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Background: To analyze the clinical characteristics and predictors for mortality of adult younger than
60 years old with severe coronavirus disease 2019 (COVID-19).

Methods: We retrospectively retrieved data for 152 severe inpatients with COVID-19 including 60 young
patients in the Eastern Campus of Wuhan University affiliated Renmin Hospital in Wuhan, China, from
January 31, 2020 to February 20, 2020. We recorded and analyzed patients’ demographic, clinical, laboratory,
and chest CT findings, treatment and outcomes data.

Results: Of those 60 severe young patients, 15 (25%) were died. Male was more predominant in deceased
young patients (12, 80%) than that in recovered young patients (22, 49%). Hypertension was more common
among deceased young patients (8, 53%) than that in recovered young patients (7, 16%). Compared with
the recovered young patients, more deceased young patients presented with sputum (11, 73%), dyspnea
(12, 80%) and fatigue (13, 87%). Only sputum, PSI and neutrophil counts were remained as independent
predictors of death in a multivariate logistic regression model. Among ARDS patients, the recovered were
administrated with corticosteroid earlier and anticoagulation. The addition of neutrophil counts >6.3x10°/L
to the SMART-COP score resulted in improved area under the curves.

Conclusions: Severe acute respiratory syndrome coronavirus 2 (SARS-Cov-2) infection in young deceased
patients appears to cause exuberant inflammatory responses, leading to compromised oxygen exchange,
coagulation and multi-organ dysfunction. In addition, young patients with ARDS could benefit from
adjuvant early corticosteroid and anticoagulation therapy. The expanded SMART-COP could predict the

fatal outcomes with optimal efficiency.
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Introduction worldwide in the following months. The rapid spread of

The novel coronavirus disease 2019 (COVID-19) was firstly severe acute respiratory syndrome coronavirus 2 (SARS-

identified in December 2019 and was quickly reported CoV-2), coupled with a lack of therapeutics, has paralyzed
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the globe. As of January 11, 2021, the World Health
Organization had received reports of 89,048,345 laboratory-
confirmed COVID-19 cases and 1,930,265 deaths from
223 countries, territories or areas (1). A cohort study based
on early 44,672 cases of China reported that most patients
were aged 30-79 years (86.6%), considered mild (80.9%)
and the overall case-fatality rate (CFR) is 2.3% (2). Despite
accurate assessment for CFR is difficult, it could be up to 1%
which is well beyond seasonal influenza at about 0.1% (3,4).
Compared with patients aged over 80 years old (9.3%), the
estimate of CFR for adults aged under 60 years old is less
than 0.2% (4). Older patients and those with underlying
conditions appear to be at the greatest risk for worse
outcomes (5,6).

Several severe patients may develop dyspnea and
hypoxemia, then exacerbate to life-threatening complications
and ultimately, death (5-7). Young COVID-19 patients may
also progress into severe illness with poor prognosis, which
should be taken seriously. However, little information is
available on clinical feature and risk factors for mortality of
young patients with severe COVID-19. Furthermore, some
studies published to date have been limited by small sample
size (8), or lack of adequate information (9,10). To identify
risk factors for young patients with severe COVID-19, and
determine the optimal case management and prevention
strategies, more detailed data are urgently needed.

Herein, we present details of 152 severe inpatients with
confirmed COVID-19 in designated hospitals in Wuhan-
Renmin Hospital of Wuhan University between January
31, 2020 and February 20, 2020. The aim was to compare
the clinical feature of adult younger than 60 years old with
that of patients aged 60 and older. We also attempted to
determine predictors for fatal outcomes and therapeutic
strategy of young patients with severe COVID-19.

We present the following article in accordance with the
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/jtd-21-120).

Methods
Study design and patients

During the COVID-19 outbreak in December 2019, the
Eastern Campus of Wuhan University affiliated Renmin
Hospital (Wuhan, China) was one of designated center
receiving severe or critically ill referrals from isolation
sites, fever clinic of the hospital or other hospitals. We
performed an observational cohort study in the Eastern

© Journal of Thoracic Disease. All rights reserved.

3629

Campus of Wuhan University affiliated Renmin Hospital.
From January 31, 2020 to February 20, 2020, a total of
60 young (defined as younger than 60 years old) severe
or critically ill inpatients diagnosed with COVID-19
were enrolled in our study. We also included 92 elderly
COVID-19 patients (defined as 60 and older) matched by
gender and severity degree of young patients. According
to the Guidelines for COVID-19 issued by the National
Health Commission of China (7th edition) (11), all included
patients were confirmed with COVID-19 and classified as
severe or critical (severe mentioned below including severe
and critical ill) (Figure S1). The final date of follow-up was
March 18, 2020. The study was conducted in accordance
with the Declaration of Helsinki (as revised in 2013). This
study was approved by the ethics committee of Renmin
Hospital, Wuhan University, China (WDRY2020-K048).
Individual patient informed consent was waived due to
given the non-interventional nature of the study. The
identification of patients was anonymized.

Data collection

Demographic, clinical, laboratory, and chest CT
characteristics, treatment and outcomes data were collected
retrospectively with information collection forms from
electronic medical records. A trained research team
from Zhongshan Hospital collected and reviewed the
data. Information retrieved included demographic data,
comorbidities, symptoms, vital signs at admission, initial
laboratory values, chest CT scans, treatment, complication,
and outcomes (recovery, death). The clinical type (Table S1)
and scores (PSI, CURB65, SMARTCOP, SOFA and
APACHE score) were determined within 24 hours at
admission (11). Guiling Xiang and Zilong Liu cross-
checked the data.

Treatment and outcome

The therapeutic principles included supportive therapy,
antiviral treatment, empirical antimicrobial treatment,
oxygen therapy, blood purification if necessary. We should
monitor vital signs, oxygen saturation, blood routine,
inflammatory marks, lung, liver, kidney, cardiac and blood
clotting functions. The complications included acute
respiratory distress syndrome (ARDS), acute kidney injury,
acute liver injury, acute cardiac injury, and so on (Table S2)
(12-15). The outcomes were recovery and death. The
criteria for recovery referred to improved respiratory
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symptoms, normal body temperature for at least 3 days, non-
progression in chest CT and two negative results on RT-
PCR for SARS-CoV-2 for more than 24 hours apart. We
compared the clinical characteristics and laboratory findings
of the severe young patients with previously reported data
for 38 young patients with COVID-19 in Hainan (8), 52
young patients with SARS in Hong Kong (16), and 150
American young patients with HINT1 influenza (17).

