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ABSTRACT

Objective: This study aimed to define the predictors of critical illness development within 28
days postadmission during the first wave of the COVID-19 pandemic.

Materials and Methods: We conducted a prospective cohort study including 477 PCR-positive
COVID-19 patients admitted to a tertiary care hospital in Istanbul from March 12 to May 12, 2020.

Results: The most common presenting symptoms were cough, dyspnea, and fatigue. Critical E-mail:

illness developed in 45 (9.4%; 95% CI=7.0%-12.4%) patients. In the multivariable analysis, age huseyin.bilgin@marmara.edu.tr
(hazard ratio (HR)=1.05, p<0.001), number of comorbidities (HR=1.33, p=0.02), procalcitonin
>0.25 pg/L (HR=2.12, p=0.03) and lactate dehydrogenase (LDH) =350 U/L (HR=2.04, p=0.03) were
independently associated with critical illness development. The World Health Organization
(WHO) ordinal scale for clinical improvement on admission was the strongest predictor of
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critical illness (HR=4.15, p<0.001). The patients hospitalized at the end of the study period had
a much better prognosis compared to the patients hospitalized at the beginning (HR=0.14;
p=0.02). The C-index of the model was 0.92.

Conclusion: Age, comorbidity number, the WHO scale, LDH, and procalcitonin were inde-
pendently associated with critical illness development. Mortality from COVID-19 seemed to
be decreasing as the first wave of the pandemic advanced.
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What are the factors associated with 28-day critical
illness development during the first COVID-19 wave?

What did we do?
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A prospective cohort

study in a tertiary care
center was conducted
from March-May 2020

Patients admitted to the
hospital with COVID-19
were included
consequtively (n=477)

Main outcome was
critical illness
development (invasive
===== mechanical ventilation
or death) within 28 days

critical illness

Conclusion

INTRODUCTION

he first coronavirus disease 2019 (COVID-19)
l case in Turkey was reported on March 11,
2020 (1). The number of confirmed cases with
symptoms increased afterward, reaching 5000 per
day by mid-April (2). With the effect of mitigation
measures, the number of daily cases started to de-
cline, and by June, there were about 1000 cases per
day. This number was stable up until November
when the second wave started. Istanbul, a metropo-
lis of approximately 16 million inhabitants, was the
epicenter of COVID-19 in Turkey.

In Turkey, the pandemic response was led by a
scientific council formed by the government (3).
Hospitals acted according to the regularly updat-
ed guidelines published by the scientific council for
the diagnosis and treatment of COVID-19 patients
(4). At the beginning of the pandemic, admission to
the hospital was recommended for patients over
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61 patients (12.8%) were admitted to ICU
40 patients (8.4%) were intubated

34 patients (7.1%) died

Ovelall 45 patients (9.4%) developed
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The period of
admission

High LDH and
procalcitonin

The WHO scale on admission was the strongest predictor of critical illness (HR= 4.15, p<0.001.)

Patients hospitalized at the end of the study period had a much better prognosis compared the patients
hospitalized at the beginning (HR= 0.14, p<0.02).

Our findings will be useful for comparison to the other waves of COVID-19.

Graphic Abstract

the age of 50 years and those with comorbid con-
ditions, severe pneumonia, or laboratory values in-
dicative of a worse prognosis.

Much has been learned about the clinical features
of COVID-19 during the past two years of the pan-
demic (5). The early reportsindicated that COVID-19
could progress differently among infected individu-
als, ranging from asymptomatic carriage to respira-
tory failure leading to death (6). In a report of 72,314
cases from China, the spectrum of disease varied
from mild (81%) and severe (14%) to critical (5%)
(7). In a systemic review and meta-analysis, the all-
cause mortality rate of hospitalized COVID-19 pa-
tients was 10%, with a predictive interval of 2% to
39% (8). The authors concluded that substantial be-
tween-study heterogeneity led to a large 95% pre-
dictive interval suggesting high uncertainty. Clear-
ly, high-quality cohort studies with defined severity
criteria and adequate follow-up times are needed
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(9, 10). It is important to determine critical illness
outcomes and associated factors, which are vital
to determine hospitalization criteria, which in turn
will affect medical resource allocation (11).

Here, we describe the demographic characteristics,
clinical features, 28-day critical illness develop-
ment, and factors associated with critical illness
among COVID-19 patients treated at the beginning
of the pandemic in one of the main pandemic hos-
pitals in Istanbul, Turkey.

MATERIALS AND METHODS

Study Setting and Design

We conducted a single-center, prospective cohort
study. All hospitalized >18-year-old patients with
confirmed COVID-19, i.e., positive RT-PCR assay for
the SARS-CoV-2 genome detected in a nasopharyn-
geal or oropharyngeal swab specimen, were includ-
ed. The study period started with the first confirmed
patient in our hospital on March 12, 2020, and in-
cluded patients hospitalized until May 12, 2020. Test-
ing was performed on patients who fulfilled the cri-
teria for possible COVID-19 according to the Turkish
COVID-19 Guideline (4). Essentially, patients whose
symptoms and signs were compatible with viral
pneumonia and some cases based on clinical judg-
ment were tested. Admitting a suspected COVID-19
patient to the hospital was mostly a clinical decision
based on age, presence of comorbidity, dyspnea, hy-
poxia, and extent of pulmonary involvement detect-
ed with thoracic computed tomography (CT).

