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ABSTRACT

Background: Coronavirus disease 2019 (COVID-19) has now brought major challenges to public health
and the economy globally since December 2019, which requires effective treatment and prevention
strategies to adapt to the impact of the pandemic. We, therefore, explored the prognostic factors for
patients with COVID-19 and the contribution of immunomodulatory therapy on COVID-19 outcome.
Methods: From 1 February to 16 March 2020, consecutive cases with COVID-19 were analyzed in the
West Campus of Wuhan Union Hospital, a tertiary care center that is designated to care for patients
with COVID-19 in Wuhan, China. The observation was based on follow-up until in-hospital death or
discharge. Logistic regressions were performed for prognostic factors associated with in-hospital death.
Furthermore, a propensity score-matched analysis was done using a multivariable logistic regression
model to analyze the contributions of multiple treatments on COVID-19 death.

Results: Three hundred and seventeen patients with COVID-19 were enrolled, of whom 269 were dis-
charged and 48 died in hospital. After propensity score matching based on age, gender, symptoms
and comorbidities, multivariable logistic regression was performed with the adjustment of other varia-
bles that were significant risk factors in the univariate regression. Treatments with glucocorticoids,
immunoglobulin, thymosin, and ammonium glycyrrhizinate were significantly associated with a higher
rate of COVID-19 death.

Conclusions: For in-hospital patients with COVID-19 of all severity levels, a high risk for fatal outcome
was observed in those treated with glucocorticoids, immunoglobulin, thymosin, and ammonium gly-
cyrrhizinate. The results of this study do not support immunomodulatory therapy in patients admitted
to the hospital with COVID-19. Further prospective studies are essential to clarify our findings, espe-
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cially for non-critically ill patients.

Introduction

The outbreak of coronavirus disease 2019 (COVID-19)
occurred in Wuhan, China, in late December 2019'. It is
infected by novel severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2), which is highly contagious and spreads
by person-to-person transmission around the world. The
World Health Organization (WHO) defined COVID-19 as a
pandemic since March, 20202. As of 31 October 2020, COVID-
19 has spread rapidly to over 236 countries and territories
around the world and responsible for 45,518,009 confirmed
cases of COVID-19, including 1,186,480 deaths, reported to
WHO?. The impact on human health, the normal functioning
of the global economy and society is unprecedented.
Despite the high number of cases reported globally, esti-
mates of severity and fatality rate of the disease still remain
very uncertain. Based on early statistics in mainland China,
approximately 5% of COVID-19 patients become critically ill
and 23% be dead (72,314 cases, updated through 11
February 2020)*. Most severe COVID-19 cases presented with

acute respiratory distress syndrome (ARDS), multi-organ dys-
function and even death. Among the critical cases, the case-
fatality rate is almost half [49.0% (1023 of 2087)] *. Therefore,
early predictors are crucial for the prediction and control of
poor outcomes, and treatments are urgently needed to pre-
vent deaths from COVID-19.

Since no effective vaccine or antiviral medication are
available, though most patients are mild or moderate, there
are still many severe and dead patients during the clinical
course. Although some epidemiological studies have
described the characteristics, treatment and clinical course of
COVID-19 patients, the risk and protective factors for adverse
outcomes are limited and inconsistent, remains to be eluci-
dated. Growing evidence supports that systemic corticoste-
roids may decrease the mortality in critically ill patients with
COVID-19°. To our knowledge, there are rare previous studies
exploring the association of multiple immunomodulatory
treatments with COVID-19 outcomes among patients with
different disease severity, different characteristics, past med-
ical history, laboratory investigations, and complications.

CONTACT Weimin Xiao @ xiaoweimin199968@163.com; Yun Lin 8 franklinyun@hust.edu.cn @ Department of Anesthesia, Union Hospital, Tongji Medical
College, Huazhong University of Science and Technology, No. 1277, Jiefang Avenue, Wuhan 430022, China

*Yu Wang and Xin Yan contributed equally to this work.

