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ARTICLE INFO ABSTRACT
Keywords: Objectives: Despite extensive study of COVID-19 disease, only a few studies also addressed the
COVID-19 aftermath of the disease and potential long-term consequences. The aim of this study was to assess
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SARS-CoV-2

COVID-19 resolution through the cross-sectional analysis of an extensive range of haematological
and biochemical laboratory parameters and to find potential markers still associated with disease
severity 5-6-months post infection.

Methods: In this study, we analysed 92 routine biochemical, haematological and immunological
parameters in 75 non-vaccinated patients 5-6 months after recorded first time SARS-CoV-2
infection without reinfection. Demographic and disease severity data were obtained through
surveys.

Results: The majority of analysed parameters were within the normal reference intervals, how-
ever, statistically significant correlations with the disease severity were detected in 15 parame-
ters: B lymphocytes, NK cells, interleukin (IL)-12, IL-1p, cortisol, ferritin, SARS-CoV-2 specific IgG
and IgM antibodies, Na, Cl, creatinine, alkaline phosphatase, cholesterol, HbAlc and alpha 2 and
beta 2 globulin fractions of the proteinogram.

Conclusions: Although most observed parameters returned to their normal reference intervals,
significant correlations were still observed with disease severity, that could indicate either the
pre-infection baseline state which affected disease outcome or minor remaining alterations in
function of certain organs, pertaining their stress or damage during the acute phase of the disease.

1. Introduction

In early December 2019, the new coronavirus disease (COVID-19), caused by severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), was first detected in Wuhan, central China. The disease rapidly spread through the world, causing a global pandemic
with enormous economic and social crisis [1]. Four years later, the disease is still present, but it has become a part of our everyday life.
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In this time, numerous reports and studies were performed, addressing pathogenesis, clinical characteristics, risk factors as well as
potential treatments. It quickly became evident that COVID-19 is a multisystem disease which primarily affects lungs and can evolve
into acute respiratory distress syndrome (ARDS), but can also cause acute kidney injury (AKI), liver, neuronal and cardiovascular
damage [2]. The intense immune reaction that is triggered by SARS-CoV-2 infection is also reflected in abnormalities in laboratory
measurements during the acute phase of the disease. These routine parameters have been intensively studied and several routine
laboratory parameters have been identified as significantly changed in COVID-19 patients and some of them consistently correlated
with disease severity [3,4]. C-reactive protein (CRP), D-dimer, neutrophil count, blood urea, creatinine, cardiac troponin I, lactate
dehydrogenase (LDH), bilirubin, ferritin, and procalcitonin were increased in critical patients [3,5], while albumin, lymphocyte count
and lymphocyte percentage were decreased [5]. Most severe-COVID-19 patients also showed dysregulated secretion of cytokine IL-6,
but also IL-1p, IL-10, IL-2 and IL-8 [3]. Similarly, higher concentrations of essential trace elements, such as selenium, zinc and cooper,
were associated with better outcomes and lower mortality [6], while higher concentrations of heavy metals, such as arsenic, cadmium,
lead and mercury, were more frequently found in severe and deceased patients [7]. Certain parameters, as thrombocytopenia and
decreased monocytes were mostly observed in fatal cases [8,9].

Much less attention has been given to parameters in recovering patients [5,10], which can provide important information on the
disease resolution and long-term changes in organ function. Laboratory parameters have mostly been followed for a few months after
discharge, when most of the parameters returned to their reference intervals and were considered normal [5]. Parameters stabilized in
different time periods, from 2 weeks after disease onset to several months, depending on the study and observed parameter [8]. The
longest follow-up period was presented by Liu and colleagues, who followed their patients for 12 months. Although they reported that
most parameters resolved in this time, they also noticed that certain parameters, such as creatinine, urea, LDH and WBC could still
change even 6 months after infection and individual patients still presented symptoms even 12 months after discharge [10]. Several
questions regarding resolution of COVID-19 infection thus remain open.

The aim of this study was to determine the cross-sectional state of laboratory parameters 5-6 months after the first-time SARS-CoV-
2 infection in regards to disease severity through analysis of an extensive array of biochemical, haematological and immunological
measurements. The detected differences in measurements distributions between groups gave us information on which parameters are
involved in the disease severity, either as baseline differences, which affected the disease outcome, or as pertaining consequences of
the disease severity per se.

2. Materials and methods
2.1. Ethics approval

This study was approved by Slovenian National Ethics Committee (0120-578/2020/6, 16. 3. 2021). Upon their inclusion into the
study, all participants signed a written consent after a given detailed explanation of the study. All the measurements were performed in
accordance with the national guidelines and international regulations. This study adhered to STROBE (The Strengthening the
Reporting of Observational Studies in Epidemiology) guidelines.