Statistical analysis

We presented continuous variables, categorical variables
as median (IQR) and number (%). The Mann-Whitney U
test, chi-square test and Fisher’s exact tests were used to
compare continuous variables and categorical variables. We
used univariate and multivariate logistic regression model
to determine the predictors of death and to estimate odds
ratios and 95% confidence intervals. Hosmer-Lemeshow
statistic was selected to determine goodness of fit. The
cumulative mortality rates were described using Kaplan-
Meier method. Time to events (death) were defined as the
duration from hospital admission to death. A two-sided P
value less than 0.05 was considered significant for all tests.
All statistical analysis was performed using SPSS, version
21.0 (IBM SPSS).

Results
Demographics and clinical characteristics

A total of 152 hospitalized severe cases with confirmed
COVID-19 were enrolled, with 60 patients categorized into
young-aged patients and 92 patients categorized into old-
aged patients; 28 (18%) of the patients were critically ill at
admission. As shown in Tuble 1, 34 (57%) young patients
and 56 (61%) who were elderly were male. Overall, 26 (43%)
young patients and 67 (73%) elderly patients had coexisting
illness. Hypertension, diabetes and cardio-cerebrovascular
disease were predominant comorbidity in severe patients.
From illness onset, common symptoms were fever,
dry cough and fatigue in both young patients and elderly
patients (7able I). Dyspnea was less common in young
patients (20, 33%) than in elderly patients (54, 59%). Fever
was initial symptom of 12 deceased young patients.
Masculinity was more primary in deceased young
patients (12, 80%) than in recovered young patients (22,
49%). Compared with recovered young patients (16, 36%),
deceased young patients were more likely to have coexisting
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illness (10, 67%). The deceased young patients were much
more likely to report sputum, dyspnea and fatigue than
recovered young patients.

As show in Table 2, all deceased young patients and only
11 (24%) recovered young patients had high PSI score (>90).
The deceased young patients had higher CURB-65 scores
than recovered young patients. Higher SMART-COP score
were found in deceased young patients {6, [5-6]}; 14 (93%)
deceased young patients and only 5 (11%) recovered young
patients had high SMART-COP score (>5).

As shown in Tuble 3, fourteen (93%) deceased young
patients and 8 (18%) recovered young patients had abnormal
oxygenation index (oxygenation index <240 mmHg).
The duration from symptom onset to hospital admission of
recovered young patients and deceased young patients were
11 days (8-15 days) and 10 days (7-13 days).

Laboratory parameters and chest CT

There were substantial differences in laboratory values
between young and elderly severe patients (Tzble 2),
including blood routine, inflammatory index, coagulation
function, liver function, kidney function, cardiac function.
The elderly patients had lower lymphocytes and CD8+ T
cell counts as well as lower levels of albumin; 145 of the
152 included patients had bilateral involvement of CT scan
(Figure I). On admission, the SOFA and APACHE II in
young patients were lower than in elderly patients.

As shown in Table 2, only 2 (4%) young patients who
recovered and 7 (47%) who died had leukocytosis (WBC
count >9.5x10°/L). Deceased young patients had more
severe lymphopenia than recovered young patients; 14
(93.33%) deceased young patients and 6 (13%) recovered
young patients had neutrophils above 6.3x10°/L. Median
lymphocytes were significantly lower in deceased young
patients (0.6, 0.5-0.9). Concentrations of CRP and PCT
were significantly higher in deceased young patients than
in recovered young patients; 38 (84%) recovered young
patients and 15 (100%) deceased young patients developed
bilateral involvement on chest CT scan.

Treatments and outcome

Of the 60 young patients, 57 (95%) received antiviral
therapy received empirical antibiotic treatment (Zable 3); 15
(20%) young patients received high-flow oxygen therapy
and 9 (15%) received noninvasive ventilation; 22 (49%)
recovered young patients and 11 (73%) deceased young
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Table 1 Demographic and clinical presentation in patients with COVID-19 in matched case-control study

All patients Young-aged patients
Characteristic YO[;:Sé%?ed Old-aged (n=92) P value Recovery (n=45) Decease (n=15) P value
Age, years 48 (41.25-55.75) 74 (67.00-81.00)  <0.001 47 (41.00-54.50) 51 (47.00-56.00) 0.206
Male 34 (56.67) 56 (60.87) 0.606 22 (48.89) 12 (80.00) 0.041
Disease classification 0.982 <0.001
Severe 49 (81.67) 75 (81.52) 42 (93.33) 7 (46.67)
Critical 11 (18.33) 17 (18.48) 3 (6.67) 8 (53.33)
Coexisting illness
Any 26 (43.33) 67 (72.83) <0.001 16 (35.56) 10 (66.67) 0.035
Hypertension 15 (25.00) 37 (40.22) 0.048 7 (15.56) 8 (53.33) 0.006
Diabetes 6 (10.00) 22 (23.91) 0.031 5(11.11) 1(6.67) >0.999
Chronic lung disease 3 (5.00) 10 (10.87) 0.248 2 (4.44) 1(6.67) >0.999
Cardio-cerebrovascular disease 1(1.67) 23 (25.00) <0.001 1(2.22) 0(0) >0.999
Malignancy 2 (3.33) 5 (5.43) 0.704 1(2.22) 1(6.67) 0.441
Symptoms
Dry cough 46 (76.67) 61 (66.30) 0.171 2 (71.11) 14 (93.33) 0.155
Sputum 20 (33.33) 37 (40.22) 0.391 9 (20.00) 11 (73.33) <0.001
Dyspnea 20 (33.33) 54 (58.70) 0.002 8(17.78) 12 (80.00) <0.001
Fever 57 (95.00) 91 (98.91) 0.301 3 (95.56) 4 (93.33) >0.999
Fatigue 31 (51.57) 53 (57.61) 0.471 8 (40.00) 3 (86.67) 0.002
Diarrhea 12 (20.00) 13 (14.13) 0.340 9 (20.00) 3 (20.00) >0.999
Anorexia 19 (31.67) 31 (33.70) 0.795 2 (26.67) 7 (46.67) 0.149
Unilateral pneumonia 7 (11.67) 0(0) 0.001 7 (15.56) 0(0) 0.176
Bilateral pneumonia 53 (88.33) 92 (100.00) 0.001 38 (84.44) 5 (100.00) <0.001

Data are median (IQR), n (%). P values were calculated by Mann-Whitney U test, 3° test, or Fisher’s exact test, as appropriate. COVID-19,

coronavirus disease 2019.

patients received corticosteroids (Tuble 3).

