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ABSTRACT

Severe/critical patients with coronavirus disease 2019 (COVID-19) have become the central issue in the current
global pandemic due to their high mortality rate. However, the relationship between antibody response and
clinical outcomes has not been well described in this group. We conducted a single-center, retrospective,
cohort study to investigate the relationship between serum immunoglobulin G (IgG) and IgM and clinical
outcomes in severe/critical patients with COVID-19. Seventy-nine severe/critical patients with COVID-19
admitted in Wuhan Asia General Hospital in Wuhan, China during January 22, 2020 to March 6, 2020 were
included. Serum antibodies were measured at day 25 (SD, 7) post illness onset. The median IgG titer was 113
(IQR 81-167) AU/mlI, and IgM titer was 50 (IQR, 23-105) AU/ml. Patients whose IgM titer 2 50 AU/ml had higher
in-hospital mortality (p=0.026). IgM titer 2 50 AU/ml was also correlated with higher incidences of Acute
Respiratory Distress Syndrome (ARDS) and sepsis shock. Antibody remeasurements were performed in 42
patients, where IgM titer declined significantly in survivors (p=0.031). Serum IgM titer changes according to the
COVID-19 progression. The severe/critical patients with COVID-19 have a higher risk of clinical adverse events
when IgM titer 2 50 AU/ml. Further decreasing of IgM could imply a better outcome in severe/critical cases.

INTRODUCTION however, attentions have been paid to them not only
because of their rapid progression in disease, but also due
to the greater difficulties in treatment and higher mortality

rate [7, 9, 10].

Coronavirus disease 2019 (COVID-19) was first reported
in Wuhan, China in December 2019. The highly
contagious pneumonia caused by severe acute respiratory

syndrome coronavirus 2 (SARS-CoV-2) soon spread all
over the country, and has become a global pandemic [1—
4]. Patients infected by SARS-CoV-2 might present from
asymptomatic to critical illness with respiratory failure
and multi-organ dysfunction, therefore, the disease was
categorized into 4 types based on the disease state: mild,
moderate, severe, and critical [5, 6]. Severe/critical
patients with COVID-19 contributed only 4~15% to
overall infected population in different countries [7, 8],

Antibody response in human might be activated at early
stage of infectious disease, then be kept stable for a long
time. Specific serum immunoglobulin G (IgG) and IgM
against SARS-CoV or Middle East Respiratory
Syndrome-coronavirus (MERS-CoV) became
detectable in patients as early as 11-15 days post illness
onset [11, 12]. Similar changes were observed in
patients with COVID-19 as IgM and IgG could be
detected on 5-14 days after symptom onset [13].

WWww.aging-us.com 12432

AGING


mailto:suxi03@163.com

Additionally, the titers of IgM and IgG were
significantly correlated with viral load in patients
infected by SARS-CoV-2 in a recent finding [14],
which promoted the hypothesis that specific antibody
against virus might be associated with disease
progression in COVID-19. However, reports on clinical
profiles of antibody response in severe/critical patients
with COVID-19 are scarce.

Hereby, we investigated the serum titers of specific
antibodies, IgG and IgM, in severe/critical patients with
COVID-19 to explore the association between serum
antibody titers and the clinical adverse events in those
patients.

RESULTS
Characteristics of the patients

A total of 105 severe/critical patients with COVID-19
admitted to Wuhan Asia General Hospital from
2020.01.22 to 2020.03.06 were enrolled, Of which, 23
were excluded due to the incomplete data, 3 due to
negative in antibody measurements. Therefore, 79
patients were reviewed in final analysis, whose mean
age was 63 (SD 13) years. Seven (9%) patients were
smokers, and comorbidities included 5 (6%) chronic
obstructive pulmonary disease (COPD), 31 (39%)
hypertension, 13 (16%) diabetes, 6 (8%) coronary artery
disease (CAD), and 2 (3%) chronic kidney disease
(CKD). The most common symptoms were fever in 64
(81%) patients, cough in 57 (72%), dyspnea in 49
(62%), and fatigue in 44 (56%). The average time from
illness onset to admission was 12 days (SD, 6). All
patients had significantly change on lung computerized
tomography (CT).

Antibody response and in-hospital mortality

Eleven (14%) patients died during hospitalization,
who were older than survivors (73 [SD 9] vs 61 [SD
2], P=0.002). There were 16 (20%) Acute
Respiratory Disease Syndrome (ARDS) and 11 (14%)
septic shock happening during hospitalization.
Patients had their measurements of serum antibody
against SRAS-CoV-2 on day 13 (SD, 7) post
admission when tests were available, which was 25
(SD, 7) days after illness onset. The median IgG titer
was 113 (IQR, 81-167) AU/ml, and that of IgM was
50 (IQR, 23-105) AU/ml. The difference of IgG titer
between survivors and non-survivors was trivial (113
[IQR, 81-167] vs 135 [IQR, 82-158] AU/ml,
P=0.887), however, IgM titer was significantly
increased in non-survivor when comparing with
survivors (106 [IQR, 50-128] vs 48 [IQR, 22-84]
AU/ml, P=0.049) (Figure 1). Forty-two patients had

antibody remeasurements 5 (SD, 3) days later. The
median IgG titer was 150 (IQR 88-179) AU/ml at 2"¢
time, and that of IgM was 66 (IQR 32-133) AU/ml.
IgG titer remained stable during two measurements in
both survivors and non-survivors. Change of IgM
titer in survivors showed a significantly decreasing (-
4 [IQR -14-0], P=0.031), but that in non-survivors
didn’t show statistical difference (3 [IQR -19-29],
P=0.779) (Figure 2).

Serum IgM and clinical outcomes

We further divided patients into two groups using
median serum IgM titer as cutoff. Clinical
characteristics, such as age, gender, comorbidity,
symptoms, time intervals, and vital signs at admission,
were similar between the two groups (Table 1). Disease
severity was quite different, as a higher incidence of
critical cases was seen in the high IgM group (p=0.006)
(Table 1). Laboratory measurements presented
differently between groups (Table 2). All patients
received basic therapy as well as specific treatment
based on their disease progression in hospital. More
Intensive medical supports were applied in patients
whose IgM titer > 50 AU/ml (Table 3).

DISCUSSION
In this retrospective cohort study, IgG and IgM against

SARS-CoV-2 in severe/critical patients with COVID-19
were profiled, and relationship between antibody titers
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Figure 1 Correlation between Antibody titer and in-
hospital mortality in severe/critical patients with
COVID-19. Dash lines represent median value as cutoff in I1gG
(113 AU/ml) and IgM (50 AU/ml) respectively.
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and outcomes was also assessed. Specifically, compared
with survivors, IgM titer increased in non-survivors
while IgG remained unchanged when measurements
were performed on 25 (SD, 7) days after illness onset.
IgM further decreased in survivors when taking
remeasurement 5 (SD, 3) days later. Accompanied by
significantly changes in laboratory measurements, more
critical cases were seen in patients with IgM titer > 50
AU/ml. Higher frequencies of applying corticosteroids
and mechanical ventilation were also observed in
patients with IgM titer > 50 AU/ml.

Pneumonia caused by SARS-CoV-2, which was later
known as COVID-19, occurred in Wuhan, China in
December 2019 [1, 15]. The estimated reproductive
number rose from 2.2 to 3.28 [14], and overall

A

10000

= 1000
S
£
<D(
g ° R
L 100 ® »
b (]
O]
o
10
1 T T T T T
0 10 20 30 40

mortality rate was around 2-4% [16—18], which might
be still increasing as more than one million patients
have been confirmed infection, and new deaths are
reported globally. Nearly 80% of patients with COVID-
19 might present only mild or moderate symptoms, such
as fever, and cough [8, 19], however, more than 50%
death could be seen in severe/critical cases [7, 20].
Similar to previous studies, non-survivors in our study
were older than survivors. There were no differences in
comorbidities between survivors and non-survivors in
our study, probably due to the variation in the spectrum
of underlying diseases. In-hospital mortality (14%) in
our study was lower than that in other reports,
nonetheless, at least 5 folds higher mortality in
severe/critical patients, again, strengthened that great
efforts should be paid on this group.
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Figure 2. Temporal profile of serum antibodies in severe/critical patients with COVID-19. 42 patients had two antibody
measurements on day 25 (SD, 7) and on day 27 (SD, 6) post illness onset respectively. (A) IgG titer remained stable during two measurements
in both survivors and non-survivors. (B) Change of IgM titer in survivors showed a significantly decreasing (-4 [IQR -14-0], P=0.031), but that in

non-survivors didn’t show statistical difference (3 [IQR -19-29], P=0.779).
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Table 1. Clinical characteristics of patients with different IgM titers.

IgM <50 AU/ml IgM > 50 AU/ml P
(n=39) (n=40)
Age, years 64=+11 6114 0.315
Men 25(64) 25(63) 0.883
Current smoker 5(13) 2(5) 0.221
Comorbidity
Chronic obstructive lung disease 3(8) 2(5) 0.623
Hypertension 17(44) 14(35) 0.434
Diabetes 7(18) 6(15) 0.724
Coronary heart disease 4(10) 2(5) 0.378
Chronic kidney disease 0(0) 2(5) 0.494
Symptoms
Fever 30(77) 34(85) 0.360
Cough 28(72) 29(73) 0.944
Sputum 15(38) 11(28) 0.300
Myalgia 1(3) 5(13) 0.201
Fatigue 22(56) 22(55) 0.900
Diarrhoea 6(15) 6(15) 0.962
Dyspnea 25(64) 24(60) 0.707
Time from illness onset to
hospital admission, days 10(7-14) 12(10-14) 0.172
Time from illness onset to
first antibody detection, days 26(21-31) 23(19-29) 0.183
Time from hospital admission to
first antibody detection, days 130-21) H{7-15) 0.153
Vital signs on admission
Temperature, °C 36.9+0.6 36.9+0.9 0.774
Systolic pressure, mmHg 129£18 128+18 0.857
Diastolic pressure, mmHg 78+12 76+9 0.461
Heart rate, beats/min 91+£18 87+14 0.275
Disease severity state 0.003
Severe 36(92) 26(65)
Critical 3(8) 14(35)
Data are mean  SD, median (IQR) or n (%). IgM = Immunoglobulin M.
Table 2. Laboratory measurements of patients with different IgM titers.
IgM <50 AU/ml IgM > 50 AU/ml P
(n=39) (n=40)
Arterial blood gas analysis
PH 7.38+0.06 7.40+0.05 0.136
PaCO2, mmHg 44+7 42+8 0.277
PaO2, mmHg 59+6 56+7 0.044
Sa02, % 91+4 89+4 0.039
White blood cell count, x10°/L 6.943.0 7.142.8 0.777
Neutrophil count, x10°/L 5.5£2.9 5.842.9 0.608
Lymphocyte count, x10°/L 0.9+0.4 0.9+1.0 0.800
Haemoglobin, g/L 126=+15 126£19 0.812
Platelet count, x10°/L 249+118 228487 0.369
ALT, U/L 24(18-44) 39(16-63) 0.161
Albumin, g/L 34+4 3245 0.010
Creatinine, pmol/L 86+26 83+38 0.730
Prothrombin time, s 12.0+£0.8 12.4£1.2 0.085
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Fibrinogen, g/L 5.0£1.9 5.2+1.7 0.623
D-dimer, mg/L 0.95(0.44-2.59) 1.81(0.77-9.06) 0.020
Cardiac troponin T, pg/ml 10(6-18) 12(8-20) 0.666
NT-proBNP, pg/ml 80(59-252) 264(73-590) 0.031
C-reactive protein, mg/L 40(12-107) 69(27-126) 0.119
IL-6, pg/mL 17(6-70) 42(12-119) 0.141
TNF-0, pg/mL 11(8-17) 9(5-12) 0.111

Data are mean + SD or median (IQR). IgM = Immunoglobulin M. PH = Pondus Hydrogenii. PaCO2 = partial pressure of carbon
dioxide. Pa02 = partial pressure of oxygen. Sa02 = arterial oxygen saturation. ALT = alanine aminotransferase. NT-proBNP =
N-terminal pro-brain natriuretic peptide. IL-6=interleukin-6. TNF-a. = tumor necrosis factor-a.

Table 3. Treatments and outcomes of patients with different IgM titers

IgM <50 AU/ml IgM >50 AU/ml P
(n=39) (n=40)
Drugs
Antiviral treatment 36(92) 38(95) 0.675
Antibiotics 36(92) 39(98) 0.359
Corticosteroids 16(41) 32(80) <0.001
Chinese traditional medicine 39(100) 39(98) 1.000
Oxygen inhalation 38(97) 38(95) 0.571
Mechanical ventilation 3(8) 14(35) 0.003
Non-invasive 3(8) 13(33) 0.006
Invasive 0(0) 9(23) 0.002
Other advanced supportive therapy 1(3) 4(10) 0.175
IABP 0(0) 1(3) 0.320
CRRT 1(3) 4(10) 0.175
ECMO 0(0) 2(5) 0.157
Outcomes
ARDS 2(5) 14(35) 0.001
Septic shock 2(5) 9(23) 0.026
In-hospital mortality 2(5) 9(23) 0.026
Hospital length of stay, days 29(21-30) 29(19-31) 0.941

Data are median (IQR) or n (%). 1gM = Immunoglobulin M. IABP = intra-aortic balloon pump. CRRT = continuous renal
replacement therapy. ECMO = extracorporeal membrane oxygenation. ARDS = Acute Respiratory Distress Syndrome.

Serum IgM is the first protein producing in human in
response to the exposure to an antigen, such as bacterial,
virus, and others. IgM titer could increase in hours to
respond antigen attack followed by degradation in weeks.
Being a secondly important antibody, IgG would be
activated in a moderate but long-lasting way. It might
slowly rise in weeks after recognizing antigen, and reach a
plateau for years. Guo et al. examined 208 samples from
confirmed and suspected patients with COVID-19.
Specific antibodies could be positive as early as day 1
after illness onset. For most patients, IgM appeared at day
5 and became stable at days 15-21 after increasing at day
8. IgG showed same change as IgM at acute phase but
continued its rising until plateau at day 21 [13]. Our
patients had their antibody measurement on day 25 (SD7),
and repeated on day 27 (SD6). Despite of the stable levels
in IgG and IgM, our measurements were performed later
than other studies. We believed the results were still

robust because the measurements were performed at the
time when both IgG and IgM were in plateau according to
previous studies [21], and the IgG and IgM titers
remained high and detectable in our study. Moreover, we
observed IgM might decrease on day 27 (SD 6) if patients
recovered. As Mo et al mentioned in their study, IgM
against SARS-CoV declined much earlier than IgG [22].
The decreasing of IgM against SARS-CoV-2 in survivors
from our study might be a natural change of IgM in
COVID-19. On the other hand, To et al. investigated the
correlation between serum antibody response and viral
load. They found IgG and IgM titers were highly
correlated with viral load in patients with COVID-19,
which might explain why our patients had a recover in
their illness in consistent with IgM decreasing [14]. One
thing might be noticed, there were 10 patients having
negative molecular tests in our study, even though they
presented critical illness. Similar findings were seen in the

WWww.aging-us.com

12436

AGING



study by Zhang et al. They observed positive rate in
molecular tests might be reducing as time from illness
onset prolonged, while IgG and IgM titers were stable in
all patients [23]. The reasons for this were discussed
before: viral RNA might vary from oral swabs to anal
swabs; mismatch in the detection probes; fluctuation in
viral load unparalleled with illness progression [24, 25].

Efforts have been made to distinguish patients at high
risk of mortality. Studies proposed age, comorbidities,
CT imaging, and other parameters, which showed
differences in survivors and non-survivors [26, 27], to
predict risks in patients with COVID-19. Nonetheless,
we didn’t find many differences between survivors and
non-survivors in our study. Severe and critical illness
in our patients might eliminate the influence by other
factors. On the contrary, our study supported the
clinical application of serum IgM in severe/critical
patients with COVID-19 for risk stratification.
Significantly higher mortality rate was seen in patients
when their serum IgM was higher than 50 AU/ml.
Additionally, serial changes in IgM titer also helped to
follow the disease progression in patients with poor
prognosis.

Our study showed that advanced supportive treatment
together with combination therapy were more applied in
patients with high mortality. The high levels of IgM in
our patients might indicate a disease worsening despite
of the treatment. Treatment strategy was proposed based
on the disease stage, however, no evidence had been
shown to be most specific to COVID-19 [28]. Patients
might show different response to corticosteroids [29,
30]. Although patients admitted into ICU required more
medical treatments, the effect of advanced support
seemed to be controversial in critical patients [31, 32].
The ideally strategy to treat viral pneumonia has always
been remove the virus as soon as possible. The antivirus
effect by Remdesivir in patient and cells might bring
hope in further treatment [33, 34].

There were some limitations in our studies. Firstly, there
were only 79 patients included in our study. The small
size of study population might bring bias to data
distribution. Further study should involve more patients to
investigate the clinical profile of antibody response.
Secondly, our antibody measurements started on 25 days
post illness onset. The late measurements missed early
change of antibody in patients. New studies might
consider a broader interval to cover more changes.
Thirdly, we focused on in-hospital mortality for
severe/critical patients. However, there were reports that
patients might have disease progression after discharge
[24]. We might follow-up our patients for a longer time to
see the relationship between antibody titer and their
prognosis.

CONCLUSIONS

Our study demonstrated the dynamic change of
antibody titer in consistent with disease progression. A
higher risk of in-hospital mortality was seen in
severe/critical patients of COVID-19 when their IgM
titer > 50 AU/ml. Further decreasing of IgM could
imply a better prognosis in severe/critical patients.
Serial measurements of serum antibody provide
comprehensive evaluation to the process of COVID-19.

MATERIALS AND METHODS
Study design and patients

A retrospective cohort study was conducted in Wuhan
Asia General Hospital, Wuhan, China to investigate the
clinical profile of serum antibodies against SARS-CoV-
2 in severe/critical patients with COVID-19. The study
protocol was reviewed and approved by the Ethics
Committee of Wuhan Asia General hospital with a
waiver of informed consent (WAGHMEC-KY-
2020007). Personal information of patients was re-
identified before analysis.

A total of 105 severe/critical patients with COVID-19
admitted in Wuhan Asia General hospital between
2020.01.22 and 2020.03.06 were reviewed. COVID-19
was diagnosed according to the Chinese management
guideline for COVID-19 (version 7.0) [6]. New
laboratory criteria of COVID-19-specific IgM and IgG
positive, and 4 folds increasing of COVID-19-specific
IgG titer in recovery period were added in guideline 7.0
[6]. Severe patients with COVID-19 met any of the
followings: (1) Shortness of breath, respiratory rate > 30
times per minute; (2) Oxygen saturation < 93% at rest;
(3) Alveolar oxygen partial pressure/fraction of
inspiration 02 (PaO2/Fi02) < 300 mmHg
(1mmHg=0.133kPa). Critical patients had any of the
conditions: (1) Respiratory failure requiring mechanical
ventilation; (2) Shock; (3) Patients combined with other
organ failure needed intensive care unit (ICU)
monitoring and treatment [6]. Fever was defined as
axillary temperature greater than 37-3°C.

Data collection

Clinical data including age, gender, vital signs,
comorbidity were collected from medical records at
admission. Laboratory biomarkers such as IgG titer,
IgM titer, blood gas analysis, white blood cell count
(WBC), alanine aminotransferase (ALT), D-dimer, and
N-terminal prohormone of brain natriuretic peptide
(NT-proBNP) were also collected. Specifically, serum
IgG and IgM that against SARS-CoV-2 nucleocapsid
protein and envelop protein were measured by
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chemiluminescence immunoassay (CLIA) in automatic
system when it was available on February 18, 2020.
Antibody titer > 10 AU/ml was taken as positive. All
blood tests were analyzed in fresh blood and determined
by standard quantitative assay techniques in our
Department of Clinical Laboratory according to the
manufacturer’s protocol.

Outcomes

The primary outcome was in-hospital mortality. The
secondary outcomes included ARDS related to SARS-
CoV-2 infection and sepsis shock secondary to
COVID-19. ARDS was diagnosed according to the
Berlin Definition [35]. Sepsis shock was defined
according to the 2016 Third International Consensus
Definition [36].

Statistical analysis

Data are shown as number for categorical data, and
mean =+ standard deviation or median with
interquartile range (IQR) as appropriate for
continuous data. Data were compared with student t
test or Wilcoxon signed-rank test for continuous
variables depending on the normality of their
distributions and with the %2 test for categorical
variables. Comparison between the first and second
antibody titer is performed by paired samples
Wilcoxon test. A two-side P < 0.05 was considered as
statistic significant. All statistical analyses were
performed with SPSS 23.0 (IBM Corp, Armonk, NY).

Abbreviations

ALT: alanine aminotransferase; ARDS: acute
respiratory distress syndrome; CAD: coronary artery
disease; CKD: chronic kidney disease; COPD: chronic
obstructive pulmonary disease; COVID-19: coronavirus
disease 2019; CLIA: chemiluminescence immunoassay;
ICU: intensive care unit; [gG: immunoglobulin G; IQR:
interquartile  range; MERS-CoV: Middle East
Respiratory Syndrome-coronavirus; NT-proBNP: N-
terminal prohormone of brain natriuretic peptide;
PaO2/FiO2: Alveolar oxygen partial pressure/fraction
of inspiration O2; SARS-CoV-2: severe acute
respiratory syndrome coronavirus 2; SD: standard
deviation; WBC: white blood cell count.
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ABSTRACT

Objective: This study aimed to assess the disease conditions of patients with inflammatory bowel disease (IBD)
in Hubei Province during the outbreak of Coronavirus Disease 2019 (COVID-19) by questionnaire online and
guide their self-management during this epidemic.

Results: A total of 102 eligible questionnaires were included. No patient we surveyed reported a diagnosis of
COVID-19. Our result showed that 67.86% of patients with ulcerative colitis (UC) and 80.43% of patients with
Crohn's disease (CD) were in remission, 85.29%of patients had a good quality of life. Part of the patients
(21.57%) reported their disease conditions worsening. The reduction in physical exercise was a risk factor for
worsening conditions (OR=17.593, p=0.009). Some patients reported an alteration of medication regimens
during the epidemic.

Conclusions: The epidemic of COVID-19 might have a certain impact on many aspects of Hubei IBD patients
within four weeks after the traffic control. Doctors could utilize the results from our questionnaire to guide IBD
patients’ self-management.

Methods: A questionnaire was designed containing the Harvey-Bradshaw Index (HBI), the 6-point Mayo Score,
the short inflammatory bowel disease questionnaire (SIBDQ) and distributed to Hubei IBD patients online
within four weeks of traffic control after the outbreak, it also included questions about patients’ self-reported
disease conditions and their epidemiological features of COVID-19.

INTRODUCTION questionnaires to IBD patients from February 18th to

20th, which is approximately four weeks after traffic

In December 2019, an outbreak of COVID-19 caused
by the severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) emerged in Wuhan, the capital of Hubei
Province, China [1, 2]. On January 23, 2020, the
Chinese government implemented traffic controls to
prevent the spread of COVID-19 [3]. We distributed

control. As of 20 February 2020, there had been 75,465
cases of COVID-19 confirmed in mainland China,
including 62,662 cases in Hubei Province. The number
of confirmed diagnoses in Hubei Province is 83.03% of
that in China, accounting for the majority. At the same
time, medical resources had also shifted more towards
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the diagnosis and treatment of COVID-19 in Hubei
Province. These factors made routine medical treatment
and follow-up of patients with chronic diseases
inconvenient. Under these influences, it is essential for
patients with chronic diseases to self-manage under the
guidance of the doctor in this particular period. Self-
management is the process by which patients participate
in decision-making and self-care under the guidance of
the doctors [4]. Patient’s effective self-management can
relieve symptoms and control disease activity to a
certain extent [5].

Inflammatory bowel disease (IBD) is a type of chronic
idiopathic bowel disease, includes Crohn's disease (CD)
and ulcerative colitis (UC). IBD patients have varying
degrees of immune disorders [6] so that they may be
considered as virus-susceptible. It is particularly crucial
for IBD patients to know how to manage by themselves
during the epidemic. Self-management requires
monitoring of diseases by doctors first [7]. We
monitored the patient's disease status through a
questionnaire in our study. The content of the survey
and the concept of the questionnaire design came from
the patient-reported outcome (PRO). PRO is a visual
report of the patient's treatment and disease
management results, emphasizing the patient's self-
evaluation and subjective perception [8]. PRO contains
objective and subjective evaluation contents, which may
include disease status, changes in functional status
before and after the intervention, HRQoL and the
patient's personal impressions [9-12].

To assess patients’ disease activity, HRQoL, and self-
reported disease conditions, we design a verified 60-
item questionnaire based on the concept of PRO. First
of all, our questionnaire included the 6-point Mayo,
HBI and SIBDQ. These indexes were objective
quantitative indicators designed to obtain detailed
knowledge of the disease activity and HRQoL of these
IBD patients. Secondly, there were questions to
understand patients’ subjective perceptions of disease
conditions. Finally, this questionnaire also included
questions about COVID-19 epidemiological features of
these IBD patients. We gave feedback to these IBD
patients and guided them to develop targeted self-
management programs after obtaining the information
through the questionnaire.