2.1. Study design and participants

One hundred and five study participants were recruited between January and March of 2021, between 1 and 3 months after their
infection with SARS-CoV-2, via the University Medical Centre Ljubljana (UMCL), Slovenia. Asymptomatic, mild and moderate patients
were recruited as volunteers based on a call through the UMCL. We included all eligible volunteers who reached out to us with the
intention to participate in the study. Critical patients, on the other hand, were invited by their medical doctors during their routine
post-COVID-19 follow-ups. Only participants which met the following inclusion criteria were enrolled into the study: (1) not yet
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Fig. 1. Flow diagram of the study.
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vaccinated, (2) PCR confirmed first time SARS-CoV-2 infection, (3) confirmed presence of anti-SARS-CoV-2 antibodies (against
nucleocapsid protein), (4) no reinfection before blood collection, (5) with no known major comorbidities (diabetes, autoimmune
diseases, heart diseases, cancers, neurological diseases) present and 5) at least 18-years old at the time of the inclusion. Out of the 105
recruited, 27 participants were removed from the study as they got vaccinated before the end of the 5-6-month study period, 2 par-
ticipants requested to be removed from the study and one was ill (with a COVID-19 unrelated disease) at the time of sample collection.
The remaining 75 participants followed through and their data was included in the final analysis (Fig. 1).

Upon their inclusion in this study, the participants were grouped according to their clinical manifestation of COVID-19 into three
groups based on the COVID-19 Treatment Guidelines [11] by the National Institutes of Health (NIH) of the United States of America.
Asymptomatic participants and participants with mild symptoms were classified as mild cases, those with moderate symptoms were
classified as moderate cases, and those with critical illness were classified as critical cases. No participants with severe clinical
manifestation of the disease were included in the study. None of the included critical patients was diagnosed with so called long-COVID
at the 6-month follow-up by their doctors.

2.3. Data collection

At the time of the inclusion, a participant survey was conducted, which gave us the information about their age, gender, lifestyle,
present comorbidities, and the clinical manifestation of COVID-19 disease. The blood samples for the study were collected 5-6 months
after the infection with SARS-CoV-2. Whole blood was collected in 6 mL KoEDTA BD Vacutainer® tubes (DB Life Sciences, MD, USA)
for the analysis of differential blood count, lymphocyte subpopulations and glycated haemoglobin (HbAlc). Whole blood and plasma
samples for trace elements were collected in 6 mL K;EDTA BD Vacutainer® tubes for Trace Element Testing (DB Life Sciences, MD,
USA). Serum was collected in 6 ml BD Vacutainer® Serum Tubes without separation gel (DB Life Sciences) and analysed immediately
for other routine parameters. Serum, plasma, and whole blood samples for measurement of other analytes were aliquoted and stored at
—80 °C until further use. Samples were anonymized before analysis and storage and the researchers performing the analysis and data

Table 1

Demographic and clinical characteristics of participant cohort. The data was gathered with participant survey at their inclusion in the study, in most
cases 1-3 months after the infection with SARS-CoV-2. Median and IQR are shown for each group (mild, moderate and critical cases), statistical
significance between all groups is noted in Total column.

Characteristic Mild cases Moderate cases Critical cases
Total (n = 75) n=45 n=22 n==8
Age - year — median (IQR) 43 (36 54) 43 (35-53) 41 (36-52) 58 (50-64)
P = 0.006
Gender (%)
Male 15 (20.0) 4(8.9) 4(18.2) 7 (87.5)
Female 60 (80.0) 41 (91.1) 18 (81.8) 1(12.5)
BMI - median (IQR) 25.7 (22.6-30.1) 24.5 (22.5-28.9) 25.3 (21.8-30.5) 30.9 (27.4-41.2)
P =0.013
BMI categories (%)
Underweight 1(1.3) 1(2.2) 0 0
Normal weight 33 (44.0) 23 (51.1) 10 (45.5) 0
Overweight 22(29.3) 12 (26.7) 6 (27.3) 4 (50)
Obesity 19 (25.3) 9 (20.0) 6 (27.3) 4 (50)
Smoking (%)
No 56 (74.7) 36 (80.0) 16 (72.7) 4 (50)
Former smoker/occasionally 6 (8.0) 1(2.2) 1(4.5) 4 (50)
Yes 13 (17.3) 8(17.8) 5(22.7) 0
Comorbidities (%)
Hypertension 1(1.3) 0 1 (4.5) 0
High cholesterol 4 (5.3) 244 1(4.5) 1(2.5)
Different allergies 8 (10.7) 4(8.9) 3(13.6) 1(12.5)
Hypothyroidism 6 (8) 4(8.9) 2(9.1) 0
Migraine 2(2.7) 1(2.2) 1 (4.5) 0
Fibromyalgia 1(1.3) 0 1(4.5) 0
Gastritis 2(2.7) 0 2(9.1) 0
Symptoms of COVID-19 (%)
Cough 34 (45.3) 14 (31.1) 15 (68.2) 5 (62.5)
Malaise/Fatigue 56 (74.7) 31 (68.9) 19 (86.4) 6 (75.0)
Fever 39 (52.0) 17 (37.8) 15 (68.2) 7 (87.5)
Headache 46 (61.3) 23 (51.1) 19 (86.4) 4 (50.0)
Loss of smell 50 (66.7) 29 (64.4) 17 (77.3) 4 (50.0)
Loss of taste 47 (62.7) 27 (60.0) 17 (77.3) 23 (37.5)
Muscle pain 45 (60.0) 26 (57.8) 16 (72.7) 3(37.5)
Shortness of breath 30 (40) 0 22 (100) 8 (100)
Sore throat 14 (18.7) 7 (15.6) 5(22.7) 2 (25.0)

