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Coronavirus disease 2019 (COVID-19) is a new infectious disease, and acute respiratory syndrome (ARDS) plays
an important role in the process of disease aggravation. The detailed clinical course and risk factors of ARDS
have not been well described.

We retrospectively investigated the demographic, clinical, and laboratory data of adult confirmed cases of
COVID-19 in Beijing Ditan Hospital from Jan 20 to Feb 29, 2020 and compared the differences between ARDS
cases and non-ARDS cases. Univariate and multivariate logistic regression methods were employed to explore
the risk factors associated with ARDS.

Of the 130 adult patients enrolled in this study, the median age was 46.5 (34-62) years and 76 (58.5%) were
male. ARDS developed in 26 (20.0%) and 1 (0.8%) death occurred. Fever occurred in 114 patients, with a me-
dian highest temperature of 38.5 (38-39)°C and median fever duration of 8 (3-11) days. The median time
from illness onset to ARDS was 10 (6-13) days, the median time to chest CT improvement was 17 (14-21)
days, and median time to negative nucleic acid test result was 27 (17-33) days. Multivariate regression anal-
ysis showed increasing odds of ARDS associated with age older than 65 years (OR=4.75, 95% CL1.26-17.89,
P=0.021), lymphocyte counts [0.5-1x10°L (OR=8.80, 95% CL 2.22-34.99, P=0.002); <0.5x10°/L(OR=36.23, 95%
CL 4.63-2083.48, P=0.001)], and temperature peak >39.1°C (OR=5.35, 95% CL 1.38-20.76, P=0.015).

ARDS tended to occur in the second week of the disease course. Potential risk factors for ARDS were older age
(>65 years), lymphopenia (<1.0x10°%/L), and temperature peak (>39.1°C). These findings could help clinicians
to predict which patients will have a poor prognosis at an early stage.

COVID-19 ¢ Fever ¢ Lymphopenia ¢ Respiratory Distress Syndrome, Adult ¢ Risk Factors

https://www.medscimonit.com/abstract/index/idArt/925974

%2785 %4 M‘Ell %31

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
e925974-1 [ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]




CLINICAL RESEARCH

Background

At the end of 2019, several cases of viral pneumonia of un-
known origin were reported in Wuhan, China [1-5]. High-
throughput sequencing identified the causative pathogen
was a novel coronavirus, which was named severe acute re-
spiratory syndrome coronavirus-2 (SARS-CoV-2). On February
11, the World Health Organization (WHO) named the disease
caused by this virus Coronavirus Disease 2019 (COVID-19). So
far, COVID-19 has affected more then 140 countries/regions
and has become a major global health concern [6].

According to previous literature, there is a wide clinical spec-
trum of SARS-CoV-2 infection, including asymptomatic infec-
tion, mild respiratory symptoms, severe viral pneumonia with
respiratory failure, acute respiratory distress syndrome (ARDS),
and death. Most infected patients present mild symptoms and
quickly recover, but some progress rapidly to ARDS and re-
quire ICU care. ARDS is associated with 35.3% ICU mortality
and 40.0% hospital mortality according to a large epidemio-
logical study in 50 countries [7]. Currently, there are no effica-
cious antiviral therapies or vaccines for COVID-19. To reduce
the mortality and alleviate the shortage of medical resourc-
es, it is essential to identify patients at higher risk of ARDS
at an early stage. However, information on the detailed clin-
ical course and risk factors for ARDS in COVID-19 patients is
limited. Therefore, the aim of this study was to compare the
clinical characteristics, laboratory results, and imaging fea-
tures between COVID-19 patients with ARDS and those with-
out ARDS, to explore risk factors for ARDS in patients with
SARS-CoV-2 infection.

Material and Methods

Study design and patients

There were 145 patients who were diagnosed based on Chinese
management guidelines for COVID-19 (Trial Version 6, Revised)
(meet the criteria for suspected cases and have at least 2 pos-
itive results by the RT-PCR assay for SARS-CoV-2 or a genetic
sequence that matches SARS-CoV-2 [8,9]) and hospitalized in
the hospital from Jan 20 to Feb 29, 2020. After excluding 15 mi-
nor patients (age <18 years old), we enrolled 130 adult patients
and divided them into an ARDS group and a non-ARDS group.

