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Abstract

Purpose There is still scarce data on SARS-CoV-2 infection in patients with Inborn Errors of Immunity (IEI) and many
unresolved questions. We aimed to describe the clinical outcome of SARS-CoV-2 infection in Brazilian IEI patients and
identify factors influencing the infection.

Methods We did a cross-sectional, multicenter study that included patients of any age affected by IEI and SARS-CoV-2
infection. The variables studied were sex, age, type of IEI, comorbidities (number and type), treatment in use for IEI, clinical
manifestations and severity of SARS-CoV-2 infection.

Results 121 patients were included: 55.4% female, ages from six months to 74 yo (median age =25.1 yo). Most patients
had predominantly antibody deficiency (n=253). The infection was mostly asymptomatic (n=21) and mild (n=66), and one
child had multisystem inflammatory syndrome (MIS-C). We could not observe sex-related susceptibility, and there was a
weak correlation between age and severity of infection. The number of comorbidities was higher in severe cases, particularly
bronchiectasis and cardiopathy. There were no severe cases in hereditary angioedema patients. Six patients aged 2 to 74 years
died, three of them with antibody deficiency.

Conclusion The outcome was mild in most patients, but the Case Fatality Ratio was higher than in the general population.
However, the type of IEI was not a determining factor for severity, except for complement deficiencies linked to milder
COVID-19. The severity of SARS-CoV-2 infection seems to be more related to older age, a higher number of comorbidities
and type of comorbidities (bronchiectasis and cardiopathy).

Keywords Primary immunodeficiency - Inborn errors of immunity - Immunodeficiency - COVID-19 - SARS-CoV-2 -
Coronavirus

Introduction people (80%) with COVID-19 have mild respiratory symp-
toms [1], particularly children that, in general, are asymp-

SARS-CoV-2 infections emerged by the end of 2019, and
since March 2020, we have experienced a pandemic. Most
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tomatic or have mild symptoms [2]. The disease includes
severe pulmonary involvement in approximately 14% of
individuals, while critical illness involving respiratory fail-
ure, sepsis, or multiple organ failure affects 5% of patients
[1]. The case fatality ratio (CFR) varies from 1 to 5% in most
countries, and in Brazil, it is around 2.5% [3].
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Risk factors for severe COVID-19 include old age and
a few medical conditions: cancer, chronic kidney disease,
chronic obstructive pulmonary disease (COPD), Down
syndrome, heart conditions, obesity, pregnancy, sickle cell
disease, solid organ transplantation, smoking, and type 2
diabetes mellitus [4].

Inborn errors of immunity (IEI) or primary immuno-
deficiencies (PID) are a heterogeneous group of diseases
including more than 430 different gene defects [5] that
could relate to a lower or a higher risk of complications by
SARS-CoV-2 infection. According to the identified immu-
nological defect, a group of experts from the UK developed
a document classifying the risk of severe infection by SARS-
CoV-2. This document was based on previous knowledge
about the behavior of various immunological defects toward
viral infections [6]. However, the clinical experience with
SARS-CoV-2 infections was just starting.

Case reports and case series have been published about
IEI patients’ clinical outcomes [7-21]. Still, there are lit-
tle data reported on SARS-CoV-2 in IEI patients and many
unanswered questions.

Brazil is the third country in the world in the num-
ber of cases of COVID-19 and the second in the number
of deaths and has health policies and socio-demographic
characteristics differing from other countries reporting
about patients with IEI and SARS-CoV-2 infection [22].
In this study we propose to describe the clinical develop-
ment of SARS-CoV-2 infection in IEI Brazilian patients
and to identify factors that influence the outcome.

Methods

We developed a cross-sectional, multicenter study, follow-
ing STROBE statement including reference centers for IEI
and hematopoietic stem cell transplantation (HSCT). The
inclusion criteria were patients of any age diagnosed with
an IEI according to the criteria used by the ESID registry
[23] and confirmed diagnosis of SARS-CoV-2 infection by
PCR and/or serology and/or point-of-care tests or present-
ing typical symptoms and/or imaging tests and history of
contact with a confirmed case of SARS-CoV-2 infection.
Patients with typical clinical manifestations or manifes-
tations compatible with SARS-CoV-2 infection who did
not have typical imaging and/or history of contact with
confirmed cases of infection by this virus were excluded.