Among the deceased young patients, ARDS (15, 100%),
acute cardiac injury (3, 20%) and acute liver injury (4, 27%)
were numerous which associated with the clinical outcome
potentially (Table 2). The severe elderly patients (50, 54%)
had cumulative mortality than the severe young patients
(15, 25%; Figure 2A4). Among the 15 severe young patients
who died, five were younger than 50 years old, three
received mechanical ventilation, one received continuous
renal replacement therapy and one had pneumothorax and
pneumomediastinum (Table S3).

The comparison of severe young COVID-19 patients
with non-severe young patients in China showed that severe
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young patients had higher incidence of abnormal values
of certain variables indicating negative association with
the clinical outcome, such as fever (95% vs. 79%), cough
(77% vs. 39%), dyspnea (33% wvs. 18.33%), hypertension
(25% wvs. 13%), diabetes (10% vs. 3%), leukocytosis (15%
vs. 5%) and ARDS (43.33% wvs. 5%) (Table S4). The
mortality in severe young patients (15, 25%) was much
higher than non-severe young patients (2, 5%). When
compared with young patients with SARS, young patients
with COVID-19 had much low incidence of cough, high
prevalence of dyspnea and usage rate of corticosteroids.
The mortality in two groups were similar (5% vs. 4%).
Compared with the young with HINT1 influenza, young
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Table 2 Initial laboratory indices and complications in patients with COVID-19 in matched case-control study

All patients Young-aged patients
Laboratory findings YOT:SéE?ed Old-aged (n=92) P value Recovery (n=45) Decease (n=15) P value
White blood cells, x10° per L 5.5 (4.2-8.1) 7.18 (4.6-10.6) 0.036 5.1 (3.7-6.6) 8.9 (7.0-13.4) <0.001

Decreased 11 (18.33) 11 (11.96) 11 (24.44) 0(0) 0.051

Increased 9 (15.00) 28 (30.43) 2 (4.44) 7 (46.67) <0.001
Neutrophils, x10° per L 4.1 (2.8-7.0) 6.3 (4.1-10.2) 0.010 3.3(2.3-4.8) 10.0 (6.7-14.8) <0.001

Increased 20 (33.33) 46 (50.00) 0.043 6 (13.33) 14 (93.33) <0.001
Lymphocytes, x10° per L 1.0 (0.6-1.4) 0.7 (0.4-1.0) <0.001 1.0 (0.8-1.5) 0.6 (0.5-0.9) 0.011

Decreased 14 (23.33) 43 (46.73) 0.004 6 (13.33) 8 (53.33) 0.002

Increased 24 (40.00) 13 (14.13) <0.001 21 (46.67) 3 (20.00) 0.078
Neutrophil-to-lymphocyte 4.3(1.8-10.1) 9.2 (5.0-19.8) <0.001 2.7 (1.5-5.2) 16.1 (6.6-22.9) <0.001
ratio
C-reactive protein, mg/L 33.7 (11.8-77.0) 78.6 0.001 19.6 (8.2-67.8) 73.0 (56.5-107.7) 0.002

(39.75-156.9)

Increased 46 (76.67) 79 (85.87) 0.147 31 (68.89) 15 (100) 0.013
Procalcitonin, ng/mL 0.09 (0.04-0.22) 0.18 (0.07-0.39) 0.007 0.06 (0.03-0.17) 0.16 (0.12-1.71) 0.001
Prothrombin time, second 12.2 (11.4-12.7) 12.6 (11.9-13.7) 0.021 12.0 (11.2-12.5) 12.8 (12.5-14.6) <0.001
APTT, second 27.6 (25.8-30.6) 28.3 (26.6-31.4) 0.280 26.7 (25.6-29.3) 30.1 (28.3-33.2) 0.004
D-dimer, mg/L 0.9 (0.4-4.6) 2.4(0.8-14.9) 0.006 0.7 (0.3-2.0) 6.1 (0.7-18.6) 0.005
FDP 3.47 (1.07-15.66)  9.75 (2.85-64.77) 0.004 1.88 (0.75-6.48) 17.25 0.001

(4.75-103.53)
ATIN 88.8 79.9 (70.6-91.0) <0.001 91.9 (81.7-101.3)  84.3 (75.6-96.4) 0.121
(81.6-100.00)
Total bilirubin, ymol/L 11.5(9.1-16.7) 13.2 (8.9-21.2) 0.314 11.0 (7.8-15.0) 16.6 (12.3-24.6) 0.012
Direct bilirubin, pmol/L 5.0 (3.2-6.6) 4.8 (3.3-8.1) 0.404 4.2 (2.6-5.8) 6.1 (4.9-10.1) 0.004
ALT, U/L 30.5 (16.3-74.5) 27.0 (18.0-44.8) 0.498 23.0 (16.0-70.0) 56.0 (37.0-85.0) 0.009

Increased 23 (38.33) 22 (23.91) 0.057 13 (28.89) 10 (66.67) <0.001
AST, U/L 27.5(21.0-48.8) 37.0 (24.0-53.0) 0.061 23.0 (20.0-35.0) 42.0 (30.0-85.0) 0.001

Increased 18 (30.00) 37 (40.22) 0.200 9 (20.00) 9 (60.00) 0.003
GGT, U/L 35.0 (19.0-66.3) 33.0 (19.0-64.5) 0.989 28.0 (14.0-46.0) 67.0 (40.0-146.0) 0.001
Albumin, g/L 38.1 (34.5-40.5) 33.6 (31.0-36.9) <0.001 38.9 (36.1-40.8) 34.1 (31.2-38.5) 0.004
Urea nitrogen, mmol/L 4.5 (3.4-6.4) 7.5(4.7-11.8) <0.001 4.1 (3.0-5.5) 7.2 (4.7-14.9) 0.001
Lactic dehydrogenase, U/L 299.0 425.0 0.040 237.0 581.0 0.004

