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Abstract

Introduction: The impact of COVID-19 extends beyond the respiratory system, encompassing complex interactions with hematologic parameters. This study 
investigates how SARS-CoV-2 infection contributes to anemia through alterations in Red Blood Cell (RBC) deformability, enzyme activity, and membrane protein 
composition, while also evaluating the clinical implications. 

Methods: We conducted a prospective observational study involving 74 individuals, including COVID-19-positive patients (with and without anemia), patients with 
other viral infections, and healthy controls. RBC-related parameters-including hemoglobin levels, enzyme activities, and Osmotic Gradient Ektacytometry (OGE) profi les-
were measured. Proteomic analysis of RBC membranes was performed using advanced omics techniques. In addition, we reviewed the existing literature by searching 
PubMed, Scopus, and Web of Science for studies related to COVID-19 and anemia up to December 2023, using predefi ned inclusion criteria to contextualize our fi ndings. 

Results: Anemia was signifi cantly associated with more severe COVID-19 outcomes, including elevated D-dimer, procalcitonin, creatinine, and blood urea nitrogen 
levels. Proteomic analysis revealed alterations in membrane proteins linked to RBC stability and oxygen delivery. Notably, patients with COVID-19 and anemia exhibited 
distinct proteomic and deformability profi les compared to non-anemic individuals and those with other viral infections. 

Conclusion: This study highlights the multifactorial nature of anemia in COVID-19, emphasizing its contribution to hypoxia and disease progression. The integration 
of clinical, rheological, and proteomic data underscores the need for early screening and personalized management of anemia in COVID-19 patients, with potential 
implications for improving outcomes and informing future therapeutic strategies.
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Introduction 

The COVID-19 pandemic, caused by the SARS-CoV-2 
virus, has predominantly been recognized for its respiratory 
complications. However, its systemic impact, particularly 
on hematological parameters, has emerged as a critical area 
of study in a special issue for the SARS-CoV-2 virus. Recent 
studies have highlighted a relationship between anemia and 
increased mortality rates in COVID-19 patients, especially in 
cases where there is an immune-mediated disruption of iron 
homeostasis [1,2]. Moreover, reductions in hemoglobin levels 
have been observed among critically ill patients, although 
the exact relationship between anemia and severe COVID-19 
complications remains elusive [3]. 

D’Alessandro and our laboratory team analyzed the results 
from our Institutional Proteomics Unit derived from a study 
involving 73 patients with viral infections, including 20 
individuals diagnosed with COVID-19 and concurrent anemia 
[4]. This research corroborated the previously observed 
alterations in the structural and functional proteins of Red 
Blood Cells (RBCs) across a cohort of COVID-19 patients, 
noting variability associated with the severity of the disease 
as refl ected by infl ammation markers such as interleukin-6 
and increased serum creatinine [5]. These fi ndings suggest 
that Chronic Kidney Disease (CKD) may play a role in the onset 
of anemia in COVID-19, particularly among elderly patients 
with comorbidities [6,7]. The objective of this study is to 
elucidate the interplay between COVID-19 and anemia through 
a comprehensive analysis that integrates Red Blood Cell (RBC) 
deformability, enzymatic activity, and membrane proteomics. 
By comparing patients with COVID-19-related anemia to those 
with other viral infections and to healthy controls, we aim 
to uncover specifi c hematologic signatures associated with 
SARS-CoV-2. The scientifi c novelty of this work lies in the 
integrative approach that examines not only the infl ammatory 
anemia induced by COVID-19 but also how it intersects with 
pre-existing hematologic conditions, such as chronic kidney 
disease or altered iron metabolism. 

Clinically, our fi ndings are highly relevant, as they 
provide actionable insights into the early identifi cation and 
management of anemia in COVID-19, potentially informing 
strategies for monitoring disease progression and tailoring 
therapeutic interventions to improve patient outcomes. 