The following variables were assessed: sex, age, type of
IEI, comorbidities (number and type), and the treatment
in use before SARS-CoV-2 infection diagnosis and clini-
cal manifestations of the infection. The severity of SARS-
CoV-2 infection was defined by the researchers, follow-
ing NIH criteria [24], as asymptomatic, mild, moderate,
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severe, and critical. Type of IEI was defined according to
the 2019 TUIS classification tables [5]. Case fatality ratio
was calculated according to WHO scientific brief [25].

The data were inserted in IBM® SPSS Statistics (ver-
sion 26) spreadsheet. Descriptive and statistical infer-
ence tools were used to analyze the correlation between
categorical and numerical variables, with a significant p
value <0.05. We performed correlations between vari-
ables: sex, median age, group of IEI, number and type of
comorbidities, medications in use before infection X sever-
ity of SARS-CoV-2 infection; the number of comorbidi-
ties X age group; and type of clinical manifestation X sever-
ity of COVID-19 in different age groups. For correlation
between ordinal variables, we used Kendall tau-b cor-
relation coefficient and Gamma measure of association.
For correlation between nominal/ordinal variables, we
used Lambda measure of association and Cramer’s V
coefficient. Whenever possible, Fisher’s test was used to
assess significance. When not possible (by limitations of
the software used), the Monte Carlo method was applied.
Kruskal-Wallis test was used to compare numerical
variables with different levels of SARS-CoV-2 infection
severity.

The project was approved by the Research Ethics Com-
mittee (CAAE 31,264,220.0.1001.5264). Patients and/or
their relatives signed a consent form to participate in the
study.

Results

We collected data from 121 patients diagnosed with
IEI and infected by SARS-CoV-2 between March and
December 2020. RT-PCR tests confirmed the diagnosis
of SARS-CoV-2 infection from nasopharyngeal or nasal
swab in 82 patients (67.8%); using RT-PCR and serol-
ogy, in three patients (2.5%); using serology only in 22
patients (18.2%); and only by point-of-care test, in three
patients (2.5%), totaling 110 (90.9%) patients. The other
11 patients (9.1%) were included since they presented
typical clinical manifestations of SARS-CoV-2 infection
and/or typical imaging tests and history of contact with
confirmed cases. No reinfections were reported during the
study period.

Patients’ ages ranged from 6 months to 74 years
old (median age of 25.1 years). Age distribution
was: < 18 years old, 57 patients (47.1%); 19-59 years
old, 60 patients (49.6%); and > 60 years old, four (3.3%)
patients. Sixty-seven patients were female (55.4%). Thir-
teen patients with hereditary angioedema were included
in Grumach et al. [26], four patients (two with familial
Mediterranean fever and two with CVID) were already
reported in Meyts’s study [14], and another CVID patient
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was previously reported [20] (these patients are high-
lighted in the supplementary material).

Most patients were diagnosed with predominantly anti-
body deficiencies (n=53/43.8%) and complement defi-
ciencies (n=25/20.7%). The distribution of cases accord-
ing to the IEI classification group is shown in Fig. 1A.

Before SARS-CoV-2 infection, 49/121 (40.5%) patients
were under regular human immunoglobulin (IG) replace-
ment, either intravenously (89.8%) or subcutaneously
(10.2%). Chemoprophylaxis was used by 31/121 (25.6%)
patients, and 11/121 (9.1%) were using azithromycin. The
use of immunosuppressors was reported in 11.6% (n=14),
one of them for the hemophagocytic syndrome, the other
for lymphoma, and the rest for autoimmune disorders. Other
drugs included androgens in 8.3% (n=10) and “immu-
nomodulators” (colchicine or hydroxychloroquine) in 6.8%
(n=38).

