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ABSTRACT:

Introduction: Factors influencing mortality in patients with COVID-
19 treated in a community hospital in a rural region in south-
eastern Poland during the first and the second wave of the
pandemic were analyzed.

Methods: A retrospective observational study based on a hospital-
based registry of Holy Spirit Specialist Hospital in Sandomierz was
conducted. The study population consisted of patients treated
between 1 March 2020 and 31 May 2021.

Results: We analyzed data of 24 057 Caucasian patients including
798 patients with COVID-19. During both waves of the COVID-19
pandemic 22.4% of patients hospitalized in the community
hospital in Sandomierz died due to COVID-19. The multivariate
Keywords:

logistic regression model showed that older age (p<0.001), fever
(p<0.001), diagnosis of sepsis (p<0.001) and high levels of C-
reactive protein (p=0.041) were factors related to mortality. In the
group of patients in whom oxygen therapy (p<0.001) and invasive
mechanical ventilation (p<0.001) were used more frequently,
mortality was higher, whereas treatment with convalescent plasma
increased the chance of survival (p<0.001).

Conclusion: Fever and high laboratory values of inflammation, in
particular coexisting sepsis, worsened the prognosis in patients
with COVID-19. Most traditional methods of treating the infection
did not affect the course of the disease.

community hospital, COVID-19, factor increasing mortality, pandemic, Poland.

FULL ARTICLE:

Introduction

The global pandemic of coronavirus disease 2019 (COVID-19) until
May 2020 affected more than 60 million people with more than six
million deaths'. The pandemic led to healthcare service-related
behavioral changes and disrupted the function of healthcare
systems in many countries. As a consequence, there was a
reduction in specialist health services2. The pandemic also had
significant implications for patients with various other diseases3.

Most individuals with COVID-19 are asymptomatic or have mild
symptoms; however, for some the disease is fatal. The pandemic
was characterized by high morbidity and mortality, but it varied in
severity in each country or region*3. Elderly people, men, and
those with comorbidities such as diabetes, obesity, hypertension
and with most cardiovascular risk factors, suffer from COVID-

19 most severely5-8,

As in other countries, hospital wards and entire hospitals in Poland
were designated for the treatment of patients infected with the
SARS-CoV-2 virus, and later, due to a rapidly growing number of
patients, special COVID hospitals were established. Over time, this
system became inefficient and each region had to independently
organize care for infected patients and patients with other
diseases. Taking all this into account, published treatment results
and mortality among COVID-19 patients should be approached
with caution, as time from symptoms to diagnosis, treatment
conditions and availability of drugs are not comparable?-12.

In the present article, we investigate risk factors for COVID-19
deaths among patients treated in a community hospital located in
a rural region in south-eastern Poland.

Methods
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A retrospective observational study based on a hospital registry of
Holy Spirit Specialist Hospital in Sandomierz was conducted. The
hospital in Sandomierz is a community hospital located in a rural
region. We defined our region as a micro area with an urban core
of 25 000 inhabitants according to the Office of Management and
Budget'®. Sandomierz is a small town located in south-eastern
Poland near the border between the European Union and Ukraine.
The hospital consists of 20 departments including 14 departments
providing a 24-hour service seven days a week and equipped with
proper monitoring and diagnostic facilities. Six of them are surgical
departments and in two of these endovascular procedures are
performed. The hospital in Sandomierz was not specifically
dedicated to the treatment of patients with COVID-19 during the
pandemic; patients with all diseases, including COVID-19, were
admitted. The number of patients in all regions was so large that
the infectious diseases hospitals, and hospitals specially
constructed to treat COVID-19 patients, were unable to admit all
those in need. Therefore, patients with COVID-19 had to be treated
in our community hospital.

The emergency department (ED) physician examined each patient
at the time of admission, and decided on consultations required by
other specialists. During medical examinations, patients were
interviewed about comorbidities and medications, and basic vital
functions were assessed. The ED physician, alone or together with
a specialist physician, decided which ward to refer the patient.

Laboratory exams evaluated inflammatory processes, coagulation
status and ECG in all patients. Where needed, X-ray, CT, MRI and
ultrasonography were performed. These laboratory and
radiological examinations were repeated during hospitalization, if
necessary. All results were available for all evaluated patients.



At the beginning of the first wave of pandemic we did not have
any tests to detect infection. Only later in the pandemic did the
hospital have antigen tests and antibody level tests. During the
time of limited availability of diagnostic tests, only selected
patients suspected of being infected with the virus SARS-CoV-2
had the test performed upon admission to the hospital, or at the
time of suspicion of infection during hospitalization. After
diagnostic tests became widely available, all patients admitted to
the hospital have been tested. All patients included in this
retrospective study were tested for COVID-19 using RT-PCR.

In our study, we did not take into account the impact of
vaccinations on mortality, because in our region vaccinations
started late and at the beginning of the vaccination campaign they
were not considered acceptable by the public. Therefore, the
number of vaccinated people was marginal.

Definition of patients with SARS-CoV-2

At the beginning of the pandemic, patients were enrolled in the
study based on clinical symptoms. As the pandemic progressed,
only patients with a positive test on admission or during
hospitalization were included in the study group.

Definition of sepsis

Sepsis was defined as life-threatening organ dysfunction caused
by a dysregulated host response to infection, identified as an acute
change (22 points) in total Sequential Organ Failure Assessment
score in response to the infection. Patients with a diagnosis of
sepsis met the criteria of systemic inflammatory response

syndrome™4.

