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The SARS-CoV-2 variants demonstrate diverse transmission patterns,
modifications in infectivity, and immune response. Changes in disease
manifestation may be attributed to vaccination and the virus's reduced
capacity to induce inflammation.

Objectives: To investigate the relationship between the inflammatory response
and the characteristics of COVID-19 across successive waves.

Methods: A retrospective cross-sectional study was conducted to evaluate
sociodemographic, clinical, and laboratory data of Alpha (G1), Delta (G2), and
Omicron (G3) variants.

Results: A total of 300 patients from a hospital in Madrid, Spain, were included.
The groups exhibited similar sociodemographic and baseline characteristics. The
Alpha variant predominantly affected younger patients, while the Omicron
variant affected patients with a higher prevalence of comorbidities. The Alpha
group had the lowest vaccination rate compared to the highest rate in the
Omicron group. The Alpha group received a higher proportion of tocilizumab
compared to the other groups. Despite these differences, the severity scores
were similar among the three variants. Regarding laboratory parameters,
differences were observed in haemoglobin, D-dimer, alkaline phosphatase, and
potassium levels. The Omicron variant showed higher D-dimer levels (p=0.04). In
the multivariate analysis, differences in leukocyte count, haemoglobin, alkaline
phosphatase, and potassium levels were consistently observed among patients
from different waves. Omicron exhibited a higher absolute leukocyte count than
the Alpha variant (p=0.003).

01 frontiersin.org


https://www.frontiersin.org/articles/10.3389/fimmu.2023.1267991/full
https://www.frontiersin.org/articles/10.3389/fimmu.2023.1267991/full
https://www.frontiersin.org/articles/10.3389/fimmu.2023.1267991/full
https://www.frontiersin.org/articles/10.3389/fimmu.2023.1267991/full
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fimmu.2023.1267991&domain=pdf&date_stamp=2023-10-16
mailto:reynaldo.hdei@gmail.com
https://doi.org/10.3389/fimmu.2023.1267991
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology#editorial-board
https://www.frontiersin.org/journals/immunology#editorial-board
https://doi.org/10.3389/fimmu.2023.1267991
https://www.frontiersin.org/journals/immunology

Homen-Fernandez et al.

10.3389/fimmu.2023.1267991

Conclusion: No significant differences were found in inflammation biomarkers
among the three variants. Furthermore, there were no significant disparities in
mortality or disease severity. The level of inflammatory response in patients may
be determined by the severity of COVID-19, rather than the specific viral variant.
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COVID-19 variants, omicron, delta, alpha, inflammation, SARS-CoV2 (COVID- 19), Spain

1 Introduction

Since the first identification of the Variant of Concern (VOC), it
has been established that structural modifications can alter the
course of infection (1) and emerging variants have been closely
monitored with the objective of promptly detecting genetic
alterations that may impact transmissibility, disease severity,
immunogenicity, drug response, and other features (2). The
World Health Organization (WHO) has identified five VOCs:
Alpha (September 2020), Beta (May 2020), Gamma (November
2020), Delta (October 2020), and Omicron (November 2021) (3, 4).

In Spain, epidemiological surveillance has been conducted since
2021 by sequencing a random sample of cases in each community
and releasing information on a biweekly basis through the Spanish
Surveillance System (SiViEs) (5). The report dated May 17th, 2022
includes the percentage of each variant among all sequenced
samples for each week, where the prevalence of three of the five
WHO-identified VOCs - Alpha, Delta, and Omicron - is evident
(Annex 1) (6).

These VOCs have exhibited distinct patterns of transmission,
disease severity, and immune evasion compared to earlier Wuhan
SARS-CoV-2 (7, 8). From the Alpha variant, changes in the genetic
code were identified, which lead to structural changes (9, 10) and
are associated with increased cellular infectivity (11, 12), decreased
neutralizing capacity of vaccine-induced antibodies (13-15), and
failure in the detection of some diagnostic tests (16, 17). From the
Delta variant, at least nine changes were identified in the spike
protein that increase interaction with the ACE2 receptor, thereby
enhancing virus infectivity. These changes also reduce the action of
neutralizing antibodies and confer a shorter incubation period of 2
to 3 days (17). As for the Omicron variant, at least 60 changes have
been identified, including changes in the spike protein that confer
certain immune escape by reducing binding to some antibodies
identified as neutralizing in previous variants (18). These changes
also increase the binding affinity to ACE2, resulting in a higher
transmission rate, which has been linked to disease progression
(18-21). Although the exact mechanisms behind these disparities
are still being researched, the inflammatory response and clinical
manifestations of COVID-19 may also differ among these variants.

