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IMPORTANCE Coronavirus disease 2019 (COVID-19) is an emerging infectious disease that
was first reported in Wuhan, China, and has subsequently spread worldwide. Risk factors
for the clinical outcomes of COVID-19 pneumonia have not yet been well delineated.

OBJECTIVE To describe the clinical characteristics and outcomes in patients with COVID-19
pneumonia who developed acute respiratory distress syndrome (ARDS) or died.

DESIGN, SETTING, AND PARTICIPANTS Retrospective cohort study of 201 patients with
confirmed COVID-19 pneumonia admitted to Wuhan Jinyintan Hospital in China between
December 25, 2019, and January 26, 2020. The final date of follow-up was February 13, 2020.

EXPOSURES Confirmed COVID-19 pneumonia.

MAIN OUTCOMES AND MEASURES The development of ARDS and death. Epidemiological,
demographic, clinical, laboratory, management, treatment, and outcome data were also
collected and analyzed.

RESULTS Of 201 patients, the median age was 51 years (interquartile range, 43-60 years), and
128 (63.7%) patients were men. Eighty-four patients (41.8%) developed ARDS, and of those
84 patients, 44 (52.4%) died. In those who developed ARDS, compared with those who did
not, more patients presented with dyspnea (50 of 84 [59.5%] patients and 30 of 117 [25.6%]
patients, respectively [difference, 33.9%; 95% Cl, 19.7%-48.1%]) and had comorbidities
such as hypertension (23 of 84 [27.4%] patients and 16 of 117 [13.7%] patients, respectively
[difference, 13.7%; 95% Cl, 1.3%-26.1%]) and diabetes (16 of 84 [19.0%] patients and 6 of
117 [5.1%] patients, respectively [difference, 13.9%; 95% Cl, 3.6%-24.2%]). In bivariate Cox
regression analysis, risk factors associated with the development of ARDS and progression
from ARDS to death included older age (hazard ratio [HR], 3.26; 95% Cl 2.08-5.11; and HR,
6.17; 95% Cl, 3.26-11.67, respectively), neutrophilia (HR, 1.14; 95% Cl, 1.09-1.19; and HR, 1.08;
95% Cl, 1.01-1.17, respectively), and organ and coagulation dysfunction (eg, higher lactate
dehydrogenase [HR, 1.61; 95% Cl, 1.44-1.79; and HR, 1.30; 95% Cl, 1.11-1.52, respectively] and
D-dimer [HR, 1.03; 95% Cl, 1.01-1.04; and HR, 1.02; 95% Cl, 1.01-1.04, respectively]). High
fever (=39 °C) was associated with higher likelihood of ARDS development (HR, 1.77;

95% Cl, 1.11-2.84) and lower likelihood of death (HR, 0.41; 95% Cl, 0.21-0.82). Among
patients with ARDS, treatment with methylprednisolone decreased the risk of death

(HR, 0.38; 95% Cl, 0.20-0.72).

CONCLUSIONS AND RELEVANCE Older age was associated with greater risk of development
of ARDS and death likely owing to less rigorous immune response. Although high fever was
associated with the development of ARDS, it was also associated with better outcomes
among patients with ARDS. Moreover, treatment with methylprednisolone may be
beneficial for patients who develop ARDS.
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evere acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) was first reported in Wuhan, Hubei Province,
China and has subsequently spread to other regions
of China and 37 countries, including the United States, Japan,
Australia, and France.! SARS-CoV-2, which belongs to a unique
clade of the sarbecovirus subgenus of the Orthocoronaviri-
nae subfamily, was identified as the pathogen of coronavirus
disease 2019 (COVID-19) in January 2020.2
As reported by Huang et al,® patients with COVID-19 pre-
sent primarily with fever, myalgia or fatigue, and dry cough.
Although most patients are thought to have a favorable prog-
nosis, older patients and those with chronic underlying con-
ditions may have worse outcomes. Patients with severe ill-
ness may develop dyspnea and hypoxemia within 1 week after
onset of the disease, which may quickly progress to acute re-
spiratory distress syndrome (ARDS) or end-organ failure.* Cer-
tain epidemiological features and clinical characteristics of
COVID-19 have been previously reported.>> However, these
studies were based on relatively small sample sizes, and risk
factors leading to poor clinical outcomes have not been well
delineated. In this study, we report the clinical characteris-
tics and factors associated with developing ARDS after hospi-
tal admission and progression from ARDS to death in patients
with COVID-19 pneumonia from a single hospital in Wuhan,
China.

Methods

Study Population

This is a retrospective cohort study of 201 patients aged 21
to 83 years with confirmed COVID-19 pneumonia hospital-
ized at Jinyintan Hospital in Wuhan, China. All patients were
diagnosed with COVID-19 pneumonia according to World
Health Organization interim guidance.® According to hospi-
tal data, patients were admitted from December 25, 2019, to
January 26, 2020. Of 201 patients, 10 have been described pre-
viously by Chen et al* and Huang et al.? The ethics committee
of Jinyintan Hospital approved this study and granted a waiver
of informed consent from study participants.

Procedures

A trained team of physicians and medical students reviewed
and collected epidemiological, clinical, and outcomes data
from electronic medical records. Patients were followed up to
February 13, 2020. The individual components of all defini-
tions of clinical outcomes were recorded separately and
checked by 2 authors (C.W. and X.C.). Patient confidentiality
was protected by assigning a deidentified patient identifica-
tion, and the electronic data was stored in alocked, password-
protected computer.

To identify SARS-CoV-2 infection, throat swab samples
were obtained from all patients at admission and tested using
real-time reverse transcriptase-polymerase chain reaction
assays according to the same protocol described previously.?
The pathogenic detection was determined in 4 institutions
(Chinese Center for Disease Control and Prevention, Chinese
Academy of Medical Sciences, Academy of Military Medical Sci-
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Key Points

Question What clinical characteristics are associated with the
development of acute respiratory distress syndrome (ARDS) and
progression from ARDS to death among patients with coronavirus
disease 2019 (COVID-19) pneumonia?

Findings In this cohort study involving 201 patients with
confirmed COVID-19 pneumonia, risk factors associated with the
development of ARDS and progression from ARDS to death
included older age, neutrophilia, and organ and coagulation
dysfunction. Treatment with methylprednisolone may be
beneficial for patients who develop ARDS.