(204.5-457.5) (244.0-589.8) (173.3-403.8) (295.0-794.5)
Creatinine, pmol/L 59.0 (50.8-74.8) 69.0 (54.5-84.5) 0.035 58.0 (48.0-71.0) 72.0 (51.5-90.5) 0.111
Blood glucose, mmol/L 5.9 (4.7-7.5) 6.4 (5.6-8.3) 0.017 5.6 (4.6-7.5) 6.3 (5.4-7.8) 0.325
Increased 16 (26.67) 30 (32.61) 0.436 10 (22.22) 6 (40.00) 0.178

Table 2 (continued)
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Table 2 (continued)
All patients Young-aged patients
Laboratory findings YOT:S;?ed Old-aged (n=92) P value Recovery (n=45) Decease (n=15) P value
CKMB, ng/mL 0.7 (0.6-1.5) 2.3(1.1-4.5) <0.001 0.7 (0.5-1.1) 2.3(0.9-4.9) 0.001
Myohemoglobin, pg/L 38.9 (23.4-78.7) 81.0 (41.3-168.6) 0.001 30.6 (18.6-44.2) 116.1 <0.001
(73.5-475.0)
NT-proBNP, pg/L 141.0 4741 <0.001 44.3 (20.1-157.2) 457.9 <0.001
(25.9-357.1) (148.0-1,126.0 (172.9-2,830.3)
CD4, /uL 267.5 (175.8- 239.0 0.332 312.5 188.0 0.036
455.3) (162.5-377.5) (211.5-547.0) (150.3-288.0)
CD8, /uL 193.0 104.0 0.006 201.0 100.5 0.089
(105.3-283.5) (565.5-212.5) (132.5-306.5) (72.8-283.8)
SOFA score 4[3-7] 6 [4-9] <0.001 3 [2-5] 5 [4-8] <0.001
APACHE Il score 7 [5-9] 12 [9-21] <0.001 5 [4-7] 13[9-18] <0.001
Complications
ARDS 18 (30.00) 53 (57.6) <0.001 3(6.67) 15 (100.00) <0.001
Acute heart injury 5(8.33) 18 (19.57) 0.055 2 (4.44) 3 (20.00) 0.094
Acute liver injury 5(8.33) 10(10.87) 0.593 1(2.22) 4 (26.67) 0.038
Acute kidney injury 2(3.33) 7 (7.61) 0.319 1(2.22) 1(6.67) 0.421
Hyperglycemia 5(8.33) 17 (18.48) 0.078 3(6.67) 2(13.33) 0.583
Non-survivor 15 (25.00) 50 (54.35) <0.001

Data are median (IQR), n (%). P values were calculated by Mann-Whitney U test, 5° test, or Fisher’s exact test, as appropriate. COVID-19,
coronavirus disease 2019; SOFA, sequential organ failure assessment; ALT, alanine aminotransferase; AST, aspartate amino transferase;
GGT, gamma-glutamyl transpeptidase; APTT, activated partial thromboplastin time; FDP, fibrinogen degradation product; CKMB, creatine

kinase isoenzymes; ARDS, acute respiratory distress syndrome.

patients with COVID-19 had fewer respiratory symptoms
(e.g., rhinorrhea, cough and dyspnea) and lower prevalence
of abnormal liver function and ARDS. Patients who were
administrated with corticosteroids were divided into three
groups including corticosteroids apply before ARDS was
diagnosed (n=7), corticosteroids apply within 48 h when
ARDS was diagnosed (n=10), corticosteroids apply later
than 48 h when ARDS was diagnosed (n=5). Compared
with corticosteroids apply later than 48 h when ARDS was
diagnosed, corticosteroids apply within 48 h when ARDS
was diagnosed had lower mortality (P=0.001) and fewer
hospital stays (P<0.001) (Table 4).

Clinical characteristics, treatments of young COVID-19

patients with ARDS
Among young COVID-19 patients with ARDS, the

© Journal of Thoracic Disease. All rights reserved.

recovered had larger maximum dose of corticosteroids, time
interval of corticosteroids apply after ARDS were shorter
than the deceased (7able 5). Compared with the deceased,
the SOFA, APACHE II score and oxygenation index when
corticosteroids apply were better in the recovered which
indicated early administration of corticosteroids might
improve prognosis for ARDS.

Risk analysis and prediction of death in severe young
patients

Only sputum, PSI and neutrophil counts remained as
independent predictors of death in a multivariate logistic
regression model (Table 6). The data were well fitted by
Hosmer-Lemeshow test (P=0.448). As shown in Figure 3,
increasing severity of COVID-19 according to PSI, CURB-
65 and SMART-COP were associated with gradual increase
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Table 3 Clinical characteristics, treatments of young patients with severe COVID-19

Characteristic Recovery (n=45) Decease (n=15) P value
Vital signs on admission
Temperature on admission, °C 36.8 (36.5-37.2) 36.9 (36.5-37.8) 0.620
>37.3°C 9 (20.00) 4 (26.67) 0.719
Heart rate, beat per minute 83 [76-96] 94 [88-121] 0.033
>100 beat per minute 8(17.78) 6 (40.00) 0.078
Respiratory rate, breaths per minute 20 [18-22] 21 [20-25] 0.044
>25 breaths per minute 5(11.11) 6 (40.00) 0.012
Mean arterial pressure, mmHg 94.3 (90.2-100.0) 93.7 (91.3-101.3) 0.918
>90 mmHg 35 (77.78) 12 (80.00) >0.999
Oxygenation index, mmHg 333 [275-371] 93 [81-238] <0.001
<240 mmHg 8(17.78) 14 (93.33) <0.001
Pneumonia severity index 81 [74-93] 107 [101-134] <0.001
CURB-65 0[0-1] 1[1-2] <0.001
SMART-COP 2 [2-3] 6 [5-6] <0.001
Treatment
Antiviral therapy 43 (95.56) 14 (93.33) >0.999
Arbidol 40 (88.89) 5(33.33) <0.001
Ribavirin 11 (24.44) 8 (53.33) 0.034
Oseltamivir 8(17.78) 7 (46.67) 0.025
Ganciclovir 5(11.11) 1(6.67) >0.999
Antibiotic therapy 40 (88.89) 14 (93.33) >0.999
Lianhuagingwen 35 (77.78) 10 (66.67) 0.389
Anticoagulant 9 (20.00) 1(6.67) 0.426
Corticosteroids 22 (48.89) 11 (73.33) 0.137
Intravenous immunoglobin 18 (40.00) 7 (46.67) 0.650
Thymalfasin 20 (44.44) 0 (0) 0.001
rh-IFNo 8(17.78) 3(20.00) >0.999
Onset of symptom to hospital admission, days 11 [8-15] 10 [7-13] 0.065
Onset of hospital admission to recovery/death, days 24 [16-30] 5 [2-7] <0.001
Onset of symptom to recovery/death, days 33 [23-38] 16 [12-18] <0.001

Data are median (IQR), n (%). P values were calculated by Mann-Whitney U test, y° test, or Fisher’s exact test, as appropriate. COVID-19,

coronavirus disease 2019.

of neutrophil counts, respectively.