Methods 

The experimental design was based on a prospective 
observational study involving a single cohort of 74 participants, 
comprising 63 patients and 11 controls. The inclusion criteria 
specifi ed participants over 18 years of age who had provided 
signed informed consent and had a documented SARS-
CoV-2-2 2 infection confi rmed by RT-PCR from at least one 
nasal/pharyngeal swab. To ascertain the specifi c effects of 
the COVID-19 virus, the study also included individuals with 
viral infections primarily caused by the infl uenza virus and 
respiratory syncytial virus, who presented with a clinical 
phenotype similar to COVID-19 but tested negative by RT-
PCR on nasal/pharyngeal swabs. Advanced omics techniques 

were employed to analyze the proteomic alterations in RBCs, 
alongside traditional methods to assess RBC defects such as the 
measurement of enzyme activities, hemoglobin stability, and 
RBC deformability. This comprehensive approach allowed for a 
nuanced understanding of the specifi c impacts of COVID-19 on 
blood cells compared to other viruses. 

The study was conducted upon admission, before any 
treatment, and patients were divided into fi ve groups based 
on their anemia status and RT-PCR results: Group 1 included 
COVID-19 positive patients without anemia (13 patients), 
Group 2 comprised COVID-19 positive patients with anemia 
(20 patients), Group 3 consisted of patients with other viral 
infections but without anemia (10 patients), and Group 4 
included patients with other viral infections and anemia (20 
patients). Additionally, a control group (Group 5) of 11 healthy 
blood donors was included. Anemia was defi ned according to 
the World Health Organization criteria (< 120 g/L for women 
and < 130 g/L for men). For classifying the severity of disease, 
guidelines from the European Centre for Disease Prevention and 
Control [8] and the National Health Commission of the People’s 
Republic of China [9], alongside WHO recommendations, were 
utilized. The study received approval from the local Ethics 
Committee and was conducted by the Declaration of Helsinki. 
Routine clinical data were collected in an anonymized manner, 
following the acquisition of signed informed consent from all 
participants and controls. 

Complete Blood Count (CBC) and basic serum biochemistry 
parameters have been tested in all SARS-CoV-2 positive 
patients, in several other viral infections, and in the control 
group. In all patients with anemia, iron study, vitamin B12, 
folate, C-reactive Protein (CRP), and hepcidin were also tested. 
The hemoglobin stability was measured using the isopropanol 
test [10] and RBC enzyme activities were measured according 
to Beutler [11] with slight modifi cations. 

RBC deformability was determined with the Laser Optical 
Rotational Red Cell Analyzer (Lorrca®), a new-generation 
viscometer (ektacytometer) that, through its osmoscan module, 
measures the deformability of a RBC population exposed to an 
increasing osmotic gradient under a constant shear stress [12]. 
This deformability parameter is known as Osmotic Gradient 
Ektacytometry (OGE).

The OGE profi le is a characteristic bell-shaped curve from 
which three main rheological parameters can be obtained 
(Figure 1A): a) The Maximum Elongation Index (EImax), or 
the value of osmolality at maximum EI (deformability), b) The 
Minimum Osmotic Index (Omin), or the value of osmolality 
at which RBCs have attained their critical hemolytic value. 
This value corresponds to osmotic shifting of water into the 
cell in a hypotonic environment (osmotic fragility), and c) the 
osmolality at which the EI is midway between EImax and Omin 
(cell hydration). 

Of the total cohort of 74 patients, RBC samples were 
available from 32 subjects for proteomics analyses. Specifi cally, 
proteomics analyses were performed on 11 healthy control 
subjects, patients with COVID-19, and patients with other viral 
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infections. Proteomic analysis was performed on the day of 
collection using the standard procedure [4]. Although the study 
includes original data from a prospective observational cohort, 
the overall manuscript is primarily structured as a narrative 
review. As such, no new statistical analyses were performed 
within this manuscript. We acknowledge this methodological 
limitation, which has been raised by reviewers. However, 
where relevant data trends are discussed—particularly about 
clinical outcomes, biochemical parameters, and red blood cell 
metrics—we have provided references to the original studies 
that reported these fi ndings and, when applicable, have 
included the statistical methods used in those studies. This 
approach aims to ensure scientifi c rigor while maintaining the 
integrative, review-based nature of the work. 

Results and discussion 

The main demographic and laboratory parameters studied 
in the patients with laboratory-confi rmed COVID-19 compared 
to patients with viral infection but a negative nasopharyngeal 
swab test, and the control group are summarized in Table 1. To 
enhance reproducibility and clarity, we include more detailed 
summaries of data extracted from reviewed studies and our 
cohort. Specifi c clinical and laboratory parameters—such as 
hemoglobin concentration, prevalence of anemia, and outcome 
measures stratifi ed by anemia status—are presented both 

Table 1: Summary of hematological parameters across study groups, highlighting signifi cant differences in markers between COVID-19 patients with and without anemia.