Comorbidities were absent in 70 patients (57.8%); at
least one comorbidity was observed in 37 patients (30.5%);
two comorbidities in 10 patients (8.3%); and three or more
comorbidities in four (3.3%). Lung diseases were the most
frequent comorbidities (n=34): 15.7% presented bronchiec-
tasis (n=19); 7.4%, asthma (n=9); and 5%, other lung dis-
eases (n=6). Systemic arterial hypertension affected 11.6%
(n=14); obesity, 8.3% (n=10); overweight, 1.7% (n=2);
gastrointestinal disorders, 5.7% (n=8); surgically corrected
congenital heart diseases, 2.5% (n=3); Down syndrome,

a Phenocopies
0.8% scio

9.9%

Complement def

20.7% CID Syndrome

41%

Autoinflamm Dis
7.4%

Innate Imm Def |
5.8%

Phagocytes Def
5%

Imm DysregDis
25%

Fig.1 A Distribution of IEI groups composed of 121 patients with
a diagnosis of SARS-CoV-2 infection. Predominantly antibody defi-
ciencies n=>53; complement deficiencies n=25; combined T and B
cell deficiencies n=12 (seven of them transplanted); autoinflamma-
tory diseases n=09; innate immunity defects n="7, phagocyte defects
n=06 (one of them transplanted); combined T and B cell deficiencies
associated with syndromes n=5 (one of them transplanted); immune

moderate

2.5% (n=23); type II diabetes mellitus, 3.3% (n=4); and type
I diabetes mellitus, 1.7% (n=2). One patient was pregnant.

A hundred and twenty IEI patients presented acute
SARS-CoV-2 infection where 21 were classified as asymp-
tomatic and 99 were symptomatic (i.e., had COVID-19)
(Fig. 1B). One patient presented MIS-C. From 100 symp-
tomatic patients (99 diagnosed with COVID-19 and one
patient with MIS-C), 35 patients were hospitalized and 94
recovered. The 21 asymptomatic patients underwent the
SARS-CoV-2 RT-PCR test either because of hospitaliza-
tion for another reason than COVID-19 or due to a history
of contact with a positive case.

There was no correlation between sex and severity of
the infection, neither in general (Kendall’s tau-b 0.095,
p=0.265 Fisher’s test) nor in the group of children/ado-
lescents (Kendall’s tau-b 0.052, p=0.693 Fisher’s test)
or the group of adults (Kendall’s tau-b 0.032, p=0.794
Fisher’s test).

A significant difference in the median age among the five
levels of severity of SARS-CoV-2 infection was identified
(Kruskal-Wallis test p=0.004). The asymptomatic group
median age was lower than for the other levels of sever-
ity. However, a significant difference was detected between
asymptomatic and mild cases and also severe cases but
not between asymptomatic and critical or moderate cases
(age standard deviation for critical and moderate cases was
higher). No significant difference was identified between

b critical
5%

asymptomatic
17.5%

severe
13.3%

9.2%

mild
55%

dysregulation diseases n=3 (one of them transplanted); bone marrow
failure n=0; and phenocopies of immunodeficiencies n=1. B Sever-
ity of acute SARS-CoV-2 infection in 120 patients: asymptomatic
n=21; mild n=66, moderate n=11, severe n= 16, critical n=6. Def
— deficiencies; SCID — severe combined immunodeficiency; CID —
combined immunodeficiency; Ab — antibody; Imm — immune; Dysreg
— Dysregulation; Dis — diseases; Autoinflam — autoinflammatory
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mild, moderate, severe, and critical cases median ages
(Fig. 2).

A clear correlation between the IEI group and the sever-
ity of infection was not identified (Gamma 0.001, p=0.992;
Kendall’s tau-b 0.001, p=0.992 Monte Carlo method).
Complement deficiencies were the second most common
IEI and no report of severe cases was observed. On the other
hand, in the phenocopy group, a single patient reported died.
The distribution of SARS-CoV-2 infections severity in the
different types of IEI is described in Fig. 3.

There was a weak correlation between the use of immu-
noglobulin and the higher severity of SARS-CoV-2 infection
(Cramer’s V 0.345, p=0.005 Fisher’s test) and between the
use of immunosuppressors and lower severity of SARS-
CoV-2 infection (Cramer’s V 0.304, p=0.029 Fisher’s test).
Six/14 patients who were in use of immunosuppressors were
asymptomatic, 4/14 had mild COVID-19, and one had a
critical COVID-19.

