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Simple prognostic factors and change of inflammatory
markers in patients with severe coronavirus disease 2019: a
single-center observational study

Hisaya Domi, Hiroshi Matsuura, Maiko Kuroda, Motoharu Yoshida, and Hitoshi
Yamamura

Osaka Prefectural Nakakawachi Emergency and Critical Care Center, Higashiosaka, Osaka, Japan

Aim: The aim of this study was to investigate the prognostic factors and evaluate the change in inflammatory markers of patients
with coronavirus disease 2019 (COVID-19) requiring mechanical ventilation.

Methods: This retrospective observational study conducted from April 1, 2020, to February 18, 2021, included 97 adult patients
who required mechanical ventilation for severe COVID-19 pneumonia and excluded nonintubated patients with a positive COVID-19
polymerase chain reaction test and those who had any obvious bacterial infection on admission. All patients were followed up to dis-
charge or death. We obtained clinical information and laboratory data including levels of presepsin, interleukin-6, procalcitonin, and
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) antibody every day. Poor outcome was defined as death or receiving
a tracheostomy during hospitalization, and favorable outcome was defined as discharge after extubation.

Results: Differences (median [interquartile range]) were detected in age (76 [70–82] versus 66 [55–74] years), day from the onset of
first symptoms to admission for mechanical ventilation (5 [3–7] versus 10 [8–12] days), and P/F ratio (i.e., ratio of arterial oxygen con-
centration to the fraction of inspired oxygen) after intubation (186 [149–251] versus 236 [180–296]) in patients with poor outcome ver-
sus those with favorable outcome on admission. Serum SARS-CoV-2 antibody levels had already increased on admission in patients
with favorable outcome. We determined the day from the onset of first symptoms to admission for mechanical ventilation to be one
of the independent prognostic factors of patients with COVID-19 (adjusted odds ratio 0.69, confidence interval 0.56–0.85).

Conclusion: These results may contribute to understanding the mechanism of progression in severe COVID-19 and may be helpful
in devising an effective therapeutic strategy.
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INTRODUCTION

CORONAVIRUS DISEASE 2019 (COVID-19) is caus-
ing enormous morbidity and mortality across the

world, with the associated acute respiratory dysfunction syn-
drome (ARDS) being the major problem among affected
patients admitted to the intensive care units.1 COVID-19
with ARDS (CARDS) is thought to cause cytokine release
syndrome, which includes the release of interleukin-6 (IL-
6), tumor necrosis factor-a, and other cytokines.2,3 CARDS
is thought to occur due to a hyperinflammatory response

rather than to direct viral damage, and CARDS in patients
with COVID-19 may be one of the risk factors of poor out-
come and the requirements for intensive care.4 In particular,
it is important for clinicians to recognize prognostic factors
and changes in inflammatory markers when planning thera-
peutics for COVID-19. In this study, we investigated the
prognostic factors and evaluated changes of inflammatory
markers in patients with severe COVID-19.

PATIENTS AND METHODS

Study design

THIS WAS A single-center, retrospective, observational
study conducted on all adult patients admitted to our

critical care center, including those transferred from other
hospitals, during April 1, 2020, to February 18, 2021.
Patients aged 18 or older who required mechanical ventila-
tion for severe COVID-19 pneumonia were included in the
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study. The criterion for intubation due to respiratory failure
was a P/F ratio (i.e., ratio of arterial oxygen concentration to
the fraction of inspired oxygen) <200 under oxygen inhala-
tion, which occurred, for example, when patients could not
maintain a peripheral arterial oxygen saturation of 95% on
oxygen inhalation of 5 L/min by mask. The nonintubated
patients with a positive COVID-19 polymerase chain reac-
tion (PCR) test (bioMerieux Japan Ltd., Tokyo, Japan) and
those with any obvious bacterial infection on admission
were excluded (Fig. 1). We applied an opt-out method on
the website to obtain patient consent. This observational
study followed the principles of the Declaration of Helsinki
and was approved by the Institutional Review Board for
Clinical Research of Higashiosaka Medical Center (approval
number: 02-0546-A).