The severity of the disease’s clinical manifestation is ascertained
by the extent of lung involvement, which results in varying degrees
of hypoxia and respiratory failure. Inflammation is a critical
element of this illness, and a heightened inflammatory reaction is
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linked with a poor prognosis. Therefore, employing inflammation
biomarkers in the management of COVID-19 patients has become
widespread during the pandemic. The improved prognosis of later
waves of the disease is related mainly to the protection exerted by
vaccination and greater knowledge of the disease and its
management, and it might be related to the virus’s reduced
capacity to provoke a systemic inflammatory response.

We hypothesize that the Wuhan SARS-Cov2 strain may elicit a
more severe systemic inflammatory response compared to the more
recent variants. Although these newer variants have a higher
transmission rate, they Might generate a lower inflammatory
response, particularly at the pulmonary level. This effect could be
attributed to changes in the affinity of the variants for ACE2
receptors at the pulmonary level. The current study aims to
investigate the relationship between the inflammatory response
and COVID-19’s clinical characteristics across successive waves.

2 Patients and methods
2.1 Study design and study population

This is a retrospective cross-sectional study of patients
hospitalised for COVID-19 between 2021 and 2022 at the
Hospital Clinico San Carlos in Madrid, Spain. By evaluating the
findings of the SIVIESs, it has been determined that there are three
distinct periods in which the predominant VOC fluctuates and
surpasses 80% prevalence. Consequently, a decision was made to
compare the patients corresponding to these specific periods. To
avoid overlaps between groups, intermediate periods were
considered, selecting Group 1 (G1) from 15/03/2021 to 19/04/
2021 where the predominant VOC was Alpha, Group 2 (G2)
from 02/08/2021 to 12/12/2021 predominantly Delta and Group 3
(G3) from 17/01/2022 to 25/04/2022 predominantly Omicron.

The first 100 admissions that met the inclusion criteria and
none of the exclusion criteria in three periods were correlatively
selected. The inclusion criterion was hospital admission with
microbiological confirmation of SARS-CoV2 infection by PCR
and the exclusion criterion was that the main reason for
hospitalization was related to another condition or disease of the
patient or only for preventive isolation.

Given the exploratory nature of the study, the sample size was
arbitrarily set at 100 patients per group.
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2.2 Variables

Sociodemographic and clinical characteristics were collected
from the hospital history: age, sex, comorbidities, smoking or
alcohol use, vaccination for COVID-19, date of onset of
symptoms, duration of hospitalization, need for ICU, exitus or
discharge and treatment received for COVID-19.

We also documented the analytical parameters, markers of
inflammation and organ damage obtained from the database of
the clinical analysis department of the first blood test performed on
patients in the emergency room: Haemoglobin, platelets, total
leukocytes, absolute neutrophils, absolute lymphocytes, absolute
monocytes, prothrombin time, INR prothrombin time, aPTT, D-
dimer, Fibrinogen, Glycaemia, Total Bilirubin, Creatinine,
estimated glomerular filtration rates (eGFR), Urea, ALT, AST,
Alkaline Phosphatase, GGT, LDH, Ck, Sodium, Potassium,
Troponin I, Nt-proBNP, CRP (C-Reactive Protein),

Procalcitonin, Ferritin.

2.3 Statistical analysis

Continuous and ordinal variables were described by the mean
and standard deviation or median and interquartile range as
appropriate. Categorical variables were described as counts and
percentage. For all comparisons between groups, the %’ test, or the

10.3389/fimmu.2023.1267991

Fisher exact test whenever necessary, were applied for categorical
variables. Continuous variables were tested for normality with the
Kolmogorov-Smirnov test and then compared between groups
using a t test, Mann-Whitney test, ANOVA, Kruskal-Wallis test
when appropriate. All tests were performed as 2-sided and P values
<0.05 were considered significant. To adjust for potential
confounding variables, we performed a linear regression analysis
adjusting for severity (measured in the WHO scale) and age. We
performed a correction of the p values according to the method
described by Benjamini and Hochberg (BH) controlling for the false
discovery rate. The statistical analysis was performed in R version
4.3.1 and RStudio.

3 Results
3.1 Baseline characteristics

Between January 1st, 2021 and May 28th, 2022, a total of 1260
patients were admitted to the COVID-19 ward. During this period,
100 patients were selected from each corresponding period of the
alpha, delta, and omicron variants, resulting in a total of 300
included patients (Figure 1). The sociodemographic and baseline
characteristics were similar across the three groups, with significant
differences in age. Compared to G1, G2 median age was 7.5 years
older 7.5 years higher (p=0.009), and G3 was a median 10 years

1.260

Admissions in COVID-19 service

01/Jan/21 - 28/May/22

!