Laboratory confirmation

Laboratory confirmation of COVID-19 was performed at the
Beijing Center for Disease Prevention and Control (CDC) and
the Infectious Diseases Laboratory of the hospital (audited
and authorized by the CDC). Respiratory specimens, including
oropharyngeal swab, nasopharyngeal swab, or sputum, were
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collected from all patients on admission. Viral RNA was ex-
tracted within 2 h in a biosafety cabinet in a BSL-2 lab using
the QIAamp® Viral RNA Mini Kit according to the manufactur-
er’s instructions. Real-time RT-PCR assays targeting the open
reading frame 1ab (ORF1ab) region and nucleoprotein (N) gene
of SARS-CoV-2 were conducted for nucleic acid testing. The re-
action system and amplification conditions were according to
the manufacturer’s specifications (Shanghai BioGerm Medical
Technology Co. LTD, China). A cycle threshold value of both
genes less than or equal to 37 was considered as positive for
SARS-CoV-2 diagnosis. All the procedures were conducted in
accordance with the protocol established by the WHO [10].

Data collection

We collected the patients’ information from their electronic
medical records that were set up when they were hospitalized
in the hospital, including basic demographics [sex, age, body
mass index (BMI), and comorbidities], epidemiological histo-
ry (indicated if patients have resided in or traveled to Wuhan
within 14 days before illness onset), clinical characteristics,
course of disease (days from illness onset to diagnosis, lopi-
navir/ritonavir treatment. temperature recovery, chest CT im-
provement, negative nucleic acid test result), and clinical out-
comes. Laboratory findings included whole blood counts [white
blood cell (WBC) count, lymphocyte (LYM) count], blood bio-
chemistry [creatinine clearance rate (Ccr), alanine aminotrans-
ferase (ALT), lactate dehydrogenase (LDH), creatinine kinase
(CK), creatine kinase isoenzyme (CK-MB), C-reactive protein
(CRP)], erythrocyte sedimentation rate (ESR) and coagulation
function [prothrombin time (PT), fibrinogen (FIB), activated
partial thromboplastin time (APTT), and thrombin time (TT)].
Unilateral or bilateral lung inflammation were also recorded
according to chest computed tomography (CT).

Definitions

Secondary bacterial infection was diagnosed if patients showed
clinical symptoms of pneumonia and bacteremia with a pos-
itive culture of a pathogen from lower respiratory tract spec-
imens (sputum, endotracheal aspirates, or bronchoalveolar
lavage fluid) or from blood samples within 2 days after admis-
sion [8]. Fever was defined as axiliary temperature of at least
37.3°C. ARDS was diagnosed according to the Berlin Definition
as follows: (1) presence of acute hypoxemic respiratory failure
with Pa02/Fi02x(760/actual atmosphere) <300 mmHg; (2) on-
set within 1 week of a known clinical insult or new or worsen-
ing respiratory symptoms; (3) chest imaging showed bilateral
opacities without pleural effusion, atelectasis or nodules; and
(4) no cardiac failure or body fluid overload [11,12]. Liver inju-
ry, kidney injury, and myocardial injury was diagnosed if serum
levels were above the 99th percentile upper reference limit.
Coagulation abnormality was defined by the prolongation of
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Table 1. Demographic, diagnostic time, treatment and comorbidities at baseline in Beijing, China.

Clinical characteristics

All patients (n=130)

Non-ARDS (n=104) ARDS (n=26)

Demographic data

Male sex — No. (%) 76 (58.46)
 Age Median (range) ~years 465 (34.0-620)
sesyearsNo.(%) 24 (1846

BMI, Median(range) — kg/m? Zall rfié'568_27'61)’
3okgmi-No. ) 6 023
Wuhan-No.%®) 64 (4923
Comorbidies 36 (2769)
Hypertension—-No. (%) 22 (1692
oM2-No.®) 12 023
coPD-No.®) 4 o8
Hypothyroidism —No. (6) 5 385)
CCHD-No.C®) 4 G0y
oo-Ne® 2 a5
CGRE-No.CGB 2 asa)
 Bacterial infection on admission 6(462) """""""""