A difference in the number of comorbidities concern-
ing the severity of SARS-CoV-2 infection was observed
(Kruskal-Wallis test p<0.001), but there was a differ-
ence only between asymptomatic + mild + moderate cases
and severe + critical cases. In addition, there was a dif-
ference between the number of comorbidities and the
age group of patients (Kruskal-Wallis test p=0.008),
but only between < 18-year-old + 19-59-year-old groups
and > 60 years old, but not between < 18 years old and
19-59-year-old groups.

The correlation between types of comorbidities presented
by the patients and the severity of SARS-CoV-2 infection
showed a weak correlation between the presence of bron-
chiectasis (Cramer’s V 0.365, p=0.004 Fisher’s test) and
cardiopathy (Cramer’s V 0.302, p=0.047 Fisher’s test) and

Fig.2 Median age across sever-
ity of SARS-CoV-2 infection 80,0
(n=120)

60,0

40,0 *

20,0

higher severity. The pregnant patient, who had an autoin-
flammatory disease (CAPS-NLRP12 mutation) presented as
mild COVID-19.

Fever was the most common symptom, reported in 66/99
(66.7%) patients with COVID-19. Other frequent symptoms
were cough in 56.6% (n=156), upper airway symptoms (sore
throat, nasal congestion, coryza) in 53.3% (n=53), hypo-
or anosmia in 38.4% (n=380, headache in 32.2% (n=32),
dyspnea in 29.3% (n=29), dys- or ageusia in 29.3% (n=29),
diarrhea in 23.2% (n=23), fatigue in 8.1% (n=3), chest pain
in 6.1% (n=6), abdominal pain in 5.1% (n=5), vomiting
in 4% (n=4), and pericarditis in 2% (n=2). Other clinical
manifestations have been described in only one case each:
conjunctivitis, ocular and nasal burning, parotitis, choles-
tasis, and oral ulcers. Five patients with hereditary angi-
oedema (35.7% of the 24 patients) presented edema attacks:
four with subcutaneous edema (one also with abdominal
crisis) and one with laryngeal edema. Five patients presented
cutaneous rash and one of them had a previous diagnosis of
CAPS-NLRP3 and presented a diffuse cutaneous maculo-
papular rash that on skin biopsy demonstrated lymphocytic
vasculitis, probably related to the viral infection. Bacterial
pneumonia was a secondary diagnosis in 11 cases and sepsis
in two, but with no identification of an infectious agent.

A 6-year-old girl with a possible innate immunity defect
with susceptibility to bacterial infections (genetic testing
in progress) presented fever, skin rash, pleural and pericar-
dial effusion, ascites, and nonspecific pulmonary infiltrate
with dragged evolution. SARS-CoV-2 RT-PCR by swab
was three times negative, and serology (IgG> 100 AU/mL)
was also positive three times. In addition, cytokine dosage
showed a significant increase of IL-10 and a lower increase

Severity Grade median age | P value
Asymptomatic-symptomatic | 0.000*

age
* *
(22000 |-

JnewoydwAse o

Severity Infection
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Fig.3 Severity of SARS-CoV-2 infection in 120 patients with vari-
ous IEI (excluding patient with MIS-C). SCID — severe combined
immunodeficiency (seven post-HSCT); CID — combined immunode-
ficiency; WAS — Wiskott-Aldrich syndrome (one post-HSCT); CVID
— common variable immunodeficiency; XLA — X-linked agamma-
globulinemia; APDS — activated p1108 Syndrome (PI3KCD); FHL
— familial hemophagocytic lymphohistiocytosis; CHS — Chediak-
Higashi syndrome; XIAP — one post-HSCT; CGD - chronic granu-

in IL-6, diagnosed as a systemic inflammatory condition
after infection by SARS-CoV-2 (MIS-C).

The correlation between clinical manifestations and
severity of COVID-19 in patients < 18 years showed a
moderate correlation between rash (Cramer’s V 0.598,
p=0.024 Fisher’s test) and vomiting (Cramer’s V 0.598,
p=0.024 Fisher’s test) with higher severity. These symp-
toms were identified only in the < 18-year-old group.
Clinical manifestations and severity of COVID-19 in
patients > 19 years old showed a correlation between
cough (weak, Cramer’s V 0.337, p=0.027 Fisher’s test)
and dyspnea (moderate-Cramer’s V 0.456, p=0.003 Fish-
er’s test) both associated with higher severity.