Diagnosis of COVID-19

The diagnosis of COVID-19 was made according to World
Health Organization interim guidance and confirmed by
RNA detection of severe acute respiratory syndrome coron-
avirus 2 (SARS-CoV-2) using PCR testing in the clinical
laboratory of the Osaka Institute of Public Health or our hos-
pital. Samples for the PCR SARS-CoV-2 laboratory test
were collected via a nasopharyngeal or oropharyngeal swab.

Treatment protocol

We administered favipiravir or remdesivir in accordance with
the patient’s previous hospital use or started favipiravir from
admission. We also administered intravenous steroid for
patients with COVID-19 pneumonia using the following
treatment protocol: oral favipiravir (3600 mg on day 1,
1600 mg from days 2 to 14) or intravenous drip infusion of
remdesivir (200 mg on day 1, 100 mg from day 2 to extuba-
tion or day 10), methylprednisolone (1000 mg for 3 days fol-
lowed by 125 mg for 3 days and 40 mg for 3 days). We also
used low-molecular weight heparin (2000 IU every 12 h) or
unfractionated heparin (10,000–12,000 IU/day). Heparin was

administered after mechanical ventilation was started. We
used dexmedetomidine for the sedation of all patients.

Data collection

Patients were followed up until hospital discharge or death.
Patient information was collected from the medical record,
which included demographic characteristics, pre-existing
comorbidities, laboratory tests, severity scores, and therapeutic
interventions in our hospital or the previous hospital. Ventilator-
free days were calculated in the first 28 days or the days alive
minus days under mechanical ventilation after admission. Labo-
ratory data including procalcitonin (PCT), IL-6, presepsin, and
hemoglobin A1c (HbA1c) were obtained. Severity of illness
was evaluated according to the Sequential Organ Failure Assess-
ment (SOFA) score and the Acute Physiology and Chronic
Health Evaluation (APACHE) II score. Clinical follow-up data
were collected up to February 18, 2021.

Analysis of specific biomarkers and antibody
test for SARS-CoV-2

Serum IL-6 and PCT levels were assessed by the Elecsys
test (Roche Diagnostics K.K., Tokyo, Japan) using the
Roche cobas analyzer. Serum SARS-CoV-2 antibody levels
(cutoff index) were assessed by Elecsys Anti-SARS-CoV-2
RUO (Roche Diagnostics K.K.) also using the Roche cobas
analyzer. Serum presepsin levels were assessed by PATH-
FAST Presepsin (LSI Medience Corporation, Tokyo, Japan).

Main outcome

The primary outcome was the patient’s condition at discharge.
Poor outcome was defined as death or receiving a tra-
cheostomy during the hospital stay. We performed tra-
cheostomy for the following criteria: no improvement of the
respiratory state after admission and a P/F ratio of <200 under
>8 cm H2O positive end-expiratory pressure at 7–10 days
after admission. A favorable outcome was defined as patients
who received planned extubation and were discharged.

The change of biomarkers was evaluated as the secondary
outcome. The biomarkers are associated with severity and
prognosis,3 and knowledge of the serial change of biomark-
ers is important in understanding the pathophysiology of
COVID-19.

Statistical analysis

Patient age and other demographic data are expressed as med-
ian � interquartile range (IQR) or counts and percentages.
Laboratory data are expressed as median with IQR. TheFig. 1. Patient flow diagram. PCR, polymerase chain reaction.
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Wilcoxon signed-rank test and Fisher exact test were used to
compare patients’ data between poor outcome and favorable
outcome. The factors associated with poor outcome were
evaluated by multivariable logistic regression analysis, and

the adjusted odds ratio (aOR) and 95% confidence interval
(CI) were calculated. In the logistic regression model, we
included age, day from the onset of first symptoms to admis-
sion, P/F ratio after intubation on admission, and APACHE II