© 2020 Informa UK Limited, trading as Taylor & Francis Group
www.cmrojournal.com


http://crossmark.crossref.org/dialog/?doi=10.1080/03007995.2020.1853508&domain=pdf&date_stamp=2020-12-10
http://orcid.org/0000-0001-9705-6972
http://www.tandfonline.com

2 Y. WANG ET AL.

Herein, to address this gap in the research, we conducted a
retrospective propensity score-matched study to (1) investigate
the predictive value of characteristics, past medical history,
laboratory investigations, and complications for COVID-19
death, and (2) estimate the efficacy of multiple immunomodu-
latory treatments including glucocorticoids, immunoglobulin,
thymosin, and ammonium glycyrrhizinate for COVID-19.

Methods
Study design and participants

This retrospective and observational, single-center study was
conducted at the West Campus of Union Hospital, which was
one of the main designated hospitals for treatments of patients
with COVID-19 in Wuhan, China. We recruited 317 patients
admitted from 1 February to 16 March 2020 with laboratory-
confirmed SARS-CoV-2 infection. All included patients were diag-
nosed with COVID-19 according to WHO interim guidance®, and
observed for follow-up until in-hospital death and discharge.

After the identifications of the clinical outcome, we classi-
fied the patients into the survival group and dead group.
The associations between multiple potential prognostic fac-
tors and the fatal outcomes were explored in univariable
logistic analyses, including demographic information, chronic
medical histories, clinical symptoms, complications, labora-
tory information, chest computed tomographic (CT) scans
imaging features, and treatment information. Then propen-
sity score-matching was done based on demographic infor-
mation, chronic medical histories, and clinical symptoms.
Multivariable logistic regression models were used to analyze
the impact of multiple treatments on in-hospital death, with
the adjustment for other variables that were statistically sig-
nificant in the univariable logistic analyses.

The Ethics Committee of Union Hospital, Tongji Medical
College, Huazhong University of Science and Technology
approved this study. Written informed consent was waived
by the same committee, as only aggregated non-identifiable
data for patients’ personal information were used.

Data collection

We extracted information of electronic clinical medical
records, nursing records, laboratory information, and radio-
logical examinations for all patients with COVID-19, using a
modified version of case record form from the International
Severe Acute Respiratory and Emerging Infection
Consortium’. All data were collected and checked by two
physicians (XY and YW). Any disagreements or uncertain
records were resolved by direct contact with a third
researcher (WX) or involved health-care providers.

Prognostic factors and outcomes

The extracted data were then tested to determine whether
they were potential factors associated with COVID-19 death.
The factors including (1) demographic information: age (>65
vs <65years), gender (male vs female); (2) chronic medical

histories: chronic pulmonary disease, coronary heart disease,
hypertensive heart disease, stroke, and diabetes; (3) symp-
toms from onset to hospital admission: fever, coughing and
sputum, shortness of breath, and gastrointestinal symptoms;
(4) complications: acute cardiac injury, acute kidney injury,
acute liver injury. Acute cardiac injury was defined as the
hypersensitive cardiac troponin | (hsTNI) above the upper
limit of the reference range (>28 pg/mL), or new abnormal-
ities were shown in electrocardiography and echocardiog-
raphy according to the previous study®®. Acute kidney injury
was diagnosed on the basis of serum creatinine according to
the KDIGO clinical practice guidelines'®. Acute liver injury
was identified by the serum levels of aspartate aminotrans-
ferase (AST), alanine aminotransferase (ALT) and AST/ALT
(ALT > 40U/L; AST > 40U/L; AST/ALT > 1); (5) laboratory
information: white blood cell count, neutrophil count/
lymphocyte count ratio (NLR), platelet count, d-dimer, high-
sensitivity cardiac troponin |, lactate dehydrogenase (LDH),
alanine aminotransferase (ALT), Aspartate aminotransferase
(AST), serum creatinine, blood urea nitrogen; (6) CT scans
image features: unilateral lung infiltration, bilateral pulmon-
ary infiltration, multiple mottling and ground-glass opacity,
and (7) treatment information: antivirals, glucocorticoids,
immunoglobulin, thymosin, ammonium glycyrrhizinate,
atomization inhalation, respiratory support like nasal cannula
or mask, noninvasive mechanical ventilation (NIMV), and
invasive mechanical ventilation (IMV).

The primary outcome was in-hospital mortality. Compared
with the dead group, the cases in the survival group were
the patients who were discharged till the end date of follow-
up. The duration from hospital admission to release from
hospital and death were also recorded.