RESULTS

Demographic characteristics of study participants

A proximately 350 electronic questionnaires were
distributed and a total of 111 were returned. There

were 102 valid questionnaires, with an effective rate of
91.89%. The nine questionnaires excluded were due to

some missing items. The median age of participants
was 34 years (IQR, 27.25-42.25; range, 14-66), and
66.67% of participants were men. There were 56
(54.90%) patients with ulcerative colitis and 46
(45.10%) patients with Crohn's disease. Among all the
participants in our survey, no one has reported
infection with SARS-CoV-2; no one had symptoms
related to COVID-19 or had a history of exposure.
Table 1 shows the demographic data and disease-
related variables for all participants who agreed and
completed the survey.

Disease activity

We used the 6-point Mayo and HBI to score and grade
disease activity in UC and CD patients respectively.
The results were shown in Table 2. The median 6-
point Mayo score of UC patients was 1 (IQR, 0-3;
range, 0-6). Of the 56 UC patients, 38 (67.86%) UC
patients were in remission, 4 (7.14%) patients had
mild activity, 13 (23.21%) patients had moderate
activity, and 1 (1.79%) patients had severe activity.
The median HBI of CD patients was 2 (IQR, 1-4;
range, 0-12). Of the 46 CD patients, 37 (80.43%) CD
patients were in remission, 4 (8.70%) patients had
mild activity, 5 (40.87%) patients had moderate
activity, and no patients had severe activity. There was
not a statistically significant difference in the
proportion of the disease activity stage between UC
and CD patients (p = 0.301).

Quality of life

The median SIBDQ of all participants was 59 (IQR,
52.25-63; range, 34-70). The median SIBDQ of UC
patients was 60 (IQR, 54.75-64; range, 35-70), and the
median SIBDQ of CD patients was 58 (IQR, 52-62.75;
range, 34-69). Among all participants, 87 (85.29%)
patients had the good health-related quality of life
(HRQoL) (SIBDQ > 50). There were 49 (87.50%) UC
patients who had good HRQoL, compared with 38
(82.61%) CD patients who had good HRQoL (p=0.338)
(Table 3), suggesting HRQoL is not significantly
different between UC and CD patients.

Self-reported disease conditions

In this questionnaire, we investigated the change of the
patient's self-reported disease condition through the
patient's subjective report. Approximately half of the
patients (n = 55, 53.92%) thought that their disease
condition did not change during the epidemic, 25
(24.51%) considered their disease condition improved,
and 22 (21.57%) considered their disease condition
worsening. We attempted to study the risk factors of
change in patients' self-reported disease conditions. The
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Table 1. Baseline characteristics of the study population. (n=102).

Characteristics

Value

Age, Median (min-max) (IQR), y

34 (14-66) (27.25-42.25)

Gender

Female 34 (33.33%)
Male 68 (66.67%)
Diagnosis
Ulcerative Colitis 56 (54.90%)
Crohn's Disease 46 (45.10%)
Diagnosed with COVID-19 0
Huanan seafood market exposure 0
Signs and symptoms of COVID-19 0
Habitation*
Wuhan 26 (25.49%)
Xiaogan 22(21.57%)
Jingzhou 12 (11.76%)
Suizhou 8 (7.83%)
Xiangyang 6 (5.88%)
Huangshi 6 (5.88%)
Huanggang 5 (4.90%)
Yichang 5 (4.90%)
Jingmen 4 (3.92%)
Xianning 2 (1.96%)
Xiantao 2 (1.96%)
Enshi Tujia and Miao Autonomous Prefecture 2(1.96%)
Tianmen 1 (0.98%)
Qianjiang 1 (0.98%)

*All participants are located in Hubei Province.

Table 2. Evaluation of participants' IBD disease activity.

Participants with Ulcerative Participants with Crohn's P-value*
Colitis(n=56) Disease(n=46)

Index, Median (IQR) (range) 6-point Mayo,1(0-3)(0-6) HBI, 2 (1-4) (0-12)
Disease activity stage 0.301
Remission phase, n (%) 38 (67.86%) 37 (80.43%)
Mild active phase, n (%) 4 (7.14%) 4 (8.70%)

Moderate active phase, n (%) 13 (23.21%) 5 (10.87%)

Severe active phase, n (%) 1 (1.79%) 0 (0%)

HBI: Harvey-Bradshaw Index.
*Chi-square test was used to test whether there was a statistically significant difference in the proportion of the disease
activity between UC and CD patients.

Table 3. Evaluation of participants' SIBDQ.

Total participants Participants with UC and CD respectively
(n=102) Participants with UC (n=56) Participants with CD (n=46) P-value*
SIBDQ, Median (IQR) 59 (52.25-63) 60 (54.75-64) 58 (52-62.75)
HRQoL 0.338
Good (= 50%), n (%) 87 (85.29%) 49 (87.50%) 38 (82.61%)
Poor (<50), n (%) 15 (14.71%) 7 (15.50%) 8 (17.39%)

HRQol: health-related quality of life

1: SIBDQ score of more than 50 are considered to have a good HRQoL

*Chi-square test was used to test whether there was a statistically significant difference in the proportion of HRQoL between
UC and CD patients.
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result showed that reduced physical exercise was a risk
factor for worse in the disease condition (OR=17.593,
95%CI 2.035 to 152.097, p=0.009). The other factors
did not have a significant risk for change in the patient's
disease condition. These data are shown in Table 4. The
status of these factors during the epidemic came from
the patients’ personal reports.

The change in medication regimen

We studied participants' medication regimens before
and after the outbreak of COVID-19. Among UC
patients, there was an increase of 3 patients who took no
medication due to the discontinuation of mesalazine.
The reason for the withdrawal of mesalazine was that
the medicine was not available. Among CD patients, the
number of patients who used adalimumab or took no
medication increased, and the number of patients who
used Remicade or methotrexate decreased. The details
were shown in Table 5. The reasons for changing the
medication regimens of these CD patients were
“inability to purchase medication” and “inability to go
to the hospital for routine treatment”. Among the
reasons for these patients who changed their medication
regimens, no one chose the options of “forgetting to
take medicine” and “reducing medicine on your own”.
This result represented that IBD patients' medical
compliance during the epidemic was excellent in our
survey.

Emotional state

Negative emotions are significantly correlated with
clinical recurrence and are also considered to be
independent risk factors for more frequent relapse of
disease [13, 14]. Therefore, we also investigated the
emotional states of IBD patients in this survey. Changes
in emotional states came from the patients' self-
judgments. More than half of the participants (57.85%)
thought they had the ordinary moods during this
epidemic, 35.29% had positive moods, and 6.86% had
negative moods.

DISCUSSION

The COVID-19 epidemic outbreak emerged in Wuhan,
Hubei Province of China in December 2019 [15]. The
population was generally susceptible to SARS-CoV-2,
especially for the elderly and the people with underlying
diseases, who are prone to serious consequences [16,
17]. In our survey, there was no patient reported
infection with SARS-CoV-2, but this did not mean that
IBD patients were not susceptible to SARS-CoV-2
since our small sample size and the participants of this
study were not obtained by randomized sampling. Until
now, there is no evidence to prove the susceptibility of

IBD patients to COVID-19 from other studies [18]. The
epidemic led to the difficulty of maintaining previous
disease management for IBD patients due to the
contraction in routine medical resources. Our research
focused on guiding the patient's self-management
through the results of the questionnaire.

The traffic control in China from late January might
largely change the lifestyle, psychological, and physical
condition of the Chinese population [19-21], especially
for residents in Hubei Province. We used the web
questionnaire to evaluate the disease activity, HRQoL
and the self-reported disease condition of IBD patients.
Then we provided feedback on the patients' conditions
and advised on their self-management. This manner
helped IBD patients to adjust their treatment plans and
develop a home-based self-management medical
intervention model. Active doctor-patient communica-
tion can improve patients’ confidence with treatment,
shared decision-making capacity and then provide a
good impact on disease activity [4, 22]. We will
continue to distribute questionnaires to this group of
IBD patients in Hubei Province every month to guide
patients’ home-based self-management during the
epidemic of COVID-19.

Our results showed that 67.86% of UC patients and
80.43% of CD patients were in remission assessed by
the 6-point Mayo score and HBI index. 85.29% of
patients had a good HRQoL during the epidemic
through the SIBDQ test. This suggested that more than
half of the patients were in remission and had a good
HRQoL in the early period of traffic control after the
outbreak of COVID-19. With regard to the patients'
self-reported results, although 78.43% of the patients
thought that their disease conditions had not changed or
even improved, there were still 21.57% of the patients
considered that their disease conditions worsening. This
showed that the early epidemic also had a certain
impact on the patient's disease condition.

We studied the influencing factors of the self-reported
disease condition of IBD patients during this epidemic.
The factors included “reduction of exercise”,
“emotional state”, “change of medication regimen”,
“daily rest” and “subsequent visit”. The results showed
that the reduction of exercise was a risk factor for
worsening disease (OR=17.593, p=0.009). The other
factors that could affect the disease conditions of IBD
patients in previous studies [23-27] didn’t show a
statistical correlation in our survey. This might be
because of our small sample size. Therefore, we still
recommend that IBD patients maintain a positive
emotional state, retain the medication regimen, have
adequate rest and make timely doctor-patient
communication during the self-management process.

WWW.aging-us.com 12471

AGING



Table 4. Multi-variable logistic regression of the causes of change in participants’ self-evaluation disease condition.

Disease condition Characters n (%) OR(95%Cl) P-value
Condition worsening Subsequent visit
(n=22) No 18 (81.82%) 3.785(0.871, 16.458) 0.076
Yes 4 (18.18%)
Medication regimen
Not changed 14 (63.64%) 0.264 (0.060, 1.167) 0.079
Changed 8 (36.36%)
Emotional status
Negative 4 (18.18%) 3.306(0.413, 26.454) 0.260
Positive 3 (13.64%) 0.830 (0.178, 3.880) 0.813
Normal 15 (68.18%)
Physical exercise
Reduced 5 (22.73%) 17.593 (2.035, 152.097) 0.009
Not reduced 17 (77.27%)
Rest
Inadequate 21 (95.45%) 1.071 (0.262, 4.378) 0.924
Adequate 1 (4.55%)
Smoking
No 19 (86.36%) 0.665 (0.123, 3.591) 0.636
Yes 3 (13.64%)
Condition improved Subsequent visit
(n=25) No 21 (84.00%) 2.730 (0.731, 10.199) 0.135
Yes 4 (16.00%)
Medication regimen
Not changed 19 (76.00%) 0.374 (0.094, 1.496) 0.165
Changed 6 (24.00%)
Emotional status
Negative 1 (4.00%) 2.094 (0.138, 31.710) 0.594
Positive 14 (56.00%) 2.259 (0.751, 6.792) 0.147
Normal 10 (40.00%)
Physical exercise
Reduced 1 (4.00%) 0.694 (0.222, 2.167) 0.529
Not reduced 24 (96.00%)
Rest
Inadequate 9 (36.00%) 0.136 (0.015, 1.249) 0.078
Adequate 16 (64.00%)
Smoking
Yes 4 (15.38%) 0.481 (0.104, 2.228) 0.350
No 22 (84.62%)

*The category with no change in the condition (n=55) was used as the reference category for the two groups of condition

worsening (n=22) and condition improved (n=25).

Pharmacological intervention is a key part of managing
symptoms and maintaining remission in patients with
IBD [28]. Our results showed that the number of people
who took no medication increased among UC and CD
patients after the outbreak of COVID-19. The number

of UC patients taking mesalazine decreased due to the
inconvenience of obtaining medications. For CD
patients, the use of Remicade or methotrexate decreased
because Remicade infusion in the hospital was not
accessible and methotrexate could not be purchased.
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Table 5. The comparison of the medication regimens before and after the outbreak of COVID-19 and the changes in
medication regimens.

Medication Before the outbreak,  After the outbreak, The number of
n (%) n (%) changes*, n
No medication 1 (1.75%) 4 (5.26%) +3
Mesalazine 50 (89.47%) 47 (85.96%) -3
Enteral nutrition 1 (1.75%) 1 (1.75%) 0
UC patients, Glucocorticoid 2 (3.51%) 2 (3.51%) 0
(n=56) Probiotics 4 (5.26%) 4 (5.26%) 0
Biological therapy
Remicade 3 (5.26%) 3 (5.26%) 0
Adalimumab 1 (1.75%) 1 (1.75%) 0
No medication 1 (1.92%) 3 (5.77%) +2
Mesalazine 8 (17.31%) 8 (17.31%) 0
Enteral nutrition 10 (19.23%) 10 (21.15%) 0
Glucocorticoid 2 (3.85%) 2 (3.85%) 0
Probiotics 1 (1.92%) 1 (1.92%) 0
CD patients, Biological therapy
(n=46) Remicade 21 (46.15%) 16 (36.54%) -5
Adalimumab 1 (1.92%) 2 (3.85%) +1
Immunomodulators
Methotrexate 2 (3.85%) 1 (1.92%) -1
Azathioprine 20 (40.38%) 20 (40.38%) 0
Thalidomide 1 (1.92%) 1 (1.92%) 0

*Plus sign indicates an increase in quantity and minus sign indicates a decrease in quantity.

The wuse of adalimumab increased because we
recommended patients to replace inaccessible Remicade
with other available biologics. We tried to develop
personalized treatment plans for specific patients on
time to minimize the impact of changes in medication
regimens on the patient's disease condition during the
epidemic. It was an important step to increase the self-
management of IBD patients.

The result showed that 93.14% of patients had normal
or even positive emotional states, which implied that the
epidemic did not have a very negative impact on the
mood of these IBD patients in such a relatively early
month. However, since previous studies have shown
that emotional stress is significantly associated with
decreased quality of life [29, 30], it was very important
to intervene in the emotional state in the process of IBD
patient self-management guidance.

Limitations

The major limitation was that the sample size was small
and our participants were not obtained by randomized
sampling. In addition, there was no IBD patient
diagnosed with COVID-19 in our study. Further
researches need to be done to get more evidence about
the susceptibility to SARS-CoV-2 in IBD patients and

the clinical manifestations of IBD patients complicated
with COVID-109.

CONCLUSION

In the middle of February, although more than half of
IBD patients we studied in Hubei Province were in
remission and possessed a good HRQoL, the outbreak
of COVID-19 still had a certain impact on IBD patients
in Hubei Province, such as worsening of their self-
reported disease conditions and changes in their
treatment options. These changes deserved attention to
the impact of epidemics on IBD patients. In our survey,
doctors used the questionnaire to assess patients' disease
conditions, give timely feedback and suggestions to
IBD patients. This method facilitated the effective self-
management of patients under the circumstance of the
COVID-19 outbreak.

MATERIALS AND METHODS

Study design and participants

This study was an online questionnaire survey among
IBD patients from the region of Hubei Province. From

February 18, 2020 to February 20, 2020, the questionnaire
was administered to a sample of IBD patients with regular
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follow-up in our IBD center. There were two items of the
inclusion criteria for this study. One was that the patient
(aging from 14 to 80) was established diagnosis of IBD
for at least three months, another was that the patient is
available to finish the online questionnaire (by Wechat,
QQ, website, email) by himself or with the help of others.
The exclusion criterion was that the patient is not able to
finish the questionnaire. During this study, patients with
IBD had been informed of the study’s aim. An IBD
specialist nurse is explicitly trained in this questionnaire
contacted them to explain the study objectives.
Participants completed the questionnaire with an online
survey portal. They completed questionnaires voluntarily
and independently, under uncompensated conditions. This
study was approved by the National Health Commission
of China and Ethics Commission of Tongji Hospital,
Tongji Medical College, Huazhong University of Science
and Technology.

Questionnaire design

The questionnaire was a validated 60-item questionnaire
that assesses IBD disease activity across multiple
domains, including the 6-point Mayo, HBI and SIBDQ
(Supplementary File 1). HBI score ranges from 0 to 16 or
more, and the highest score depends on the number of
liquid stools per day. HBI scores of 0 and 4 are assigned
to the remission phase; 5 to 7 are assigned to mildly active
disease phase; 8 to 16 are assigned to moderately active
disease phase; >17 are assigned to severely active disease
phase [31, 32]. We used 6-point Mayo, which composed
of the stool frequency, bleeding components. 6-point
Mayo score of 0 and 1.5 are assigned to the remission
phase; 1.5 to 2.5 are assigned to mildly active disease
phase; 2.5 to 4.5 are assigned to moderately active disease
phase; 8 to 4.5 are assigned to severely active disease
phase [33, 34]. Total SIBDQ score ranges from 10 to 70,
to find out how the patients have been feeling during the
last two weeks. They will be asked about symptoms
related to IBD diagnosis, as well as the general emotional
status during the period and their attitude to the plague.
Patients with a SIBDQ score of more than 50 are
considered to have a good HRQoL [35-37].

In addition to the question about HBI, 6-point Mayo
score and SIBDQ, the questionnaire included questions
regarding the subjective feeling about their change in
disease conditions and epidemiological history
questions about COVID-19.

Statistical analysis

Data collection and its statistical analysis were carried
out using the SPSS software system (SPSS for
Windows, Version 23.0, SPSS Inc., Chicago). Data
analysis excluded incomplete items. Categorical data

obtained were presented as frequency counts and
percentages. Median, range and frequency were used to
describe the demographic, SIBDQ scores and clinical
characteristics. Chi-square tests were used to test the
significant difference of categorical variables between
two groups, such as the participants’ distribution in
different disease active phases and HRQoL between UC
and CD patients, with fisher exact test as appropriate.
The logistic regression analysis was used to identify
variables significantly associated with disease activity,
and a multivariate model was built to assess the effect
of each potential confounding factor and determined
independent and significant factors associated with the
disease index. The odds ratio (OR) was calculated to
quantify the corresponding risk. For all analyses, p<0.05
was considered statistically significant.
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ABSTRACT

Background: Due to its high infectivity and concealment, the coronavirus disease 2019 (COVID-19) outbreak
that occurred in Wuhan attracted global attention. A special nursing group of transdisciplinary nurses (TNs)
who had not worked in respiratory medicine, infection departments, or emergency and intensive medicine but
who accounted for a large proportion of all nurses also drew our attention. Few studies have examined this
special group of TNs. Therefore, this study collected the experiences and views of TNs at the forefront of the
COVID-19 outbreak to investigate their potential problems.

Results: Twenty-five TNs and 19 nurses with experience in infectious diseases (non-TNs) were enrolled in the
study. Compared with non-TNs, TNs showed higher levels of perceived stress and relatively less perceived social
support. For TNs, the ambiguous roles, transition of operating mode, unfamiliar work content, and reversal of
their daily schedule were the most common vocational problems. Additionally, most TNs had psychological
problems such as anxiety, pain and insomnia. The incomprehension of parents, concern for family members
and long-term isolation were the most common causes of psychological stress.

Conclusion: This survey is the first to focus on the group of TNs at the forefront of the COVID-19 outbreak and to
investigate their experiences, vocational issues and psychological stresses qualitatively and quantificationally. We
found that TNs had more perceived stress and less perceived social support than non-TNs. The vocational and
psychological issues of TNs should be highlighted. These findings identify important issues and offer insights into the
underlying issues to help TNs ultimately win the battle against novel coronavirus epidemics.

Methods: Semi-structured and face-to-face individual interviews and quantitative assessments were
conducted. The Braun Clarke Thematic Analysis method and the strategy outlined by Miles and Huberman were
used in the data analysis process of the qualitative study. The perceived stress scale and perceived social
support scale were utilized to quantificationally evaluate the perceived stress level and the amount of
perceived social support. Both qualitative and quantitative methods were adopted to assess the vocational and
psychological perceptions and issues.

INTRODUCTION society [1, 2]. The coronavirus disease 2019 (COVID-

19) outbreak, which occurred in Wuhan, HuBei

In recent decades, there have been a variety of global
coronavirus  outbreaks, including severe acute
respiratory syndrome coronavirus (SARS-COV) and
Middle East respiratory syndrome coronavirus (MERS-
COV), which have brought serious losses to human

Province, spread rapidly throughout the country and
quickly attracted global attention [3, 4]. Given the high
infectivity and concealment surrounding this outbreak,
the government of China quickly generated containment
strategies and performed a series of measures in the
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early stage of the outbreak. Throughout the defensive
and therapeutic system, crucial roles were played by
medical workers, a large proportion of whom were
nurses. In this study, we employ semi-structured
interviews in combination with a scale assessment to
focus on a special group of nurses and investigate their
experiences, issues and challenges during their frontline
work against COVID-109.

As the “gatekeepers” of the health care system, nurses
at the forefront of the COVID-19 outbreak played key
roles in identifying suspected and confirmed COVID-19
patients by carefully evaluating disease manifestations
and exposure history [5]. In addition, as “interrupters”,
they implemented and maintained high-quality infection
control measures to control the spread of COVID-19 [3,
5]. Because of the large-scale outbreak, multi-
disciplinary nurses from all over the country par-
ticipated in epidemic prevention and control. A special
nursing group of transdisciplinary nurses (TNs) who
had not worked in respiratory medicine, infection
departments, or emergency and intensive medicine but
who accounted for a large proportion of all nurses
attracted our attention [6].

A series of studies have highlighted the important roles of
appropriate  emotions and stress management, the
satisfaction of basic needs, sufficient social support, clear
task distribution and flexible working schedules on
nurses’ work and psychological stress [7-9]. High-
frequency and high-intensity work, including close
contact with patients, produces occupational hazards and
psychological stress for nurses. However, most
researchers have placed more emphasis on nurses with
experience in infectious diseases (non-TNs), especially
those working in emergency and intensive medicine [10—
12]. As a result, existing studies on TNs' experiences
during the COVID-19 pandemic are limited, and
quantitative and qualitative studies are lacking. Given
TNs’ limited experience in nursing during infectious
pandemics, we suspected that these nurses likely endured
even greater vocational and psychological stress [13, 14].
Therefore, we designed the study to collect the
experiences and views of TNs at the forefront of the
COVID-19 outbreak and to evaluate their psychological
stresses. The results will emphasize an important issue
and offer insights into the underlying issues to help TNs
ultimately win the battle against novel coronavirus
epidemics. In the long run, these findings may help health
care institutions prepare for future pandemics.

RESULTS

In the present research, we primarily focused on the
group of TNs at the front line against the COVID-19
outbreak and investigated their experiences, vocational

issues and psychological stresses. In this part, the
interrater reliability showed at least substantial
agreement for every theme (K = 0.63-0.85).

Awareness of nurses’ responsibilities and roles

When we asked the participants about the responsibilities
and obligations of nurses in the face of sudden acute
infectious diseases threatening public health, we heard
many similar and unmistakable voices promoting “the
Nightingale spirit”. One of the participants said,

“From the first day I became a nurse, I was deeply
conscious of my responsibility to heal the wounded and
rescue the dying. In the face of sudden novel
coronaviruses, the lives and health of the world's
population are under serious threat. As an angel in
white, I have to summon “the Nightingale spirit” and go
to the front lines where | am most needed to treat
patients using professional knowledge and skills.”

In addition, all participating nurses described their roles
in the COVID-19 outbreak. Most of them thought of
themselves as nurses, friends or even family. They not
only focused on physical fitness but also maintained the
mental health of patients:

“First, I should assist doctors in treating patients and do
my job well. Furthermore, most patients in isolation for
a long time are bored, alone and scared. I should also be
their friend and family to establish a harmonious and
friendly relationship with them to help them maintain
their mental health.”

When the participants mentioned changes in perceptions
of nurses’ job responsibilities and obligations, some of
them noted that they had obtained a more divine sense
of purpose and would continue their future work with
this sense of professional mission:

“In the past, I used to do my job well, stick to my post,
or try to be a “five-star” nurse. But this outbreak has
made me see that everyone has a responsibility in the
face of the epidemic, and the numerous serious cases
have made my sense of responsibility and mission
stronger. Our essential work is to help patients alleviate
pain. Facing great disaster, I should have great love!”

Other nurses thought that their increased experience and
excellent professional skills; particularly techniques for
dealing with acute respiratory infections, would be
beneficial for further work:

“Although most nursing work in daily life is closely
related to my primary major, mastering more
comprehensive nursing skills is a better guarantee for
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the safety of patients. 1 can more skillfully and
unhurriedly face the outbreak of other acute diseases
endangering public health.”

Recognition of responsibilities of transdisciplinary
nursing work

We asked the participants, “With regard to respiratory
infections, as a transdisciplinary nurse, how do you
think the responsibilities differ from your usual work?”
Differences in working contents and working patterns
were the most common answers. One of the nurses in
the surgical system said,

“Surgical work is based on ‘panic-mode’, and the faster
work pace and turnover of patients is also significant. In
addition to the routine work, | have to leave time to deal
with some emergencies. However, the work mode here
is mainly ‘process-based’, and the patient's condition is
more complex; the disease is relatively continuous, and
the work pace is also slower.”

Another nurse in another medical system said the work
patterns were not exactly the same, with an obvious
difference in the process of observing patients’ condition:

“For patients infected with COVID-19, | prefer to
monitor the basic vital signs, such as temperature, blood
pressure, respiration and oxygen saturation. | need to be
constantly vigilant and accurately judge the changes in
patients' conditions, especially the transition from mild
to severe.”