Table 1. Characteristics of patients with COVID-19 on admission and outcome

Total (N = 97) Poor outcome

(N = 22)

Favorable outcome

(N = 75)

P

Age, median (IQR) 68 (58–77) 75 (70–82) 66 (55–74) 0.001

Sex, n (%)

Male 67 (69) 15 (68.2) 52 (69.4)

Female 30 (31) 7 (31.8) 23 (30.6) 1.0

Body mass index (kg/m2), median (IQR) 24.7 (22.4–27.1) 24.4 (22.4–27.6) 24.8 (22.4–27.1) 0.969

Blood groups

A RhD positive, n (%) 36 (37.1) 8 (36.3) 28 (37.3)

B RhD positive, n (%) 26 (26.8) 6 (27.3) 20 (26.7)

AB RhD positive, n (%) 11 (11.3) 5 (22.7) 6 (8.0)

O RhD positive, n (%) 24 (24.7) 3 (13.7) 21 (28.0) 0.229

Intubation, n (%) 97 (100) 22 (100) 75 (100) -

P/F ratio after intubation, median (IQR) 224 (176–286) 186 (149–251) 236 (186–298) 0.019

ECMO, n (%) 1 (1.0) 0 (0) 1 (1.3) -

Tracheostomy, n (%) 10 (10.3) 10 (47.6) 0 (0) -

Day from the onset of first symptoms, median

(IQR)

9 (6–11) 5 (3–7) 10 (8–12) <0.001

Intensive care unit stay (day) , median (IQR) 11 (6–14) 13 (11–28) 9 (6–13) <0.001
SOFA score, median (IQR) 5 (3–6) 5 (4–7) 5 (3–6) 0.087

Ventilator-free days (day), median (IQR) 19 (12–23) 0 (0–0) 21 (17–23) <0.001
APACHE II score, median (IQR) 11 (8–14) 12 (11–15) 10 (7–14) 0.022

Laboratory data

WBC (9100/µL), median (IQR) 82.2 (56.9–110.3) 92.6 (65.2–123.4) 77.2 (56.3–104.6) 0.283

CRP (mg/dL), median (IQR) 9.6 (4.8–15.2) 9.3 (4.9–12.5) 9.6 (4.7–18.2) 0.398

FDP D-dimer (µg/mL), median (IQR) 1.5 (0.9–3.2) 3.1 (1.5–15.5) 1.3 (0.9–2.2) <0.001
PCT (ng/mL), median (IQR) 0.13 (0.07–0.31) 0.19 (0.09–0.41) 0.12 (0.06–0.3) 0.181

IL-6 (pg/mL), median (IQR) 46.5 (15.3–92.9) 64.0 (25.7–135.7) 44.3 (14.6–82.3) 0.171

Presepsin (pg/mL), median (IQR) 440 (256–713) 579 (283–939) 433 (253–686) 0.183

Lactate dehydrogenase (U/L), median (IQR) 399 (302–478) 458 (370–613) 388 (294–449) 0.008

HbA1c ≥ 6.5, n (%) 37 (38.5) 9 (40.9) 28 (37.3) 0.607

SARS-CoV-2 antibody (COI), median (IQR) 2.19 (0.27–9.75) 0.26 (0.09–1.51) 3.41 (0.57–10.9) <0.001
Mortality, n (%) 14 (14.4) 14 (63.6) 0 (0) <0.001
Therapeutic drug

Favipiravir, n (%) 90 (92.8) 21 (95.5) 69 (92.0)

Remdesivir, n (%) 4 (4.1) 0 (0) 4 (5.3)

Tocilizumab, n (%) 7 (7.2) 1 (4.8) 6 (8.0)

Methylprednisolone, n (%) 96 (99.0) 22 (100) 74 (98.7)