Statistical analysis

Continuous data are shown as median [percentile 25 to per-
centile 75 (P25-P75)], and categorical data were presented
as and n (%), respectively. We used the Mann-Whitney
U test for continuous variables, 5> test, or Fisher's exact test
for categorical variables to compare differences between sur-
vivors and non-survivors where appropriate.

Univariate logistic regression models were used to explore
the variables associated with in-hospital death and calculated
the odds ratio (OR). For propensity score-matched analysis,
the matching variables would be demographic information,
symptoms, and chronic medical histories if their between-
group differences were statistically significant. Pairs of
patients in the survival group and the dead group were
derived using 5:1 greedy nearest neighbor matching within
one-quarter of the standard deviation of the estimated pro-
pensity. Aimed to avoid overfitting in the multivariate model,
we chose four variables to adjust the OR of each treatment
in the multivariable analysis in light of the number of deaths
(less than 50) in our study''. All tests were two-sided with
significance set at o less than 0-05. The SAS 9.4 software
(SAS Institute, Cary, NC) was applied for all analyses.



Results

Of 317 COVID-19 patients, 269 patients were discharged and
48 died. 169 (53.3%) were male, and 148 (46.7%) were female.
94 (29.7%) patients were beyond 65-years-old. The median
age (years) in the dead group was significantly older than that
in the survival group (66, P25-P75: 61-71 vs. 57, P25-P75:
47-66years, p <.001). Higher proportions of male patients
(50.9%) and elders (52.1%) were in the dead group (p <.001).
46.4% of patients reported chronic medical histories and more
dead patients had the chronic pulmonary disease (16.7% vs.
5.6%, p =.006). Fever was the most common onset of symp-
toms in both groups (beyond 80%). More patients in the dead
group had coughing and sputum (79.2% vs. 62.5%, p =.025),
and shortness of breath (62.5% vs. 43.1%, p =.013) compared

Table 1. The demographic and clinical characteristics of patients with COVID-19.
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with survivors. Detailed information for demographic and clin-
ical characteristics of patients with COVID-19 was shown in
Table 1.

Table 2 showed the laboratory and CT findings of patients
with COVID-19 on admission to the hospital. Of all patients,
there were many typically abnormal laboratory findings. The
average white blood cell count, x10°/L in the dead group
was significantly higher than that in the survivor group (7.3,
P25-P75: 5.8-9.7 vs. 5.8, P25-P75: 4.8-7.3, p =.003), as well as
NLR (9.0, P25-P75: 4.8-16.0 vs. 3.2, P25-P75: 1.8-6.9,
p <.001). The dead group mostly was with d-dimer > 1.5 pg/
mL (50.0 vs. 18.2%, p < .001). Significant differences were not
found in CT imaging features between the two groups.

Patients in the dead group were more likely to have
organ injury including acute cardiac injury (58.3 vs. 5.9%,

Total (n=317) Survival (n=269) Dead (n=48) p-Value

Demographic information
Age, year 59 (49-67) 57 (47-66) 66 (61-71) <.001
Age groups <.001

<65 223 (70.3) 200 (74.3) 23 (47.9)
>65 94 (29.7) 69 (25.7) 25 (52.1)
Sex .044
Female 148 (46.7) 6 (33.3) 132 (49.1)
Male 169 (53.3) 2 (66.7) 137 (50.9)

Chronic medical histories 147 (46.4) 121 (45.0) 26 (54.2) 24
Chronic pulmonary disease 3(7.3) 5 (5.6) 8 (16.7) .006
Coronary heart disease 4 (7.6) 1(7.8) 3(6.3) 707
Hypertensive heart disease 5 (26.8) 8 (25.3) 17 (35.4) 144
Stroke 4 (1.3) 4 (1.5) 0 (0) .395
Diabetes 42 (13.2) 35 (13.0) 7 (14.6) 767

Symptoms
Fever 256 (80.8) 216 (80.3) 40 (83.3) 623
Coughing and sputum 206 (65.0) 168 (62.5) 38 (79.2) .025
Shortness of breath 146 (46.1) 116 (43.1) 30 (62.5) .013
Gastrointestinal symptoms 186 (52.7) 154 (57.2) 32 (66.7) 222

Note. Continuous variables were expressed as median (P25-P75); categorical variables were expressed as number (%).

Abbreviation. P25-P75, percentile 25 to percentile 75.

Statistically significant differences between groups are marked in bold.

Table 2. The laboratory and CT findings of patients with COVID-19 on admission to hospital.