- No. (%)

44 (56.73) 17 (65.38) 0.083
400 (330-578) 6350 (458750 0000
11 (058 13 (50000 0000

24.68 n(ig.oss 26.88), 25.39 n(i§.514—28.39), 0.445

4 (8.00) 2 (13.33) 0.907
"""" 4 4712 15 (5769 0335
24 (2308 12 (4615 0019
13 a2s0) o G077) 0017
""""" 767  5(923) o112
""""" 388 1089 1000
""""" s@4s) 0@ 0569
""""" 2 1% 2 @e) 0374
""""" 1 0%  1(8) 0859
""""" 1 0%  1(8) 089

1 (0.96) 5 (19.23 0.001

DM?2 — diabetes mellitus type 2; COPD — chronic obstructive pulmonary disease; CHD — chronic heart disease; CVD — chronic vascular

disease; CRF — chronic renal failure.

PT, APTT, and TT, and increased level of FIB. Nucleic acid con-
version was defined as negative nucleic acid in nasopharyngeal
swabs or sputum twice with an interval of at least 24 h [8].

Statistical analysis

Continuous variables were expressed as the means and stan-
dard deviations or medians and interquartile ranges (IQR) as
appropriate. Categorical variables were summarized as the
counts and percentages in each category. Wilcoxon rank-sum
tests were applied to continuous variables, and chi-square test
and Fisher’s exact test were used for categorical variables as ap-
propriate. To explore the risk factors associated with ARDS, uni-
variate and multivariate logistic regression models were used.
Considering the frequency of outcome variables and the total
subject observations, 6 variables were chosen for multivariate
analysis based on previous findings. Previous studies showed
that elderly patients (age »65 years), chronic illness, and lym-
phopenia were risk factors for severe illness in COVID-19 pa-
tients [1-5,13]. Fever was the most common manifestation of
COVID and severe cases tended to have a higher temperature
peak and longer fever duration than the non-severe cases [3,4].

Early diagnosis and use of effective antiviral drugs can reduce
the mortality of influenza patients [14], predicated on which
we consider antiviral therapy (lopinavir/ritonavir) as potential
prognostic factor of COVID-19. Although severe cases had more
prominent abnormalities, laboratory findings might be diffi-
cult to obtain under emergency circumstances. Therefore, we
chose age>65 years, lymphopenia, comorbidities (which was
statistically different), the highest temperature, duration of fe-
ver, and antiviral therapy as potential risk factors of ARDS. P
value <0.05 was considered statistically significant. All analy-
ses were conducted with SPSS 16.0 (IBM, Armonk, NY, USA).

Ethnic statement
The study was approved by the Ethics Committee of the hos-

pital (2020-009-01). Written informed consent was obtained
from all patients or from a legal guardian.
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Table 2. Clinical characteristics, events of COVID cases in Beijing, China.

Clinical characteristics All patients (n=130) Non-ARDS (n=104) ARDS (n=26)

Day of body temperature recovery,

by 8 (3-11),n=114 6 (2-10), n=88 11 (8-14) 0.000
Day of Nucleic acid negative, _ _ _

Median (fange) . Dags 23 (17-33), n=110 22 (14-34), n=88 24 (19-33), n=22 0.239
Day of chest CT improvement,

o 17 (14-21), n=122 16 (13-20), n=97 20 (18-25), n=25 0.004
Symptom

Fever — No. (%) 114 (87.69) 88 (84.62) 26 (100) 0.072
Temperature peak, Median 38.5 (38-39) 383 (38.0-38.8) 39.1 (38.8-39.5) 0.000
(range) — °C

Cough - No. (%) 83 (63.84) 61 (58.65) 22 (84.61) 0.014
Sputum — No. (%) 42 (32.31) 31 (29.81) 11 (42.31) 0.223
Digestive tract symptoms 10 (7.69) 6 (5.77) 4 (15.38) 0217
- No. (%)

Treatment

Lopinavir/ritonavir therapy 84 (64.62) 74 (71.15) 10 (38.46) 0.002

- No. (%)

comorbidities, with hypertension (16.9%) and diabetes (9.2%)
being the most common comorbidities. Six (4.6%) patients ex-
B perienced secondary bacterial infection before ARDS. Eighty-
four (64.6%) patients were given lopinavir/ritonavir tablets
orally with 500 mg twice a day [8] (Table 1).