675

Alpha period
01/Jan/21 - 04/Jul/21

|

186

Delta period
05/Jul/21 - 19/dec/21

399

Omicron period
20/dec/21 - 29/may/22

Correlative selection of 100 admissions that meet the inclusion

|

100

Group 1
15/Mar/21 - 20/Jun/21

FIGURE 1

criteria and none of the exclusion criteria.

|

|

100

Group 2
02/Aug/21 - 17/Dec/21

100

Group 3
17/Jan/22 - 24/apr/22

Patient inclusion route: Between January 1st, 2021 and May 28th, 2022, a total of 1260 patients were admitted to the dedicated COVID-19 ward
Throughout this specified timeframe, 100 patients were selected from each corresponding period representing the alpha, delta, and omicron
variants. A total of 300 patients were included in the study.
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older (p=0.001). Overall, G3 exhibited a higher prevalence of
comorbidities compared to G2 and Gl1. Specifically, G3 had a 6%
higher prevalence of chronic kidney disease (CKD) compared to
G2, and a 10% higher prevalence compared to Gl (p=0.041).
Furthermore, there was a greater incidence of congestive heart
failure (CHF) in G3, being 6% and 8% higher than in G1 and G2,
respectively (p=0.032). Lastly, G3 displayed a higher proportion of
individuals with a history of cancer (p=0.007) (Table 1).

3.2 Clinical presentation of COVID-19

The characteristics associated with COVID-19 are presented in
Table 2. The median time to admission was 5 days in all three
groups. The highest severity score recorded during admission for all
three groups was WHO category 4. The majority of patients
exhibited a radiological pattern of bilateral pneumonia in the
initial imaging test conducted upon admission, with nearly 80%
observed in G1, which had the highest percentage of patients.

Regarding vaccination, G3 demonstrated the highest percentage
of vaccinated individuals, reaching nearly 85%, which was
proportionally similar to G2 with an approximate vaccination
rate of 80%. In contrast, in G1, less than 20% of individuals had
received vaccinations, and there was a statistically significant

TABLE 1 Demographics and baseline characteristics.

Characteristic

10.3389/fimmu.2023.1267991

absolute difference of 56% (p<0.001) between G1 and G2, as well
as 65% (p<0.001) between G1 and G3.

In terms of COVID-19 treatment, the majority of patients
received dexamethasone, followed by Remdesivir. Notably, Gl
received 13% more tocilizumab compared to G2 and G3, and this
difference was statistically significant (p=0.006). G3, on the other
hand, received 33% less anticoagulant therapy than both G1 and
G2, and this difference was also statistically significant (p<0.001).
Additionally, it is worth mentioning that over 40% of participants in
all three groups had received some form of antimicrobial therapy.

3.3 Hematological and Biochemical trends

The univariate analysis of blood count (Table 3) reveals that G3
has lower hemoglobin levels than G1, with a difference of 0.7 mg/dl
(p=0.007). In terms of coagulation markers, G3 demonstrates
higher D-dimer values than G1 (p=0.011). When examining the
biochemistry results, the three groups displayed very similar levels
of bilirubin. Additionally, G2 and G3 exhibited a median eGFR
corresponding to stage 3 of the KDIGO 2012 scale, while Gl
displayed levels corresponding to stage 2. Alkaline phosphatase
was lower in G1 compared to G2, with a difference of less than 6 U/I
(p=0.018), and compared to G3, with a difference of less than 16 U/l

Age —— Median (IQR) - yr. 73.5 [62.8;80.0] 81.0 [59.8;88.2] 83.5 [75.8;89.0] <0.001
Sex —— No. (%) 0,886
Male 53 (53) 53 (53) 56 (56)
Female 47 (47) 47 (47) 44 (44)
Coexisting condition —— No. (%)
Hypertension 56 (56) 57 (57) 68 (68) 0,157
Dyslipidaemia 48 (48) 39 (39) 44 (44) 0,438
Diabetes 34 (34) 28 (28) 28 (28) 0,565
Obesity 17 (17) 17 (17) 15 (15) 0,907
Coronary artery disease 9(9) 4 (4) 10 (10) 0,232
COPD 3(3) 8 (8) 9(9) 0,190
CKD 4(4) 8 (8) 14 (14) 0,041
Asthma 6 (6) 3(3) 8(8) 0,306
Congestive heart failure 4 (4) 2(2) 10 (10) 0,032
History of cancer 7 (7) 6 (6) 19 (19) 0.007
Smoking or alcohol use —— No. (%)
Former smoker 21 (21.0) 18 (18.0) 29 (29.0) 0,158
Smoker 9 (9.00) 8 (8.00) 11 (11.0) 0,759
alcohol 3 (3.00) 2 (2.00) 4 (4.00) 0,912

IQR, interquartile range; yr, year; COPD, Chronic obstructive pulmonary disease; CKD, Chronic Kidney Disease. Bold values refers to values with a statistically significant p-value (p<0.05).
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TABLE 2 Characteristics of COVID-19.