Normal range Total (n=317) Survival (n =269) Dead (n=48) p-Value

Laboratory findings
White blood cell count, x10° /L 3.5-9.5 9 (4.8-7.7) 5.8 (4.8-7.3) 7.3 (5.8-9.7) .003

<35 7 (18.0) 49 (18.2) 8 (16.7) .040
3.5-95 222 (70.0) 193 (71.7) 29 (60.4)
>9.5 8 (12.0) 27 (10.0) 11 (22.9)
Neutrophil count, x10°/L 1.8-6.3 9 (2.8-5.8) 3 7 (2.7-5.4) 5.8 (4.0-8.0) <.001
Lymphocyte count, x10°/L 1.1-3.2 2 (0.7-1.8) 3 (0.9-1.9) 0.6 (0.4-1.2) <.001
NLR 2 (1.8-6.9) 6 (1.7-5.3) 9.0 (4.8-16.0) <.001
Platelet count, x10°/L 125-350 204 (144-256) 209 (147-257) 178 (128-256) 119
<100 2 (10.1) 5(9.3) 7 (14.6) 262
D-dimer, pg/mL 0-0.55 063 (0.26-1.28) 051 (0.25-1.14) 1.24 (0.54-6.14) .034
>1.5 3 (23.0) 49 (18.2) 24 (50.0) <.001
High-sensitivity cardiac troponin I, ng/mL <26.2 0 (3.0-15.0) 5.5 (2.4-12.0) 29.0 (13.8-32.8) <.001
>28 4 (13.9) 16 (5.9) 28 (58.3) <.001
Lactate dehydrogenase, U/L 109-245 223 (171-394) 205 (167-307) 497 (287-585) <.001
Alanine aminotransferase, U/L 5-40 9 (21-44) 28 (21-42) 39 (29-74) <.001
Aspartate aminotransferase, U/L 8-40 4 (22-53) 34 (21-53) 37 (25-63) 419
Serum creatinine, pmol/L 57-111 8 (56-81) 68 (56-80) 68 (54-89) 954
Blood urea nitrogen 2.9-8.2 1 (3.9-6.6) 5.0 (3.9-6.5) 6.0 (4.0-9.3) 419

CT imaging features
Unilateral lung infiltration 29 (9.1) 26 (9.7) 3 (6.3) 450
Bilateral pulmonary infiltration 286 (90.2) 241 (89.6) 45 (93.8) 372
Multiple mottling and ground-glass opacity 205 (64.7) 173 (64.3) 32 (66.7) 753

Note. Continuous variables were expressed as median (P25-P75); categorical variables were expressed as number (%).
Abbreviations. P25-P75, percentile 25 to percentile 75; NLR, neutrophil count/lymphocyte count ratio.

Statistically significant differences between groups are marked in bold.
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p <.001), and acute kidney injury (35.4 vs. 11.2%, p <.001).
Most patients were treated with antiviral in both groups
(beyond 90%). The proportions of patients receiving gluco-
corticoids, immunoglobulin, thymosin, and ammonium gly-
cyrrhizinate in the dead group were higher than that in the
survivor group (detailed information was shown in Table 3).
Among the included 317 patients, univariable analyses
showed 12 variables were significantly related to death,
including age (>65 vs <65years) (OR 3.2, 95% Cl 1.7-5.9),
male sex (OR 1.9, 95% Cl 1.0-3.7), coughing and sputum (OR
2.3, 95% Cl 1.1-4.8), shortness of breath (OR 2.2, 95% Cl
1.2-4.1), chronic pulmonary disease (OR 3.4, 95% Cl 1.3-8.5),
NLR (OR 1.1, 95% CI 1.1-1.2), d-dimer (>1.5 vs <1.5ug/mL)
(OR 4.5, 95% Cl 2.4-8.6), acute cardiac injury (OR 22.1, 95%
Cl 10.3-47.6), acute kidney injury (OR 4.4, 95% Cl 2.2-8.8),

Table 3. The treatment measures and complications of patients with COVID-19.

