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Abstract: Introduction: The pandemic instigated by the SARS-CoV-2 virus has led to over 7 million
deaths globally, primarily attributable to viral pneumonia. Identifying fundamental markers associ-
ated with an elevated risk of mortality can aid in the early identification of patients prone to disease
progression to a severe state, enabling prompt intervention. Methods: This was a single-center,
retrospective study. Results: In this study, we examined 299 patients admitted to the Department of
Infectology and Travel Medicine in Kogice, Slovakia, with PCR-confirmed COVID-19 pneumonia.
Patients were monitored from 1 January 2021 to 31 March 2021, with the endpoint being discharge
from the hospital or death. All patient-related data were retrospectively collected from medical
records. This study identified several risk factors significantly associated with an increased risk
of mortality, including the requirement of HFNO (p < 0.001), age over 60 years (p < 0.001), Ne/Ly
values of >6 (p < 0.001), as well as certain lymphocyte subtypes—CD4+ < 0.2 x 10° /L (p = 0.035),
CD8+ < 0.2 x 10°/L (p <0.001), and CD19+ < 0.1 x 10°/L (p < 0.001)—alongside selected biochemi-
cal inflammatory markers—IL-6 > 50 ng/L (p < 0.001) and lactate > 3 mmol/L (p < 0.001). Conclusions:
We confirmed that the mentioned risk factors were significantly associated with the death of patients

from viral pneumonia in the hospital.
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1. Introduction

COVID-19, caused by the SARS-CoV-2 virus, is a highly transmissible viral illness
characterized by a diverse clinical course. Infections can manifest as asymptomatic cases
or mild respiratory symptoms or can progress to severe viral pneumonia with a risk of
respiratory failure, often driven by cytokine storms, a fundamental pathophysiological
mechanism. The initial cases of this disease emerged in December 2019 in Wuhan, Hubei
Province, China. Subsequently, the infection rapidly spread worldwide. Due to the escalat-
ing global transmission, the World Health Organization (WHO) declared the situation a
global pandemic on 11 March 2020 [1,2].

Various hematological, biochemical, and immunological parameters play a crucial role
throughout the course of COVID-19, particularly concerning disease prognosis and the
onset of complications [3].

The systemic inflammatory response, characterized primarily by elevated levels of
cytokines such as IL-1 and IL-6, plays a pivotal role in the pathogenesis of COVID-19,
potentially culminating in severe complications and mortality [4,5].
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During acute hypoxia, there is an augmented conversion of pyruvate into lactic acid
(lactate) within tissues. The cytokine storm associated with acute respiratory distress
syndrome (ARDS) exacerbates hypoxemia in the body, further worsening lactic acidosis [6].

Elevated serum lactate levels may serve as a predictor of increased mortality risk,
a need for vasopressors, and a requirement for mechanical ventilation (MV), leading to
intensive care unit admission in patients with advanced viral pneumonia [7,8].

Changes in the total lymphocyte count, particularly lymphopenia, and alterations in
individual lymphocyte subtypes are fundamental laboratory parameters associated with a
severe prognosis in hospitalized patients. Among these, subtypes of CD4+ and CD8+ T
lymphocytes are regarded as significant prognostic biomarkers of the disease [9-11].

For these reasons, our study focused on conducting a retrospective analysis of selected
hematological, biochemical, and immunological parameters to prognosticate the outcomes
of patients with viral pneumonia.

2. Materials and Methods
2.1. Study Design and Participants

A retrospective observational study was conducted from 1 January 2021 to 31 March
2021. During this period, a total of 299 patients with RT-PCR-confirmed COVID-19 infection
(nasopharyngeal swab) were hospitalized at the Department of Infectology and Travel
Medicine in Kosice, Slovakia.