P value

Characteristic

Days until admission —— Median (IQR) 5.00 (3.00;9.00) 5.00 (3.00;7.00) 0.41
Severity OMS —— No. (%) 0.275
3 17 (17.0) 16 (16.0) 19 (19.0)
4 64 (64.0) 71 (71.0) 64 (64.0)
5 8 (8.0) 2 (2.0) 3 (3.0)
6 3(3.0) 1(1.0) 0
8 8 (8.0) 10 (10.0) 14 (14.0)
Hospitalization duration Median (IQR) - Days 9.00 (7.00;11.0) 8.00 (5.00;11.0) 7.00 (5.00;10.0) 0.077
ICU admission No. (%) 6 (6.00) 5 (5.00) 2 (2.00) 0.453
Death No. (%) 8 (8.00) 10 (10.0) 14 (14.0) 0.376
Chest radiography pattern —— No. (%) <0.001
Bilateral pneumonia 79 (79.0) 61 (61.6) 48 (48.0)
Localized pneumonia 9 (9.00) 7 (7.07) 12 (12.0)
Other alteration 2 (2.00) 11 (11.1) 19 (19.0)
Normal 10 (10.0) 20 (20.2) 21 (21.0)
COVID-19 vaccination dose
First —— No. (%) 19 (19.0) 77 (77.0) 84 (84.0) <0.001
Second — no./total no. (%) 8/19 (42.1) 67 /77 (87.0) 83/ 84 (100) <0.001
Third — no./total no. (%) 1/8 (12.5) 4/67 (5.97) 71/ 71 (85.5) <0.001
Treatment —— No. (%)
Dexamethasone 92 (92.0) 87 (87.0) 78 (78.0) 0.017
Metilprednisone 6 (6.00) 5 (5.00) 9 (9.00) 0.498
Remdesivir 3 days 10 (10.0) 18 (18.0) 22 (22.0) 0.068
Remdesivir 5 days 14 (14.0) 11 (11.0) 16 (16.0) 0.585
Tocilizumab 16 (16.0) 3 (3.00) 3 (3.00) <0.001
Prophylactic anticoagulation 86 (86.0) 88 (88.0) 55 (55.0) <0.001
Antimicrobial 47 (47.0) 44 (44.0) 41 (41.0) 0.694

IQR, interquartile range. Bold values refers to values with a statistically significant p-value (p<0.05).

(p=0.006). Finally, potassium levels are slightly higher in G3 4 Discussion

compared to G2 and Gl1.

No statistically significant results were found in the multivariate
analysis after performing the p value adjustment. However, when
the p values were not adjusted G3 exhibited a higher absolute
leukocyte count than G1 by 2.45 (0.69; 4.21) (p=0.003) and a higher
count than G2 by 2.01 (0.23;3.78) (p=0.022). When analyzing
hemoglobin levels, G3 presented a lower value of -1.12 mg/dl
(IQR -1.21; 0.19) compared to Gl (p=0.001). The alkaline
phosphatase was found to be higher in G2 compared to G1 with
a difference of 14.98 (0.29;29.66) (p=0.044). Finally, the difference in
potassium levels was maintained, with G3 having a higher value
than G1 with a difference of 0.32 (0.09;0.54) (p=0.003).
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The hypothesis of our study was that the severity of the
inflammatory response would decrease over time in relation to VOC,
so that patients with the Omicron variant would show a lower elevation
of inflammation biomarkers. However, we could not demonstrate that
patients who required hospitalization for COVID-19 during the
analyzed periods, with infections by different variants of SARS-CoV-
2, presented a different inflammatory response. The values of CRP,
PCT, LDH, or ferritin, biomarkers frequently used in this disease, were
not different among the three groups. However, the dimer-D, which
has also been considered as an inflammation marker in COVID-19
patients, was found to have a statistically significantly higher value in
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TABLE 3 Result of the univariate analysis.

Characteristic

p value

Corrected p
value

Blood count —— Median (IQR)

