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ABSTRACT

INTRODUCTION  The course of consecutive COVID-19 waves was influenced by medical and organiza-
tional factors.

0BJECTIVES We aimed to assess the outcomes of patients hospitalized for COVID-19 during the first
3 waves of the pandemic.

PATIENTS AND METHODS We performed a retrospective analysis of medical records of all COVID-19
patients admitted to the University Hospital in Krakéw, Poland, a designated COVID-19 hospital in
Matopolska province, between March 1, 2020 and May 31, 2021. The waves were defined as 1, 2, and 3,
and covered the periods of March 2020 to July 2020, August 2020 to January 2021, and February 2021
to May 2021, respectively. Patients’ characteristics and outcomes for waves 1 through 3 were compared.
RESULTS Data analyses included 5191 patients with COVID-19. We found differences in age (mean
[SD], 60.2 [17.3] years vs 62.4 [16.8] years vs 61.9 [16.1] years, respectively, for waves 1, 2, and 3;
P = 0.003), sex distribution (proportion of women, 51.4% vs 44.2% vs 43.6%; P = 0.003), as well as
concentrations of inflammatory markers and oxygen saturation (the lowest and the highest for wave
1, respectively; P <0.001). Hospital death rates in subsequent waves were 10.4%, 19.8%, and 20.3%
(P <0.001). Despite similarities in patients’ characteristics, the length of hospital and intensive care unit
stay was shorter for wave 3 than for wave 2. The risk factors for in-hospital death were: advanced age,
male sex, cardiovascular or chronic kidney disease, higher C-reactive protein level, and hospitalization
during the second or third wave.

concLusions  We identified differences in patients’ clinical characteristics and outcomes between
consecutive pandemic waves, which probably reflect changes in terms of COVID-19 isolation policy,
hospitalization and treatment indications, and treatment strategies.

INTRODUCTION  The COVID-19 pandemic caused
by SARS-CoV-2 was declared by the World Health
Organization (WHO) a Public Health Emergen-
cy of International Concern at the end of Jan-
uary 2020." The arising challenges concerning

optimal preparation of the health care system
to effectively respond to this new epidemiologi-
cal threat required an immediate action. It com-
prised developing clinical recommendations,
protocols for resuscitation in COVID-19 or use
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WHAT'S NEW?

This study is the largest single-center retrospective report on hospitalized
COVID-19 patients from Poland, and one of the largest ones in Europe pub-
lished so far. It presents a comprehensive analysis of waves 1 through 3
of the COVID-19 pandemic from the perspective of the University Hospital
in Krakéw, Poland, a large regional coordinating center for patients with
SARS-CoV-2 infection. The study identified substantial differences in patients’
clinical characteristics and outcomes between consecutive COVID-19 waves.
The potential medical and organizational causes of the identified differences
were proposed. The results reported in this article may be useful for develop-
ing strategies to fight similar health crises in the future.

of personal protective equipment, establish-
ing a collaboration model between administra-
tive boards and medical staff, as well as acquir-
ing and sharing knowledge about the manage-
ment of patients with SARS-CoV-2 infection.
Development and application of COVID-19 vac-
cines became crucial.??® Another critical need
from the very beginning of the pandemic was
the preparation of effective strategies to secure
the availability of a sufficiently-sized and well-
-trained health care workforce that would care
for patients during the pandemic.*® A major
concern was the development of strategies to
replenish the workforce supply as health care
workers fell ill, were quarantined, and needed
respite.®” Hospital and emergency unit system
reorganization became essential. Clinical and
organizational experience, as well as scientif-
ic data on COVID-19, were initially gathered in
the south of Europe—especially in Italy, which
had faced critical health crisis as the first coun-
try in the continent.?!" This experience helped
to deal with this new epidemiological challenge
in Poland by means of discussing the optimal
strategies of modifying hospital settings and ed-
ucating health care professionals.'*"

The first case of SARS-CoV-2 infection in
Poland was reported on March 4, 2020, while
the University Hospital (UH) in Krakéw began ad-
mitting patients with COVID-19 since March 17,
2020. The Polish public health care system, in re-
sponse to the SARS-CoV-2 infection outbreak,
was initially based on a network of hospitals des-
ignated exclusively for the treatment of patients
diagnosed with COVID-19." The UH in Krakéw,
with more than 900 beds and multiple outpatient
clinics, had been transformed into such a hospi-
tal for Matopolska province, a region with a pop-
ulation of 3361000 inhabitants.