2.2. Inclusion Criteria

The cohort comprised all patients, both men and women, aged 19 years and above,
who tested positive for COVID-19 via RT-PCR and had ultrasound-confirmed viral pneu-
monia. Other potential etiologies of the disease, such as influenza and adenovirus, were
excluded through PCR examination. All patients necessitating hospitalization for viral
pneumonia, irrespective of whether they required oxygen supplementation, were included
in this study.

2.3. Exclusion Criteria

Patients under the age of 19, individuals without confirmed viral pneumonia, and
COVID-19-positive patients requiring hospitalization for reasons other than pneumonia
were excluded from this study.

The final endpoint of follow-up was either discharge from the hospital or death. For
the analysis, patients were divided into two groups: survivors and non-survivors. The
following statistical data were processed: age; sex; body mass index (BMI); the necessity of
oxygen treatment including low-flow oxygen therapy (LFO), high-flow oxygen therapy
(HENO), or MV; length of hospitalization (in days); mortality; the nadir values of absolute
CD4+, CD8+, and CD19+ T lymphocytes and NK cells; the nadir levels of lactate and
interleukin 6 (IL-6); and the nadir ratio of absolute neutrophils to lymphocytes (Ne/Ly).
The results of the monitored laboratory parameters were obtained from the hospital’s
information system.

2.4. Statistical Analysis

The baseline characteristics of the cohort are presented as means, frequencies, and per-
centages. The relative risk (RR), also known as the risk ratio, was calculated by comparing
the incidence of a risk factor (e.g., age over 60 years, gender, obesity, etc.) in the exposed
group (e.g., patients over 60 years) to the incidence of the risk factor in the non-exposed
group (e.g., patients under 60 years).

For the statistical analysis, we utilized the openEpi software (version 3.01) and the
TwoByTwo table to calculate the odds ratio (OR). Fisher’s exact test and the Mann-Whitney
U test were employed to determine the p-value of statistical significance. A p-value of less
than 0.05 was considered statistically significant.
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3. Results

During the period from 1 January 2021, to 31 March 2021, a total of 299 patients with RT-
PCR-confirmed COVID-19 disease and ultrasound-verified viral pneumonia were admitted
to the Department of Infectious Diseases and Travel Medicine in KoSice, Slovakia (Table 1).
The cohort consisted of 157 (52.51%) men and 142 (47.49%) women, with an average age
of 61 years (range, 26-92 years), an average weight of 87.82 kg (range, 44-151 kg), and
an average BMI of 30.06 (range, 13.8-49.31). The average length of hospitalization was
10.5 days (range, 2-53 days). Among the patients, 270 (90.30%) required oxygen treatment
in various forms, with 31 (24.08%) experiencing progression to respiratory insufficiency
requiring HFNO, while 41 patients required HFNO immediately upon hospital admission.
MYV was necessary in 17 patients (5.69%) due to the progression of respiratory insufficiency,
and 9 patients (3.01%) required the continuation of oxygen therapy at home via long-term
oxygen therapy (LTO). Out of the hospitalized patients, 62 (20.74%) died.

Table 1. The baseline characteristics of hospitalized patients with COVID-19.

Characteristic All Patients (1 = 299)
Sex
Male 142 (47.49%)
Female 157 (52.51%)
Age (years)
Mean 61
Median (IQR) 62 (26.0-96.0)
BMI 30.06 (13.8-49.31)
Length of hospitalization (days) 10.5 (2-53)
Oxygen therapy 270 (90.30%)
Mortality 62 (20.74%)

In the monitored group, the average absolute value of CD4+ T lymphocytes (Table 2) was
0.47 x 10?/L (range: 0.02-1.86), CD8+ T lymphocytes 0.26 x 10°/L (range: 0.02-1.68), CD19+
T lymphocytes 0.18 x 10°/L (range: 0-0.94), and NK (natural killer) cells 0.20 x 10°/L (range:
0-0.73). The average value of IL-6 was 158.3 ng/L (range: 0.02-2700), lactate 2.41 mmol/L
(range: 0.67-11.3), and the Ne/Ly ratio 13.33 (range: 0.19-143).

