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Clinical outcome and humoral immune responses of
B-thalassemia major patients with severe iron overload to
SARS-CoV-2 infection and vaccination: a prospective cohort
study

Hussam Ghoti,** Hala Zreid," Israa Ghoti,“ Amo R. Bourgonje, Arjan Diepstra,® Harry van Goor,® Irit Avivi,” Hisham Jead;,* Larissa E. van Eijk,*" and
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dDepartment of Gastroenterology and Hepatology, University of Groningen, University Medical Center Groningen, 9713 GZ Groningen,
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“Division of Pathology, Department of Pathology and Medical Biology, University of Groningen, University Medical Center Groningen,
9713 GZ Groningen, Groningen, the Netherlands
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9Department of Internal Medicine II, Medical University of Innsbruck, 6020, Innsbruck, Austria

Summary

Background COVID-19 has raised special concern for patients with f-thalassemia major (§-TM) due to frequent
comorbidities, regular blood transfusions, and iron overload. However, the exact implications of COVID-19 for
patients with B-TM remain uncertain. We aimed to explore the COVID-19 incidence and severity, and the
serological response to SARS-CoV-2 infection and vaccination in patients with f-TM.

Methods Patients with p-TM (n = 105) and age-matched healthy controls, all individuals of all control groups were
health care workers of the hospital, were prospectively enrolled at the haematology department of Al-Shifa
hospital in the Gaza Strip from January 1st, 2021 to December 31st, 2021. Data on COVID-19 incidence and
severity were analysed, with Alpha, Beta, and Delta SARS-CoV-2 variants dominating at that time. Anti-SARS-
CoV-2 IgG antibody levels were measured and compared between study groups.

Findings Patients with -TM showed a higher incidence of SARS-CoV-2 infection than the general population (61.9%
vs. 7.1%, p < 0.0001). Most patients with $-TM had asymptomatic (70.8%) or mild disease (26.1%), with no fatalities
recorded. COVID-19 illness was more severe among female than male patients with f-TM. Anti-SARS-CoV-2 IgG
antibodies were significantly higher in symptomatic patients with §-TM than controls post-infection (geometric
mean + geometric standard deviation 1299.0 + 3.3 vs. 555.7 + 2.4 AU/mL, p = 0.009) and post-vaccination
(8404.0 + 3.9 vs. 2785.6 + 50 AU/mL, p = 0.015). Similar responses were observed when comparing
splenectomised to non-splenectomised (both asymptomatic and symptomatic) patients with $-TM post-infection
(595.4 + 3.9 vs. 280.7 + 3.5 AU/mL, p = 0.005) and post-vaccination (13,778.2 + 3.2 vs. 4961.8 + 4.1 AU/mL, p = 0.045).

Interpretation This distinctive f-TM cohort exhibited a high susceptibility to SARS-CoV-2 infection but mild disease
course. Our findings support favourable serological responses to SARS-CoV-2 infection and to vaccination in patients
with B-TM, indicating a potential interplay between iron availability and COVID-19-related immunity.

Funding This study was funded by Mr. Hosam and Wasim s. El Helou.

Copyright © 2023 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

*Corresponding author. Ben Zvi Road 2, 6818164, Tel Aviv, Israel.
E-mail address: drghoti123 @yahoo.com (H. Ghoti).
"Equal contribution.
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Research in context

Evidence before this study

Previous studies indicated that patients with $-thalassemia
major (B-TM) are potentially spared from developing a severe
course of coronavirus disease 2019 (COVID-19), which could
be related to differences in their severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2)-specific immune
responses. We performed a literature search on the 22nd of
December 2022, on PubMed for studies published during the
COVID-19 pandemic that described the humoral immune
response to SARS-CoV-2 in individuals with thalassemia. We
used the following MeSH search terms: “thalassemia”,
“COVID-19", and “adaptive immunity”. We identified two
studies examining antibody responses to COVID-19
vaccination in individuals with thalassemia. No studies,
however, were identified that examined antibody responses
after SARS-CoV-2 infection, or related that to differences in
disease incidence and severity observed among patients with
B-TM.

Added value of this study

To our knowledge, this prospective cohort study is the first to
demonstrate that the humoral immune response in patients
with B-TM with severe iron overload and poor chelation
therapy is favourable compared to the general population,