Figure 4 demonstrate the ROC curves and cut-off values
using the PSI, CURB-65, SMART-COP and neutrophil
counts for death in severe young patients. If we added
neutrophil counts >6.3x10°/L as an additional criterion

© Journal of Thoracic Disease. All rights reserved.

to the SMART-COP score (SMART-COP-N score), the
AUCs were improved compared to the SMART-COP score
alone. A cut-off value of SMART-COP-N >6 combined
the best sensitivity and specificity for death (93.3%, 91.1%)
which were verified by Kaplan-Meier analysis (Figure 2B).
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Figure 1 Representative chest computed tomographic images of a 32-year-old male patient with severe COVID-19 in different stages. (A)
Image obtained on day 13 after symptom onset shows multiple patchy GGO and consolidations in bilateral lungs. (B) Image obtained on day

31 after symptom onset shows GGO, and consolidation are obviously resolved in bilateral lungs. (C,D) The lesions were gradually absorbed

later from day 45 (C) and day 58 (D). COVID-19, coronavirus disease 2019; GGO, ground-glass opacities.
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Figure 2 Kaplan-Meier analysis for prediction of hospital mortality. (A) Survival curve in severe patients who were young and elderly; (B)
survival curve in severe young patients according to SMART-COP-N. SMART-COP-N, SMART-COP score including neutrophil counts

>6.3x10°/L.

Discussion

As COVID-19 pandemic ‘accelerating’, the world witness
record rise in death toll. Adult under 60 years old were
deemed as low risk for poor prognosis, however, a few of them
still progressed to severe or critically ill, and even die (10).
Hence, it is urgent to see into the clinical features and
identify the risk factors related to fatal outcome in young

© Journal of Thoracic Disease. All rights reserved.

patients with COVID-19. We reported that masculinity was
more predominant in deceased young patients compared
with those who recovered. Underlying disease (particularly
hypertension), hypoxia-related symptoms, like sputum,
dyspnea or fatigue, were related to the high mortality.
The young patients who died were more susceptible to
activate exuberant inflammatory responses and developed
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Table 4 Clinical characteristics, treatments of young COVID-19 patients who were administrated with corticosteroids

Corticosteroids apply Corticosteroids apply Corticosteroids apply later
Characteristic before ARDS was within 48 h when ARDS than 48 h when ARDS was P value
diagnosed (n=7) was diagnosed (n=10) diagnosed (n=5)

Age, years 50 (47.00-56.00) 48 (45.00-55.00) 49 (47.00-55.00) 0.413
Male 5(71.43) 7 (70.00) 4 (80.00) 0.915
Onset of symptom to hospital 12 [9-15] 11 [9-14] 10 [7-12] 0.073
admission, days
Coexisting illness

Any 6 (85.71) 8 (80.00) 3 (60.00) 0.555

Hypertension 5(71.43) 6 (60.00) 2 (40.00) 0.549

Diabetes 1(14.29) 3 (30.00) 0(0) 0.346

Chronic lung disease 1(14.29) 1 (10.00) 0(0) 0.691

Cardio-cerebrovascular disease 1(14.29) 0(0) 0(0) 0.325

Malignancy 1(14.29) 1(10.00) 0(0) 0.691
SOFA on admission 5 [4-8] 4 [3-8] 4 [3-6] 0.043
APACHE Il on admission 13 [8-18] 12 [9-16] 9 [7-11] 0.022
CURB-65 on admission 1[1-2] 1[1-2] 1[1-2] >0.999
Oxygenation index, mmHg 113 [80-193] 121 [83-233] 95 [83-178] <0.001
Mild ARDS 0(0) 2 (20.00) 1(20.00) 0.445
Moderate ARDS 3 (42.86) 6 (60.00) 3 (60.00) 0.754
Severe ARDS 4 (57.14) 3 (30.00) 1(20.00) 0.357
HFNC 7 (100.00) 8 (80.00) 4 (80.00) 0.445
NIV 4 (57.14) 3 (30.00) 1(20.00) 0.357
MV 2 (28.57) 3 (30.00) 1(20.00) 0.915
ECMO 0 (0) 1(10.00) 0(0) 0.533
Death within 60 days after 3 (42.86) 4 (40.00) 4 (80.00) 0.310
admission
Onset of hospital admission to 17 [11-21] 18 [13-22] 23 [12-24] <0.001

recovery, days

Data are median (IQR), n (%). COVID-19, coronavirus disease 2019; SOFA, sequential organ failure assessment; ARDS, acute respiratory
distress syndrome; HFNC, high-flow nasal cannula oxygen therapy, NIV, non-invasive ventilation, IMV, invasive mechanical ventilation;

ECMO, extracorporeal membrane oxygenation.

coagulation and multi organ dysfunction, especially
ARDS, acute cardiac injury and acute liver injury. Early
administration of corticosteroids might improve prognosis
for ARDS. Age is considered as an important risk factor
in COVID-19 (8). Compared to young patients, more
elderly patients had coexisting illness. Dyspnea was less
common in young patients than in elderly patients. There
were substantial differences in laboratory values between

© Journal of Thoracic Disease. All rights reserved.

young and elderly severe patients, including blood routine,
inflammatory index, coagulation function, liver function,
kidney function, cardiac function. Thus, the old people are
the high-risk population during the 2019-nCoV infection.
In the terminal stage of SARS-CoV-2 infection,
dysregulated of immune response result in strong host
inflaimmation and fatal disease, which is similar to SARS-
CoV and MERS-CoV infection (18-20). Exaggerated
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Table 5 Clinical characteristics, treatments of young COVID-19 patients with ARDS

Characteristic

ARDS (n=26)