Abbreviations: IQR - interquartile range, BMI — body mass index.
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collection were not aware of their designation. The list of measured analytes, analysers and methods/kits used for their measurement
are shown in Supplementary Table S1.

2.4. Statistical analysis

IBM SPSS statistics 28 (IBM Corporation, Armonk, NY, USA) was used for the statistical analysis of the gathered data and GraphPad
Prism version 8.0.1. (GraphPad Software, San Diego, California USA) was used for the graphical presentation of the results. Categorical
variables were presented as frequency rates and percentages, and continuous variables (both normally and non-normally distributed)
were presented as median and interquartile range (IRQ). The Shapiro-Wilk’s test was used to verify the normality of distribution of
continues variables. Depending on their distribution, continuous variables were analysed using one-way ANOVA analysis with Post
Hoc test with Bonferroni correction or Kruskal Wallis Test with Bonferroni correction for multiple comparison between groups.
Correlations between selected parameters were determined using Pearson’s correlation test for normally distributed parameters and
Spearman’s rank correlation test as a nonparametric alternative. No multivariate analysis was performed on the data. P-value <0.05
was considered statistically significant. Statistical significance is displayed as follows: ns — not significant (P > 0.05); *P < 0.05; **P <
0.01; ***P < 0.001. Sample size varied because of the missing data as noted in the table footnotes and figure captions.

3. Results and discussion
3.1. Basic characteristics of the participants

The study population included 75 participants (60 females, 15 males) with PCR confirmed first time infection with SARS-CoV-2 and
confirmed anti-SARS-CoV-2 antibodies that have not yet been vaccinated until sample collection (Fig. 1, Table 1). The median age of
the participants was 43 years (21-79). According to the self-reported clinical manifestation of COVID-19, there were 45 participants in
the mild case group, 22 in the moderate cases group and 8 in the critical cases group. There was a significant difference in gender ratio
between critical case group (1 female, 7 males) and other two groups (41 females and 4 males in mild cases group and 18 females and 4
males in moderate cases group). We observed a significant increase in age (P = 0.006 between groups mild and critical and P = 0.009
between groups moderate and critical) and in BMI (P = 0.010 between groups mild and critical and P = 0.047 between groups
moderate and critical) with increasing severity of disease (Fig. 2). Both parameters are well known risk factors for poor prognosis [12,
13]. The most common symptoms at the initial stages of the disease (before manifestation of severe symptoms in critical cases) were
fatigue, loss of smell and taste, headache and muscle pain (Table 1). Results of self-reported physical activity and nutritional habits are
summarized in Table S7.

3.2. Laboratory results

The majority of measured parameters were within the normal reference intervals 5-6 months after infection, as was also reported
by other longitudinal studies [5,8,10]. Despite that, in our study we still observed significant differences in certain parameters based on
the disease severity.

3.2.1. Haematology

Routine haematological analysis showed that the values of all parameters were within the normal reference intervals (Table 2).
Despite indicated trends (e.g., increased RBC, MON, EOS, NEU with increasing disease severity), no significant differences in values
between groups were observed. Such increase in MON was also observed previously 1-2 months [14] and up to 12 months after
infection [10].
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Fig. 2. Statistically significant correlations in demographic data based on COVID-19 disease severity were detected for A) age and B) body mass
index (BMI) distribution. Median and interquartile range (IRQ) are shown for 45 mild, 22 moderate and 8 critical cases. P values indicate differences
between groups (mild, moderate, and critical cases). Data was analysed using Kruskal Wallis test with Post Hoc test and Bonferroni correction.
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Comparison of haematological parameters between groups with different clinical manifestation of COVID-19 (mild, moderate and critical cases)
determined 5-6 months after first-time infection.