glucocorticoids (OR 17.0, 95% Cl 7.6-38.4), immunoglobulin
(OR 17.8, 95% CI 7.3-43.5), thymosin (OR 5.7, 95% Cl
2.9-11.7), and ammonium glycyrrhizinate (OR 3.0, 95% ClI
1.5-6.3). The detailed information was shown in Table 4.
After propensity score matching based on age, sex,
coughing and sputum, shortness of breath, chronic pul-
monary disease, 46 dead COVID-19 patients and 162 survi-
vors were included for the next logistic analyses. For
univariable logistic analyses, the association between treat-
ments and in-hospital death were also statistically signifi-
cant, with the OR of 16.6 (95% Cl 7.1-38.8) for
glucocorticoids, 15.8 (95% Cl 6.3-39.8) for immunoglobulin,
4.6 (95% Cl 2.3-9.3) for thymosin, 2.9 (95% Cl 1.3-6.4) for
ammonium glycyrrhizinate. After the adjustment for acute
cardiac injury, acute kidney injury, NLR and d-dimer in the

Total (n=317) Survivor (n=269) Dead (n=48) p-Value

Treatment measures

Antivirals 301 (95.0) 253 (94.1) 48 (100) .083

Glucocorticoids 101 (31.9) 61 (22.7) 40 (83.3) <.001

Immunoglobulin 118 (37.2) 76 (28.3) 42 (87.5) <.001

Thymosin 68 (21.5) 43 (16.0) 25 (52.1) <.001

Ammonium glycyrrhizinate 46 (14.5) 32 (11.9) 14 (29.2) .003

Atomization inhalation 71 (22.4) 62 (23.0) 9 (18.8) 511
Respiratory support

Nasal cannula or mask 303 (95.6) 255 (94.8) 48 (100) 106

NIMV 79 (24.9) 31 (11.5) 48 (100) <.001

IMV 67 (21.1) 19 (7.1) 48 (100) <.001
Clinical outcomes

Cardiac injury 44 (13.9) 16 (5.9) 28 (58.3) <.001

Kidney injury 47 (14.8) 30 (11.2) 17 (35.4) <.001

Liver injury 144 (45.4) 118 (43.9) 26 (54.2) 187

Hospital stay 22 (13-29)

Survival day 19 (10-27)
Note. Continuous variables were expressed as median (P25-P75); categorical variables were expressed as number (%).
Abbreviations. P25-P75, percentile 25 to percentile 75; NIMV, noninvasive mechanical ventilation; IMV, invasive mechanical ventilation.
Statistically significant differences between groups are marked in bold.
Table 4. Univariate logistic regression for prognostic factors of death among COVID-19 patients.
Factors OR Lower 95% Cl Upper 95% Cl p-Value
Age, year (>65 vs <65) 3.2 1.7 59 <.001
Sex (Female vs Male) 0.5 0.3 1.0 .047
Coughing and sputum 23 1.1 48 .028
Shortness of breath 2.2 1.2 4.1 .015
Chronic medical histories 14 0.8 2.7 241
Chronic pulmonary disease 34 13 8.5 .009
Coronary heart disease 0.8 0.2 2.7 .708
Hypertensive heart disease 1.6 0.8 3.1 147
Diabetes 1.1 0.5 2.7 767
WBC (nomal vs abnomal) 1.7 0.9 3.1 117
NLR 1.1 1.1 1.2 <.001
D-dimer (>1.5 vs < 1.5) 45 2.4 8.6 <.001
Platelet count (<100 vs > 100) 1.7 0.7 4.1 267
Unilateral lung infiltration 0.6 0.2 2.1 453
Bilateral pulmonary infiltration 1.7 0.5 6.0 377
Multiple mottling and ground-glass opacity 1.1 0.6 2.1 753
Atomization inhalation 0.8 0.4 1.7 511
Glucocorticoids 17.0 7.6 384 <.001
Immunoglobulin 17.8 73 435 <.001
Thymosin 5.7 3.0 11.0 <.001
Ammonium glycyrrhizinate 3.0 15 6.3 .003
Cardiac injury 22.1 10.3 47.6 <.001
Kidney injury 44 2.2 8.8 <.001
Liver injury 15 0.8 2.8 189

Note. p-Values are from logistic regression model.

Abbreviations. OR, odds ratio; Cl, confidence interval; NLR, neutrophil count/lymphocyte count ratio.

Estimates with statistical significance are marked in bold.