Ten patients with SCID (n=7), LAD type III (n=1),
WAS (n=1), and XIAP mutation (n=1) had SARS-
CoV-2 infection after hematopoietic stem cell transplant
(HSCT) (see Table 1). The majority (n="7) were detected
after 100 days of transplantation, and of these, four were

DIIiIiﬂ'

asymptomatic

severe
critical

30

lomatous disease (three males, probably XL form, and one female
CYBA); LAD - leukocyte adhesion deficiency (one post- HSCT);
MSMD - Mendelian susceptibility to mycobacterial infections (one
IFNGRI1, one IFNGR2); WHIM - warts, hypogammaglobulinemia,
infections, myelokathexis; CMC — chronic mucocutaneous candidia-
sis (probably IL-17 defect); FMF — familiar Mediterranean fever; AID
— autoinflammatory disease; CAPS — cryopyrin-associated periodic
syndrome; HAE — hereditary angioedema

asymptomatic and three had mild COVID-19. Among the
three patients with SARS-CoV-2 infection within the first
100 days of HSCT, two were asymptomatic. A third one
was a patient with XTAP mutation presenting mild COVID-
19 symptoms (fever and rash with positive RT-PCR) on the
sixth day after a haploidentical HSCT. He developed mul-
tiple complications related to poor graft function and veno-
occlusive disease and died due to a fungal infection four
months after being hospitalized most of the time.

Patients classified as critical COVID-19 died. All of them
presented severe pulmonary manifestation with sepsis and/or
multiple organ failure. Four were male, ranging from two to
74 years, with a median age of 20.2 years. Two patients were
diagnosed with X-linked agammaglobulinemia, one with
common variable immunodeficiency, one with hyper IgM
syndrome (CD40L defect), and one with Good syndrome.

The patient with hyper IgM syndrome was a 15-year-
old boy with no comorbidities and a severe inflammatory
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manifestation of COVID-19. One of the deceased patients
with a diagnosis of X-linked agammaglobulinemia was an
obese child. The other patient with X-linked agammaglobu-
linemia was a young adult with bronchiectasis, asthma,
hypertension, and overweight. A year younger, this patient’s
brother, also diagnosed with X-linked agammaglobulinemia,
obese, and no other comorbidities, evolved with COVID-
19 classified as moderate and recovered well. The deceased
patient with common variable immunodeficiency presented
bronchiectasis and arterial hypertension. The patient with
Good syndrome (74 years old) who had myasthenia gravis
went through adrenalectomy and pulmonary lobectomy
previously.

Case fatality ratio and inpatient mortality were 5% and
17.1%, respectively, among all 121 patients. CFR and inpa-
tient mortality according to IEI classification were, respec-
tively: antibody deficiencies (n=53) 6.38% and 17.6%;
non-severe combined T/B cells deficiency (n=5) 20% and
50%, immune dysregulation (n=3) 50% and 50%; and phe-
nocopies (n=1) 100% and 100%. CFR in < 18-year-old
group (n=57) was 3.5%; in 19-59 years old (n=60), 5%
and in > 60 years old (n=4), 25%.

Data from the 121 patients of the study are detailed in
supplemental file 1.

Table 1 Characteristics and evolution of ten patients with IEI and
SARS-CoV-2 infection post-hematopoietic stem cell transplantation

1EI Sex Age Time post Severity Outcome
HSCT SARS-CoV-2
infection

SCID M 13yo >100d Asympto- -

matic
SCID M 8y.o >100d Asympto- -

matic
SCID M 6yo >100d Asympto- -

matic
SCID M 3yo >100d Mild Recovered
SCID F 2yo >100d Asympto- -

matic
SCID F 2yo >100d Mild Recovered
SCID M 8 months 73d Asympto- -

matic
WAS M 12yo 48d Asympto- -

matic
LADII F 12y.o >100d Mild Recovered
XIAP M 2yo 6d Mild Death*

“due to complications related to HSCT and uncertain contribution of
SARS-CoV-2 infection

@ Springer

Discussion

The restricted knowledge about the immunopathology of
SARS-CoV-2 infection for IEI patients raised the question
about the clinical impact of COVID-19 and the risk involved
for these patients [27]. As already mentioned, several case
reports were previously published [7-13, 15], as well as two
large series: 94 IEI patients in Meyts et al. study, from ESID
[14], and 60 IEI patients and 33 secondary immunodeficient
patients from Shields et al. study [16], in the UK.