Table 2. Selected laboratory findings of patients with COVID-19.

Laboratory Parameters (Nadir) All Patients (1 = 299)
CD4+ T lymphocytes (x10° /L) 0.47 (0.02-1.86)
CD8+ T lymphocytes (x 10%/L) 0.26 (0.02—1.68)
CD19+ T lymphocytes (x10° /L) 0.18 (0-0.94)
NK cells (x10% /L) 0.19 (0-0.73)
Ne/Ly 13.33(0.19-143)
IL-6 (ng/L) 158.3 (0.02-2700)
Lactate (mmol/L) 241 (0.67-11.3)

Statistically significant differences were observed between the two monitored groups
(survivors/non-survivors). Table 3 summarizes the differences between the two observed
groups. The analyzed results indicate that surviving patients had a statistically significantly
longer duration of hospitalization, by 2.5 days on average compared with deceased patients
(p < 0.001). Surviving patients also had a longer duration of oxygen treatment with LFO by



Microorganisms 2024, 12, 1032

40f11

an average of 0.8 days (p = 0.005) and HFNO by an average of 1.5 days (p = 0.001). However,
no significant difference was found in the duration of MV (p = 0.483).

Table 3. Monitored parameters of hospitalized patients categorized into ‘survivors” and non-
survivors’. p-values were calculated using a ¢-test, Fisher’s exact test was used for normally dis-
tributed data, and the Mann-Whitney test was used after the Wilk-Shapiro test of normality failed,
with 2 x 2 contingency tables. Statistical significance was determined at p < 0.05.

Variables Non-Survivors (1 = 62) S(:r:g;(;l;s p-Value
Length of hospitalization (days) 8.4 11.08 <0.001
Length of LFO (days) 5.02 5.81 0.005
Length of HFNO (days) 2.53 1.05 <0.001
Length of MIV (days) 0.44 0.82 0.483
CD4+ T lymphocytes (x10° /L) 0.330 0.512 <0.001
CD8+ T lymphocytes (x 10%/L) 0.166 0.288 <0.001
CD19+ T lymphocytes (x 10% /L) 0.105 0.197 <0.001
NK (x10°/L) 0.209 0.194 0.789
Ne/Ly 25.22 10.52 <0.001
IL-6 (ng/L) 345.8 109.3 <0.001
Lactate (mmol /L) 12.15 3.272 <0.001

Regarding immunological parameters, statistically significant differences were ob-
served between the monitored groups in the number of CD4+ T lymphocytes (p < 0.001),
CD8+ T lymphocytes (p < 0.001), CD19+ T lymphocytes (p = 0.001), and the Ne/Ly index
(p = 0.001). No significant difference was observed in the case of NK cells (p = 0.789). Addi-
tionally, a statistically significant difference was observed in the levels of IL-6 (p < 0.001)
and lactate (p < 0.001). The box plot in Chart 1 effectively summarizes the distribution of
lymphocyte counts in non-surviving and surviving COVID-19 patients, highlighting the
potential association between lower lymphocyte levels and increased mortality.

Within the monitored groups of patients, various risk factors and their influences on
mortality were analyzed. Table 4 summarizes the monitored risk factors, their demograph-
ics, and their relationship with the mortality of hospitalized patients. Also the monitored
risk factors, and their relationship with the mortality of hospitalized patients is described
in Chart 2 and Chart 3. In the case of oxygen treatment, we found that LFO was not a risk
factor for death (p = 0.339; RR = 0.73; OR = 0.66), nor was MV (p = 0.999; RR = 0.84; OR =
0.81). However, oxygen therapy with HFNO proved to be a significant risk factor for death
(p <0.001; RR = 5.73; OR = 11.65).

Table 4. The demographics and risk factors of hospitalized patients with COVID-19; p-values were
calculated by Mann-Whitney U test and Fisher’s exact test. Statistical significance was determined at
p <0.05.