Absolute leucocytes x1073/ul, 6.00 (4.57;7.73) 6.90 (4.70;8.90) 7.10 (5.03;9.17) 0.032 0.092 294
Absolute neutrophils —— x10/3/uL 4.50 (3.20;5.90) 4.55 (3.22;6.56) 5.06 (3.39;7.09) 0.254 0.387 291
Absolute lymphocytes x10A3/uL 0.90 (0.60;1.20) 0.95 (0.67;1.37) 0.87 (0.60;1.21) 0.699 0.829 294
Haemoglobin mg/dl 13.6 (12.5;14.6) 132 (11.8;14.4) 129 (11.4514.1) 0.009 0.043 296
Platelets x10A3/ul. 168 (141;232) 170 (136;203) 187 (149;235) 0.168 0.299 292
Inflammation /infection markers —— Median (IQR)
CRP —— mg/dl 44.8 (19.4;95.8) 59.4 (33.8;105) 42.0 (17.8;85.5) 0.096 0.219 287
Ferritin mg/dl 333 (170:660) 312 (138;717) 284 (135;598) 0.823 0.921 239
LDH —— U/l 609 (494;782) 509 (406;764) 536 (411;845) 0.068 0.167 269
Procalcitonin —— ng/ml 0.11 (0.08;0.20) 0.12 (0.08;0.24) 0.13 (0.07;0.26) 0.324 0.437 264
Coagulation Markers —— Median (IQR)
D Dimer ng/ml 840 (52631157) 970 (67631446) 1099 (768;1645) 0.012 0.046 216
Fibrinogen mg/dl 709 (142) 704 (161) 696 (184) 0.875 0.921 249
Biochemistry and other markers —— Median (IQR)
Glucose —— mg/dl 117 (106;134) 118 (105;140) 117 (101;144) 0.94 0.94 289
Total Bilirubin —— mg/dl 0.59 (0.43;0.78) 0.47 (0.36;0.68) 0.50 (0.32;0.65) 0.013 0.046 259
creatinine —— mg/dl 0.87 (0.75;1.07) 0.97 (0.73;1.23) 0.90 (0.76;1.19) 0.328 0.437 290
GFR —— ml/min 80.3 (60.0;90.0) 67.7 (49.7;89.7) 74.6 (44.6;84.5) 0.016 0.05 293
Urea mg/dl 41.0 (30.0;50.2) 42.0 (31.0:62.0) 46.0 (33.0:62.0) 0.119 0.244 291
SGPT —— U/l 38.0 (28.0;47.0) 36.0 (24.0;62.0) 36.0 (23.0;51.0) 0.596 0.763 259
SGOT —— U/l 29.0 (16.8;40.7) 23.8 (15.8;43.8) 20.6 (13.9;38.9) 0.122 0.244 264
Alkaline phosphatase —— U/l 69.5 (53.0;84.0) 76.0 (62.0;107) 85.5 (62.8;112) 0.004 0.027 269
Sodium —— mMol/l 137 (135;139) 137 (135;139) 137 (134;139) 0.857 0.921 292
Potassium —— mMol/l 4.27 (3.90;4.60) 4.27 (3.85:4.86) 4.50 (4.07;:4.92) 0.009 0.043 287
Ultrasensitive troponin ng/ml 14.0 (9.00;24.5) 17.0 (10.0;23.0) 19.0 (10.8;29.2) 0.181 0.306 239

IQR, interquartile range; CRP, C-reactive protein; LDH, Lactate dehydrogenase; eGFR, estimated glomerular filtration rates; SGPT, serum glutamate pyruvate transaminase; SGOT serum
glutamic-oxaloacetic transaminase. Bold values refers to values with a statistically significant p-value (p<0.05).

patients with the omicron variant. Nevertheless, when adjusting for age
and severity, this significance disappears.

The severity of COVID-19 disease is partly determined by
patients’ age (22, 23). In our series, although patients in the more
recent variants were on average 10 years older, we could not find
differences between the groups in terms of mortality or disease
severity determined by the maximum score on the WHO scale. This
may be influenced by higher vaccination rates in group 3 and better
knowledge and management of the disease. However, lung
involvement may have been more severe in group 1, as
demonstrated by a higher proportion of bilateral pneumonia and
greater use of anti-inflammatory drugs such as dexamethasone or
tocilizumab. It is important to note that no changes were made to
the COVID-19 management protocol at the hospital during the
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study period, and these differences could potentially be related to
variability in decision making among treating physicians.
Throughout the pandemic, different specific laboratory markers
have been used to help establish the risk of progression. There is
abundant evidence in the literature that certain markers of
inflammation, such as CRP, PCT, hematological markers
(lymphocyte and neutrophil counts, D-dimer, ferritin), cardiac
markers (troponin or CK-MB), or hepatic markers (AST, ALT,
bilirubin), are useful in determining the prognosis of the disease
(24). From the results of our study, we can confirm that patients
who require hospitalization for COVID-19 present a similar
inflammatory response regardless of the VOC responsible for the
disease. Even the D-dimer, a recognized marker of thrombosis, is
significantly higher in patients in group 3, with the Omicron VOC.
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This absence of differences could be interpreted as indicating
that the inflammatory response is dictated by the severity of the
disease, not by the variant of virus causing it. If a patient sufters a
severe enough infection to require hospitalization, the
inflammatory response measured by commonly used biomarkers
will be similar if the severity of the condition is similar.

Our study has some limitations. The assumption that it is a
specific VOC is based on epidemiological data, not confirmation in
the study patients. However, the appearance of a specific VOC is
related to rapid expansion and widespread substitution of the
previous variant by the new variant, so we believe that the
periods analyzed reflect infections by different VOC. It is an
observational, retrospective study with inevitable selection biases
in this type of study. We selected consecutively hospitalized patients
in the periods studied without any prior criteria, so we believe it is a
selection with little bias. Nonetheless, the findings might be
significant in broadening our understanding of the inflammatory
reaction in individuals suffering from COVID-19.