Introduction

Patients with p-thalassemia major (B-TM), not
receiving iron chelation therapy, suffer from several
comorbidities related to anaemia and transfusional
iron overload, including cardiac, endocrine, and he-
patic insufficiency as well as pulmonary hypertension
and increased risk for infections. These are attributable
to iron overload and/or to an acquired immune defi-
ciency.'” Based on those features, it could be assumed
that iron overloaded patients with B-TM are likely to be
more susceptible to severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) infection and ensuing
severe courses of coronavirus disease 2019 (COVID-
19).> This notion is based on the facts that a high
abundance of iron may promote viral replication,” and
that hyperferritinaemia in COVID-19 was associated
with a poor outcome and hyperinflammation.’
Although hyperferritinaemia prevails in patients with
transfusional iron overloaded p-TM, it cannot be asso-
ciated with the severe outcome of COVID-19 infection
accompanied by a rise in plasma ferritin, as the latter is
part of the acute phase inflammatory response to the
infection per se.® High circulatory iron availability and
elevated transferrin saturation can promote the cata-
lysation of toxic radical formation and thus contribute

both after SARS-CoV-2 infection and vaccination. Our
findings may potentially explain the relatively mild COVID-19
disease progression as observed in patients with B-TM. We
also confirmed the remarkable finding that splenectomised
patients with B-TM have higher antibody titres after COVID-
19 vaccination compared to those without a splenectomy
history, which was also observed after SARS-CoV-2 infection.
Finally, to the best of our knowledge, this is the first report
which evaluates long COVID in this distinctive thalassemia
population.

Implications of all the available evidence

Our study sheds new light on the implications of COVID-19
for patients with -TM, demonstrating an achievement of
good anti-SARS-CoV-2 antibody titres in patients with $-TM,
both after infection and vaccination. Our finding supports the
hypothesis that patients with f-TM are immunologically
protected against SARS-CoV-2, in which iron may play a
potential role. This could have implications for management
and vaccination strategies in patients with p-TM with COVID-
19. Future prospective studies are warranted to further
investigate the serological response to SARS-CoV-2 in
patients with B-TM.

to tissue damage in the setting of inflammation asso-
ciated with SARS-CoV-2 infection.” Importantly, recent
in vitro and in vivo studies have indicated that the
amount of bioavailable iron is also central for an
adequate immune response, whether innate or adap-
tive, and that iron deprivation or iron loading evokes
immune dysfunctions.*”

Previous data have been reported on the implications
of COVID-19 for individuals with thalassemia. For
instance, data derived from the first wave of the
pandemic in Italy showed a lower-than-expected num-
ber of infected patients with thalassemia, which was
suggested to result from more vigorous self-isolation
procedures compared to the general population.””
Another study designed by the “Italian Society for
Thalassemia and Hemoglobinopathies” reported that
patients with B-TM exhibited a 5-fold increase in age-
standardized lethality compared to the general popula-
tion."" However, the exact implications of COVID-19 for
patients with B-TM remains to be elucidated.

Herein, we analysed not only the incidence and
severity of SARS-CoV-2 infection in patients with p-TM
but also evaluated the humoral immune response
following infection and vaccination of patients with
B-TM in comparison to age-matched controls.

www.thelancet.com Vol 62 August, 2023
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Methods

Study design

This prospective cohort study was conducted at Al-Shifa
hospital (Gaza), from January 1st, 2021 until December
31st, 2021. Alpha, Beta and Delta SARS-CoV-2 variants
were dominating at that time during the COVID-19
pandemic. Approval was obtained from the national
ethical committee in the Gaza strip (PHRC/HC/1015/
21) and conducted according to the guidelines of the
declaration of Helsinki. Informed consent was obtained
from all study participants.

Study participants and data collection

The present study has included 105 young patients with
transfusion-dependent p-TM with age >12 years with
confirmed genetic p-thalassemia mutation.”” Patients
with other hemoglobinopathies or those younger than the
age of 12 were excluded from the study. All patients with
B-TM were physically examined, treated, and followed up
bimonthly at the Haematology clinic of Al-Shifa hospital.
Baseline clinical, laboratory, and radiological data have
been collected from the patients’ medical records. The
baseline information of these patients is given in Table 1.
Of note, since iron chelation therapies is insufficiently
available in Gaza, patients were either not or poorly iron
chelated. For the analysis of the humoral immune
response two subsets of p-TM cohort were used. The first
subset included patients with p-TM with symptomatic
COVID-19 (n = 24 out of the 65 total infected cases) for
the measurement of post-infection antibody levels. The
second subset included previously uninfected patients
with B-TM who received the COVID-19 vaccine (n = 31
out of 40 uninfected individuals) for the measurement of
post-vaccination antibody levels. As control groups we
included age-matched individuals without f-TM with no
documented health comorbidities, which were all health
care workers that were evaluated and followed up at Al-
Shifa hospital (Table 2). Specifically, control group A
included 41 health care workers of Al-Shifa hospital with
qRT-PCR-confirmed SARS-CoV-2 infection, who were
followed up for measurement of anti-SARS-CoV-2 IgG
antibody titres around 3 months of the documented
infection. Control group B included 23 healthcare
workers with no prior documented history of COVID-19
infection and with a negative qRT-PCR test result for
COVID-19 at the time of vaccination with the Pfizer-
BioNTech mRNA vaccine. The SARS-CoV-2 IgG Anti-
body titres were measured at 3 months after the second
vaccine dose. All individuals in the p-TM cohort and
control cohort A and B were instructed to perform
nasopharyngeal sample swabs to detect SARS-CoV-2
infection by qRT-PCR in case of any COVID-19 related
symptoms or after being in close contact with a
confirmed SARS-CoV-2 case. Furthermore, regular qRT-
PCR testing for SARS-CoV-2 were performed for patients
with B-TM prior to their bimonthly hospital visits.
Moreover, in parallel to measurement of SARS-CoV-2