Dexamethasone, n (%) 45 (46.4) 8 (36.3) 37 (49.3) -

APACHE II, Acute Physiology and Chronic Health Evaluation II; COI, cut off index; COVID-19, coronavirus disease 2019; CRP, C-reactive pro-

tein; ECMO, extracorporeal membrane oxygenation; FDP, fibrin degradation product; HbA1c, hemoglobin A1c; IL-6, interleukin-6; IQR,

interquartile range; P/F ratio, ratio of arterial oxygen concentration to the fraction of inspired oxygen; PCT, procalcitonin; SARS-CoV-2, sev-

ere acute respiratory syndrome coronavirus 2; SOFA, Sequential Organ Failure Assessment; WBC, white blood cell.
Poor outcome was defined as death or receiving a tracheostomy during hospitalization, and favorable outcome was defined as discharge

after extubation.
Ventilator-free days; the first 28 days or the days alive minus days under mechanical ventilation after admission.
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score on admission as the variables. A P value <0.05 was
considered to be statistically significant. Statistical analyses
were conducted with JMP Pro 15.0 for Windows (SAS Insti-
tute Inc., Cary, NC, USA). This manuscript was written based
on the STrengthening the Reporting of OBservational studies
in Epidemiology (STROBE) statement to assess the reporting
of cohort and cross-sectional studies.5

RESULTS

Patient characteristics

THIS STUDY COMPRISED 97 patients with COVID-
19 pneumonia requiring mechanical ventilation. The

number of patients with poor outcome was 22 and those
with favorable outcome was 75 (Fig. 1). Among them, 67
were men and 30 were women. The mortality rate was
14.4%. The median (IQR) of the body mass index, P/F ratio
after intubation on admission, day from the onset of first
symptoms to admission for mechanical ventilation, length of
intensive care unit stay, and SOFA and APACHE II scores
on admission were 24.7 (22.4–27.1) kg/m2, 224 (176–286),
9 (6–11) days, 11 (6–14) days, and 5 (3–6) and 11 (8–14),
respectively (Table 1).

Difference between patients with poor and
favorable outcome

The age (median [IQR]) of patients with a poor outcome
was higher than that of those with a favorable outcome (76
[70–82] versus 66 [55–74] years). A small number of O
RhD-positive patients were detected among those with poor
outcome. Days from the onset of first symptoms to admis-
sion for mechanical ventilation were significantly shorter in
patients with poor outcome (5 [3–7] versus 10 [8–12] days).
The P/F ratio after intubation on admission was lower in
patients with poor outcome (186 [149–251] versus 236
[180–296]). Other differences including severity scores and
laboratory data are shown in Table 1.

Factors associated with poor outcome

We assessed the factors associated with poor outcome
using a multivariable logistic regression analysis in a
model that included age, day from the onset of first symp-
toms to admission for mechanical ventilation, P/F ratio
after intubation on admission, and APACHE II score on
admission as the variables. Age (aOR 1.11; 95% CI 1.03–
1.20) and day from the onset of first symptoms (aOR
0.69; 95% CI 0.56–0.85) were significantly associated
with poor outcome (Table 2).

Serial changes of biomarkers, SOFA scores,
and value of SARS-CoV-2 antibody with
COVID-19

Several biomarkers such as IL-6, presepsin, and C-reactive
protein (CRP) were decreased in the acute phase after admis-
sion. Thereafter, these markers increased again on days 5–7
in patients with poor outcome. Among them, presepsin
levels showed a difference between patients with poor out-
come and those with favorable outcome. Although the PCT
level was normal in both groups and showed no significant
difference in the acute phase, it was increased slightly in
patients with poor outcome after day 7. The SOFA score
decreased in the acute phase after admission in patients with
favorable outcome but did not decrease in those with poor
outcome. Serum SARS-CoV-2 antibody levels were already
increased on admission in patients with favorable outcome
(Table 1; Fig. 2).