The aim of the present study was to assess and
compare the characteristics and in-hospital out-
comes of COVID-19 patients treated in a multi-
disciplinary UH, which was temporarily convert-
ed to an infectious medical center during the first
3 waves of the pandemic in Poland.

PATIENTS AND METHODS This retrospec-
tive analysis included medical records of 5191
COVID-19 patients who were admitted to the UH
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in Krakéw between March 6, 2020 and May 31,
2021. Demographic and clinical data of the pa-
tients were extracted. The UH in Krakéw is
a tertiary reference hospital for adult patients
(>17 years of age), with 900 beds, 33 hospital de-
partments, 71 outpatient clinics, and an emer-
gency department. Since March 2020, by a deci-
sion of the Polish government, it was temporar-
ily converted into the regional center designat-
ed for the treatment of patients with COVID-19.
The strategy of the Polish government was mod-
ified in October 2020—the Ministry of Health
had then set up 16 coordinating hospitals that
monitored a local network of smaller COVID-19
medical centers. During that period of time,
the UH in Krakéw coordinated the hospital
care for patients with SARS-CoV-2 infection in
Matopolska province, and it admitted particular-
ly the patients who, except for the treatment of
COVID-19, required specialized care, for exam-
ple, due to myocardial infarction, stroke, preg-
nancy, or psychiatric disorders. During the en-
tire analyzed period of the pandemic, the UH
had between 200 and 500 beds dedicated for
patients with COVID-19.

Most patients admitted to the UH came from
Matopolska province and the neighboring re-
gions. They were diagnosed with COVID-19 ac-
cording to the WHO and Polish guidelines using
the reverse transcriptase—polymerase chain re-
action (RT-PCR) method."®'% The treatment al-
gorithm for COVID-19 was based on constant-
ly updated recommendations of the Polish As-
sociation of Epidemiologists and Infectiolo-
gists.'® In TABLE 1, we summarized selected facts
on the COVID-19-related governmental policies,
medical recommendations, and the epidemiolog-
ical situation in Poland between March 1, 2020
and May 31, 2021.

We gathered information on patients’ age,
sex, their clinical characteristics on admission
(systolic blood pressure, diastolic blood pres-
sure, heart rate, respiratory rate, oxygen satu-
ration [SpO,], as well as high-sensitivity C-re-
active protein [hsCRP], D-dimer, and interleu-
kin 6 [IL-6] levels). We also collected data re-
garding important clinical outcomes such as
in-hospital death, noninvasive oxygen thera-
py, mechanical ventilation, admission to the in-
tensive care unit (ICU), as well as the length of
hospital and/ or ICU stay.

Patients’ characteristics and clinical outcomes
for waves 1 through 3 were compared. The de-
fined time intervals for the waves were as fol-
lows: wave 1, from March 1, 2020 to July 31,
2020; wave 2, August 1, 2021 to January 31,
2021; and wave 3, February 1, 2021 to May 31,
2021. Predictors of in-hospital mortality associ-
ated with COVID-19 during the whole analyzed
period were assessed.