www.thelancet.com Vol 62 August, 2023

IgG antibody titres, qQRT-PCR tests were performed in
both vaccinated and infected individuals (both p-TM and
controls) to rule out acute or recent infection.

Additionally, to examine a potential relation of iron-
deficiency anaemia to COVID-19 course, an extra
group consisting of 230 non-p-TM individuals with
symptomatic qRT-PCR-confirmed SARS-CoV-2 infec-
tion requiring hospitalization were analysed. The pa-
tients were classified according to the haemoglobin level
and iron profile—taken on the first day of admission—
into non-p-TM (=) (» = 179), which included non-
anaemic patients with normal iron status, and non-
B-TM (+) (n = 51), which comprised patients with iron
deficiency anaemia (Supplementary Table S1).

SARS-CoV-2 qRT-PCR-confirmed cases were classi-
fied according to the clinical National Institute of Health
(NIH) disease severity criteria as asymptomatic, mildly,
moderately, severely or critically ill."*

COVID-19 vaccination and the anti-SARS-CoV-2 IgG
antibody response

The humoral immune response was quantified by
measuring anti-SARS-CoV-2 antibodies using the
SARS-CoV-2 IgG II Abbott Architect assay,"* which de-
tects IgG antibodies to the receptor binding domain of
the S1 subunit of the SARS-CoV-2 spike protein. For the
post-infection analysis, this assay was performed in
symptomatic patients with p-TM (n = 24) and control
group A (n = 41) around 3 months after qRT-PCR-
confirmed COVID-19. As for the post-vaccination anal-
ysis, IgG antibody titres were measured in vaccinated
patients with f-TM (n = 31) and in participants of con-
trol group B (n = 23) at 3 months after the second vac-
cine shot. All participants received an mRNA vaccine,
either the Pfizer/BioNTech or the Moderna vaccine. The
23 participants from control group B received 2 doses of
Pfizer/BioNTech vaccine on days 1 and 21, while among
the 31 patients with B-TM, 26 (83.9%) received the
Pfizer/BioNTech vaccine on days 1 and 21 and the other
5 (16.1%) patients with B-TM received the Moderna
vaccine on days 1 and 28 in accordance to the manu-
facturer’s guidelines.

Statistical analysis

The IBM SPSS Statistics software version 25 was used
for data analysis and Python programming language
(v.3.9.0, Python Software Foundation) with the pandas
(v.1.3.3), matplotlib (v.3.4.3), and seaborn (v.0.11.2)
packages for graphic representations. Continuous nu-
merical (quantitative) variables were presented as
mean + standard deviation. Skewed data (SARS-CoV-2
IgG) were presented as geometric mean + geometric
standard deviation after log 10 transformation. Cate-
gorical data were presented as proportions n with cor-
responding percentages (%). Assessment of normality
was performed both visually using histograms and sta-
tistically using the Shapiro-Wilk test. Associations of
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B-TM patients (n = 105)

Age (years)

Female sex, n (%)

BMI (kg/m2)

B-TM mutation types in descending order

History of splenectomy
Yes, n (%)

No, n (%)

B-TM-associated complications
Cardiomyopathy, n (%)
Endocrinopathy, n (%)

Transfusion-related characteristics
Transfusion frequency
PRBC units per year

Blood group
0, n (%)

A, n (%)
B, n (%)
AB, n (%)

Laboratory measurements
PtHb (g/dI)-SP
PtHb (g/dl)-NSP
TSAT (%)

Ferritin (ng/ml)
Iron (pg/dl)
CRP (mg/dl)

Normal Laboratory References

Hb (g/d)

TSAT (%)

Ferritin (ng/ml)

Iron (pg/dl)

CRP (mg/dl)

SARS-CoV-2 IgG Antibody titers (AU/ml)

Data are presented as means + SD or proportions n with corresponding percentages (%). For some variables, the [normal range] was added to the table. Abbreviations: BMI,
body mass index; p-TM, B-thalassemia major; COVID-19, coronavirus disease 2019; CRP, C-reactive protein; Hb, haemoglobin; NSP, non-splenectomised; PRBC, packed red
blood cells; PtHb, pretransfusion haemoglobin; SP, splenectomised; TSAT, transferrin saturation.

