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A B S T R A C T

This work aimed to better understand the impact of pandemics of respiratory viruses on children with hemoglo-
binopathies through a comprehensive review of the literature. MEDLINE, SCIELO, LILACS, and PUBMED were
used as data sources to find articles without time period restrictions. Previous observations suggest that patients
with hemoglobinopathies are a group especially susceptible to the complications of viral respiratory infections,
with greater morbidity and mortality related to them. Within this context, this review found that, during the
2009 H1N1 pandemic, the risk of hospitalization in children and adults increased, especially in patients with a
history of complications such as acute chest syndrome. In addition, the Coronavirus Disease 2019 (COVID-19)
pandemic appears to have less repercussion among children with hemoglobinopathies compared to adults, similar
to what is seen in the general population. In the H1N1 pandemic, patients with hemoglobinopathies behaved as a
group more susceptible to complications, with increased morbidity and mortality. However, for COVID-19, the
existing data to date on these patients do not show the same clinical impact. Thus, although these children
deserve attention in case of infection due to their potential risks, they seem to have a favorable evolution.
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Introduction

In December 2019, a new coronavirus was identified by Chinese sci-
entists in the city of Wuhan in Hubei, China, after studying patients with
pneumonia of unknown origin.1 The virus called Severe Acute Respira-
tory Syndrome Coronavirus 2 (SARS-CoV-2) spread quickly to other
countries, challenging the economic, medical, and public health infra-
structures.2 Existing studies have already shown that all age groups are
susceptible to SARS-CoV-2 and that transmission occurs through oral
fluid droplets. The spectrum of the disease varies from asymptomatic
patients to cases in which the infection, named Coronavirus Disease
2019 (COVID-19), causes symptoms such as fever, cough, sore throat,
fatigue, headache, and in more severe cases, acute respiratory syndrome,
and multiple organ dysfunction.3

Hemoglobinopathies are a group of high prevalence diseases. With
approximately 7% of the worldwide population being carriers, hemoglo-
binopathies are the most common monogenic diseases and one of the
world’s major health problems.4 In this context, these patients have
been impacted not only by COVID-19 but also by other pandemics of
respiratory viruses that have affected the human population in recent
decades, such as Influenza A (H1N1), in 2009. Considering that comor-
bid chronic diseases are strongly correlated with disease severity among
COVID-19 patients,5 those with hemoglobinopathies could be at higher
risk of worse prognosis, especially in the pediatric population. In this
review, the authors describe the characteristics that make children with
hemoglobinopathies a group that requires special attention and the
already known impact of respiratory viruses on this population. The fol-
lowing electronic databases were used: MEDLINE, SCIELO, LILACS, and
PUBMED.

Overview of hemoglobinopathies

Hemoglobinopathies are genetic disorders that affect hemoglobin
molecules, a protein present in red blood cells. Most of the hemoglobin-
opathies result from mutations that alter the amino acid sequence of a
globin chain, thus, changing the physiologic properties of the variant
hemoglobin and producing the characteristic clinical abnormalities.
Thalassemia syndromes, on the other hand, arise from mutations that
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impair the production or translation of globin mRNA, leading to defi-
cient globin chain biosynthesis.6

In relation to hereditary hemoglobinopathies, the most common are
hemoglobin S, hemoglobin C, beta-thalassemia, hemoglobin E, and
alpha thalassemia.4 Sickle cell disease (SCD) is characterized by alter-
ation of the two beta-globin genes, where at least one is an S gene. These
sickle cells are more rigid and, therefore, can lead to pain, organ dam-
age, and acute chest syndrome (ACS). These are the main known reasons
for increased general morbidity and mortality in this patient population.