Meaning Risk for developing ARDS included factors consistent
with immune activation; older age was associated with both ARDS
development and death, likely owing to less robust immune
responses.

ences, and Wuhan Institute of Virology of the Chinese Acad-
emy of Sciences) as described previously.* Other respiratory
pathogens, including respiratory syncytial virus, adenovi-
rus, parainfluenza virus, influenza A virus, and influenza B
virus, were also detected by real-time reverse transcriptase-
polymerase chain reaction assays in 173 patients. Possible bac-
terial or fungal pathogens were detected by sputum culture.
Additionally, patients underwent blood gas, blood routine test,
coagulation, and biochemical tests and chest x-rays or com-
puted tomography. The most intense level of oxygen support
during hospitalization (nasal cannula, noninvasive mechani-
cal ventilation [NMV], invasive mechanical ventilation [IMV],
or IMV with extracorporeal membrane oxygenation [ECMO])
was recorded. The majority of the clinical data used in this
study was collected from the first day of hospital admission
unless indicated otherwise. To minimize interference of treat-
ment during hospitalization, the highest patient temperature
was defined using the self-reported highest temperature prior
to hospital admission. Older age was classified as 65 years or
older. Fever and high fever were classified as 37.3 °C or higher
and 39 °C or higher, respectively.

Outcomes

Two outcomes were evaluated: development of ARDS and
death among those with ARDS. World Health Organization in-
terim guidance was used to define ARDS.®

Statistical Analysis

Descriptive analyses of the variables were expressed as me-
dian (interquartile range [IQR]), or number (%). Differences in
distributions of patient characteristics by outcome sub-
groups are reported using differences with 95% CIs. Categori-
cal data were compared using the x2 test or the Fisher exact
test. Nonnormal distributed continuous data were compared
using Mann-Whitney-Wilcoxon test.

Bivariate Cox proportional hazard ratio (HR) models were
used to determine HRs and 95% ClIs between individual fac-
tors on the development of ARDS or progression from ARDS
to death. Sample size varied because of missing data (summa-
rized in Tables1and 2). Survival curves were developed using
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Table 1. Demographic Characteristics of Patients Table 1. Demographic Characteristics of Patients
With Coronavirus Disease 2019 Pneumonia With Coronavirus Disease 2019 Pneumonia (continued)
Study population No. (%) Study population No. (%)
No. of patients 201 Clinical outcomes
Age, median (IQR), y 51 (43-60) ARDS 84 (41.8)
265 40 (19.9) ICU admission 53(26.4)
<65 161 (80.1) Death 44 (21.9)
E-:ggi?; SaQt';e)nEEemperature, 38.8(38.3-39.0) Abbreviations: ARDS, acute respiratory distress syndrome;
= ECMO, extracorporeal membrane oxygenation; ICU, intensive care unit;
239 (high fever) 77(38.3) IMV, invasive mechanical ventilation; IQR, interquartile range; NMV, noninvasive
<39 93 (46.3) mechanical ventilation (including high flow supply and face mask).
Gender 2 Including chest x-ray and computed tomography scan.
Male 128 (63.7) ®Not including diabetes.
Female 73 (36.3) € Including 2 patients with positive results for tuberculosis antibodies.
Wuhan seafood market exposure 99 (49.3) 9Including immunoglobulin, thymosin, and recombinant human granulocyte

- colony stimulating factor.
Date of illness onset . X .
¢ Including glutathione and N-acetyl-L-cysteine.

Before December 5, 2019 1(0.5)
December 6-31, 2019 114 (56.7) the Kaplan-Meier method with log-rank test. Time to events
January 1-14, 2020 76(37.8) (ARDS or death) were defined as the time from hospital ad-
After January 15, 2020 10(5.0) mission to events.
lnitialcompionkypions The analyses regarding different factors were based on non-
Fever 188 (93.5) missing data, and missing data were not imputed. All tests were
Cough 163 (81.1) 2-sided, and a P value less than .05 was considered statisti-
Productive cough 83 (41.3) cally significant. All analyses were performed with SPSS, ver-
Dyspnea 80 (39.8) sion 23.0 (IBM SPSS), or R software, version 3.6.0 (R Founda-
Fatigue or myalgia 65(32.3) tion for Statistical Computing).
Chest imaging, infiltrate®
Unilateral 10(5.0) e
Bilateral 191 (95.0) Results
Comorbidities
e 39(19.4) Demographics and Characteristics
Diabetes 22(109) A tot.al of 201 patients were included in this study (Table 1). The
e ——— 8(4.0) median age was 51 years (IQR, 43-60 years), and 128 (63.7%) were
Liver disease 7G5 .male. The most commonly self-reported symptoms at onset of
i s B illness were fever (n = 188[93.5%]), cough (n = 163 [81.1%]), pro-
’ ductive cough (n = 83[41.3%]), dyspnea (n = 80 [39.8%]), and
Chronic lung disease >(2:5) fatigue or myalgia (n = 65 [32.3%]). The majority (n = 154
EATE Ly st 2y, [76.6%]) of patients had fever with cough; 74 (36.8%) had fe-
Endocrine system disease” 21 ver with dyspnea; 66 (32.8%) had fever with fatigue, myalgia,
Tumor 1(0.5) or headache; and only 13 (6.5%) presented with fever alone
Other respiratory pathogen infection (eTable1in the Supplement). A total 0f 191 (95.0%) patients had
Other viruses (n = 173) 1(0.6) findings of bilateral infiltrates on radiographic imaging, while
Bacteria“ (n = 148) 0 10 (5.0%) patients had unilateral infiltrates. Sixty-six (32.8%)
Treatment in hospital patients had comorbidities, including hypertension (n = 39
Oxygen therapy 165 (82.1) [19.4%]), diabetes (n = 22 [10.9%]), liver disease (n = 7 [3.5%]),
Nasal cannula 98 (48.8) nervous system disease (n = 7[3.5%]), chroniclung disease (n = 5
NMV 61(30.3) [2.5%]), chronic kidney disease (n = 2 [1.0%]), endocrine sys-
MV 5(2.5) tem diseases not including diabetes (n = 2 [1.0%]), and tumors
IMV with ECMO 1(0.5) (n = 1[0.5%]). Most (n = 173 [86.1%)]) patients were tested for 9
R e o e 62 (30.8) additional respiratory pathogens. Bacteria and fungi cultures
Ty were collected from 148 (73.6%) patients. Only 1 patient was
Antibiotic 196 (97.5) coinfected with influenza A virus.
Antiviral 170 (84.6 . .
Immunomodulator? 70 (3(4.8)) Treatments In. Hospital . .
Of'the 201 patients, 165 (82.1%) required oxygen support in the
Gl IER LW (E2-7)) hospital (Table 1). The most intense level was recorded, in-
(continued)  cluding nasal cannula (n = 98 [48.8%]), NMV (n = 61[30.3%]),
936 JAMA Internal Medicine July 2020 Volume 180, Number 7 jamainternalmedicine.com
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Table 2. Initial Laboratory Indices of Patients With Coronavirus Disease 2019 Pneumonia

