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ABSTRACT

Clinical and immunological outcomes of SARS-CoV-2 infection in patients
with inborn errors of immunity receiving different brands and doses of
COVID-19 vaccines

Introduction: Vaccines against severe acute respiratory syndrome-coronavi-
rus-2 (SARS-CoV-2) provide successful control of the coronavirus-2019
(COVID-19) pandemic. The safety and immunogenicity studies are encourag-
ing in patients with inborn errors of immunity (IEl); however, data about
mortality outcomes and severe disease after vaccination still need to be fully
addressed. Therefore, we aimed to determine the clinical and immunological
outcomes of SARS-CoV-2 infection in patients with IEl who have received vac-
cination.

Materials and Methods: Eighty-eight patients with a broad range of molecular
etiologies were studied; 45 experienced SARS-CoV-2 infection. Infection out-
comes were analyzed in terms of genetic etiology, background clinical char-
acteristics, and immunization history, including the type and number of doses
received and the time elapsed since vaccination. In addition, anti-SARS-CoV-2
antibodies were quantified using electrochemiluminescent immunoassay.

Results: Patients were immunized using one of the three regimens: inactivated
(Sinovac, Coronavac®), mRNA (BNT162b2, Comirnaty®, Pfizer-Biontech), and
a combination. All three regimens induced comparable anti-SARS-CoV-2 IgG
levels, with no differences in the adverse events. Among 45 patients with
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COVID-19, 26 received a full course of vaccination, while 19 were vaccine-naive or received incomplete dosing. No patients died
due to COVID-19 infection. The fully immunized group had a lower hospitalization rate (23% vs. 31.5%) and a shorter sympto-
matic phase than the others. Among the fully vaccinated patients, serum IgM and E levels were significantly lower in hospitalized
patients than non-hospitalized patients.

Conclusion: COVID-19 vaccines were well-tolerated by the IEl patients, and a full course of immunization was associated with lower
hospitalization rates and a shorter duration of COVID-19 symptoms.

Key words: Inborn errors of immunity; the Pfizer/BioNTech BNT162b2; Sinovac; SARS-CoV-2; COVID-19 vaccines

(074
immiin sistemin dogustan gelen kusurlari olan hastalarda farkli marka ve dozlarda uygulanan SARS-CoV-2 asisi sonrasi SARS-
CoV-2 enfeksiyonunun klinik ve immiinolojik sonuclari

Giris: Siddetli akut solunum sendromu koronaviriis-2 (SARS-CoV-2) asilari koronaviris (COVID-19) pandemisinin basarili sekilde
kontrol edilmesinde etkili olmustur. immiin sistemin dogustan gelen kusurlari (IEl) olan hastalarda asilarin giivenilirlik ve immiinoje-
nite calismalari imit verici sonuclar vermis olsa da asi sonrasi mortalite sonuclari ve hastalik siddeti hakkindaki veriler heniiz kisitlidlr.
Bu nedenle SARS-CoV-2 asilari uygulanan IEI hastalarinda SARS-CoV-2 enfeksiyonunun klinik ve immuinolojik sonuglarini degerlendir-
meyi amagladik.

Materyal ve Metod: Kirk besi SARS-CoV-2 enfeksiyonunu geciren, farkli molekiiler etiyolojiye sahip 88 IEl hastasi ¢alismaya dahil
edildi. Enfeksiyon sonuclari, altta yatan genetik etiyoloji, klinik ézellikler, uygulanan asi doz sayisi, asi markasi ve agilamadan hastalik
olusana kadar gegen siireye gore analiz edildi. Ayrica anti-SARS-CoV-2 antikor diizeyleri elektrokemiliiminesan yontemi ile 6l¢ild.

Bulgular: COVID-19 geciren 45 hastadan 26’1 tam doz asili iken, 19°u eksik doz ya da hi¢ asi olmayan hastalardan olusmaktayd.
Hastalarin asi semasi, inaktif (Sinovac, Coronavac®), mRNA (BNT162b2, Comirnaty®, Pfizer-BioNTech) ve iki asinin kombinasyonu
olmak tizere U farkli grupta degerlendirildi. Her ti¢ grupta da benzer anti-SARS-CoV-2 antikor diizeyleri saptandi ve yan etki profili
benzerdi. Tiim gruplarda COVID-19 enfeksiyonu ile iligkili 5liim olmadi. Tam doz asili grupta hastane yatis orani (%23’e karsi %31,5)
ve semptomatik giin sayisi diger gruba gore daha diisiik idi. Tam doz asili olup hastane yatisi olanlarda serum IgM ve IgE diizeyleri
hastaneye yatmayanlara kiyasla anlamli olarak dtsiik saptand.