In conclusion, the inflammatory response in hospitalized
COVID-19 patients, determined by biomarkers such as CRP,
ferritin, PCT or LDH, is similar between infections caused by
different VOCs between 2021 and 2022. It appears that the
severity of COVID-19 in hospitalized patients may determine the
level of inflammatory response, rather than the particular viral
strain responsible for the illness.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by Garcia
Arenillas. CEIm Hospital Clinico San Carlos. The studies were
conducted in accordance with the local legislation and institutional
requirements. Written informed consent for participation was not
required from the participants or the participants’ legal guardians/
next of kin because the study design does not pose major risks for
the participants as it is an observational and retrospective study. On
the other hand, taking into account the intention to include
inpatients consecutively, the fact that some of the patients have
died and that it is a retrospective study covering the period from
2021 to 2022, it is practically impossible to collect the informed
consent of all the study subjects. Since these aspects are
fundamental for obtaining results that are faithful to reality, the
requirement of individual consent would make it impractical to
carry out the study.

Author contributions

J-RH-F: Conceptualization, Formal Analysis, Investigation,
Methodology, Project administration, Supervision, Validation,

Frontiers in Immunology

10.3389/fimmu.2023.1267991

Visualization, Writing - original draft, Writing - review &
editing. AV: Conceptualization, Data curation, Formal Analysis,
Investigation, Methodology, Validation, Writing - review & editing.
AG: Investigation, Validation, Writing — review & editing. NC:
Conceptualization, Validation, Writing - review & editing. IO:
Investigation, Validation, Writing - review & editing. EO:
Conceptualization, Validation, Writing - review & editing. CF:
Investigation, Validation, Writing - review & editing. MM:
Conceptualization, Validation, Writing - review & editing. VE:
Conceptualization, Methodology, Validation, Writing - original
draft, Writing - review & editing.

HCSC infectious diseases group
collaborators:

Rafael Sanchez-del-Hoyo: Hospital Clinico San Carlos, IdISSC,
Unidad de Apoyo Metodologico a la Investigacion y departamento
preventivo, Madrid, Spain. Isabel Zarza, Valeria Cabral, Nieves Sans,
Javier Rodriguez-Afiover: Servicio de Enfermedades Infecciosas,
Instituto de Investigacion Sanitaria del Hospital Cinico San Carlos
(IdISSC), Hospital Clinico San Carlos, Madrid, Spain.

Funding

The author(s) declare that no financial support was received for the
research, authorship, and/or publication of this article.

Acknowledgments

We would like to express our gratitude to the Coding Service at
Hospital Clinico San Carlos for their assistance in providing the lists
of hospital admissions. During the preparation of this work, the
authors utilized openai app to enhance readability and language, as
well as to verify grammar and spelling. Subsequently, the authors
thoroughly examined and edited the content as necessary, assuming
full responsibility for the publication’s content.

Conflict 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.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

frontiersin.org


https://doi.org/10.3389/fimmu.2023.1267991
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Homen-Fernandez et al.

References

1. Chand M, Hopkins S, Dabrera G, Allen H, Lamagn T, Edeghere O, et al.
Investigation of novel SARS-CoV-2 variant (202012/01): Technical briefing 2 Public
Health England Wellington House. London, UK (2020).

2. Tracking SARS-CoV-2 variants. Available at: https://www.who.int/activities/
tracking-SARS-CoV-2-variants (Accessed May 12, 2021).

3. SARS-CoV-2 variants of concern as of 25 May 2022 . Available at: https://www.
ecdc.europa.eu/en/covid-19/variants-concern (Accessed May 12, 2021).

4. SARS-CoV-2 Variant Classifications and Definitions. Available at: https://www.
cdc.gov/coronavirus/2019-ncov/variants/variant-classifications.html2CDC_AA _
refVal=https%3A%2F%2Fwww.cdc.gov%2Fcoronavirus%2F2019-ncov%2Fvariants%
2Fvariant-info.html (Accessed May 25, 2022).

5. ISCIII CNE - RENAVE. Available at: https://cnecovid.isciii.es/ (Accessed May 12,
2021).

6. Ministerio de Sanidad. Actualizacion de la situacion epidemiologica de las
variantes de SARS-CoV-2 en Espana. Spain: Ministerio de Sanidad (2022).