Recovery (n=11) Decease (n=15) P value

Age, years
Male 20 (76.92)

Disease classification

Severe 15 (57.69)

Critical 11 (42.31)
Coexisting illness

Any 17 (65.38)

Hypertension 15 (57.69)

Diabetes 6 (23.08)
Chronic lung disease 3 (11.54)
Cardio-cerebrovascular disease 1(3.85)
Corticosteroids 22 (84.62)

maximum dose of corticosteroids (mg)

Length of corticosteroids apply (d) 4 [3-7]
Anticoagulant 10 (38.46)
Time interval of corticosteroids apply after 1[0-3]
ARDS

CURB-65 score when corticosteroids apply 1[1-2]
SOFA score when corticosteroids apply 5 [4-9]
APACHE Il score when corticosteroids apply 9 [7-18]
Oxygenation index when corticosteroids apply 121 [83-193]

49 (43.00-56.00)

102.32 (58.13-165.76)

47 (42.00-55.50) 51 (47.00-56.00) 0.323

8 (72.72) 12 (80.00) 0.509
8 (72.72) 7 (46.67) 0.246
3 (27.27) 8 (53.33) 0.246
7 (63.63) 10 (66.67) >0.999
7 (63.64) 8 (53.33) 0.701
5 (45.45) 1(6.67) 0.054
2 (18.18) 1(6.67) 0.556
1(9.09) 0(0) 0.423
11 (100) 11 (73.33) 0.113

122.09 (62.12-185.14) 93.33 (54.42-145.34) 0.034

5 [3-7] 4 [3-6] 0.067
9 (81.82) 1 (6.67) 0.026
0[-1-2] 1 [1-3] 0.047
1[1-2] 1 [1-2] >0.999
4 [3-6] 6 [5-9] <0.001
7 [6-9] 13 [9-18] <0.001
143 [85-222] 90 [80-182] <0.001

Data are median (IQR), n (%). COVID-19, coronavirus disease 2019; SOFA, sequential organ failure assessment; ARDS, acute respiratory

distress syndrome.

cytokine/chemokine response, known as cytokine storms,
are thought to play major role in disease exacerbation (21).
That may partly explain the short median time (10.5 days)
from illness onset to develop ARDS for individual infected
with COVID-19 (12). More interestingly, neutrophilia was
observed in 93% of deceased young patients in our study,
and in only 66% elderly patients who died (not shown).
The previous study also demonstrated the neutrophil count
continued to increase in COVID-19 patients who died (22).
Neutrophils as the main source of cytokine and chemokine
may be involved in cytokine storm. The MERS patients
with severe pneumonia often rapidly progressed to ARDS.
An abnormal increase of neutrophils and macrophages
counts were found in their peripheral blood and lung
tissues (20,23). Compared with the elderly, young people
have stronger immune systems which may contribute to

© Journal of Thoracic Disease. All rights reserved.

fiercer cytokine storm. In this study, all deceased young
patients developed ARDS, perhaps due to excess activation
of neutrophils inducing exuberant host inflammatory
responses. We noted that leukocytosis, neutrophilia,
lymphopenia, elevated levels of infection-related biomarkers
were more frequent in fatal cases compared with those who
recovered. The increase of NLR was helpful in identify the
young patients with poor prognosis which was consistent
with the findings from Wang et 4/. (22). In addition, high
mortality in the infected elderly could be partly due to
poor conditions and underlying disease which is especially
frequent among them.

We also noted that coagulation and organ (e.g., cardiac
and liver) dysfunction were more common in young severe
patients who died compared with those who recovered.
Similarly, patients with MERS had considerable extra-
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Univariate analysis

Multivariate analysis

Variables
QOdds ratio (95% Cl) P value QOdds ratio (95% Cl) P value
Male 4.182 (1.038-16.851) 0.044
Sputum 11.000 (2.830-42.756) 0.001 18.036 (1.680-193.592) 0.017
Dyspnea 18.5 (4.220-81.111) <0.001
Fatigue 9.750 (1.961-48.472) 0.005
Hypertension 6.204 (1.698-22.667) 0.006
Heart rate >100 beat per minute 3.083 (0.853-11.145) 0.086
Respiratory rate =25 breaths per minute 5.333 (1.329-21.407) 0.018
Oxygenation index <240 mmHg 64.750 (7.406-565.918) <0.001
SOFA score 5.996 (2.039-17.632) 0.001
APACHE Il score 2.019 (1.331-3.064) 0.001
PSI score 1.101 (1.043-1.163) 0.001 1.068 (1.007-1.134) 0.030
CURB-65 16.236 (3.809-69.209) <0.001
SMART-COP 4.611 (2.042-10.410) <0.001
Leukocytosis 14.000 (2.428-80.731) 0.003
Lymphopenia 6.000 (1.319-27.287) 0.020
Neutrophils 1.570 (1.224-2.014) <0.001 1.452 (1.043-2.022) 0.027
Neutrophilia 91.000 (10.050-424.002) <0.001
Neutrophil-to-lymphocyte ratio 1.332 (1.133-1.565) 0.001
C-reactive protein 1.015 (1.003-1.027) 0.012
Procalcitonin 4.463 (1.249-15.953) 0.021
APTT, second 1.385 (1.068-1.795) 0.014
FDP 1.025 (1.000-1.050) 0.046
Lactic dehydrogenase 1.005 (1.001-1.008) 0.011
Elevated ALT 4.923 (1.407-17.221) 0.013
Elevated AST 6.000 (1.693-21.262) 0.006
CKMB 5.589 (1.529-20.424) 0.009
Myohemoglobin 1.063 (1.021-1.107) 0.003
Acute liver injury 16.000 (1.622-157.801) 0.018

COVID-19, coronavirus disease 2019; SOFA, sequential organ failure assessment; PSI, pneumonia severity index; APTT, activated partial
thromboplastin time; FDP, fibrinogen degradation product; ALT, alanine aminotransferase; AST, aspartate amino transferase; FDP, fibrino-

gen degradation product.

pulmonary organ dysfunction (24), and yet SARS caused
primarily pulmonary organ dysfunction (25). One important
finding in our study was that level of D-dimer and FDP
were tremendously increased in deceased young patients

compared to those who recovery. Moreover, level of

© Journal of Thoracic Disease. All rights reserved.