A hemoglobin disorders epidemiology study of 2008 estimates that
1.1% of couples in the world are at risk of having children with hemoglo-
binopathies, and 2.7 of every 1000 pregnancies are affected, with birth-
place having a big impact on prognosis. If affected, children who are
born in high-income countries have long-term survival with a chronic
disorder, while the majority of those born in poor countries die before
the age of five. Hemoglobinopathies are responsible for 3.4% of mortal-
ity in children younger than five years old around the world and for
6.4% in Africa.7 Approximately 1000 children with SCD are born in Bra-
zil annually.8

Two retrospective studies described data and characteristics of SCD
in Brazil and its mortality. Fernandes et al.9 studied 1,396 children that
had a hemoglobin profile compatible with SCD, collected in the Neona-
tal Screening Program in Minas Gerais. Among these cases, 78 patients
died between 1998 and 2005; most of them (71.8%) were children youn-
ger than two years old. The main causes of death were infections
(38.5%) and Acute Splenic Sequestration (16.6%). In another study, in-
hospital mortality rates were described, and differences were observed
between the states of the country: 2.0% in Bahia, 2.1% in Rio de Janeiro,
and 1.0% in S~ao Paulo. Moreover, mortality was approximately five
times higher in adults than in children and adolescents. Variations in
lethality probably reflect social differences between Brazil and other
countries, as well as the regions in the country.10 Another retrospective
study analyzed the mortality rate in 1,676 patients who had SCD and b-
thalassemia from 1998 to 2012 at HEMORIO where 281 patients died
with a mortality rate of 10.8% for children (< 18 years old) and 18.87%
for adults. The life expectancy was 21.3 years inferior to the general Bra-
zilian population.11 Knowledge of these baseline data is important
because it allows for the assessment of the impact of recent respiratory
virus pandemics, such as H1N1 and COVID-19, on the survival of these
patients.

H1N1 pandemic: what we learned

The first reported cases of H1N1 appeared in Mexico in February
2009. In April of the same year, the WHO declared H1N1 a public health
emergency of global importance, and in June, when there had been
reported more than 26,000 cases in 73 countries, the infection was con-
sidered a pandemic.12 In a year and a half, the total number of deaths
worldwide was approximately 20,000, and more than 214 countries
were affected.13 This pandemic also had a significant impact on Brazil.
The cumulative incidence in the country in 2009 was 28/100,000 inhab-
itants, with 52,827 confirmed cases. The case fatality rate reported by
Rosseto and Luna was 3.9% (2,056/52,827) in 2009 and 12.4% (120/
970) in 2010. Nevertheless, the authors called attention to the fact that
the case-fatality rate was calculated using different populations, times,
and places, creating biases in possible comparisons between the two
periods. Moreover, they described limitations due to the quality of data
collection, in addition to underreporting and lack of a prioritized
record-keeping system for serious cases or those from risk groups.14

SCD was one of the comorbidities reported among patients hospital-
ized during the H1N1 pandemic as they have a higher predisposition to
organ complications and hypoxia.15 2,200 children with SCD were eval-
uated in London from April to August 2009. According to this survey,
approximately 40 children with SCD were diagnosed with H1N1, 50% of
them were admitted to the hospital, and 25% developed acute chest syn-
drome. The hospitalization rate was considered higher compared to the
2

general population, which was 7%.16 Another study showed that
patients with hemoglobinopathies, in general, had approximately three
times more chances of being hospitalized.17 A retrospective cohort con-
ducted by Johns Hopkins Hospital analyzed cases of influenza A, B, and
H1N1 in children and young adults with SCD. It was found that those
with H1N1 tended to be older, have asthma, develop ACS more fre-
quently, and present more severe pain.18 In addition, these patients
needed intensive care more often, receiving more blood transfusions
and antiviral treatments.

In another retrospective study, 48 patients with SCD diagnosed with
H1N1 at the Cincinnati Children’s Hospital Medical Center were evalu-
ated.19 Among these, 23 (48%) patients had to be hospitalized, 10 of
which were due to ACS. No patient needed mechanical ventilation or
died. History of ACS and asthma were associated with higher rates of
hospitalization and the likelihood of developing a new ACS. Further-
more, Colombatti et al.20 conducted a retrospective study with 11 Italian
Pediatric Hematology-Oncology Units, including data from 17 patients
that were admitted for laboratory-confirmed H1N1 infection among 322
patients with SCD. Half of them had ACS and flu-like syndrome with
vaso-occlusive crises. Also, 41% of the patients received a simple transfu-
sion due to a fall in hemoglobin, while 29% underwent erythrocytaphe-
resis.