22+ 6.1

52 (49.5)

205 + 2.5

IVS1-1/IVS1-1, IVS 1-110/IVS1-110, IVS1-6/IVS1-6, N37/N37, N39/39

Once every 2-3 weeks
21+ 41

49 (467)
34 (323)
16 (15.3)
6 (5.7)

72+ 038
6.8 + 1.0
90.8 + 6.8
5577 + 3015
195 + 510
0.8 £ 0.8

Female >12/Male >13
20.0-45.0

24.0-336.0
60.0-170.0

<0.6

>50

Table 1: 3-TM patient characteristics.

disease severity (ordinal data) with sex, splenectomy
history and anaemia (binary categorical data) were
examined by performing the chi-squared tests for trend.
SARS-CoV-2 IgG titres were non-normally distributed
and log-transformed, after which normality was
assessed. As most distributions remained non-normally
distributed, we employed nonparametric testing for the
comparison of IgG antibody titres between two groups.
Univariable and multivariable analyses, using backward
selection (Pouyt>0.05) were performed to identify clin-
ical factors that were associated with both post-infection
and post-vaccination (log-transformed) anti-S1 SARS-
CoV-2 IgG antibody titres. Standardized beta () co-
efficients and corresponding p-values were reported to
represent the magnitude and statistical significance of
the associations. Standardized p-coefficients represented
the difference in post-vaccination or post-infection

anti-S1 SARS-CoV-2 IgG antibody titres per 1-SD
increment or decrement. Assumptions of residual vari-
ance normality and homoscedasticity for linear regres-
sion analysis were satisfied. Finally, for the comparison
of post-infection IgG antibody titres between the four
ABO blood groups (with a non-normal distribution), the
Kruskal-Wallis test with post-hoc correction was per-
formed. A two-tailed p-value of less than 0.05 was
considered statistically significant.

Role of the funding source

This study was funded by Mr. Hosam and Wasim s. El
Helou. The funding source had no role in study design,
in the collection, analysis, and interpretation of data, in
the writing of the report, or in the decision to submit the
paper for publication. No external funding from a
pharmaceutical company or other agency was involved
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Age (years)
Female, n (%)
BMI (kg/m2)
Medical comorbidities
Laboratory measurements
Hb (g/dL) [normal: female >12/male >13]
TSAT (%) [normal: 20.0-45.0]
COVID-19-related characteristics
Prior COVID-19 infection (reported)
COVID-19 vaccination
COVID-19 illness severity
Mild, n (%)
Moderate, n (%)
Severe, n (%)
Critical, n (%)
Death, n (%)

Control group A (n = 41) Control group B (n = 23)
28.6 + 6.3 29.0 £ 5.7
18 (43.9) 10 (43.5)
212 +1.7 221+18
None None
14.7 £ 0.7 13.9 £ 0.5
327 £35 317 + 2.7
Yes No

No Yes®

41 (100) =

0 (0) -

0 (0) -

0 (0) -

0 (0) -

Data are presented as means + SD or proportions n with corresponding percentages (%). For some variables, the [normal range] was added to the table. Abbreviations: BMI,
body mass index; COVID-19, coronavirus disease 2019; Hb, haemoglobin; TSAT, transferrin saturation. ®Individuals were vaccinated with 2 doses of the Pfizer-BioNTech

vaccine.

Table 2: Control group characteristics.

in writing the manuscript. H.G, H.Z, H.]., LEv.E,, and
G.W. directly accessed and verified the underlying data
reported in the manuscript. All authors contributed to
the review of the final article and accept responsibility
for the decision to submit for publication.

Results

Higher incidence but milder course of SARS-CoV-2
infection in patients with g-TM

Our study demonstrated that the majority of patients
with B-TM in our cohort (61.9%) experienced infection
with SARS-CoV-2 in the year 2021. This was much
higher than the incidence of infection in the general
population which was—according to data from Ministry
of Health in Gaza strip—at average 7.1% during 2021."
This suggests a significantly higher relative incidence of
SARS-CoV-2 infection among patients with B-TM
compared to the general population.

It must be mentioned, however, that patients with
B-TM were frequently PCR-tested for SARS-CoV-2
mostly upon regular hospital visits, which resulted
also in the detection of asymptomatic cases and thus in
a higher incidence of infections as the compared to that
reported for the general population.