No. of patients

No. of with value
Reference patients deviation from
Tests in study population values tested Value, median (IQR) reference (%)
Hematologic
White blood cells, x10°/L 3.5-9.5 197 5.94 (3.80-9.08) 46 (23.4)7
Neutrophils, x10°/L 1.8-6.3 197 4.47 (2.32-7.70) 68 (34.5)?
Lymphocytes, x10°/L 1.1-3.2 197 0.91 (0.60-1.29) 126 (64.0)°
Monocytes, x10°/L 0.1-0.6 197 0.33(0.22-0.44) 18 (9.1)?
Platelets, x10°/L 125-350 197 180.00 (137.00-241.50) 37 (18.8)°
CD3, /uL NA 97 607.00 (430.50-830.50) NA
CD4, /uL NA 97 353.00 (226.50-499.00) NA
CD8, /uL NA 97 236.00 (142.50-314.50) NA
Biochemical
Total bilirubin, pM 0-26 198 11.45(9.00-14.75) 10 (5.1)?
AST, U/L 15-40 198 33.00 (26.00-45.00) 59(29.8)?
ALT, U/L 9-50 198 31.00(19.75-47.00) 43 (21.7)?
Total protein, g/L 65-85 198 63.90(59.78-67.00) 113 (57.1)°
Albumin, g/L 40-55 198 32.75 (29.10-35.40) 195 (98.5)°
Globulin, g/L 20-40 198 30.65 (28.58-33.72) 8 (4.0)?
Prealbumin, mg/L 200-430 187 121.00 (87.00-157.00) 164 (87.7)°
Urea, mM 3.6-9.5 198 4.80 (3.68-6.10) 9 (4.5)?
Creatinine, pM 57-111 198 72.20 (57.68-83.00) 9 (4.5)?
Glucose, mM 3.9-6.1 197 6.00 (5.00-7.95) 89 (45.2)?
CK-MB, U/L 0-24 198 15.00 (12.00-20.00) 9 (4.5)?
Cholinesterase, U/L 5000-12000 185 7776.00 (6427.00-9216.50) 11 (6.0)°
Cystatin C, mg/L 0.6-1.55 182 0.88 (0.74-1.05) 10 (5.5)?
LDH, U/L 120-250 198 307.50 (232.25-389.25) 135 (68.2) Abbreviations: a-HBDH,
a-HBDH, U/L 72-182 194 252.50 (195.25-337.50) 148 (76.3)? a-hydroxybutyric dehydrogenase;
LDL, mM 2.1-3.37 195 2.06 (1.60-2.58) 94 (48.2)° ALT, alanine aminotransferase;
: — APTT, activated partial
Infection-related indices thromboplastin time; AST, aspartate
hs-CRP, mg/L 0-5 194 42.40(14.15-92.68) 166 (85.6)? aminotransferase; CK-MB, creatine
IL-6, pg/mL 0-7 123 6.98 (5.46-9.02) 60 (48.8)? kinase muscle-brain isoform;
ESR h 0-15 194 49.30 (40.00-66.88 182 (93.8)° ESR, erythrocyte sedimentation rate;
» mm/ . 30 (40.00-66.88) (93.8) hs-CRP, high-sensitivity C-reactive
Serum ferritin, ng/mL 21.8-274.66 163 594.00 (315.69-1266.16) 128 (78.5)? protein; IL-6, interleukin-6;
Coagulation function IQR, interquartile range; LDH, lactate
PT,s 10.5-13.5 195 11.10 (10.20-11.90) 4(2.1) dehydrogenase; LDL, low-density
lipoprotein; PT, prothrombin time.
APTT, s 21-37 195 28.70(23.30-33.70) 19(9.7)? N
Above reference.
D-dimer, ug/mL 0-1.5 189 0.61(0.35-1.28) 44 (23.3)?

b Below reference.

IMV (n = 5[2.5%]), or IMV with ECMO (n = 1[0.5%]). Among
201 patients, most (n = 196 [97.5%]) received empirical anti-
biotic treatment and antiviral therapy (n = 170 [84.6%]), in-
cluding oseltamivir (n = 134 [66.7%]), ganciclovir (n = 81
[40.3%]), lopinavir/ritonavir (n = 30 [14.9%]), and interferon
alfa (n = 22 [10.9%]). More than half (n = 106 [52.7%]) of pa-
tients received antioxidant therapy, including glutathione and
N-acetyl-L-cysteine. Methylprednisolone was given to 62
(30.8%) patients, and immunomodulators, including immu-
noglobulin, thymosin, and recombinant human granulocyte
colony stimulating factor, were given to 70 (34.8%) patients.

Laboratory Indices

Laboratory findings on hospital admission are summarized in
Table 2. Of 194 patients, 166 (85.6%) demonstrated increased
high-sensitivity C-reactive protein. More than half (126 of 197
[64.0%]) of this cohort had lymphocytopenia. About one-
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third (68 0f 197 [34.5%]) of patients had neutrophilia. Approxi-
mately one-quarter (46 of 197 [23.4%)]) of patients had leuko-
cytosis. Some patients demonstrated liver injury with elevated
aspartate aminotransferase (AST; 59 of 198 [29.8%]) and ala-
nine aminotransferase (ALT; 43 of 198 [21.7%]). Most patients
presented with an elevated myocardial indices: 135 of 198
(68.2%) had elevated lactate dehydrogenase (LDH), and 9 of 198
(4.5%) had an elevated creatine kinase muscle-brain isoform.
Few patients had kidney injury indicated by elevated plasma
urea (9 of 198 [4.5%]) and serum creatinine (9 of 198 [4.5%]).
Of 195 patients, 4 (2.1%) presented with prolonged prothrom-
bin times (PTs).

Clinical Outcomes

As of February 13, 2020, 144 of the total 201 patients (71.6%)
were discharged from the hospital. The median hospital stay
was 13 days (IQR, 10-16 days), and 13 (6.5%) patients were still
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hospitalized. Of the entire cohort, 84 (41.8%) patients devel-
oped ARDS, 53 (26.4%) were admitted to the intensive care unit,
67 (33.3%) received mechanical ventilation, and 44 (21.9%)
died. Among the 67 patients who received mechanical venti-
lation, 44 (65.7%) died, 14 (20.9%) were discharged from the
hospital, and 9 (13.4%) remained hospitalized. The median time
from admission to developing ARDS was 2 days (IQR, 1-4 days).
All of the patients who died had developed ARDS and re-
ceived mechanical ventilation.