Thus, the H1N1 pandemic showed that patients with SCD are espe-
cially susceptible to the complications of viral respiratory infections and
have increased morbidity. Within this group, patients with a previous
history of ACS and bronchial hyperreactivity were especially likely to
need hospitalization and develop ACS.19 Even though these studies did
not address any deaths by H1N1 in patients with SCD, critical illness
was especially common in older patients compared to the children popu-
lation.18 The main studies on H1N1 and hemoglobinopathies and their
results are described in Table 1.

SARS-CoV-2 pandemic: what we know so far

According to the WHO’s international registry, on May 5th, 2021,
countries on all six continents had reported more than 150 million cases
of COVID-19 and over 3.2 million deaths.21 The Center for Disease Con-
trol COVID-19 Response Team has reported that, as of April 2nd, 2020,
only 1.7% of the COVID-19 cases reported occurred in pediatric patients,
despite 22% of the US population being younger than 18 years old. It
also estimated that 20% of these pediatric patients were hospitalized,
compared to 33% adults aged 18−64 years.22 Considering the previous
experience of vulnerability of children with hemoglobinopathies during
the H1N1 pandemic, a significant increase in the morbidity and mortal-
ity of these patients during SARS-CoV-2 infection was also expected.23

The main studies on SARS-CoV-2 and children and their findings are
summarized in Table 2.

The Medical College of Wisconsin established the SECURE-SCD Reg-
istry to collect data on COVID-19 cases occurring globally in patients
with SCD.24 Professionals were asked to report only COVID-19 con-
firmed cases and to do it only after resolution of acute illness or death.
Until April 30th, there were 784 registered cases. The mean age was
22.44 years old, with almost half of the patients being younger than 19
(48.1%). Of the total, 137 were asymptomatic, 431 had mild symptoms,
105 had moderate clinical severity, while 89 and 19 patients had severe
and critical forms of the disease, respectively. Even though no statistical
analysis of this data has been provided by the SECURE-SCD Registry
hitherto, from a total of 19 deaths, only one was recorded on the <
19 years old group. Also, it is noteworthy that previous hospitalization
for pain (equal to 3 or more in the last three years) was a common char-
acteristic both in the total group (40.1%) and in those who died
(68.4%).

Similar results were found in a real-time national survey on COVID-
19 in hemoglobinopathy and rare inherited anemia patients.25 Sickle
cell disease accounted for 166 of the 195 cases reported. There were
149 adults and 17 children (defined as ≤ 18 years). One hundred and



Table 1
Data from articles reporting H1N1 infection in patients with hemoglobinopathies.

Author, year Design Study population Main findings

Strouse et al.,18

2010
Retrospective

cohort
123 SCD patients < 22 yo with
diagnoses of influenza A (66); B
(28); and H1N1 (29)

Patients with seasonal influenza were younger and less likely to have asthma. Patients
with H1N1 more often developed ACS, severe pain, and illness requiring intensive
care. The most frequent treatments used with these patients were antiviral agents,
red blood cell transfusions, and exchange transfusions (10% for those with H1N1 vs.
3% for seasonal influenza, p=0.045). No patient died.

George et al.,19

2011
Retrospective

chart review
48 children with all forms of SCD
and diagnosis of H1N1 or influ-
enza A

The most common diagnosis in hospitalized patients was ACS. No mechanical ventila-
tion was required, or death reported. History of ACS or reactive airway disease was
correlated with a higher rate of admission and of ACS incidence during the acute
illness.