Fig. 1A demonstrates a classification of SARS-CoV-2
disease severity of patients with -TM according to Na-
tional Institute of Health (NIH) criteria indicating that
the majority of those with qRT-PCR-confirmed SARS-
CoV-2 infection remained asymptomatic (70.8%),
whereas 26.1% of patients with p-TM experienced mild
and only 3.1% moderately severe infection. Interest-
ingly, none of the patients with p-TM developed severe

www.thelancet.com Vol 62 August, 2023

or critical COVID-19. Of note, 45.5% of the SARS-CoV-
2-infected patients with §-TM in the asymptomatic p-TM
category, 17.7% in the mild category, and 0% in the
moderate category suffered from cardiac and endocrine
comorbidities. Remarkably, COVID-19 severity signifi-
cantly differed between females and males in the p-TM
cohort (p = 0.013). While the male sex was predomi-
nantly present in the asymptomatic COVID-19 category,
the female patients mainly comprised the mild COVID-
19 category. Furthermore, the moderate category
included only female patients with p-TM (Fig. 1A).

No significant difference of COVID 19 illness
severity was found between splenectomised (69.4%
asymptomatic, 27.8% mild, and 2.8% moderate disease)
and non-splenectomised patients with p-TM (72.4%
asymptomatic, 24.1% mild, and 3.4% moderate disease)
(p = 0.863), as shown in Fig. 1B. Finally, none of the
patients with B-TM experienced symptoms 3 months
after initial SARS-CoV-2 infection (such as fatigue,
dyspnoea, cognitive dysfunction, among others) that
could indicate long COVID.

COVID-19 severity in non-f-TM individuals
Supplementary Table S1 indicates the distribution
of COVID-19 illness severity of the groups non-p-TM
(-anaemia) and non-B-TM (+anaemia). When
comparing hospitalised COVID-19 patients without
B-TM according to the presence or absence of anaemia
upon hospital admission, we found no significant
association between anaemic individuals and disease
severity (p = 0.077) (Supplementary Figure S1). The
causes of death in both control groups were related to
COVID-19-induced respiratory failure.
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Fig. 1: COVID-19 illness severity in §-TM categorised by sex (panel A) and splenectomy history (panel B). (A) COVID-19 illness severity in
B-TM cohort (n = 105). Most of the patients (70.8%) remained asymptomatic, while 26.1% experienced mild symptoms, and only 3.1%
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Humoral immune response after infection or
vaccination

Fig. 2A displays a comparison of the humoral immune
response between symptomatic patients from the p-TM
cohort and control group A, assessed by the serum anti-
SARS-CoV-2 IgG titre level after PCR-confirmed SARS-
CoV-2 infection, measured at (mean + SD) 94.8
days + 2.6 vs. 93.5 days = 1.9, respectively. The results
showed a significantly higher post-infection IgG anti-
body titre (geometric mean [GM] + geometric standard
deviation [GSD] 1299.1 + 3.3 AU/ml) in the -TM cohort
than in the control group (555.7 + 2.4 AU/ml,
p = 0.009).

Fig. 2B compares post-infection humoral immune
response between the splenectomised and the non-
splenectomised patients with p-TM (asymptomatic and
symptomatic), measured at (mean + SD) 90.6 days + 1.6
for asplenic patients and 89.0 days + 2.3 for non-
splenectomised patients. This time, both asymptomatic
and symptomatic individuals were included—in
contrast to Fig. 2A — to increase sample size and because
no differences in disease severity were observed be-
tween the groups (Fig. 1B). This indicates a significantly
higher post-infection IgG antibody titre level in the
splenectomised (GM =+ GSD 595.4 =+ 3.9 AU/ml)
compared to the non-splenectomised patients
(280.5 + 3.5 AU/ml, p = 0.005).

Furthermore, we studied the humoral immune
response to SARS-CoV-2 vaccination in previously un-
infected patients with §-TM and control group B. After a
mean duration of three months after receiving the sec-
ond vaccine dose, B-TM individuals presented with
significantly higher IgG antibody titres (GM + GSD
8404.0 + 3.9 AU/ml) as compared to age-matched con-
trols (2785.6 + 5.0 AU/ml) (p = 0.015) (Fig. 2C). When
analysing the post-vaccination humoral immune
response  between  splenectomised and non-
splenectomised patients with B-TM, we found signifi-
cantly higher anti-SARS-CoV2 IgG titres in the sple-
nectomised patients (GM + GSD 13778.2 + 3.2 AU/mL)
as compared to the non-splenectomised group
(4961.8 + 4.1 AU/mL, p = 0.045) although with a high
variation of results (Fig. 2D).

To identify clinical factors associated with anti-S1
SARS-CoV-2 antibodies, linear regression analyses
were performed. Univariable linear regression in
infected p-TM individuals demonstrated that splenec-
tomy history (St.p 0.279, p = 0.041), symptomatic
COVID-19 (St.p 0.560, p < 0.001), and creatinine (St.p

0.311, p = 0.031) were significantly positively associated
with post-infection anti-S1 SARS-CoV-2 IgG ftitres,
whereas alanine transaminase (ALT) (St.p —0.346,
p = 0.016) showed an inverse association. The signifi-
cance of the association with a history of splenectomy
was, however, not sustained after adjustment for creat-
inine, ALT, and symptomatic COVID-19 (St.p 0.236,
p = 0.058) (Supplementary Table S3). As for vaccination,
splenectomy history was the only clinical factor signifi-
cantly associated with post-vaccination anti-S1 SARS-
CoV-2 IgG titres (Supplementary Table S6).