Risk Factors Non(;lS:r6vzi;/ ors S(:r:lzxg;l;s D?:Zg;gagl;hy RR OR p-Value
LFO 54 (87.1%) 216 (91.1%) 270 (90.3%) 0.73 0.66 0.339
a’;}r’fg HFNO 40 (64.5%) 32 (13.5%) 72 (24.5%) 5.73 11.65 <0.001
MIV 3 (4.8%) 14 (5.9%) 17 (5.7%) 0.84 0.81 0.999
Age > 60 years 61 (98.39%) 107 (45.15%) 168 (56.19%) 4757 74.11 <0.001
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Table 4. Cont.
. Non-Survivors Survivors Demography g
Risk Factors (1 = 62) (1 = 237) (1 = 299) RR OR p-Value
BMI > 30 31 (50%) 96 (40.51%) 127 (42.47%) 1.35 1.47 0.229
Male gender 30 (48.39%) 127 (53.59%) 157 (52.51%) 0.85 0.81 0.557
CD4+T<0.2 x 10°/L 15 (24.19%) 32 (13.50%) 47 (15.72%) 1.71 2.05 0.035
CD8+T<0.2 x 10°/L 47 (75.81%) 106 (44,73%) 153 (51.17%) 2.99 3.87 <0.001
CD19+ T <0.1 x 10°/L 42 (67.74%) 75 (31.65%) 117 (39.13%) 3.27 4.54 <0.001
NK cells < 0.05 x 10°/L 8 (12.90%) 11 (4.64%) 19 (6.35%) 2.18 3.04 0.024
IL-6 >50 ng/L 58 (93.55%) 135 (56.96%) 193 (64.55%) 7.96 10.89 <0.001
Lactate > 3 mmol/L 30 (48.39%) 39 (16.46%) 69 (23.08%) 3.13 4.76 <0.001
Ne/Ly > 6 59 (95.16%) 150 (63.29%) 209 (69.90%) 8.47 11.34 <0.001
CD4+ Iymphocytes (x10°/1) CD8+ Iymphocytes (x10%/1) CD19+ lymphocytes (x10°/1)
12 0.8 0.45
T 0.7 o4 T
. -
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Chart 1. Illustration (box plots) of the distribution of the number of lymphocytes expressing the CD
feature (CD4+ T lymphocytes, CD8+ T lymphocytes, and CD19+ lymphocytes) in non-surviving and
surviving patients with COVID-19. Boxes—the middle part of each box represents the median (50th
percentile) of the lymphocyte count. The upper and lower limits of each box represent the 25th and
75th percentiles, respectively. The lines extending from each box (whiskers) represent the range of
the data.

Other risk factors associated with an increased risk of death included an age over
60 years (p = 0.001; RR = 47.57; OR = 74.11), a CD4+ T lymphocyte count below 0.2 x 107 /L
(p=0.035; RR =1.71; OR = 2.05), a CD8+ T lymphocyte count below 0.2 x 10°/L (p <0.001;
RR = 2.99; OR = 3.87), a CD19+ T lymphocyte count of less than 0.1 x 10°/L (p < 0.001;
RR = 3.27; OR = 4.54), and an NK cell count of less than 0.05 x 10°/L (p=0.024; RR = 2.18;
OR =3.04).

Among the selected inflammatory parameters, the following were identified as risk
factors associated with the death of hospitalized patients: IL-6 levels above 50 ng/L
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(p <0.001; RR = 7.96; OR = 10.89), lactate levels above 3 mmol/L (p < 0.001; RR = 3.13;
OR =4.76), and Ne/Ly indexes above 6 (p = 0.001; RR = 8.47; OR = 11.34).

p=0.339

216

p=0.557

p >0.001 b=0.229 _I

127
p >0.001
96

107
p=0.999
61
40
32 31 30
14
. - -

HFNO MIV Age> 60y BMI > 30 male gender
Risk factors

Number of patients

M Non - survivors m Survivors

Chart 2. Association between selected risk factors and survival in patients with COVID-19; p-
values were calculated by Mann-Whitney U test and Fisher’s exact test. Statistical significance was
determined at p < 0.05.
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Risk factors
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Chart 3. Association between selected risk factors and survival in patients with COVID-19; p-values
were calculated by Mann-Whitney U test and Fisher’s exact test. Statistical significance was deter-
mined at p < 0.05.