Compa rison of multiple events between non-ARDS and ARDS cases
60 - [ Non-ARDS cases
Il ARDS cases

40

+

The median time from illness onset to diagnosis was 5 (2-8)
days. Fever was detected in 114 (87.7%) patients. The medi-
an highest temperature was 38.5 (38-39)°C and fever dura-
tion was 8 (3-11) days. The most common respiratory symp-
toms were cough (63.8%) and sputum (32.3%). Pneumonia
on admission was detected in 124 (95.4%) patients. Twenty-

20

e ™

Deys from symptom onset (days)

Diagnosis - Body temperature  Chest (T Converting to six (20.0%) developed ARDS, with a median time of 10 (6-13)
recovery improvement negative d frer di is. Eioht 13.9% tients had
P=0.163 peoon P02 P-0004 ays after diagnosis. Eighteen (13.9%) patients had severe

ARDS and were transfer to the ICU. Ten patients (7.7%) had
gastrointestinal symptoms and 8 (5.5%) had nasal congestion
or watery eyes. As of March 20, 122 (93.9%) patients showed

Figure 1. Comparison of multiple events between non-ARDS and

ARDS cases. chest CT improvement in pneumonia after a median time of
17 (14-21) days. There were 101 (77.7%) patients discharged
Results from the hospital. A continuous negative RT-PCR test result

In total, 130 adult patients were included in this study; 76
(58.5%) were males, and the median age was 46.5 (34-62)
years, ranging from 18 to 92 years. Sixty-four (49.2%) patients
were Wuhan imported cases. Thirty-six (27.7%) patients had

was obtained by 110 (84.6%) patients after a median time
of 27 (17-33) days, but 12 (10.7%) patients were re-hospital-
ized due to positive results and were re-examined for nucleic
acid 2 weeks after hospital discharge. Only 1 (0.8%) patient
died. All the above results are shown in Table 2 and Figure 1.
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Table 3. Laboratory and radiologic findings of COVID cases in Beijing, China.

Clinical characteristics All patients (n=130) Non-ARDS (n=104) ARDS (n=26)

Routine blood indexes

WBC, Median (range) — 10°%/L 4.45 (3.50-5.49) 445 (3.55-5.19) 4.40 (3.19-6.10) 0.662
"""" 0L No. (%) 51129 (39.53)  39/103 (37.8)  12/26 4615) 0440
 Lym count, Median (range) ~ 1%L 107 (0.72-150) 118 (094-157) 060 (042-077) 0000
"""" SLO107L, No. (%) 76/129 (5891) 73103 (70.87) 326 (154
"""" 05-10x10%L, No. (%) 41/129 (3178)  28/103 (27.18) 13/26 (5000) 0000
"""" OS5<10LNo. (%) 12129 (930) 2103 (099) 10726 (3846)

Ccr, Median (range) — ml/min 112.2 (82.2-135.2) 116.6 (84.5-137.2) 107.1 (71.4-120.1) 0.092
"""" QomUmin,No.(%)  43/126 (41) 33102 G24) 10024 417) 0388
| CrMedian (range) —umoll 685 (5585-82.10)  68.00 (5580-80.70)  69.55 (55.60-8845) 0557
"""" >104umol,No. (%) 5/129 (388)  5/103 @85 o 0564
| AT Median (range) ~ull 2580 (1845-37.95) 2480 (1720-3670) 345 (2148-5468) 0020
"""" 40wl No. (%) 29/129 (2248)  18/103 (1747)  10/26 (3846) 0020
| LDH, Median (range) ~ull 27 (189-3100 218 (188-283) 305 (195-373) 0026
"""" »250 Wl No. (%) 49/117 (4188)  34/92 (3696)  15/25 (6000) 0058
| K, Median (range) -w! 6690 (4620-105.90) 6600 (4840-103.00) 7110 (29.35-190.50) 0842
"""" >198 W No. (%) 12/129 (1026)  6/103 (909 626 (1154 0020
| CK-MB, Median (range) -u/l 1600 (1300-213) 1550 (1290-1880) 1590 (13.20-2280) 0309
"""" >25 Wl No. (%) 9/126 (714)  4/91 440) 525 2000 0021
| CRP, Median (range) - mg/dl 2370 (500-53.10) 1540 (430-3400) 10200 (4550-12063) 0000
"""" »smg/d,No. (%) 96/129 (7442)  71/103 (6893%)  25/26 (96.15%) 0004