We further investigated the challenges and problems
produced by the transdisciplinary field in this epidemic
prevention and control work, and we mainly heard three
types of answers: acquiring new knowledge, enforcing
new regulations and improving physical and
psychological quality.

“Although I had learned nursing knowledge in different
specialties before, with the update of knowledge and
technology and in order to accurately treat patients, |
need to relearn nursing knowledge about the COVID-19
outbreak. In addition, when facing large-scale
respiratory infectious diseases, the work regulations are
completely different from daily work, which also
requires an adaptation process. Moreover, we went
almost eight hours without eating and drinking in the
isolation ward, so it is also a great test of physical
quality and mental state. These [issues] were not
encountered in my previous work.”

There is no doubt that there are many risks in nursing
work, and the risks for transdisciplinary nurses are even
greater in the fight against the COVID-19 outbreak.

“What I shouldn’t ignore is the risk of occupational
exposure. Improper protection or careless operation will
greatly increase the risk of infection. The unfamiliar
operation of a protective suit can significantly increase
the risk of infection. In addition, contradictions between
patients and nurses remain. The increased workload and
the adaptation to the new environment will lead to
mental stress and physical fatigue; in this state, the
quality of nursing work will also decline.”

When we mentioned the new understanding of nursing
risks and risk prevention during frontline work against
the epidemic, one of the TNs highlighted the
importance of protection awareness and standardized
operations:

“Acute infectious diseases are highly contagious and
carry a high risk of infection, especially for health care
workers who are in direct contact with patients. We
must achieve accurate and standard operations, such as
environment disinfection, detail control and protective
suit operation. In addition, we should have a scientific
understanding of the disease, enhance the awareness of
protection, and successfully popularize knowledge.
Ideological vigilance, attention to work, ensure mental
health and physical health.”

Psychological problems caused by transdisciplinary
work

TNs play key roles in fighting at the forefront against the
new coronavirus. However, when faced with acute
respiratory infections, they have a relative lack of
experience, and their psychological burdens increase
remarkably under intense working pressure. Close social
attention to their mental health is needed. When we asked
about psychological problems when they were confronted
with tough issues, worked in a strange and specific
environment, faced high morbidity and mortality and
worked under enormous pressure, most TNs answered
that they experienced anxiety, grief, pain and insomnia:

“The professional preparation of disinfection, the
intervention in patients' psychological problems and the
document records were almost daily tasks, but | was not
familiar and hadn’t been specifically trained. With the
heavy workload every day, | sometimes felt anxious and
had insomnia at night.”

“The high work intensity in the isolation ward, the
disordered internal clock, and the restrictions and
challenges of protective clothing all led me to be
distressed.”

“Although facing life and death is common for nurses, I
have never experienced so many deaths in the past.

WWW.aging-us.com 12481

AGING



There was a growing body of critical patients dying
while other new patients were constantly transferred to
the intensive care unit every day. | often felt exhausted
or even powerless. Not only was | sad that | could not
treat my patients, but | also was sorrowful that | was not
clear how long this situation would last.”

Given that the nursing areas are transdisciplinary, most
of the participants’ families like did not understand why
they had to be sent to the front. Therefore, the concerns
of their families increased their psychological stress to
some extent. Some nurses said they mainly worried
about their children and parents:

“When I told my parents that | was going to the front,
they didn't object, but it was clear they were worried
and kept asking me why the TNs have to charge up.
Although | explained patiently, | still worried about
them.”

In some families, both members of a couple are medical
workers and sign up to go to the front to treat patients.
In addition to worrying about each other, they are
concerned about their children's lives and safety:

“My husband is a doctor majoring in respiratory medicine,

and facing the epidemic, he resolutely went to the front.
Although | am a surgical nurse, | believe | can also make
contributions to epidemic prevention and control.
However, I still feel sorry and deeply miss my child.”

The levels of perceived stress and perceived social
supports

In addition, we conducted a quantitative comparison of
the perceived stress levels and the amount of perceived
social supports between TNs and non-TNs. The result
of PSS showed TNs had the higher level of perceived
stress, with the significantly higher perceived stress
scores than non-TNs (9.88+2.12 vs. 2.58+3.65)
(Supplementary Figure 2A and Table 1). Furthermore,
in terms of the perceived social supports, TNs got the
remarkably less scores of PSSS (71.72+3.29 vs.
78.68+2.45), which represented the lower level of the
perceived social supports of TNs than non-TNs
(Supplementary Figure 2B and Table 1).

DISCUSSION

This interview survey is the first to pay attention to
TNs, who constitute a large proportion of all nurses at
the front line against the COVID-19 outbreak, and to
provide insight into their vocational and psychological
issues caused by the transdisciplinary work. Based on a
survey of 25 TNs and 19 non-TNs, higher perceived
stress levels and less perceived social support were

detected in the TN group. Following further interviews
with TNs, we found that ambiguous roles, the transition
of operating modes, unfamiliar work contents, the
environment and intensity and the reversal of daily
schedules were the most common vocational problems
for TNs. Additionally, almost all of the TNs had
psychological problems such as anxiety, grief, pain and
insomnia. Unacceptable mortality and the resulting
powerlessness, incomprehension of parents, concern for
family members and long-term isolation were the most
common causes of psychological stress. These findings
are consistent with other studies investigating nurses in
emergency departments [15]. However, TNs seem to
suffer from more psychological stress.

From conventional nursing to risk-averse infection
control, the transformation of responsibility is the first
challenge for TNs [16]. Most TNs have never received
training for acute respiratory infections, nor have they
been exposed to similar tasks, such as environmental
disinfection or special care paperwork. For example, the
related high risk of infection among TNs is partly
because they are trained to temporarily wear and
remove protective equipment and are unfamiliar with
their operation. Therefore, these nurses believe that
improving the ability and experience of TNs and
nursing students in epidemic prevention and control is
necessary to face epidemic outbreaks. In addition,
efficient and reasonable pre-job training is an effective
way for TNs to more quickly adapt to epidemic
prevention and control-related nursing work.

Many studies have shown that clear role recognition is
an important prerequisite for better nursing work [17—
19]. For example, Lam K. emphasized that detailed role
classification was beneficial for improving work
efficiency [20]. The present study showed that more
than half of TNs play ambiguous roles, and most of
them play the role of psychologists many times to assist
patients with psychological disorders. To some extent,
the ambiguous roles of TNs at the forefront of the
epidemic resulted in vocational issues. The TNs in this
study believed that although medical resources were
scarce during the specific period of the outbreak of the
new coronavirus, more detailed role classification,
clearer role definitions and job descriptions, and
appropriate suggestions for expanded responsibilities
would be effective methods to alleviate role ambiguity
and improve work efficiency.

An important but overlooked problem is the
psychological issues of nurses on the front line of
epidemics. Arnaud Duhoux [21] and Sarah K. Schafer
[22] summarized general mental health problems
and posttraumatic stress symptoms as the two most
common types of psychopathological issues among
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Table 1. Results of PSS and PSSS.

PSS PSSS

Group N MeanszSD G5%CI Means£SD G5%CI
Non-TNs 19 2.58+3.65 0.77-4.38 78.6822.45 77.47-79.90
TNs 25 9.88+2.12 8.93-11.07 71.72+3.29 70.37-73.73
t - -7.585 7.556

P ] <0.001 <0.001

All data were normally distributed.
Cl: confidence interval, N: numbers, Non-TNs: nurses experienced in infectious diseases, PSS: perceived stress scale, PSSS:
perceived social support scale, TNs: transdisciplinary nurses.

nurses. Unfavorable working hours, including long
work weeks, night shifts, weekend work, and quick
returns, severely affect biological rhythms and work-life
balance [23]. Intensive job attributes, including long-
term emergency situations and a fast working pace, lead
to a constantly high-pressure state [15]. These job
characteristics considerably increase the risk of general
mental health problems, such as depression, anxiety,
insomnia, pain, and grief [24]. Furthermore, the
pandemic and the high number of sudden patient deaths
can result in posttraumatic stress symptoms reflected in
the four aspects of intrusion, avoidance, negative
alterations in cognition and mood and alterations in
arousal and reactivity [22]. Because of their long-term
working experiences that involve intensive and specific
work content on the front line of the epidemic, most
non-TNs are more familiar with the situation and can
readily accommodate it. In contrast, TNs who lack
experience with this type of working schedule,
environment and intensity on the front line have more
difficulty adapting and consequently are more likely to
develop psychological disorders.

Although the psychological stress of nurses has been
demonstrated to be higher than that of other professions
and although nursing is also a high-risk occupation for
psychological disease, in the context of a large-scale
epidemic of infectious diseases, more attention should
be paid to the special group of TNs [25-27]. The
present survey about the psychological stresses of TNs
found that anxiety, pain, grief and insomnia were the
most common psychological problems, which is similar
to other nurse-related studies, but with different causes:
(1) their colleagues may be infected, and the number of
infected TNs is significantly higher than non-TNs,
which leads to anxiety among the TNs; (2) TNs have
not been in a closed working environment and worn
protective suits for a long time, which greatly
challenges their psychological and physical limits; (3)
unfamiliar working modes and a lack of skill in the
content of their work increase their psychological
burden; (4) most TNs have difficulty accepting high
mortality and helplessness in the face of the large
number of severe patients; and (5) compared with non-

TNs, TNs suffer from more pressure from their family,
and combined with concerns about their family
members, their psychological burdens are significantly
increased.

The results of the study suggest that in addition to
patients’ mental disorders, more attention should be
paid to the psychological health of nurses, especially
TNs. We can establish a psychological consultation
platform for medical workers and increase the rear
security of front-line medical workers to reduce
psychological pressure and maintain their mental
health.  Furthermore, entertainment and sports
facilities, such as running and dancing, could be
established, which would be helpful to adjust emotions
and relieve pressure.

In the present study, we highlighted the existing issues
of TNs at the front line of the COVID-19 outbreak and
provided some insights to further address vocational
problems and alleviate psychological stress. In
subsequent work against pandemics, a more appropriate
work schedule, effective pre-job training and more
detailed role classification will ameliorate the related
vocational issues. In addition, measurements such as
psychological consultation platforms and entertainment
and sports facilities should be provided to protect the
psychological health of TNs.

The present results offer a new perspective on the group
of TNs, evaluate the transdisciplinary deficiencies and
address existing issues in the treatment of pandemic
infectious diseases. However, some limitations remain
to be further discussed. (1) Most enrolled TNs worked
in the same hospital, which likely resulted in directivity
caused by locality and reduced credibility and
objectivity. (2) The sample size was relatively low, and
a larger-scale survey might further enhance the practical
value. In the future, more participants, including TNs
and non-TNs from various hospitals, will be recruited to
expand the study. (3) The quantifiable measurements
are limited, and quantitative follow-up and assessments
should be combined to more accurately identify the
existing vocational and psychological issues caused by
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the transdisciplinary work and further improve the
validity and quality of the research.

CONCLUSION

This study aimed to investigate the existing vocational
and psychological issues of TNs against the novel
coronavirus and attempted to offer possibilities for this
special nursing group. This is the first survey to focus
on the group of TNs and to investigate their experiences
and vocational and psychological problems during the
COVID-19 outbreak. We found that TNs had higher
perceived stress levels and less perceived social support.
Ambiguous roles, unfamiliar work patterns, a lack of
skill in the work content leading to higher infection
rates among colleagues, and family factors are
prominent problems. These findings provide important
information and insights into the underlying issues to
help  TNs ultimately win the battle against novel
coronavirus epidemics.

MATERIALS AND METHODS
Design

We conducted a qualitative study utilizing semi-structured
and face-to-face interviews to investigate the experiences,
vocational issues and psychological stresses of front-line
nurses in the process of fighting against the COVID-19
outbreak. The qualitative descriptive method is usually
employed to explore individual experiences, cognitions,
and inclinations regarding a specific phenomenon [28].

Screen and random selection
potential eligible nurses

Screen potential eligible nurses according to
inclusion and exclusion criteria
The eligible nurses from different secondary and
tertiary disciplines were randomly selected.

Acquire lists of nurses
on the forefront
The list of all nurses of Chongqing
Medical University on the forefront
was offered by medical secretary

Invitation

The utilization of a qualitative descriptive method can
promote understanding of the phenomenon by soliciting
rich viewpoints and opinions from the perspective of
participants [29]. Besides, the perceived stress scale (PSS)
(Supplementary File 1) and perceived social support scale
(PSSS) (Supplementary File 2) were employed to assess
their perceived stress levels and the amount of perceived
social support. PSS is a psychological instrument to
measure nonspecific perceived stress, and PSSS contains
seven-point Likert scale ranging from ‘strongly disagree’
to ‘strongly agree’. The flowchart of the entire study, from
the screening of eligible nurses to data collection and
analysis, is illustrated in Figure 1.

Selection of participants

A purposeful sampling method was used in this study to
recruit eligible participants. This sampling method is
beneficial in helping researchers collect relevant and
valuable information by identifying different
participants [30]. In the selection of TNs, nurses were
invited to participate in the study if they met the
following criteria: (1) registered nurses who had not
worked in respiratory medicine, infection departments,
or emergency and intensive medicine; (2) nurses in the
frontline hospital for COVID-19 in Hubei; (3) actively
and directly provided care for patients; and (4) were
willing to share their opinions and ideas. In contrast,
eligible non-TNs were required to be registered nurses
who had experience in respiratory medicine, infection
departments, or emergency or intensive medicine. In
addition, the non-TNs completed only some of the

Appointment, interview and

scale assessment

After appointments, the interviews of TNs were
performed by the same interviewers.
Then, all nurses completed scale assessments.

Data collection and analysis

All interview data was collected and
analyzed by same researchers.

Invite and make sure nurses who
agreed to participate.
Finally 25 eligible TNs and 19 eligible

Non-TNs were enrolled in the study

Figure 1. The flowchart of the interview study.
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Table 2. Basic information.

Items TNs [n(%), n=25] Non-TNs [n(%0), n=19] P values
Gender 0.47
Female 21 (84) 17 (89.5)
Male 4 (16) 2 (10.5)
Age (years) 0.51
20-25 8(32) 6 (31.6)
26-30 9 (36) 8(42.1)
31-35 5 (20) 3(15.8)
36-40 2(8) 2 (10.5)
>40 1(4) 0 (0)
Job title 0.67
Nurse practitioner 20 (80) 15 (78.9)
Supervisor nurse 5 (20) 4(21.1)
Work experience (years) 0.45
1-5 7(28) 7(36.8)
6-10 11 (44) 8 (42.1)
11-15 4 (16) 2 (10.5)
>15 3(12) 2 (10.5)
Marital status 0.60
Single 6 (24) 4 (21.1)
In love 2(8) 2 (10.5)
Ever-married 17 (68) 13 (68.4)
Childbearing history 0.43
No children 9 (36) 8 (42.1)
Be pregnant 0 (0) 0(0)
With children 16 (64) 11 (57.9)

assessment scales. Because this study focused on the
experience of front-line nurses in Hubei, nurses in
management positions were excluded. Eligible
individuals who were interested in participating
in the study were contacted through email and
were provided with detailed information on the
research and the nature of their participation.
Participants who were willing to participate in the
study were asked to sign an informed consent form.
Finally, 25 front-line TNs and 19 front-line non-TNs
were enrolled in this study. Table 2 summarizes the
demographic data of the participants. The
demographic  characteristics did not  differ
significantly between TNs and non-TNs. The various
departments of the TNs and non-TNs are listed in
Tables 3 and 4, respectively.

Ethical considerations

The research protocol was approved by the Ethics
Committee of The First Affiliated Hospital of
Chongging Medical University. The study conformed to
the ethical principles of medical research involving
human subjects in the Helsinki Declaration [31]. The

informed consent rights, privacy and anonymity of
participants were protected.

Data collection

Semi-structured face-to-face interviews with the
participants were conducted by the first author to
solicit their experiences, vocational issues and
psychological states in the forefront of the COVID-19
outbreak. The interviews were arranged in a
convenient place for the participants, such as the
lounge. To facilitate the follow-up data analysis, all
interviews were recorded and backed up with the
permission of the participants. The participants were
encouraged to express their views and opinions freely.
An interview guide comprising open-ended questions
was utilized to lead the conversations to the study
areas [32] (Figure 2 and Supplementary Figure 1).
The average time for an interview was 45 minutes,
ranging from 30 to 60 minutes.

In the scale assessments, all participants completed the
PSS and the PSSS. The PSS was the version
reorganized by Mota-Cardoso et al. [33], consisting of
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Table 3. Different departments of TNs.

Departments

Results [n(%), n=25]

Surgical Department
General Surgery

Urology

Orthopedics

Neurosurgery

Cardiothoracic Surgery
Internal Medicine
Vasculocardiology
Gastroenterology

Endocrine Medicine
Nephrology
Hematopathology

Obstetrics and Gynaecology
Gerontology

Neurology

Dermatology and Venereology
Oncology

Otolaryngology

5 (20)
2(8)
2(8)
1(4)
1(4)

2(8)
2(8)
2(8)
1(4)
1(4)
1(4)
1(4)
1(4)
1(4)
1(4)
14)

Table 4. Different departments of Non-TNs.

Departments

Results [n(%), n=19]

Respiratory medicine
Infections department

Emergency and intensive medicine

5 (26.3)
4(21.1)
10 (52.6)

14 items with 5 alternatives per item, ranging from 0 to
4 points. The points indicated how often they felt or
thought about certain events in the past month, from
never (1 point) to very often (4 points). The internal
consistency of PSS has been verified, with Cronbach's
alpha = 0.90 in the study. The PSSS was composed of

Semi-structured interview guide

1. What are the responsibilities and obligations during the COVID-19 outbreak?

work against the COVID-19 outbreak?

2. What roles should nurses play in the face of the COVID-19 outbreak?

3. What are the changes in your cognition about the nurses’ responsibilities, obligations and roles during the transdisciplinary

4. What challenges and risks have you faced in the transdisciplinary work against the COVID-19 outbreak?

5. What is your new understanding of nursing risk and risk prevention through the COVID-19 outbreak?

6. What are the main psychological problems you haven't encountered in your previous daily nursing work?

7. As a transdisciplinary nurse at the frontline, what problems and supports did you encounter and get in the aspect of family?

8. What are your main concerns about family during the transdisciplinary work against the COVID-19 outbreak?

12 items including the aspects of family, friend and
others. Participants responded to the items on a 7-point
scale representing the degree of agreement, form very
strongly disagree (1 point) to very strongly agree (7
points). The internal consistency reliability coefficient
of the PSSS was 0.91 in the present study. All

Figure 2. The semi-structured interview guide.
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participants completed the scales in a lounge and the
whole process of filling in the two scales took around
40 minutes. Subsequently, three researchers simul-
taneously converted the results of the paper scales to the
online version of the scales.

Data analysis

Before the final data analysis of the interviews, the
contents of each interview were recorded verbatim at the
end of the day. All records were checked to ensure the
accuracy of the transcription. Each record was analyzed
within three days after the end of the corresponding
interview. The Braun Clarke Thematic Analysis method
and the strategy outlined by Miles and Huberman were
used in the data analysis process [34, 35].

At the beginning of the data analysis process, all seven
reliable researchers repeatedly read the interview records
line by line and paragraph by paragraph to become
familiar with the contents of the data. To develop
preliminary codes, the narratives that were considered to
be related to the phenomena in the study were emphasized.
The records were scrutinized, and the relevant codes were
further classified to form themes. Themes were also
generated by codes that organized all of the data. We then
reviewed these themes to refine the framework within and
between themes to establish a network of themes and
subthemes (Supplementary Table 1).

The data dependability was established by checking
codes among all researchers according to the strategy
outlined by Miles and Huberman. All records were
double coded by the research team. In all cases, we
reached at least 80% agreement in assigning codes
between two researchers. Disagreements were resolved
by further discussion among the researchers. The
investigator triangulation method enhanced the trust-
worthiness of the results.

Before analyzing the data of the PSS and PSSS, all paper
scales were manually entered into the online scale version
by three researchers simultaneously. When identical and
credible results were obtained from the three researchers,
the relevant data were further analyzed by SPSS (version
24). All quantitative data were normally distributed.
MANOVASs, chi-square tests and t-tests for independent
samples were employed to assess differences between
non-TNs and TNSs.

Trustworthiness

Trustworthiness is the standard that constitutes the rigor
of qualitative research [36]. The trustworthiness of
this study was maintained by establishing four
main standards, including credibility, confirmability,

transferability and dependability. In terms of credibility,
the content of the study was discussed through
continuous communications between the researchers and
the supervisor. The supervisor conducted a critical
assessment to identify defects in the investigation and
corrected them with the researchers. In terms of
confirmability, member-checking with all participants
was completed to validate the interpreted findings [37].
Participants were asked to verify the survey results to
ensure that their opinions were accurately reflected in the
data and to check the consistency between the results of
the researchers and the actual intentions of the
participants. In terms of transferability, we used a vivid
description method to ensure sufficient and accurate
contextual information. The findings and conclusions can
be transferred to other studies with similar situations [38].

Dependability is achieved through the accurate records and
the in-depth description of the methods used in the
research. Besides, Cohen’s weighted kappa was employed
to evaluate the interrater reliability. The poor agreement
was considered if K < 0.00, slight agreement if between
0.00 and 0.20, fair agreement if between 0.21 and 0.40,
moderate agreement of between 0.41 and 0.60, substantial
agreement if between 0.61 and 0.80, and almost perfect
agreement of between 0.81 and 1.00 [39].
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SUPPLEMENTARY MATERIALS

Supplementary Figures

Transdisciplinary nurses

L_ Semi-structured interview guide
]

1. Basic information IL The cognition of nursing work T1L Responsibility cognition of transdisciplinary nursing work

1. What's your nursing major? 1. What are the responsibilities and obligations of a nurse in the face 1. As a transdisciplinary nurse, what do you think the differences of

2. How old are you? of sudden acute infectious outbreak threatening public health like responsibilities from your previous daily nursing work?

3. How long have you been a nurse? the COVID-19? 2. What challenges and risks have you faced in the COVID-19 outbreak?

4. What's your job title? 2. What responsibilities and obligations do you think you have 3. Which challenges or risks are resulted from the transdisciplinary work?
fulfilled as a nurse in the COVID-19 outbreak? 4. How do you overcome challenges and mitigate risks leaded by the

5. Have you been a nurse in respiratory medicine,
infection department, emergency department or
intensive care unit for a long time?

6. What is your current marital status?

3. What roles should nurses play in the face of sudden acute transdisciplinary work?
infectious outbreak threatening public health like the COVID-19? 5. As a transdisciplinary nurse, what are your attitudes of risk and
4. What roles do you think you played in the COVID-19 outbreak? protection awareness against infectious diseases?

7. Do you have children? Are you pregasié? 5. What are the changes in your cognition abou the nurses’ 6. What i your new understanding of nursing risks and rsk preveation
responsibilities and obligations in the COVID-19 outbreak? of acute infectious diseases through the COVID-19 outbreak?
IV. Psychological issues caused by transdisciplinary nursing work V. Family factors of transdisciplinary nursing work
1. Is there any professional psy ical training for isciplinary nurses before 1. Is it the voluntary registration or hospital arrangement for going to the
Joining the frontline work? s ; front against the COVID-19 outbreak?
2. What are the main psychological problems you haven't encountered in your previous 2. As a transdisciplinary nurse going to the frontline, what problems of
ilv nursing work? 3 going
‘:ﬂl‘l\)_hn“mﬂsh“wk- - e i family aspect did you encounter?
- bl at ‘“de the  to transdl “:."""es o work? when with tough 3. What kind of support and encouragement did you get from your family?
JruDiems cunng e UARKCHCIHIBATY OUCuNg work: 4. During the transdisciplinary nursing work in the COVID-19 outbreak,

4. Did you ever feel sorrowful in the period of fighting against the COVID-19 outbreak?

5. Is there any special psychological counseling platform for medical workers? Wwhat are your main concerns about family?

Supplementary Figure 1. The semi-structural interview guide including five parts.
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Supplementary Figure 2. The perceived stress levels and the amount of perceived social supports of TNs and Non-TNs. (A) the
perceived stress scores, the higher score represents the higher level of perceived stress. (B) the perceived social support scores, the higher
score represents the higher perceived social support level. The data are normally distributed, and are expressed as the means * SD.
**%P<0.001 TNs vs. Non-TNs.
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Supplementary Table

Supplementary Table 1. The data record table.

Themes and Sub-themes

Results [n (%), n=25]

Responsibility cognition

healing the wounded and rescuing the dying 25 (100)
the Nightingale spirit 19 (76)
win the battle against the COVID-19 18 (72)
relieve mental and psychological pressure of patients 15 (60)
take care of the daily life of patients 7 (28)
Role cognition

nurse 25 (100)
friend 22 (88)
family 17 (68)
psychotherapist 13 (52)
patient care 5 (20)
New cognition of nursing work

With new cognition 25 (100)
stronger sense of responsibility and mission 21 (84)
more comprehensive nursing skills 20 (80)
playing a variety of different roles 16 (64)
full of love to patients and the job 13 (52)
Without new cognition 0 (0)
Challenges of transdisciplinary nursing work

unfamiliar working patterns 25 (100)
unfamiliar working contents 23 (92)
standardized professional operations 20 (80)
occupational exposure and self-protection 20 (80)
physical and psychological quality 19 (76)
Psychological issues

grief 22 (88)
insomnia 18 (72)
anxiety 16 (64)
pain 13 (52)
depressed 7 (28)
dysphoria 4 (16)
Family factors of transdisciplinary nursing work

miss and worry about families 25 (100)
parents don't understand 12 (48)
spouse doesn't understand 8 (32)
guilt towards families 5 (20)
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Supplementary Files

Please browse Full Text version to see the data of Supplementary Files 1 and 2.