In our group of 121 IEI patients with SARS-CoV-2 infec-
tion, females were more frequent (55.4%), unlike Meyts
et al. and Marcus et al.’s studies [14, 21], however similar to
the 60 IEI patients from Shields et al. [16] report. Our group
of patients was younger than the other series of patients.

Predominantly antibody deficiencies represented the most
frequent IEI among our patients (43.8%) as described in
other series [14, 16, 21], but in a lower proportion, particu-
larly in comparison to Shields’ group (76.7%). In our series,
the second most frequent IEI was complement deficiencies
(20.7%), absent from Meyts’s group and in lower numbers
in Shields’ group (6.7%), due to different structured groups
of specialists registering HAE patients.

Most of our patients had no comorbidities, unlike Meyts’s
and Shields’ samples, mainly having lung disease comorbid-
ity. This characteristic is probably related to the younger
age of our patients. Most of our patients were symptomatic
(n=100; 82.6%). In particular, Brazil has not implemented
mass testing, and the SARS-CoV-2 tests are usually per-
formed in hospitalized patients, especially in the public
health system. Since patients with IEI have not been rou-
tinely tested or tested whenever they had a history of contact
or symptoms, it is impossible to affirm that patients with IEI
have more frequent symptoms related to SARS-CoV-2 infec-
tion than the general population. We have a younger group of
patients, and, still, the percentage of asymptomatic patients
(17.4%) was slightly above that presented in the ESID
series (11%) [14]. In addition, most symptomatic patients
presented mild cases of COVID-19, as reported by Meyts
et al. [14] and by Marcus et al. [21]. The study by Marcus
et al. presented a series of 20 patients between 4 months
and 60 years of age, 60% male, 80% having alterations in
the production of antibodies, and seven of them with com-
bined defects of T and B cells (one of them 20 years after
hematopoietic stem cell transplantation). No deaths were
reported, none of them required hospitalization because of
SARS-CoV-2 infection, and seven of them (including one
22q11.2 deletion, one CGD, two combined immunodefi-
ciency, one XLA, and one CVID) were asymptomatic. [21]

The symptoms most frequently described in our 99
patients with COVID-19 were similar to those described
in other series of patients with or without IEI [14, 28-31].
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Unlike published data, we have not identified headache,
olfactory disorders, or taste disorders as markers of milder
COVID-19 [32, 33]. Cough and dyspnea have been described
before as predictors of severity in adults [34—-36]. However,
cutaneous rash and vomiting have not been described before
as predictors of severity in children [37-39].

We report one case with a possible innate immunity
defect with susceptibility to bacterial infections and MIS-C
diagnosis based on previously reported differences in rela-
tion to the inflammatory phase of COVID-19 [40]. There are
two previous MIS-C reports in patients with IEI: a patient
with SOCS1 haploinsufficiency, a disease characterized
by early-onset autoimmunity due to reduced JAK-STAT
pathway inhibition [41] and a patient with IFNGR2 defect,
reported in Meyts et al. study [14]. Another patient in our
series, with confirmed IRAK4 deficiency, presented a severe
inflammatory condition related to COVID-19, ratifying the
role of innate immunity defects in the pathogenesis of severe
SARS-CoV-2 infection [42].

We observed no sex susceptibility difference for severe
SARS-CoV-2 infections in the group > 19 years old nor in
the < 18-year-old group. No sex difference for COVID-19
susceptibility has been observed in children [43], although
it is frequently reported in adults [44, 45]. It is important
to note that HAE was the second most common IEI in our
group of patients, more frequent in females due to hormones’
influence and related to less severe form of COVID-19.
Moreover, we found no male predominance for severe cases.