PT, Median (range) - s 12.30 (11.70-13.40) 12.10 (11.60-13.25)  13.15 (12.50-13.60) 0.001
»12.5's, No. (%) 57/127 (44.88) 38/101 (37.62) 19/26 (73.08) 0.001
FIB, Median (range) — mg/dl 343.00 (230.00-405.00) 327 (221-387) 415 (305-468) 0.000
>400 mg/dl, No. (%) 33/127 (25.98) 19/101 (18.81) 14/26 (53.85) 0.000
Chest CT
Lung inflammation No. (%) 125 (96.15) 99 (96.12) 26 (100) 0.698
E}I?teral lung inflammation No. 71 (54.62) 45 (43.27) 26 (100) 0.000
0,
Others
CD4+T lymphocyte count, Median 537 (384-713.5) 537 (404-717) 471 (273-705) 0.000
(range) — cells/ul
<706 cells/ul, No. (%) 64/89 (71.91) 49/69 (71.01) 15/20 (75.00) 0.727
CD8+T lymphocyte count, Median 33, (157 5_576,) 409 (257-624) 170 (127-273) 0.192
(range) — cells/ul
<320 cells/ul, No. (%) 41/89 (46.07) 24/69 (34.78) 17/20 (85.00) 0.000
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Table 4. The risk factors of ARDS.

Univariable OR
(95% CI)

Multivariable
OR (95% Cl)

Clinical characteristics

Demographic data

Age, years
>6Syears (s 18-65year) 846 (314-2277) 0000 475 (126-17.89) 0021
CComerbidites
Hypertension (vs. no hypertension) 371 (27222080 0010 - -
CRver
 Maximum body temperature, °C 683 (277-1682) 0000 535 (138-2076) 0015
' Day of body temperature recovery, Days 115 (105-125) 0002 - -
CTreatment

ks 025 (010-06) 0003 - -
laboratory findings
Cymeount 104
"""" 10 e o
"""" os-10 271 (112-656) 0024 880 (222-3499) 0002
"""" ©s 3188 (639-15900) 0000 3623 (463-28348 0001

WBC — white blood cell; Neu — neutrophil; Lym — lymphocyte; HGB — hemoglobin; PLT — platelet; Bun — blood urea nitrogen; Cr — serum
creatinine; ALT — alanine transaminase; AST — glutamate transaminase; LDH — lactate dehydrogenase; HBDH — hydroxybutyrate
dehydrogenase; CK — creatine kinase; CKMB — myocardial creatine kinase isoenzyme; PT — prothrombin time; APTT — activated partial
thromboplastin time; FIB — fibrinogen; TT — thrombin time; CRP — C-reactive protein; LAC — lactic acid; SAA — serum amylase-like
protein; ESR — erythrocyte sedimentation rate.

Lymphopenia was diagnosed in 41.1% (53/130) of patients.
Reduced CD4* cells and CD8* cells were found in 71.9% (64/81)
and 46.1% (41/81) of patients, respectively. Increased CRP was
found in 74.4% (96/129) of patients. Coagulation abnormalities
were found in 80.6% (104/129), showing prolonged PT, APTT,
TT, and increased FIB. High levels of myocardial enzymes were
found in 59.7% (77/129) of patients, including LDH, HBDH, CK,
and CM-MB. Liver injury was detected in 31.8% (41/129) of
patients, and 3.9% (5/129) had renal injury. These results are
displayed in Table 3.