Supplementary File 1. Perceived Stress Scale.

Supplementary File 2. Multidimensional Scale of Perceived Social Support.

Wwww.aging-us.com 12492 AGING



www.aging-us.com AGING 2020, Vol. 12, No. 13

Research Paper
Epidemiological, comorbidity factors with severity and prognosis of

COVID-19: a systematic review and meta-analysis

Xiaoyu Fang®?%", Shen Li*", Hao Yu*", Penghao Wang®", Yao Zhang?, Zheng Chen?, Yang Li’,
Liging Cheng®, Wenbin Li’, Hong Jial#, Xiangyu Ma?#

ICollege of Public Health, Southwest Medical University, Luzhou, Sichuan Province, China

2Department of Epidemiology, College of Preventive Medicine, Third Military Medical University, Chongging, China
3The Second Clinical College, Chongging Medical University, Chongging, China

“Department of Endocrinology, Northern Theater Command General Hospital, Shenyang, China

>NCO School of Army Medical University, Shijiazhuang, China

®Department of Endocrinology and Metabolism, Southwest Hospital, Third Military Medical University, Chongging,
China

’Outpatient Clinic of Dali Retreat Center for Former Cadres of Yunnan Military Region, Dali, China

*Equal contribution

*These authors jointly direct this project

Correspondence to: Xiangyu Ma; email: xymacq@hotmail.com
Keywords: COVID-19, meta-analysis, SARS-Cov-2, 2019-nCoV
Received: May 1, 2020 Accepted: June 12, 2020 Published: July 13, 2020

Copyright: Fang et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License
(CC BY 3.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and
source are credited.

ABSTRACT

A systematic review and meta-analysis was conducted in an attempt to systematically collect and evaluate the
associations of epidemiological, comorbidity factors with the severity and prognosis of coronavirus disease
2019 (COVID-19). The systematic review and meta-analysis was conducted according to the guidelines proposed
by the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA). Sixty nine publications
met our study criteria, and 61 studies with more than 10,000 COVID-19 cases were eligible for the quantitative
synthesis. We found that the males had significantly higher disease severity (RR: 1.20, 95% Cl: 1.13-1.27, P
<0.001) and more prognostic endpoints. Older age was found to be significantly associated with the disease
severity and six prognostic endpoints. Chronic kidney disease contributed mostly for death (RR: 7.10, 95% CI:
3.14-16.02), chronic obstructive pulmonary disease (COPD) for disease severity (RR: 4.20, 95% Cl: 2.82-6.25),
admission to intensive care unit (ICU) (RR: 5.61, 95% Cl: 2.68-11.76), the composite endpoint (RR: 8.52, 95% Cl:
4.36-16.65,), invasive ventilation (RR: 6.53, 95% Cl: 2.70-15.84), and disease progression (RR: 7.48, 95% Cl: 1.60-
35.05), cerebrovascular disease for acute respiratory distress syndrome (ARDS) (RR: 3.15, 95% Cl: 1.23-8.04),
coronary heart disease for cardiac abnormality (RR: 5.37, 95% Cl: 1.74-16.54). Our study highlighted that the
male gender, older age and comorbidities owned strong epidemiological evidence of associations with the
severity and prognosis of COVID-19.

INTRODUCTION As of April 30" 2020, it has caused 3,023,788

confirmed cases and 208,112 deaths [2]. Further, this
Since publicly characterized as a pandemic by the number is expected to continue to grow rapidly for
World Health Organization on March 11", 2020, the some time to come, and will threaten the lives, physical
coronavirus disease 2019 (COVID-19) caused by and mental health of more people worldwide [3]. To
SARS-CoV-2, has raised public concerns globally [1]. date, there are still no proven specific therapies
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available for COVID-19, other than supportive cares
[4, 5]. It’s a matter of urgency that identifying potential
factors affecting the severity and prognosis of COVID-
19, and implementing individualized treatment, focused
prevention and nursing.

Case-series or retrospective cohort studies have initially
explored the associations of epidemiological, comor-
bidity factors with severity and prognosis of COVID-19
[the multi-stage endpoints including disease severity,
acute respiratory distress syndrome (ARDS), an
intensive care unit (ICU), the use of mechanical
ventilation, or death, etc.] [6-13]. Huang et al. first
explored the contribution of demographic and
comorbidity factors for ICU admission in 41 COVID-19
cases, and got null results [6]. Further, they conducted a
retrospective cohort study with 137 discharged and 54
patients who died, and concluded older age and
comorbidities were associated with prognosis of
COVID-19 [7]. Meanwhile, in another study with 201
patients, Wu et al. found that older age was associated
with higher risk of ARDS and death [8]. A study with
1,590 patients revealed that comorbidities were
associated with poorer clinical outcomes [9]. Of note,
some studies reported inconsistent, even contradictory
conclusions, which might be caused by limited sample
size or low endpoint rate [10-13]. Besides, reporting of
the same patients in different articles was another
concern [14]. Against this context, a thorough
understanding of the epidemiological and comorbidity
factors upon COVID-19 is urgently warranted. Herein,
a systematic review and meta-analysis was conducted to
sought to collect and comprehensively evaluate the
associations of epidemiological, comorbidity factors
with the severity and prognosis of COVID-19.

RESULTS
Study characteristics

Figure 1 presents the PRISMA flow diagram of this
study. First, an initial search generated 2,992 potentially
relevant papers, of which 2001 identified form Pubmed,
and 991 from medRxiv or bioRxiv. After a number of
screenings, 69 studies were identified (Supplementary
Table 1). Of them, 67 (97.1%) reported Chinese COVID-
19 patients, and 2 from either Japan or Singapore. The
case number of each study ranged from 21 to 1780, with
a mean of 218. The NOS score ranged from 5 to 7, which
means a moderate methodological quality. Of the 69
publications, 2 duplicated studies (endpoints, exposure
indicators and populations are completely covered by
other studies), 4 studies with unique endpoints (survival
<3d, refractory, liver injury, and time since symptom
onset > 10 days), and 2 studies with different grouping
methods for disease severity were excluded, which

resulted that 61 studies were eventually eligible for the
quantitative synthesis (Supplementary Table 1).

Quantitative data synthesis

The forest plots for all quantitative data synthesis of the
epidemiological, comorbidity factors with severity and
prognosis of COVID-19 were shown in supplementary
materials (Supplementary Figures 1-120). Table 1
presents the quantitative results for the associations of
the dichotomous epidemiological, comorbidity factors
with severity of COVID-19. First, we found that the
males had significant higher disease severity (RR: 1.20,
95% CI: 1.13-1.27, P <0.001, No. of cases: 8916).
Besides, comorbidities, including any comorbidities,
hypertension, diabetes, malignancy, cardiovascular
disease, coronary heart disease, cerebrovascular
disease, cardiovascular/cerebrovascular disease, chronic
obstructive pulmonary disease (COPD), respiratory
system disease, chronic Kkidney disease, hepatitis B
infection, and digestive disease were significantly
associated with the disease severity (all P <0.05). Of
them, the top 3 effect sizes for the severity of COVID-
19 were detected for COPD (RR: 4.20, 95% CI: 2.82-
6.25, P<0.001), respiratory system disease (RR: 3.25,
95% CIl: 2.48-4.27, P<0.001), and cerebrovascular
disease (RR: 2.77, 95% CI: 1.70-4.52, P<0.001).

We also explored the associations of the dichotomous
epidemiological, comorbidity factors with prognosis of
COVID-19 (Supplementary Table 2, and Table 2). The
males had higher risk of developing the endpoints
including death, ARDS, admission to ICU, invasive
ventilation, and cardiac abnormality. Hypertension was
found to be associated with all seven endpoints,
cardiovascular disease and cerebrovascular disease with
6 (except for disease progression), respiratory system
disease with 6 (except for Cardiac abnormality), COPD
with 5 (except for ARDS and cardiac abnormality),
diabetes with 5 (except for the composite endpoint,
cardiac abnormality), malignancy with 2 (death, and
admission to ICU), etc. Among them, chronic kidney
disease contributed mostly for death (RR: 7.10, 95% CI:
3.14-16.02, P<0.001), COPD for admission to ICU (RR:
5.61, 95% CI: 2.68-11.76, P<0.001), the composite
endpoint (RR: 8.52, 95% CI: 4.36-16.65, P<0.001),
invasive ventilation (RR: 6.53, 95% CI: 2.70-15.84,
P<0.001), and disease progression (RR: 7.48, 95% CI:
1.60-35.05, P =0.011), cerebrovascular disease for ARDS
(RR: 3.15, 95% CI: 1.23-8.04, P =0.016), coronary
heart disease for cardiac abnormality (RR: 5.37, 95% ClI:
1.74-16.54, P =0.003). Besides, the associations of
continuous age with severity and prognosis of COVID-19
were presented in Table 3. Older age was found to be
significantly associated with the disease severity and six
endpoints (all P value <0.001, except a marginal
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Figure 1. PRISMA flow diagram.
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Table 1. Quantitative data synthesis for the associations of the epidemiological, comorbidity factors with severity of

COVID-19.

Variables No of studies  Total cases P nheterogeneity 12 (%0) RR (95% Cls) Pvalue P egger
Sex, male 33 8916 0.078 27.2 1.20(1.13-1.27)  <0.001  0.040
Smoking 11 5237 <0.001 80.8 1.56 (0.95-2.57) 0.082 0.956
Current smoking 2 2879 0.133 55.6 1.17 (0.92-1.50) 0.198 -
Ex-smoking 2 2879 0.019 81.7 2.17 (0.61-7.70) 0.232 -
Drinking 4 2274 0.067 58.0 0.83 (0.48-1.44) 0.516 0.722
Local residents of Wuhan 4 1931 <0.001 90.9 0.66 (0.32-1.36) 0.256 0.441
Exposure to Hubei Province 10 3127 <0.001 90.9 1.21 (0.88-1.65) 0.240 0.115
Contact with confirmed or suspect cases 13 5007 0.041 45.8 0.98 (0.86-1.13) 0.801 0.072
Family cluster 5 2578 0.857 0.0 0.94 (0.86-1.04) 0.224 0.856
Huanan seafood market exposure 5 2342 0.001 79.9 1.79 (0.38-8.35) 0.459 0.212
Comorbidities 16 6219 <0.001 83.4 1.72 (1.44-2.06)  <0.001  0.710
Hypertension 23 7739 <0.001 75.0 2.09 (1.74-2.52) <0.001 0.154
Diabetes 23 7739 0.017 426 1.95(1.60-2.36)  <0.001  0.272
Malignancy 14 5905 0.137 30.0 1.56 (1.11-2.21) 0.011 0.644
Cardiovascular disease 18 6841 0.019 455 2.74 (2.03-3.70) <0.001 <0.001
Coronary heart disease 8 3899 0.087 43.7 2.03 (1.39-2.15) <0.001  0.040
Cerebrovascular disease 12 5756 0.074 40.0 2.77 (1.70-4.52) <0.001  0.595
Cardiovascular/cerebrovascular disease 6 3057 <0.001 84.0 2.31(1.31-4.08) 0.004 0.502
COPD 14 6609 0.492 0.0 4.20 (2.82-6.25)  <0.001  0.580
Respiratory system disease 18 7522 0.661 0.0 3.25 (2.48-4.27) <0.001 0577
Chronic kidney disease 15 4861 0.173 255 2.27 (1.55-3.32) <0.001 0.179
Chronic liver disease 11 3248 0.201 25.5 1.35 (0.89-2.05) 0.165 0.782
Hepatitis B infection 3 1710 0.448 0.0 2.69 (1.32-5.51) 0.007 0.735
Lithiasis 2 308 0.873 0.0 3.03 (0.73-12.58) 0.127 -
Autoimmune disease 5 2202 0.727 0.0 2.52 (0.80-7.90) 0.113 0.997
Abnormal lipid metabolism 4 2246 0.648 0.0 0.57 (0.26-1.25) 0.162 0.080
Digestive disease 5 1013 0.492 0.0 1.80 (1.13-2.87) 0.014 0.717
Thyroid disease 3 348 0.350 0.0 2.37 (0.66-8.50) 0.186 0.387
Tuberculosis 2 592 0.473 0.0 2.74 (0.72-10.4) 0.141 -
Nervous system disease 3 796 0.368 0.0% 1.64 (0.68-3.93) 0.270 0.160
Endocrine system disease 3 796 <0.001 89.6  3.09(0.70-13.64) 0.136 0.622

Table 2. Quantitative data synthesis for the associations of the epidemiological, comorbidity factors with prognosis

of COVID-19 (P value<0.05).

Variables No of studies Total cases P heterogeneity 12 (%) RR (95% Cls) P value P Egger
Death
Sex, male 10 4214 0.443 0.0 1.23 (1.14-1.33) <0.001 0.276
Comorbidities 8 4499 <0.001 88.7 1.68 (1.32-2.13) <0.001 0.248
Hypertension 11 4860 <0.001 84.4 1.74 (1.31-2.30) <0.001 0.418
Diabetes 10 4748 0.001 67.1 1.75 (1.27-2.41) 0.001 0.057
Malignancy 6 3978 0.262 22.8 3.09 (1.59-6.00) 0.001 0.006
Cardiovascular disease 11 4860 <0.001 75.9 2.67 (1.60-4.43) <0.001 0.654
Coronary heart disease 5 2452 <0.001 87.7 3.16 (1.45-6.91) 0.004 0.435
Cerebrovascular disease 6 3771 0.457 0.0 4.61 (2.51-8.47) <0.001 0.766
COPD 4 3677 0.279 22.0 5.31 (2.63-10.71) <0.001 0.107
Respiratory system disease 7 4472 0.185 31.8 3.22 (2.12-4.90) <0.001 0.761
Chronic kidney disease 5 2219 0.477 0.0 7.10 (3.14-16.02) <0.001 0.772
Admission to ICU
Sex, male 5 2224 0.011 69.6 1.29 (1.13-1.47) <0.001 0.651
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Comorbidities 5 3747
Hypertension 5 3747
Diabetes 5 3747
Malignancy 5 3747
Cardiovascular disease 5 3747
Cerebrovascular disease 3 3508
COPD 4 3549
Respiratory system disease 4 3549
Composite endpoint
Smoking 2 2879
Comorbidities 2 3370
Hypertension 2 3370
Cardiovascular disease 2 3370
Coronary heart disease 2 3370
Cerebrovascular disease 2 3370
COPD 2 3370
Respiratory system disease 2 3370
ARDS
Sex, male 3 2090
Hypertension 3 2090
Diabetes 3 2090
Cardiovascular disease 3 2090
Cerebrovascular disease 2 1889
Respiratory system disease 2 1889
Invasive ventilation
Sex, male 2 1825
Family cluster 2 1825
Comorbidities 3 3415
Hypertension 3 3415
Diabetes 3 3415
Cardiovascular disease 3 3415
Cerebrovascular disease 2 3370
COPD 2 3370
Respiratory system disease 3 3415
Cardiac abnormality
Sex, male 4 439
Hypertension 4 439
Cardiovascular disease 4 439
Coronary heart disease 3 386
Disease progression
Hypertension 2 219
Diabetes 2 219
COPD 2 219
Respiratory system disease 2 219

0.038 60.5 1.82(145-229)  <0.00L  0.646
0.601 0.0 2.31(1.97-270)  <0.001  0.312
0.084 51.4 1.88 (1.10-3.23) 0021 0457
0.427 0.0 2.52 (1.38-5.59) 0003  0.158
0.511 0.0 2.74(1.92-3.92)  <0.00L  0.692
0.349 4.9 512(2.86-9.17)  <0.001  0.273
0.800 0.0 5.61(2.68-11.76)  <0.00L  0.740
0.613 0.0 4.66(2.59-8.40)  <0.001  0.637
0.604 0.0 2.67(1.91-3.73)  <0.001 -
<0.001 95.3 1.96 (1.06-3.60) 0.031 -
0.011 84.5 220 (1.44-336)  <0.001 -
0.927 0.0 3.09 (2.09-457)  <0.001 -
0.473 0.0 3.36(2.15-525)  <0.001 -
0.225 32.0 410 (2.34-7.18)  <0.001 -
0.185 430  852(4.36-16.65)  <0.001 -
0.185 430  852(4.36-16.65)  <0.001 -
0.464 0.0 1.15 (1.01-1.30) 0033 0353
0.377 0.0 1.90 (1.57-230)  <0.001 0520
0.068 62.9 3.07 (1.28-7.36) 0012  0.066
0.244 29.2 2.26(1.43-358)  <0.001  0.422
0.152 51.2 3.15 (1.23-8.04) 0.016 -
0.303 5.6 2.44 (1.20-4.97) 0.014 -
0.403 0.0 1.35 (1.11-1.64) 0.002 -
0.646 0.0 1.58 (1.13-2.14) 0.006 -
0.005 81.2 1.83 (1.19-2.79) 0006  0.569
0.131 50.9 2.35(1.92-2.89)  <0.00L  0.366
0.131 50.8 1.85 (1.24-2.76) 0003 0021
0.844 0.0 2.90(1.63-5.15)  <0.001  0.618
0.602 0.0 3.98 (1.77-8.93) 0.001 -
0.383 0.0 6.53 (2.70-15.84)  <0.001 -
0.260 257 434 (2.04-926)  <0.00L  0.567
0.211 336 1.33 (1.02-1.72) 0036  0.624
0.947 0.0 297 (1.65-5.34)  <0.001  0.610
0.915 0.0 490 (1.82-1321) 0002  0.177
0.819 0.0 537 (1.74-1654)  0.003  0.408
0.547 0.0 2.90 (1.45-5.81) 0.003 -
0.746 0.0 3.30(1.08-10.07)  0.036 -
0.848 0.0 7.48 (1.60-35.05)  0.011 -
0.848 0.0 7.48 (1.60-35.05)  0.011 -

association for disease progression). The biggest standard
mean difference (SMD) was detected for death
(SMD: 1.06, 95% CI: 0.85-1.26, P<0.001). However, we
didn’t find any statistically significant associations for
epidemiological factors, including drinking, local
residents of Wuhan, exposure to Hubei Province, contact
with confirmed or suspect cases, family cluster, and

Huanan seafood market exposure. Sensitivity analyses by
changing the pooling model and statistical variables, or
using one-at-a-time method, were performed to assess the
stability of the results. However, we found the results
were not materially changed (data not shown). Further,
we applied the Egger test to evaluated the potential
publication bias, and very litter evidence (among all
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Table 3. Quantitative data synthesis for the associations of age with severity and prognosis of COVID-19.

Variables No of studies  Total cases P neterogeneity 12 (%)  SMD (95% ClIs)  Pvalue P egger
Severity 32 8140 <0.001 92.4 0.73 (0.53-0.94) <0.001 0.331
Death 9 3725 0.005 63.9 1.06 (0.85-1.26) <0.001 0.610
Admission to ICU 5 2224 0.189 34.9 0.78 (0.60-0.96) <0.001 0.538
Composite endpoint 2 2879 0.055 72.9 0.88 (0.56-1.21) <0.001 -
ARDS 3 2090 0.939 0 0.83 (0.67-0.99) <0.001 0.882
Invasive ventilation 2 1825 0.493 0.0 0.84 (0.54-1.14) <0.001 -
Cardiac abnormality 4 439 0.041 63.6 0.92 (0.44-1.41) <0.001 0.885
Disease progression 2 219 <0.001 954 2.37 (0.00-4.74) 0.050 -

120 associations, only 6 presented the existence of COVID-19, except for composite endpoint. The

possible publication bias) was detected (Tables 1-3 and
Supplementary Table 2).

DISCUSSION

To our knowledge, this should be the most
comprehensive  assessment of  epidemiological,
comorbidity factors with the severity and prognosis of
COVID-19 conducted to date. We systematically
evaluated data for more than ten thousand COVID-19
cases from 69 publications in the past several months,
and identified that the males had higher risk of reaching
severe disease and adverse prognostic endpoints. Older
age was found to be significantly associated with the
disease severity and six prognostic endpoints.
Comorbidities, including  hypertension, diabetes,
cardiovascular disease, cerebrovascular disease, COPD,
chronic kidney disease, and malignancy, contributed
significantly to the disease severity and prognostic
endpoints of COVID-19. Results from the current study
would be helpful for implementing individualized
treatment, focused prevention and nursing of COVID-19.

The “Gender and COVID-19 Working Group” first
raised the concern of the gendered impacts of the
COVID-19 outbreak [15], then echoed by another two
publications [16, 17]. In a large epidemiological
investigation in China with 72,314 cases, 51.0% of the
patients were the males [18]. In a recent report of 1,590
hospitalized COVID-19 patients in China [9], the male
rate was 57.3%, and it was 51.3% in Huoshenshan study
with 1780 hospitalized cases. All these evidence
indicated the almost equal sex distribution and disease
susceptibility. Despite this, we identified that the males
had higher rate of severity and prognostic endpoints in
our meta-analysis. This finding was indirectly proved
by a Italian study with 1591 ICU patients, the male rate
of which was 82.0%, and higher than that previously
reported [19]. However, the smoking status which has
significant gender predisposition, showed no statistical
associations with disease severity and prognosis of

relationship between smoking and COVID-19 has
become a very controversial topic, and should be
interpreted with caution, as many factors could affect
the results, such as the statistical power, definition of
smoking status, the presence of confounding factors,
and the potential role of angiotensin-converting
enzyme-2 (ACE-2) [20-22]. Older age was another
strong determinant of disease referral and outcomes in
our results, which has been proved by a model-based
analysis [23], and supported by studies of severe acute
respiratory syndrome (SARS) and middle east
respiratory syndrome (MERS) [24, 25].

In addition to epidemiological factors, comorbidities are
also potentially important aspects which could affect the
disease severity and prognosis of COVID-19. As a key
regulator of blood pressure, angiotensin-converting
enzyme (ACE) was also the binding site of SARS-CoV,
making hypertension the most focused comorbidity [26,
27]. In our meta-analysis, we found hypertension was
associated with higher rate of the disease severity and all
prognostic endpoints. Of note, using of angiotensin-
converting enzyme inhibitors (ACEIs) and angiotensin 11
type 1 receptor blockers (ARBS) could contribute to the
improvement of outcomes of COVID-19 patients with
hypertension [28]. COPD was a major predominant
indicator for the disease severity and prognosis of
COVID-19. In our study, COPD contributed most to the
admission to ICU, the composite endpoint, and invasive
ventilation of COVID-19. Among the comorbidities,
the contribution of malignancy to the prognosis of
COVID-19 was a controversial topic. Liang et al. [29]
first reported that patients with cancer had a higher
risk of COVID-19 and with a poorer prognosis
than those without cancer, then challenged by two
other publications because of the sample size, and
confounding factors [30, 31]. Our meta-analysis
temporarily  supported Liang’s conclusion that
malignancy contributed to death, and admission to ICU
with a moderate sample size, although we can’t adjusted
for the potential confounding bias. An interesting finding
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was that chronic kidney disease contributed mostly to
the death. It is likely an immunologic explanation, given
our current understanding of weakened immune system
in patients with chronic kidney disease [32]. A more
targeted and intensive health protection strategy for the
patients with comorbidities above may be warranted.

The strengths of our study included an extensive
systematic search strategy, a thorough examination of
duplicate data, and a comprehensive quality assessment
of the primary studies. The findings in the current study
are also affected by several limitations. First, although
we have systematically searched the literature to identify
eligible studies, it is possible that some studies might
have been missed. Despite the wide ranging search
strategy, non-English language studies might not have
been indexed in the databases we searched. Second, all
studies except for two studies from Japan or Singapore,
were from China in the early stage of the COVID-19
outbreak. This limited the findings’ applicability across
different populations and geographic regions during the
COVID-19 pandemic. Third, although we have screened
the hospital name, date of recruitment aiming to find
duplicated usage of cases, it is inevitable as some studies
used samples from multiple hospitals and have not
reported detailed patient composition. This might affect
the accurate estimates of disease prevalence or outcomes
of COVID-19. Fourth, significant study heterogeneity or
publication bias which may lead to questionable
interpretation of result were detected for some
associations (especially for comorbidities). Thus, these
results should be interpreted with caution. Finally,
moderate NOS score means the flawed methodological
quality. However, as these studies were dealing with
urgent public health concerns and carried out in a state
of emergency, the quality was within acceptable limits.
Taken together, despite some limitations, our study
provides an important basis for a comprehensive
understanding of disease severity and prognosis-related
factors.

CONCLUSIONS

In our systematic review and meta-analysis, we
highlighted that the male gender, older age and
comorbidities showed strong epidemiological evidence
of associations with the severity and prognosis COVID-
19. Taken together, this large-scale meta-analysis
not only summarizes the current literatures upon
associations of epidemiological, comorbidity factors
with the severity and prognosis of COVID-19, but also
provides helpful clues for implementing individualized
treatment, focused prevention and nursing of COVID-
19. Further well-designed prospective cohort studies and
randomized controlled trials are warranted to explore the
severity and prognosis related factors of COVID-19.