Methods of treatment

Patients infected with SARS-CoV-2 were treated according to the
standard of infection management, with antipyretics, steroids,
painkillers and antibiotics. The first antibiotic was used empirically,
and subsequent ones were used according to the results of
bacteriological tests. Oxygen therapy and/or invasive mechanical
ventilation in patients with respiratory failure were used. In more
than 12% of patients convalescent plasma and (in some patients)
the antiviral drug remdesivir were administered.

Study population

The study population consisted of 24 057 Caucasian patients
including 798 patients with COVID-19 (51% males, mean age
67.6+16.5 years) consecutively hospitalized between 1 March 2020
and 31 May 2021 in our hospital, of whom 179 died (22.4% of
patients with a diagnosis of COVID-19). The study included
pediatric patients.

Statistical analysis

This study was based on a retrospective database analysis. Data
gathering and characteristics were performed using Microsoft
Excel, statistical analysis was performed with STATISTICA v9.1
(Statistica; https://statistica.software.informer.com/9.1
[https://statistica.software.informer.com/9.1] and StatSoft Polska;
https://www.statsoft.pl/statistica-91
[https://www.statsoft.pl/statistica-91]) and R v.4.1.3 (R Project;
https://cran.r-project.org/bin/windows/base/old/4.1.3
[https://cran.r-project.org/bin/windows/base/old/4.1.3])
implemented in RStudio 2023 v06.1 (Posit Software;
https://dailies.rstudio.com/version/2023.06.1+524
[https://dailies.rstudio.com/version/2023.06.1+524]). All
continuous variables were tested for a normal distribution and
equality of variances. Because of the non-normality of the
variables, non-parametric Wilcoxon-Mann-Whitney U-tests were
used to perform the univariate analysis of the continuous variables.
Categorical data was compared using Pearson'’s ¢ tests; p-values
less than 0.05 were considered statistically significant. The
multivariate analysis was performed using multiple logistic
regression models in R for those factors identified in the univariate
analysis with p-values less than 0.01. Each model was created by
carrying out preliminary tests for correlations among predictor
variables, for multicollinearity problem exclusion.

Ethics approval

The Ethics Committee of Jan Kochanowski University in Kielce
approved all analytical data (number 9/2023).

Results

During the first and the second waves of the COVID-19 pandemic
22.4% of patients hospitalized in the community hospital in
Sandomierz died. In univariate analysis a group of patients who
died was characterized by older age; greater likelihood of being
female; infection of virus SARS-CoV-2 confirmed only during
hospitalization; previous myocardial infarction; previous or
ongoing neoplastic disease; concomitant chronic kidney disease
and other chronic disease; diagnosis of fever, pneumonia, sepsis or
pulmonary embolism during hospitalization; and diagnosis of low
levels of hemoglobin, high white blood cells, creatinine, D-dimer,
activated partial thromboplastin time, C-reactive protein or
procalcitonin on admission (Table 1).

Patients who died were more frequently treated with oxygen
therapy, invasive mechanical ventilation, steroids and three or
more antibiotics, and less frequently were treated with only one
antibiotic and convalescent plasma (Table 2).

The multivariate logistic regression model showed that older age,
diagnosis of fever and sepsis, and high levels of C-reactive protein,
were factors related to mortality (Table 3). The group of patients in
whom oxygen therapy and invasive mechanical ventilation were
used more frequently, had higher mortality rates, whereas
treatment with convalescent plasma increased the chance of
survival (Table 4).

Table 1: Clinical characteristics by COVID patient subgroup (survived/died), Holy Spirit Specialist Hospital in Sandomierz,

Poland, 1 March 2020 to 31 May 2021

Variable All Survived Died p-value
Total, n (%) 798 (100) 619 (77.6) 179 (22.4)
Demographic data

|Age (years), mean+SD 67.6+16.5 65.3+17.0 75.7+11.9 |<0.001***

3/9



Male gender, n (%) 407 (51.0) | 312 (767) | 95(23.3) |<0.001%**

Timing of diagnosis, n (%)

COVID-19 confirmed before hospitalization 160 (20.1) 131 (21.2) 29 (16.2) 0.176
COVID-19 confirmed on admission 365 (45.7) 288 (46.5) 77 (43.0) 0.456
COVID-19 confirmed during hospitalization 281 (35.2) 205 (33.1) 76 (42.5) 0.027*
Number of days of hospitalization, median (IQR) 11011 11(11) 13 (16) 0.386

Concomitant disease, n (%)

Arterial hypertension 453 (56.8) 353 (57.0) 100 (56.0) 0.849
Stroke 35 (4.4) 22 (3.6) 13 (7.3) 0.054
Myocardial infarction 56 (7.0) 37 (6.0) 19 (11.0) 0.049*
Neoplastic disease 51 (6.4) 26 (4.2) 25(14.0) [<0.007***
Obstructive pulmonary disease 47 (5.9) 32 (5.2) 15 (8.4) 0.154
Diabetes mellitus treated with insulin 170 (21.3) 129 (21.0) 41 (23.0) 0.624
Diabetes mellitus treated without insulin 16 (2.0) 14 (2.2) 2 (1.1) 0.560
Chronic kidney disease 120 (15.0) 64 (10.3) 56 (31.2) |<0.0071***
Other chronic disease 326 (41.0) 231 (37.3) 95 (53.1) |<0.001***

In-hospital complications of treatment, n (%)

Fever 318 (39.9) 209 (33.8) 109 (60.9) [<0.0071***
Pneumonia 556 (69.7) 409 (66.1) 147 (82.1) |<0.001***
Sepsis 155 (19.4) 89 (14.4) 66 (36.9) |<0.001***
Pulmonary embolism 18 (2.3) 10 (1.6) 8 (4.5) 0.048*