Haematological parameter

Reference interval

Median (IQR)

Mild cases (n = 40)

Moderate cases (n = 21)

Critical cases (n = 8)

P value

WBC (10°/L)
RBC (10'%/1)
Male®
Female”
Hb (g/L)
Male”
Female”
Ht (%)
Male
Female”
MCV® (fL)
MCH" (pg)
MCHC® (g/L)
RDW (%)
PLT (10°/L)
MPV (fL)
NEU (10°/L)
LYM (10°/L)
MON (10°/L)
EOS (10°/L)
BASO (10°/L)
NEU (%)
LYM (%)
MON (%)
EOS (%)
BASO! (%)

4.0-10.0

4.50-5.50
3.80-4.80

130-170
120-150

0.400-0.500
0.360-0.460
83.0-101.0
27.0-32.0
315-345
11.6-14.0
150-410
7.8-11.0
1.50-7.40
1.10-3.5
0.21-0.92
0.02-0.67
0.00-0.13
40.0-80.0
20.0-40.0
2.0-10.0
1.0-6.0
0.0-2.0

6.15 (4.88-7.53)

5.06 (4.94-5.39)
4.47 (4.24-4.68)

153.0 (145.5-155.3)
137.5 (128.5-143.0)

0.45 (0.43-0.45)
0.40 (0.38-0.41)
89.15 (86.40-91.78)
30.35 (29.20-31.55)
341.5 (337.8-346.0)
13.40 (12.80-14.08)
244.0 (187.3-298.0)
8.95 (8.43-9.63)
3.30 (2.73-4.48)
1.80 (1.43-2.30)

0.40 (0.36-0.60)
0.10 (0.10-020)
0.0 (0.0-0.1)
57.9 (50.8-62.2)
30.0 (23.9-36.3)
7.5 (6.1-9.6)
2.1 (1.4-3.5)
0.8 (0.5-1.0)

6.50 (5.35-7.60)

5.04 (4.86-5.75)
4.44 (4.17-4.65)

153.0 (151.5-171.0)
137.0 (125.5-142.0)

0.44 (0.43-0.49)
0.40 (0.37-0.41)
89.20 (87.15-91.25)
30.60 (29.75-31.55)
344.0 (339.5-349.0)
13.30 (13.00-14.20)
220.0 (194.0-264.0)
8.90 (8.40-9.60)
3.60 (2.95-4.65)
1.90 (1.60-3.00)
0.50 (040-0.65)
0.10 (0.10-0.15)
0.0 (0.0-0.1)
57.5 (45.7-64.0)
30.5 (26.4-43.9)
7.4 (6.6-8.7)
1.7 (1.0-2.7)
0.6 (0.5-0.8)

7.40 (6.55-8.18)

5.18 (4.83-5.38)
5.01

150.0 (145.0-157.0)
145.0

0.44 (0.42-0.47)
0.43

87.15 (84.70-90.78)
30.00 (28.80-30.28)
334.5 (333.3-347.0)
13.60 (12.95-14.83)
249.5 (190.0-269.5)
8.85 (8.15-9.88)
4.00 (3.50-5.13)
2.10 (1.68-2.43)
0.60 (0.53-0.85)
0.15 (0.10-0.28)

0.1 (0.0-0.1)

55.9 (50.8-64.2)
32.3 (26.1-36.5)
9.3 (7.9-12.0)
2.3(1.7-3.2)

0.8 (0.6-1.0)

0.328

0.861
0.250

0.722
0.456

0.978
0.365
0.564
0.172
0.113
0.795
0.705
0.985
0.583
0.199
0.054
0.433
0.378
0.944
0.680
0.132
0.382
0.329

Data was analysed using ANOVA or Kruskal Wallis test with Post Hoc test and Bonferroni correction. P values below 0.05 indicate at least one group is
significantly different from the other two (mild, moderate, and critical cases). Abbreviations: IQR - interquartile range, WBC — white blood cells, RBC
—red blood cells, Hb — haemoglobin, Ht — haematocrit, MCV — mean corpuscular volume, MCHC - mean corpuscular haemoglobin concentration,
RDW -red blood cell distribution width, PLT - platelet, MPV — mean platelet volume, NEU - neutrophils, LYM - lymphocytes, MON — monocytes, EOS

— eosinophils, BASO - basophils.

2 Mild cases n = 4, Moderate cases n = 4, Critical cases n = 7.

b Mild cases n = 34, Moderate cases n = 17, Critical cases n = 1.
¢ Mild cases n = 38, Moderate cases n = 21, Critical cases n = 8.
4 Mild cases n = 39, Moderate cases n = 21, Critical cases n = 8.