4. Discussion

The primary objective of this retrospective observational study was to identify the
underlying risk factors associated with mortality from SARS-CoV-2 pneumonia during
the pandemic caused by the Alpha variant of the virus. Within the monitored group, we
analyzed a total of 299 patients hospitalized at the Department of Infectology and Travel
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Medicine in Kosice, Slovakia, with PCR-confirmed COVID-19 infection and ultrasound-
verified viral pneumonia during the study period. All patients underwent exclusion of
other etiologies of interstitial pneumonia through PCR testing. It is worth noting that the
study period was characterized by a high incidence of the Alpha variant of the SARS-CoV-2
virus in Slovakia [12]. In the results of Guarino et al., up to 21% of patients hospitalized
with viral pneumonia during the first wave of the pandemic in 2020 also had a bacterial
superinfection (caused by Mycoplasma pneumoniae and Chlamydia pneumoniae). However,
these authors did not observe a higher mortality rate in co-infected patients [13].

In the monitored group, 62 patients succumbed to the disease, constituting 20.74%
of the total number of hospitalized patients. The in-hospital mortality in patients with
SARS-CoV-2 infection was variably high across several international studies. The estimate
of in-hospital mortality during the first months of the outbreak in 2020 was 17% in a
meta-analysis of 33 studies between January and April 2020, and the mortality was lower
in general inpatients (11%) compared with critically ill patients (40%) [14]. However, these
reports unraveled a degree of heterogeneity with geographical differences, and a mortality
of up to 31% was reported, as in the cases of 522,167 patients hospitalized with SARS-
CoV-2 infection in Brazil by December 2020 [15]. Such a diversity of results might reflect
the virulence of SARS-CoV-2 in different populations, as well as the local capacity of the
national healthcare systems. Comparatively, according to the findings of other authors,
the mortality rate among hospitalized patients with the Alpha variant of the SARS-CoV-2
disease typically ranges from 6% to 9% [16-18].

The disparity in mortality rates between our patients and the global data may pri-
marily stem from the composition of our study group, which predominantly consisted of
obese patients, with an average BMI of 30.06 (ranging from 13.8 to 49.31). Additionally, the
increased mortality could also be attributed to the unavailability of intravenous remdesivir
during the study period. Furthermore, oral antivirals such as molnupiravir and nirma-
trelvir/ritonavir were not accessible at that time, which might have impacted treatment
outcomes.

The data presented in Table 3 illustrate statistically significant differences between
the two monitored groups of patients (survivors/deceased), particularly in the length
of hospitalization. Surviving patients were hospitalized longer, by 1.5 days on average
(p < 0.001). Similarly, there were notable differences in the duration of oxygen treatment
in the form of LFO, with surviving patients receiving LFO for a longer period (p = 0.005).
However, it was not established that LFO is a risk factor associated with a higher risk of
death (p = 0.339).

Conversely, in the case of the duration of HFNO, deceased patients had a longer
duration of HFNO compared with survivors (p < 0.001). Moreover, HFENO was identified
as a significant risk factor associated with more than five times the risk of death (p < 0.001;
RR =5.73; OR = 11.65). This observation is likely related to the fact that patients who
required HFNO and subsequently failed to respond were subsequently transferred to MV.
Patients were typically maintained on HFNO only if further escalation of oxygen treatment
was deemed inappropriate, primarily due to their overall poor prognostic status.