Study Participants

There were 521 patients hospitalized within the
study period. The patients (n=55) who were trans-
ferred to or from our center were included in the
study, provided that their medical records could be
retrieved from other centers. As the outcome was
the development of critical illness, we excluded pa-
tients who had invasive mechanical ventilation or
died within 24 hours of admission (n=41) (Figure 1).
In addition, healthcare-associated COVID-19 cases
were excluded (n=3). After these exclusions, 477 pa-
tients were eligible and followed up for a period of
28 days postadmission.

The Ethics Committee of Marmara University
School of Medicine approved the study on June
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HIGHLIGHTS

e This study represents the first wave cohort of
COVID-19 patients; no effective antivirals and
vaccines were available at the time.

e We showed that mortality regressed within two
months of the pandemic.

e We determined that the WHO ordinal scale for
clinical improvement was the strongest inde-
pendent factor predicting the development of
critical illness.

521 consecutively hospitalized COVID-19 patients

—

‘ 477 hospitalized COVID-19 patients

EXCLUSIONS
IMV or death within 24 hours= 41
HCA COVID-19=3

J 28 days follow-up

OUTCOMES

- ICU=61 (12.8%)

- IMV= 40 (8.4%)

- Death= 34 (7.1%)

- Critical iliness (IMV or death)= 45 (9.4%)

ICU: Intensive care unit,
IMV: Invasive mechanical ventilation,
HCA: Healthcare associated.

Figure 1. Flow diagram of study selection.

2020, with the decision number 09.2020.572. The
requirement for written informed consent was
waived by the board due to the urgent need to col-
lect data. We followed the Strengthening Reporting
of Observational Studies in Epidemiology (STROBE)
guidelines.

Data Collection

Demographic information, exposure history, co-
morbidities, comedications, symptoms, signs, imag-
ing and PCR results, vital signs and clinical course
including medications, response to treatments, lab-
oratory parameters, intensive care unit (ICU) refer-

This work is licensed under a Creative Commons Attribution-Non Commercial 4.0 International License.
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ral, and prognosis were prospectively collected in
forms standardized for COVID-19 patients. This in-
formation was then transferred to an electronic da-
tabase, after which four physicians (US, PA, AT, HB)
went through the data extensively, cross-checked
the authenticity, and completed missing informa-
tion using archival and electronic records.

Definition of the Variables

The outcome was progression to critical illness, ei-
ther invasive mechanical ventilation or death with-
in 28 days postadmission. Patients were reached by
phone call to determine their readmission status,
and their survival status was checked from a cen-
tralized electronic death registration system.

The patients’ illness severity on the day of hospi-
talization was defined by the World Health Orga-
nization (WHO) ordinal scale for clinical improve-
ment (12). It is an 8-point ordinal scale including O,
uninfected; 1, ambulatory with no limitation of ac-
tivities; 2, ambulatory with limitation of activities;
3, hospitalized, mild disease, no oxygen therapy; 4,
hospitalized, mild disease, oxygen by mask or nasal
prongs; 5, hospitalized, severe disease, noninvasive
ventilation or high-flow oxygen; 6, hospitalized,
severe disease, intubation and mechanical venti-
lation; 7, hospitalized, severe disease, ventilation
and additional organ support such as renal replace-
ment therapy or extracorporeal membrane oxygen-
ation; and 8, death. Although the minimum scale
for hospitalization was 3, we had some patients
with a score of 2 who could have been followed in
an ambulatory setting.

Age, sex, smoking status, body mass index (BMI),
number of comorbidities, vital signs, laboratory find-
ings, and period of admission to the hospital were
the independent variables. The worst recorded value
within the first 24 hours of hospitalization was re-
corded for vital signs. The quick sepsis-related organ
dysfunction assessment (QSOFA) score was also cal-
culated (13). The first available laboratory findings
within 72 hours of hospital admission were noted.
The hospital admission period was categorized as
two weekly periods within the study time.

Statistical Analyses
Descriptive statistics are presented as percentages
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Figure 3. Time to development of critical illness by the period of hospital

admission.

and medians (interquartile ranges [IQRs]). Categor-
ical variables were compared with the chi-square
and Fisher’s exact tests. Continuous variables for
two independent groups were analyzed by the
Mann-Whitney U test. Multivariable analysis was
carried out with 451 (94.5%) out of 477 patients be-
cause of missing data. The Cox proportional haz-
ards model with stepwise backward elimination
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Table 1. Cox regression analysis for the association between clinical characteristics and progres-
sion to critical illness within 28 days of follow-up.

Univariable analysis Multivariable analysis
HR (95% Cl) p HR (95% Cl) p

Age 1.06 (1.04-1.08) <0.001 1.05 (1.02-1.08) <0.001
The period of hospital admission

March 12-27 1.00 1.00

March 28-April 11 0.25 (0.11-0.57) 0.001 0.38 (0.15-0.94) 0.04

April 12-26 0.30 (0.13-0.67) 0.004 0.68 (0.27-1.75) 0.43

April 27-May 12 0.07 (0.02-0.33) 0.001 0.14 (0.03-0.72) 0.02
Lymphocyte <800/ mm3 4.53(2.52-8.12) <0.001 1.93 (1.00-3.75) 0.05
CRP 230 mg/dL 12.80 (4.58-35.73) <0.001 3.07 (1.00-9.44) 0.05
Procalcitonin >0.25 pg/L 8.82 (4.90-15.86) <0.001 2.12 (1.07-4.21) 0.03
D-dimer >1.0 mg/L 6.02 (3.18-11.39) <0.001 -
LDH =350 U/L 4.26 (2.37-7.65) <0.001 2.04 (1.06-3.94) 0.03
Number of co-morbidities 1.79 (1.46-2.20) <0.001 1.33(1.05-1.68) 0.02
The WHO scale on admission