Laboratory findings on admission,

median (IQR)
Hemoglobin (g/dL) 13.2(2.8) 13.3 (2.55) 12.5 (3.075) [<0.0071***
White blood cells (x10%/L) 8 (5.5) 7.4 (4.75) 9.9 (6.55) |<0.001***
Platelets (x10%/L) 210 (112) 207 (109) 223 (123.5) 0.498
Glucose (mmol/L) 6.8 (2.9) 6.75 (2.625) | 7.15(2.825) | 0.127
Creatinine (umol/L) 87.25 (47.55) | 83.0(34.7) | 114.2 (111.5) [<0.0071***
Fibrinogen (mg/dL) 415 (241) 415 (229.5) | 432 (231) 0.671
D-dimer (ng/mL) 1084 (1529) |927 (1180.25)|1663 (3528.5) [ <0.001***
Activated partial thromboplastin time (s) 31.7 (8.8) 31.5(8.3) 32.1(11.5) 0.025*
C-reactive protein (mg/L) 49.6 (105.025)| 43.4 (98) 86 (132.6) |<0.001***
Procalcitonin (ng/mL) 0.1 (0.26) 0.07 (0.15) | 0.27 (0.73) [<0.007***

*p<0.05, **p<0.01, ***p<0.001
IQR, interquartile range. SD, standard deviation.

Table 2: Impact of method of treatment by COVID patient subgroup (survived/died) on survival, Holy Spirit Specialist
Hospital in Sandomierz, Poland, 1 March 2020 to 31 May 2021

Method of treatment, n (%) All Survived Died p-value
Oxygen therapy 509 (63.8)|355 (57.4)| 154 (86.0) | <0.001***
Invasive mechanical ventilation 63 (8.1) | 10(1.6) | 55(30.7) |<0.001***
Therapy with one antibiotic 321 (50.2) [252 (53.4)| 69 (41.3) | 0.010*
Therapy with two antibiotics 235 (36.8)|179 (37.9)| 56 (33.5) 0.359

Therapy with three or more antibiotics| 83 (13.0) | 41 (8.7) | 42 (25.2) |<0.001***

Steroids 521 (65.2)|389 (62.8)| 132 (73.7)| 0.009**
Remdesivir 7 (0.9) 5(0.8) 2(1.1) 0.999
Convalescent plasma therapy 137 (17.1)|121 (19.5)| 16 (8.9) | 0.001**

*p<0.05, **p<0.01, **p<0.001

Table 3: Multivariate logistic regression model showing factors associated with mortality in COVID patients, Holy Spirit
Specialist Hospital in Sandomierz, Poland, 1 March 2020 to 31 May 2021
Variable Mortality

OR 95%Cl p-value

Age 1.0511.026 |1.075 0.0

Male gender 137 (0.799]| 233 | 0.254

COVID-19 confirmed during hospitalization| 1.55 [ 0.84 | 2.85 | 0.160

Coronary heart disease 1.17 | 0.65 |2.104| 0.600
Neoplastic disease 2321085 (634 0.099
Chronic kidney disease 12 |053]272| 0.660
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Other chronic disease 0.61]033|112( 0.110
Fever 3.18 | 1.83 | 5.53 [ <0.001***
Pneumonia 096|042 (220 0.920
Sepsis 2.93 | 1.72 | 499 [ <0.007***
Pulmonary embolism 182 (042 |785| 0423
Hemoglobin (g/dL) 0.99 (087 | 1.12 0.836
White blood cells (x10%/L) 1.00 | 0.99 |1.003| 0.866
Creatinine (umol/L) 1.002(0.999(1.005| 0.138
D-dimer (ng/mL) 1.00 [ 0.99 | 1.00 0.520
Activated partial thromboplastin time (s) 1.014{ 0.99 |1.031| 0.107
C-reactive protein (mg/L) 1.003| 1.00 [1.005| 0.041*
Procalcitonin (ng/L) 1.006( 0.98 (1.032| 0.633

*p<0.05, **p<0.01, ***p<0.001
Cl, confidence interval. OR, odds ratio

Table 4: Multivariate logistic regression model showing method of treatment associated with survival in COVID patients, Holy
Spirit Specialist Hospital in Sandomierz, Poland, 1 March 2020 to 31 May 2021

Variable Survived
OR 95%Cl p-value

Oxygen therapy 0.27 | 0.16 | 0.46 | <0.001***
Invasive mechanical ventilation 0.05410.025| 0.12 [ <0.007***
Therapy with one antibiotic 0.74 {049 | 1.12 | 0.150
Therapy with three or more antibiotics| 0.55 | 0.28 | 1.05 | 0.069
Steroids 1.25 | 0.77 [2.001| 0.367
Convalescent plasma therapy 3.34 | 1.73 | 6.47 | <0.0071***

*p<0.05, **p<0.01, ***p<0.001
Cl, confidence interval. OR, odds ratio

Discussion

The systematic analysis by the COVID-19 Excess Mortality
Collaborators suggested that the highest COVID-19 excess
mortality rates were observed in Andean Latin America, Eastern
Europe and Central Europe. The authors also suggested that the
complete impact of the pandemic was much greater than what has
been suggested in official statistics'. The region in which we
conducted the observational study is located in south-eastern
Poland, a region classified according to the above analysis as a
region with high mortality. According to data provided by Statistics
Poland, in 2020 COVID-19 caused 41 442 deaths, representing
about 8% of all deaths in Poland and nearly 60% of the increase in
mortality'®17. According to data from the register of the National
Institute of Public Health in Poland, covering 8840 COVID-19 cases
of hospitalization in Polish hospitals reported between February
and September 2020, 11.7% of patients died'®. For patients
admitted to two hospitals in northern Poland and diagnosed with
COVID-19 between October 2020 and May 2021 the in-hospital
mortality rate was 26% across all patients®.

