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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 questions. We aimed to describe the clinical outcome of SARS-CoV-2 infection in Brazilian
IEI patients and to identify factors in uencing the outcome of 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 de ciency (n=53). The infection presented mostly as
asymptomatic (n=21) and mild (n=66), and one child had multisystem in ammatory syndrome (MIS-C).
We could not observe sex related susceptibility and observed 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 de ciency.
Conclusion: The outcome was mild in most patients, but the Case Fatality Ratio was higher than in the
general population. Patients with complement de ciencies had milder COVID-19. However, the type of IEI
was not a determining factor for severity. The severity of SARS-CoV-2 infection seems to be more related
to older age, higher number of comorbidities and type of comorbidities (bronchiectasis and cardiopathy).

Introduction
SARS-CoV-2 infections emerged by the end of 2019, and since March 2020, we have experienced a
pandemic. Most people (80%) with COVID-19 have mild respiratory symptoms [1], particularly children
that, in general, are asymptomatic or have mild symptoms [2]. The disease includes severe pulmonary
involvement in approximately 14% of individuals, while critical illness with respiratory failure, 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].
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 Immunode ciencies (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 identi ed immunological defect, a group of
experts from the United Kingdom developed a document classifying the risk of severe infection by SARSCoV-2. This document was based on previous knowledge about the behavior of various immunological
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defects towards viral infections. [6] However, the clinical experience with SARS-CoV-2 infections was just
starting.
Case reports and case series have been published about the clinical outcome of patients with IEI [7-21].
Still, there are little data reported on SARS-CoV-2 in IEI patients and many unanswered questions.
Brazil is the third country in the world in the number 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
that have reported about patients with IEI and SARS-CoV-2 infection [22]. In this study we propose to
describe the clinical outcome of SARS-CoV-2 infection in IEI Brazilian patients and to identify factors that
in uence the outcome.

Methods
A cross-sectional, multicenter study, following STROBE statement including reference centers for IEI and
hematopoietic stem cell transplantation (HSCT) was developed. The inclusion criteria were patients of
any age diagnosed with an IEI according to the criteria used by the ESID registry [23] and con rmed
diagnosis of SARS-CoV-2 infection by PCR and/or serology and/or point-of-care tests or presenting
typical symptoms and/or imaging tests and history of contact with a con rmed case of SARS-CoV-2
infection. Patients with typical clinical manifestations or manifestations compatible with SARS-CoV-2
infection who did not have typical imaging and/or history of contact with con rmed 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 clinical manifestations of the infection. The
severity of SARS-CoV-2 infection was de ned by the researchers, following NIH criteria [24], as
asymptomatic, mild, moderate, severe and critical. Type of IEI was de ned according to the 2019 IUIS
classi cation tables [5]. Case Fatality Ratio was calculated according to WHO scienti c brief [25].
The data were inserted in IBMâ SPSS Statistics (version 26) spreadsheet. Descriptive and inference
statistical tools were used to analyze the correlation between categorical and numerical variables, with a
signi cant p value ≤ 0.05. We performed correlations between variables: sex, median age, group of IEI,
number and type of comorbidities, medications in use before infection x severity of SARS-CoV-2 infection;
number of comorbidities x age group; type of clinical manifestation x severity of COVID-19 in different
age groups. For correlation between ordinal variables, we used Kendall tau-b correlation coe cient and
Gamma measure of association. For correlation between nominal/ordinal variables, we used Lambda
measure of association and Cramer's V Coe cient. Whenever possible, Fisher's test was used to assess
signi cance. 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.
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The project was approved by the Research Ethics Committee (CAAE 31264220.0.1001.5264). 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. The diagnosis of SARS-CoV-2 infection was con rmed by RT-PCR from nasopharyngeal
or nasal swab in 82 patients (67.8%); by RT-PCR and serology, in three patients (2.5%); only by serology 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 SARSCoV-2 infection and/or typical imaging tests and history of contact with con rmed cases. No reinfections
were reported during the study period.
Patients’ ages ranged from six months to 74 yo (median age of 25.1 years). Age distribution was: ≤ 18
yo, 57 patients (47.1%); 19 - 59 yo, 60 patients (49.6%) and ≥ 60 yo, four (3.3%) patients. Sixty-seven
patients were female (55.4%). Four out of 121 patients were previously included in Meyts et al. [14], 13
patients with hereditary angioedema were included in Grumach et al. [26] and one common variable
immunode ciency (CVID) patient was previously reported [20].
Most patients were diagnosed as predominantly antibody de ciencies (n=53/43.8%) and complement
de ciencies (n=25/20.7%). The distribution of cases according to the IEI classi cation group is shown in
Figure 1A.