Table 3 demonstrates that when compared with patients
without ARDS, patients with ARDS were older (difference, 12.0
years; 95% CI, 8.0-16.0 years; P < .001) and had higher tem-
perature prior to admission (difference, 0.30 °C; 95% CI, 0.00-
0.50 °C; P = .004). More patients with ARDS presented with
initial symptoms of dyspnea compared with those without
ARDS (difference, 33.9%; 95% CI, 19.7%-48.1%; P < .001). Com-
pared with patients without ARDS, patients with ARDS had a
higher proportion of comorbidities, including hypertension
(difference, 13.7%; 95% CI, 1.3%-26.1%; P = .02) and diabetes
(difference, 13.9%; 95% CI, 3.6%-24.2%; P = .002). In addi-
tion, when compared with patients who did not have ARDS,
patients who developed ARDS were less likely to be treated with
antiviral therapy (difference, -14.4%; 95% CI, —26.0% to —2.9%;
P =.005) and more likely to be treated with methylpredniso-
lone (difference, 49.3%; 95% CI, 36.4%-62.1%; P < .001). Of 84
patients with ARDS, 61 (72.6%) received NMV, 17 (20.2%)
received nasal cannula, 5 (6.0%) received IMV, and 1 (1.2%)
received IMV with ECMO.

Compared with patients without ARDS, for patients with
ARDS, the value of liver damage indices (total bilirubin
[difference, 1.90 tM; 95% CI, 0.60-3.30 pM; P = .004]), renal
dysfunction indices (urea [difference, 1.69 mM; 95% CI,
1.10-2.29 mM; P < .001]), inflammation-related indices
(interleukin-6 [IL-6] [difference, 0.93 pg/mL; 95% CI, 0.07-
1.98 pg/mL; P = .03]), and coagulation function indices
(D-dimer [difference, 0.52 pg/mL; 95% CI, 0.21-0.94 pug/mL;
P < .001]) were significantly elevated. However, lymphocyte
counts (difference, -0.34 x10°/L; 95% CI, -0.47 to -0.22
x10°/L; P < .001) and CD8 T cells (difference, -66.00 cells/
HL; 95% CI, -129.00 to -7.00 cells/uL; P = .03) were signifi-
cantly decreased.

As summarized in Table 4, older age (=65 years old), high
fever (239 °C), comorbidities (eg, hypertension, diabetes),
neutrophilia, lymphocytopenia (as well as lower CD3 and
CD4 T-cell counts), elevated end-organ related indices (eg, AST,
urea, LDH), elevated inflammation-related indices (high-
sensitivity C-reactive protein and serum ferritin), and
elevated coagulation function-related indicators (PT and
D-dimer) were significantly associated with higher risks of the
development of ARDS. Patients who received treatment with
methylprednisolone appear to have been sicker than patients
who did not receive it. Specifically, a higher proportion of pa-
tients who received methylprednisolone were classified into
a higher grade on the Pneumonia Severity Index” compared
with patients who did not receive methylprednisolone (P = .01;
eTable 2 in the Supplement).

In the subgroup of patients who developed ARDS, pa-
tients who ultimately died were older (difference, 18.0 years;
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95% CI, 13.0-23.0 years; P < .001) and had lower proportion of
high fever (difference, -31.8%; 95% CI, —-56.5% to -7.1%;
P =.007) than those who survived. They also had higher pro-
portions of hypertension (difference, 18.9%; 95% CI, -2.0% to
39.7%; P = .05). The patients who died were less likely to be
treated with antiviral therapy (difference, -40.7%; 95% CI,
-58.5% to —22.9%; P < .001). Regarding the most intense level
of oxygen support among the 44 ARDS patients who died, 38
(86.4%) received NMV, 5 (11.4%) received IMV, and 1 (2.3%)
received IMV with ECMO.

For patients with ARDS who died, the value of liver
damage indices (total bilirubin [difference, 2.60 uM; 95% CI,
0.30-5.20 uM; P = .03]), renal dysfunction indices (urea [dif-
ference, 1.50 mM; 95% CI, 0.50-2.70 mM; P = .004]), inflam-
mation-related indices (IL-6 [difference, 3.88 pg/mL; 95% CI,
2.20-6.13 pg/mL; P < .001]), and coagulation function
indices (D-dimer [difference, 2.10 pg/mL; 95% CI, 0.89-5.27
pg/mL; P = .001]) were significantly elevated compared with
patients with ARDS who survived. However, lymphocyte
counts (difference, -0.23 x10°/L; 95% CI, —0.41 to —0.07 x10°/L;
P =.004) and CD8 T cells (difference, -134 cells/uL; 95% CI,
-221 to -10 cells/pL; P = .05) were significantly decreased
(Table 3).

Bivariate Cox models showed that several factors related
to the development of ARDS were not associated with death,
which included comorbidities, lymphocyte counts, CD3 and
CD4 T-cell counts, AST, prealbumin, creatinine, glucose, low-
density lipoprotein, serum ferritin, and PT. However, IL-6 was
statistically significantly associated with death (Table 4). Al-
though high fever was associated with higher likelihood of
developing ARDS (HR, 1.77; 95% CI, 1.11-2.84), it was nega-
tively associated with death (HR, 0.41; 95% CI, 0.21-0.82).

Finally, among the patients with ARDS, of those who re-
ceived methylprednisolone treatment, 23 of 50 (46.0%) pa-
tients died, while of those who did not receive methylpred-
nisolone treatment, 21 of 34 (61.8%) died. The administration
of methylprednisolone appears to have reduced the risk of
death in patients with ARDS (HR, 0.38; 95% CI, 0.20-0.72;
P =.003) (Figure).

|
Discussion

In this cohort study, we reported the clinical characteristics
and risk factors associated with clinical outcomes in patients
with COVID-19 pneumonia who developed ARDS after admis-
sion, as well as those who progressed from ARDS to death.
Patients who received methylprednisolone treatment were
much more likely to develop ARDS likely owing to confound-
ing by indication; specifically, sicker patients were more likely
to be given methylprednisolone. However, administration of
methylprednisolone appeared to reduce the risk of death in
patients with ARDS. These findings suggest that for patients
with COVID-19 pneumonia, methylprednisolone treatment
may be beneficial for those who have developed ARDS on dis-
ease progression. However, these results should be inter-
preted with caution owing to potential bias and residual con-
founding in this observational study with a small sample size.

jamainternalmedicine.com

© 2020 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a University of North Texas, Denton & DallasUser on 01/19/2021


https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2020.0994?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2020.0994
http://www.jamainternalmedicine.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2020.0994

Original Investigation Research

Acute Respiratory Distress Syndrome and Death in Patients With COVID-19 in Wuhan, China

