection. e current finding may also
change the health-seeking behavior of patients who were
confirmed to gain increased benefit from early diagnosis
to some extent.
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