No statistical difference was demonstrated in the length of MV (p = 0.483) and in gender
between the observed groups (p = 0.557). The role of the male gender is controversial. Sex
differences in COVID-19 case fatality were observed in the first half of 2020, and male
gender seemed to be associated with poor outcomes [19]. However, this association was
inconsistently reported across studies [20]. This apparent gender gap was hypothesized to
reflect other factors such as the access to health services and its representation in hospital
settings, rather than biological differences in response to SARS-CoV-2 pathology.

Similarly, the authors Saito et al. did not note differences in mortality depending on
gender. It is noteworthy that the authors did not find differences in the length of oxygen
treatment between the monitored groups [21].

According to the authors Brainard et al., male gender is identified as a risk factor
associated with a higher risk of death [22].
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Age consistently emerges as a prominent predictor of mortality across various COVID-
19 variants, including the Alpha variant. Research indicates that hospitalized patients above
a certain age threshold, often 65 or older, have a significantly elevated risk of succumbing to
the infection compared with younger individuals. This increased vulnerability is believed to
stem from age-related decline in immune function and the higher prevalence of underlying
medical conditions [23,24].

Likewise, the conclusions of the authors Corradini et al. and Moreno-Torres et al.
confirm that older age (>60 years) and the presence of comorbidities are independent
predictors of severe outcomes in hospitalized patients with SARS-CoV-2 infection, in line
with other case studies from Spain and Italy [25,26]. Similarly, in our study, age over 60
was identified as a risk factor associated with a higher risk of death (p < 0.001; RR = 47.57;
OR =74.11).

Multiple studies have established a clear link between BMI and an increased risk of
mortality in patients hospitalized with the Alpha variant of COVID-19. Individuals with
a BMI categorized as obese (over 30) were observed to have a significantly higher risk of
hospitalization, critical illness, and death from the Alpha variant compared with those with
a healthy weight. The development of complications in obese patients could be explained
by various pathophysiological mechanisms, including increased expression of angiotensin-
2 in adipose tissue, chronic inflammation, and the amplification of the pro-inflammatory
response, in addition to endothelial damage and hypercoagulability [27].

However, in the case of our study, a BMI over 30 was not confirmed as a risk factor for
death (p = 0.229; RR = 1.35; OR = 1.47). This discrepancy may be attributed to the fact that
the patients enrolled in this study had an average BMI of 30.06 (ranging from 13.8 to 49.31).
Notably, 127 patients (42.47%) of the total number had a BMI above 30, indicating that a
large proportion were obese patients [28-30].

We also observed significant differences in monitored immunological parameters,
specifically in the nadir values of CD4+, CD8+, and CD19+ T lymphocytes between the
mentioned groups of patients. Surviving patients exhibited a statistically significantly
higher number of CD4+ (p < 0.001), CD8+ (p < 0.001), and CD19+ T lymphocytes (p < 0.001)
compared with the group that died. However, in the case of NK cells, no statistically
significant difference was found (p = 0.789).

Similar findings have been reported by other authors, who have demonstrated that
low numbers of CD4+, CD8+, and CD19+ T lymphocytes are associated with a higher
risk of death. The number of CD4+ T lymphocytes is currently considered an important
prognostic marker of survival [31-33].

Similar conclusions were also confirmed in our study. A low number of CD4+ T
lymphocytes (nadir < 0.2 x 10%/L) was associated with an almost doubled risk of death
(p =0.035; RR = 1.71; OR = 2.05). Furthermore, in the case of CD8+ T lymphocytes (nadir
of less than 0.1 x 10°/ L), we observed an even stronger correlation (p < 0.001; RR = 2.99;
OR = 3.87) with the risk of death. Notably, the number of CD19+ T lymphocytes (nadir of
less than 0.1 x 10 /L) exhibited the strongest correlation (p < 0.001; RR = 3.27; OR = 4.54)
with patient death. These findings underscore the importance of these lymphocyte subtypes
as prognostic markers in COVID-19 patient outcomes.