In univariate analysis, there were statistically significant differ-
ences in age, secondary bacterial infection, lopinavir/ritonavir
therapy, temperature peak, days from illness onset to body tem-
perature recovery and chest CT improvement, lymphocyte count,
HBDH, CRP, PT, FIB, ESR, and CD4* T lymphocyte count (P<0.01).
In the multivariate logistic regression model, we found that old-
er age (>65 years), maximum body temperature >39.1°C, and
lymphopenia (<1.0x10°/L) were associated with increased risk
of developing ARDS (P>0.05). These results are shown in Table 4.
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Discussion

We identified several risk factors associated with ARDS in
COVID-19 patients, including older age (»65 years), maximum
body temperature >39.1°C, and lymphopenia (<1.0x10%/L).
Additionally, elevated levels of myocardial enzymes, decreased
CD4* T lymphocytes, and coagulation abnormality were more
common in patients with ARDS.

According to previous studies, older age and underlying dis-
eases (hypertension, diabetes, and cardiovascular disease)
were related to the severity of COVID-19 patients [2-5,13]. In
this study, we also found that older age (>65 years) was asso-
ciated with increased risk of ARDS in COVID-19 patients. The
defects in both cell-mediated and humoral immunity progres-
sively increase with age and can lead to a deficiency in control
of viral replication [15]. It is generally agreed that age-related
decrease in the adaptive immune response and presence of
more underlying diseases place elderly patients at increased
risk for infection. There have been reports that older age is
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an important independent predictor of mortality in patients
with SARS, MERS, and influenza [16,17]. A report of 1591 pa-
tients who were infected with SARS-CoV-2 and admitted to
ICUs showed that hypertension (49%) was the most common
comorbidity, followed by cardiovascular disorders (21%), hy-
percholesterolemia (18%), and diabetes (17%) [18]. However,
no statistically significant differences were found in underlying
diseases, which may be related to the relatively limited num-
ber of elderly patients (18.5%) in our study population com-
pared to previous studies.

Consistent with recent reports, the most common symptom of
COVID-19 patients was fever. In univariate analysis, patients
with ARDS had longer duration of fever and higher maximum
temperature (P<0.001). The median time of fever duration in
ARDS cases was almost twice that of non-ARDS cases [11(8-14)
vs. 6 (2-10) days]. Patients with higher body temperature peak
had higher risk of ARDS, especially for patients with high fe-
ver (>39.1°C), which has rarely been reported in the literature.
These symptoms may be helpful in clinical practice for pre-
liminary decision-making. High body temperature may be an
extracorporeal indicator of the inflammatory response mainly
caused by endogenous pyrogens such as interleukin-6 (IL-6)
and tumor necrosis factor (TNF). Studies have reported that
IL-6 levels were clearly elevated in non-survivors compared
with survivors throughout the clinical course [13], and some
other studies showed that, compared with COVID-19 patients
from general wards, patients in the Intensive Care Unit (ICU)
had increased serum levels of TNF-o. and other inflammatory
factors [13]. These high levels of cytokines are also an impor-
tant cause of cytokine storm, which one of the major causes
of ARDS and plays an important role in the process of disease
aggravation [15,19].

In terms of laboratory tests, the decrease of peripheral blood
lymphocytes and T lymphocytes was more significant in ARDS
patients (P<0.001). Multiple studies have suggested that lym-
phopenia is common and more serious in severe patients, which
was consistent with our study. Flow cytometry analysis in pe-
ripheral blood of COVID-19 patients showed that the reduc-
tion in T lymphocytes was mainly caused by lymphocytopenia.
Recent pathological anatomy research showed that the num-
ber of CD4* and CD8* cells in peripheral blood was greatly re-
duced, and they were over-activated [20], which may lead to T
lymphocyte depletion. In addition, in the case of SARS-CoV in-
fection, T lymphocyte apoptosis via TNF-mediated signal path-
ways has been reported. T lymphocytes are crucial for clearing
virus, inhibiting overactive immune responses, and avoiding
exacerbation of illness. The decrease of T cells may be an im-
portant reason for the aggravation of the disease and may be
an indicator of severe COVID-19.