DISCUSSION

IN THIS STUDY, we evaluated the serial change of
inflammatory markers and factors of prognosis in patients

with COVID-19 requiring mechanical ventilation. Three
important clinical results were detected. First, the day from
the onset of first symptoms to start of ventilatory manage-
ment in patients with poor outcome was significantly shorter
than that in patients with favorable outcome. Second, lower
levels of serum SARS-CoV-2 antibody on admission were
detected in patients with poor outcome. Third, biomarkers
such as presepsin, CRP, and IL-6 increased again on days 5–
7 in patients with poor outcome compared with those with a
favorable outcome.

Factors indicating high risk in severe COVID-19 were
age; comorbidity including chronic obstructive pulmonary

Table 2. The factors associated with the poor outcome

aOR 95% CI P

Age 1.11 (1.03–1.20) 0.002

Day from the onset of first

symptoms

0.69 (0.56–0.85) <0.001

P/F ratio after intubation on

admission

0.99 (0.98–1.00) 0.228

APACHE II score on admission 0.99 (0.82–1.20) 0.926

aOR, adjusted odds ratio; APACHE II, Acute Physiology and

Chronic Health Evaluation II; CI, confidence interval; P/F ratio,

ratio of arterial oxygen concentration to the fraction of inspired

oxygen.
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disease; history of smoking; and elevated levels of IL-6, D-
dimer, lactate dehydrogenase, PCT, and high hypersensitive
troponin I.6–11 In our study, the day from the onset of first
symptoms to admission (start of mechanical ventilation) was
detected as an independent factor of poor outcome. This
result suggests that rapid progressive deterioration of a
patient’s condition from disease onset might be related to a
weakened host immune system and can lead to death. To our
knowledge, this is the first report of this factor to be an indi-
cator of poor outcome of COVID-19, and analysis of this
factor could be used as a simple method to identify poor
prognosis without the need for any clinical examination.

Our result showed that serum SARS-CoV-2 antibody levels
had not increased yet on admission in patients with poor out-
come, and this may support that a rapid progressive deterio-
ration from onset is a factor of poor outcome. A previous
study reported that the time from illness onset to antiviral
treatment was one of the major risk factors for COVID-19
prognosis,12 and thus, antiviral treatment in the early stage
might prevent increased disease severity, and knowledge of
the more precise characteristics of these patients may help
us to develop a novel treatment strategy.

IL-6, CRP, and PCT are associated with severity and mor-
tality in patients with severe COVID-19,3,13–15 and in this

Fig. 2. Serial changes of several biomarkers, SOFA scores, and the value of anti-SARS-CoV-2 antibody compared between patients with poor

and favorable outcomes. Data are presented as median and IQR. Ab, antibody; COI, Cut Off Index; CRP, C-reactive protein; IL-6, interleukin-6;

PCT, procalcitonin; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; SOFA, Sequential Organ Failure Assessment.
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study, we evaluated serial changes of these inflammatory
biomarkers. IL-6, CRP, PCT, and presepsin showed differ-
ences in trend at days 5–7 between patients with poor and
favorable outcome. The steroid dose was gradually decreased
every 3 days in our treatment protocol, and thus, the lack of
anti-inflammatory agents and response might be associated
with increasing values of inflammatory markers. Although
dexamethasone was reported effective in many patients hospi-
talized with COVID-19,16 when focusing on patients with
severe COVID-19, the evidence for doses, durations, and ster-
oids to use remains inadequate.17 We administered pulse ster-
oid therapy to almost all patients in this study, and the
intensive care unit mortality of 14.4% was better than that of
previous reports.18,19 Pulse steroid therapy might be advanta-
geous as one of the anti-inflammatory treatments.

