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Abstract

Background: Coronavirus disease 2019 (COVID-19) has spread rap-
idly worldwide with global financial and health care systems conse-
quences. It is already well recognized that immunization against the 
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is 
a precondition for blocking mutations and prevent the emergence of 
variants. The aim of the study was to investigate the possible relation-
ship between COVID-19 vaccines and the commonly used disease-
related blood biomarkers.

Methods: Adult patients with confirmed SARS-CoV-2 infection who 
were hospitalized from November 8, 2021, to December 31, 2021, were 
included. The retrospective study was conducted in Patras University 
Hospital, Greece. Two groups of patients were assessed, the ones who 
were previously vaccinated against SARS-CoV-2 (group A, n = 21), and 
those who were not (group B, n = 55). After analysis of peripheral blood, 
we calculated on admission day for each patient the total white blood 
cell (WBC), absolute lymphocytes count (ALC), absolute monocyte 
count, D-dimers, C-reactive protein (CRP) plasma levels, lactate dehy-
drogenase (LDH), ferritin, high-sensitive troponin, as well as the arterial 
oxygen partial pressure/fractional inspired oxygen (PO2/FiO2) ratio.

Results: The median age of all patients was 65.3 ± 15.2 years old; 
68.4% were men and 31.6% were women. Comorbidities were pre-
sent in 51 patients (67.1%). Hypertension and diabetes were observed 
as the most common comorbidities (33.3%). About 72.4% of the 
patients were unvaccinated or have received the first dose of vac-
cine, and 27.6% were completely vaccinated. No statistical difference 
was found in the total WBC count and ALC between the two groups 
(group A vs. group B: 8,168.95 ± 7,584.4 vs. 8,521.9 ± 6,571.3, P = 
0.848 and 3,052.1 ± 7,230.7 vs. 1,279.6 ± 1,218.6, P = 0.087). Mono-
cytes count in both groups did not show statistical difference: group 
A vs. group B: 672.6 ± 384.7 vs. 637.9 ± 477.8 (P = 0.754). Similarly, 

no difference for D-dimers (1,348.5 ± 1,397.6 vs. 1,850.9 ± 3,877.5, P 
= 0.575), ferritin (1,082.8 ± 1,399.5 vs. 1,327.4 ± 1,307.8, P = 0.508), 
high-sensitive troponin (113.6 ± 318.1 vs. 157.5 ± 48.8, P = 0.252), 
and CRP (6.92 ± 4.9 vs. 7.4 ± 5.9, P = 0.732). For LDH plasma levels, 
the statistical difference was significant (274.2 ± 85.6 vs. 387.5 ± 
223.4, P = 0.003), as well as for the PO2/FiO2 ratio (355.6 ± 129.7 vs. 
260.5 ± 123.3, P = 0,006).

Conclusions: In a mixed population hospitalized for COVID-19, 
only LDH plasma levels and the PaO2/FiO2 on admission day showed 
statistically significant difference between vaccinated and unvacci-
nated patients. Although unvaccinated patients are more likely to de-
velop severe illness, they did not express significantly higher values 
of commonly used plasma biomarkers such as ferritin, CRP, and D-
dimers which are related to disease severity.
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Introduction

Since its outbreak, coronavirus disease 2019 (COVID-19) has 
spread rapidly, with a sharp rise in the accumulative number 
of infections worldwide. It took a short period to become clear 
that effective therapy for severe COVID-19 patients together 
with preventing severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2) spread through population vaccination is 
the best option worldwide. From the beginning of the pandem-
ic, global efforts have been focused on developing safe and 
efficacious vaccines for COVID-19 prevention [1].

To date, COVID-19 has become increasingly a real threat 
due to the emergence of variants. It is so far well known that 
rapid herd immunity through vaccination is needed to block 
the mutation and prevent the emergence of variants that can 
completely escape the immune surveillance [2].