2&3 1.00 1.00

485 13.32 (6.41-27.66) <0.001 415 (1.87-9.22) <0.001

HR: Hazard ratios, Cl: Confidence interval, CRP: C-reactive protein, LDH: Lactate dehydrogenase, WHO: World Health Organization.
Table 2. Frequency of symptoms by age.
All patients <60 years 260 years
n (%) n (%) n (%) P

Cough 348 (73) 216 (76.6) 132(67.7) 0.031
Dyspnea 270 (56.6) 155 (55) 115 (59) >0.05
Fatigue 270 (56.6) 174 (61.7) 96 (49.2) 0.007
Myalgia 202 (42.3) 138 (48.9) 64 (32.8) <0001
Fever 201 (42.1) 133 (47.2) 68 (34.9) 0.008
Headache 165 (34.6) 113 (40.1) 52 (26.7) 0.004
Nausea 120 (25.2) 87 (30.9) 33(16.9) 0.001
Anosmia/ageusia 93 (19.5) 72 (25.6) 21 (10.8) <0.001
Sore throat 87 (18.2) 61(21.6) 26 (13.3) 0.021
Diarrhea 68 (14.3) 43 (15.2) 25(12.8) >0.05
Vomiting 57 (12) 43 (15.3) 14(7.2) 0.007
Rhinorrhea 33(6.9) 23(8.2) 10 (5.1) >0.05
Confusion 7 (1.5) 4(1.4) 3(1.5) >0.05

This work is licensed under a Creative Commons Attribution-Non Commercial 4.0 International License.
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was used, and the strengths of associations are pre-
sented as hazard ratios (HRs). Incidence rates and
HRs were presented with 95% confidence intervals
(CIs). The concordance index (C-index) was calcu-
lated. The statistical significance was set as p<0.05.

RESULTS

Demographics and Characteristics

Overall, 477 patients hospitalized with confirmed
COVID-19 were included in the analysis. The medi-
an (IQR) age of the cohort was 55.0 (44.0-67.0) years,
and 239 (50.1%) were male.

The most common presenting symptom was cough
followed by dyspnea, fatigue, myalgia, fever, and
headache (Table 1). Sociodemographic variables,
comorbidities, smoking status, BMI, vital signs, lab-
oratory findings, and the period of hospital admis-
sion are presented in Table 2. On admission, 354
(74.2%) cases were classified on a scale of 2-3, and
123 (25.8%) were classified on a scale of 4-5 accord-
ing to the WHO scale (Table 2).

The Outcomes

Among the 477 patients, 61 (12.8%, 95% CI=10.0%-
16.1%) were admitted to the ICU. Forty patients
(8.4%, 95% CI=6.1%-11.2%) required mechanical
ventilation. Thirty-four (7.1%, 95% CI=5.0%-9.8%)
patients died within the 28-day follow-up (Figure
1). Overall, 45 (9.4%, 95% Cl=7.0%-12.4%) patients
developed critical illness. The median (IQR) dura-
tion from hospital admission to invasive mechani-
cal ventilation and death was 5.0 (3.0-8.8) and 12.0
(8.0-20.0) days, respectively. The median (IQR) hos-
pital length of stay was 7.0 (5.0-11.0) days.

Treatment Characteristics

Four hundred seventy-three (99.2%) patients were
given hydroxychloroquine alone, and 199 (41.7%)
patients were given hydroxychloroquine combined
with azithromycin. Favipiravir (n=147, 30.8%) was
administered in patients with peripheral oxygen
saturation <93% in ambient air. Oseltamivir was co-
administered to 31 (6.5%) patients. Corticosteroids
were given to 46 (9.6%) patients and tocilizumab
to 30 (6.3%). Anticoagulant thromboprophylaxis
with low-molecular-weight heparin (LMWH) was
given to 295 (61.8%) patients. While 14 (45.2%) pa-
tients were given LMWH prophylaxis in the first two
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weeks of the study period, this number increased to
62 (77.5%) in the last two weeks (p<0.001).

Factors Associated with Critical Outcome

The WHO scale for clinical improvement showed a
significant association with the progression to criti-
cal illness. While 29.3% of patients on a scale of 4-5
on admission progressed to critical illness, this rate
was 2.5% for those on a scale of 2-3 (p<0.001) (Figure
2). The rate of critical illness decreased significantly
as the pandemic advanced. While 29.0% of patients
who were hospitalized during the first two weeks of
the pandemic progressed to critical illness, this rate
was 2.5% for patients hospitalized during the last
two weeks of the study period (p<0.001) (Figure 3).

Univariable and multivariable analyses for progres-
sion to critical illness within the 28-day follow-up
are presented in Table 3. Age, sex, number of co-
morbidities, the WHO scale for clinical improve-
ment, baseline laboratory values, and period of
hospital admission were included in the multivari-
able model. Age was significantly associated with
progression to critical illness; each year had an HR
of 1.05 (95% CI=1.02-1.08). The number of comor-
bidities was also independently associated with
critical illness (HR=1.33, 95% CI=1.05-1.68). Among
the laboratory values, procalcitonin (PCT) =0.25
pg/L (HR=2.12, 95% CI=1.07-4.21) and lactate dehy-
drogenase (LDH) =350 U/L (HR=2.04, 95% CI=1.06-
3.94) were independently associated with critical
illness. Patients on a scale of 4-5 on admission had
an HR of 4.15 (95% CI=1.87-9.22) for progression to
critical illness compared to those on a scale of 2-3.
The risk of critical illness decreased significantly as
the hospitalization period advanced. Compared to
the first period, the HR was 0.14 (95% CI=0.03-0.72)
in patients hospitalized during the last two weeks.
The C-index of the model was 0.92.