3.2.2. Lymphocyte subsets

All absolute counts of lymphocyte subsets were within the normal reference interval and no significant changes were observed
between patients’ groups except for percentage of B lymphocytes and NK cells (Table S2). For B lymphocytes, lower percentage was
measured in the critical cases group in comparison to mild cases group (P = 0.032) (Fig. 3A), whereas the values in mild and moderate
group were similar. We also detected higher percentage of NK cells (Fig. 3B) in critical cases group versus moderate cases group (P =
0.006). The percentage of NK cells was higher in critical cases group versus mild cases group, although not significantly (P = 0.093).
This is in concordance with literature data, which indicate that long-term recovery of B lymphocytes and NK cells, requiring more than
3 months [15] and in our case more than 6 months, is expected.
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Fig. 3. Significant changes between groups with different clinical manifestation of COVID-19 5-6 months after the disease were detected in A) B
lymphocytes and B) NK cells. Median and interquartile range (IRQ) are shown for 45 mild, 21 moderate and 8 critical cases. Data was analysed using
ANOVA (B lymphocytes) or Kruskal Wallis test (NK cells) with Post Hoc test and Bonferroni correction.
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3.2.3. Inflammatory markers

Routine markers of inflammation CRP, ferritin, IL-6 and the stress hormone cortisol were all within the normal reference interval
(Table S3). Most measurements of CRP in mild and moderate patients were below detection level of the method (<5 mg/L) but could be
detected in 5 out of 8 critical patients (P = 0.003). Ferritin was increased in male critical patients (man; P = 0.040) compared to
moderate group, while cortisol levels were decreased (mild—critical: P = 0.032; moderate—critical: P = 0.031) (Fig. 4).

High ferritin is a well-known marker of poor prognosis during active disease [16,17], but was also shown to be elevated in
COVID-19 pneumonia patients 3-6 months after discharge [18]. During the acute disease, ferritin is believed to be increased as a
consequence of pulmonary tissue damage and macrophage activation [19], but has also been previously positively correlated with age
[20] and obesity [21], both being well known COVID-19 comorbidities.

Eight early inflammatory markers (CCL2/JE/MCP-1, CXCL10/IP-10/CRG-2, IL-8/CXCLS, IL-10, IL-12 p70, IL-1 $/IL-1F2 and IL-2)
were determined in a smaller pool of samples and interestingly, several were increased in moderate cases, but not in mild or critical
cases (Table S3). Among those, a significant difference was detected in IL-12 and IL-1p (Fig. 4). Only IL-10 showed a consistent increase
with diseases severity, which was not statistically significant (Table S3). IL-12, IL-10 and MCP-1 were previously associated with more
severe disease [22,23] and MCP-1 levels were increased six months following the infection regardless of the presence of long-term post
COVID-19 condition [24]. In our study, most measurements of early inflammatory markers were higher in moderate cases compared to
critical (Table S3), which might me due to the small number of subjects.

The results of immunoglobulin measurement (Table S4) showed that the values of IgG, IgA, and C3 were inside the normal
reference interval and the difference in their concentration between groups was not statistically significant. In addition, the con-
centration of SARS-CoV-2 specific IgG/IgM antibodies (Fig. 5) was higher in critical group compared to mild (P < 0.001) and moderate
(P = 0.008) group, as is frequently reported in the literature [25,26].

3.2.4. Biochemical serum markers

Serum parameter analysis showed that predictably, most measured parameters were within the normal reference interval (Table 3).
Above the reference intervals were only measurements of Na (median 148.0 mmol/L; reference interval: 135-145), Cl (median 109.0
mmol/L; reference interval: 95-105) and total cholesterol (median 6.65 mmol/L; reference interval: <5.0) in critical patients’ group
(Fig. 6). All these parameters were also higher in critical patients compared to mild (Na: P = 0.003; Cl: P = 0.013; cholesterol: P <
0.001) and moderate patients compared to mild (Na: P = 0.030; cholesterol: P = 0.002) cases. An increase in critical patients was
observed also for creatinine (mild—critical: P = 0.009), ALP (mild—critical: P = 0.024; moderate—critical: P = 0.030) and HbAlc
(mild—critical: P = 0.001; moderate—critical: P < 0.001) (Fig. 6). A trend of increasing values in critical patients was detected for serum
urea, bilirubin, ALT and iron levels, but the differences were not significant.

These markers are mostly related to renal function and lifestyle. Reduced renal function is indicated by increased Na, Cl and
creatinine in critical patients, as well as increased serum urea concentration, which however was not statistically significant (Table 3).

A p=0.296 B p=0.266
40

p=0.023* 20
p=0.034*

30

w;{:$@

=
o

IL-12 p70
N
=)
IL-1B / IL-1F2
-
=)

5
0 . ; . . ';'
Mil M Critical T T T
e oderate ritiea Mild Moderate Critical
c 1200 p =0.032* D 400 : p=0.102 |
1000 p=0.040*
)
= . — 300 1
= =0.031
S 800 ” =
E =
= 600 'C 200 -
8 £
£ 400 5 .
8 - 100 z Za Male
i/
20 o/’ 1 Female
0 T 0 , :
Mild Moderate Crltlcal Mild Moderate Critical

Fig. 4. Significant differences between patients with different COVID-19 severity (mild, moderate, critical) 5-6 months after the disease were
detected for cytokines (A) Interleukin (IL)-12 p70, (B) IL-1p/IL-1F2 as well as (C) cortisol and (D) ferritin. Median and interquartile range (IRQ) are
shown for 10 mild, 9 moderate and 8 critical cases for IL-12 and IL-1f and for ferritin for 4 mild, 4 moderate and 7 critical male patients and 37 mild,
18 moderate and 1 critical female patient. Cortisol was determined in 45 mild, 22 moderate and 8 severe cases. Data was analysed using ANOVA or
Kruskal Wallis test with Post Hoc test and Bonferroni correction.
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Fig. 5. Specific antibodies against nucleocapsid proteins of SARS-CoV-2 were statistically different between patients with different COVID-19
severity (mild, moderate, critical) 5-6 months after the disease. Median and interquartile range (IRQ) are shown for 42 mild, 22 moderate and
8 critical cases. Data was analysed using Kruskal Wallis test with Post Hoc test and Bonferroni correction.