Statistical analysis The SPSS software, version
27 and SAS software, version 9.3 (SAS Insti-
tute Inc., Cary, North Carolina, United States)



TABLE 1 Selected data concerning COVID-19 governmental policies, medical recommendations, and the epidemiological situation in Poland
between March 1, 2020 and May 31, 2021

Parameter Wave 1 Wave 2 Wave 3

COVID-19 cases in 3535 113908 104626

Matopolska

province?, n

COVID-19-related 63 2974 2691

deaths in Matopolska

province?, n
Role of the UH in The regional reference center The regional reference center designated for A coordinating hospital for
Krakéw in designated for the treatment of the treatment of COVID-19 patients (until patients with COVID-19

the medical care
system for COVID-19
in Poland

COVID-19 patients

September 2020)/a coordinating hospital for
patients with COVID-19 (since October 2020)

Criteria for releasing
COVID-19 patients
from isolation

Clinical recovery (COVID-19 symptom—
free) confirmed by 2 negative RT-PCR
tests of sequential samples taken

at least 24 hours apart

For symptomatic patients: 10 days after
symptom onset plus at least 3 additional days
without symptoms (including fever and
respiratory tract symptoms).

For asymptomatic cases: 10 days after
a positive test for SARS-CoV-2

At least 10 days since

the onset of symptoms and
at least 24 hours since last
fever without the use of
antipyretic drugs and
improvement in symptoms
(eg, cough, shortness of
breath)

Availability of
vaccination against
CovID-19

Not available

National Vaccination Program: Stage 0—since
December 27, 2020 (risk groups including
HCWs); Stage 1—since January 15, 2021
(persons aged >60y)

National Vaccination Program:
Stage 2—persons aged <60y
with chronic diseases; Stage
3—all persons aged >18y

Recommended
treatment

Symptomatic treatment

Antiviral: remdesivir (EMA recommendation as
of July 25, 2020); anti-inflammatory:
dexamethasone

Antiviral: remdesivir; anti-
-inflammatory:
dexamethasone; tocilizumab

Virus variants

B.1.1.7 (Alfa) first detected in Poland in
September 2020

B.1.1.7 (Alfa)—dominating in
Poland

Selected, most
important
governmental
policies regarding
CoVvID-19

* March 12, 2020: announcement of
the state of epidemiological threat
—March 12, 2020: closing of schools,

kindergartens, and nurseries

—March 13, 2020: closing of

restaurants, swimming pools, fitness

clubs, cinemas, theaters, museums;

reduced operation of shopping malls

* March 24, 2020: introduction of
the state of epidemic in Poland

—Temporary restrictions on

the functioning of specific institutions

or workplaces

—Banning of mass events and other

public assemblies

—Temporary prohibition of movement

beyond the life and professional needs

* March 31, 2020: additional
restrictions

—Limiting the number of customers in

stores; shopping hours for seniors

—Closing of hotels, hairdressing and

beauty salons, parks, forests, and

beaches

—April 9, 2020: mandatory wearing of

face masks

* Announcement of a restriction with-
drawal plan since April 16, 2020

» September 1, 2020: children coming back to
schools (regular teaching)

* October 17, 2020: announcement of new
sanitary restrictions dividing the country into 2
zones (yellow and red)

* October 23, 2020: the whole country
announced a red zone with the following
restrictions:

—Grades 4-8 of primary schools—online
teaching

—From Monday to Friday, children under 16
years of age allowed to walk outside only under
parents’ supervision

—Closing of restaurants
* October 30, 2020: closing of cemeteries
* November 9, 2020:

—return to online teaching in primary schools
(grades 1-3) and secondary schools

—Closing of cultural institutions

—Hotels opened only for persons travelling for

business

—Restrictions on the operation of shopping malls

* November 21, 2020: a comprehensive action
plan of defrosting economy announced

* December 17, 2020: closing of ski slopes;

sport centers open only for professional
athletes

* February 28, 2021:
introduction of new
rules regarding sanitary
restrictions

—0Opening of hotels, cultural

institutions, ski slopes,

swimming pools

—0nline teaching in primary

and secondary schools

* March 27, 2021: introduc-
tion of “hard lockdown”

a According to data published by Michat Rogalski (COVID-19 in Poland) based on reports of the Ministry of Health, Voivodship and District Sanitary-
-Epidemiological Station https://lifescience.pl/covid-19/aktualne-dane/

Abbreviations: EMA, European Medicines Agency; HCW, health care worker; RT-PCR, reverse transcriptase—polymerase chain reaction;

UH, University Hospital

were used for database management and statis-
tical analysis (license for Jagiellonian Universi-
ty Medical College). Continuous variables were

presented as means and SDs or medians and in-
terquartile ranges (IQRs), while categorical vari-
ables were shown as numbers and percentages.
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The normality of distribution of continuous vari-
ables was assessed by the Shapiro-Wilk test.