The results of the present study show that during the first two
waves of COVID-19 pandemic 22.4% patients hospitalized in
Sandomierz died due to COVID-19. Reports of in-hospital mortality
from different countries and medical centers during the pandemic
varied. The first information about in-hospital mortality of patients
infected with SARS-CoV-2 came from China'’s Jinyintan Hospital
and Wuhan Pulmonary Hospital, where 28.2% of patients died3. A
single-center retrospective analysis of 28-day outcomes of
consecutive adult inpatients with PCR-confirmed COVID-19 from
31 January to 16 April 2020 at the Newcastle upon Tyne Hospitals
NHS Foundation Trust showed a mortality rate of

26.2%2%. Mortality among COVID-19 patients hospitalized in a
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single transregional hospital in Cameroon between 18 March and
13 June 2020 was 22.2%2'. Among those admitted to an urban
teaching hospital during the first weeks of the COVID-19 pandemic
in Glasgow, 23% died?2. The death rate was 17% among 2491
adults hospitalized with PCR-diagnosed COVID-19 between

1 March and 2 May 2020 in 154 acute-care hospitals in 74 counties
in 13 states of the US23.

The authors of some studies have drawn attention to the different
percentages of deaths among COVID-19 patients for individual
months of the pandemic?4. In some countries and individual
centers, in-hospital mortality rates were very high, as exemplified
by Brazil where the total in-hospital mortality was 37%2° and in
hospitals in South Arabia where Alharthy et al reported a 28-day
mortality rate of 32.1%26. The influence of race and ethnicity on in-
hospital mortality in COVID-19 patients has also been noted.
African-American, Hispanic, Asian and Pacific Islander patients died
more often than Caucasian patients2327. In the meta-analysis by
Subramaniam et al, evaluating the data of 25 studies reporting on
34 628 patients, 26.2% patients died within 30 days of
hospitalization?®.

In most reports of in-hospital mortality in patients infected with
SARS-CoV-2, the patients who died were older, male and had
more serious comorbidities2®. In our study group, patients who
died were also older, had comorbidities such as neoplastic disease,
chronic kidney disease and myocardial infarction, but more often
they were female. We also showed that patients diagnosed with
SARS-CoV-2 infection during hospitalization died more often.
These patients were admitted to hospital due to other diseases,
and a preliminary analysis of their symptoms did not lead to
suspicion of COVID-19. However, after the introduction of testing
the number of available tests allowed for testing only patients with



suspected SARS-CoV-2 infection. This probably led to late
diagnosis and initiation of treatment. However, these results were
not confirmed in multivariate regression analysis.

The most common clinical symptoms observed in patients infected
with SARS-CoV-2 included fever and cough?239. In the presented
study, fever was the factor influencing mortality. Choron et al
found that fever and hyperthermia associated with fever were
predictors of in-hospital death in COVID-19 patients treated in
ICUs in New Jersey in the US31. Khatri et al estimated that 49.3% of
patients with fever in hospitals in western Nepal required ICU
admission and 19.9% died32. Konya et al indicated high fever on
admission as a risk factor for mortality33. There were also
published results of studies reporting no relationship between
fever and death34, and studies suggesting that fever reduced
mortality35. Ding et al pointed out the negative impact on
increasing temperature in critically ill patients with early fever as an
independent risk factor of mortality3S.

Bacterial coinfection and secondary bacterial infection increase
severity and risk of death in COVID-19 patients. We think that this
is due to an adaptive immune response to viral infection, which
disrupts the host's previous resistance to bacterial infection37. In
the critical stage of the disease, patients with COVID-19 present
multiple organ dysfunction syndrome, coagulopathy and septic
shock™38_n our data, sepsis was a factor related to mortality. This
adverse effect of severe bacterial coinfections had been confirmed
in many observational studies and meta-analyses32-42. Bauer et al
presented that the 30-day mortalities for sepsis among patients
were 26.50% in Germany, 23.85% in Europe (excluding Germany)
and 19.58% in North America3. Among 7029 deaths from COVID-
19 in Brazil in 2020, the most frequent cause was sepsis (33.4%)%4.
Another factor associated with in-hospital mortality in the
presented group of patients was the high level of C-reactive
protein (CRP) on admission to hospital.

CRP as an indicator of systemic inflammatory response is strongly
associated with critical illness and mortality in COVID-19. CRP
levels can be used to distinguish groups of patients with sepsis.
Such an important role of CRP in predicting the course of the
disease has been demonstrated in many studies#3-47. Milenkovic et
al, based on the results of tests of 318 patients with COVID-19,
determined the level of CRP at or above which in-hospital
mortality can be predicted to be 81 mg/L#8. A systematic review by
Izcovich et al, conducted on the basis of laboratory test data from
176 studies, indicated high CRP on admission to the hospital as
one of the most important laboratory variables predicting a severe
course of COVID-19 and mortality4®.