MATERIALS AND METHODS
Search strategy and selection criteria

The systematic review and meta-analyses were
conducted and reported according to the guidelines
proposed by the PRISMA [33]. Studies were eligible for
inclusion in this meta-analysis if they met the following
criteria: (1) data published in a peer-reviewed journal in
English or Chinese; (2) the study is a case-control,
cohort, or a cross-sectional design in human beings;
(3) the studies provide sufficient information for
epidemiological, comorbidity factors with severity or
prognosis of COVID-19; (4) When multiple publications
reported on the same hospital, date of recruitment,
exposures and endpoints, we defined it as duplicated
studies. Some studies, although duplicate in terms of
hospital and date of recruitment, were not judged to be
duplicate because they evaluated different exposure
indicators or endpoints.

Literature retrieval was conducted through a two-
step strategy with a cut-off date of April 5" 2020
(Figure 1). In step 1, we searched the PubMed database
using the following key terms in combination: “2019-
nCoV OR COVID-19 OR covid-2019 OR novel
Coronavirus—Infected Pneumonia OR novel coronavirus
OR SARS-CoV-2 OR Wuhan Coronavirus OR
Wuhan pneumonia”. In step 2, the COVID-19 or
SARS-CoV-2 preprints were also retrieved from the
medRxiv  (https://www.medrxiv.org/) and bioRxiv
(https://www.biorxiv.org/) databases using the above
terms sequentially. We also searched the references and
related articles of all gathered papers, and checked
previously published meta-analyses and reviews. In the
current study, we also incorporated the data of 1780
COVID-19 cases from Wuhan Huoshenshan hospital,
the first and largest emergency specialty field hospital in
epicenter Wuhan, China. Finally, 69 publications met our
study criteria were included in the systematic review, and
61 studies were eligible for the quantitative synthesis.

Data extraction and quality control

All data were extracted by at least two authors (FX, LS,
YH, and WP) according to the pre-specified selection
criteria. Disagreement was resolved by discussion with a
third party personnel. The details for each study
including the first author, country, city or province, year
of publication, source hospitals, date duration of the
patient recruitment, PubMed identifier number (PMID)
or the digital object identifier (DOI) number, total
sample size, disease severity, clinical endpoints, the
distribution of epidemiological and comorbidity factors,
were extracted using a structured data sheet. Frequency
numbers of dichotomous variables, and median (IQR,
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interquartile range) or mean (SD, standard deviation) for
continuous variables were recorded. Median (IQR) were
transferred to the form of mean (SD) using the method
recommended by the Cochrane handbook version 6,
2019. The endpoints consisted of disease severity,
ARDS, admission to ICU, death, a composite endpoint,
invasive ventilation, cardiac abnormality, and disease
progression (the detailed definitions of the endpoints
were presented in supplementary methods). The degree
of severity of COVID-19 was determined using the
American Thoracic Society guidelines for community-
acquired pneumonia or the New Coronavirus Pneumonia
Prevention and Control Guidelines of China
[34, 35]. Two authors independently evaluated the
methodological quality of included studies using the
Newcastle-Ottawa Scale (NOS) for cohort study [36].
Any disagreement in the quality assessment was
resolved by discussion with a third author. The NOS
includes 8 items (up to 9 stars), each one of these
items was scored from 0 to 1, except that a maximum
of two stars can be given for comparability.

Data synthesis

All statistical analyses for this study were performed by
STATA, version 12.0 (Stata Corporation, College
Station, Texas). All tests were two-sided, and a P-value
of less than 0.05 for any test or model was considered
statistically significant unless otherwise stated. Meta-
analysis was performed for all associations with data
available from 2 or more independent samples. Summary
relative ratios (RRs), or standard mean difference
(SMD) with their 95% confidence intervals (Cls) were
used to assess the strength of associations between
epidemiological, comorbidity factors with the severity
and prognosis of COVID-19 by either the fixed-effect
model (Mantel-Haenszel method) or, in case of
heterogeneity, the random-effect model (DerSimonian—
Laird method). To assess inter-study heterogeneity, we
calculated the chi-square-based Cochran’s Q statistic test
and |2 statistic. Because of the low power of Cochran’s
Q statistic, heterogeneity was considered significant if
P < 0.10. For I? values around 25% indicated low
heterogeneity, around 50% moderate heterogeneity, and
around 75% high heterogeneity. Publication bias was
assessed visually by funnel plots and quantitatively with
Egger’ s regression test for asymmetry.
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ABSTRACT

The mortality rate of elderly patients with Coronavirus Disease 2019 (COVID-19) was significantly higher than the
overall mortality rate. However, besides age, leading death risk factors for the high mortality in elderly patients
remain unidentified. This retrospective study included 210 elderly COVID-19 patients (aged = 65 years), of whom
175 patients were discharged and 35 died. All deceased patients had at least one comorbidity. A significantly higher
proportion of patients in the deceased group had cardiovascular diseases (49% vs. 20%), respiratory diseases (51%
vs. 11%), chronic kidney disease (29% vs. 5%) and cerebrovascular disease (20% vs. 3%) than that in the discharged
group. The median levels of C-reactive protein (125.8mg/L vs. 9.3mg/L) and blood urea nitrogen (7.2mmol/L vs.
4.4mmol/L) were significantly higher and median lymphocyte counts (0.7x10°/L vs. 1.1x10°/L) significantly lower in
the deceased group than those in the discharged group. The survival curve analysis showed that higher C-reactive
protein (25mg/L) plus any other abnormalities of lymphocyte, blood urea nitrogen or lactate dehydrogenase
significantly predicted poor prognosis of COVID-19 infected elderly patients. This study revealed that the risk
factors for the death in these elderly patients included comorbidities, increased levels of C-reactive protein and
blood urea nitrogen, and lymphopenia during hospitalization.

INTRODUCTION

Since the outbreak in December 2019, COVID-19
caused by the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), has rapidly grown into a
pandemic worldwide [1-3]. While the overall mortality
rate during the early phase of the pandemic in both
China and Italy was around 2.3% [1, 4, 5], the mortality

rate was significantly higher in the elderly especially in
those aged 65 years or older. A report from the United
States Centers for Disease Control and Prevention
COVID-19 response team showed that 80% of deaths
associated with COVID-19 were among adults aged >65
years [6], which is similar to that initially reported from
China regarding the high mortality rate in elderly
patients with COVID-19 [7, 8]. Available evidence
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suggest that old age per se, especially aged >65 years
[9], is an independent risk factor for COVID-19 related
mortality irrespective of whether there may exist
underlying comorbidities. In addition, the majority of
the persons aged >65 years may have one or more pre-
existing complications which would further increase the
rate of mortality. At present, clinical research on
COVID-19 has been mainly focused on the
epidemiological characteristics, clinical manifestations,
prognosis of the general population or comparisons
between aged or young populations [9]. However,
studies that specifically aimed to identify fatal risk
factors for elderly COVID-19 patients (aged >65 years)
are rare. Of note, a recent study showed that despite
both age> 65 years and pre-existing comorbidities,
including hypertension or diabetes, were independently
associated with the development of acute respiratory
distress syndrome (ARDS), age > 65 years was a major
risk factor associated with the progression from ARDS
to death [9]. However, the main risk factors that are
responsible for the death of elderly infected with SARS-
CoV-2 have yet to be determined. Here, we report on
the characteristics of the largest cohort of elderly
COVID-19 patients in Wuhan city, China, the epicenter
of the SARS-CoV-2 outbreak, and describe the fatal
risk factors for the most fragile elderly patients with
COVID-19 infection in the hope that this will help to
guide the clinicians to identify the elderly people who
are at higher danger to progress to severe illness from
COVID-19 infection at an early stage and adjust
treatment plans to reduce mortality.

RESULTS
Demographics and characteristics

A total of 302 patients aged >65 years old admitted
between January 23, 2020 to February 29, 2020 were
screened, and excluded 69 suspected cases admitted
without laboratory confirmation tests for SARS-CoV-2,
as were 9 cases transferred to Huoshenshan Hospital or
Leishenshan Hospital, and 14 patients with only one
laboratory test during hospitalization. Overall, 210
patients were finally included in this study (Table 1).
The median age of the 210 patients was 71 (interquartile
range [IQR] 67-77) years, and the ratio of male and
female was approximate equal. 175 patients were in the
discharged group, with a median age was 70 (IQR 67-
74) years and 79 (45%) were male, while 35 patients
were in the deceased group, with a median age was 74
(IQR 70-82) years, 22 (63%) were male. Patients in the
deceased group were significantly older (74 years, IQR
70-82) than that in the discharged group (70 years, IQR
67-74). In the deceased group, the median time from
onset of symptoms to admission and death were,
respectively, 8 (IQR 6-14) days and 14 (IQR 12-24)

days. In the discharged group, the median time from
onset of symptoms to admission and discharge were 10
(IQR7-15) days and 26 (IQR21-29) days, respectively.
A total of 18 cases required intensive care admission,
with 16 cases in the deceased group.

Among the elderly patients, 159 (76%) had
comorbidities, with hypertension (115 [55%]) and
cardiovascular disease (52 [25%]) being the most
common comorbidities, followed by diabetes (38
[18%]), respiratory disease (38 [18%]), and digestive
disease (21 [10%]). There were 124 (71%) cases having
comorbidities in the discharged group compared with
35 (100%) cases in the deceased group. Additionally,
significantly higher percentage of patients in the
deceased group had cardiovascular disease (17 [49%)]
vs. 35 [20%]), respiratory disease (18 [51%] vs. 20
[11%]), cerebrovascular disease (7 [20%] vs. 6 [3%)]),
chronic liver disease (6 [17%] vs. 12 [7%]), chronic
kidney disease (10 [29%] vs. 8 [5%]) or malignancy (3
[9%] vs. 3 [2%]) than in the discharged group (Table 1).

Of the hospitalized elderly patients, the most common
symptoms were fever (72%) and cough (71%), followed
by chest stuffiness (36%), fatigue (35%), anorexia
(11%), diarrhea (11%), pharyngalgia (10%), dyspnea
(8%), headache (6%), myalgia (6%), and nausea or
vomiting (5%). Among all the patients, half of them had
fever (51%) as the first symptom, nearly one third had
cough (31%), and a small proportion had pharyngalgia
(8%), fatigue (4%), chest tightness (3%), diarrhea (2%),
anorexia (0.5%), dyspnea (0.5%) as the first symptom.

Treatment and complications

Most of the elderly patients received antiviral therapy
(90%), antibiotic therapy (82%), oxygen inhalation
(67%), and one third of patients were treated with
glucocorticoid (33%), part of the patients received
gamma globulin therapy (19%), albumin therapy (11%),
mechanical ventilation (11%) or continuous renal
replacement therapy (CRRT) treatment (2%). Of all the
patients, ARDS (13%, 27 of 210) was the most
frequently complication, followed by acute renal failure
(2%) and large cerebral infarction (1%) (Table 1). 71%
(25/35) of patients in the deceased group developed
ARDS as compared to 2 (1%) in the discharged group.
And typical pulmonary Computed Tomographic (CT)
changes from a deceased and a discharged patient were
shown in Supplementary Figure 1A-1F.

Laboratory findings
Comparison of laboratory findings within 24 hours at

admission were shown in Table 2. The median
leucocyte counts (6.4x10%L) in patients in the deceased
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Table 1. Baseline characteristics, treatments, complications of patients infected with COVID-1.

Discharged group

Deceased group

— a

Total (n=210) (n=175) (n=35) P Value
Age, median (IQR), y 71 (67-77) 70 (67-74) 74 (70-82) <0.001
Sex, n (%)
Male 101 (48) 79 (45) 22 (63) 0.056
Female 109 (52) 96 (55) 13 (37) '
Duration from onset of symptoms to admission,
median (IOR), d 10 (7-15) 10 (7-15) 8 (6-14) 0.889
(Dlgrsglo; from admission to outcome, median 14 (10-17) 14 (11-17) 9 (5-15) <0001
Duration from onset of symptoms to outcome,
median (IOR), d 23 (17-28) 26 (21-29) 14 (12-24) <0.001
ICU cases, n (%) 18/198 (9) 2/167 (1) 16/31 (52) <0.001
Comorbidities, n (%) 159 (76) 124 (71) 35 (100) <0.001
Hypertension 115 (55) 97 (55) 18 (51) 0.664
Diabetes 38 (18) 29 (17) 9 (26) 0.200
Cardiovascular disease 52 (25) 35 (20) 17 (49) <0.001
COPD 3(2) 2(1) 1(3) 0.435
Respiratory disease 38 (18) 20 (11) 18 (51) <0.001
Cerebrovascular disease 13 (6) 6 (3) 7 (20) <0.001
Chronic liver disease 18 (9) 12 (7) 6 (17) 0.047
Digestive diseases 21 (10) 15 (9) 6 (17) 0.123
Chronic kidney disease 18 (9) 8 (5) 10 (29) <0.001
Malignancy 6 (3) 3(2) 3(9) 0.026
Number of Comorbidities, n (%)
None 51 (24) 51 (29) 0 (0)
One 56 (27) 48 (27) 8 (23)
Two 60 (29) 54 (31) 6 (17)
Three 22 (10) 16 (9) 6 (17) <0.001
Four 13 (6) 4 (2) 9 (26)
Five 4 (2) 1(1) 3(9)
Six or more 4(2) 1) 3(9)
Signs and symptoms, n (%)
Fever 151 (72) 122 (70) 29 (83) 0.115
Cough 148 (71) 118 (67) 30 (87) 0.031
Headache 13 (6) 10 (6) 3(9) 0.523
Pharyngalgia 20 (10) 18 (10) 2 (6) 0.400
Fatigue 73 (35) 64 (37) 9 (26) 0.219
Anorexia 23 (11) 19 (12) 4(11) 0.921
Nausea or vomiting 11 (5) 9(5) 2 (6) 0.890
Myalgia 12 (6) 11 (6) 1(3) 0.426
Chest stuffiness 76(36) 65(37) 11 (31) 0.522
Dyspnea 17 (8) 12 (7) 5 (14) 0.142
Diarrhea 24 (11) 21 (12) 3(9) 0.562
First symptom, n (%)
Fever 107 (51) 88 (50) 19 (54)
Cough 65 (31) 55 (31) 10 (28)
Pharyngalgia 16 (8) 14 (8) 2 (6)
Fatigue 9(4) 9(5) 0 (0)
Anorexia 1(0.5) 1(0.5) 0(0) <0.001
Chest tightness 6 (3) 4 (3) 2 (6)
Dyspnea 1(0.5) 1(0.5) 0 (0)
Diarrhea 5(2) 3(2) 2 (6)
Temperature, °C 36.8 (36.5-37.0) 36.7 (36.5-36.9) 37.0 (36.5-37.8) 0.069
Heart rate, median (IQR), beat per minute 80 (78-88) 80 (78-86) 85 (80-104) 0.016
www.aging-us.com 12506 AGING



Respiratory rate, median (IQR), beat per

minute 20 (20-22) 20 (20-22) 22 (20-26) 0.008
Mean arterial pressure, median (IQR), mm Hg 97 (92-105) 97 (93-104) 100 (92-109) 0.585
Treatment, n (%)

Antiviral therapy 179/198 (90) 148/167 *(89) 31/31* (100) 0.048
Antibiotic therapy 163/198 (82) 133/167 (80) 30/31 (97) 0.022
Glucocorticoid therapy 65/198 (33) 42/167 (25) 23/31 (74) <0.001
Gamma globulin therapy 37/198 (19) 23/167 (14) 14/31 (45) <0.001
Albumin therapy 22/198 (11) 10/167 (6) 12/31 (39) <0.001
Oxygen inhalation 133/198 (67) 103/167 (62) 30/31 (97) <0.001
Mechanical ventilation 21/198 (11) 1/167 (1) 20/31 (66) <0.001
CRRT 3/198 (2) 1/167 (1) 2131 (7) 0.014
Complications, n (%)

ARDS 27 (13) 2(1) 25 (71) <0.001
Acute renal failure 4 (2) 0 (0) 4(11) <0.001
Cerebral infarction 3(1) 0(0) 3(9) <0.001

Abbreviations: COVID-19, coronavirus disease 2019; IQR, interquartile range; ICU, intensive care unit; COPD, chronic
obstructive pulmonary diseases; CRRT, continuous renal replacement therapy; ARDS, acute respiratory distress syndrome. 2 P
values indicate differences between the discharged group and the deceased group. P < 0.05 was considered statistically
significant. *Record/data were missing in 8 patients in the discharged group, and in 4 patients in the deceased group

regarding whether or not the patients received a treatment.

group were higher than those in the discharged group
(5.1x10%L). Among them, 9 (26%) patients had
leucocytes counts above the normal range in the
deceased group, compared with 3 (2%) in the dis-
charged group. The concentrations of C-reactive protein
in the deceased group were significantly higher than
that in the discharged group, and the levels of C-
reactive protein in deceased patients were all elevated
beyond the normal range. The lymphocyte counts of the
deceased group were progressively decreased compared
with that of the discharged group, and 60% patients in
the deceased group had lymphopenia while 18%
patients in the discharged group had lymphopenia. The
neutrophil counts in the deceased group were higher
than that in the discharged group, and 43% cases in the
deceased group had neutrophil counts above the normal
range as compared to 6% in the discharged group.
Compared with discharged group, the platelet counts
were significantly lower in the deceased group.

Biochemical test results were shown in Table 2. The
concentrations of aspartate aminotransferase (AST),
serum creatinine (Cr), and blood urea nitrogen (BUN)
of the deceased group were all significantly higher than
that of the discharged group. And, nearly half (49%) of
the deceased patients had BUN concentrations elevated
beyond the normal range as compared to 11% of the
patients in the discharged group. The levels of creatine
kinase (CK) and creatine kinase isoenzyme (CK-MB) in
the deceased group were significantly higher than those
in the discharged group. Significantly more patients in
the deceased group (86%) had procalcitonin

concentrations above the normal range than in
discharged group (21%, 35 of 170).

The concentrations of lactate dehydrogenase (LDH) were
significantly higher in the deceased group than those in
the discharged group, with 79% (27 of 34) deceased
patients had LDH concentrations above the normal range
as compared to 29% (50 of 171) in the discharged group.
The median concentrations of fasting blood glucose did
not differ significantly between the two groups, however
relatively more patients in the deceased group (68%, 23 of
34) had acute hyperglycemia (glucose >6.1 mmol/L) as
compared to 33% (57 of 171) in the discharged group.
Albumin concentrations were significantly lower in the
deceased group than in the discharged group, with 38%
(13 of 34) deceased patients and 10% (17 of 172)
discharged patients developed hypoalbuminemia. In
addition, D-dimer level in the deceased patients was
significantly higher than that in the discharged patients.
The median activated partial thromboplastin time and
prothrombin time as well as the total bilirubin
concentrations in the deceased group were all significantly
higher than those in the discharged group. Monocytes
count, concentrations of alanine aminotransferase (ALT),
triglyceride and thrombin time did not significantly differ
between the two groups.

Receiver operating characteristic curve, survival
curve and dynamic profile

The relationships between routine blood test results,
including blood biochemistry, inflammatory markers
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Table 2. Laboratory findings of patients infected with COVID-19.

- L Median (IQR)
Laboratory finding within 24 - a
hours on admission normal range Total (n=210) Discharged group Deceased group P value
(n=175) (n=35)
Leucocytes, x10%L, n (%) (3.5-9.5) x10%L 5.2 (3.9-6.4) 5.1(3.9-6.1) 6.4 (4.1-10.7) 0.037
<3.5 x10%L 30 (14) 24 (14) 6 (17)
3.5-9.5 x10%/L 168 (80) 148 (84) 20 (57) <0.001
>9.5 12 (6) 3(2) 9 (26)
C-reactive protein, mg/L, n (%) (0-5) mg/L 15.5 (3.2-63.6) 9.3(2.6-37.2) 125.8 (49.1-200.0)  <0.001
0-5 mg/L 68 (32) 68 (39) 0 (0) <0.001
>5 mg/L 142 (68) 107 (61) 35 (100) '
Lymphocyte, x10%L, n (%) (1.1-3.2) x10%L 1.1 (0.8-1.5) 1.1 (0.9-1.6) 0.7 (0.4-0.9) <0.001
<0.8 x109/L 52 (25) 31(18) 21 (60)
0.8-1.1 x109/L 42 (20) 35 (20) 7 (20) <0.001
1.1-3.2x109/L 114 (54) 107 (61) 7 (20) '
>3.2x109/L 2(1) 2(1) 0 (0)
Neutrophils, x10%L, n (%) (1.8-6.3) x10%L 3.3(2.4-4.5) 3.0(2.4-4.3) 5.2 (2.7-10.0) 0.003
<1.8 x109/L 20 (10) 16 (9) 4 (11)
1.8-6.3 x109/L 165 (78) 149 (85) 16 (46) <0.001
>6.3 x109/L 25 (12) 10 (6) 15 (43)
NLR 2.9(1.9-5.1) 2.8(1.8-3.8) 8.4 (3.1-13.1) <0.001
Monocytes, x10%/L (0.1-0.6) x10%L 0.4 (0.3-0.5) 0.4 (0.3-0.5) 0.4 (0.2-0.5) 0.225
Procalcitonin, ng/mL, n (%) (0.02-0.05) ng/mL
<0.02 ng/mL 0 0 0
0.02-0.05 ng/mL 140/205 (68) 135/170 (79) 5 (14) <0.001
>0.05 ng/mL 65/205 (32) 35/170 (21) 30 (86)
Platelet count, x10%/L, n (%) (125-350) x10%/L  206.0 (159.8-267.0)  216.0 (169.0-285.0)  168.0 (124.0-216.0)  <0.001
<125 x109/L 20/208 (10) 19/174 (11) 1/34 (3)
125-350 x109/L 164/208 (79) 139/174 (80) 25/34 (74) 0.010
>350 x109/L 24/208 (11) 16/174 (9) 8/34 (23)
ALT, IU/L, n (%) (7-40) IU/L 29.5 (17.0-45.5) 27.0 (17.0-43.0) 35.0 (18.0-77.0) 0.427
<7 IU/L 1/208 (0.5) 0/173 (0) 1(3)
7-40 1U/L 140/208 (67) 121/173 (70) 19 (54) 0.261
>40 TU/L 67/208 (32.5) 52/173 (30) 15 (43)
AST, IU/L, n (%) (0-45) 1U/L 26.0 (21.0-38.3) 25.0 (20.0-35.5) 45.0 (26.0-72.0) 0.008
<45 IU/L 165/208 (79) 149/173 (86) 16 (46) <0.001
>45 TU/L 43/208 (21) 24/173 (14) 19 (54) '
Cr, pmol/L, n (%) (40-105) pmol/L 67.1 (56.5-84.1) 65.2 (55.2-80.2) 76.0 (64.0-107.4) 0.012
<40 pmol/L 2/208 (1) 1/173 (0.5) 1(3)
40-105pmol/L 197/208 (95) 167/173 (96.5) 30 (86) 0.139
>105umol/L 9/208 (4) 5/173 (3) 4 (11)
BUN, mmol/L, n (%) (3.1-7.2) mmol/L 4.7 (3.4-6.1) 4.4 (3.3-5.6) 7.2 (5.0-11.1) <0.001
<3.1 mmol/L 28 (13) 26 (15) 2(5)
3.1-7.2 mmol/L 146 (70) 130 (74) 16 (46) <0.001
>7.2 mmol/L 36 (17) 19 (11) 17 (49)
CK, IU/L, n (%) (30-180) IU/L 65.0 (43.0-116.0) 60.0 (41.0-91.5) 137.0 (54.0-363.0) 0.008
<30 IU/L 19/208 (9) 16/173 (9) 309
30-180 1U/L 162/208 (78) 144/173 (83) 18 (51) <0.001
>180 IU/L 27/208 (13) 13/173 (8) 14 (40)
CK-MB, IU/L, n (%) (0-25) 1U/L 10.0 (7.0-13.0) 9.0 (7.0-12.0) 13.0 (8.0-19.0) 0.002
<25 IU/L 204/208 (98) 171/173 (99) 33(94) 0.074
>25 IU/L 4/208 (2) 2/173 (1) 2(6)
APTT, s (21-35) s 27.6 (23.7-31.4) 27.3 (23.5-30.6) 31.3 (26.0-35.4) 0.012
Prothrombin time, s (10-13) s 11.6 (11.0-12.4) 11.6 (10.9-12.3) 12.1 (11.5-12.8) 0.035
Thrombin time, s (13-21) s 19.5 (16.4-22.2) 19.6 (14.9-22.3) 18.7 (17.4-21.4) 0.180
D-dimer, pg/mL, n (%) (<0.5) pg/mL 0.6 (0.2-1.9) 0.6 (0.2-1.1) 3.6 (0.6-5.7) <0.001
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0-0.5 pg/mL
>0.5 pg/mL

Albumin, g/L, n (%)

42/168 (25)
126/168 (75)
35.7 (31.9-39.3)

<30g/L 30/206 (15)
Glucose, mmol/L, n (%) (3.9-6.1) mmol/L 5.7 (4.7-7.4)
<3.9 mmol/L 2/205 (1)

3.9-6.1 mmol/L 123/205 (60)
>6.1 mmol/L 80/205 (39)
Total bilirubin, pmol/L (2-21) pmol/L 8.9 (6.6-11.9)
Triglyceride, mmol/L (0.5-1.72) mmol/L 1.2 (0.9-1.7)
Total cholesterol, mmol/L (3.1-5.7) mmol/L 3.9 (3.3-4.6)

Lactate dehydrogenase, IU/L, n

40/139 (29) 2129 (7) 0.014
99/139 (71) 27129 (93)

36.2 (32.8-39.6) 31.2 (26.7-34.6)  <0.001
17/172 (10) 13/34 (38) <0.001
5.5 (4.7-6.9) 6.9 (5.0-7.9) 0.105

2/171 (1) 0/34 (0) <0.001
112/171 (66) 11/34 (32)
57/171 (33) 23/34 (68)
8.4 (6.5-11.6) 9.6 (6.7-16.7) 0.043
1.2 (0.9-1.6) 1.3 (0.9-1.9) 0.635
4.0 (3.5-4.6) 3.4(2.8-4.2) 0.051

(114-240) IU/L  208.0 (165.8-270.8)  199.0 (164.0-244.0) 367.0 (251.0-547.0)  <0.001

(%)
<240 1U/L 128/205 (62) 121/171 (71) 7/34 (21) <0.001
>240 TU/L 77/205 (38) 50/171 (29) 27134 (79) '

Abbreviations: COVID-19, coronavirus disease 2019; IQR, interquartile range; NLR, neutrophil-to-lymphocyte ratio; ALT,
alanine aminotransferase; AST, aspartate aminotransferase; Cr, serum creatinine; BUN, blood urea nitrogen; CK, creatine
kinase; CK-MB, creatine kinase isoenzyme; APTT, activated partial thromboplastin time. @ P values indicate differences
between the discharged group and the deceased group. P < 0.05 was considered statistically significant.

and the prognosis were analyzed. As shown in Figure
1A, the values of area under curve (AUC) of C-reactive
protein, lymphocytes, BUN, glucose, LDH, and
neutrophil to lymphocyte ratio (NLR) were respectively
0.857, 0.214, 0.769, 0.660, 0.766, and 0.774. The
optimal cut-off values of C-reactive protein, BUN,
glucose, LDH and NLR were 63 mg/L, 6.1 mmol/L, 6.5
mmol/L, 265 IU/L, 6.48 respectively (Table 3). It
showed that higher C-reactive protein, BUN, LDH and
NLR on admission could significantly predict poor
prognosis of COVID-19 infected elderly patients.