Colombatti et
al.,20 2011

Retrospective
survey

17 patients < 17 yo with SCD and
H1N1

15 HbS/HbS and 2 HbS/betha patients. Mean age: 7 years (range 1−17). 8 (47%)
patients had ACS; 8 (47%), flu-like syndrome with vaso-occlusive crises; and 1 (6%),
acute splenic sequestration. 7 (41%) patients received a simple transfusion and 5
(29%) underwent erythrocytapheresis.

SCD, Sickle Cell Disease; yo, years old; ACS, Acute Chest Syndrome.
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twenty-eight (77.1%) SCD patients were admitted to the hospital, of
whom 15 (11.7%), all adults, required non-invasive and/or mechanical
ventilation. The outcomes of 142 patients with SCD with a completed
course of infection were analyzed. A total of 131 (92.2%) recovered,
while 11 (8.4%) died. The median age of patients who died was higher
(51 years, ranging from 19 to 68 years) than those who recovered
(31 years, ranging from 6 weeks to 72 years, p= 0.0042). No deaths
occurred in children. The association of patient variables with survival
was analyzed in SCD patients (n= 77) who were admitted to the hospi-
tal with a laboratory-confirmed COVID-19 diagnosis. The overall mortal-
ity in the group was 10.4%.

In contrast to the association of older age and male sex with the risk
of COVID-19 related death in other populations, no significant correla-
tion was found with age, sex, or SCD genotype. Mortality was higher in
females and mild genotypes, although the differences were not signifi-
cant. Patients with thalassemia accounted for 26 of the cohort. Two
deaths were reported in transfusion-dependent patients 92y=HbH
(cancer and splenectomy) and 53y=TDT (iron overload and diabetes);
both had concurrent morbidities. Only three patients with rare inherited
anemia (unstable hemoglobin Hb K€oln: 2; hereditary elliptocytosis: 1)
were reported. All received transfusion for acute hemolysis during the
COVID-19 episode and subsequently recovered. Considering the pre-
sumed higher risk of infection for the patients with hemoglobinopathies,
data on the hospitalization rate of these patients is also an important
parameter. A retrospective cohort conducted by Singh et al.26 collected
data to compare COVID-19 outcomes between individuals with SCD and
sickle cell trait (SCT) and those without these diseases. The authors
found that patients with COVID-19 and SCD remained at a higher risk of
hospitalization (Relative Risk [RR=2.0]; 95% CI, 1.5−2.7) and develop-
ment of pneumonia (RR=2.4; 95% CI, 1.6−3.4) and pain (RR=3.4;
95% CI, 2.5−4.8) compared with the group who do not have SCD or
trait. On the other hand, the case fatality rates were not significantly
Table 2
Data from reported cases of SARS-CoV-2 infection in patients with hemoglobinop

Author, year Design Study population

Telfer et al.,25

2020
Real-time
survey

195 patients (17 children) with confirmed and su
pected diagnoses of COVID-19 and hemoglobin
opathy or rare inherited anemia

Singh et al.,26

2021
Retrospective
cohort

624 black patients with diagnoses of COVID-19,
312 with SCD/SCT and 312 without SCD/SCT
trait

Minniti et al.,28

2021
Cohort 66 patients with SCD and diagnosis of COVID-19

SCD, Sickle Cell Disease; RR, Relative Risk; SCT, Sickle Cell Trait.
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different. There were also no significant differences in COVID-19 out-
comes between individuals with SCT and control. This suggests that het-
erozygous patients have a different risk when affected by COVID-19
when compared to homozygous SCD. Although the age of patients was
disregarded in this study, a different investigation found that young
adults with SCD had a lower risk of intensive care unit admission when
compared to older inpatients,27 but it lacks statistical power.

In another cohort, Minniti et al.28 analyzed 66 patients with SCD
and COVID-19, of which nine were children, from five academic
centers in the United States. In their study, it was possible to differ-
entiate the characteristics of patients who were hospitalized from
those who were not. There was no difference in SCD genotype or
age among those who needed admission. However, the presence of
chronic kidney disease and higher leukocyte count were associated
with the need for hospitalization, while the use of SCD-modifying
therapy was more common in outpatients. Among the seven deaths
recorded in this study, none occurred in the pediatric age group.
Overall, these studies suggest that patients with SCD are at higher
risk of hospitalization due to COVID-19, especially those with previ-
ous comorbidities such as chronic kidney disease and of developing
complications during the hospital stay in comparison with those
without hemoglobinopathies.