Table 3
Comparison of serum biochemical parameters between groups with different clinical manifestation of COVID-19 (mild, moderate and critical cases)

determined 5-6 months after first-time infection.

Biochemical parameters Reference interval Median (IQR)

Mild cases (n = 45) Moderate cases (n = 22) Critical cases (n = 8) P value
K (mmol/L) 3.8-5.5 4.40 (4.20-4.75) 4.40 (4.20-4.60) 4.65 (4.40-4.88) 0.226
Na (mmol/L) 135-145 141.0 (139.0-144.0) 142.5 (139.8-145.3) 148.0 (144.0-151.0) 0.004+*
Cl (mmol/L) 95-105 105.0 (104.0-107.0) 106.0 (104.8-108.0) 109.0 (106.5-110.8) 0.015*
Ca (mmol/L) 2.10-2.60 2.35 (2.26-2.43) 2.31 (2.26-2.37) 2.33 (2.32-2.48) 0.454
Pi (mmol/L) 0.84-1.45 1.18 (1.02-1.33) 1.25 (1.15-1.33) 1.04 (0.97-1.37) 0.429
Mg (mmol/L) 0.60-1.10 0.78 (0.75-0.83) 0.80 (0.78-0.83) 0.82 (0.79-0.83) 0.240
Urea (mmol/L) 2.8-7.5 5.10 (3.90-6.15) 5.40 (4.28-6.00) 6.25 (5.00-6.85) 0.095
Creatinine (pmol/L) 44-97 73.0 (64.5-79.0) 75.0 (65.5-85.3) 88.5 (80.8-93.5) 0.012*
0oGFR (CKD-EPI) (mL/min) 90.00 (78.50-95.00) 95.00 (78.75-95.00) 80.50 (79.25-85.75) 0.343
Bilirubin (pmol/L) 3-22 9.0 (7.0-12.0) 9.0 (5.8-11.0) 11.5(9.0-15.0) 0.142
ALP (pkat/L) 0.72-1.92 (M) 0.92 (0.73-1.05) 0.90 (0.67-1.03) 1.34 (0.98-1.52) 0.022*
0.55-1.64 (F)
AST (pkat/L) <0.58 (M) 0.41 (0.34-0.50) 0.39 (0.33-0.48) 0.47 (0.36-0.56) 0.666
<0.52 (F)
ALT (pkat/L) <0.77 (M) 0.21 (0.18-0.31) 0.19 (0.15-0.30) 0.33 (0.22-0.54) 0.128
<0.57 (F)
Troponin I (hs) (ng/L)
Male® <58 <3 3.00 (<3-6.00) <3 (<3-5.00) 0.138
Female” <40 <3 <3 (<3-4.25) 7.0 0.526
LDH® (pkat/L) <4.13 (M) 2.64 (2.41-2.76) 2.69 (2.31-3.01) 2.97 (2.57-3.46) 0.390
<4.12 (F)
Iron (11I) (pmol/L) 10.7-28.6 13.9 (10.45-19.40) 15.65 (9.93-19.45) 19.30 (13.70-21.53) 0.394
Cholesterol (mmol/L) <5.0 5.10 (4.35-5.70) 4.95 (4.60-5.83) 6.65 (5.85-6.80) <0.001***
HDL-cholesterol (mmol/L) >1.0 1.60 (1.30-1.80) 1.50 (1.28-1.90) 1.30 (1.03-1.55) 0.133
Lp(a)” (mg/L) <300 40.0 (40.0-193.8) 40.0 (40.0-176.8) 111.0 (40.0-214.3) 0.623
Testosterone (nmol/L) (M) * 8.8-30.6 16.25 (6.96-25.08) 16.64 (8.61-23.49) 11.36 (8.88-21.65) 0.881
Alpha-1-antitripsin (g/L) 0.9-2.0 1.40 (1.30-1.53) 1.40 (1.18-1.60) 1.40 (1.20-1.60) 0.862
HbA1lc® (%) <6 5.20 (5.00-5.40) 5.15 (5.00-5.43) 5.75 (5.28-6.13) <0.001%**