DISCUSSION

This study describes the demographic characteris-
tics, clinical features, and prognosis of 477 COVID-19
patients followed by a university hospital in Istanbul
from mid-March to mid-May. The median age was
55.0 years (IQR=44.0-67.0), with an equal distribu-
tion of sexes. The 28-day mortality rate was 7.1%.
The rate of progression to critical illness was 9.4%.
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Table 3. Clinical characteristics on admission associated with progression to critical illness within
28 days of follow-up.

g Did not progress to Progressed to
Variables (r/:\_ll4[;a7t)u:‘n(t; critical illness critical illness p
= ) (n=432) n (%) (n=45) n (%)
Age (years)
<39 87 (18.2) 87 (20.1) 0(0)
40-59 195 (40.9) 185 (42.8) 10 (22.2)
<0.001
60-79 153 (32.1) 127 (29.4) 26 (57.8)
>80 42 (8.8) 33(7.6) 9(20.0)
Sex
Male 239 (50.1) 212 (49.1) 27 (60.0) >0.05
Comorbidity
Hypertension 220 (46.1) 188 (43.5) 32(71.7) <0.001
Diabetes 139 (29.1) 120 (27.8) 19 (42.2) 0.042
Cardiovascular disease’ 109 (22.9) 88 (20.4) 21 (46.7) <0.001
Chronic lung disease? 87 (18.2) 71 (16.4) 16 (35.6) 0.002
Neuropsychiatric condition? 41 (8.6) 31(7.2) 10 (22.2) 0.003
Immune compromised state* 34(7.1) 26 (6) 8(17.8) 0.009
Chronic kidney disease 29 (6.1) 24 (5.6) 5(11.1) >0.05
Chronic liver disease 6(1.3) 5(1.2) 1(2.2) >0.05
>1 Comorbidity 311 (65.2) 271 (62.7) 40 (88.9) <0.001
Smoking status
Current 20 (4.2) 17 (3.9) 3(6.7)
Former 78 (16.4) 70 (16.2) 8(17.8) >0.05
Never 379 (79.5) 345 (79.9) 34 (75.6)
Body mass index®
<249 95 (23.2) 85 (22.9) 10 (25.6)
25.0-29.9 159 (38.8) 143 (38.5) 14 (41.0) >0.05
>30.0 156 (38) 143 (38.5) 13 (33.3)
I'O”S‘;tf;ﬁg tii'gf;'ﬁgg;t (t'((’lR) 5 (3.0-8.0) 5.0 (3.0-8.0) 6.5(2.0-9.5) >0.05
Vital signs
Temperature >38°C 91(19.2) 76 (17.6) 15 (34.9) 0.006
Heart rate >90 beats/min 268 (56.5) 238 (55.2) 30 (69.8) 0.067
Systolic BP <100 mmHg 74 (15.6) 67 (15.5) 7 (16.7) >0.05
Mean arterial BP <65 mmHg 8(1.7) 6(1.4) 2(4.8) >0.05
Respiratory rate 222/min 304 (64.1) 268 (62.5) 36 (80.0) 0.020

This work is licensed under a Creative Commons Attribution-Non Commercial 4.0 International License. 100
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Continue to Table 3
Oxygen saturation <93% 157 (33.1) 124 (28.8) 33 (75.0) <0.001
qSOFA >1 61(12.9) 50 (11.6) 11(26.2) 0.007
WHO scale on admission
WHO-2 58 (12.2) 58 (13.4) 0(0)
WHO-3 296 (62.1) 287 (66.4) 9 (20)
<0.001
WHO-4 119 (24.9) 86 (19.9) 33(73.3)
WHO-5 4(0.8) 1(0.2) 3(6.7)
Laboratory findings
Lymphocyte <800/ mm? 89 (18.9) 67 (15.7) 22 (48.9) <0.001
CRP >30 mg/dL 218 (46.8) 177 (42) 41 (91.1) <0.001
Procalcitonin 20.25 pg/L 21 (11) 30 (7.1) 21 (46.7) <0.001
Ferritin >300 pg/L 126 (27.8) 97 (23.8) 29 (64.4) <0.001
D-dimer >1.0 mg/L 128 (27.4) 99 (23.3) 29 (67.4) <0.001
Fibrinogen >400 mg/dL 264 (64.2) 233 (62) 31(88.6) 0.002
LDH >350 U/L 108 (23) 84 (19.8) 24 (53.3) <0.001
Troponin T >14 ng/L 89 (22.4) 66 (18.2) 23 (65.7) <0.001
Period of admission to hospital
12-27 March 31(6.5) 22 (5.1) 9 (20)
28 March-11 April 208 (43.6) 190 (44) 18 (40)
<0.001
12-26 April 158 (33.1) 142 (32.9) 16 (35.6)
27 April-12 May 80 (18.8) 78 (18.1) 2 (4.4)

IQR: Interquartile range, BP: Blood pressure, gSOFA: Quick sepsis-related organ dysfunction assessment, CRP: C-reactive protein,

LDH: Lactate dehydrogenase, WHO: World Health Organization.
1 Excluding hypertension.

2 Includes asthma, chronic obstructive pulmonary disease, bronchiectasis and interstitial pulmonary fibrosis.

3 Includes dementia, cerebrovascular disease and psychiatric conditions.

#Includes rheumatologic disorders, immunosuppressive treatment, recent diagnosis of hematologic/solid organ malignancy.