Regarding thalassemia, most of the literature so far does not deal so
much with prognosis and clinical impact but with infection rates. Never-
theless, with the course of the SARS-CoV-2 pandemic and epidemiologi-
cal observations, the issue of a possible protective mechanism for
patients with hemoglobinopathies arose. Lansiaux et al.29 used multiple
linear regression to observe the population of three Italian regions with
a higher prevalence of heterozygosity for thalassemia and lower infec-
tion rates to formulate the hypothesis of immunity. However, the very
limitations inherent in this study make the causal relationship question-
able.
athies.

Main findings

s-
-

166 patients had SCD; 26, thalassemia; and 3, rare inherited anemia. None
required non-invasive and/or mechanical ventilation. No death was
reported in this group.

Patients with SCD had a higher risk of hospitalization (RR=2.0) and devel-
opment of pneumonia (RR=2.4) and pain (RR=3.4) compared with
those without SCD/SCT. The fatality rate was not significantly different. No
comparison between adults and children was made.

Patients aged > 50 years, with preexisting cardiopulmonary, renal disease,
and/or stroke who were not receiving hydroxyurea had as risk factors for
death high serum creatinine, lactate dehydrogenase, and D-dimer levels,
irrespective of genotype or sex. 75% required hospitalization, and 10.6%
died. No children died.
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Furthermore, in a multicenter, retrospective, and cross-sectional
study, Karimi et al.30 estimated the prevalence of COVID-19 in the gen-
eral Iranian population. In April 2020, it was 11.01/10,000 inhabitants,
while for the population with thalassemia, it was 8.17/10,000
(p= 0.24). Mortality was significantly higher in the latter group
(26.6%) compared to the former (6.34%) (p= 0.001). In another
study,31 a cohort of 182 patients with SARS-CoV-2 infection was ana-
lyzed. Nineteen had the genetic trait for beta-thalassemia, and none
were in the group of severely ill patients. However, the molecular mech-
anism that supports that hypothesis of a possible protective mechanism,
based on the SARS-CoV-2 attack on the 1-beta chain of hemoglobin, was
rejected.32 Other studies also do not correlate the increased severity of
SARS-CoV-2 infection in patients with thalassemia syndromes.33 Given
the weak evidence, further research is needed to estimate a possible cor-
relation between thalassemia and the COVID-19 infection rate.

Conclusion

The H1N1 and SARS-CoV-2 pandemics are recent in our history and
have severely affected humankind, causing numerous deaths. Despite
the effort of the scientific community, these viruses’ complete molecular
mechanisms of action, as well as how they affect different populations,
are still unclear. Thus, these understandings may help to minimize the
impact and the number of deaths. Therefore, this literature review
aimed to contribute to the care of children with hemoglobinopathies in
the context of COVID-19.

Although there was great concern with patients with hemoglobinop-
athies in the COVID-19 pandemic due to the complications observed
during the H1N1 pandemic, this population was not so severely affected.
Moreover, the gathered data indicates that children with hemoglobin
disorders have fewer symptoms and better outcomes when compared to
adults. This finding is similar to that found by other reviews34 and could
be related to the same protective mechanisms hypothesized for the gen-
eral pediatric population.35 Nonetheless, some studies indicate that, as
in the first pandemic, both adults and children with hemoglobinopathies
may be at higher risk of hospitalization and intrahospital complications.
Those with comorbidities, like chronic kidney disease, could be at an
even higher risk. These data, however, should be looked at carefully
since this is a heterogeneous group of diseases with different patho-
physiologies in which the interaction with SARS-CoV-2 could result in
different outcomes.
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