Several reviews systematically evaluated the effectiveness 
and/or safety of the three mainstream vaccines on the market 
(inactivated virus vaccines, RNA vaccines and viral vector 
vaccines) based on random clinical trials yet [2]. In the pre-
sent study, we aimed to investigate the effect of the COVID-19 
vaccines on the related disease blood biomarkers on patients’ 
admission day.
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Materials and Methods

All adult patients with confirmed SARS-CoV-2 infection who 
needed hospitalization in the third and fourth COVID Division 
of Internal Medicine Department of Patras University Hospi-
tal, Greece, from November 8, 2021, to December 31, 2021, 
were enrolled in the study, and remarkably, during that period 
when D variant genotyping was predominant. Exclusion cri-
teria were age < 18 years and preexistent infections, such as 
urinary tract infections, endocarditis, and wound infections. 
Patients were divided into two groups, group A: patients vac-
cinated against SARS-CoV-2 (n = 21) and group B: patients 
unvaccinated against SARS-CoV-2 (n = 55). Written informed 
consent was obtained from all patients enrolled in the study or 
from a relative when necessary. The Ethics Institutional Board 
of the Hospital approved the study protocol. The study was 
conducted in compliance with the ethical standards of Univer-
sity Hospital of Patras, Greece on human subjects as well as 
with the Helsinki Declaration.

We recorded the total count of white blood cells (WBCs), 
absolute lymphocytes count (ALC), absolute monocyte count, 
D-dimers, C-reactive protein (CRP), lactate dehydrogenase 
(LDH), ferritin, and high-sensitive troponin on admission day 
for each patient. Also, the arterial oxygen partial pressure/frac-
tional inspired oxygen (PO2/FiO2) ratio upon admission was 
recorded. Patients’ data were extracted from the Hospital’s 
electronic medical records.

Statistical analysis

Statistical analysis of data was performed using SPSS-26 sta-
tistical software. Statistical values were expressed as mean ± 
standard deviation (SD). The minimum value of the level of 
statistical significance, P value, was set at 0.05. The Mann-
Whitney test was used to investigate the differences of a con-
tinuous variable to two different and independent population 
groups.

Results

A total number of 76 adult patients (≥ 18 years old) with labo-
ratory-confirmed SARS-CoV-2 infection via polymerase chain 
reaction (PCR) technique were enrolled. The median age of all 
patients was 65.3 ± 15.2 years old, and 68.4% were men and 
31.6% were women. Comorbidities were present in 51 patients 
(67.1%). Hypertension and diabetes were observed as the most 
common comorbidities (33.3%), followed by cardiovascular 
disease (25.5%), atrial fibrillation (15.7%), hyperlipidemia 
(15.7%), and chronic obstructive pulmonary disease (13.7%). 
The most common symptoms on admission were fever, non-
productive cough and dyspnea.

In regard to vaccination, 72.4% of the patients were unvac-
cinated or have received the first dose of vaccine and 27.6% 
were completely vaccinated. Four full vaccinated patients 
(19%) and 15 unvaccinated (27.3%) died during hospitaliza-
tion. All critically ill patients who were admitted to intensive 

care unit (ICU) (n = 7, 10.5%) at the same period were unvac-
cinated.

When we compared the plasma levels of WBC counts, 
ALC, monocytes count, D-dimers, CRP, ferritin, LDH, tro-
ponin and PO2/FiO2 ratio in the two studied populations, we 
found the that the WBC count and ALC between the two groups 
did not reveal statistically significant differences (group A vs. 
group B: 8,168.95 ± 7,584.4 vs. 8,521.9 ± 6,571.3, (P = 0.848) 
and 3,052.1 ± 7,230.7 vs. 1,279.6 ± 1,218.6, (P = 0.087)). 
Monocytes count in both groups was as follows: group A vs. 
group B: 672.6 ± 384.7 vs. 637.9 ± 477.8 (P = 0.754). Analysis 
of the rest parameters showed: D-dimer (1,348.5 ± 1,397.6 vs. 
1,850.9 ± 3,877.5, P = 0.575), ferritin (1,082.8 ± 1,399.5 vs. 
1,327.4 ± 1,307.8, P = 0.508), LDH (274.2 ± 85.6 vs. 387.5 
± 223.4, P = 0.003) (Fig. 1), high-sensitive troponin (113.6 ± 
318.1 vs. 157.5 ± 48.8, P = 0.252), CRP (6.92 ± 4.9 vs. 7.4 ± 
5.9, P = 0.732) and PO2/FiO2 ratio (355.6 ± 129.7 vs. 260.5 ± 
123.3, P = 0,006) (Fig. 1). All above values are demonstrated 
in Table 1. Surprisingly, the outcome did not show statistically 
significant difference between the two groups (group A vs. 
group B).