The study population was divided into 3 groups
according to the predefined waves of the pandem-
ic. Differences between those groups were com-
pared using 1-way analysis of variance for the nor-
mally distributed and the Kruskal-Wallis test for
the nonnormally distributed continuous variables.
Categorical variables were compared by the x? test
using the FREQ procedure. All post hoc analy-
ses were performed using the Bonferroni adjust-
ments. Multivariable logistic regression analysis
was performed to assess the relation between in-
-hospital mortality and patients’ age and sex, con-
comitant disorders (cardiovascular disease [CVD],
chronic kidney disease [CKD]), inflammatory re-
sponse (defined by the hsCRP level), and hospital-
ization during individual pandemic waves (1-3).
Two-sided P values lower than 0.05 were consid-
ered significant.

RESULTS Demographic data and patients’ char-
acteristics During the whole analyzed period,
5191 patients with COVID-19 were hospitalized
in the UH in Krakéw. The number of patients
hospitalized monthly ranged from 95 in March
2020 to 761 in March 2021 and 760 in April 2021
(FIGURE 1). The highest number of admissions was
observed during the second wave of the pandem-
ic (n = 2545), and it was substantially greater
than during the first (n = 875) and the third wave
(n=1771).

The majority of patients hospitalized for
COVID-19 were over 60 years old (mean [SD] age,
61.9 [16.7] years; range, 17-101 years). The group
of patients aged 60 to 79 years constituted 46.9%
(n = 2432) of the entire cohort, those aged 80 to 99
years, 14.5% (n = 755), and there were also 3 cen-
tenarians. Among the remaining 38.6% (n = 2004)

of the study patients, all were younger than 60
years, 11.9% (n = 616) were younger than 40 years,
while only 0.2% (n = 13) were less than 20 years
old (Supplementary material, Figure SI). Overall,
the admitted patients were mostly male (54.8%;
n = 2843). Differences in demographic data be-
tween the analyzed periods were identified for
both age (mean [SD], 60.2 [17.3] years vs 62.4
[16.8] years vs 61.9 [16.1] years for waves 1, 2, and
3, respectively; P = 0.003) and sex distribution
(women, 51.4% vs 44.2% vs 43.6%, respectively;
P =0.003). Patients’ clinical characteristics on ad-
mission to the UH during the analyzed pandem-
ic waves are presented in TABLE 2. In comparison
with the first wave, the average SpO, was signif-
icantly lower during the second and third wave.
Similarly, levels of biochemical markers of im-
mune system activation (hsCRP, D-dimers, IL-6)
were higher during waves 2 and 3 than during
wave 1. During the third wave, the median (IQR)
hsCRP level was significantly higher than during
the second wave (62.1 [28.2-109.0] mg/1vs 53.0
[15.3-111.0] mg/D). Interestingly, D-dimer and IL-
-6 levels during the third wave were lower than
during wave 2. The analysis of selected comorbid-
ities showed that the patients hospitalized dur-
ing waves 2 and 3 more frequently had concom-
itant CVDs and CKD (1aBLE 2). There were no dif-
ferences in the prevalence of diabetes mellitus,
asthma, and chronic obstructive pulmonary dis-
ease between the analyzed waves.

Clinical outcomes We identified a significant dif-
ference in the length of hospital stay between
the analyzed waves of the pandemic. Specifical-
ly, the median (IQR) length of hospitalization
during wave 1 reached 18 (12-30) days, and was
greater than during wave 2 (14 [10-22] days) and
wave 3 (11 [8-16] days).