5 The body mass index (BMI) was missing in 67 (14.0%) participants.

Some studies carried out at the beginning of the
pandemic with comparable characteristics of par-
ticipants reported similar rates for the develop-
ment of critical illness or death. For example, a
cohort study from China, including patients with a
mean age of 46.1 years, reported a rate of 8% for
the development of adverse outcomes (14). Anoth-
er study from two hospitals in New York City, in-
cluding patients with a median age of 62.2 years,
revealed a mortality rate of 10.2% (15). However,
comparing these rates could be misleading because
of the differences in the testing criteria influencing
case identification, hospitalization indications, and
case mix across studies (16). Additionally, while
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some cohorts evaluated in-hospital mortality, oth-
ers focused on 14- or 28-day survival rates, making
comparisons even more problematic. Nevertheless,
our rates for the development of critical illness
seem somewhat lower than those of most of the
studies, as Wiersinga et al. indicate that the overall
hospital mortality from COVID-19 is approximately
15%-20% (6).

Hydroxychloroquine was used extensively in our
cohort. Whether or not therapeutic modalities af-
fected the mortality rate is beyond the scope of this
study (17). Hydroxychloroquine with azithromycin
was proposed as a treatment at the beginning of
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the pandemic based on a small trial (18). However,
later well-designed studies failed to show any ben-
efit, and by August 2020, guidelines recommended
against their usage (19).

The presenting symptoms in our study were simi-
lar to those reported in other studies; cough, dys-
pnea, and fatigue were the most common (6), and
one-fifth of the patients reported anosmia or ageu-
sia (20). Almost all symptoms were more common
among patients <60 years than among elderly pa-
tients. This might be due to a predilection to hos-
pitalize younger patients with more pronounced
symptoms. This finding also suggests that present-
ing complaints might be subtler among elderly pa-
tients, as clinical presentation might vary with age.
Sixty-five percent of the patients had at least one
comorbidity, such as hypertension, diabetes, or car-
diovascular disease, which is consistent with the
findings of other studies (6).

Univariable analysis revealed some risk factors
for critical illness that were already described in
the literature (6, 9, 21, 22). Older age, comorbidi-
ties, fever, tachypnea, and hypoxia at presentation
were associated with progression to critical illness.
Critical illness was also associated with laboratory
abnormalities such as lymphopenia, elevated acute
phase reactants, and coagulation abnormalities.
Contrary to the findings of Zheng et al., smoking
status was not associated with developing critical
illness (23). This is probably due to a reporting bias,
as our cohort’s 4.2% current smoker rate is much
lower than the 28.0% daily smoker rate in Turkey
(24). While Petrilli et al. found BMI >40 to be inde-
pendently associated with critical illness develop-
ment, our findings did not reveal such an associa-
tion (21). In our cohort, BMI was calculated based
on the patient’s self-report and was missing in 67
(14%) participants. Of note, a more recent study an-
alyzing 10,131 cases also did not find obesity and
smoking status associated with mortality (25).

Multivariable analysis showed that age was inde-
pendently associated with developing critical ill-
ness, as reported by other studies (6). The number
of comorbidities was also associated with critical
illness; each comorbidity increased the HR by 1.33.
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Other cohorts also found the number of comorbidi-
ties as a significant predictor for developing critical
illness (26). We did not enter specific comorbidities
into the model testing, as comorbidities blend and
cancel each other out during multivariable anal-
ysis. Our model has a high discrimination power
with a C-index of 0.92.

The Turkish guidelines for managing COVID-19 rec-
ommended hospitalization for COVID-19 patients
>50 years, regardless of comorbidity at the begin-
ning of the pandemic (4). However, our analysis
showed that for patients <60 years, progression to
critical illness is associated with comorbidity. This
result suggests that the lower age limit of hospi-
talization for patients without comorbidity could
increase to 60. Such a change would relieve the de-
mand for hospital beds.

Patients with PCT =0.25 pg/L and LDH =350 U/L had
HRs of 2.12 and 2.04, respectively, for critical illness.
PCT increases are expected in bacterial infections,
suggesting these patients might have coexisting
bacterial infections (21). The LDH increase is proba-
bly due to cellular damage induced by the virus as
well as the immune response against it. PCT and
LDH associations were also reported in other stud-
les (21, 27, 28). Although lymphopenia (<800/mm?)
and C-reactive protein (CRP) (230 mg/dL) remained
in the model, they had borderline significance
(p=0.05 for both). D-dimer (=1 mg/L) did not remain
in the model. As D-dimer levels correlated with CRP
and PCT, it was omitted from the model at the last
step of the multivariable analysis.

The WHO scale for clinical improvement was sig-
nificantly associated with progression to critical
illness. Patients on a scale of 4-5 had an HR of 4.15
for critical illness compared to those on a scale of
2-3. The major difference between scales 4-5 and
2-3 is the need for supplemental oxygen. We chose
to use the WHO scale in our multivariable model
rather than qSOFA because it directly considers the
need for oxygen supplementation. Additionally, the
WHO scale showed a stronger association with crit-
ical illness than the qSOFA score. The WHO scale
may reflect the oxygen need more comprehensively
as it considers oxygen supplementation directly. In
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clinical practice, a physician decides to give supple-
mental oxygen not only for hypoxia but also for dys-
pnea or tachypnea. Another study from France also
found the WHO scale category to be independently
associated with developing critical illness (29).