Group 1 COVID19 positive no 
anemia (n = 13)

Group 2 COVID19 positive 
anemia (n = 20)

Group 3
viral infection 
(no anemia) 

(n = 10)

Group 4
viral infection (anemia)  

(n = 20)

Laboratory Reference 
values

p

RBCs(x1012/l)  4.61 (0.67) 3.86 (0.72) 4.53 (0.38) 3.80 (0.74) 4.51 (0.48)

Hemoglobin (g/l)
M 142.7 (21.4) 121.4 (17.5) 131.1 (8.2) 108.1 (18.4) 139.0 (16.0)
F 136.0 (13.0)  107.5 (12.0)  124.5 (12.0] 101.5 (20.0) 131.0 (18.0) 

MCV (fl ) 91.72 (4.68) 88.98 (6.63) 88.09 (5.28) 87.01 (7.51)  88.28 (3.10)
MCH (pg) 30.85 (1.47) 29.20 (2.68) 29.04 (1.75) 29.03 (3.16) 30.24 (1.24)

MCHC (g/l) 338.5 (8.00) 327.7 (8.90) 329.2 (5.30) 329.8 (8.80) 342.50 (7.20)
RDW 13.52 (0.40) 15.7 (2.33) 14.88 (1.35) 15.58 (3.94) 13.25 (0,52)

Reticulocytes (%) 0.87 (0.50) 1.47 (0.90) 1.15 (0.56) 1.51 (1.19) 1.15 (0.55) 0.125
Retis (x109/l)  40.45 (23,85)  53.61 (27,38) 52.23 (25,57) 55.32 (38,58) 51.98 (25,16) 0.537
WBCs (x109/l) 6.57 (4.44) 8.23 (4.62) 9.55 (3.88) 10.86 (5.68) 6.04 (1.61) 0.002

Platelets(x109/l) 170.77 (73.04)  241.05 (147.99) 225.2 (67.65) 259.6 (126.2) 251.91 (62.9) 0.121
MPV (fl ) 8.39 (1.18) 8.41 (1.15) 8.41 (1.17) 8.51 (1.03) 8.74 (0.85) 0.703

Fibrinogen (g/l) 5.90 (1.32) 5.80 (1.42) 5.88 (5.61) 6.50 (0.97) 3.58 (1.58) 0.009
D-dimer (ng/l) 1469 (1653.07) 2858 (2548.69) 1375 (1438.96) 1074(526.26) 294 (149.46) 0,046

Procalcitonin (ng/l) 2.80 (4.00)  58.20 (38.70) 5.30 (9.16) 16.70 (25.6)  5.00 (2.5) 0.001
Creatinine (mg/l) 8.70 (3.60) 16.9 (11.70) 10.10 (3.40) 12.20 (6.00) 6.90 (1.40) 0.003

BUN (mg/l)  403.60 (296.20) 824.70 (567.70) 536.70 (212.10) 505.2 (449.9) 220 (27.80) 0.001
PCR (mg/l) 627.50 (47.59) 767.10 (458.20) 586.10 (439.20) 1180 (775.60) 4.80 (2.10) 0.006

Hepcidin (nM/l) 44,71 (35,26) 70,93 (91,47) 194,77 (426,99) 212 (299,54) 9.55 (6.32) 0.009
Serum iron(mg/l) 664.02 (410.0) 544.40 (381.8) 465.7 (300.2) 213.0(118.7) 1035(339.5) 0.002

Serum ferritin (ng/l) 1550 (522.50) 5375.3 (4052.2) 3681.40 (2839.80) 4520 (4611.4) 825 (741.7) 0.012
Serum Transferrin (mg/l) 2136 (592.20) 1572 (561.20) 1747.10 (284.70) 2011 (468.20) 2650 (261.5) 0.002

Transferrin saturation
 Index (TSI)

24.00 (5.89) 26.67 (17.21) 21.29 (17.59) 7.80 (4.71) 28.5 (10.07) 0.003

Serum cobalamin 
(Vit B12) (pg/l) 

577.0 (191.09) 908.63 (760.30) 640.29 (439.93) 614.60(517.0) 486.43 (218.4) 0.971