POLISH ARCHIVES OF INTERNAL MEDICINE  2022; 132 (10)



TABLE 2 Baseline characteristics of patients and hospital outcomes during individual COVID-19 pandemic waves

Characteristics Wave 1 Wave 2 Wave 3 P value
Patients, n 875 2545 1M -

Age, y 60.2 (17.3) 62.4 (16.8) 61.9(16.1) 0.003
Female sex, % 51.4 44.2¢ 43.62 0.003
Parameters on admission

SBP¢, mm Hg 134.6 (20.6) 129.8 (23.3)2 129.7 (21.5) 0.002
DBP¢, mm Hg 82.4 (15.0) 78.5 (14.5)° 78.1 (13.4) <0.001
Heart rate¢, bpm 83.8(14.2) 85.9 (17.3) 86.4 (16.2) 0.002
Respiratory ratec, n/min 14 (12-15) 16 (12-18)2 16 (12-18)2 <0.001
Oxygen saturation®, % 96 (94-97) 95 (92-97)e 94 (91-97)° <0.001
hsCRP¢, mg/l 18.8 (3.62-61.4) 53.0 (15.3-111.0)¢ 62.1(28.2-109.0)* <0.001
D-dimere, pg/ml 0.65 (0.38-1.29) 1.09 (0.57-2.47)= 0.94 (0.57-1.87)=> <0.001
IL-6°, pg/ml 18.8 (1.5-59.4) 35.7 (15.3-87.3) 33.3(13.2-68.8)» <0.001
Clinical course

In-hospital death, % 10.4 19.82 20.32 <0.001
Noninvasive oxygen 15.4 41.5 25.3b <0.001
therapy, %

Mechanical ventilation, % 8.6 11.6° 15.4ab <0.001
Admission to the ICU, % 1.4 12.5 12.2 0.7
Length of ICU stay, d 10 (4-21) 14 (8-27) 9 (5-16)° <0.001
ICU death, % 44 66.9 75.9 <0.001
Length of hospital stay, d 18 (12-30) 14 (10-22)2 11 (8-16)2b <0.001
Concomitant diseases

Cardiovascular diseases?, %  57.3 65.32 64.12 <0.001
Chronic kidney disease®, % 3.2 12.52 7.68b <0.001
Diabetes mellitus, % 24.7 26.1 26.7 0.45
Asthma, % 6.5 5.9 6.1 0.82
COPD, % 5.0 5.6 5.1 0.7

Data are presented as mean (SD) or median (interquartile

range) unless indicated otherwise.

P values for differences between individual pandemic waves

a Post hoc P <0.05 for difference vs wave 1
b Post hoc P <0.05 for difference vs wave 2

c
saturation: 4128 patients, hsCRP: 5020 patients, D-dimer:

d Cardiovascular diseases group includes COVID-19 pati

Data available for: SBP/DBP for 4361 patients, heart rate: 4431 patients, respiratory rate: 3623 patients, oxygen

4572 patients, IL-6: 2991 patients

ients with one or more of the following conditions: arterial

hypertension, coronary artery disease, heart failure, stroke, or atrial fibrillation

e Chronic kidney disease was diagnosed according to the classification recommended by the Kidney Disease Quality

Outcome Initiative (K/DOQI) 201237

Abbreviations: COPD, chronic obstructive pulmonary disease; DBP, diastolic blood pressure; hsCRP, high-sensitivity

C-reactive protein; ICU, intensive care unit; IL-6, interleuki

Mortality for the entire cohort of COVID-19
patients treated in the UH in Krakéw was 18%
(n = 953); however, it reached 22% in the group
of patients aged 60 to 79 years (n = 537) and 39%
among those aged 80 to 99 years (n = 294). Ad-
ditionally, the death rate reached 60% (n = 61)
in the group of patients aged 90 to 99 years. In-
terestingly, none of the 3 hospitalized centenar-
ians died. In the group of patients younger than
60 years, the proportion of in-hospital death was
7.8% in individuals aged 40 to 59 years (n = 109).
Mortality observed in the age group of 20 to 39
years was only 1.6% (n = 10), while in the group