Survival curves derived from C-reactive protein,
lymphocyte, BUN, glucose, LDH and NLR individually
and from the frequency of abnormal findings in relation
to C-reactive protein, lymphocyte, BUN, and LDH were
shown in Figure 1B-1H. The survival rate was much
higher in patients with normal values of C-reactive
protein, LDH and NLR. Abnormally high levels of
BUN and glucose were associated with lower survival
rate. Patients suffered severe lymphopenia had
decreased survival rate, and the lower the lymphocyte
count the lower the survival rate. All the deceased
patients had abnormally high C-reactive protein level
plus at least one abnormal value of either lymphocyte,
BUN or LDH at admission. And, all elderly patients
that concomitantly had abnormally high C-reactive
protein plus two abnormalities of lymphocyte, BUN or
LDH were in the deceased group.

Dynamic profile of the three major findings/predictors
(i.e. C-reactive protein, lymphopenia and BUN), were
tracked from 24 hours at admission, during
hospitalization and from the last laboratory findings
before discharge or death, respectively. As shown in

Figure 2, at admission, all deceased patients had
markedly high level of C-reactive protein than that in
the discharged patients. The level of C-reactive protein
slightly reduced during the time impending death,
however, it was still higher than that in the discharged
patients. Most deceased patients had lymphopenia at
admission, and lymphopenia became more serious when
approaching death. By contrast, few discharged patients
had lymphopenia, and it returned to normal during
hospitalization. At admission, most deceased patients
had BUN above normal range as compared to that in the
discharged patients, and the BUN levels increased when
impending death (Figure 2).

DISCUSSION

This study, to our knowledge, is the largest cohort study
to date of elderly COVID-19 patients with definitive
outcomes of the disease and describes the fatal risk
factors for the most fragile elderly patients. In keeping
with the findings that aging is a risk factor for patients
with COVID-19 in the overall population, the median
age of patients in the deceased group was significantly
older than the discharged group, suggesting that the
older the patients, the higher the mortality. Consistently,
epidemiological studies conducted among 72,314
patients across the China showed that the mortality of
patients aged 70-79 years was 8.0%, and the mortality
of patients aged over 80 years was 14.8% [7]. The
relatively high mortality of elderly patients in our study
(16.7%, 35/210) was possibly related to the lack of
medical resources caused by the outbreak of COVID-19
initially in Hubei Province, China, and similarly in
Europe and north America later on. But, most likely, the
high mortality in the elderly may be attributable to the
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Figure 1. Receiver operating characteristic curve and survival curve. (A) ROCin CRP, LYM, BUN, GLU, LDH, NLR at admission. Survival
curves in elderly COVID-19 patients with different levels of CRP (B), LYM(C), BUN (D), GLU (E), LDH (F), NLR (G, NLR value take median value in
total patients) at admission. (H) Two or more abnormal values of CRP, LYM, BUN, LDH in the patients at admission can significantly predict
poor prognosis of COVID-19 infected elderly patients. Abbreviations: COVID-19, coronavirus disease 2019; ROC, receiver operating curve;
CRP, C-reactive protein; LYM, lymphocytes; BUN, blood urea nitrogen; GLU, glucose; LDH, lactate dehydrogenase; NLR, neutrophil-to-

lymphocyte ratio. P-value reported in each subplot indicates the difference between survival curves by Kaplan-Meier method with log-rank
test. P < 0.05 was considered statistically significant.
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Table 3. Areas under the curve (AUC) of CRP, LYM, BUN, GLU, LDH, and NLR.

Test result variable (s) AUC highest specificity highest sensitivity optimal cut-off values
CRP 0.857 0.85 0.74 63 mg/L

LYM 0.214

BUN 0.769 0.82 0.66 6.1 mmol/L
GLU 0.660 0.76 0.63 6.5 mmol/L

LDH 0.766 0.79 0.74 265 IU/L

NLR 0.774 0.69 0.60 6.48

Abbreviations: AUC, areas under the curve; BUN, blood urea nitrogen; CRP, C-reactive protein; GLU, glucose; LYM,
lymphocytes; NLR, neutrophil-to-lymphocyte ratio.
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Figure 2. Dynamic Changes of C-reactive protein (A), lymphocyte (B) and BUN (C) within 24 hours at admission, during hospitalization and
before discharge or death. Abbreviations: BUN, blood urea nitrogen. The horizontal lines represent the median value in each group. P values
indicate differences among admission, hospitalization, impending death between the discharged group and the deceased group. *P<0.05 vs.
deceased group. P<0.05 was considered statistically significant.
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lack of adequate information or experience regarding
what are the most fatal risk factors for the elderly
patients, in addition to the generally known risk factors
such as comorbidities. The higher mortality in the
elderly patients could be in part due to the hypo-
immunity, as less robust immune responses in elderly
patients may render them more susceptible to ARDS
after SARS-CoV-2 infection and die from respiratory
failure [10]. Indeed, in the present study, significantly
more patients in the deceased group suffered from
lymphopenia and failed to survive ICU and wean from
mechanical ventilation, while those who survived
usually had relatively normal lymphocyte level or
lymphocyte levels could gradually recover.

A study showed that male patients accounted for 67% of
critically ill patients in the general population [11].
However, our study did not identify significant gender
difference between the deceased and discharged elderly.
This is possibly because that female patients in our study
are at postmenopausal age. SARS-CoV-2 uses
angiotensin-converting enzyme 2 (ACE2) as a functional
receptor [12, 13] and infects type 2 alveolar epithelial
cells, which subsequently generates strong immune
response and even induces cytokine storm [14]. In our
study, the lymphocytes in the deceased group decreased
progressively while neutrophils increased, leading to most
significantly increased NLR, which is predictive of
mortality. Another manifestation of cytokine storm is the
elevation of C-reactive protein. In our study, the lever of
C-reactive protein in the deceased group was significantly
higher when compared with the discharged group. And,
the receiver operating characteristic curve analysis
indicates that high level of C-reactive protein is a risk
factor of mortality in elderly patients. The fact that the
levels of C-reactive protein significantly decreased after
treatment in the discharged group but not in the deceased
group (Figure 2A) provides support that the dynamic
changes of C-reactive protein may serve as good indicator
of prognosis of the elderly patients with COVID-19. Also,
recent study showed that SARS-CoV-2 may directly
affect kidney cells [15] and the myocardium [16], these
may explain why high BUN and LDH are also highly
predictive of mortality in the elderly, despite that LDH is
a non-specific myocardial injury marker.

Limitations

This study has several limitations. Firstly, it is a single-
center, retrospective study, and included participants
were elderly patients who aged over 65 years, therefore,
it is limited in sample size. Secondly, elderly patients
are special, especially patients with older age, may
cause recall bias when conducting epidemiological
investigations, especially if there are comorbidities that
are used as an analysis of prognosis-related factors.

CONCLUSIONS

This study shows that elderly patients with comorbidities
had a greater risk of death, and, the enhanced level of C-
reactive protein, blood urea nitrogen or lactate dehydro-
genase at admission, progressively lowered lymphocyte
counts during hospitalization, alone and especially in
combination predict the poor prognosis in elderly patients
with COVID-19.

MATERIALS AND METHODS

Study population

This study was a single-center, retrospective,
observational study. We included elderly patients aged
>65 years who were admitted to Wuhan Third Hospital,
Wuhan, China, one of the designated hospitals for the
treatment of COVID-19 assigned by the government,
during the period from January 23, 2020 to February 29,
2020. For all patients, the ethics committee of Wuhan
Third Hospital approved this study (Wu San Yi Lun
KY2020-019) and granted a waiver of informed consent
from study participants.

We included patients who were confirmed with COVID-
19 according to World Health Organization interim
guidance [17], and laboratory confirmation of SAR-CoV-
2 was done by quantitative RT-PCR on samples from the
respiratory tract, which was performed by the local health
authority. Discharge criteria for patients include: body
temperature returned to normal for more than 3 days; the
respiratory symptoms had improved significantly, the
pulmonary imaging showed a significant improvement of
acute exudative lesions, and the nucleic acid test result of
respiratory specimens of sputum and/or nasopharyngeal
swabs became negative for two successive times
(sampling interval more than 24 hours). Patients who
were transferred to Huoshenshan Hospital and
Leishenshan Hospital during the disease progress and
thus the records were not complete at the Wuhan Third
Hospital, and patients who were only subjected to one
laboratory test during their admission were excluded. The
included patients were divided into the discharged group
and the deceased group according to the prognosis of
patients.

Data collection

A trained team of physicians and medical staffs
reviewed and collected epidemiological, demographic,
clinical, and prognosis data from electronic medical
records, and the records were double checked and
confirmed by two researchers (SG and WJ)
respectively. The recorded comorbidities included
hypertension, diabetes, cardiovascular diseases, chronic
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obstructive pulmonary diseases (COPD), respiratory
diseases, cerebrovascular diseases, chronic liver disease,
digestive diseases, chronic kidney disease and
malignancy. The signs and symptoms including fever,
cough, headache, fatigue, nausea or vomiting, anorexia,
myalgia, chest stuffiness, dyspnea, and diarrhea were
recorded. The patients’ life vital signs including heart
rate, respiratory rate, and mean arterial pressure (MAP)
were also collected.

The laboratory findings were collected within 24 hours on
admission, which included leucocytes, C-reactive protein,
lymphocytes, neutrophils, NLT, ALT, AST, Cr, BUN,
CK, CK-MB, coagulation function, fasting blood glucose,
albumin, total bilirubin, triglycerides, total cholesterol,
and LDH. Lymphopenia was diagnosed as the counts of
lymphocytes below 0.8 x10%L according to the Common
Terminology Criteria for Adverse Events version 5.0 [18].
Hyperglycemia was defined as concentrations of fasting
blood glucose above 6.1 mmol/L. Hypoalbuminemia was
diagnosed as concentrations of albumin below 30 g/L
according to American Society of Chest Physicians/
Society of Critical Care Medicine criteria [19].

The treatments included antiviral treatment, antibiotic
therapy, glucocorticoid therapy, gamma globulin
therapy, albumin therapy, oxygen inhalation,
mechanical ventilation, and CRRT. The duration of
antiviral therapy was 7-10 days, which included the
applications of oseltamivir, ganciclovir, and arbidol.
While the antibiotic therapy lasted for 14 days, which
included the use of cefoperazone sulbactam and
moxifloxacin. No patients received treatments for
specific interleukin 6 (IL-6) inhibition or anti-cytokine-
storm medications. The complications included ARDS,
acute renal failure, and cerebral infarction.

Definitions

The COVID-19 onset time was defined as the date
when the first sign or symptom was noticed. Acute
cardiac injury was identified if the cardiac biomarkers
(e.g. hypersensitive troponin |, Creatine kinase—-MB)
were above the 99% upper reference limit or new
abnormalities were shown in electrocardiography and
echocardiography [20]. Respiratory failure was
identified according to the guidance of World Health
Organization for COVID-19 [17]. Acute kidney injury
was defined according to the KDIGO clinical practice
guidelines [21]. Cerebral infarction was diagnosed
according to the 2018 Stroke Guidelines [22].

Outcomes

The primary outcomes were death and successful
discharge of the patients. The second outcomes were

laboratory results, radiological data, treatments, and
complications of the groups and the analysis of their
prognostic values.

Statistical analysis

The categorical variables were compared by chi-square
test or Fisher’s test, and expressed as frequency and
percentage; the continuous variables were compared by
rank sum test, and presented as median (IQR) between
the discharged group and deceased group. AUC of
receiver operating characteristic (ROC) was calculated
to predict the prognosis of elderly patients. Survival
curve was developed using the Kaplan-Meier method
with log-rank test to predict death or discharge in the
elderly. A two-sided P value less than 0.05 was
considered statistically significant. The SPSS 21.0
software was used for all the analyses.
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SUPPLEMENTARY MATERIALS

Supplementary Figure

Computed Tomographic images of a 76 years old female discharged patient with COVID-19

Abbreviations: COVID-19, coronavirus disease 2019.

Supplementary Figure 1. Computed Tomographic (CT) findings of two patients. As shown in (A-C) a 76 years old female discharged
patient, she had fever and headache for 5 days before admission on January 28, 2020. (A) image obtained on day 23 after symptom onset
shows progressive multiple ground glass opacities, massive high-density shadows in bilateral lungs. (B) image obtained on day 28 after
symptom onset shows multiple ground glass opacities and high-density shadows in bilateral lungs. (C) image obtained on day 34 after
symptom onset showed that the consolidation was obviously resolved and pulmonary interstitial fibrosis attenuated. The patient was
discharged on March 17, 2020, the duration from admission to discharge was 49 days, and the duration from onset of symptoms to discharge
was 54 days. (D-F) an 86 years old male death patient, he had cough and chest tightness for 7 days before admission on February 25, 2020.
(D) image obtained on day 8 after symptom onset showed multiple ground glass opacities, high-density shadows in bilateral lungs. (E) image
obtained on day 14 after symptom onset showed progressive multiple ground glass opacities and mass shadows of high-density shadows in
bilateral lungs. (F) image obtained on day 21 after symptom showed progressive multiple ground glass opacities and mass shadows of high-
density shadows in bilateral lungs. The patient died on March 10, 2020, and the duration from admission to death was 14 days, while the
duration from onset of symptoms to death was 21 days.
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ABSTRACT

Intracerebral hemorrhage (ICH) is associated with old age and underlying conditions such as hypertension and
diabetes. ICH patients are vulnerable to SARS-CoV-2 infection and develop serious complications as a result of
infection. The pathophysiology of ICH patients with SARS-CoV-2 infection includes viral invasion, dysfunction of
the ACE2-Ang (1-7)-MasR and ACE-Ang II-AT:R axes, overactive immune response, cytokine storm, and
excessive oxidative stress. These patients have high morbidity and mortality due to hyaline membrane
formation, respiratory failure, neurologic deficits, and multiple organ failure.

INTRODUCTION

Novel coronavirus (2019-nCoV)-associated pneumonia
cases first appeared in Wuhan, Hubei Province, China, in
December 2019 [1]. Whole-genome sequencing identified
a novel coronavirus—severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) [2, 3]. In the following
months, SARS-CoV-2 rapidly spread throughout China
and the world. By May 26, 2020, SARS-CoV-2 had
resulted in 84,543 infections and 4,645 deaths in China, as
reported by National Health Commission of the People’s
Republic of China. In addition, other countries reported
5,468,627 confirmed cases and 345,544 deaths. The
World Health Organization declared SARS-CoV-2 a
public health emergency and named the virus Corona
Virus Disease 2019 (COVID-19).

Although the source of SARS-CoV-2 and its
pathogenesis are still being studied, COVID-19 is a
systemic disease that can lead to pneumonia, respiratory
failure, and acute respiratory distress syndrome (ARDS)
and has high morbidity and mortality. COVID-19 also
affects the cardiovascular, renal, cerebrovascular, and
blood coagulation systems. Genome sequencing of

patients’ cerebrospinal fluid has identified the presence
of SARS-CoV-2 in the brain, which is also seen in
SARS and Middle East respiratory syndrome (MERS)
infection [4]. Here, we review the pathophysiology of
SARS-CoV-2 infection in patients with intracerebral
hemorrhage (ICH).

Characteristics of SARS-CoV-2

Coronaviruses (CoVs), part of the subfamily
Orthocoronavirinae in the family Coronaviridae of the
order Nidovirales, are enveloped, nonsegmented,
positive-sense, single-stranded RNA viruses [5]. Some
CoVs are transmitted from animals to people and have
gradually developed as pathogens of the respiratory,
gastrointestinal, and central nervous systems in human.
Examples include SARS, which caused an outbreak in
2002, and MERS, which caused an outbreak in 2012,
both of which affect the lower respiratory tract [6, 7].
Genome sequencing has identified 2019-nCoV as a
Betacoronavirus. SARS-CoV-2 and two bat-derived
SARS-like strains, ZC45 and ZXC21, form an
independent clade within lineage B of the subgenus
Sarbecovirus [8, 9]. The two bat SARS-related
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coronaviruses closest to SARS-CoV-2, ZXC21 and
ZC45, can infect suckling rats and cause brain tissue
inflammation and pathological changes in the lung and
intestine [10].

SARS-CoV-2 contains a single positive-sense RNA
genome and is around 60 to 140 nm in diameter [5]. The
genome sequence of SARS-CoV-2 has 89% nucleotide
identity with the bat SARS-like CoV ZXC21, 86.9%
with the bat SARS-like CoV ZC45, and 82% with the
human SARS-CoV [10-12]. The phylogenetic trees of
SARS-CoV-2’s orfla/b, spike, envelope, membrane,
and nucleoprotein also cluster closely with those of the
bat, civet, and human SARS coronaviruses [10, 11, 13].
However, the external subdomain of spike’s receptor
binding domain in SARS-CoV-2 shares only 40%
amino acid identity with other SARS-related
coronaviruses [8, 10].

SARS-CoV-2, like SARS-CoV, manipulates angio-
tensin-converting enzyme 2 (ACE2) as the viral
receptor and invades type 2 alveolar epithelial cells in
the lower respiratory tract [11]. ACEZ2 inhibitors prevent
SARS coronavirus from constant viral replication in
Vero E6 cells [14]. The receptor binding domain on the
S1 subunit of the SARS-CoV-2 spike protein (S
glycoprotein) and the transmembrane domain of ACE2
are implicated in SARS-CoV-2 infection [2, 15].

A majority of the earliest confirmed patients infected
with SARS-CoV-2 were exposed to wild animals sold
in the Huanan Seafood Wholesale Market. Although it
is difficult to pinpoint the exact source or the
intermediate host of the novel coronavirus, the first
cluster of pneumonia cases suggests that person-to-
person transmission via the respiratory route occurred
[16]. The digestive system is also hypothesized to be a
route of SARS-CoV-2 transmission.

ICH patients are vulnerable to SARS-CoV-2
infection and develop serious complications as a
result of infection

The general population is susceptible to SARS-CoV-2
infection. As of February 11, 2020, the Chinese Center
for Disease Control and Prevention had identified
72,314 cases of COVID-19, including 55,239 confirmed
patients, 16,186 suspected infections, and 889 infections
without any symptoms [17]. 87% of the patients are
between 30 and 79 years old. Clinical symptoms at the
beginning of COVID-19 infection include chills, fever,
cough, fatigue, myalgia, dyspnea, and diarrhea. Chest
computed tomography (CT) images show ground-glass
opacity in both lungs and, in severe cases, progressive
consolidation of multiple lobular and subsegmental
tracts. However, many infected patients are asympto-

matic and have normal chest CT scans. Asymptomatic
patients with SARS-CoV-2 infection, as well as those
with atypical neurologic manifestations such as
headache, dizziness, nausea, and vomiting, contribute to
misdiagnosis and delayed treatment. According to the
Chinese Center for Disease Control and Prevention,
81% of the 72,341 patients diagnosed with COVID-19
had mild disease, and the mortality rate was
approximately 2.3%. However, the fatality rate
increased to 8.0% in people age 70 to 79 years old and
14.8% in those age 80 or older. Infected patients with
underlying diseases also had higher fatality rates: 10.5%
in patients with cardiovascular disease, 7.3% for
diabetes, 6.0% for hypertension, and 5.6% for cancer. A
review of the clinical features of 138 confirmed patients
in Zhongnan Hospital of Wuhan University confirmed
that ICU patients were obviously elder and were more
likely to have underlying diseases, as well as having
higher risk for poor outcome [18]. Therefore, the worst
complications and outcomes occur in older patients and
those with chronic diseases, such as pulmonary disease,
diabetes, hypertension, heart failure, atherosclerosis,
cerebrovascular disease, and cancer. Patients with
severe SARS-CoV-2 infection develop pneumonia and
extrapulmonary pathological changes. Complications in
patients with severe infection include hypoxemia,
pulmonary edema, ARDS, postviral bacterial super-
infection, septic shock, metabolic acidosis, blood
coagulation dysfunction, and multiple organ damage. A
retrospective, single-center study of 99 cases of
COVID-19 in Wuhan Jinyintan Hospital revealed that
severe patients had high levels of alanine amino-
transferase (ALT), aspartate aminotransferase (AST),
myocardial zymogram, blood urea nitrogen and serum
creatinine, all of which were implicated with multiple
organ damage. Biopsy samples of tissues from patients
with SARS-CoV-2 indicate impairment of alveolar
epithelial cells and pneumocytes in both lungs,
exudation of extracellular fluid in alveolus, infiltration
of lymphocytes and macrophages, and formation of
hyaline membrane, indicating ARDS, which also occurs
in SARS and MERS coronavirus infection [19, 20].

ICH accounts for 20% to 30% of strokes in China and is
associated with high mortality and morbidity, with most
survivors —experiencing neurologic and cognitive
impairment. The physiological status go to the bad with
age and elder persons have higher possibility to develop
underlying diseases, consisting of hypertension,
diabetes, and dysfunction of blood coagulation, all of
which are interact with the occurrence and development
of ICH [21]. Hypertension is the mainly risk factor of
ICH, as well as amyloid angiopathy, hemangioma,
arteriovenous  malformations,  coagulopathy, and
cerebroma [22]. Therefore, ICH is associated with old
age and underlying conditions such as hypertension and
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diabetes. ICH patients, susceptible to SARS-CoV-2
infection, are prone to develop serious complications
and need ICU admission.

ICH exerts mass effect and causes primary physical
damage that is dependent on the location, volume, and
expansion of the hematoma. Secondary injury is caused
by brain edema, the inflammatory cascade, and hematoma
decomposition products. After the interaction between
SARS-CoV-2 and the ACE2 receptor, some infected
patients rapidly develop elevated blood pressure, which
brings about severe cerebral changes, including activated
microglia, accumulated ferritin, damaged neurons, and
impaired neurologic function [23]. One report describing
41 cases of COVID-19 indicated that prolonged
prothrombin time, elevated D-dimer, and severe platelet
reduction occur in ICU patients with SARS-CoV-2
infection [24]. Then ICH patients may develop blood
coagulation dysfunction as a result of infection. The high
levels of thrombin is a trigger of early perihematomal
brain edema; thrombin affects a variety of cells, including
microglia, neurons, and brain endothelial cells, and
destroys the blood—brain barrier (BBB) [25]. Low platelet
activity is a marker of severe ICH, and platelet transfusion
in the acute phase can limit hemorrhage volume and
attenuate poor outcomes [26]. The BBB inhibits cerebrum
invasion, regulates substantial exchange, and maintains
homeostasis in the center nervous system. The viral
invasion and breakdown of the BBB results in
immunocyte recruitment in the central nervous system.
Overactivation of the immune response and pro-
inflammatory factors can lead to cellular apoptosis and
necrosis, endothelial impairment, brain edema, and
neuronal loss. In detail, the pathophysiology of ICH
patients with SARS-CoV-2 infection includes viral
invasion, dysfunction of the ACE2-Ang (1-7)-MasR and
ACE-ANng II-AT:R axes, overactive immune response,
cytokine storm, and excessive oxidative stress.