No notable difference in the antibody immune
response was found between the vaccine type (Pfizer
BioNTech or Moderna) (p = 0.358). Of interest, we
found significant differences in post-infection anti-
SARS-CoV-2 IgG titres in patients with f-TM with both
asymptomatic and symptomatic COVID-19, according
to their underlying blood group antigens (p = 0.013),
with highest titres in individuals with blood group O
(GM + GSD 684.9 + 3.2 AU/ml), followed by blood
group AB (397.2 + 2.6 AU/ml), blood group A
(366.4 + 4.7 AU/ml), and blood group B (162.2 + 2.2
AU/ml). Post-hoc analysis indicated that patients of
blood group O and blood group B were significantly
different regarding their post-infection antibody levels
(p = 0.012) (Fig. 3). Overall, there was no significant
association between blood group types, infection
severity (p = 0.771), and the post-vaccination titre level in
the B-TM cohort.

Discussion

Our study presents a distinctive cohort of patients with
transfusion-dependent, poorly iron-chelated p-TM of
whom more than half underwent splenectomy. All pa-
tients showed evidence of severe iron overload, some-
times reflected by the presence of iron related
complications, such as cardiac, hepatic, and endocrine
dysfunction. Our results indicated that patients with
B-TM tested positive for SARS-CoV-2 more frequently as
compared to the general population. Even though pa-
tients with p-TM had more co-morbidities, infections
were mostly asymptomatic or mild and no severe or fatal
courses of COVID-19 were recorded. Interestingly, none
of the patients with p-TM developed long COVID.

The finding of a higher incidence of SARS-CoV-2
infection among patients with f-TM compared to the
general population is contradictive of the results of a
lower COVID-19 incidence rate among patients with

developed a moderate infection. None of the infected patients with B-TM fell into the severe, critical, or death categories. A significant dif-
ference in COVID-19 illness severity between infected male (n = 38) and female (n = 27) patients with 3-TM was found (p = 0.013). While the
male infected patients with -TM were predominantly included in the asymptomatic category, the mild category included mostly female
patients, and the moderate category was comprised only of female patients. (B) No significant difference in COVID-19 illness severity was found
between splenectomised (n = 36) and non-splenectomised patients with $-TM (n = 29) (p = 0.863). Abbreviations: p-TM, p-thalassemia major;

COVID-19, coronavirus disease 2019.
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Fig. 2: Serum anti-SARS-CoV-2 IgG antibody titres in patients with f-TM and age-matched control groups both 3 months post-infection
(Panels A & B) and 3 months post-vaccination (Panels C & D). (A) Symptomatic $-TM (n = 24) showed significantly higher anti-SARS-CoV-2
IgG antibody titres compared to control group A (n = 41) after infection (GM + GSD 1299.0 + 3.3 vs. 555.7 + 2.4 AU/ml, p = 0.009). (B) Post-
infection anti-SARS-CoV-2 IgG antibodly titres were significantly higher in (asymptomatic and symptomatic) splenectomised (n = 29) compared
to non-splenectomised patients with p-TM (n = 25) (GM + GSD 595.4 + 3.9 vs. 280.7 + 3.5 AU/ml, p = 0.005). (C) In comparison to age-
matched individuals of control group B (n = 23), previously uninfected vaccinated patients with p-TM (n = 31) had significantly higher
anti-SARS-CoV-2 IgG antibody titres (GM + GSD 8404.0 + 3.9 vs. 2785.6 + 5.0 AU/mL, p = 0.015). (D) Among the vaccinated patients with
B-TM, splenectomised individuals (n = 16) had a significantly higher anti-SARS-CoV2 IgG titre than non-splenectomised individuals (n = 15)
(GM + GSD 13778.2 + 3.2 vs. 4961.8 + 4.1 AU/mL, p = 0.045). Abbreviations: 3-TM, B-thalassemia major; GM, geometric mean; GSD, geometric
standard deviation; IgG, immunoglobulin G; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