One factor that strongly remained in the model was
the hospital admission period. Patients admitted to
our hospital at the beginning of May had an HR of
0.14 for progression to critical illness compared to
patients admitted at the beginning of the pandemic
in mid-March. Such an association was also report-
ed in New York; patients admitted at the beginning
of April had an odds ratio (OR) of 0.08 for the risk
of critical illness compared to patients admitted at
the beginning of March (21). There could be several
explanations for this observation. First, our hospi-
talization criteria did not change as the pandemic
progressed; nevertheless, hospital care may have
become more efficient with the experience gained
in time. Second, up to medication protocols were
slightly altered, venous thromboprophylaxis using
LMWH was initially administered to patients with
classic risk factors for venous thrombosis; then, as
coagulopathy became apparent in COVID-19 patho-
genesis, more patients hospitalized with suspected
or proven COVID-19 received prophylactic LMWH
at the beginning of hospitalization unless contra-
indicated (30). These hypotheses warrant further
investigation. Additionally, a less virulent form of

the virus might have caused this, as reports show
variants of SARS-CoV-2 with differing infectivity
and virulence from March to April (31). Further-
more, patients might have been less exposed to the
virus due to the increased utilization of preventive
and control measures as the pandemic advanced.
More recently, a decrease in ICU mortality was also
reported between the pre- and post-peak periods of
the pandemic (32).

Our study has several limitations. First, although our
hospital is one of the main pandemic hospitals with-
in the region, this study is based on a single center’s
experience. Second, BMI information was lacking in
14.0% of the participants. Third, we did not quanti-
fy the extent of pulmonary involvement in thoracic
CT, which might predict the development of critical
illness. Finally, our study refers to the beginning of
the pandemic and does not consider later develop-
ments, such as the emergence of variants, vaccina-
tions, and immunomodulatory and antiviral drugs
that have evidently affected the outcome.

In conclusion, age, comorbidity number, the WHO
scale, LDH (=350 U/L), and PCT (=0.25 pg/L) are in-
dependently associated with critical illness devel-
opment in hospitalized COVID-19 patients. Besides,
mortality from COVID-19 seemed to be decreasing
as the pandemic advanced. Our findings will be use-
ful for comparison to the other waves of COVID-19.

Ethical Approval: The Ethics Committee of Marmara University
School of Medicine approved the study on June 2020 with the
decision number 09.2020.572.

Informed Consent: The requirement for written informed consent
was waived by the Ethics Committee of Marmara University
School of Medicine due to the urgent need to collect data.

Peer-review: Externally peer-reviewed

Author Contributions: Concept — U.S., PA., AT, HB.,, HD, SK,
VK, Design-U.S,, PA., AT, HB.,, HD, SK., VK, Supervision - U.S,,
PA., AT, HB,HD,SK, IC, LMD, VK, Materials - US., PA., AT,
HB, ETT, BES, DYC, RCS, DK, BB, SOY, EG, BEB.,, AKY,
EE, Z.0; LM.D, VK,; Data Collection and/or Processing - E.T.T,,

Bilgin H et al.

BES,DYC, DK, BB, $.0Y, FG, BEB., RCS,, AKY, LMD, EE.,
7.0, H.D, 1.C., VK,; Analysis and/or Interpretation - U.S.,, PA., A.T,
H.B., H.D, I.C,, VK Literature Review — US,, PA., AT, HB, ETT,
BES,DYC,RCS,DK,BB,S.OY, FG,BEB,AKY, EE, ZO, VK,
Writer — U.S., PA., AT, HB., VK, SK.; Critical Reviews - U.S., PA,
A.T.,HB,HD,LMD,SK. I.C, VK.

Conflict of Interest: The authors declare no conflict of interest.

Financial Disclosure: The authors declared that this study has
received no financial support.

Acknowledgements: We thank all patients and families for their
involvement in the study.

103



Infect Dis Clin Microbiol 2023; 5(2): 94-105

REFERENCES

1

10

11

12

13

COVID-19 Weekly Situation Report 13/07/2020 - 19/07/2020
[Internet]. Ankara: Republic of Turkey Ministry of Health. [cit-
ed October 17, 2020]. Available from: https://dosyamerkez.
saglik.gov.tr/Eklenti/38021,covid-19-weekly-situation-re-

port---29-weekpdf.pdf?0& tagl=44DBE7E25D380A645A4780C-

04D8C19COEF692249

Confirmed cases per day in Turkey [Internet]. Geneva: World
Health Organization (WHO). [cited February 5, 2022]. Available
from: https://covid19.who.int/region/euro/country/tr

Demirbilek Y, Pehlivantirk G, Ozgiler ZO, Alp Mege E.
COVID-19 outbreak control, example of ministry of health of
Turkey. Turk ] Med Sci. 2020;50(SI-1):489-94. [CrossRef

COVID-19 Guideline [Internet]. Ankara: Republic of Turkey
Ministry of Health. [cited Oct 17, 2020]. Available from: https://
covid19.saglik.gov.tr/TR-66301/covid-19-rehberi.html
Shivalkar S, Pingali MS, Verma A, Singh A, Singh V, Paital B, et
al. Outbreak of COVID-19: A detailed overview and its conse-
quences. Adv Exp Med Biol. 2021;1353:23-45. [CrossRef

Wiersinga WJ, Rhodes A, Cheng AC, Peacock S, Prescott HC.
Pathophysiology, transmission, diagnosis, and treatment
of coronavirus disease 2019 (COVID-19): A review. JAMA.
2020;324(8):782-93. [CrossRef

Wu Z, McGoogan JM. Characteristics of and important les-
sons from the coronavirus disease 2019 (COVID-19) outbreak
in China: Summary of a report of 72314 cases from the
Chinese Center for Disease Control and Prevention. JAMA.
2020;323(13):1239-42. [CrossRef