Young patients had severe cases in our series. Also,
we did not identify protection against severe COVID-19
among patients with antibody deficiencies, as was shown
by Meyts’s [14], Ho’s [12], and Shields’s [16], and con-
trary to what was reported at the beginning of the pandemic
[17, 46] and by Marcus et al. [21]. Five (83.3%) deceased
patients were <59 years old, and three (50%) of them had
antibody deficiencies. The results of our analyses suggest
that the presence of comorbidities, particularly the presence
of bronchiectasis, is responsible for this finding. In addi-
tion, we can hypothesize that the production of antibodies
is not irrelevant in the immune response to SARS-CoV-2.
It is essential to report that only one of our patients (CVID,
previously published) received convalescent plasma (not
widely available in Brazil), described as effective in some
patients with antibody deficiencies [13, 20, 47]. We ratified
findings from previous publications [26, 48] on the preva-
lence of mild conditions among patients with complement
deficiencies, and more than a third presented edema attacks.
Edema attacks in 31% of HAE patients during SARS-CoV-2
infections have also been described recently, but with two
cases of severe infections [49].

The outcome of SARS-CoV-2 infections was less
severe in patients submitted to HSCT in our group, par-
ticularly those having the disease more than 100 days

post-transplantation, as it was expected. However, even the
patients in our series who had the infection before 100 days
post-transplantation had better outcomes than reported in
a group of 318 HSCT recipients, including only four IEI
patients [50].

The use of immunoglobulin was related to severe SARS-
CoV-2 infection. It is important to note that 14/19 patients
with bronchiectasis received IG, a possible explanation for
this finding. On the other hand, immunosuppressors, a risk
factor reported in some publications [4, 27] and a non-inter-
fering factor in others [51], were identified by our group as a
possible protective factor against severe cases, probably by
reducing the inflammatory process. The use of androgens
was not related to higher severity, suggesting that male hor-
mones’ proposed interference in higher severity of COVID-
19 should be further investigated [52].

A correlation between the number of comorbidities
and increased severity of COVID-19 was detected, but not
between < 18-year-old and 19-59-year-old groups. In addi-
tion, we had only four patients in this oldest group. Probably
that is the reason we have not identified a strong correlation
between age and severity. The presence of bronchiectasis
and cardiopathy showed a correlation with higher severity
of SARS-CoV-2 infection, as shown by Shields et al. [16].
These observations suggest that comorbidities are a determi-
nant factor for SARS-CoV-2 infection severity in our series
of patients.

We registered 6 deaths out of 121 cases, a lower per-
centage (5%) than the 10% reported by Meyts et al. [14],
probably because our group is younger, with fewer comor-
bidities and a female predominance. CFR in our group of
antibody deficiency patients (6.38%) is much lower than
in Ho et al. [12] series (25%), composed of adults only
and predominantly males. CFR (5%) and inpatient mor-
tality (17.1%) in our group were also considerably lower
than the values reported by Shields et al. [16] (31.6% and
37.5%, respectively), most likely due to the lower age of
our patients and fewer comorbidities, as both series of
patients were female-biased. However, our CFR values
(5%) are considerably higher than those described in Bra-
zil’s general population (2.5%) [3].

Our study has some limitations. Asymptomatic patients
could not be detected as there was no systematic testing in
our population. Also, the under-representation of several
IEI diseases in our series and the low number of patients
and study’s descriptive methodology compromise the sta-
tistical analysis, preventing, therefore, precise statements
about the relationship between the severity of COVID-19,
all types of IEI and other variables. The pandemic’s evo-
lution and the increasing number of IEI patients infected
by SARS-CoV-2 may change our punctual observation.
Nevertheless, until now, the series reported here represents
one of the largest studying IEI and SARS-CoV-2 infection.
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In conclusion, the disease outcome was mild in most
patients with IEI, but CFR was higher than in the general
population. Regarding HAE, SARS-CoV-2 represents a
trigger factor for edema attacks. The severity of SARS-
CoV-2 infection in IEI patients seems to be related to
older age, especially to a higher number of comorbidities
and types of comorbidities (bronchiectasis and cardiopa-
thy). We do not know how the pandemic’s evolution will
develop, despite the enormous expectation about the start
of active immunization. Therefore, we consider it relevant
to keep studying different aspects of SARS-CoV-2 infec-
tion in patients with IEI.
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