The presepsin values in this study increased, and the pre-
sepsin levels in 44.3% of patients with COVID-19 rose
above the cutoff value of 500 pg/mL. Presepsin is a soluble
CD14 subtype with a truncated N terminal and is reported to
be a novel biomarker in sepsis. Presepsin is not only useful
in the diagnosis of sepsis but might also be predictive of dis-
ease severity and mortality.20 Only a small number of stud-
ies have reported a relationship between presepsin and
COVID-19.21–23 The complication of slight bacterial infec-
tion on admission or activation of unknown confounding
signaling and other mechanisms might be associated with
the elevation of presepsin levels.

We acknowledge several limitations of our study. First,
the single-center design and short study duration resulted in
a relatively small sample size, which may have influenced
the precision of our findings. Second, we cannot evaluate
the laboratory data from the onset of the disease to admis-
sion to our hospital. Third, as this is an observational study,
there may be unknown confounding factors. Further
research is needed to clarify and resolve these limitations.

CONCLUSIONS

AMONG PATIENTS WITH severe COVID-19 requir-
ing mechanical ventilation, the day from the onset of

first symptoms to admission for mechanical ventilation was
an independent prognostic factor of poor outcome. The pre-
sent results may contribute to better understanding of the
mechanism of progression in severe COVID-19 and may
help in the development of therapeutic strategies.

ACKNOWLEDGMENTS

WE SINCERELY THANK Yoko Ishida and Asuka
Harada for their support in contributing to the acqui-

sition of the data.

DISCLOSURE

APPROVAL OF THE research protocol: This study was
approved by the Institutional Review Board for Clini-

cal Research of Higashiosaka Medical Center (approval no.:
02-0546-A).

Informed Consent: We applied an opt-out method on the
web site to obtain patient consent.

Registry and the Registration No. of the Study/Trial: N/A.
Animal Studies: N/A.
Conflict of Interest: Authors declare no Conflict of Inter-

ests for this article.

REFERENCES

1 WHO. Coronavirus disease 2019 (COVID-19) situation report
– 52. March 12, 2020. https://www.WHO.int/docs/default-
source/coronaviruse/situation-reports/20200312-sitrep-52-
covid-19.pdf?sfvrsn=e2bfc9c0_4 (accessed May 31, 2021).

2 Kang S, Tanaka T, Inoue H, et al. IL-6 trans-signaling induces
plasminogen activator inhibitor-1 from vascular endothelial
cells in cytokine release syndrome. Proc. Natl. Acad. Sci.
USA. 2020; 117: 22351–6.

3 Del Valle DM, Kim-Schulze S, Huang HH, et al. An inflam-
matory cytokine signature predicts COVID-19 severity and
survival. Nat. Med. 2020; 26: 1636–43.

4 Hojyo S, Uchida M, Tanaka K, et al. How COVID-19 induces
cytokine storm with high mortality. Inflamm. Regen. 2020;
40: 37.

5 Vandenbroucke JP, von Elm E, Altman DG, et al. Strengthen-
ing the Reporting of Observational Studies in Epidemiology
(STROBE): explanation and elaboration. Epidemiology 2007;
18: 805–35.

6 Mudatsir M, Fajar JK, Wulandari L, et al. Predictors of
COVID-19 severity: a systematic review and meta-analysis.
F1000Res. 2020; 9: 1107.

7 Hu L, Chen S, Fu Y, et al. Risk Factors associated with clini-
cal outcomes in 323 Coronavirus Disease 2019 (COVID-19)
hospitalized patients in Wuhan. China. Clin. Infect. Dis. 2020;
71: 2089–98.

8 Razanamahery J, Malinowski L, Humbert S, et al. Predictive
factors of poor outcomes in the COVID-19 epidemic: consider
the inflammatory response. Med. Mal. Infect. 2020; 50: 625–7.

9 Zhang JJY, Lee KS, Ang LW, Leo YS, Young BE. Risk fac-
tors for severe disease and efficacy of treatment in patients
infected with COVID-19: a systematic review, meta-analysis,
and meta-regression analysis. Clin. Infect. Dis. 2020; 71:
2199–206.