Potere N, Valeriani E, Candeloro M, Tana M, Porreca E, Abbate
A, et al. Acute complications and mortality in hospitalized pa-
tients with coronavirus disease 2019: a systematic review and
meta-analysis. Crit Care. 2020;24(1):389. [CrossRef

Wynants L, Van Calster B, Collins GS, Riley RD, Heinze G,
Schuit E, et al. Prediction models for diagnosis and progno-
sis of covid-19: systematic review and critical appraisal. BMJ.
2020;369:m1328. Update in: BMJ. 2021;372:n236. Erratum in:
BMJ. 2020;369:m2204. [CrossRef

Anesi GL, Halpern SD, Delgado MK. Covid-19 related hospital
admissions in the United States: needs and outcomes. BMJ.
2020;369:m2082. [CrossRef

Weissman GE, Crane-Droesch A, Chivers C, Luong T, Hanish A,
Levy MZ, et al. Locally informed simulation to predict hospi-
tal capacity needs during the COVID-19 pandemic. Ann Intern
Med. 2020;173(1):21-8. [CrossRef

COVID-19 therapeutic trial synopsis [Internet]. Geneva: World
Health organization (WHO). [cited June 01, 2022]. Available
from: https://www.who.int/publications/i/item/covid-19-ther-

apeutic-trial-synopsis

Singer M, Deutschman CS, Seymour CW, Shankar-Hari M,
Annane D, Bauer M, et al. The third international consen-
sus definitions for sepsis and septic shock (Sepsis-3). JAMA.
2016;315(8):801-10. [CrossRef

14

15

16

17

18

19

20

21

22

23

24

25

Xu PP, Tian RH, Luo S, Zu ZY, Fan B, Wang XM, et al. Risk fac-
tors for adverse clinical outcomes with COVID-19 in China: a
multicenter, retrospective, observational study. Theranostics.
2020;10(14):6372-83. [CrossRef

Goyal P, Choi JJ, Pinheiro LC, Schenck EJ, Chen R, Jabri A, et al.
Clinical characteristics of Covid-19 in New York City. N Engl J
Med. 2020;382(24):2372-4. [CrossRef

Aguiar M, Stollenwerk N. Condition-specific mortality risk can
explain differences in COVID-19 case fatality ratios around
the globe. Public Health. 2020;188:18-20. [CrossRef

Paliani U, Cardona A. COVID-19 and hydroxychloroquine: Is
the wonder drug failing? Eur J Intern Med. 2020;78:1-3. [Cross-
Ref]

Gautret P, Lagier JC, Parola P, Hoang VT, Meddeb L, Mailhe M,
et al. Hydroxychloroquine and azithromycin as a treatment of
COVID-19: results of an open-label non-randomized clinical
trial. Int J Antimicrob Agents. 2020;56(1):105949. [CrossRef
Bhimraj A, Morgan RL, Shumaker AH, Baden L, Cheng VC, Ed-
wards KM, et al. IDSA Guidelines on the Treatment and Man-
agement of Patients with COVID-19; Version 10.2.0. [Internet].
Arlington: Infectious Diseases Society of America 2022; Ver-
sion 10.2.0. [cited February 20, 2023]. Available from: https:/
www.idsociety.org/practice-guideline/covid-19-guideline-

treatment- and—manag ement/

Rivera-Izquierdo M, Del Carmen Valero-Ubierna M, R-delAmo

JL, Fernandez-Garcia MA, Martinez-Diz S, Tahery-Mahmoud
A, et al. Sociodemographic, clinical and laboratory factors on
admission associated with COVID-19 mortality in hospital-
ized patients: A retrospective observational study. PLoS One.
2020;15(6):20235107. [CrossRef

Petrilli CM, Jones SA, Yang ], Rajagopalan H, O'Donnell L,
Chernyak Y, et al. Factors associated with hospital admis-
sion and critical illness among 5279 people with coronavirus
disease 2019 in New York City: prospective cohort study. BMJ.
2020;369:m1966. [CrossRef

Bhargava A, Sharma M, Akagi E, Szpunar SM, Saravolatz L.
Predictors for in-hospital mortality from coronavirus disease
2019 (COVID-19) infection among adults aged 18-65 years. In-
fect Control Hosp Epidemiol. 2021;42(6):772-5. [CrossRef

Zheng Z, Peng F, Xu B, Zhao J, Liu H, Peng J, et al. Risk factors
of critical & mortal COVID-19 cases: A systematic literature
review and meta-analysis. ] Infect. 2020;81(2):e16-e25. [Cross-
Ref]

Turkiye Saglik Arastirmasi [Internet]. Ankara: Turkish Sta-
tistic Institute. [cited Oct 17, 2020]. Available from: https://
data.tuik.gov.tr/Bulten/Index?p=Turkiye-Saglik-Arastirma-
5i-2019-33661

Ioannou GN, Locke E, Green P, Berry K, O'Hare AM, Shah JA, et
al. Risk factors for hospitalization, mechanical ventilation, or
death among 10 131 US veterans with SARS-CoV-2 infection.
JAMA Netw Open. 2020;3(9):€2022310. [CrossRef

This work is licensed under a Creative Commons Attribution-Non Commercial 4.0 International License.