7. Lorente-Gonzalez M, Suarez-Ortiz M, Landete P. Evolution and clinical trend of
SARS-CoV-2 variants. Open Respir Arch (2022) 4(2). doi: 10.1016/
J.OPRESP.2022.100169

8. Carabelli AM, Peacock TP, Thorne LG, Harvey WT, Hughes J, de Silva TI, et al.
SARS-CoV-2 variant biology: immune escape, transmission and fitness. Nat Rev
Microbiol (2023) 21(3):162-77. doi: 10.1038/s41579-022-00841-7

9. Salleh MZ, Derrick JP, Deris ZZ. Structural evaluation of the spike glycoprotein
variants on SARS-CoV-2 transmission and immune evasion. Int ] Mol Sci (2021). 22
(14):7425 doi: 10.3390/1JMS22147425

10. Preliminary genomic characterisation of an emergent SARS-CoV-2 lineage in the
UK defined by a novel set of spike mutations - SARS-CoV-2 coronavirus/nCoV-2019
Genomic Epidemiology - Virological . Available at: https://virological.org/t/preliminary-
genomic-characterisation-of-an-emergent-sars-cov-2-lineage-in-the-uk-defined-by-a-
novel-set-of-spike-mutations/563 (Accessed June 6, 2022).

11. Walker AS, Vihta K-D, Gethings O, Pritchard E, Jones ], House T, et al.
Increased infections, but not viral burden, with a new SARS-CoV-2 variant. MedRxiv
(2021). doi: 10.1101/2021.01.13.21249721

12. Leung K, Shum Marcus HH, Leung Gabriel M, Lam Tommy TY, Wu Joseph T.
Early transmissibility assessment of the N501Y mutant strains of SARS-CoV-2 in the
United Kingdom, October to November 2020. Eurosurveillance (2020) 26(1):2002106.
doi: 10.2807/1560-7917.ES.2020.26.1.2002106/CITE/PLAINTEXT

13. Emary Katherine RW, Golubchik T, Aley Parvinder K, Ariani CV, Angus B, Bibi
S, et al. Efficacy of ChAdOx1 nCoV-19 (AZDI1222) vaccine against SARS-CoV-2
variant of concern 202012/01 (B.1.1.7): an exploratory analysis of a randomised

Frontiers in Immunology

08

10.3389/fimmu.2023.1267991

controlled trial. Lancet (2021) 397(10282):1351-62. doi: 10.1016/S0140-6736(21)
00628-0/ATTACHMENT/5AC30D10-B090-4650-A3B7-014B635234DA/MMC1.PDF

14. Shen X, Tang H, McDanal C, Wagh K, Fischer W, Theiler J, et al. SARS-CoV-2
variant B.1.1.7 is susceptible to neutralizing antibodies elicited by ancestral spike vaccines.
Cell Host Microbe (2021) 29(4):529-539.e3. doi: 10.1016/J.CHOM.2021.03.002/
ATTACHMENT/840CB1A2-31BA-47E6-B070-A52AE9C185EF/ MMC2.XLSX

15. Gobeil Sophie MC, Janowska K, McDowell S, Mansouri K, Parks R, Stalls V, et al.
Effect of natural mutations of SARS-CoV-2 on spike structure, conformation, and
antigenicity. Sci (1979) (2021) 373(6555). doi: 10.1126/science.abi6226

16. Bal A, Destras S, Gaymard A, Stefic K, Marlet ], Eymieux S, et al. Two-step
strategy for the identification of SARS-CoV-2 variant of concern 202012/01 and other
variants with spike deletion H69-V70, France, August to December 2020. Euro Surveill
(2021) 26(3):pii=2100008. doi: 10.2807/1560-7917.ES.2021.26.3.2100008

17. Tian D, Sun Y, Zhou J, Ye Q. The global epidemic of the SARS-CoV-2 delta
variant, key spike mutations and immune escape. Front Immunol (2021) 12:751778/
BIBTEX. doi: 10.3389/FIMMU.2021.751778/BIBTEX

18. He X, Hong W, Pan X, Lu G, Wei X. SARS-CoV-2 Omicron variant:
Characteristics and prevention. MedComm (Beijing) (2021) 2(4):838-45.
doi: 10.1002/MCO02.110

19. Dejnirattisai W, Huo J, Zhou D, Zahradnik J, Supasa P, Liu C, et al. SARS-CoV-2
Omicron-B.1.1.529 leads to widespread escape from neutralizing antibody responses.
Cell (2022) 185(3):467-484.15. doi: 10.1016/j.cell.2021.12.046

20. Saxena Shailendra K, Kumar S, Ansari S, Paweska JT, Maurya VK, Tripathi AK,
et al. Characterization of the novel SARS-CoV-2 Omicron (B.1.1.529) variant of
concern and its global perspective. ] Med Virol (2022) 94(4):1738-44. doi: 10.1002/
JMV.27524

21. WangY, ZhangL, Li Q, Liang Z, Li T, Liu S, et al. The significant immune escape of
pseudotyped SARS-CoV-2 variant Omicron. Emerg Microbes Infect (2022) 11(1):1-5.
doi: 10.1080/22221751.2021.2017757/SUPPL_FILE/TEMI_A_2017757_SM9424.JPG