Sonug: /El hastalarinda tam doz SARS-CoV-2 asilamasi iyi tolere edilir ve daha distik oranda hastane yatisi ve daha az COVID-19
semptom sdresiyle iliskilidlir.
Anahtar kelimeler: immiin sistemin dogustan gelen kusurlari; Pfizer/BioNTech BNT162b2; Sinovac; SARS-CoV-2; COVID-19 asilari

INTRODUCTION The impact of SARS-CoV-2 on immunologic response
is yet to be fully understood (9-11). Unlike other
viruses, SARS-CoV-2 can escape from the innate
immune system during the asymptomatic phase (11).
It is known that anti-interferon antibodies contribute
to disease severity (12). Complement system responses
exacerbate COVID-19, and natural killer (NK) cell
responses are compromised during the infection (13).
The adaptive immune system is also disturbed, and
persistent lymphopenia is a poor prognostic marker
of severe disease. Despite the production of antibodies
against SARS-CoV-2, it has been observed that in
many deceased COVID-19 patients, the presence of
antibodies was inadequate to provide protection
against severe illness and failed to effectively
neutralize the virus (14). Furthermore, effective
early-T cell responses are associated with milder
disease, and exaggerated or inadequate T-cell
responses may lead to poor outcomes (15-19).

During the span of three years since the onset of the
coronavirus disease-2019 (COVID-19) pandemic, a
cumulative total of 689.322.592 individuals have
been confirmed to be infected with the SARS-CoV-2
virus, leading to more than 6.883.222 reported
deaths attributed to the infection (1). Throughout the
pandemic, numerous variants emerged, including the
D614G mutant, UK/alpha (B.1.1.7), South Africa/beta
(B.1.351), Brazil/gamma (B.1.1.248), India/delta
(B.1.617), and most recently, multiple countries/
omicron (B.1.1.529) (2). Recently some different
omicron variants have been spreading (3,4). While
most individuals managed to recover from infections,
a distinct subgroup of patients marked by advanced
age and underlying conditions such as obesity,
hypertension, coronary artery disease, malignancy,
immunodeficiency, and renal and pulmonary
disorders, are considered to be at a heightened risk
for severe and unfavorable outcomes of COVID-19 Patients with inborn errors of immunity (IEl) may
(5-8). exhibit heightened susceptibility to more severe

COVID-19 infections. However, the specific subtypes
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of IEl play a crucial role in shaping the course of the
disease (8,20), which makes it challenging to provide
overarching recommendations for this particular
population. It is well-known that patients with
common variable immunodeficiency (COVID-19)
can experience severe infection requiring intensive
care; however, there are inconsistent results among
patients (21-24).

Vaccination against COVID-19 is the mainstay of
protecting from severe disease and terminating the
COVID-19 pandemic. The effectiveness of vaccines
in preventing disease following exposure to SARS-
CoV-2 ranges from 50% to over 90%. However, the
efficacy in preventing severe disease has been
demonstrated to be nearly 95% (25,26). In our
country, two vaccines are currently available for use:
a recently introduced mRNA vaccine (BNT162b2,
Comirnaty®, Pfizer-BioNTech) and an inactivated
vaccine (Sinovac, CoronaVac®, Vero-cell) (27).
Vaccination against SARS-CoV-2 has been endorsed
by healthcare experts and has been demonstrated to
be both safe and effective for individuals with IEl,
who are also being prioritized globally (28,29).
However, most data about the efficacy and safety of
the vaccines are gathered from trials performed on
healthy individuals. Limited data are available
concerning the immunogenicity of SARS-CoV-2
vaccines and the subsequent outcomes of COVID-19
infection among vaccinated individuals with [El. Due
to the underlying immunological deficiencies,
patients with IEIl typically exhibit reduced or even
absent vaccine responses (30). While some recent
studies have indicated favorable tolerance and
immunogenicity, further research is necessary to
provide a comprehensive understanding (31-33).