Factors Unadjusted OR 95% CI

Glucocorticoids 16.6 7.1-38.8
Immunoglobulin 15.8 6.3-39.8
Thymosin 4.6 2.3-9.3
Ammonium glycyrrhizinate 2.9 1.3-6.4

Adjusted OR

Glucocorticoids 11.9 4.5-31. 1
Immunoglobulin 9.8 3.5-27.4
Thymosin 3T 1.6-8.6
Ammonium glycyrrhizinate 2.8 1.1-7.1
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Figure 1. Association of treatment with in-hospital death in patients with coronavirus disease 2019 (COVID-19). Odds ratios (ORs) of each medication variable were
obtained using separate multivariate logistic models after adjustment for NLR, D-dimer, any cardiac injury and kidney injury; The patients of survivors group were
derived using 5:1 greedy nearest neighbor matching within one-quarter of the standard deviation of the estimated propensity, based the potential variables includ-
ing age, gender, coughing and sputum, shortness of breath, and chronic pulmonary disease. Abbreriations. OR, odds ratio; Cl, confidence interval.

multivariable logistic analyses, glucocorticoids (OR 11.9,
95% Cl 4.5-31.1), immunoglobulin (OR 9.8, 95% CI
3.5-27.4), thymosin (OR 3.7, 95% Cl 1.6-8.6), and ammo-
nium glycyrrhizinate (OR 2.8, 95% CI 1.1-7.1) were also
independent risk factors for in-hospital death (Figure 1).

Discussion

This study provided comprehensive data on the demo-
graphic, clinical, laboratory, and radiological characteristics as
well as the complications, and treatment of discharged or
dead hospitalized patients with COVID-19 in Wuhan. We
observed several potential risk factors associated with the
fatal outcome, furthermore, those treated with multiple treat-
ments including glucocorticoids, immunoglobulin, thymosin,
and ammonium glycyrrhizinate were also observed high risk
for fatal outcome. The results of this study do not support
immunotherapy in patients admitted to hospital with COVID-
19 for in-hospital patients with COVID-19 of differ-
ent severity.

The potential risk factors for fatal outcome identified in
this study included age (>65years), males, coughing and
sputum, shortness of breath, chronic pulmonary disease, ele-
vated NLR, elevated d-dimer (>1.5), acute cardiac injury, and
acute kidney injury, and most were in line with those in sev-
eral recent reports''~'>. However, different from the findings
of previous studies, chronic pulmonary disease was the only
comorbidity associated with the death of COVID-19"""% Few
studies reported the role of initial symptoms on admission in
prognosis predictions, and our studies showed the patients
with coughing and sputum and shortness of breath may suf-
fer a higher risk of COVID-19 death. For the predicted value
of laboratory findings, we calculated the ratio of neutrophil-
to-lymphocyte ratio (NLR) which are inflammation markers
that reflect systemic inflammatory response and might be
the most available in emergency circumstances'®. The results
in our study indicated that elevated NLR levels may reflect
an enhanced inflammatory response may suggest a
poor prognosis.

We also observed the COVID-19 patients treated with glu-
cocorticoids, immunoglobulin, thymosin, and ammonium gly-
cyrrhizinate may face more risk of death. Considering the
total number of deaths (n=48) in our study and to avoid
overfitting in the regression model, only five variables could

be included for multivariable analysis''. The adjusted ORs for
the immunomodulatory treatments attenuated with adjust-
ment of covariates while still statistically significant.

In the last few months, new evidence came to light
strongly supporting that immunomodulatory therapy may
result in lower mortality in patients with COVID-19°. These
studies mainly explored the effect of corticosteroids and glu-
cocorticoids, included dexamethasone'®, and hydrocorti-
sone'”'® at low and high doses. While in our study, we
observed more intricate and comprehensive immunotherapy
therapy, including the use of glucocorticoids, immunoglobu-
lin, thymosin, and ammonium glycyrrhizinate at any reason-
able dose.

These randomized controlled trials (RCTs) indicated that
the use of corticosteroids and glucocorticoids may decrease
the mortality of critically ill patients with COVID-19.
Nevertheless, it should be noted that the results of the
above RCTs may be applicable to critically ill patients with
COVID-19, but may not to all the patients with COVID-19 of
different disease severity. For example, the RECOVERY trial'®
only focused on patients who received IMV in the main ana-
lysis. Besides, they stated that the association of dexametha-
sone with reduced 28-day mortality was among patients
receiving IMV, but not among patients not receiving respira-
tory support. The other two trials on the effect of hydrocorti-
sone (NCT04244591" and NCT02517489'®) only included
patients admitted to an intensive care unit (ICU). In our
study, we enrolled all consecutive patients diagnosed with
COVID-19, including critical cases of the infection. Of all the
317 patients, only 67 (21.1%) patients receiving IMV, this
may suggest that more studies are needed in the future to
explore the immunomodulatory effect on COVID-19 patients
with different severity, especially for non-critically ill patients.