In the initial period of the pandemic, the management of patients
in each hospital was based on the principles of treating severe
infections. Later, when recommendations appeared systematically,
the availability of recommended drugs varied. Our findings on the
lack of effects of oxygen therapy and invasive mechanical
ventilation were mainly because these methods were used in more
seriously ill patients. We only point to the beneficial effect of
convalescent plasma observed in our group of patients. The results
of randomized controlled trials evaluating the use of convalescent
plasma in infected patients are inconsistent: this method of
treatment was reported as partly beneficial3%57, but the results of

most studies were negative32-56,
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Meta-analysis by Jorda et al showed that treatment with
convalescent plasma, compared to the control group, did not stop
progression of COVID-19 and did not reduce the risk of death,
regardless of disease severity and baseline antibody status>7.

The present study has significant limitations. First, it was a single-
center observational study. Although data collection was
conducted in a prospective study, the analysis was

retrospective. Second, the study mainly analyzed the routine
epidemiological and clinical data of COVID-19 patients. Third, the
analysis included all patients with viral infection by SARS-CoV-2:
those admitted as infected and those who became ill in the
hospital. Separate analyses depending on the severity of the
course of the disease, including patients treated in the ICU, were
not performed. The population of the study consisted only of
Caucasian patients. Fourth, the data on deaths covered only the
period of hospitalization. Fifth, vaccinations were not included in
the analysis for reasons described earlier.

It should be emphasized that it was very difficult to assess the
effectiveness of COVID-19 therapy in an observational study, as
the methods of treatment changed over time and it would have
been difficult to identify systematic groups of patients. In addition,
the availability of new treatments varied by country, region and
hospital categorization.

Based on our results, we suggest that in patients with COVID-19
treated in a community hospital in a rural region, older age, fever
and high laboratory values of inflammation, in particular coexisting
sepsis, worsened the prognosis. Most of the traditional methods of
treating the infection did not affect the course of the disease, and
only the use of convalescent plasma increased the chance of
survival. However, the last conclusion should be approached
critically, due to the reservations given in the limitations of the
study. It should be noted that the blood collected from
convalescent patients and the preparation of the plasma took
place in our hospital and the patients received the plasma without
unnecessary delay, which could have contributed to the favorable
treatment results.

During the first waves of the pandemic, we had no experience in
diagnosing and treating patients infected with the SARS-CoV-2
virus, and we did not know the risk factors for the development of
this serious clinical condition of patients, which meant that our
procedures were often insufficient or even incorrect. For these and
other reasons global adult mortality rates markedly increased
during the COVID-19 pandemic in 2020 and 2021 worldwide1558.
Patients with severe clinical manifestations of COVID-19 presented
and still constitute particular diagnostic and management
challenges to physicians, including identifying and responding to
concurrent coinfections. We currently know that severe and critical
COVID-19 are risk factors for bacterial coinfection, and critical
COVID-19 is also related to secondary infection37-42. Bacterial
infections are significant risk factors for mortality in patients with
COVID-19, especially leading to sepsis, and mortality from severe
disease is significantly higher in older patients and those requiring
mechanical ventilation3®. The results of studies assessing fever as a
risk factor for mortality in patients infected with SARS-CoV-2 are
inconclusive31-35. Despite the growing knowledge about SARS-
CoV-2 and experience in treating COVID-19, vaccines are of the



greatest importance in the fight against the pandemic, while
methods of treating patients in serious and critical conditions are
not always effective®?.

Due to recurrent waves of illness caused by the SARS-CoV-2 virus,
the decreasing population of vaccinated people and the
emergence of new variants of the virus that change the symptoms
of the disease, we are still dealing with patients in serious
conditions, with concomitant sepsis leading to death. Therefore,
when COVID is suspected, paying attention to the occurrence of
fever and an increase in laboratory markers of inflammation at the
earliest possible stage of the disease, especially in the elderly,

should be a signal to implement treatment as soon as possible to
prevent the development of concomitant infections, which may
lead to deterioration of a patient's condition.

Funding

This publication was prepared without any external sources of
funding.

Conflicts of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

REFERENCES:

1 Khan MMA, Khan MN, Mustagir MG, Rana J, Islam MS, Kabir MI.
Effects of underlying morbidities on the occurrence of deaths in
COVID-19 patients: A systematic review and meta-analysis. Journal
of Global Health 2020; 10(2): 020503. DOI link, PMid:33110586

2 Knell G, Robertson MC, Dooley EE, Burford K, Mendez KS. Health
behavior changes during COVID-19 pandemic and subsequent
"stay-at-home" orders. International Journal of Environmental
Research and Public Health 2020; 17(17): 6268. DOI link,
PMid:32872179

3 ZhouF, YuT, DuR, Fan G, Liu Y, Liu Z, et al. Clinical course and
risk factors for mortality of adult inpatients with COVID-19 in
Wuhan, China: a retrospective cohort study. Lancet 2020;
395(10229): 1054-1062. DOI link, PMid:32171076

4 World Health Organization. Coronavirus disease (COVID-19)
Weekly epidemiological updates and monthly operational updates.
Available: web link (Accessed 15 July 2023).