CLINICAL RESEARCH

In univariate analysis, elevated levels of myocardial enzymes
and coagulation abnormality were also more common in se-
vere patients with ARDS. One of the contributory mechanisms
of coagulopathy is that the systemic pro-inflammatory cyto-
kine responses induce procoagulant factors and hemodynam-
ic changes [21]. Cardiac and other organ injury may be partly
caused by angiotensin-converting enzyme 2 (ACE2), which is
the key receptor for SARS-CoV-2 cell entry [28] and is abun-
dant in myocytes and vascular endothelial cells [22,23-29].
This indicates that the pulmonary, hepatic, or myocardial in-
jury may be ACE2-related. Nevertheless, pathological analy-
ses of lung, liver, and heart biopsy specimens from COVID-19
patients found no obvious intranuclear or intracytoplasmic
viral inclusions, but lung tissue showed viral cytopathic-like
changes [20]. Another possible explanation is the severe im-
mune-mediated inflammation, such as cytokine storm, which
might also contribute to organ injuries and even lead to se-
rious organ failure in some critically ill patients. More stud-
ies are needed to clarify the main mechanism of SARS-CoV-2-
related tissue damage.

In the present study, 64.62% of patents were treated with lopi-
navir/ritonavir, and the proportion in the non-ARDS group was
significantly higher than that in ARDS cases in univariate anal-
ysis. However, the possibility of antiviral therapy blocking the
progression of disease cannot be excluded. Our results may be
biased because the assignment of lopinavir/ritonavir treatment
was not randomized but mainly depended on the clinician’s
judgement based on the patients’ tolerance to medication and
safety concerns. Lopinavir/ritonavir is an antiviral drug widely
used in the treatment of HIV, and the use of lopinavir/ritona-
vir in the treatment of coronavirus infection has been report-
ed. Chu et al. analyzed the antiviral effect of lopinavir/ritona-
vir combined with ribavirin in 41 patients with SARS in Hong
Kong, China in 2003 and found that the total mortality rate
(2.3% vs. 15.6%) and intubation rate (0% vs. 11.0%) were sig-
nificantly lower than in patients receiving ribavirin alone [30].
In a non-human primate model, subjects who were treated
with LPV/r or interferon-B-1b for MERS-CoV had a better prog-
nosis than those who did not receive treatment [31], but a re-
cent study on the efficacy of COVID-19 treatment reached dif-
ferent conclusions. According to a retrospective analysis (22
lopinavir/ritonavir therapy cases vs. 25 control cases), lopina-
vir/ritonavir therapy has no effect on improving symptoms or
shortening the time to virus nucleic acid turning negative in re-
spiratory samples [24]. In a randomized, controlled, open-label
analysis (99 lopinavir/ritonavir therapy cases vs. 100 control
cases), lopinavir-ritonavir led to a median time to clinical im-
provement that was shorter by 1 day than that observed with
standard care (hazard ratio, 1.39; 95% Cl, 1.00 to 1.91) [25].
Large prospective, randomized, controlled, and double-blind-
ed studies are still needed to further explore the effectiveness
of lopinavir/ritonavir.
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An important finding of the present study was that 10.7% of
patients were re-hospitalized due to positive results, perhaps
because of false-negative RT-PCR results when patients were
discharged from the hospital. It was recently found that af-
ter the pharyngeal swab results became negative, the nucleic
acid could still be detected in sputum or feces, indicating that
the patients with negative pharyngeal swab results were not
truly virus-free [26]. Sputum is more reliable than nasopha-
ryngeal swabs as a test sample for use in guiding isolation.
Although no infection was found in people with close contacts
with them, it is still unknown whether they continue to pose
a risk of infection to others.

This study has several limitations. First, it was a retrospective
study and not all data were complete for all patients, which
may have increased the occurrence of selection and measure-
ment biases in the results or underestimated the value of fac-
tors in predicting ARDS. Second, the number of ARDS patients
was small. Therefore, large-scale, multicenter epidemiologi-
cal studies with complete data to identify potential predictive
risk factors for ARDS in COVID-19 patients are still necessary.
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Conclusions

In summary, older age (>65 years), maximum body tempera-
ture, and lymphopenia (<1.0x10°/L) were associated with in-
creased risk of ARDS. Most patients aggravated during the sec-
ond week of the clinical course, when a minority of patients
developed ARDS. Pneumonia improved in the third week, and
the conversion of nucleic acid results from positive to nega-
tive mostly occurred in the fourth week.
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