Immunomodulatory therapy did not improve the outcome
of death in this study for in-hospital patients with COVID-19
of all severity. The possible causes are as follows. Firstly,
patients in the death group may have a longer time from
onset to admission and receive treatment later. From late
January to early March, Wuhan experienced a high peak of
the COVID-19 outbreak. A previous study reported that long
wait for access to medical care was observed in severe cases
compared with that in nonsevere cases, and more than half
of the patients experienced at least two hospital visits."
Rigorous monitoring and treatment may be delayed due to
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the long wait for access to medical care. These COVID-19
patients would likely develop multiple organ dysfunction
and died of respiratory failure. Therefore, the time from
onset to hospital admission may bias the effect of the immu-
nomodulatory treatments.

Second, severe COVID-19 is related to a dysregulated host
inflammatory response, suggesting that immunomodulator
may be an effective treatment'®. Treatments such as gluco-
corticoids and immunoglobulins are therefore often used in
more critical patients, may be an indicator of disease severity
rather than a predisposing factor. Randomized controlled tri-
als of the effects of immunomodulators in patients with
COVID-19 are urgently needed.

The pathophysiology of COVID-19 caused by SARS-CoV-2
infection is aggressive inflammatory responses strongly impli-
cated in the resulting damage to the airways Therefore, poor
prognosis is not only related to the viral infection but also
the host response. Thymosins was a family of polypeptides
originally derived and characterized from the bovine thymus,
and have been studied for a long time to characterize their
immune restorative and immune-modulating properties.
Interestingly, some molecules (thymosin a1 and thymosin
B4), have been identified that their immunomodulatory effi-
cacy including both immune enhancement and regula-
tion?®?". Immunoglobulins have also been used to prevent
and treat illness, neutralize drugs and poisons, and accentu-
ate or depress the immune system?2. Our study suggested
that the use of thymosins or immunoglobulins is associated
with fatal outcomes of COVID-19. On the other hand, there
were also other studies that suggested that glucocorticoids
are more common in fatal cases and indeed associated with
COVID-19 death outcomes'>??. These may be related to the
risks of prolonged viremia, corticosteroid-induced diabetes,
avascular necrosis and psychosis®*. Ammonium glycyrrhizate
can produce glucocorticoid like effects for immunomodula-
tory therapy.

Although there is no effective antiviral drug or vaccine for
COVID-19, timely diagnosis and early respiratory support can
alleviate severe cases and reduce mortality. The severities of
the initial confirmed cases were mostly mild. Therefore, we
propose that timely treatment and strict monitoring are
essential, and immunomodulatory therapy should be used
with caution to avoid aggravating complications.

Firstly, we comprehensively considered the potential fac-
tors related to prognosis, including characteristics, comorbid-
ities, complications, and treatments. The estimation of
predictive factors for fatal outcomes in our study is therefore
robust. Additionally, our study is the first study to address
the impact of multiple immunomodulatory therapies in
COVID-19, using standardized and detailed data collection.
The main limitation of this study is the retrospective observa-
tional design that it only accounts for some covariates, other
factors potentially affecting both the indication for gluco-
corticoid treatment and mortality may not have been
accounted for. Propensity score matching and multivariable
logistic regression methods were used to calculate the
adjusted ORs of the treatments, however, these adjustments
may not be fully accounted for the small sample size of

death outcome. Another limitation is that we fail to take into
account the detailed information of treatment such as the
beginning time and continuous dosage. More randomized
controlled trials are needed to explore the effect of immuno-
modulatory therapy on the outcome of COVID-19.

Conclusion

In our study for in-hospital patients with COVID-19 of all
severity levels, the use of corticosteroids, immunoglobulin,
thymosin, ammonium glycyrrhizinate may be associated with
a higher risk of mortality. Further prospective studies are
essential to clarify our findings, especially for non-critically
ill patients.
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