SARS-CoV-2 brain invasion and ACE2

The renin-angiotensin system (RAS) consists of the
protease renin, angiotensinogen, angiotensin-converting
enzyme (ACE), and angiotensin Il. The local brain RAS
includes angiotensinogen, peptidases, angiotensins, and
specific receptor proteins that play specific roles in
development of cerebrovascular disease [27, 28].
ACE2, a homologous enzyme of ACE, is secreted by
endothelia and smooth muscle cells. A study pointed
that SARS-CoV-2 can manipulate all but mouse ACE2
as the entry receptor in the ACE2-expressing cells,
which might permit the viral invasion and replication in
multiple organs. ACE2 is found in arterial and venous
endothelial cells and arterial smooth muscle cells in
most organs, including oral and nasal mucosa, naso-
pharynx, lung, stomach, small intestine, colon, skin,

lymph nodes, thymus, bone marrow, spleen, liver,
kidney, and brain [14, 29].

Pathologists obtained human brain tissue from autopsies
and research on the staining for ACE2; endothelial and
smooth muscle cells of cerebrum were stained [14]. The
barrier between plasma and brain cells is formed by
brain capillary walls and glial cells and the barrier
between plasma and cerebrospinal fluid is formed by
choroid plexus. The expression of ACE2 in endothelial
and smooth muscle cells allow viral invasion and
replication in the blood-brain barrier. The BBB
breakdown includes swelling of endothelial cells,
necrosis, apoptosis, inflammatory injury and systemic
vasculitis. Genome sequencing of patients’ cerebro-
spinal fluid confirmed SARS-CoV-2 infection in the
brain [17]. The infected patients with atypical
neurologic manifestations such as headache, dizziness,
nausea, and vomiting are important signs for SARS-
CoV-2 brain invasion. In addition, autopsies from
patients with SARS infection have detected SARS-CoV
particles and genomic sequence in cerebral neurons, as
well as in T lymphocytes and monocytes in the
circulating blood of multiple organs [30]. After
intranasal inoculation of MERS-CoV in transgenic
mice, study of brain tissues indicated viral invasion.
Mice infected with the JHM and A59 strains of murine
hepatitis virus (MHV) manifest an acute encephalo-
myelitis and gradually develop demyelinating disease as
a result of persistent viral stimulation. In addition to
pulmonary disease, coronaviruses also cause patho-
logical changes in the cerebrum due to their
neuroinvasive and neurotropic properties [31].

SARS-CoV-2 and the dysfunction of the ACE2—
Ang (1-7)-MasR and ACE-Ang II-AT;R axes

Angiotensin 1-7, which is transferred by endopeptidases,
ACE2, and ACE from angiotensin I, binds to the Mas
receptor and is an effective and protective vasodilator
[32]. Mas receptors are distributed throughout the brain,
including the medulla and forebrain, which are associated
with cardiovascular regulation, and the hippocampus,
amygdala, anterodorsal thalamic nucleus, cortex, and
hypoglossal nucleus [33]. In contrast to the effects of Ang
Il in the brain, Ang-(1-7) regulates the cardiovascular
reflex and mediates blood pressure by releasing nitric
oxide (NO) and activating the PI3K-Akt-PKB pathway
[34]. The interaction between Ang-(1-7) and the Mas
receptor decreases reactive oxygen species (ROS)
production by cleaving Ang Il or inhibiting AT receptors
[35]. Ang-(1-7) and the G-protein-coupled receptor Mas,
which initiate the release of cytokines and activate and
recruit leukomonocytes, reduce inflammation by the
restraining Des-Arg9 bradykinin (DABK)-mediated
pathway [36, 37]. The ACE2-Ang-(1-7)-Mas axis is a
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protective regulator in the center nervous system; it
regulates blood pressure and inhibits inflammatory injury,
oxidative stress, fibrosis, and cellular apoptosis [38, 39].
Injection of Ang-(1-7) in the ventricle of rats reduces
ICH-induced injury, resulting in limited hematoma
expansion, decreased microglia, and neuronal recovery
[40]. In addition, administration of Ang-(1-7) in mice with
aneurysmal rupture inhibits the production of TNF-a and
IL-13 and attenuates pathological damage [41]. The
ACE2-Ang (1-7)-MasR axis and ACE-Ang II-AT:R
axis counterbalance each other to maintain cerebral
homeostasis [42]. Thus, pathological disruption of ACE2
and Ang Il can result in neurologic damage [43].

Infection and endocytosis of SARS-CoV-2 particles
downregulate active ACE2 and Ang-(1-7) and increase
Ang Il. The subsequent inhibition of the ACE2-Ang (1-
7)-MasR axis and overactivation of the ACE-Ang Il-
ATiR axis underlie the progressive pathological
deterioration in the cerebrum seen in patients with SARS-
CoV-2. Disruption of the ACE-Ang II-AT:R axis
contributes to rapidly elevated blood pressure [44].
Stimulation and production of Ang Il in local brain, which
binds to AT; receptors, activates the inflammatory NF-xB
pathway and superoxide production by activating
nicotinamide adenine dinucleotide phosphate (NADPH)
oxidase [45]. Increased ROS production damages brain
tissue, which is full of polyunsaturated fatty acid. In
addition, overactivation of ACE-Ang II-ATR is partly
responsible for brain inflammation and cellular apoptosis
and necrosis, leading to endothelial impairment, brain
edema, and neuronal injury. Administration of brainc Ang
Il receptor inhibitor attenuated acute inflammatory
responses in an animal model with bacterial infection
[46]. The brain inflammation with positive feedback seen
in ICH patients with SARS-CoV-2 infection, which is
postulated to be a result of dysfunction of the ACE2-Ang
(1-7)-MasR and ACE-Ang II-ATiR axes, results in
excessive oxidative stress and elevated cytokines,
chemokines, and toxic substances, which lead to neuronal
injury, cell death, brain edema, and neurologic deficits.
Hematoma expansion and brain edema contribute to
physical pressure on neighboring structures, such as
arterial vessels, the aqueduct of Sylvius, and the
brainstem, leading to cerebral ischemia, obstructive
hydrocephalus, cardiorespiratory dysfunction, intracranial
hypertension, and even cerebral hernia.

SARS-CoV-2, immune evasion and over-
activated immune responses

Among hospitalized patients with SARS-CoV-2
infection, general laboratory abnormalities include
leukopenia and lymphopenia. These abnormalities
indicate that both the viral burden and the reaction of
immune system play a critical role in SARS-CoV-2

invasion and replication. The immune system can
inhibit coronavirus, clean up apoptotic cells, and
promote tissue recovery in the cerebrum. Chemotactic
factors help leukocytes migrate to the correct position to
fight infection, and abnormal secretion can aggravate
the cerebral immunopathology. Conversely, weak
immune systems and insufficient immune responses are
associated with viral survivors and rapid coronavirus
invasion. Therefore, the relationship between SARS-
CoV-2 infection and the immune response needs to be
investigated, with potential measures provided to
interfere with viral dissemination, clear the virus, and
reduce tissue impairment.

After the internalization of coronavirus particles, host
cells recognize the coronavirus and initiate an innate
and adaptive immune response against the viral
infection; the complement system is also activated.
Interaction between cell-surface pattern recognition
receptors (PRRs) and pathogen-associated molecular
patterns (PAMPs), activation of proinflammatory
signaling proteins and pathways, production and release
of several inflammatory factors, and migration of
immunocytes occur in the immune and inflammatory
settings [36]. In addition, complementary autocrine and
paracrine signaling ensures that the infected cells and
surrounding uninfected cells express a series of
interferon-stimulated genes (ISGs), which establish an
antiviral microenvironment [47]. The PRRs in host cells
that detect pathogens contain toll-like receptor (TLR),
RIG-I-like receptors (RLRs), NOD-like receptors
(NLRs), C-type lectin-like receptor (CLR), cytoplasmic
DNA receptor (CDR), type | interferons (IFNs), and
dendritic cells (DCs) and restrict viral pervasion with
the help of macrophages, natural killer cells, T/B cells,
and immune molecules [48]. The main function of
macrophages is to phagocytose and digest cell debris
and pathogens and activate lymphocytes or other
immune cells in response to pathogens. Macrophages
and DCs infected with feline infectious peritonitis virus
(FIPV) inhibited the protective Thl cell response by
promoting the signaling pathway of IL-10 expression
[49]. Natural Killer cells are active in the response to
numerous infectious diseases and regulate immune
response by activating a series of cytokines including
IL-12, IL-1B, 1L-18, IL-23, and IFN-B, sometimes
resulting in hypersensitivity reactions and autoimmune
diseases [50]. B cell, CD4* T cells, and CD8* T cells,
with migration and secretion features, exert important
protective functions during adaptive immune responses
in organisms. CD4" helper T cells fight pathogens by
activating T-cell-dependent B cells and supporting
humoral and cellular immunity. Cytotoxic CD8* T cells
kill infected cells using a specific antigen response that
corresponds with tissue damage [51]. Due to the
antigenic  stimulation and activation of antigen-
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presenting cells and Th cells, activated B cells
differentiate into plasma cells and secrete pathogen-
specific antibodies to inhibit the effects of pathogens.

Although SARS-CoV-2 is sensitive to cell-surface
PRRs, immune evasion is achieved by defending
intermediate products of viral replication from immune
recognition, resulting in spread of SARS-CoV-2 and
restricted immune responses, which are associated with
lymphopenia [47, 52]. However, although immune
evasion of SARS-CoV-2 temporarily restricts the innate
immune response, subsequent overactivation or eruptive
initiation of the immune system can occur, leading to
multiple organ damage [53]. A hyperactivated immune
response contributes to immunopathogenesis, tissue
damage, and severe complications. The presence of
lymphopenia in 2019-nCoV infection indicates that
SARS-CoV-2 affects lymphocytes. Although the CD4*
and CD8* T cell levels in peripheral blood are largely
decreased, the function of lymphocytes is overactivated.
Flow cytometric analysis has indicated high levels of
proinflammatory CCR4*CCR6* Th17 in CD4" T cells
and cytotoxic granules in CD8* T cells, which are
associated with systemic inflammatory responses and
toxic reactions [54, 55]. In addition, the depressed
immune response also indicates the mechanism of
immune evasion in SARS-CoV infection [56]. CD3",
CD4*, and CD8* T lymphocytes were shown to be
decreased in the acute phase of SARS-CoV infection,
indicating lymphocyte deterioration and a suppressed
immune system. Nine hours after the cellular infection
of SARS-CoV in vitro, the incomplete viral replication
of SARS-CoV led to low production of antiviral
cytokines (IFN-a, IFN-B, IFN-y, and 1L-12p40), mild
generation of proinflammatory cytokines (TNF-o and
IL-6), and significantly elevated inflammatory chemo-
kines (MIP-1a, IP-10, and MCP-1) [57].

Activation of the immune system in response SARS-
CoV-2 and subsequent signaling cascades lead to innate
and adaptive immunity and proliferation of
proinflammatory cytokines, neutralizing antibodies, and
recruited lymphocytes, such as neutrophils and
macrophages. However, surviving virus excessively
stimulates immune cells with positive feedback and
causes an inflammatory factor storm. A recent report of
138 patients with SARS-CoV-2 at Zhongnan Hospital
of Wuhan University indicated that adverse reactions in
severe cases included neutrophilia, coagulation
activation, and acute multiple organ injury and that
these reactions were associated with higher con-
centrations of white blood cells and neutrophils, D-
dimer, creatine, aspartate aminotransferase, and high-
sensitivity troponin | [18]. Another report from Wuhan
demonstrated that, compared with healthy people, 44
patients with SARS-CoV-2 had higher immune

cytokine counts, including IL-1b, 1L-6, IL-12, IFN-y,
IP10, and MCP-1, resulting in systematic toxic organ
changes and severe tissue damage [24]. Moreover,
patients admitted to the ICU presented with higher
levels of GCSF, IP10, MCP-1, MIP1A, and TNF-o [58].

It is believed that the immune response that aims to Kill
SARS-CoV-2 also disrupts tissue homeostasis and
induces immunopathological changes, which is similar
to MERS-CoV and SARS-CoV infection [49]. In an
analysis of 128 serum samples of SARS patients, T cell
responses, especially CD8" T cell responses, and
antibody production were found to be major
components of the immune response to SARS-CoV
infection. The serological manifestation of memory
phenotype (CD27*/CD45R0O*) CD4* T cells producing
IFN-y, TNF-a, and IL-2 and CD8* T cells producing
IFN-y, TNF-a, and CD107a was correlated with severe
disease. High concentrations of plasma IFN-y, IL-1p,
IL-6, IL-8, IL-12, IP-10, MCP-1, CXCL8, CXCL10,
and CCL2 granules are a result of hyperactivated
inflammatory signaling cascades and cytokine storm
and are associated with the immunopathological
changes and severity of SARS-CoV infection [59]. In
SARS-CoV infection, neutrophils and chemokines such
as IL-8 infiltrate the respiratory tract and generate
myeloperoxidase and  elastase, which  causes
deterioration of pulmonary tissue and function and leads
to ARDS, respiratory failure, and admission to the ICU.
A research investigated 27 serum samples of MERS-
CoV from patients from South Korea in 2015 [60].
They found that the CD8* T cell response and
proinflammatory factors are associated with severe
disease, whereas CD4" T cell response is associated
with less severe disease. CD8* T cells act on viral S
protein in the early phase of MERS-CoV infection,
whereas CD4* T cells interact with E/M/N proteins in
the later phase. The invasion of MERS-CoV in host
cells triggers the Thl and Th17 proinflammatory
response and stimulates monocytes and lymphocytes,
resulting in high levels of IFN-y, TNF-a, IL-15, and IL-
17 and promoting activation of the MAPK, STATS3, and
NF-kB signaling pathways. The downstream signaling
protein and secreted inflammatory factors fight against
the virus, even leading to tissue damage, via the
production of IL-6, IL-1B, TGF-B, TNF-qa, IL-8, and
MCP-1. In addition, an elevated IL-10 level correlates
with activated JAK-STAT pathway and indicates an
anti-inflammatory effect [61].

Therefore, decreased lymphocytes and the induction of
cytokine storm are potent indicators of severe COVID-
19 infection. In a study of 228 patients with SARS,
patients with severe disease had high levels of IL-6 and
reduced concentrations of IL-8 and TGF- in the acute
phase, which correlated with disease severity [62]. The
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cytokine profiles caused by excessive immune response
lead to ARDS and multiple organ failure, contributing
to the mortality of patients with COVID-19 [63].
Plasma exchange can clear inflammatory factors, block
cytokine storms, and reduce the damage caused by the
inflammatory response.

SARS-CoV-2 and cytokine storms in ICH
patients

After mechanical injury by ICH, activated microglia
migrate to the position of damage. Although M1
microglia help clear necrotic substances, they also
generate inflammatory cytokines and contribute to BBB
breakdown and brain edema. Triggered inflammatory
cascades, including production of IL-1B, TNF-a, ROS,
chemokines, and prostaglandins, damage the BBB [64].
Due to increased BBB permeability, mobilized
neutrophils in the perihematomal region generate ROS
and release a series of granules, such as collagenase,
myeloperoxidase, and elastase. Neutrophils can
stimulate nearby microglia, regulate immune response,
and exaggerate adverse effects on brain tissue via
production of IL-8, IL-6, TNF-a, and IL-1p, resulting in
neuronal loss and brain edema. Persistently high
neutrophil levels in peripheral blood predict poor
prognosis in ICH patients. In addition, neutrophils are
important mediators in the recruitment of monocytes
[65]. The reactive astrocytes gather around the
hematoma and induce MMP-9 [66]. Elevated MMP-9
activity is associated with perinematomal edema, BBB
disruption, and neural loss [67]. CD8" cytotoxic T cells
and CD4" Th cells increase in the perihematomal region
and contribute to neuronal apoptosis and endothelial
injury. Due to physical damage and BBB impairment,
inflammatory cells infiltrate the hematoma, stimulate
the production of cytokines and chemotactic factor with
active feedback, and initiate cellular apoptosis via NF-
kB inflammatory signaling pathways and downstream
molecules [68]. Intercellular adhesion molecule-1, IL-
1B, TNF-a, chemokines, MMP-9, inducible nitric oxide
synthase, free radicals, COX-2, and PLA; participate in
NF-xB activation. Inflammatory cells contain recruited
neutrophils and monocytes and resident microglia and
astrocytes. Active cytokines can stimulate the
complement system to form the membrane attack
complex and generate C3a and Cb5a, resulting in direct
tissue injury and augmented immune response.
Infiltration of blood substances affects microcirculation,
contributing to hypoxia and producing ROS.
Hemoglobin and iron are cytotoxic and cause oxidative
and proinflammatory changes that further brain injury,
probably in conjunction with oxygen free radicals [69].
Oxidative stress, excitotoxicity, and cellular necrosis
and apoptosis result in neuronal injury, brain edema,
and cell death [70].

However, there is limited information about the innate
immune responses in the center nervous system after
SARS-CoV-2 brain invasion in ICH patients. In a lab
study, the serum samples of SARS-CoV-2 patients were
IgM positive in the early stage of infection and
subsequently became 1gG positive, indicating a humoral
response [11]. Because SARS-CoV-2 invades the brain
via ACE2 receptor in ICH patients, viral pathogenicity
and replication destroy the blood-brain barrier and
induce dynamic immune responses. SARS-CoV-2
infection may disturb the activation and inhibition of
related signaling cascades, leading to stimulation of the
innate immune system, recruitment of lymphocytes,
secretion of toxic substances, and cytokine storm with
positive feedback circulation.

Neurologic biopsies of patients with SARS-CoV-2
infection demonstrate congestion, brain edema, and
partial neuronal degeneration, similar to the effects
seen with SARS and MERS infection. ACE2 receptors
are distributed throughout the synaptic membrane of
the brain, and center nervous system autopsies of
SARS patients demonstrated infiltration of monocytes
and lymphocytes in blood vessels, hydrocephalus,
demyelination of the nerve myelin sheath, and neuronal
degeneration, which is associated with aggravation of
the pathological changes seen in ICH patients [19].
After SARS-CoV infection in K18-hACE2 mice, viral
particles and antigens were found in the neurons of the
brain. Upregulation of cytokines and chemokines con-
tributes to BBB impairment, gliocyte hyperplasia,
neuronal damage, and brain edema as a result of
cellular oxidative damage, necrosis, and apoptosis [71].
Some patients with severe MERS-CoV infection
manifested neurological symptoms, including epilepsy,
dystaxia, paralysis, and conscious disturbance.
Magnetic resonance imaging performed in hospitalized
patients with MERS indicated acute alterations in the
white matter and the subcortical areas of the frontal,
temporal, and parietal lobes [72]. In MERS, excessive
production of proinflammatory cytokines and
chemokines leads to rapid increases of RIG-I, MDAS,
PKR, MYD88, TNF-a, IL-1B, CCL2, CCLS5, and
CXCL10 in the brain [73]. MHV affects oligo-
dendrocytes and impairs the myelin sheath via
immunologic injury. Although MHV-JHM infection in
brain tissue initiates an immune response and activates
inflammatory signaling cascades to clear the virus,
MMP secretion, immunocyte migration, and increased
chemokines and cytokines are associated with BBB
breakdown and demyelination [49]. Impairment of
brain microvascular endothelial cells (BMECS) in vitro
by MHV3 infection is a result of downregulation of
zona occludens protein 1 (ZO-1), VE-cadherin, and
occludin, which leads to elevated BBB permeability
[74]. In addition, stimulation and recruitment of
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macrophages and/or microglia in the white matter
contributes to demyelination in MHV-JHM-infected
mice. Although immune responses help clear patho-
gens, excessively inflammatory signaling cascades,
influx of cytokines and chemokines, a large volume of
recruited immune cells, and toxic substances in the
center nervous system indicate a poor prognosis.

Whereas SARS-CoV-2 invasion and replication in brain
cause direct damage, indirect deterioration is associated
with the immune response. Immune mediator
dysfunction and autoimmune reactions prolong the
immune response and exacerbate tissue damage.
Neutrophils, natural Killer cells, macrophages, and
lymphocytes proliferate and produce IL-1a, IL-1p, IL-6,
IL-12, TNF-0, IFN-y, and CXCR2. Migrated
neutrophils swallow viral particles; generate a series of
antibacterial peptides, proteases, and ROS to kill the
virus; and introduce tissue damage. ROS, superoxide
anion, and NADPH oxidase cause excessive oxidative
stress. Elevated neutrophil-to-lymphocyte ratio (NLR)
has been shown to be a marker of severe SARS-CoV-2
infection in the early phase.

An overactivated immune system affects both virus and
host cells. As SARS-CoV-2 combines with ACE2
receptors, the immunopathological injury in center nerve
system is the result of the explosive cytokine storm [75].
ACE2 is highly expressed in arterial and venous
endothelial cells and arterial smooth muscle cells in
brain. The impairment and contraction of vascular
endothelial cells, due to the out of control inflammatory
response, lead to increased permeability of the capillary
wall and diffusion of substances from vessels into the
interstitial space. Brain tissues with ACE2 receptors are
attacked the extreme immune response, eventually
leading to neurologic deficits and bad outcomes.

CONCLUSIONS

Patients with COVID-19 who present with neurologic
symptoms need early diagnosis, isolation, and
treatment. When new neurologic symptoms occur in
hospitalized patients, such as ataxia, focal motor
deficits, and conscious disturbance, cerebrospinal fluid
examination and SARS-CoV-2 nucleic acid and gene
sequencing should be performed. ICH patients with
SARS-CoV-2 infection are prone to develop
neurological complications and have poor outcomes.
Because there is no specific treatment for the virus,
airborne precautions and isolation of identified and
suspected infected patients is crucial.
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ABSTRACT

This retrospective cohort study aimed to investigate the correlation of the neutrophil-to-lymphocyte ratio (NLR)
with critical illness in older patients with COVID-19, and evaluate the prognostic power of the NLR at admission.
We enrolled 232 patients with COVID-19, aged 260 y, in Zhejiang province from January 17 to March 3, 2020.
Primary outcomes were evaluated until April 13. Cox regression was performed for prognostic factors. Twenty-
nine (12.5%) patients progressed to critical illness. Age, shortness of breath, comorbidities including
hypertension, heart disease, and chronic obstructive pulmonary disease, higher NLR, lower albumin levels, and
multiple mottling and ground-glass opacity were associated with progression. In the multivariate analysis, older
age (hazard ratio [HR] 1.121, confidence interval [Cl] 1.070-1.174, P<0.001), heart disease (HR 2.587, Cl 1.156-
5.787, P=0.021), higher NLR (HR 1.136, Cl 1.094-1.180, P < 0.001), and multiple mottling and ground-glass
opacity (HR 4.518, Cl 1.906-10.712, P<0.001) remained critical iliness predictors. The NLR was independently
associated with progression to critical illness; the relationship was significant and graded (HR: 1.16 per unit;
95% Cl: 1.10-1.22; P for trend < 0.001). Therefore, NLR can be adopted as a prognostic tool to assist healthcare
providers predict the clinical outcomes of older patients suffering from COVID-19.

INTRODUCTION

In December 2019, a novel coronavirus called severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
was first identified in Wuhan, China [1-3]. Infection with
the virus leads to coronavirus disease (COVID-19),
which is characterized by rapid human-to-human

transmission and varied degrees of fatality, due to acute
respiratory distress syndrome, multi-organ failure, and
other serious complications [4, 5]. The global spread of
this pandemic has been rapid since March 2020. As of
mid-April 2020, more than 2 million individuals had
been diagnosed with the disease, leading to over 150,000
deaths.
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In our previous study, we found that older patients with
COVID-19 had significantly greater disease severities, as
well as higher rates of critical-type disease and intensive
care unit (ICU) admission than their younger counterparts
outside Wuhan [6]. Wang et al. [7] found that patients
treated in the ICU were older than those without ICU
treatment in Wuhan. In the United States, Garg et al. [8]
demonstrated that older adults had elevated rates of
COVID-19-associated hospitalization, and the majority of
people hospitalized with COVID-19 had underlying
medical conditions. In Italy, a majority of critically ill
patients with laboratory-confirmed COVID-19 who were
admitted to ICUs were older men, and a large proportion
of them required mechanical ventilation and high levels of
positive end-expiratory pressure; the associated ICU-
related mortality was 26% [9].

Many studies have shown that older age is an
independent risk factor for fatal outcomes in patients
with COVID-19 [10-12]. Wang et al. investigated the
characteristics of elderly patients with COVID-19 and
the associated prognostic factors, and found that the
presence of acute respiratory distress syndrome was a
strong predictor of death. In addition, high lymphocyte
levels were predictive of better outcomes [13].
Lymphopenia is a risk factor for severe illness and
death among patients with COVID-19 [14].

The neutrophil-to-lymphocyte ratio (NLR) can be easily
determined from the full blood count, and has been
reported to be closely related to patients’ overall
inflammatory status.