ORIGINAL ARTICLE Outcomes of COVID-19: a reference

n 6; SBP, systolic blood pressure

aged less than 20 years all the patients survived.
During the whole analyzed period mortality was
higher among men than women (20.3%; n = 576
vs 16.1%; n = 377; P = 0.001). The in-hospital
death rate was 10.4% (n = 91), 19.8% (n = 503),
and 20.3% (n = 359) for waves 1, 2, and 3, respec-
tively (P <0.001).

Noninvasive oxygen therapy was necessary in
31.6% (n = 1641) patients overall; 15.4% (n = 135)
during wave 1, 41.5% (n = 1057) during wave 2,
and 25.3% (n = 449) during wave 3 (P <0.001).
Among all patients with COVID-19 admitted to
the UH, 12.2% (n = 634) required ICU treatment,
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mostly due to the progression of respiratory
failure. This proportion was higher among men
(64.5%; n = 409) than among women (35.5%;
n = 225) (P <0.001). Overall, the ICU mortality
rate during the whole analyzed period was very
high and reached 66% (n = 421). Again, this pro-
portion was higher among men than among wom-
en admitted to the ICU (69.9%; n = 286 vs 60.0%;
n =135; P <0.001). The proportion of COVID-19
patients hospitalized in the ICU was similar for
all pandemic waves. Specifically, the percentage
of patients admitted to the ICU during waves 1,
2, and 3 was 11.4% (n = 100), 12.4% (n = 318),
and 12.2% (n = 216), respectively. The mortality
rate of patients requiring ICU admission differed
between the analyzed waves and reached 44%
(n = 44), 66.9% (n = 213), and 75.9% (n = 164)
during waves 1, 2, and 3, respectively (P <0.001).

The length of ICU stay differed between
the waves and reached a median (IQR) of 10
(4-21) days, 14 (8-27) days, and 9 (5-16) days
for waves 1, 2, and 3, respectively (P <0.001). In-
terestingly, the ICU stay was shorter during wave
3 than wave 2. Overall and ICU mortality rates to-
gether with the rate of hospitalization in the ICU
are shown in FIGURE 2.

Risk factors for in-hospital death The indepen-
dent predictors of in-hospital mortality are pre-
sented in FIGURE 3. In this multivariable logistic re-
gression analysis, the risk factors for in-hospital
death were advanced age, male sex, presence of
CVD or CKD, higher hsCRP level, and hospital-
ization during wave 2 or 3 vs wave 1. Specifically,
the risk for in-hospital death in patients aged 64
years or older (median age for the entire group)

POLISH ARCHIVES OF INTERNAL MEDICINE  2022; 132 (10)

was 4-fold greater (odds ratio [OR], 4.31; 95% CI,
3.5-5.3) than in younger individuals. Male sex
was also a predictor of in-hospital mortality (OR,
1.21;95% CI,1.03-1.4). Presence of chronic CVDs
(OR, 1.25; 95% CI,1.02-1.5) and CKDs (OR, 2.64;
95% CI, 2.1-3.3) increased the risk of death in
patients with SARS-CoV-2 infection. Also, every
increase in hsCRP by 10 units, reflecting the ac-
tivation of the immune system during the dis-
ease course, positively correlated with the risk of
death (OR, 1.09; 95% CI, 1.08-1.1). The odds of
in-hospital death for waves 2 (OR, 1.44; 95% CI,
1.1-1.9) and 3 (OR, 1.63; 95% CI, 1.2-2.1) were
higher than for wave 1.

DISCUSSION In the current report, we provide
results of a large retrospective analysis of data
from COVID-19 patients who required hospital-
ization and were admitted to the UH in Krakéw
during waves 1 through 3 of the COVID-19 pan-
demic in Poland. We found substantial differences
in patients’ clinical characteristics and outcomes
between the 3 pandemic waves. Below, we dis-
cuss the scientific importance of these data and
the potential causes of the identified differences.