Before SARS-CoV-2 infection, 49/121 (40.5%) patients were under regular human immunoglobulin (IG)
replacement, 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 hemophagocytic syndrome, other for lymphoma and the
rest for autoimmune disorders. Other drugs included androgens in 8.3% (n=10) and “immunomodulators”
(colchicine or hydroxychloroquine) in 6.8% (n=8).
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 bronchiectasis (n=19); 7.4%,
asthma (n=9); and 5%, other lung diseases (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, 2.5% (n=3); type II diabetes mellitus, 3.3% (n=4);
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 classi ed as
asymptomatic and 99 were symptomatic (i.e., had COVID-19) (Figure 1B). One patient presented MIS-C.
From 100 symptomatic patients (99 diagnosed with COVID-19 and one patient with MIS-C), 35 patients
were hospitalized and 94 recovered. The 21 asymptomatic patients underwent SARS-CoV-2 RT-PCR test
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either because of hospitalization 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/adolescents (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 signi cant difference in the median age among the ve levels of severity of SARS-CoV-2 infection was
identi ed (Kruskal-Wallis test p=0.004). The asymptomatic group median age was lower than the other
levels of severity. However, a signi cant 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 signi cant difference was identi ed between
mild, moderate, severe and critical cases median ages (Figure 2).
A clear correlation between IEI group and the severity of infection was not identi ed (Gamma 0.001,
p=0.992; Kendall’s tau-b 0.001, p=0.992 Monte Carlo method). Complement de ciencies were the second
most common IEI and no report of severe cases was observed. On the other hand, in the phenocopy
group, the only patient reported died. The distribution of SARS-CoV-2 infections severity in the different
types of IEI is described in gure 3.
There was a weak correlation between the use of immunoglobulin and higher severity of SARS-CoV-2
infection (Cramer's V 0.345, p= 0.005 per 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 per Fisher's test). Six/14 patients who
were in use of immunosuppressors were asymptomatic, 4/14 had mild COVID-19, and one presented with
a critical disease.
A difference in the number of comorbidities in relation to the severity of SARS-CoV-2 infection was
observed (Kruskal-Wallis test p<0.001) but there was a difference only between asymptomatic + mild +
moderate cases and severe + critical cases. In addition, there was a difference between the number of
comorbidities and the age group of patients (Kruskal-Wallis test p=0.008), but only between ≤18 yo + 1959yo groups and ≥60 yo, but not between ≤18 yo and 19-59 yo 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 bronchiectasis (Cramer's V 0.365, p=0.004
by Fisher's test) and cardiopathy (Cramer’s V 0.302, p= 0.047 Fisher’s test) and higher severity. The
pregnant patient, who had an autoin ammatory 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=56), 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=8), chest pain in 6.1% (n=6),
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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, cholestasis and oral ulcers. Five patients with hereditary angioedema (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 maculopapular 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 identi cation of an infectious agent.
A six-year-old girl with a possible IRAK4/MyD88 defect (genetic testing in progress) presented fever, skin
rash, pleural and pericardial effusion, ascites and nonspeci c pulmonary in ltrate with dragged evolution.
SARS-CoV-2 RT-PCR by swab was three times negative, and serology (IgG > 100 AU/mL) was positive
also three times. In addition, cytokine dosage showed a signi cant increase of IL-10 and a lower increase
in IL-6, diagnosed as a systemic in ammatory 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 symptoms were identi ed only in the ≤ 18 yo
group. Clinical manifestations and severity of COVID-19 in patients ≥ 19 yo, 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 Fisher'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). The majority (n=7) were detected after 100
days of transplantation, and of these, four were asymptomatic and three had mild COVID-19. Among the
three patients with SARS-CoV-2 infection within the rst 100 days of HSCT, two were asymptomatic. A
third one was a patient with XIAP mutation presenting mild COVID-19 symptoms (fever and rash with
positive RT-PCR) on the sixth day after a haploidentical HSCT. He developed multiple complications
related to poor graft function and veno-oclusive disease and died due to a fungal infection four months
after being hospitalized most of the time.
Patients classi ed as critical COVID-19 died. All of them presented severe pulmonary manifestation with
sepsis and/or multiple organ failure. Four of them were male, ranging from two to 74 years, a median age
of 20.2 years. Two patients were diagnosed with X-linked agammaglobulinemia, one with common
variable immunode ciency, 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
in ammatory 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 agammaglobulinemia 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 classi ed as moderate and recovered well. The deceased patient with common variable
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immunode ciency presented bronchiectasis and arterial hypertension. The patient with Good Syndrome
(74 yo) 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 inpatient mortality according to IEI classi cation were respectively: antibody de ciencies (n=53)
6.38% and 17.6%; non severe combined T/B cells de ciency (n=5) 20% and 50%, immune dysregulation
(n=3) 50% and 50%; and phenocopies (n=1) 100% and 100%. CFR in ≤ 18 yo group (n=57) was 3.5%; in
19-59 yo (n=60), 5% and in ≥ 60 yo (n=4), 25%.