(panunuod)
S0" (00°0T-0100TCZ-) 00 VET- (05°€7T0300°£9) 0096  (00°9TE 0300°88) 00°€LT €0’ (00°£-0100'6¢T-) 00'99- (05682 0100°9£) 05°£ST  (00°€TE 03 00'65T) 00°THT 11/ '8ad
T4 (005503 00'%92-) 00'T8- (0S°CTE0305°8CT)00°99T (0S 6% 0300'CET) 00°98C 700" (00'TS-03100'%2C-) 00'8€T- (00°86€03G/'9ET) 00'vEC  (00'CLS 03 00°€87) 00'TLE M/ ¥ad
£0"  (00°0%0100°'TZ¥-)00°LET- (00'8%¥ 0300°CZT) 00792 (05694 0100 187) 00°€9S €00° (00°€£-03100'85€-) 00°STZ- (SL°€€90100°T€ET) 05 9%y  (00°9%8 03 00°L9%) 00°€E9 M/ *€ad
oT (00°60300°99-) 00°'TE- (00'TEC030S°0TT)00°C9T (S£°T9T 03 ST LET) 00 70T €L (0002 0300°£2-) 00— (05°TST 0105 +#2T) 0081 (0S'6€C 0300°07T) 00'8.T 1/60Tx ‘S13193€]d
1h4 (50003 2T°0-) €0°0- ($7°00302°0) S0 (#7°00302°0) S€°0 ST (10°00380°0-) £0°0- (7¥°00302°0) 620 (€7°003%2°0) ¥€°0 1/60Tx ‘s23A00UO
700’ (£0°0- 03 T+'0-) €20~ (#£'0038%'0) 65°0 (£1'10395°0)08'0 100> (¢T0- 03 L¥'0-) ¥E€0- (66'0036%°0) £9°0 (S7'10312£'0)80°'T 1/60Tx ‘s23400ydwAT]
4% (LT'€03¥7'0-) 0€'T (09°0T03GT'S) EV'L (0£'6036£°€)T6'S 100> (90703 L6'T) 66'C (¢1°010186'€) 0L (96'501€0'7)90°€ 1/60Tx ‘sliydoynaN
6T (80°€039/°0-) IT'T (P¥'110106'G) T9°8 (€CTT016L%) 799 100> (€9°€0395°T) 95°C (0711031 £0°'9) CE'8 (8T°£01£€°€) °O'S ‘s119d noo_ﬁ.__\wmﬁ_ur_ﬁ\m
21601038 WRH
(Y01) uelpaw ‘anjen ‘sbuipuiy L1o01eioqe]
T00™> (6'7C-015'85-) L'Ov- (8'99) st (5°26) 6€ S00° (6'C-01092-) ¥'¥1- (T°94) ¥9 (9'06) 90T Adetayy 1elianuy
66'< (r'v7016°8-) €T~ (L°L6) v (0'001) OF 69" (€L018-)TT (8'86) €8 (9°96) €11 Adedsauy dnoiqruy
orT (67201 €°8¢-) T'ST- (€729) €¢ (5°£9) LT 100> (12903 7°9¢) €'6% (9°65) 0§ (eot) et auojosiupaldiAyia iy
(6801 ¥'1-) €°C (€01 0 (§¥07e-)TT (Tt 0 OIND3 yim AN
100°> (T'€C037°0-) ¥'IT 1) S 0 100°> (0CT031°0-)09 09 s 0 ANI
(96701 1'8) 6'8¢C (7'98) 8¢ (5729) €C (re80¥1'29)9'CL (924) 19 0 ANN
(8'%¢-01°09-) G ¢- 0 (57zp) L1 (0'9€-030'29-) 0°6¥- (o0 L1 (69) 18 ejnuued jeseN
JAdesayy usbAxQ
1eudsoy ul juswieal)
44 (8'81019'6-)9'9 (T6e)v cO1 o’ (zoroye-)ve (09)s (CRIR3 9seasip Jelple)
ST (€1€01€°9-)6CT (0so1r1 (ser) s ¢00° (Tvr019°¢)6cT (0'6T) 9T (199 sojaqelq
S0 (£6€010°C-) 68T (¥'9¢€) 91 (SL1) L 0 (T9zm€T) €T (720 €t (L€1) 91 uoisuaIadAH
Salpiglowo)
69’ (79703 T8T-) T'Y (T'%€) 6T (0'0¢) ¢1 96° (T'€ET018°ET-) €0~ (T°ze) LT (57z¢) 8¢ elbjeAu o anbiyeq
T (£'9€018'6-) V€T (6'59) 6C (§'¢9)TC 100> (T'87 03 L'6T) 6'€E (5'65) 0§ (9'50) 0€ eaudsAg
8T (8'TT015°GE-)8'TT- (Cev) 61 (0'59) ¢t L0’ (L'LT0¥6'T-)6'CT (8'8%) It (6's€) Ty 46103 3ARNPOId
ST (€901¢'1€-) ST~ (0's4) €€ (5°£8) 6€ L6 (0TT015°TT-) C0- (0'18) 89 (C'18) S6 ybno)
ST (T7018'12-)6'8- (9'88) 6€ (5°26) 6€ 75 (89037°6-)C'T- (6'26) 8L (0'v6) OTT 19N24
swodwiAs jeniu|
v (6'6010°€5-) 9'TT- (Tv€) ST (206 0 (S'L2016°0-) £€T (9°80) ¥¢ (6'TY) 61 9ewa4
(6'59) 67 (5°20)1€ (7'14) 09 (1°89) 89 o
J19pudn
100" (T'/-015'95-) §'TE~ (8'89) 0T (02001 900° (/€01 €°G) €°TT (¢'zv) og (9°€9) €9 6€>
(C19) v1 (0'€L) LT (L'19) 17 (¥'9¢) 9¢ (42n9) ybIy) 6=
Do ‘(YOI uelpaw
‘dunjesadway
S0’ (00019°0-) €0- (C'6€010'8€) 6'8€ (£'6€015°8€) 0'6€ 700’ (5°0020°0) €0 (9°6£ 03 6'8€) 0'6€ (0'6€ 03 7'8€) 09°8€ juaned 1s3ybiH
100™> (0°€7010°€T) 0'ST (05201 €°65) §'89 (8'9501€°0%) 005 100> (091030'8)0°CT (0'69010°09) '8 (0'%5010°0%) 0'8¥ A*(40I) uelpaw ‘aby
qoNeA e(1D %56) duaIa441Q (b = u) (o =u) ganjea e(1D %56) 2UdJ341a (78 =u) (L1T = 1) Soisiiapelerd jesiund
d (%) "ON ‘pald (%) "ON ‘anny d (%) "ON ‘SQyV yum (%) "ON ‘SQ¥V INOYUM
SAYY Yam sjusized sjuaned 11y