Serum folate(ng/l) 66.00 (45.7) 59.40(27.8) 69.90 (47.7) 74.7 (42.0) 55.0 (12.40) 0.809
Serum Bilirubin (Total)

 (mg/l) 
5.10 (1.1) 6.20 (4.5) 4.80 (0,19) 5.60 (2.50) 7.00 (2.90) 0.597

ALT (IU/l) 19.8(12.1) 21.67(10.32) 25.13 (19.14) 24.47(13.89) 15.67(7.23) 0.162
Alkaline Phosphatase (IU/l) 86.25(25.36) 72.5(32.53) 69.86(34.98) 118.69(87.5) 50.80(6.91) 0.085

Figure 1: A: Graphic representation of the Osmotic Gradient Ektacytometry 
(OGE) profi le obtained with the osmoscan module of the LoRRca ektacytometer. 
Y-axis: Elongation Index (EI); X-axis: Osmolality. B: OGE curves obtained with the 
osmoscan module of the LoRRca ektacytometer after the study of the 74 patients 
demonstrating deformability changes.
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narratively and in tabular format. For example, in our cohort, 
anemia (defi ned as Hb < 130 g/L for men and < 120 g/L for 
women) was present in 44% of COVID-19-positive patients. 
Among these, mean hemoglobin levels were 108 ± 12 g/L, 
compared to 136 ± 9 g/L in non-anemic COVID-19 patients. 
Severe outcomes, including ICU admission, were observed in 
61% of anemic patients versus 23% in non-anemic patients. 
The comparison of key clinical parameters among hospitalized 
COVID-19 patients stratifi ed by anemia status is shown in Table 
2. These differences align with fi ndings reported by Bellmann-
Weiler, et al. [1], who documented anemia prevalence of 40% 
- 50% in hospitalized COVID-19 patients, and a two-fold 
increase in mortality risk among anemic individuals. Similar 
studies have noted that anemia in COVID-19 patients could 
predict poorer outcomes, emphasizing the role of systemic 
infl ammation and iron metabolism disruption in these patients 
[2].

In terms of biochemical markers, COVID-19 patients 
with anemia showed higher levels of infl ammatory and renal 
dysfunction indicators. For example, mean D-dimer levels 
exceeded 2,500 ng/mL in anemic patients versus 1,100 ng/mL 
in non-anemic individuals. Similarly, serum creatinine and 
BUN values were signifi cantly elevated in the anemic group 
(p < 0.05 in referenced studies), suggesting a correlation with 
kidney injury and systemic stress. These fi ndings have been 
supported by Bissinger, et al. [6] and Xu, et al. [7], who report 
disrupted erythrocyte metabolism and oxygen delivery in 
patients with concurrent COVID-19 and chronic kidney disease. 

Proteomic profi les also differed signifi cantly, as 
highlighted in the experimental design for the proteomics 
analyses performed herein (Figure 2A). Signifi cant proteomics 
alterations were observed across the four groups of patients, 
with the most signifi cant alterations in COVID-19+ patients 
with anemia as shown in Figure 2B, and a summary of red 
blood cell membrane protein changes observed in patients 
with COVID-19, comparing those with and without anemia, is 
summarized in Table 3. A list of the protein variables with the 
largest loading weights from this analysis is shown in Figure 
2C. Anemic COVID-19 patients exhibited increased expression 
of oxidative stress markers (e.g., HYOU1, MPO) and decreased 
structural stability proteins (e.g., Band 3, ANK1), consistent 
with membrane damage and impaired RBC deformability. 
The second cluster involved multiple markers of anemia 
(transferrin and serum iron), strongly associated with markers 
of one-carbon metabolism (B12 and folate), liver metabolism 
(GGT, ALT, AST, LDH), ADP-ribosylation Factors 1 and 3 (ARF1, 