Data from the 121 patients of the study are detailed in supplemental le 1.

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 larger series: 94 IEI
patients in Meyts et al. study, from ESID [14], and 60 IEI patients and 33 secondary immunode cient
patients from Shields et al. study [16], in the UK.
In our group of 121 IEI patients with SARS-CoV-2 infection, females were more frequent (55.4%), unlike
Meyts’ et al. study [14], 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 de ciencies represented the most common IEI among our patients (43.8%) as
described in other series [14, 16], but in lower proportion, particularly in comparison to Shields’ group
(76.7%). In our series, the second most frequent IEI was complement de ciencies (20.7%), absent from
Meyts’ 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’ and Shields’ samples, where the majority had
comorbidities, mainly lung disease. 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 performed in hospitalized patients,
especially in the public health system. Since patients with IEI have not been routinely tested, nor tested
whenever they had a history of contact or symptoms, it is not possible to a rm that patients with IEI have
more frequent symptoms related to SARS-CoV-2 infection 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]. 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].
Differently from published data, we have not identi ed headache, olfactory disorders or taste disorders as
markers of milder COVID-19 [32, 33]. Cough and dyspnea have been described before as predictors of
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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 IRAK4/MyD88 de ciency and MIS-C diagnosis based on previously
reported differences in relation to the in ammatory phase of COVID-19. [40] The only prior report of MIS-C
in a patient with IEI was in SOCS1 haploinsu ciency, a disease characterized by early-onset
autoimmunity due to reduced JAK-STAT pathway inhibition [41]. Another patient in our series, with
con rmed IRAK4 de ciency, presented a severe in ammatory 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 difference for sex susceptibility in severe SARS-CoV-2 infections in the group ≥ 19 yo nor
in the ≤ 18 yo 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’ in uence and related to
less severe COVID-19. Moreover, we found no male predominance in severe cases.
Young patients had severe cases in our series. In addition, we did not identify protection against severe
COVID-19 among patients with antibody de ciencies, as was shown by Meyts’ [14], Ho’s [12] and Shields’
[16], and contrary to what was reported at the beginning of the pandemic [17, 46]. Five (83.3%) deceased
patients were ≤ 59 yo and three (50%) of them had antibody de ciencies. 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 de ciencies [13, 20, 47]. We rati ed ndings
from previous publications [26, 48] on the prevalence of mild conditions among patients with
complement de ciencies, and more than one third presented edema attacks.
The outcome of SARS-CoV-2 infections was less severe in patients submitted to HSCT in our group,
particularly those having the infection 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. [49]
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 nding. On the other hand,
immunosuppressors, a risk factor reported in some publications [4, 27] and a non-interfering factor in
others [50], were identi ed by our group as a possible protective factor against more severe cases,
probably by reducing the in ammatory process. The use of androgens was not related to higher severity,
which suggests that the proposed interference of male hormones in the greater severity of COVID-19
should be further investigated. [51]
A correlation between the number of comorbidities and increased severity of COVID-19 was detected, but
not between < 18 yo and 19-59 yo groups. In addition, we had only four patients in this oldest group.
Probably that is the reason we have not identi ed a strong correlation between age and severity. The
presence of bronchiectasis and cardiopathy showed a correlation with higher severity of SARS-CoV-2
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infection, as shown by Shields et al. [16]. These observations suggest that comorbidities are a
determinant factor for SARS-CoV-2 infection severity in our series of patients.
We registered 6 deaths out of 121 cases, a lower percentage (5%) than the 10% reported by Meyts et al.
[14], probably because our group is younger, with fewer comorbidities and a female predominance. CFR in
our group of antibody de ciency 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 mortality (17.1%) in our
group were also considerably lower than the values reported by Shields et al. [16] (respectively 31.6% and
37.5%), most likely due to the lower age of our patients and fewer comorbidities, as both series of
patients have a female predominance. However, our CFR values are considerably higher than those
described in Brazil’s general population [3].
Our study has some limitations. Asymptomatic patients could not be detected as there was no
systematic testing in our population. Also, the underrepresentation of several IEI diseases in our series as
well as the low number of patients and descriptive methodology of the study compromise the statistical
analysis, preventing precise statements about the relationship between the severity of COVID-19, all types
of IEI and other variables. The evolution of pandemic and the increasing number of IEI patients infected
by SARS-CoV-2 may change our punctual observation. Nevertheless, until now, this series represents one
of the largest studying IEI and SARS-CoV-2 infection.
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. Severity of
SARS-CoV-2 infection in IEI patients seems to be related to older age, especially to a higher number of
comorbidities and type of comorbidities (bronchiectasis and cardiopathy). We do not know how the
pandemic’s evolution will develop, despite the enormous expectation about the start of active
immunization. Therefore, we consider relevant to keep studying different aspects of SARS-CoV-2
infection in patients with IEI.
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