SQYV INOYUM pue UM siudlied Suowy sadipu| A10jeloqeT [efiu] pue solstiaioeley)d [ed1ul]) ‘e djqeL

939

JAMA Internal Medicine July 2020 Volume 180, Number 7

jamainternalmedicine.com

© 2020 American Medical Association. All rights reserved.

https://jamanetwork.com/ by a University of North Texas, Denton & DallasUser on 01/19/2021

Downloaded From


http://www.jamainternalmedicine.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2020.0994

Acute Respiratory Distress Syndrome and Death in Patients With COVID-19 in Wuhan, China

Research Original Investigation

‘aw} uiquiolylold ‘1 4 ‘uieroidodi) Ayisusp-mo| ‘1Q7 ‘aseusSolpAysp 21e1de| ‘HQT ‘(sew aoey

pue Ajddns moy} ySiy Suipnjaur) uolIe|IIUdA [edIUBYIDW dAISEAUILOU ‘AN 28Ukl 3)13ienbiaiul "y ‘Uone|lIuA
[BIUBLDBLL DAISBAUL ‘AN '9-UDIN3JISIUI ‘9-T] ‘uIdl01d 8A1DESI-) ANARISUSS-USIY 'dyD-SY ‘91el LoNeIusLwIpas
21400111418 "yS3 ‘uoneusdAxo sueiquisw [ea1odiodeixa ‘0N {WI0J0S! LIeq-a[2Snl 3seun| suineatd 'giN-)D
‘asesajsuelioulwe ayeledse ‘| Sy ‘swiy unsejdoquiolyy [enJed paieAilde ‘| | v ‘9Selajsueijouie sujuele ‘| 1y
‘awolpuAs ssasip A1ojelidsal a1nde ‘sqyy ‘aseusSolpAysp J11AINGAX0IpAY-D 'HAGH-D :suoneinalqqy

'159) 10BX® J2ysld 5
‘paiyads
10U JI 's9|qeLIeA [e21108318D 10} PASN SBM 1531 ,X PUE 'S3|qeLIBA SNONUIUOD JOJ PISN SBM LIOXOD[IM-ASUNYAM-ULBI o

‘(A SA PIQ 10 SAYY INOUUM SA SQHY UNM) S3|qeLIeA
|ed1108a3e2 10y 98e3UsdIad Ul pue (Poyial uuewyaT-sa8poH AQ) S9|qeLIeA SNONUIIUOD 104 LIOIEJO0| Ul 32UDIBHIC

T00° (LT'50168°0)0T°C (96'0T 03 GT'T) S6°€ (8T'TOITE0)6¥'0 100> (¥6'003TC°0) ¢S'0 (££'5019¥°0)9T'T (€6'003€€°0) ¢S50 Jw/6r ‘1awip-q
0’ (02°0-0300'2-) 0T "€~ (5€'870157°20) 0T ¥C (5£°9€0100727) 09°6C €T (09°'00106°€-) 0£'T- (00°5€ 03 55°27) 00°9C (§8'7€0165°52) SL°6C S ‘L1dV
L8 (09°0 03 05°0-) 00°0 (ST 010T'TT) 09°TT (S¥'C10166°0T) SL'TT 100> (0€°'1010£°0) 00'T (ST 010T'TT) 0L TT (0S'TT 030T°0T) 09°0T S'Ld

uoipuUNy uoieNbeo)
(000z< (258961 (000z<
€ (TL'CT¥031€9°68T-) §5'C0T 0} T#'655) TC'960T 01 €€°0€€) 00'€S8 100> (P7' G4 03 GT'CEE) 05°G¥S 0197°9%5) 87°6¢0T (59'C0L 03 €££°€7T) 99°LSY w/Bu ULy WNAS
17A (IS'%10300'6-)08'T (0572 0305°6€) 0565 (00°0£0300°0%) 09°'TS 0T (09'TT0300°C-) 00'F (00'T£0300°0%) 0t'CS (0£'%90300°0%) 0L "Lt U/ww "Ys3
T00™> (€1°90307°0) 88'€ (08'%1039€°/) LO'OT (66903 ¢1°'5) S0'9 €0’ (86'T03£0°0) €60 (68'0T101€9°G) 6L (€8'2019€'5) 679 qw/6d ‘9-1i
LT (00°S%0309'8-) ¢6'LT (09T< 01 §5't¥) 58'06 (08'0¢10309°97) 0T'69 100> (0079 0305°2€) 0L'9% (0%'CST 01 61°6€) 00°€E8 (08'£50159'9) 0'€C /bW ‘dyd-sy
S3JIPUI PA)e]RI-UOIIIA]
o€’ (£1°00305°0-) 9T°0- (¢r'z010€'T) L9'T (8%'C0109'T) 00'C £00° (80°0-0305°0-) 6C°0- (L¥'T0109°T) 88T (CLToy 9L’ T)9T'C W a1

100 (00'7£103100°5) 00'ZTT (00°G6%0305°067) 00 LTy (ST'99€ 03 6/'877) 0S'TOE  T00™> (00°'TST 0300°98) 00'8TT (00°ZLP 0305°252) 00°€€E  (00°£LT 0}00°64T) 00°LTT 1/N ‘HAgH-»

100 (00°€£10100°09) 00°ZTT (058950100 TSE) 00'¥87 (00'9T¥ 0305°€67) 05°6¥E 100> (00°89T 03 00°90T) 00'9€T  (00°TTS 03 00°0Z€) 00°96€  (05°0TE 03 00°TTT) 00°LST 1/n ‘HA1
10 (5€°003%0°0) 61°0 (¢r'101%8°0) 80T (80T €£°0)¥6'0 100> (¥T°'00160°0)9T°0 (Tz10128°0) L6°0 (€6'0017£°0) ¥8°0 /6w ) uneisk)y

(00°66¢- (00°£SLL (002516 (00'%59- (00'86%8 (00°'1¥L6

500 0100°TTTZ-) 00 ¥/CT- 010§°7/¥S) 0078€9 0105°86%9) 00'876/ 100> 0100'78LT-) L9°LETT- 0105°£0£S) 00°5569 0100°0T¢/) 00°0£08 /N ‘dsetnsaunoy)
€6’ (00°€0300°€-) 000 (0002 0300°€T) 00°LT (5£°020300°€T) 00°9T 10’ (00°€0300°0) 00°C (05°020300°€T) 00°LT (00'6T 0300°CT) 00'ST /N “aiN->10
6’ (0710307’ T-)0T°0 (56'60156'S) 0T 'L (07'0T030%'S)08'Z 100> (0¥'C0300'T)09'T (80°0T030L'9) 0%’ (05'90106'%) OF'S INW ‘3s03n19
o€ (08'%030€'ST-) LL V- (0479801 6G%°'£G) 00°€L (0£°€603€££'65) G9°'8L 90° (0S'TT0302°0-)09'S (5€'760106'£S) 09'VL (50'T8 03 G¥'£G) 0489 N ‘Bulueas)