Data was analysed using ANOVA or Kruskal Wallis test with Post Hoc test and Bonferroni correction. P values below 0.05 indicate at least one group is
significantly different from the other two (mild, moderate, and critical cases). *P < 0.05, **P < 0.01, ***P < 0.001.
Abbreviations: IQR - interquartile range, Pi — inorganic phosphate, M — male, F — female, ALP - alkaline phosphatase, AST — aspartate amino-
transferase, ALT - alkaline aminotransferase, LDH - lactate dehydrogenase, HDL-cholesterol — high-density lipoprotein cholesterol, Lp(a) — lipo-

protein (a).
@ Mild cases n = 4, Moderate cases n = 4, Critical cases n = 7.
b Mild cases n = 37, Moderate cases n = 18, Critical cases n = 1.
¢ Mild cases n = 11, Moderate cases n = 10, Critical cases n = 8.
4 Mild cases n = 43, Moderate cases n = 20, Critical case n = 8.

¢ HbAlc was measured in the whole blood; Mild cases n = 40, Moderate cases n = 22, Critical cases n = 8.



T. Zore et al. Heliyon 11 (2025) e42535

>
w

-

2]

o
1

-

N

o
1

1 p=0.003** _ p=0.013"*
i [ ] - | |
= 150- + =
-~ . —I B
3 3 110
E 1 T g ]
E $oe - 3 |
3 1404 S 1 X T
1 p=0.030* 100+ p=0.185
k | e | J LE=-299
130 i T T ] T T T
Mild Moderate Critical Mild Moderate Critical
C p=0.009** D p=0.024*
120+ | | 2.5 |
] p=0.069 ] p=0.030*
ary ] I 1 2.0-] I 1
% 100__ ary ]
£ - = ]
E X S 1.5 T
2 80- C < N &
£ 4 00,00 :' . ] olo
é ] .ul’ .: =1 1.0 LS
] ] 200 < ] .
£ e0] of: i ] [ 2]
] 0.5 N
40 . . . | . . .
Mild Moderate Critical Mild Moderate Critical
10 p<0.001"* 7] "
= ! ! - | |
) ]
° 8 i
£ < 6 =
£ =2 °7 :
E 6 ol i : 223 A
q’ “ - m
§ [sov o] % 5- s _L
24 e oo ]
o p BEONE ] p<0.001***
2 4

1 1 1 I 1
Mild Moderate Critical Mild Moderate Critical

Fig. 6. Distribution of measured quantities of A) sodium (Na), B) chloride (Cl), C) creatinine, D) alkaline phosphatase (ALP), E) total cholesterol and
F) glycated haemoglobin HbA1C in patients different COVID-19 severity (mild, moderate, critical) 5-6 months after the disease. Median and
interquartile range (IRQ) are shown for 45 mild, 22 moderate and 8 critical cases. P values indicate statistical differences between groups. Data was
analysed using ANOVA or Kruskal Wallis test with Post Hoc test and Bonferroni correction.

Decreased renal function has been associated with critical COVID-19 and poor prognosis before [27], and it has been shown that a
significant proportion of critical patient can develop acute kidney failure (AKI), with lasting consequences beyond discharge from the
hospital [28]. AKI patients have been associated with increased urea, creatinine, ferritin, CRP, LDH and D-dimer and decreased eGFR
[29], many of which are also increased in our study, although no patient reported lasting renal problems. Also, Liu et al. showed that
creatinine, urea and eGFR increase in the 3-12 months post infection compared to the values on discharge, but this increase was not
dependent on disease severity [10]. To the best of our knowledge, no study so far observed Na and Cl levels months after disease
resolution, however in acute disease, both hypernatremia and hyponatremia have been observed only in a fraction of critical patients
that had worse outcomes (requirement for invasive ventilation, AKI) and longer hospital stay compared to patients with normal Na
levels [30,31]. As the studies showed that hypernatremia occurred later in disease (normal Na levels were detected on admission) [32]
and a study on cancer patients showed that pre-infection urea and creatinine levels do not correlate with COVID-19 mortality [33], we
can assume that the observed markers of decreased renal function are a consequence of COVID-19.

Other significant differences in measured parameters were related to lifestyle. In agreement with higher BMI in critical cases
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(Fig. 2), we also recorded higher total cholesterol and HbAlc levels (Table 3), an indicator of average long-term blood glucose con-
centration. Pre- and post-infection elevated HbAlc has been previously linked to higher probability of critical COVID-19 disease [34,
35], which is in agreement with our data. As a previous study detected no difference in HbAlc levels between non-COVID-19 patients
and COVID-19 patients 12 months after the infection [36], we can assume the differences in HbA1lc detected between disease severity
groups are the pre-infection baseline of these patients. On the other hand, low on-admission serum total cholesterol, HDL-cholesterol
and LDL-cholesterol were associated with higher risk of critical disease and death [37,38]. Although studies report a transient decrease
in serum lipid levels during acute COVID-19 disease compared to healthy controls [38-40], they return to normal levels in 2 months
[38,41]. In our study, HDL-cholesterol measurements still show a similar, although non-statistically significant decrease with
increasing disease severity even after 6 months. In contrast, statistically significant higher total cholesterol levels were detected in
critical patients (Table 3, Fig. 6). This would suggest that the levels observed in our study are pre-infection and potentially reflect the
BMI state of the patients.