10 Yang L, Jin J, Luo W, Gan Y, Chen B, Li W. Risk factors for
predicting mortality of COVID-19 patients: a systematic
review and meta-analysis. PLoS One 2020; 15: e0243124.

© 2021 The Authors. Acute Medicine & Surgery published by John Wiley & Sons Australia, Ltd on behalf of
Japanese Association for Acute Medicine

6 of 7 H. Domi et al. Acute Medicine & Surgery 2021;8:e683

https://www.WHO.int/docs/default-source/coronaviruse/situation-reports/20200312-sitrep-52-covid-19.pdf?sfvrsn=e2bfc9c0_4
https://www.WHO.int/docs/default-source/coronaviruse/situation-reports/20200312-sitrep-52-covid-19.pdf?sfvrsn=e2bfc9c0_4
https://www.WHO.int/docs/default-source/coronaviruse/situation-reports/20200312-sitrep-52-covid-19.pdf?sfvrsn=e2bfc9c0_4


11 Li J, He X, Yuan Y, et al. Meta-analysis investigating the rela-
tionship between clinical features, outcomes, and severity of
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) pneumonia. Am. J. Infect. Control. 2021; 49: 82–9.

12 Wu J, Li W, Shi X, et al. Early antiviral treatment contributes
to alleviate the severity and improve the prognosis of patients
with novel coronavirus disease (COVID-19). J. Intern. Med.
2020; 288: 128–38.

13 Fajgenbaum DC, June CH. Cytokine storm. N. Engl. J. Med.
2020; 383: 2255–73.

14 Zhu Z, Cai T, Fan L, et al. Clinical value of immune-
inflammatory parameters to assess the severity of coronavirus
disease 2019. Int. J. Infect. Dis. 2020; 95: 332–9.

15 Huang C, Wang Y, Li X, et al. Clinical features of patients
infected with 2019 novel coronavirus in Wuhan. China. Lan-
cet. 2020; 395: 497–506.

16 Horby P, Lim WS, Emberson JR, et al. Dexamethasone in
hospitalized patients with Covid-19. N. Engl. J. Med. 2021;
384: 693–704.

17 Yamakawa K, Yamamoto R, Ishimaru G, et al. Japanese
Rapid/Living recommendations on drug management for
COVID-19. Acute Med. Surg., 2021; 12–13.

18 Grasselli G, Zangrillo A, Zanella A, et al. Baseline character-
istics and outcomes of 1591 patients infected with SARS-
CoV-2 admitted to ICUs of the Lombardy Region, Italy.
JAMA. 2020; 323: 1574–81.

19 Armstrong RA, Kane AD, Cook TM. Outcomes from inten-
sive care in patients with COVID-19: a systematic review and
meta-analysis of observational studies. Anaesthesia 2020; 75:
1340–9.

20 Endo S, Suzuki Y, Takahashi G, et al. Usefulness of presepsin
in the diagnosis of sepsis in a multicenter prospective study.
J. Infect. Chemother. 2012; 18: 891–7.

21 Fukada A, Kitagawa Y, Matsuoka M, et al. Presepsin as a pre-
dictive biomarker of severity in COVID-19: a case series. J.
Med. Virol. 2020; 93: 99–101.

22 Zaninotto M, Mion MM, Cosma C, Rinaldi D, Plebani M.
Presepsin in risk stratification of SARS-CoV-2 patients. Clin.
Chim. Acta 2020; 507: 161–3.

23 Schirinzi A, Cazzolla AP, Lovero R, et al. New insights in
laboratory testing for COVID-19 patients: looking for the role
and predictive value of human epididymis secretory protein 4
(he4) and the innate immunity of the oral cavity and respira-
tory tract. Microorganisms. 2020; 8: 1718.

© 2021 The Authors. Acute Medicine & Surgery published by John Wiley & Sons Australia, Ltd on behalf of
Japanese Association for Acute Medicine

Acute Medicine & Surgery 2021;8:e683 Prognostic factors of severe COVID-19 7 of 7