B-TM described in a recent large meta-analysis.'® Our
results may in part be explained by more frequent
testing of patients with B-TM, who require at least
bimonthly blood transfusions and PCR screening tests
prior to entering a hospital. Furthermore, most patients
did not follow the internationally advised precautions
and hygienic measurements to prevent SARS-CoV-2
infection, which can be attributed to several causes,

including their poor socioeconomic status in addition to
the psychosocial and emotional implications caused by
the distressing treatments and physical deformities due
to the disease.”” We do not have enough information
regarding the preventive measures of the non-f-TM
population; however, according to statistical data derived
from the Palestinian Central Bureau of Statistics, almost
53% of the population in Gaza strip suffers from poverty
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Fig. 3: Serum anti-SARS-CoV-2 IgG antibody titres in $-TM patients after infection, categorised by blood group. Significant differences in
post-infection anti-SARS-CoV-2 IgG titres in patients with B-TM, with both asymptomatic and symptomatic COVID-19, according to their
underlying blood group types indicate lowest titres in individuals with blood group B (n = 8) (GM + GSD 162.2 + 2.2 AU/ml) and highest titres
in blood group O (n = 22) (684.9 + 3.2 AU/ml), followed by blood group AB (n = 2) (397.2 = 2.6 AU/ml), and blood group A (n = 22)
(366.4 + 4.7 AU/ml) (p = 0.012). Abbreviations: 3-TM, p-thalassemia major; GM, geometric mean; GSD, geometric standard deviation; IgG,
immunoglobulin G; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

which makes it difficult for the general population to
adhere to the advised COVID-19 testing policy, as well
as preventive and self-isolation measures.

Although asplenic individuals are at higher risk of
encapsulated bacterial sepsis,'® studies showed no ev-
idence that splenectomy raised the risk for COVID-19
severity,”” which is in line with our data revealing no
significant difference in COVID-19 severity between
splenectomised vs. non-splenectomised patients with
B-TM. Surprisingly, splenectomised patients with
B-TM had higher anti-SARS-CoV-2 IgG antibody titres
after infection and vaccination as compared to non-
splenectomised counterparts. This is in line with a
previous study demonstrating the finding of higher
anti-SARS-CoV-2 antibody titres in splenectomised
patients with transfusion-dependent thalassemia after
COVID-19 vaccination, as compared to those without a
splenectomy history.” The mechanism behind this
interesting finding remains to be elucidated. However,
one may speculate that the affected spleens in the non-
splenectomised B-TM individuals filter out the
antibodies in the blood, leading to lower circulating
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antibody concentrations compared to splenectomised
patients with p-TM. Another potential reason is the
administration of vaccines directed against other
pathogens to prevent post-splenectomy sepsis that
may boost the immune system and could possibly
indirectly enhance the humoral immune response to
SARS-CoV-2 in asplenic patients with $-TM.
Furthermore, we found that patients with p-TM in
general had higher anti-SARS-CoV-2 IgG antibody
levels following infection or vaccination as compared
to the control group. Previous studies have examined
the immune responses following SARS-CoV-2 vacci-
nation in patients with hemoglobinopathy, including
thalassemia,”** but the current study specifically
concerns a cohort of patients with severely iron-
overloaded, transfusion-dependent B-TM. This is
interesting, as iron availability is crucial for B and T
cell differentiation,”” and iron deficiency has been
associated with reduced responses to vaccines.” Thus,
one could speculate that the high iron availability in
patients with TM promotes adequate immune re-
sponses, whereas in the general population, the high
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prevalence of iron deficiency and iron deficiency
anaemia of around 20% in the Gaza strip hampers
efficient humoral immune responses. However, we
did not find a significant difference in disease severity
between hospitalized COVID-19 patients without
p-TM with iron deficiency anaemia (non-p-TM (+))
and those without (non-p-TM (-)).

It may well be that a more sustained humoral im-
mune response among patients with B-TM during
infection represents an underlying protective mecha-
nism against SARS-CoV-2 infection severity.>*” Of note,
T-cell immune responses play essential roles for the
control of SARS-CoV-2 infection and specifically for
preventing severe COVID-19.”* Thus, it will be of in-
terest to further investigate T-cell immunity at baseline,
as well as after infection and vaccination in patients with
B-TM, being aware of the fact that iron availability can
affect T—cell differentiation, activation and cytokine
expression.”

This leads to the question why individuals with §-TM
in our cohort developed less severe COVID-19. First, a
potential explanation may be increased levels of eryth-
ropoietin (EPO). EPO is the main regulator of erythro-
poiesis,” and is mostly produced in the kidneys in
response to tissue hypoxia.”’ High levels are found in
association with ineffective erythropoiesis as observed
in a similar B-TM cohort.”? In addition to its erythro-
poietic activity, EPO exerts a variety of pleotropic effects
through distinct mechanisms and plays important roles
in tissue protection, tissue regeneration, anti-apoptosis,
and anti-inflammation.*** Moreover, EPO has been
shown to inhibit pro-inflammatory immune effector
pathways by inhibiting NF-kB signaling,* a central
pathway being involved in severe COVID-19 and asso-
ciated hyperinflammation.”” Thus, it may be assumed
that SARS-CoV-2-infected patients with B-TM are
somewhat protected from hyperinflammation and se-
vere COVID-19 by their high EPO levels.