700’ (0£'70105°0)0S'T (5£'8010T°S) OF'L (06'90100%) ¥6'¥  100™> (67°C010T'T)69'T (06'£01St') 08'S (07'5010%°€) 0E ¥ W ‘ealn
o€ (00°0T0300'T€E-)00°'TT-  (00'E€CT 0300°£9) 00°00T (00'9%T 0305°€8) 00°'TOT  T00"> (00°€2-0300'¢5-) 00°£€-  (00'8TT 03 5£'9/) 05°00T (00°0£LT 0105°66) 00°9€T /6w ‘uiungea.d
8T (05°€0105°0-) 0S'T (0£'9£0101°67) 06°CE (¢5'€€010¥'62) 0£°0€ 700’ (08'70109°0)09'T (50°S€015€'67) 09°TE (§5'7€ 01 57°82) 00°0€ 1/6 ‘unnqoio

L00° (0£°0-030T'¥-) 0€°C- (S5°T€0107°97) 0T°6C (0T¥€010L£0) SE°'TE 100> (0€°C-0109%-) 05°€- (G€°€€036T°£2) OF'0€ (0€79€0166'0€) 0£°€€ 1/6 ‘uiunqly
i1a (00°T 0307 %-) 09°'T- (56°59030695) 0479 (09°£901€8°/5) 06'€9 T (0£°0030T°€-) OV T~ (98'99030%'£G) 05°€9 (5T°£9015609) 0£°79 1/6 ‘uiv3o1d 1e301
YA (00'80300°TT-) 00°C- (0525 0305°07) 00°6€ (57°6503G7°€7) 00°GE 10’ (00°€10300°2) 00°Z (0525 0305'T7) 00°GE (0S'T#0300°8T) 00°LT 1/n 1Y
e (002 0100°0T-) 00— (00°25 0300°0€) 00°LE (§7°£50167°2€)058€ 100> (0021 0300'5) 006 (00°€5 03 05°0€) 00°8€ (05°8€ 0300°'%7) 00°0€ 1/n 1SV
€0’ (07°5010£°0)09°C (08'6T 03G€°0T) 0G VT (ST'ST0IE€E6) SO TT 700’ (0€£°€0309°0) 06'T (50°£T 0305'6) 06'CT (S9°€10309'8) 05°0T N ‘uignaniq jeor

1ea1waydolg

qoNeA e(1D %56) duaIa441Q (b = u) (o7 =u) ganjea e(1D %56) 22UaJ341a (¥8 = u) (L1T = 1) SanisiivPeIRY)d 1BdIUI)D
d (%) "ON ‘pald (%) "ON ‘anny d (%) "ON ‘SQyV yum (%) "ON ‘SQ¥V INOYIM
SAYY Yim sjusized sjuatzed 1y

(PONUIUOD) SAYY INOLIM PUE I SIUBlIed Suowy sad1pu| A103e10qeT [elju] pue soisLieloesey) [edlul) "€ djqel

jamainternalmedicine.com

JAMA Internal Medicine July 2020 Volume 180, Number 7

940

© 2020 American Medical Association. All rights reserved.

https://jamanetwork.com/ by a University of North Texas, Denton & DallasUser on 01/19/2021

Downloaded From


http://www.jamainternalmedicine.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2020.0994

Acute Respiratory Distress Syndrome and Death in Patients With COVID-19 in Wuhan, China

Original Investigation Research

Table 4. Bivariate Cox Regression of Factors Associated With ARDS Development

or Progression From ARDS to Death

ARDS Death
Patient characteristics and findings HR (95% CI) P value HR (95% CI) P value
Clinical characteristics
Age (265 vs <65), y 3.26 (2.08-5.11) <.001 6.17 (3.26-11.67) <.001
Gender (male vs female) 1.47 (0.92-2.36) 11 0.56 (0.30-1.05) .07
Highest patient temperature 1.77 (1.11-2.84) .02 0.41(0.21-0.82) .01
(239 °C vs <39 °C)
Comorbidities
Hypertension (yes vs no) 1.82 (1.13-2.95) .01 1.70(0.92-3.14) .09
Diabetes (yes vs no) 2.34(1.35-4.05) .002 1.58 (0.80-3.13) .19
Laboratory findings
Hematologic
Neutrophils, 10°/L 1.14(1.09-1.19) <.001 1.08(1.01-1.17) .03
Lymphocytes, 10°/L 0.37 (0.21-0.63) <.001 0.51(0.22-1.17) 11
CD3, 100/pL 0.83(0.72-0.96) .01 0.81(0.59-1.11) .19
CD4, 100/pL 0.74 (0.59-0.93) .01 0.83(0.51-1.35) .45
CD8, 100/pL 0.74 (0.53-1.04) .08 0.51(0.24-1.09) .08
Biochemical
Total bilirubin, pM 1.05(1.02-1.08) .001 1.07 (1.02-1.12) .003
AST, U/L 1.02(1.01-1.03) <.001 0.99 (0.98-1.01) .45
ALT, U/L 1.00(1.00-1.01) .09 1.00(0.98-1.01) 43
Albumin, 10 g/L 0.49 (0.37-0.66) <.001 0.19 (0.07-0.49) .001
Globulin, 10 g/L 2.32(1.45-3.71) <.001 1.91(1.01-3.61) .05
Prealbumin, mg/L 0.99 (0.98-0.99) <.001 1.00(0.99-1.00) 31
Urea, mM 1.13(1.09-1.18) <.001 1.13 (1.06-1.20) <.001
Creatinine, 10 pM 1.05 (1.01-1.10) .02 1.04 (0.97-1.11) 31
Glucose, mM 1.13(1.08-1.19) <.001 1.00 (0.92-1.08) .92
CK-MB, U/L 1.01(1.00-1.02) 12 0.99(0.97-1.01) .46
Cholinesterase, x103U/L 0.81 (0.73-0.90) <.001 0.84 (0.73-0.97) .02
Cystatin C, mg/L 1.69(1.31-2.19) <.001 1.80(1.28-2.53) .001
LDH, 100 U/L 1.61(1.44-1.79) <.001 1.30(1.11-1.52) .001
a-HBDH, 100 U/L 1.74(1.52-1.99) <.001 1.34(1.13-1.60) .001 Abbreviations: Q-HBDH.
LDL, mM 0.63 (0.44-0.88) 008 0.84(0.54-1.31) 45 le?I'y:Ir;):?:] 2“;’:;'5:5:{2;:232?56:
Infection-related indices APTT, activated partial
hs-CRP, mg/L (>5 vs <5) 4.81(1.52-15.27) .008 NA NA thromboplastin time; ARDS, acute
IL-6, pg/mL 1.02 (1.00-1.05) 09 1.03 (1.01-1.05) 01 ;xe;?I;itp;rr);izt;:;z::r:;?;se
ESR, mm/h 1.01(1.00-1.02) .19 1.01 (0.99-1.02) .32 CK-MB, creatine kinase muscle-brain
Serum ferritin, ng/mL (>300 vs <300) 3.53(1.52-8.16) .003 5.28 (0.72-38.48) .10 isoform; ESR, erythrocyte
Coagulation function sediment'ation ratle,: HR, hazardlratio;
hs-CRP, high-sensitivity C-reactive
PT, s 1.56 (1.32-1.83) <.001 1.08 (0.84-1.38) 54 protein; IL-6, interleukin-6;
APTT, s 0.97 (0.94-1.01) 13 0.96 (0.91-1.00) .06 LDH, lactate dehydrogenase;
D-dimer, ug/mL 1.03 (1.01-1.04) <001  1.02(1.01-1.04) 002 LDL. low-density lipoprotein; NA, not