This is one of the largest single-center reports
presenting data on hospital care of patients with
COVID-19 in Europe.'”?? A retrospective anal-
ysis of hospital records of 5199 patients with
COVID-19 was conducted in Poland before that
study; however, the data were collected from 30
centers across the country and the final database
for the study was very heterogeneous.?'

First of all, similarly to earlier reports and ac-
cording to the real-world data gathered in our
study, this report illustrates a huge burden of
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the pandemic on the health care system, based
on the example of the largest university hospital
for adults in Matopolska province. During the first
pandemic wave, university hospitals on the entire
European continent played an important role in
the struggle with COVID-19. Not only did they
provide scientific knowledge and data but they
also cooperated with other centers in an advisory
capacity and developed recommendations for deal-
ing with the new epidemiological situation.'”"é-20

In Poland, early introduction of strong precau-
tions in the initial phase of the pandemic signifi-
cantly slowed down its beginning and minimized
the scale of the first COVID-19 wave in 2020.
However, due to the fact that all patients with
SARS-CoV-2 infection were supervised by the ep-
idemiological services and their hospitalization
was mandatory, the number of hospital admis-
sions was disproportionately high.'*?' Owing to
the lack of the medical staff and governmental
experience combined with leaning on the WHO
and European Center for Disease Prevention and
Control regulations, many patients hospitalized
during the first pandemic wave were admitted in
a good general condition, a fact that is reflected
in our data. These patients, in comparison with
those hospitalized during the consecutive waves,
were younger, mostly female, with a higher SpO,
and lower levels of inflammatory markers on ad-
mission. In spite of this, the duration of hospi-
talization was longer, mainly because of the cri-
teria for releasing COVID-19 patients from iso-
lation, which required not only clinical recovery
but also confirmation of convalescence in 2 neg-
ative RT-PCR tests of sequential samples taken
at least 24 hours apart. However, as predicted by
mathematical models, mitigating the preventive

measures resulted in an increase in the number
of new COVID-19 cases, with a peak in Septem-
ber 2020.%2 Data from other countries also proved
that introduction of less strict anti-epidemic strat-
egies was closely related to the number of new
COVID-19 cases requiring hospitalization.'?!!23

The second and third waves were characterized
by a much higher overall number of COVID-19 pa-
tients and, subsequently, a larger absolute number
of cases with severe disease.?” This fact is also con-
sistent with our data. What is more, during waves
2 and 3 many affected people feared quarantine
and tried to avoid medical assistance; consequent-
ly, many of them reported to the hospital at an
advanced stage of the disease (second or third ac-
cording to the National Institutes of Health).?%:26
During the second and third wave, the number of
patients with COVID-19 admitted to the UH re-
mained stable and high. It should be noted that
since September 2020, by a decision of the lo-
cal government, other hospitals in Matopolska
province also became involved in the treatment
of patients with COVID-19. In contrast to the be-
ginning of the first wave, the COVID-19 patients
admitted to the UH in Krakéw since early fall of
2020 were preselected (included more severe cas-
es or ones requiring specialized care).

In that period of time, the majority of
COVID-19 patients admitted to the UH were old-
er than 60 years, while people younger than 40
years rarely needed hospitalization—these data
correspond with earlier reports.?’?¢ Similarly to
previous studies, the mortality rate in our re-
port was closely related to age, reaching 60% in
the group of the oldest patients. This phenom-
enon could probably be explained not only by
the presence of many comorbidities in that group
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of patients, but also by mechanisms of aging con-
tributing to the pathogenesis of severe COVID-19,
including differences in the immune system, gly-
cation, the epigenome, inflammasome activity,
and biological age.?® Our current results, as well
as already published data from the UH database,
support the existing evidence that male sex and
comorbidities, in addition to advanced age, are
major predictors of in-hospital mortality in pa-
tients with COVID-19.""18.28-31 Tt was hypothe-
sized that worse prognosis among men affected
by COVID-19 in comparison with women might
be due to the presence of more comorbidities
among the former sex group.?® Other researchers
proposed a theory that the differences between
men and women in both innate and adaptive im-
mune responses, partly related to sex-specific in-
flammatory responses resulting from X-chromo-
somal inheritance, could play an important role in
the course of COVID-19.%" Also, a low level of tes-
tosterone was linked to aging, obesity and some
chronic diseases—all leading to systemic inflam-
mation and endothelial dysfunction.®?