Another potential explanation to the milder COVID-
19 course in patients with p-TM involves the structure
of haemoglobin in B-TM. In general, haemoglobin
consists of four globin subunits, 2-a and 2-p, and each
subunit has an iron-bound porphyrin, known as haem.
It has been suggested that the SARS-CoV-2 proteins
ORFlab and ORF3a bind to the f-globin chains,
resulting in the breakdown of haem into free iron and
porphyrin, leading to loss of the oxygen-carrying
function of hemoglobin.** In p-thalassemia, the pro-
duction of B-globin chains is partially reduced (p-thal-
assemia minor or intermedia) or completely absent as
in B-TM." In patients with f-TM, the oxygen binding
function of HbA is taken over by the foetal Hb (HDbF,
a2/y2) and HbA 2 (02/82). Both of these forms of
haemoglobin do not contain f-globin subunits.' If, as
suggested, SARS-CoV-2 selectively affects p-globin
chains, then patients with §-TM would be fortunately
spared from the virus-related haem attacking effect. In

our study none of the SARS-CoV-2-infected patients
with B-TM had a decrease in Hb level or an increase in
blood transfusion frequency.

Furthermore, in individuals without TM, 10-15% of
the patients with COVID-19 in the pre-Omicron surges
progressed into a life-threatening acute respiratory
distress syndrome,” which became also evident in our
group of hospitalized COVID-19 patients without f-TM.
Interestingly, although the poorly iron-chelated patients
with B-TM had severe iron-overload, none of them
experienced severe, critical, or fatal COVID-19 illness.
COVID-19 severity and mortality are largely related to
the hyperacute cytokine storm, caused by an uncon-
trolled release of inflammatory cytokines and chemo-
kines, mainly from monocytes and macrophages, as a
consequence of poor control of viral replication.”
However, iron-overload can be associated with
impaired innate immune responses. Specifically, iron
loading of macrophages reduces the formation of pro-
inflammatory cytokines such as TNF-alpha or IL-6
while increasing the formation of anti-inflammatory
cytokines such as IL-10.* This is in line with the
observation of reduced formation of those cytokines and
impaired neutrophil function in dialysis patients under
treatment with iron or with iron overload.” We hy-
pothesize that iron-overloaded monocytes and macro-
phages may be associated with lowering and slowing
down the acute cytokine response in COVID-19, which
may explain the low infection severity among patients
with B-TM with severe iron overload. This point needs to
be further explored in future studies.

Finally, different published research has demon-
strated favourable COVID-19 disease courses among
individuals with blood group O.* Although patients
with p-TM with blood group O were seen to have the
highest post-infection SARS-CoV-2 IgG titres, this
finding was not translated into milder severity. Consis-
tent with a previous study, we found no association of
blood group type with post-vaccination IgG antibody
responses.*’

This study has several strengths and limitations
warranting recognition. Most notably, this prospective
cohort study provides novel evidence of favourable hu-
moral immune responses in patients with -TM with
severe iron overload as compared to the general popu-
lation, both after SARS-CoV-2 infection and vaccination.
The poor chelation therapy in these patients makes this
cohort unique and may reinforce discussions to which
extent iron availability may be involved in COVID-19-
related immunity. The availability of data on splenec-
tomy history allowed us to make observations on
quantitative humoral immune responses in splenec-
tomised and non-splenectomised patients with p-TM
separately, showing the remarkable finding that higher
post-infection and post-vaccination antibody titres are
present in splenectomised patients in comparison to
those without splenectomy. An important limitation of
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the current study includes its small sample size, both in
the B-TM and control groups. As this study included
such a unique cohort of patients with severely iron-
overloaded, transfusion-dependent p-TM, with no com-
parable populations described in similar studies on
COVID-19 incidence, severity, and humoral immune
responses, an a priori sample size calculation could not
be performed. A larger confirmatory study is warranted
to validate our results. Furthermore, even with the
evaluation of previous COVID-19 infection by means of
medical records and PCR tests for SARS-CoV-2—prior
to antibody measurements in both patients with -TM
and controls, and bimonthly at hospital visits in patients
with B-TM—it cannot be ruled out with certainty that
patients already had previous episodes of infection.
Availability of anti-SARS-CoV-2 antibody titres prior to
vaccination or infection would have been more optimal
to clarify this issue.

In summary, we provide evidence for a high sus-
ceptibility to SARS-CoV-2 infection but mild clinical
course of COVID-19 in poorly iron-chelated patients
with transfusion-dependent p-TM. We also provide evi-
dence for favourable humoral immune response of pa-
tients with B-TM following infection and vaccination
compared to non-anaemic controls with normal iron
status. The underlying factors that modulate the
favourable immune response to COVID-19 infection in
patients with -TM need to be explored in the context of
the last pandemic but also in the more general context of
a possible adaptive protection that patients with chronic
overloaded B-TM develop against different pathogens.
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