5Li G, FanY, Lai Y, Han T, Li Z, Zhou P, et al. Coronavirus infections
and immune responses. Journal of Medical Virology 2020; 92(4):
424-432. DOI link, PMid:31981224

6 Wilk-Sledziewska K, Sielatycki PJ, Uscinska N, Bujno E, Rosolowski
M, Kakareko K, et al. The impact of cardiovascular risk factors on
the course of COVID-19. Journal of Clinical Medicine 2022; 11(8):
2250. DOI link, PMid:35456343

7 Mauricio D, Vlacho B, Ortega E, Cos-Claramunt X, Mata-Cases M,
Real J, et al. Outcome of COVID-19 infection in people with
diabetes mellitus or obesity in the primary care setting in
Catalonia, Spain: A retrospective cohort study of the initial three
waves. Primary Care Diabetes 2023; 17(1): 12-18. DOI link,
PMid:36528549

8 Chenchula S, Vidyasagar K, Pathan S, Sharma S, Chavan MR,
Bhagavathula AS, et al. Global prevalence and effect of
comorbidities and smoking status on severity and mortality of
COVID-19 in association with age and gender: a systematic review,
meta-analysis and meta-regression. Scientific Reports 2023; 13(1):
6415. DOI link, PMid:37076543

9 Ochani R, Asad A, Yasmin F, Shaikh S, Khalid H, Batra S, et al.
COVID-19 pandemic: from origins to outcomes. A comprehensive
review of viral pathogenesis, clinical manifestations, diagnostic
evaluation, and management. Le Infezioni on Medicina 2021; 29(1):
20-36. PMid:33664170

10 Portela MC, de Aguiar Pereira CC, Lima SML, de Andrade CLT,
Martins M. Patterns of hospital utilization in the Unified Health

7/9

System in six Brazilian capitals: comparison between the year
before and the first six first months of the COVID-19 pandemic.
BMC Health Services Research 2021; 21(1): 976. DOI link,
PMid:34535135

11 Klein MG, Cheng CJ, Lii E, Mao K, Mesbahi H, Zhu T, et al.
COVID-19 models for hospital surge capacity planning: a
systematic review. Disaster Medicine and Public Health
Preparedness 2022; 16(1): 390-397. DOI link, PMid:32907668

12 Wong L, Yu F, Bhattacharyya S, Greer ML. Covid-19 positivity
differences among patients of a rural, Southern US state hospital
system based on population density, rural-urban classification, and
Area Deprivation Index. Studies in Health Technology and
Informatics 2022; 294: 701-702. DOI link

13 Office of Management and Budget. Revised delineations of
metropolitan statistical areas, micropolitan statistical areas, and
combined statistical areas, and guidance on uses of the delineations
of these areas. OMB Bulletin no 13-01. Washington, DC: Office of
Management and Budget, 2013.

14 Singer M, Deutschman CS, Seymour CW, Shankar-Hari M,
Annane D, Bauer M, et al. The Third International Consensus
Definitions for Sepsis and Septic Shock (Sepsis-3). JAMA 2016;
315(8): 801-810. DOI link, PMid:26903338

15 COVID-19 Excess Mortality Collaborators. Estimating excess
mortality due to the COVID-19 pandemic: a systematic analysis of
COVID-19-related mortality, 2020-21. Lancet 2022; 399(10334):
1513-1536. DOI link, PMid:35430019

16 Statistics Poland. Mortality and deaths by causes. 2020.
Available: web link (Accessed 15 July 2023).

17 Orlewska K, Stepien R, Orlewska E. Burden of cancer in Poland
analysed using potential years of life lost. Contemporary Oncology
(Pozn) 2020; 24(1): 13-16. DOI link, PMid:32514233

18 Kanecki K, Nitsch-Osuch A, Gorynski P, Wojtyniak B, Juszczyk G,
Magdalena B, et al. Hospitalizations for COVID-19 in Poland: a
study based on data from a national hospital register. Polish
Archives of Internal Medicine 2021; 131(6): 535-540. DOI link,
PMid:33876908

19 Gromadzinski L, Zechowicz M, Moczulska B, Kasprzak M,
Grzelakowska K, Nowak P, et al. Clinical characteristics and
predictors of in-hospital mortality of patients hospitalized with
COVID-19 infection. Journal of Clinical Medicine 2022; 12(1): 143.
DOI link, PMid:36614944



20 Baker KF, Hanrath AT, van der Loeff IS, Tee SA, Capstick R,
Marchitelli G, et al. COVID-19 management in a UK NHS
Foundation Trust with a high consequence infectious diseases
centre: a retrospective analysis. Medical Sciences (Basel) 2021; 9(1):
6. DOI link, PMid:33557238

21 Ebongue MSN, Lemogoum D, Endale-Mangamba LM, Barche B,
Eyoum C, Simo Yomi SH, et al. Factors predicting in-hospital all-
cause mortality in COVID 19 patients at the Laquintinie Hospital
Douala, Cameroon. Travel Medicine and Infectious Disease 2022;
47: 102292. DOI link, PMid:35307539

22 Maguire D, Woods M, Richards C, Dolan R, Veitch JW, Sim WMJ,
et al. Prognostic factors in patients admitted to an urban teaching
hospital with COVID-19 infection. Journal of Translational Medicine
2020; 18(1): 354. DOI link, PMid:32933530

23 Kim L, Garg S, O'Halloran A, Whitaker M, Pham H, Anderson EJ,
et al. Risk factors for intensive care unit admission and in-hospital
mortality among hospitalized adults identified through the US
Coronavirus Disease 2019 (COVID-19)-Associated Hospitalization
Surveillance Network (COVID-NET). Clinical Infectious Disease 2021;
72(9): e206-e214. DOI link, PMid:32674114

24 Rossman H, Meir T, Somer J, Shilo S, Gutman R, Ben Arie A, et
al. Hospital load and increased COVID-19 related mortality in
Israel. Nature Communications 2021; 12(1): 1904. DOI link,
PMid:33771988