The last statistically significant difference in biochemical parameters was increased serum ALP concentration in critical patients
(Table S3, Fig. 7). This is consistent with a study that detected an increase in the incidence of elevated serum ALP concentrations 3 and
6 months after hospital discharge and a normalization of the incidence 12 months after hospital discharge [10]. This could be due to
cholangiopathy, which is a normal occurrence during the acute course of the disease progressing to liver failure [42], but recently there
have been publications reporting post-COVID-19 cholangiopathy that occurs weeks to months after the initial infection, more
commonly noted among men, obese patients with metabolic syndromes and more severe COVID-19 disease [43].

3.2.5. Serum proteins

The levels of measured serum proteins and globulin fractions (proteinogram) (Table S5) were all within normal reference intervals.
We detected higher values of alpha 2 (Fig. 7A) and beta 2 (Fig. 7B) globulin fractions in critically ill group compared to mild (P = 0.002
and 0.005, respectively) and moderate (P = 0.007 and 0.004, respectively) group. We have not determined the main proteins of the
alpha 2 globulin fraction (alpha-2-macroglobulin, ceruloplasmin and haptoglobin), but we have measured two of the most abundant
proteins in beta 2 globulin fraction (complement C3 component and IgA). Complement C3 component did not differ between disease
severity groups, but IgA antibodies were increased in critical group with almost statistical significance (Table S4). As there was a
significant correlation between beta 2 globulin fraction and IgA (P = 2 x 107!2, r = 0.715), we can reasonably conclude that the
increase in beta 2 globulin fraction is due to increased IgA antibodies.

3.2.6. Trace elements

Trace element levels in blood and plasma were within normal reference intervals (Table S6). We did not observe differences in
levels of both essential and non-essential elements and Cu/Zn plasma ratio between groups of patients with different disease severity.
Only Cu in plasma in male patients almost reached statistical significance (Table S6) with higher detected levels in critical cases.
Studies found higher Cu levels in survivors than in deceased patients [44], as well as higher levels in critical compared to mild group
[45,46], which is in agreement with our results. Aryal et al. even found higher copper levels in acute and convalescent COVID-19
patients plasma samples compared to healthy controls, which is thought to be critical for the development of oxidative stress in
infected patients [47]. This suggests that higher Cu levels might be a protective response to the disease rather than baseline difference
that defines disease outcome.

3.2.7. Study limitations

This study has several limitations. A major limitation is that this is a one time-point follow-up (5-6 months after the infection) cross-
sectional study and no other before- or during-infection data are available. This was a single centred study with no external validation
control, which might have contributed to selection bias. The study was limited to healthy volunteers, excluding many severely ill
patents with predispositions for worse COVID-19 outcomes, so the data do not represent a general population. The distribution of
patients is highly uneven in disease severity and in gender, which was mostly attributed to initially low prevalence of COVID-19 in
Slovenia and difficulty recruiting non-vaccinated volunteers (vaccination was freely available and highly promoted shortly after the
beginning of our study and we had a high drop-out due to vaccination). Interpretation of our results is thus limited by the sample size
and any correlations detected should be confirmed in an independent study on a larger population.

4. Conclusion

In this study we showed that although most parameters were within the normal reference intervals at 5-6 months after the
infection, difference in distribution of the values of certain parameters were still observed, especially for the patients with critical
COVID-19 disease. These differences are either baseline differences present already before the disease, which have promoted a
different severity of the disease, or parameters that suggest prolonged consequences of the stress of the disease on organ systems and
immune system. Especially noticeable were parameters related to reduced renal function (increased sodium, chloride, creatinine and
urea levels), biliary tract dysfunction (ALP) and changes in globulin fractions (alpha2 and beta 2 globulin fractions, most probably
connected to increased immune system related proteins), humoral immunity (B lymphocytes, NK cells) and inflammation (ferritin,
cortisol). Our data also confirmed frequently detected risk parameters, showing that older age, higher BMI, higher cholesterol and
higher HbAlc could lead to more severe disease progression.
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Fig. 7. Distribution of protein quantity in A) alpha 2 and B) beta 2 globulin fraction as obtained with serum protein electrophoresis, based on
disease severity of COVID-19 patients (mild, moderate, critical) 5-6 months after the disease. Median and interquartile range (IRQ) are shown for 43
mild, 22 moderate and 8 critical cases. P values indicate statistical differences between groups. Data was analysed using ANOVA (Beta 2 globulin
fraction) or Kruskal Wallis test (Alpha 2 globulin fraction) with Post Hoc test and Bonferroni correction.
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