Increasing NLR values are risk factors of mortality in not
only infectious disease settings but also cancer [15, 16].
A study showed that the NLR is an independent risk
factor of mortality in hospitalized patients with COVID-
19 [17]. The identification of a good indicator of disease
progression can aid clinicians in improving the effect of
therapy and reducing the mortality related to COVID-19
without excessive medical resource use. Whether the
NLR can predict progression to critical illness in older
patients with COVID-19 requires further elucidated.

In this study, we investigated the correlation of the NLR
with critical illness in older patients with COVID-19, to
evaluate the prognostic power of the NLR at admission
in the prediction of progression to critical illness.

RESULTS
Demographic and epidemiologic characteristics
In this study, 232 older (=60 years) patients with

confirmed COVID-19 were enrolled from January 17,
2020 to March 3, 2020 in Zhejiang province. Patients’

clinical outcomes were followed-up until April 13,
2020. As shown in Table 1, the median ages in the mild,
severe, and critical disease groups were 66 years
(interquartile range [IQR]: 63-70), 66 years (IQR: 62-
71) and 72 years (IQR: 68-81). The critical group
showed a significantly higher age than the mild and
severe groups (P<0.001). The proportions of hyper-
tension and heart disease in the critical group were
72.41% and 55.17%, respectively, which were
significantly higher than those noted in the mild and
severe groups (P<0.001). One case (0.71%) with mild
disease, two (3.14%) with severe disease, and six
(20.69%) with critical disease had chronic obstructive
pulmonary disease (COPD) (P<0.001). There were no
significant differences in the other coexisting medical
conditions across the three groups, including the rates of
diabetes, asthma, cancer, chronic liver disease, chronic
renal disease, and immunosuppression.

Clinical features and laboratory abnormalities

On admission, the majority of cases showed decreased or
normal leucocyte levels in all subtypes, as shown in Table
2. The median neutrophil levels in the mild, severe, and
critical groups were 3.22x10° /L [IQR: (2.59-4.20) x107,
3.50x10%L [IQR: (2.70-4.80) x10°], and 6.65x10%L [IQR:
(3.51-9.70) x10°, respectively; the critical group showed
significantly higher values than the mild and severe groups
(P<0.001). The median lymphocyte levels in the mild,
severe, and critical groups were 1.26x10° /L [IQR: (0.90-
1.60) x10%, 0.98x10%L [IQR: (0.70-1.26) x10°, and
0.54x10%L [IQR: (0.45-0.80) x10°], respectively. The
critical group showed significantly lower values than the
mild and severe groups (P<0.001). The platelet levels were
lower in the critically group than the mild and severe
groups, but were still within the normal range. The levels
of lactate dehydrogenase, creatinine, C-reactive protein,
and procalcitonin increased with increasing illness severity
(P<0.05). There were no significant differences in the
blood test results across the three groups, including the
values of albumin, alanine aminotransferase, aspartate
aminotransferase, total bilirubin, potassium, sodium, and
blood urea nitrogen. Multiple mottling and ground-glass
opacity were typical imaging manifestations noted in
patients with COVID-19, and their prevalence rates in the
mild, severe, and critical groups were 24.29%, 42.86%,
and 68.97%, respectively (P<0.001).

Treatment and outcomes

All patients were isolated in designated hospitals and
received supportive care as well as the currently
recommended medications. As shown in Table 3,
135 cases (84.77%), 60 cases (95.24%), and 29
cases (100%) received antiviral treatment, including
interferon-a sprays, arbidol hydrochloride capsules, and
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Table 1. Demographic, epidemiologic, and clinical characteristics of the different subtypes in older patients with

COVID-19.
Characteristic Mild type (n=140)  Severe type (n=63)  Critical type (n=29) P value
Age (years) 66(63-70) 66(62-71) 72(68-81) <0.001
Distribution
60-70y 102(72.86) 45(71.435) 7(24.14) <0.001
70-80y 30(21.43) 14(22.22) 13(44.83) 0.025
>80y 8(5.71) 4(6.35) 9(31.03) <0.001
Sex (male) 62(44.29) 28(44.44) 19(65.52) 0.102
Body mass index (kg/m?) 23.52(21.23-25.39)  24.34(22.25-25.16) 24.51(22.89-26.62) 0.227
Current smoker 17(12.14) 4(6.35) 4(13.79) 0.418
Exposure history in Wuhan 25(17.86) 18(28.57) 5(17.24) 0.194
Contact with patients 82(57.14) 25(39.68) 12(41.37) 0.023
Family cluster 50(35.71) 20(31.75) 10(34.48) 0.859
Time from illness onset to first
hospital admission (days) 3(1-6) 5(2-7) 3(1-5) 0.048
Coexisting disorder
Any 76(54.29) 25(38.68) 13(44.83) 0.132
Hypertension 57(40.71) 22(34.92) 21(72.41) 0.004
Heart disease 8(5.71) 7(11.11) 16(55.17) <0.001
Diabetes 29(20.71) 9(14.29) 4(13.79) 0.431
asthma 1(0.71) 1(1.59) 2(6.90) 0.076
Chronic obstructive pulmonary disease 1(0.71) 2(3.14) 6(20.69) <0.001
Cancer 2(14.29) 1(1.59) 1(3.45) 0.766
Chronic liver disease 4(2.86) 4(6.35) 2(6.90) 0.397
Chronic renal disease 3(2.14) 1(1.59) 2(6.90) 0.313
Immunosuppression 0(0) 2(3.17) 0(0) 0.064
Symptoms on admission
Fever 110(78.57) 55(87.30) 25(86.21) 0.105
Cough 94(67.14) 38(60.2) 22(75.87) 0.461
Sputum production 46(32.86) 26(41.27) 15(51.72) 0.148
Hemoptysis 2(1.43) 1(1.59) 1(3.45) 0.766
Sore throat 13(9.29) 8(12.70) 2(6.90) 0.598
Nasal obstruction 2(1.43) 0(0%) 1(3.45) 0.404
Myalgia 12(8.57) 8(12.70) 4(13.79) 0.552
Fatigue 19(13.57) 11(17.46) 8(27.59) 0.202
Gastrointestinal symptoms 12(8.57) 6(9.52) 7(24.14) 0.06
Headache 5(3.57) 6(9.52) 0(0%) 0.073
Shortness of breath 1(0.72) 7(11.11) 12(41.38) <0.001

Data are presented as medians (interquartile ranges), n (%) and n/N (%).

lopinavir and ritonavir tablets in the mild, severe, and
critical groups, respectively (P=0.504). The durations
from illness onset to antiviral therapy initiation were 4
days (IQR: 2.0-7.0), 5 days (IQR: 1.5-8.5), and 4 days

(IQR: 2.0-8.0) in the mild, severe, and critical groups,
respectively (P=0.390). With increases in the illness
severity, the proportion of the use of glucocorticoids
and intravenous immunoglobins rose (P<0.001). Ten
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Table 2. Laboratory and radiograph findings of the different subtypes in older patients with COVID-19.

Characteristic Mild type (n=140) Severe type (n=63) Critical type (n=29) P value
Blood routine

Leucocyte count (x10°%/L) 5.20(4.38-6.48) 5.0(4.1-6.88) 8.08(4.4-10.8) 0.02
Neutrophil count (x10°/L) 3.22(2.59-4.20) 3.50(2.70-4.80) 6.65(3.51-9.70) <0.001
Lymphocyte count (x10%/L) 1.26(0.90-1.60) 0.98(0.70-1.26) 0.54(0.45-0.80) <0.001
Neutrophil count/lymphocyte count 2.45(1.82-3.65) 4.08(2.39-6.20) 9.67(6.86-21.10) <0.001
Hemoglobin (g/L) 125.0(113.0-138.0) 122.0(113.5-133.5) 121.0(110.5-137.5) 0.535
Platelet count (x10%L) 204(170-279) 175(139-236) 156(123-191) <0.001
Coagulation function

International normalized ratio 1.02(0.96-1.06) 1.01(0.96-1.10) 1.0(0.97-1.06) 0.895
Blood biochemistry

Albumin (g/L) 38.40(35.43-41.25) 36.30(33.30-39.50) 34.60(30.65-38.45) 0.001
Alanine aminotransferase (U/L) 25(16-36) 24(16-31) 21(14-31) 0.664
Aspartate aminotransferase (U/L) 25(20-33) 25(19-34) 29(18-38) 0.891
Total bilirubin (umol//L) 9.70(7.0-12.55) 10.10(7.90-13.15) 9.10(5.70-14.30) 0.671
Potassium (mmol/L) 3.99(3.70-4.37) 3.89(3.45-4.25) 3.81(3.50-4.14) 0.072
Sodium (mmol/L) 138.0(135.72-140.15) 137.50(134.95-140.0)  136.0(130.60-139.0) 0.027
Blood urea nitrogen (mmol/L) 4.,51(3.83-5.47) 4.59(3.60-7.10) 6.16(4.48-8.72) 0.032
Creatinine (umol/L) 64.0(54.0-76.5) 68.0(57.0-84.0) 76.0(63.0-96.5) 0.003
Creatinine kinase (U/L) 56.50(41.25-88.75) 62.0(26.25-113.75) 80.0(52.0-173.50) 0.038
Lactate dehydrogenase (U/L) 218.0(175.0-256.50) 233.0(190.0-313.0) 273.0(243.0-354.0) <0.001
Infection-related biomarkers

C-reactive protein (mg/L) 16.02(4.41-39.26) 19.10(5.89-44.70) 41.86(6.33-70.10) 0.039
Procalcitonin (ng/mL) 0.09(0.04-0.14) 0.05(0.04-0.08) 0.19(0.04-0.25) 0.046
Chest radiography/Computed

tomography findings

Multiple mottling and ground-glass 34(24.29) 27(42.86) 20(68.97) <0.001

opacity

Data are presented as medians (interquartile ranges), n (%) and n/N (%).

patients received extracorporeal membrane oxygenation
(ECMO) therapy, and six underwent continuous renal-
replacement therapy (CRRT) in the critical group; none
of the patients received ECMO therapy and only one
underwent CRRT in the severe group. Three patients
had shock in the critical group, while there were no
cases with shock in the mild and severe groups
(P<0.001). The viral RNA shedding durations were 16
days (IQR: 12-22), 17 days (IQR: 14-21), and 25 days
(IQR: 17-30) in the mild, severe, and critical groups,
respectively (P<0.001).

By April 13, one patient had died, two had received
lung transplantation, and eight remained hospitalized in
the critical group. By May 27, among the eight patients
who were still hospitalized, two withdrew from the
ECMO treatment and were transferred to the general

ward, while the other six patients were still receiving
the ECMO therapy. In the other two groups, all patients
had survived and were discharged. The number of days
of hospitalization were 18 days [IQR: 14-23], 22 days
[IQR: 19-26], and 32 days [IQR: 21-68] in the mild,
severe, and critical groups, respectively (P<0.001).

Risk factors associated with progression to critical
illness

Univariate Cox regression was used to analyze the risk
factors for critical illness in the older patients with
COVID-19, as shown in Table 4. Older age was shown
to increase the likelihood of critical illness even in
older patients (>60 years) (hazard ratio [HR] 1.107,
confidence interval [CI] 1.065-1.151, P<0.001).
Shortness of breath as a symptom (HR 11.328,
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Table 3. Treatments and clinical outcomes of the different subtypes in older patients with COVID-19.

Mild type

Severe type  Critical type

Characteristic (n=140) (n=63) (n=29) P value
Shock 0(0) 0(0) 3(10.34) <0.001
Time from illness onset to antiviral treatment initiation (days)  4.0(2.0-7.0) 5.0(1.5-8.5) 4.0(2.0-8.0) 0.390

Antiviral treatment 135(96.43) 60(95.24) 29(100) 0.504

Viral RNA shedding time 16(12-22) 17(14-21) 25(17-30) <0.001
Glucocorticoids 22(15.71) 29(46.03) 26(89.66) <0.001
Use of intravenous immunoglobulin 17() 21() 23(79.31) <0.001
Use of extracorporeal membrane oxygenation 0(0) 0(0) 10(34.48) <0.001
Use of continuous renal-replacement therapy 0(0) 1(1.59) 6(20.69) <0.001
Clinical outcomes at data cutoff

Discharge from hospital 140(100) 63(100) 20(68.97) 0.098

Hospitalization 0(0) 0(0) 8(27.59) 0.098

Number of days in hospital 18(14-23) 22(19-26) 32(21-68) <0.001
Lung transplantation 0(0) 0(0) 2(6.90) 0.001

Death 0(0) 0(0) 1(3.45) 0.030

Data are presented as medians (interquartile ranges), n (%) and n/N (%).

Table 4. Risk factors for critical illness.

. Mild/Severe type Critical type Univariate analysis Multivariate analysis

Variables _ —

(n=203) (n=29) HR (95% CI)  P-value  HR(95%CI)  P-value
Age (years) 66(63-70) 72(68-81) 1.107(1.065-1.151) <0.001 1.121(1.070-1.174) <0.001
Time from illness onset to first hospital 3(1-7) 3(1-5) 0.937(0.836-1.049) 0.258
admission (days)
Hypertension 79(38.92) 21(72.41) 3.563(1.578-8.047)  0.002
Heart disease 15(7.39) 16(55.17) 9.638(4.626-20.081) <0.001 2.587(1.156-5.787) 0.021
COPD 3(1.48) 6(20.69) 7.108(2.891-17.481) <0.001
Shortness of breath 8(3.94) 12(41.38) 11.328(5.370- <0.001

23.894)

NLR 2.68(1.96-4.42)  9.67(6.86-21.10) 1.157(1.117-1.199) <0.001 1.136(1.094-1.180) <0.001
Albumin (g/L) 38.0(35.20-41.0) 34.60(30.65-38.45) 0.875(0.807-0.950) 0.001
C-reactive protein (mg/L) 16.95(4.75-40.62) 41.86(6.33-70.10) 1.012(1.005-1.020) 0.002
Multiple mottling and ground-glass opacity 61(30.05) 20(68.97) 4.573(2.082-10.045) <0.001 4.518(1.906-10.712) 0.001

HR, hazard ratio; Cl, confidence interval; COPD, chronic obstructive pulmonary disease; NLR, neutrophil-to-lymphocyte ratio.

Cl15.370-23.894, P<0.001), and comorbidities including
hypertension (HR 3.563, ClI 1.578-8.047, P=0.002),
heart disease (HR 9.638, Cl 4.626-20.081, P<0.001),
and COPD (HR 7.108, Cl 2.891-17.481, P<0.001) were
predictive of critical illness. The increasing odds of
critical illness development in patients with COVID-19
were associated with higher NLR values (HR 1.157, CI
1.117-1.199, P<0.001), lower albumin levels (HR
0.875, CI 0.807-0.950, P<0.001), higher C-reactive
protein levels (HR 1.012, CI 1.005-1.020, P=0.002),
and multiple mottling and ground-glass opacity (HR
4,573, ClI 2.082-10.045, P<0.001). In the multivariate
analysis, only older age (HR 1.121, ClI 1.070-1.174,
P<0.001), heart disease (HR 2.587, CI 1.156-5.787,

P=0.021), higher NLRs (HR 1.136, CI 1.094-1.180, P <
0.001), and multiple mottling and ground-glass opacity
(HR 4,518, Cl 1.906-10.712, P<0.001) remained
predictors of critical illness when the other factors in the
model were kept constant.

Association of the NLR with progression to critical
illness

Figure 1A shows the association between the NLR and
progression to critical illness, as identified using a Cox
proportional hazards model adjusted for the baseline
covariates. For the sensitivity analysis, we converted the
NLR from a continuous variable to a categorical
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variable (the quartile of NLR), and the P for trend of the
NLR with categorical variables in the fully adjusted
model (model 1) was consistent with that obtained
when the NLR was a continuous variable. The
relationship between the NLR and progression was
significant and graded (HR: 1.16 per unit; 95% CI:
1.10-1.22; P<0.001). When adjusted for sex and age, the
ratio of the highest quartile of the NLR compared to the
lowest quartile was 33.017 (95% CI 4.436-245.732, P
<0.001), and in the fully adjusted model, the odds of the
NLR as a clinical risk factor was 21.755 (95% CI 2.854-
165.860, P<0.001) (Table 5). Figure 1B shows the
Kaplan-Meier analyses graphs for progression to critical
illness based on the quartiles of the NLR.

DISCUSSION

In the present study, we described the clinical
characteristics and outcomes of older patients who had
COVID-19 with the highest risk of critical illness after
SARS-CoV-2 infection. Of the 232 older patients with
COVID-19, 29 (12.5%) had critical disease; one patient
died and two received lung transplantation in the critical
group. Eight patients remained in the hospital, and
received ECMO therapy for more than two weeks. The
median duration of hospitalization was 32 days in the
critical group, which was significantly longer than that
in the mild and severe groups.

Disease typing and prognostic indicators are of great
significance in the guidance of classified treatment and
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prevention of medical runs, and saving patients with a
critical status. In our study, some independent risk
factors for progression to critical illness were found
using multivariate Cox regression analysis, such as
older age, multiple mottling and ground-glass opacity,
heart disease, and a high NLR.

Previously, older age was reported as an important
independent predictor of fatal outcomes in patients with
COVID-19 [18-21]. Older age was shown to increase
the likelihood of critical illness even in older patients
(HR 1.107, CI 1.065-1.151, P<0.001). Our results are
consistent with those of previous reports [13]. Elderly
patients experience a marked cell-mediated immune
function decline and a reduced degree of humoral
immune function. The cytokine and chemokine signaling
networks are altered in elderly patients, and tend to favor
a type 2 cytokine response over type 1 cytokine
responses, potentially leading to poor outcomes [22].

Advanced imaging in patients with COVID-19 is
capable of demonstrating disease progression.
Generally, imaging manifestations are in line with the
severity of COVID-19 [23]. Zhong et al. found that the
computed tomography (CT) images in patients with
different clinical types of COVID-19 had characteristic
manifestations, and that the presence of solid shadows
may be predictive of severe and critical illness [24]. Our
study found that the presence of multiple mottling and
ground-glass opacity on CT was an independent pre-
dictor of progression to critical illness (HR 4.518, ClI
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Figure 1. Association between the neutrophil-to-lymphocyte ratio (NLR) and progression to critical illness. (A) Adjusted hazard
ratio (HR) for progression to critical illness according to the NLR. (B) Cumulative probability of progression to critical illness with increasing

NLR values.

WWW.aging-us.com 13854

AGING



Table 5. Relationships between the neutrophil-to-lymphocyte ratio and critical disease development using different
models.

Neutrophil-to-lymphocyte HR (95% CI)

Total, n  Event (%)

ratio (quartile) Crude Model Model | Model 11

Q1 58 1(1.72) Reference Reference Reference

Q2 60 1(1.61) 0.980(0.061-15.662) 1.186(0.074-18.984) 1.324(0.081-21.591)

Q3 57 3(5.26) 2.914(0.303-28.014) 2.966(0.308-28.533) 3.867(0.399-37.461)

Q4 57 24(42.11) 29.769(4.024- 33.017(4.436- 21.755(2.854-
220.233) 245.732) 165.860)

P for trend — — <0.001 <0.001 <0.001

Increase per unit — — 1.16(1.12-1.20) 1.15(1.11-1.19) 1.16(1.10-1.22)

Note: Model | adjusted for age, sex.
Model Il adjusted for age, sex, hypertension, heart disease, COPD, shortness of breath, albumin, C-reactive protein and

multiple mottling and ground-glass opacity.

HR, hazard ratio; Cl, confidence interval; COPD, chronic obstructive pulmonary disease.

1.906-10.712, P=0.001). We also found that older
patients with COVID-19 who had heart disease were
likelier to progress to critical illness. Several studies have
shown that coexisting heart disease was an independent
risk factor associated with fatal outcomes in patients with
COVID-19 [12, 25]. Cardiac complications, including
new or worsening heart failure, new or worsening
arrhythmia, and myocardial infarction are commonly
observed in patients with severe pneumonia. Cardiac
arrest occurs in about 3% of inpatients with severe
pneumonia [26].

Chen et al. showed that, compared to cases with
moderate disease severity, those with a severe disease
status more frequently had lymphopenia [27]. Mo et al.
found that patients with refractory disease had higher
neutrophil levels than general COVID-19 patients [28].
The prognostic role of the NLR has been documented in
multiple settings, including malignancies, infectious
diseases, liver cirrhosis, and cerebrovascular disease
[29-32]. In this study, we investigated the correlation of
the NLR with critical illness in older patients with
COVID-19 to evaluate the prognostic power of the NLR
at admission in the prediction of progression to critical
illness. In the sensitivity analysis, we converted the
NLR from a continuous variable to a categorical
variable, and found that the higher the NLR the greater
the likelihood of progression to critical illness. Liu et al.
also found that the NLR is an independent risk factor of
in-hospital mortality in COVID-19 patients, especially
male patients [17]. Our previous study suggested that a
change in the NLR on admission among older patients
with COVID-19 might be a biomarker specific to the
prediction of progression to critical illness. A future
study, conducted to elucidate this specificity, will
further our understanding of the prognostic value of the
NLR.

Our study has several limitations. First, its retrospective
nature may decrease the accuracy of the findings; there
is a need for a validation cohort to assess the predictive
accuracy and confirm our findings. Second, owing to
the retrospective design, data on some relevant factors
such as interleukin-6 and D-dimer were incomplete and
could not be included in the risk factor analysis. Third,
data on the outcomes of older patients with COVID-19
in the critical group require further investigation, as, at
the time of this study, there were still eight patients who
were undergoing treatment at the hospital.

MATERIALS AND METHODS
Patients

This retrospective study, focusing on the epidemiological
and clinical characteristics of older (age>60 years)
patients with confirmed COVID-19, was conducted from
January 17 to March 3, 2020. All the enrolled cases
showed real-time reverse transcriptase polymerase chain
reaction (RT-PCR) positivity for SARS-CoV-2, and were
retested several times during their hospitalization. Data
were collected uniformly by the Health Commission of
Zhejiang Province, wherein all patients were assigned to
specific hospitals for unified treatment according to
Zhejiang Province’s emergency rule. The diagnosis of
COVID-19 infection was based on the interim guidance
of the World Health Organization (WHO) [33], and all
data were shared with the WHO, with the primary
analytic results reported to the authority of Zhejiang
Province. Since the collection and analysis of all cases
were determined by the Health Commission of Zhejiang
Province under national authorization and considered
as part of the continuing public health outbreak
investigation, our retrospective study was exempt from
institutional review board approval.
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The subtype definition of COVID-19 patients was based
on the diagnosis and treatment scheme for COVID-19
in China, based on a minor modification of WHO
standards [34]. The degree of COVID-19 was
categorized as mild, severe, or critical: the mild type
included non-pneumonia and mild pneumonia cases,
and the severe type was characterized by dyspnea,
respiratory frequency >30 min, blood oxygen saturation
<93%, PaO2/FiO2 ratio <300, and/or rate of lung
infiltration >50% within 24-48 h. Critical cases were
those that exhibited respiratory failure, septic shock,
and/or multiple organ dysfunction/failure.

Procedures

We obtained epidemiological, demographic, laboratory,
clinical, management, and outcome data from patients’
medical records. Data were retrieved and reviewed by
two independent observers. Clinical outcomes were
followed-up until April 13, 2020. Missing or unclear
data were confirmed by direct communication with
healthcare providers. Throat swab specimens obtained
from the upper respiratory tract and sputum of all
patients were collected at admission. Laboratory
confirmation of COVID-19 was performed at the First
Affiliated Hospital at Zhejiang University, under the
authorization of the Centers for Disease Control and
Prevention at the Zhejiang Province/city level, by
previously reported RT-PCR methods. All patients
underwent chest CT at admission. Patients with other
common respiratory viruses, including respiratory
syncytial virus, parainfluenza virus, influenza A and B
virus, and adenovirus were excluded from this study.

Data collection

In this study, we collected data on epidemiology,
anthropometrics, demographics, as well as symptoms
and signs at the time of admission to the hospital. We
analyzed the blood collected within 48 hours of
admission. Additional data collected included those on
the results of laboratory tests and chest CT,
comorbidities, co-infection with other respiratory
pathogens, treatment (including drugs, intensive care and
mechanical ventilation), and other clinical outcomes.

Statistical analysis

Continuous variables are expressed as medians (range),
and were compared using t tests or Mann-Whitney U tests,
and categorical variables were compared using chi-squared
tests or Fisher’s exact tests. Follow-up was initiated on the
day of admission, and ended at the patient’s death or until
the last follow-up. The Kaplan-Meier method was used to
evaluate the cumulative rate of progression to critical
illness, and a log-rank test was used to assess differences

between groups. HRs were calculated using the Cox
regression model. Variables with P < 0.05 in the univariate
analysis were included in a stepwise Cox proportional
hazards regression model. We performed tests for linear
trend by entering the median value of each quartile of the
NLR as a continuous variable in the models. The Cox
proportional hazards model was used to estimate the HRs
associated with the NLR for the risk of progression to
critical illness with adjustment for pertinent variables. The
HRs and 95% Cls of the progression to critical illness in
each subgroup were estimated, and their interactions
tested. Statistical analyses were conducted using SPSS
version 26.0 (IBM Corporation, Armonk) and R version
3.4 (R Foundation). A two-sided P value < 0.05 was
considered to indicate statistical significance.
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