Discussion

Over the last year, we have witnessed the development and 
clinical introduction of very effective COVID-19 vaccines, 
based on results from phase-3 randomized controlled trials. 
The two-dose regimen of BNT162b2 and mRNA-1273 mRNA, 
two vaccines that based on new mRNA technology, provided 
extremely effective protection against COVID-19 (95% and 
94.1%, respectively). Different regimens of viral-vector vac-
cines expressing SARS-CoV-2 S protein, GamCOVID-Vac, 
Ad26.COV2.S and ChAdOx1, were highly effective to protect 
against symptomatic COVID-19 (91.6%, 66.9%, and 66.7%, 
respectively) [3]. Two doses of SARS-CoV-2 vaccines have 
been highly effective at preventing hospitalization, onset of 
clinical deterioration and deaths resulting from COVID-19. 
Moreover, SARS-CoV-2 vaccines have effectively reduced in-
fections resulting from SARS-CoV-2 across the world, symp-
tomatic cases, severe illness, and mortality rates [2].

Although a good knowledge has been gained on efficacy 
and safety of SARS-CoV-2 vaccines, which means that people 
who are fully vaccinated against COVID-19 have a signifi-
cantly reduced risk of severe illness and need for ICU admis-
sion, less clear information has been provided on laboratory 
abnormalities related to disease severity in vaccinated patients 
when admitted for hospitalization in comparison to unvacci-
nated ones.

In the present retrospective study, in terms of laboratory 
findings, there were no statistically significant differences be-
tween vaccinated and unvaccinated individuals in the plasma 
levels of D-dimers, high-sensitive troponin and inflammatory 
markers including CRP and ferritin. Our analysis revealed sta-
tistically significant elevated LDH in the group of patients who 
were unvaccinated against SARS-COV-2 and were admitted 
to hospital. Mardani et al and Zhou et al reported that elevated 
LDH level on admission of SARS-CoV-2 patients, was inde-
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pendent predictor factor of severe disease and for an adverse 
clinical outcome [4, 5]. Increased plasma LDH levels has been 
associated also with higher risk of acute respiratory distress 
syndrome (ARDS), ICU support and death across published 
studies [6].

Some limitations of the current study should be acknowl-
edged. First, the presented study is retrospective with a limited 
number of patients. Second, there is no information provided 
about onset of symptoms or on which day of the illness the 
patients are admitted to hospital care. However, all our patients 
were immediately admitted to hospital from the onset of symp-
toms. Huang et al [7] and Wang et al [8] highlighted an associa-
tion between lymphocytopenia and need for ICU care, whereas 
Wu et al [9] showed an association between lymphocytopenia 
and ARDS development [6]. Although lymphocytopenia has 
been well described in a retrospective analysis of patients in 
Hong Kong and Singapore afflicted with SARS in 2003 and 
was associated with adverse outcomes and ICU admission, we 

did not find statistically significant lower ALC in the group of 
unvaccinated patients [10].

PaO2/FiO2 ratio is the most common used oxygenation 
index and was found statistically significant lower in group B 
(unvaccinated patients). Lung is the most organ most invaded 
by SARS-CoV-2. Several COVID-19 patients are character-
ized by hypoxia and respiratory distress. Post-mortem histo-
logical examination revealed hyaline membranes, and mixed 
inflammatory cell infiltration of the interstitium, alveoli, and 
perivascular areas, which are consistent with the characteris-
tics of ARDS. PaO2/FiO2 has been reported to be an independ-
ent predictor of COVID-19 death [11].

In this study, we provide evidence, for the first time to our 
knowledge, that some very commonly used laboratory values, 
except LDH and PaO2/FiO2 that are used as independent pre-
dictive factors in SARS-CoV-2 infection, show no statistically 
significant difference between vaccinated and unvaccinated 
patients. Although unvaccinated patients, admitted to hospital 

Figure 1. Statistically significant difference of LDH and PaO2/FiO2 ratio in adults with COVID-19. The box plots show the data 
from all patients analyzed. In every box plot, the upper line is the highest measurement detected. All measurements are grouped 
as vaccinated (1) and unvaccinated (2) patients. COVID-19: coronavirus disease 2019; LDH: lactate dehydrogenase; PO2/FiO2: 
arterial oxygen partial pressure/fractional inspired oxygen.
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due to SARS-CoV-2 infection, are more likely to develop se-
vere illness, and one would expect to have significantly higher 
values of parameters such as ferritin, CRP, D-dimers, this has 
not been demonstrated in the present study.
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