D-dimer in deceased young patients was higher than that
in the elderly who died (median 6.07 vs. 4.98 mg/L). In our
study, most young patients who received anticoagulation

therapy recovered which are consistent with the findings of

Tang et al. (26). Owing to small sample size and potential
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bias, more comprehensive studies are needed to investigate
the effect of anticoagulant therapy for severe COVID-19.

In our current data, a majority of deceased young patients
had abnormal oxygenation and dyspnea which caused
by pulmonary inflammation and compromised oxygen
exchange. Most MERS patients with dyspnea developed
severe pneumonia with poor prognosis (24). Generally,
young patients with enhanced anoxic tolerance had difficult
to aware of the hypoxia in time. We advocate that oxygen
saturation monitoring should be recommended for patients
with COVID-19 under home quarantine and treatment to
prevent further deterioration, especially the young.

Although how SARS-CoV-2 attacks the cardiovascular
system remains a mystery, many studies have suggested
that cardiac damage was common (27,28). We noted that
cardiac damage was more frequent in the elderly than in
the young patients which was consistent with the findings
of Liu et al. (8), but it also contributed to the death of the
young individual with severe COVID-19. We hypothesized
that exuberant inflammatory responses were associated
with cardiac damage, but not the main factor. Owing to the
potential bias, the incidence of cardiac damage in the young
patients may be underestimated. Liver injury was also
common in young severe COVID-19 patients.

Current pneumonia severity scoring systems, such
as pneumonia severity index (PSI) and CURB-65, were
developed from risk factors of 30-day mortality (29). Both
relied heavily on the age and coexisting illness, so they may
be less accurate to predict the severity of young patients
with COVID-19. SMART-COP is a relatively simple tool
to identify accurately CAP patients who will require IRVS
and predict disease severity (30). In our study, a SMART-
COP score of 5 points better predicted the in-hospital
mortality of young patients with severe COVID-19 than
did PSI and CURB-65. Neutrophil was independent
predictors for death of young patients with COVID-19. In
our study, SMART-COPN which included neutrophilia in
the SMART-COP was superior compared to SMART-COP
alone. However, prospective study with large sample size
should be conducted to validate the reliability of SMART-
COPN model.

Unfortunately, no specific drugs for COVID-19 were
available to date. Corticosteroids therapy are effective in
clearing lung consolidation in patients with SARS and most
of them were administered high-dose corticosteroids (31).
Whereas, the role of corticosteroids in treatment of
COVID-9, MERS and even SARS, remains controversial
(32,33). In our study, the therapeutic strategy for young

© Journal of Thoracic Disease. All rights reserved.
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patient with severe COVID-19 was not as aggressive
as that in the elderly. Yet when they suffered continued
deterioration, corticosteroids were administered for
rescuing them. Therefore, more deceased young patients
were given corticosteroids compared to the recovered.
Notably, association of early initiation of corticosteroid
therapy (within 48 h after diagnosed with ARDS),
anticoagulation therapy and lower mortality was revealed
suggesting that patients with ARDS could benefit from
adjuvant early corticosteroid and anticoagulation therapy.
Carpagnano et al. (34) suggested that, in COVID-19
patients with moderate-to-severe ARDS using BPAP had
more factors associated to all-cause mortality compared
to those who underwent CPAP. For the limited patients
included in our study, we don’t have enough young patients
who were treated with noninvasive ventilation for analysis.

In our opinion, the severe young people with poor
prognosis should be identified early in their course and
given aggressive treatment. Due to a shortage of ventilators
at the beginning of COVID-19 outbreak, the proportion of
patients receiving mechanical ventilation was only 15% in
our study.

This study has several limitations. Firstly, it was a
retrospective single-center study with small sample size.
Secondly, more severe cases with poor prognosis were
included in the study which may cause selective bias.
However, most findings were bolstered by several other
studies, our conclusions are still valid. A larger cohort of
this population is expected to improve our findings.

In conclusion, SARS-Cov-2 infection in young patients
appears to cause exuberant inflammatory responses, leading
to compromised oxygen exchange, coagulation and multi-
organ dysfunction. ARDS, acute cardiac injury and acute
liver injury may also contribute to death. Patients with
ARDS could benefit from adjuvant early corticosteroid
and anticoagulation therapy. The SMART-COPN model
achieved an optimal prediction of mortality and could help
clinicians to screen patients with poor prognosis at earlier
stage. Prospective study with large sample size to validate
the reliability of SMART-COPN model are still needed.
As the COVID-19 pandemic evolves, our findings provide
guidance for treatment of severe young patients.
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Supplementary

Table S1 Diagnostic criterion of clinical types for COVID-19 (11)

Diagnostic criterion Type
The clinical symptoms are mild with no abnormal radiological findings Mild
Fever and respiratory symptom are presented with pneumonia on radiography Moderate
If any of the following conditions is met: Severe

Shortness of breath, respiratory rate =30/min;
Oxygen saturation at rest <93%;
Pa0,/FiO, <300 mmHg
Patients with >50% lesions progression within 24 to 48 hours in chest CT scan
If any of the following conditions is met: Critical ill
Respiratory failure occurs and mechanical ventilation is required;
Shock occurs;

Combined with other organ function failure requiring monitoring and treatment in ICU

Pa0,, Partial pressure of arterial oxygen; FIO,, fraction of inspired oxygen; ICU, intensive care unit.

Table S2 Diagnostic criteria of complications for COVID-19

Diagnostic criterion Complication

Onset: within 1 week of a known clinical insult or new or worsening respiratory symptoms. ARDS (13)

Chest imaging (radiograph, CT scan, or lung ultrasound): bilateral opacities, not fully explained by
volume overload, lobar or lung collapse, or nodules.

Origin of pulmonary infiltrates: respiratory failure not fully explained by cardiac failure or fluid overload.
Need objective assessment (e.g., echocardiography) to exclude hydrostatic cause of infiltrates/oedema if
no risk factor present.

Oxygenation impairment in adults:
Mild ARDS: 200 mmHg <Pa0O2/FiO,a < 300 mmHg (with PEEP or CPAP = 5 cmH,0, or non-ventilated)
Moderate ARDS: 100 mmHg <Pa0O2/FiO, < 200 mmHg (with PEEP = 5 cmH,0, or non-ventilated)
Severe ARDS: PaO,/FiO, < 100 mmHg (with PEEP = 5 cmH,O, or non-ventilated)
When PaO, is not available, SpO,/FiO, < 315 suggests ARDS (including in non-ventilated patients).