available; PT, prothrombin time.

Double-blinded randomized clinical trials should be con-
ducted to validate these results.

Therisk factors related to the development of ARDS and pro-
gression from ARDS to death included older age, neutrophilia,
and organ and coagulation dysfunction (eg, higher LDH and
D-dimer). In addition, we observed that several factors associ-
ated with the development of ARDS were not associated with
death (eg, comorbidities, lymphocyte counts, CD3 and CD4 T-cell
counts, AST, prealbumin, creatinine, glucose, low-density lipo-
protein, serum ferritin, PT). Moreover, the difference in median
D-dimer between the death and survival groups was larger than

jamainternalmedicine.com

that between the ARDS and non-ARDS groups, which suggests
that disseminated intravascular coagulation was on the pathway
todeath in some patients. Interestingly, although high fever was
positively associated with development of ARDS, it was nega-
tively related to death, which is consistent with results noted
in a study by Schell-Chaple et al.® However, the differences in
patient temperature between the groups were very small and
self-reported before hospital admission, thus the data regarding
high fever should be cautiously interpreted.

The pathogenesis of highly pathogenic human coronavi-
rus is still not completely understood. Cytokine storm and
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Figure. Survival Curve in Patients With Acute Respiratory Distress
Syndrome Who Did and Did Not Receive Methylprednisolone Treatment
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Administration of methylprednisolone reduced the risk of death (hazard ratio,
0.38;95% Cl, 0.20-0.72; P = .003).

viral evasion of cellular immune responses are thought to play
important roles in disease severity.° Neutrophilia was found
inboth the peripheral blood'° and lung" of patients with SARS-
CoV. The severity of lung damage correlated with extensive pul-
monary infiltration of neutrophils and macrophages and higher
numbers of these cells in the peripheral blood in patients with
Middle East respiratory syndrome.'?* Neutrophils are the
main source of chemokines and cytokines. The generation of
cytokine storm can lead to ARDS, which is a leading cause
of death in patients with severe acute respiratory syndrome
15 and Middle East respiratory syndrome.!* In this study,
patients with COVID-19 pneumonia who had developed ARDS
had significantly higher neutrophil counts than did those with-
out ARDS, perhaps leading to the activation of neutrophils to
execute an immune response against the virus, but also con-
tributing to cytokine storm. This may partly explain the posi-
tive association of high fever and ARDS found at the early stages
of COVID-19. In addition, considering that older age is associ-
ated with declined immune competence,'® the results of the
present study showed that older age was associated with both
ARDS and death. Therefore, older age related to death may be
due to less robust immune responses.

The results of this study show that higher CD3 and CD4
T-cell counts might protect patients from developing ARDS,
but similar results were not observed when examined for death,
possibly because of limited sample size. CD8 counts were sig-
nificantly higher in those who were alive. These results indi-
cate the important roles of CD4 and CD8 T cells in COVID-19
pneumonia. Earlier studies have revealed that SARS-CoV, which
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was reported to share the same cell entry receptors with
SARS-CoV-2,'718 could infect immune cells, including T lym-
phocytes, monocytes, and macrophages.!® The CD3, CD4, and
CD8 T-cell counts decreased at the onset of illness; this de-
crease persisted until the recovery period of SARS-CoV
pneumonia.’® In addition, CD4 and CD8 T-cell counts de-
creased in the peripheral blood specimen of patients with
fatal SARS-CoV pneumonia'®-2%-2!, which was consistent with
these results that patients with COVID-19 pneumonia and ARDS
presented with lymphocytopenia (CD3, CD4, and CD8 T cells).
Studies demonstrated that T-cell responses can inhibit the
overactivation of innate immunity.?? T cells were reported to
help clear SARS-CoV, and a suboptimal T-cell response was
found to cause pathological changes observed in mice with
SARS-CoV.%* We hypothesized that persistent and gradual in-
creases in lymphocyte responses might be required for effec-
tive immunity against SARS-CoV-2 infection. Further studies
are needed to characterize the role of the neutrophil and lym-
phocyte response or that of CD4 and CD8 T-cell immune re-
sponse in SARS-CoV-2 infection.

Limitations

This study has several limitations. First, owing to limited medi-
cal resources, only patients with relatively severe COVID-19
pneumonia were hospitalized during this period. Second, this
study was conducted at a single-center hospital with limited
sample size. As such, this study may have included dispro-
portionately more patients with poor outcomes. There may also
be aselection bias when identifying factors that influence the
clinical outcomes. A larger cohort study of patients with
COVID-19 pneumonia from Wuhan, China, other cities in China,
and other countries would help to further define the clinical
characteristics and risk factors of the disease.

. |
Conclusions

Older age was associated with greater risk of developing ARDS
and death, likely because of less rigorous immune response.
Although fever was associated with the development of ARDS,
it was also associated with better outcomes. Several factors re-
lated to the development of ARDS were not associated with
death, which indicates that different pathophysiological
changes from hospital admission to development of ARDS and
from development of ARDS to death may exist. Moreover, treat-
ment with methylprednisolone may be beneficial for pa-
tients who develop ARDS. Double-blinded randomized clini-
cal trials to determine the most effective treatments for
COVID-19 are still needed.
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