104


https://dosyamerkez.saglik.gov.tr/Eklenti/38021,covid-19-weekly-situation-report---29-weekpdf.pdf?0&_tag1=44DBE7E25D380A645A4780C04D8C19C0EF692249
https://dosyamerkez.saglik.gov.tr/Eklenti/38021,covid-19-weekly-situation-report---29-weekpdf.pdf?0&_tag1=44DBE7E25D380A645A4780C04D8C19C0EF692249
https://dosyamerkez.saglik.gov.tr/Eklenti/38021,covid-19-weekly-situation-report---29-weekpdf.pdf?0&_tag1=44DBE7E25D380A645A4780C04D8C19C0EF692249
https://dosyamerkez.saglik.gov.tr/Eklenti/38021,covid-19-weekly-situation-report---29-weekpdf.pdf?0&_tag1=44DBE7E25D380A645A4780C04D8C19C0EF692249
https://covid19.who.int/region/euro/country/tr
https://doi.org/10.3906/sag-2004-187
https://covid19.saglik.gov.tr/TR-66301/covid-19-rehberi.html
https://covid19.saglik.gov.tr/TR-66301/covid-19-rehberi.html
https://doi.org/10.1007/978-3-030-85113-2_2
https://doi.org/10.1001/jama.2020.12839
https://doi.org/10.1001/jama.2020.2648
https://doi.org/10.1186/s13054-020-03022-1
https://doi.org/10.1136/bmj.m1328
https://doi.org/10.1136/bmj.m2082
https://doi.org/10.7326/M20-1260
https://www.who.int/publications/i/item/covid-19-therapeutic-trial-synopsis
https://www.who.int/publications/i/item/covid-19-therapeutic-trial-synopsis
https://doi.org/10.1001/jama.2016.0287
https://doi.org/10.7150/thno.46833
https://doi.org/10.1056/NEJMc2010419
https://doi.org/10.1016/j.puhe.2020.08.021
https://doi.org/10.1016/j.ejim.2020.06.002
https://doi.org/10.1016/j.ejim.2020.06.002
https://doi.org/10.1016/j.ijantimicag.2020.105949
https://www.idsociety.org/practice-guideline/covid-19-guideline-treatment-and-management/
https://www.idsociety.org/practice-guideline/covid-19-guideline-treatment-and-management/
https://www.idsociety.org/practice-guideline/covid-19-guideline-treatment-and-management/
https://doi.org/10.1371/journal.pone.0235107
https://doi.org/10.1136/bmj.m1966
https://doi.org/10.1017/ice.2020.1390
https://doi.org/10.1016/j.jinf.2020.04.021
https://doi.org/10.1016/j.jinf.2020.04.021
https://data.tuik.gov.tr/Bulten/Index?p=Turkiye-Saglik-Arastirmasi-2019-33661
https://data.tuik.gov.tr/Bulten/Index?p=Turkiye-Saglik-Arastirmasi-2019-33661
https://data.tuik.gov.tr/Bulten/Index?p=Turkiye-Saglik-Arastirmasi-2019-33661
https://doi.org/10.1001/jamanetworkopen.2020.22310

Critical lllness Development in COVID-19

26

27

28

29

Bilgin H et al.

Liang W, Liang H, Ou L, Chen B, Chen A, Li C, et al; China Medical
Treatment Expert Group for COVID-19. Development and vali-
dation of a clinical risk score to predict the occurrence of criti-
cal illness in hospitalized patients with COVID-19. JAMA Intern
Med. 2020;180(8):1081-9. [CrossRef

CenY, Chen X, Shen'Y, Zhang XH, Lei Y, Xu C, et al. Risk factors
for disease progression in patients with mild to moderate coro-
navirus disease 2019-a multi-centre observational study. Clin
Microbiol Infect. 2020;26(9):1242-7. [CrossRef

GongJ,0u]J, Qiu X, JieY, ChenY, Yuan L, et al. A tool for early pre-
diction of severe coronavirus disease 2019 (COVID-19): A mul-
ticenter study using the risk nomogram in Wuhan and Guang-
dong, China. Clin Infect Dis. 2020;71(15):833-40. [CrossRef

Allenbach'Y, Saadoun D, Maalouf G, Vieira M, Hellio A, Boddaert
J, et al; DIMICOVID. Development of a multivariate prediction
model of intensive care unit transfer or death: A French pro-
spective cohort study of hospitalized COVID-19 patients. PLoS
One. 2020;15(10):e0240711. [CrossRef

30

31

32

Barnes GD, Burnett A, Allen A, Blumenstein M, Clark NP, Cuker
A, et al. Thromboembolism and anticoagulant therapy during
the COVID-19 pandemic: interim clinical guidance from the an-
ticoagulation forum. J Thromb Thrombolysis. 2020;50(1):72-81.
CrossRef

Korber B, Fischer WM, Gnanakaran S, Yoon H, Theiler ], Abfal-
terer W, et al. Tracking changes in SARS-CoV-2 spike: Evidence
that D614G increases infectivity of the COVID-19 virus. Cell.
2020;182(4):812-27.e19. [CrossRef

Doidge JC, Gould DW, Ferrando-Vivas P, Mouncey PR, Thomas K,
Shankar-Hari M, et al. Trends in intensive care for patients with
COVID-19 in England, Wales, and Northern Ireland. Am ] Respir
Crit Care Med. 2021;203(5):565-74. [CrossRef

105


https://doi.org/10.1001/jamainternmed.2020.2033
https://doi.org/10.1016/j.cmi.2020.05.041
https://doi.org/10.1093/cid/ciaa443
https://doi.org/10.1371/journal.pone.0240711
https://doi.org/10.1007/s11239-020-02138-z
https://doi.org/10.1016/j.cell.2020.06.043
https://doi.org/10.1164/rccm.202008-3212OC