25 Peres IT, Bastos LSL, Gelli JGM, Marchesi JF, Dantas LF, Antunes
BBP, et al. Sociodemographic factors associated with COVID-19 in-
hospital mortality in Brazil. Public Health 2021; 192: 15-20. DOI
link, PMid:33607516

26 Alharthy A, Aletreby W, Faqihi F, Balhamar A, Alaklobi F, Alanezi
K, et al. Clinical characteristics and predictors of 28-day mortality in
352 critically ill patients with COVID-19: a retrospective study.
Journal of Epidemiology and Global Health 2021; 11(1): 98-104.
DOl link, PMid:33095982

27 Qureshi Al, Baskett WI, Huang W, Shyu D, Myers D, Lobanova |,
et al. Effect of race and ethnicity on in-hospital mortality in
patients with COVID-19. Ethnicity and Disease 2021; 31(3): 389-
398. DOI link, PMid:34295125

28 Subramaniam A, Shekar K, Afroz A, Ashwin S, Billah B, Brown H,
et al. Frailty and mortality associations in patients with COVID-19: a
systematic review and meta-analysis. Internal Medicine Journal
2022; 52(5): 724-739. DOI link, PMid:35066970

29 Hu Y, Sun J, Dai Z, Deng H, Li X, Huang Q, et al. Prevalence and
severity of corona virus disease 2019 (COVID-19): A systematic
review and meta-analysis. Journal of Clinical Virology 2020; 127:
104371. DOI link, PMid:32315817

30 Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, et al. Clinical
features of patients infected with 2019 novel coronavirus in
Wuhan, China. Lancet 2020; 395(10223): 497-506. DOI link,
PMid:31986264

31 Choron RL, Butts CA, Bargoud C, Krumrei NJ, Teichman AL,
Schroeder ME, et al. Fever in the ICU: A predictor of mortality in
mechanically ventilated COVID-19 patients. Journal of Intensive
Care Medicine 2021; 36(4): 484-493. DOI link, PMid:33317374

32 Khatri P, Neupane A, Banjade A, Chhetri A, Sharma D, Chhetri P,
et al. Fever among COVID-19 patients in a tertiary care hospital of
Western Nepal: A descriptive cross-sectional study. Journal of

8/9

Nepal Medical Association 2021; 59(242): 987-991. DOI link,
PMid:35199703

33 Konya PS, Demirtiirk N, Korkmaz D, Tiinay H, Kosar EB.
Evaluation of clinical and laboratory characteristics and factors
affecting mortality in 500 hospitalized COVID-19 patients: A
retrospective study. Saudi Medical Journal 2022; 43(11): 1254-
1259. DOI link, PMid:36379528

34 Thompson JV, Meghani NJ, Powell BM, Newell |, Craven R,
Skilton G, et al. Patient characteristics and predictors of mortality in
470 adults admitted to a district general hospital in England with
Covid-19. Epidemiology and Infection 2020; 148: e285. DOI link,
PMid:33228824

35 Poco PCE, Aliberti MJR, Dias MB, Takahashi SF, Leonel FC,
Altona M, et al. Divergent: age, frailty, and atypical presentations of
COVID-19 in hospitalized patients. The Journals of Gerontology
Series A: Biological Sciences and Medical Sciences 2021; 76(3): e46-
e51. DOI link, PMid:33151305

36 Ding FM, Feng Y, Han L, Zhou Y, Ji Y, Hao HJh, et al. Early fever
is associated with clinical outcomes in patients with coronavirus
disease. Frontiers in Public Health 2021; 9: 712190. DOI link,
PMid:34513787

37 Mirzaei R, Goodarzi P, Asadi M, Soltani A, Aljanabi HAA, Jeda
AS, et al. Bacterial co-infections with SARS-CoV-2. I[UBMB Life 2020;
72(10): 2097-2111. DOI link, PMid:32770825

38 Lu L, Liu LP, Gui R, Dong H, Su YR, Zhou XH, et al. Discovering
common pathogenetic processes between COVID-19 and sepsis by
bioinformatics and system biology approach. Frontiers in
Immunology 2022; 13: 975848. DOI link, PMid:36119022

39 Kokturk N, Babayigit C, Kul S, Duru Cetinkaya P, Atis Nayci S,
Argun Baris S, et al. The predictors of COVID-19 mortality in a
nationwide cohort of Turkish patients. Respiratory Medicine 2021;
183: 106433. DOI link, PMid:33957434

40 Khamis F, Memish Z, Bahrani MA, Dowaiki SA, Pandak N,
Bolushi ZA, et al. Prevalence and predictors of in-hospital mortality
of patients hospitalized with COVID-19 infection. Journal of
Infection and Public Health 2021; 14(6): 759-765. DOI link,
PMid:34022734

41 Lavrentieva A, Kaimakamis E, Voutsas V, Bitzani M. An
observational study on factors associated with ICU mortality in
Covid-19 patients and critical review of the literature. Scientific
Reports 2023; 13(1): 7804. DOI link, PMid:37179397

42 Rosenthal N, Cao Z, Gundrum J, Sianis J, Safo S. Risk factors
associated with in-hospital mortality in a US national sample of
patients with COVID-19. JAMA Network Open 2020; 3(12):
€2029058. DOI link, PMid:33301018

43 Bauer M, Groesdonk HV, Preissing F, Dickmann P, Vogelmann T,
Gerlach H. Mortality in sepsis and septic shock in Germany. Results
of a systematic review and meta-analysis. [In German]. Anaesthesist
2021; 70(8): 673-680. DOI link, PMid:33559687