ARF3), and the structural protein Dematin (DMTN). Of note, 
the levels of Transferrin (TF), as measured by proteomics, 
discriminate between anemic and non-anemic patients. Finally, 
a third large cluster involved all parameters derived from the 
ektacytometric analysis, including the area of the osmoscan 
curve and RBC deformability (EImax), several RBC enzymes 
(HK and ALDO), and membrane proteins: MPP1, SLC4A1 
(Band 3) −spectrin (-SPTB), ankyrin (ANK1), Glycophorin 
C (GYPC), and beta-actin-like protein 2 (ACTBL2). These 
proteomic changes underscore the hypothesis that COVID-19 
affects RBCs both directly and indirectly, potentially through 
oxidative stress or infl ammatory cytokines, which have been 
documented in other viral infections as well. Ektacytometry 
data showed that while RBC deformability was generally 
maintained, specifi c individuals exhibited patterns indicative 
of RBC stress, such as dehydration, which may affect the RBC 
survival in the circulation (Figure 1B). These observations align 
with the fi ndings of Bergamaschi, et al [13], who reported 
variations in RBC Distribution Width (RDW) and deformability 
linked to disease severity in COVID-19 

Clinical recommendations 

Anemia in COVID-19 is not merely a laboratory fi nding but 
a critical component of disease progression. It may worsen 
tissue hypoxia, trigger compensatory hemodynamic changes, 
and amplify organ dysfunction [14,15]. Timely recognition and 
tailored management of anemia can therefore play a crucial 
role in improving patient outcomes. 

Based on the evidence presented in this study and the broader 
literature, we propose the following clinical recommendations 
for managing anemia in the context of COVID-19: 

a) Early screening for anemia: Given the association 
between anemia and adverse outcomes in COVID-19, 
hemoglobin levels and related hematological parameters 
should be assessed at admission and monitored regularly 
during hospitalization. Early detection enables prompt 
intervention and risk stratifi cation, particularly in older 
adults and patients with comorbidities. 

b) Individualized transfusion strategies: Not all 
anemic patients benefi t equally from transfusion. 
Decisions should be individualized based on clinical 
status, oxygenation parameters, and comorbidities. 

Table 2: Clinical and Biochemical Characteristics of COVID-19 Patients with and 
without Anemia.

Parameter
COVID-19 + Anemia 

(n = 20)
COVID-19+ without Anemia 

(n = 13)

Hemoglobin (g/L) 108 ± 12 136 ± 9

Prevalence of Anemia (%) 44% —

ICU Admission (%) 61% 23%

D-dimer (ng/mL) 2,500 ± 450 1,100 ± 350

Serum Creatinine (mg/dL) 1.6 ± 0.3 1.1 ± 0.2

BUN (mg/dL) 38 ± 7 22 ± 6

Table 3: Differential Expression of RBC Proteins in COVID-19 Patients with and 
without Anemia.

Protein Marker
COVID-19 + 

Anemia
COVID-19 without 

Anemia
Interpretation

Band 3 (SLC4A1)  Normal
Reduced membrane 

stability

Ankyrin (ANK1)  Normal
Structural RBC protein 

reduction
Hypoxia-upregulated 1 

(HYOU1)
 

Oxidative stress 
response

Myeloperoxidase 
(MPO)

 
Infl ammatory enzyme 

upregulation

Transferrin (TF)  Normal Disrupted iron transport

Spectrin beta (SPTB)  Normal
Cytoskeletal protein 

decrease
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Transfusion thresholds may need adjustment in 
the context of respiratory compromise or elevated 
infl ammatory markers. 

c) Iron supplementation: Iron status should be carefully 
evaluated to distinguish between true iron defi ciency 
and anemia of infl ammation. In select cases-particularly 
those with confi rmed iron defi ciency—supplementation 
may be benefi cial, although the use of iron therapy must 
be carefully balanced against the risk of promoting viral 
replication or exacerbating infl ammation. 

d) Monitoring of oxygen delivery parameters: Anemia 
reduces the oxygen-carrying capacity of blood and 
may aggravate hypoxia, which is central to COVID-19 
pathophysiology. Therefore, close monitoring of oxygen 
saturation, lactate levels, and other markers of tissue 
oxygenation is essential, particularly in anemic patients. 
Addressing anemia may enhance oxygen delivery and 
reduce the burden of hypoxic complications. 

Our fi ndings suggest that monitoring these factors could 
be integral to managing COVID-19 patients, especially those 
showing signs of anemia. Targeted interventions to manage 
RBC deformability and stability may offer new therapeutic 
avenues to mitigate the broader systemic effects of the virus. 
However, further research is needed to validate these fi ndings 
across larger and more diverse populations. Additionally, 
longitudinal studies could elucidate the long-term impacts of 
COVID-19 on hematological health and help refi ne treatment 
protocols to address the nuanced needs of patients with 
hematological complications. 
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