An exaggerated inflammatory response of the body plays a central role in the patho-
genesis of COVID-19. Numerous publications have confirmed that the cytokine storm,
characterized by elevated levels of cytokines in the blood, is implicated in the progression
of the disease to a severe state and is a significant prognostic factor associated with death.
This is exemplified by the conclusions drawn by Li et al. and Shi et al. [34,35].

Levels of these markers reflect the intensity of the cytokine-mediated hyperinflam-
matory response and appear to be strongly associated with increased mortality. In our
study, we analyzed the nadir values of IL-6 and its effect on the mortality of patients in the
cohort. We found that patients with a plasma value of IL-6 of > 60 ng/L had a statistically
significant, almost eight times higher risk of death (p < 0.001; RR = 7.96; OR = 10.89).
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Additionally, a meta-analysis based on a total of nine studies, including 1426 patients,
suggested a cut-off value of 55 ng/mL to identify severe forms [36].

Regarding mortality, only a few studies have analyzed the predictive value of IL-6
to assess critical and fatal forms. The study conducted by Herold et al. defined a value
of 80 ng/mL as indicative of the need for mechanical ventilation, with a median time of
1.5 days [37].

Ne/Ly combines two parameters: the ratio of the number of absolute neutrophils and
the number of absolute lymphocytes. An increase in the number of neutrophils reflects
the intensity of systemic inflammation, while lymphopenia reflects the sequestration of
lymphocytes at the site of inflammation and their apoptosis. In our ratio study, we demon-
strated that a nadir value of Ne/Ly above 6 is associated with a statistically significant,
almost ninefold higher risk of death (p < 0.001; RR = 8.47; OR = 11.34). Similar findings
were published in a meta-analysis by Simadibrat et al., which indicated that patients with
severe COVID-19 disease and non-survivors had higher Ne/Ly values on admission than
survivors. These results were consistent with the findings of Kudlinsky et al. and Sayah
et al. [38-40].

Lactate is a metabolite that indicates the anaerobic state of a cell, often attributed to tissue
destruction or certain medications such as metformin and acetaminophen. Our analysis re-
vealed statistically significant differences in serum lactate levels, with a mean of 12.15 mmol/L
in the deceased group compared with a mean of 3.27 mmol/L in the surviving group. We
found that a lactate value of 3 mmol/L is associated with a statistically significant higher
risk of death (p < 0.001; RR = 3.13; OR = 4.76). Similarly, Pouyan et al. reported a significant
relationship between lactate levels and the mortality of hospitalized patients [41].

In a study conducted by Isler et al., and similarly reported by Carpeneé et al., lactate
levels can even serve as a therapeutic target to evaluate the effects of drugs on patients
with COVID-19 [42,43].

This study had several limitations. First, the monocentric nature of the data source
and analysis may reflect regional and local health policies but might not be generalized to
all hospital settings at a country level. Second, data on associated comorbidities and the
extent of lung involvement based on computed tomography findings were not analyzed,
mainly because computer tomography of the lungs was not performed in every patient
included in this study.

5. Conclusions

The main goal of this study was to identify risk factors and determine their causal
relationship with mortality in patients hospitalized with COVID-19 viral pneumonia at
the Department of Infectious Diseases and Travel Medicine in Kosice, Slovakia during the
Alpha wave of the pandemic. As part of this analysis, we confirmed that the duration of
oxygen treatment in the form of HFNO (p < 0.001), age over 60 years (p < 0.001), Ne/Ly
values of >6 (p < 0.001), selected lymphocyte subtypes—CD4+ < 0.2 x 10° /L (p = 0.035),
CD8+ < 0.2 x 10°/L (p < 0.001), and CD19+ < 0.1 x 10°/L (p < 0.001)—as well as selected
biochemical inflammatory markers—IL-6 > 50 ng/L (p < 0.001) and lactate > 3 mmol/L
(p < 0.001)—are significant risk factors associated with the death of patients from viral
pneumonia in hospitals.
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