Serum levels of cardiac biomarkers (e.g., cardiac troponin I) were >the 99th percentile upper reference Acute cardiac injury (15)
limit, or new abnormalities were shown in electrocardiography and echocardiography.

Jaundice with a total bilirubin level of > 3 mg/dl and an acute increase in alanine aminotransferase of at Acute liver injury (13)
least five times the upper limit of the normal range and/or an increase in alkaline phosphatase of at least
twice the upper limit of the normal range.

Identified on basis of the highest serum creatinine level according to the kidney disease improving global Acute kidney injury (14)
outcomes classification.

Persisting hypotension despite volume resuscitation, requiring vasopressors to maintain MAP =65 mmHg Septic shock (13)
and serum lactate level >2 mmol/L.

PaO, Partial pressure of arterial oxygen; FIO,, fraction of inspired oxygen; ARDS, acute respiratory distress syndrome; PEEP, positive end
expiratory pressure; CAPA, continuous positive airway pressure; MAP, mean artery pressure.
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Table S3 Demographic, clinical characteristics and treatment of severe young patients who died

Case Age (years) Sex Initial symptoms and signs Time® (day) Disease type Coexisting iliness Methylprednisolone®  Antiviral therapy Antibacterial therapy Other therapy Complications Time® (days)
1 31 M Fever/Tmax 39 °C 13 Critical No 80mg BID Oseltamivir/ribavirin Cefoperazone/moxifloxacin/ rhIFNa/HFNC ARDS/PT/PD 5
imipenem
2 34 F Dyspnea 5 Critical Malignancy 80mg QD Ribavirin Cefoperazone/moxifloxacin/ HFNC ARDS/ALl/bacteremia 5
imipenem
3 47 M Dry Cough 7 Critical HT/schizophrenia ~ 40mg QD Oseltamivir/ribavirin Cefperazone-Sulbactam/ Lianhuagingwen/HFNC ARDS 1
moxifloxacin
4 47 M Fever/Tmax 39 °C 13 Severe Bronchiectasis 40mg Q8H Ribavirin Cefoperazone/moxifloxacin rhlIFNa/lianhuagingwen/ ARDS 7
mechanical ventilation
5 47 M Fever/Tmax 38.8 °C 18 Critical No 40mg BID Arbidol No Lianhuagingwen/mechanical ~ ARDS 1
ventilation
6 50 F Fever/Tmax 38 °C 9 Severe No No Ribavirin Moxifloxacin rhIFNe/lanhuagingwen/ ARDS 4
HFNC
7 51 M Fever/Tmax38.9 °C 13 Severe No 40mg QD Arbidol Moxifloxacin/meropenem/ Andrographolide/HFNC ARDS 3
Vancomycin
8 51 M Fever/Tmax38.9 °C 9 Severe HT/DM No Oseltamivir Moxifloxacin Lianhuagingwen/HFNC ARDS/ 7
Hyperglycemia
9 52 F Fever/Tmax 38.5 °C 10 Severe HT/essential 40mg BID Ribavirin Cefoperazone/moxifloxacin HFNC ARDS 1
thrombocythemia
10 54 M Fever/Tmax 39 °C 6 Critical HT 60mg BID Oseltamivir/arbidol/ Cefoperazone/moxifloxacin/ Lianhuagingwen/mechanical ~ ARDS/AHI/Viral myocarditis 10
ganciclovir azithromycin ventilation
11 56 M Fever/Tmax 38.9 °C 8 Severe HT 40mg BID Oseltamivir/ribavirin Cefperazone-Sulbactam/ Lianhuagingwen/HFNC ARDS/AHI/ALI/ 8
moxifloxacin/ hyperglycemia
12 56 M Fever/Tmax 39 °C 7 Critical HT/Uremia No Arbidol Moxifloxacin Lianhuagingwen/CRRT/ ARDS/AHI/AKI 8
HFNC
13 56 M Fatigue 15 Critical HT 80mg QD No Imipenem/vancomycin Fluconazole/HFNC ARDS/AHI/DIC 3
14 57 M Fever/Tmax 38 °C 11 Critical No No Oseltamivir/ribavirin Moxifloxacin Lianhuagingwen/HFNC ARDS/ALI 2
15 58 M Fever/Tmax 39 °C 26 Severe HT 40mg BID Oseltamivir/arbidol Moxifloxacin Lianhuagingwen/HFNC ARDS 5

?, time from illness onset to hospital admission; ® maximum dose; °, length of hospital admission to death. Abbreviations: M, male; F, female; Tmax, maximum body temperature; HT, Hypertension; DM, diabetes mellitus; BID, bis in die; QD, quapua die; Q8H, quapua 8 hora; rhIFNa,
recombinant human interferon alfa; HFNC, high-flow nasal cannula oxygen therapy; CRRT, continuous renal replacement therapy; ARDS, acute respiratory distress syndrome; PT, pneumothorax; PD, pneumomediastinum; ALI, acute liver injury; AHI, acute heart injury; AKI, acute kidney injury;

DIC, disseminated intravascular coagulation.

© Journal of Thoracic Disease. All rights reserved.

http://dx.doi.org/10.21037/jtd-21-120



80

§ 601

‘g APACHE II: AUC 91.0%

= [83.6-98.4]

-:7." 40

[

QU

v

204
) ) ) )
Specificity (%)

Cut off 7 8 9? 10 11

Sensitivity (%) 100  86.7 867 733  60.0

Specifity (%)  64.4  75.6 844 911 911

80+
g 60
> SOFA: AUC 90.1% CI
= [82.7-97.6]
s o
(=
&
204
20 40 60 80
Specificity (%)
Cut off 1 2 3-5° 6 7
Sensitivity (%) 100 100 93.3 60.0 33.3
Specifity (%)  60.0 62.2 75.6 88.9 93.3

Figure S1 ROC curves for APACHE II and SOFA score in predicting in-hospital mortality. Figure demonstrates comparisons of receiver

operating characteristic curves in predicting mortality. (A) APACHE II score ability to predict mortality. (B) SOFA score ability to predict

mortality. An optimal cutoff according to Youden index. Tables below demonstrate cut off sensitivities and specificities at specific values.

ROQC, receiver operating characteristic curve; SOFA, sequential organ failure assessment.
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