22. Bartleson JM, Radenkovic D, Covarrubias AJ, Furman D, Winer DA, Verdin E.

SARS-CoV-2, COVID-19 and the ageing immune system. Nat Aging (2021) 1(9):769.
doi: 10.1038/543587-021-00114-7

23. Manry J, Bastard P, Gervais A, Le Voyer T, Rosain ], Philippot Q, et al. The risk
of COVID-19 death is much greater and age dependent with type I IFN autoantibodies.
Proc Natl Acad Sci USA (2022). 119(21):e2200413119 doi: 10.1073/pnas.2200413119

24. Battaglini D, Lopes-Pacheco M, Castro-Faria-Neto HC, Pelosi P, Rocco PRM.
Laboratory biomarkers for diagnosis and prognosis in COVID-19. Front Immunol
(2022) 13:857573/BIBTEX. doi: 10.3389/FIMMU.2022.857573/BIBTEX

frontiersin.org


https://www.who.int/activities/tracking-SARS-CoV-2-variants
https://www.who.int/activities/tracking-SARS-CoV-2-variants
https://www.ecdc.europa.eu/en/covid-19/variants-concern
https://www.ecdc.europa.eu/en/covid-19/variants-concern
https://www.cdc.gov/coronavirus/2019-ncov/variants/variant-classifications.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fcoronavirus%2F2019-ncov%2Fvariants%2Fvariant-info.html
https://www.cdc.gov/coronavirus/2019-ncov/variants/variant-classifications.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fcoronavirus%2F2019-ncov%2Fvariants%2Fvariant-info.html
https://www.cdc.gov/coronavirus/2019-ncov/variants/variant-classifications.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fcoronavirus%2F2019-ncov%2Fvariants%2Fvariant-info.html
https://www.cdc.gov/coronavirus/2019-ncov/variants/variant-classifications.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fcoronavirus%2F2019-ncov%2Fvariants%2Fvariant-info.html
https://cnecovid.isciii.es/
https://doi.org/10.1016/J.OPRESP.2022.100169
https://doi.org/10.1016/J.OPRESP.2022.100169
https://doi.org/10.1038/s41579-022-00841-7
https://doi.org/10.3390/IJMS22147425
https://virological.org/t/preliminary-genomic-characterisation-of-an-emergent-sars-cov-2-lineage-in-the-uk-defined-by-a-novel-set-of-spike-mutations/563
https://virological.org/t/preliminary-genomic-characterisation-of-an-emergent-sars-cov-2-lineage-in-the-uk-defined-by-a-novel-set-of-spike-mutations/563
https://virological.org/t/preliminary-genomic-characterisation-of-an-emergent-sars-cov-2-lineage-in-the-uk-defined-by-a-novel-set-of-spike-mutations/563
https://doi.org/10.1101/2021.01.13.21249721
https://doi.org/10.2807/1560-7917.ES.2020.26.1.2002106/CITE/PLAINTEXT
https://doi.org/10.1016/S0140-6736(21)00628-0/ATTACHMENT/5AC30D10-B090-4650-A3B7-014B635234DA/MMC1.PDF
https://doi.org/10.1016/S0140-6736(21)00628-0/ATTACHMENT/5AC30D10-B090-4650-A3B7-014B635234DA/MMC1.PDF
https://doi.org/10.1016/J.CHOM.2021.03.002/ATTACHMENT/840CB1A2-31BA-47E6-B070-A52AE9C185EF/MMC2.XLSX
https://doi.org/10.1016/J.CHOM.2021.03.002/ATTACHMENT/840CB1A2-31BA-47E6-B070-A52AE9C185EF/MMC2.XLSX
https://doi.org/10.1126/science.abi6226
https://doi.org/10.2807/1560-7917.ES.2021.26.3.2100008
https://doi.org/10.3389/FIMMU.2021.751778/BIBTEX
https://doi.org/10.1002/MCO2.110
https://doi.org/10.1016/j.cell.2021.12.046
https://doi.org/10.1002/JMV.27524
https://doi.org/10.1002/JMV.27524
https://doi.org/10.1080/22221751.2021.2017757/SUPPL_FILE/TEMI_A_2017757_SM9424.JPG
https://doi.org/10.1038/S43587-021-00114-7
https://doi.org/10.1073/pnas.2200413119
https://doi.org/10.3389/FIMMU.2022.857573/BIBTEX
https://doi.org/10.3389/fimmu.2023.1267991
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Differences in the inflammatory response among hospitalized patients with distinct variants of SARS-CoV-2
	1 Introduction
	2 Patients and methods
	2.1 Study design and study population
	2.2 Variables
	2.3 Statistical analysis

	3 Results
	3.1 Baseline characteristics
	3.2 Clinical presentation of COVID-19
	3.3 Hematological and Biochemical trends

	4 Discussion
	Data availability statement
	Ethics statement
	Author contributions
	HCSC infectious diseases group collaborators:
	Funding
	Acknowledgments
	References