The risk of death was very high among the pa-
tients with SARS-CoV-2 infection who required
mechanical ventilation due to respiratory failure
caused by COVID-19-related pneumonia. In our
study, mortality rate among the patients requir-
ing ICU admission exceeded 60% and was high-
er among men. A previous meta-analysis revealed
that ICU mortality from COVID-19 was higher
than the mortality usually seen in patients treat-
ed in the ICU for other viral pneumonias.** Such
a high mortality rate in a modern, well-equipped
ICU in the UH in Krakéw might reflect, in addition
to the virulence of SARS-CoV-2, shortcomings in
terms of supervision of home isolation of patients
with COVID-19 in Poland. We observed that a sub-
stantial number of patients reported to the hos-
pital later than 10 days after the onset of symp-
toms, at a very advanced stage of the disease, with
fully developed respiratory failure. However, it
should be stressed that COVID-19 can cause si-
lent hypoxemia, without corresponding features
of respiratory failure.**

While the differences in mortality rates be-
tween the analyzed COVID-19 waves seem to
be mainly related to the clinical characteristics
of the admitted patients, they might also reflect
a biology of different SARS-CoV-2 variants caus-
ing the infection. In a report on 8 super variants
of SARS-CoV-2, some of them were linked to
cilia dysfunctions, CVDs, thromboembolic dis-
eases, and excessive stimulation of the innate
immune system resulting in increased mortali-
ty.?® Despite similar patients’ characteristics for
waves 2 and 3, the length of hospital and ICU
stay was shorter during wave 3, which might be
a result of more effective treatment strategies
and growing clinical experience in consecutive
COVID-19 waves.

This study has shortcomings typical of a ret-
rospective observational analysis. Firstly, due to
the nature of this study, no causal relationships
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could be proven. The results comprise obser-
vational data that were influenced not only by
biological factors, such as mutations of SARS-
-CoV-2 or current clinical guidelines and available
treatment, but also by the governmental strate-
gies concerning social isolation, organization of
COVID-19 medical care, recommendations on
the duration of isolation, and other health care
policy factors, and should be interpreted with
full awareness of these aspects. We also did not
take into consideration the changes in therapeu-
tic strategies for COVID-19 and the use of specif-
ic treatments in the consecutive waves. This re-
port is also lacking information on SARS-CoV-2
variants during individual waves of the pandem-
ic. Additionally, mortality during the third wave
could be slightly underestimated, as some patients
hospitalized in the ICU at the end of May 2021
might have died after the analyzed period. How-
ever, we reported data from a large, comprehen-
sive, homogenous database from a leading uni-
versity medical center in Poland.

In summary, based on the data from a large
UH in Poland, we identified substantial differ-
ences in patients’ clinical characteristics and out-
comes between the first 3 COVID-19 waves. They
likely reflect a changing hospitalization policy
as well as governmental and expert recommen-
dations in Poland. However, some differences
might result from more effective treatment and
accumulation of clinical experience of the med-
ical staff in consecutive waves. We believe that
the results reported here may be useful for de-
veloping strategies to fight similar health cri-
ses in the future. Such strategies should cer-
tainly include a multispecialty approach that
is currently investigated as part of the project
named CRACoV-HHS (Model of multi-specialist
hospital and non-hospital care for patients with
SARS-CoV-2 infection), coordinated by the UH
in Krakéw.?® Our results should also be useful
with respect to a more accurate risk assessment
for in-hospital mortality and guiding of thera-
peutic strategies.
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