44 Nogales Vasconcelos AM, Ishitani L, Abreu DMX, Franca E.
Covid adult mortality in Brazil: An analysis of multiple causes of
death. Frontiers in Public Health 2022; 9: 788932. DOI link,
PMid:35111718

45 Zhan JJ, Cao YY, Tan G, Dong X, Wang BC, Lin J, et al. Clinical,
radiological, and laboratory characteristics and risk factors for



severity and mortality of 289 hospitalized COVID-19 patients.
Allergy 2021; 76(2): 533-550. DOI link, PMid:32662525

46 Smilowitz NR, Kunichoff D, Garshick M, Shah B, Pillinger M,
Hochman JS, et al. C-reactive protein and clinical outcomes in
patients with COVID-19. European Heart Journal 2021; 42(23):
2270-2279. DOI link, PMid:33448289

47 Martinot M, Eyriey M, Gravier S, Bonijoly T, Kayser D, lon C, et
al; Centre Alsace COVID-19 Study Group. Predictors of mortality,
ICU hospitalization, and extrapulmonary complications in COVID-
19 patients. Infectious Diseases Now 2021; 51(6): 518-525. DOI link,
PMid:34242842

48 Milenkovic M, Hadzibegovic A, Kovac M, Jovanovic B,
Stanisavljevic J, Djikic M, et al. D-dimer, CRP, PCT, and IL-6 levels at
admission to ICU can predict in-hospital mortality in patients with
COVID-19 pneumonia. Oxidative Medicine and Cellular Longevity
2022; 2022: 8997709. DOI link, PMid:35237386

49 Izcovich A, Ragusa MA, Tortosa F, Lavena Marzio MA, Agnoletti
C, Bengolea A et al. Prognostic factors for severity and mortality in
patients infected with COVID-19: A systematic review. PLoS ONE
2020; 15(11): e0241955. DOI link, PMid:33201896

50 Sullivan DJ, Gebo KA, Shoham S, Bloch EM, Lau B, Shenoy AG,
et al. Early outpatient treatment for Covid-19 with convalescent
plasma. New England Journal of Medicine 2022; 386(18): 1700-
1711. DOI link, PMid:35353960

51 Ortigoza MB, Yoon H, Goldfeld KS, Troxel AB, Daily JP, Wu Y, et
al; CONTAIN COVID-19 Consortium for the CONTAIN COVID-19
Study Group. Efficacy and safety of COVID-19 convalescent plasma
in hospitalized patients: a randomized clinical trial. JAMA Internal
Medicine 2022; 182(2): 115-126. DOI link, PMid:34901997

52 Li L, Zhang W, Hu Y, Tong X, Zheng S, Yang J, et al. Effect of
convalescent plasma therapy on time to clinical improvement in
patients with severe and life-threatening COVID-19: A randomized
clinical trial. JAMA 2020; 324(5): 460-470. DOI link, PMid:32492084

53 Bégin P, Callum J, Jamula E, Cook R, Heddle NM, Tinmouth A, et
al; CONCOR-1 Study Group; Arnold DM. Convalescent plasma for

hospitalized patients with COVID-19: an open-label, randomized
controlled trial. Nature Medicine 2021; 27(11): 2012-2024. DOI link,
PMid:34504336

54 Simonovich VA, Burgos Pratx LD, Scibona P, Beruto MV, Vallone
MG, Vazquez C, et al; PlasmAr Study Group. A randomized trial of
convalescent plasma in Covid-19 severe pneumonia. New England
Journal of Medicine 2021; 384(7): 619-629. DOI link,
PMid:33232588

55 RECOVERY Collaborative Group. Convalescent plasma in
patients admitted to hospital with COVID-19 (RECOVERY): a
randomised controlled, open-label, platform trial. Lancet 2021;
397(10289): 2049-2059. DOI link, PMid:34000257

56 Axfors C, Janiaud P, Schmitt AM, Van't Hooft J, Smith ER, Haber
NA, et al. Association between convalescent plasma treatment and
mortality in COVID-19: a collaborative systematic review and meta-
analysis of randomized clinical trials. BMC Infectious Diseases 2021;
21(1): 1170. DOI link, PMid:34800996

57 Jorda A, Kussmann M, Kolenchery N, Siller-Matula JM, Zeitlinger
M, Jilma B, et al. Convalescent plasma treatment in patients with
Covid-19: a systematic review and meta-analysis. Frontiers in
Immunology 2022; 13: 817829. DOI link, PMid:35197981

58 Global Burden of Disease 2021 Demographics Collaborators.
Global age-sex-specific mortality, life expectancy, and population
estimates in 204 countries and territories and 811 subnational
locations, 1950-2021, and the impact of the COVID-19 pandemic: a
comprehensive demographic analysis for the Global Burden of
Disease Study 2021. Lancet 2024; 403(10440): 1989-2056. DOI
link, PMid:38484753

59 Howard-Jones AR, Huang S, Orde SR, Branley JM. Risk factors
for mortality in severe COVID-19: Exploring the interplay of
immunomodulatory therapy and coinfection. Anaesthesia and
Intensive Care 2024; 52(1): 52-63. DOI link, PMid:37717183

60 Beladiya J, Kumar A, Vasava Y, Parmar K, Patel D, Patel S, et al.
Safety and efficacy of COVID-19 vaccines: A systematic review and
meta-analysis of controlled and randomized clinical trials. Reviews
in Medical Virology 2024; 34(1): e2507. DOI link, PMid:38282394

This PDF has been produced for your convenience. Always refer to the live site https://www.rrh.org.au/journal/article/8939 for the

Version of Record.

9/9