Studies investigating the immunogenicity and efficacy
of SARS-CoV-2 vaccines in patients with [El have
shown diminished levels of SARS-CoV-2 specific 1gG
and T-cell responses in comparison to the general
healthy population (30-75% and 50-70% versus
95-100%). Additionally, patients exhibited lower titers
of SARS-CoV-2 specific 1gG, reduced efficacy in virus
neutralization, and decreased magnitude of T-cell
responses when compared to healthy donors. Notably,
patients with low serum 1gG, IgA levels, and those of
older age demonstrated poorer vaccine responses (34).

In this study, our objective was to assess the clinical
outcomes of SARS-CoV-2 infection in patients with
I[El who have completed the full course of vaccinations,
and to compare these outcomes with those of
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vaccine-naive and/or incompletely vaccinated
patients. In addition, our study also assessed the
efficacy and seroconversion rate of different vaccine
regimens in patients with IEI.

MATERIALS and METHODS

Patients with IEI were recruited from two different
centers in Istanbul, Marmara University, Pendik
Training and Research Hospital, and Sireyyapasa
Training and Research Hospital. IEl patients were
eligible for the study entry if they were

1) Over 18 years old and

2) Vaccinated for SARS-CoV-2 either with inactivated
or mRNA and/or encountered SARS-CoV-2 infection
even if vaccinated or unvaccinated. IEl was diagnosed
according to the European Society of
Immunodeficiency clinical working party criteria and
the International Union of Immunological Societies
(IUIS) classification (35-37). Vaccination status was
defined as full course vaccination (two or more
doses) and incomplete vaccination (vaccine-naive or
one dose of immunization). Probable COVID-19
variants were determined according to COVID-19
infection time which was in widespread global
circulation at the time stated by World Health
Organization (WHO). The severity of SARS-CoV-2
infection was defined using criteria according to
WHO interim COVID-19 guidelines.

We collected a comprehensive dataset encompassing
demographics, detailed clinical features with baseline
therapies [prophylactic antibiotic usage, 1gG
replacement therapy (IgRT), immunosuppressive
drugs]l, and immunological parameters (serum-IgG
concentrations, lymphocytes enumeration and
subsets, vaccination status, and infection time of
SARS-CoV-2 and other laboratory assessment). SARS-
CoV-2 infection was diagnosed by positive reverse
transcription polymerase chain reaction (RT-PCR).

Data on COVID-19 infection was collected using a
structured questionnaire, including contact history
and COVID-19-related symptoms. Patients were also
reviewed for the duration of hospitalization, treatment
regimens during hospitalization or at home, and
outcomes of COVID-19 infection.

Blood samples for anti-SARS-CoV-2 antibodies were
collected before the subsequent dose of intravenous
IgRT and at any time in patients who received
subcutaneous IgRT (SCIG). An anti-SARS-CoV-2 S
assay kit (Elecsys® Anti-SARS-CoV-2 S kit, Roche
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Diagnostic, USA) was used to detect antibodies. This
is an electrochemiluminescent immunoassay for
detecting antibodies to SARS-CoV-2 nucleocapsid
(N) protein and performed on the Cobas® e401
analyzer. The antigens within the reagent capture
predominantly anti-SARS-CoV-2 specific-IgG but
also anti-SARS-CoV-2 specific-IgA and IgM. Serum
samples were tested in accordance with the
manufacturer’s instructions and results greater than
0.8 U/mL were categorized as seropositive. We
assessed the antibody responses at 1/10 of diluted
serum samples.

The study protocol was approved by the local ethics
committee of our hospital with decision number 210.
All participants provided written informed consent.

Statistics

Median and interquartile range (IQR) values for
continuous variables and the frequency and
percentage for the categorical variables were
calculated. Differences between ordinal data were
evaluated with the Mann-Whitney U test and the
Kruskal-Wallis test. Categorical variables were
evaluated with the two tailed Chi-square or Fisher’s
exact tests. Correlation tests were assessed with the
Spearman’s correlation test. Statistical analyses were
done using IBM SPSS 25 (SPSS Inc, Chicago, Ill) and
GraphPad Prism 8 (GraphPad Software Inc. San
Diego, California, USA). Differences in values were
considered significant at a p-value of <0.05.

RESULTS

A total of 88 IEI patients were enrolled in this study.
Among our IEl cohort, 45 patients (51.1%) had

IEI patients
(n= 88)
I
l
SARS-CoV-2 SARS-CoV-2
PCR positive PCR negative
(n= 45) (n= 43, excluded)

Full dose \_/accme—
. naive/1 dose
vaccinated .
vaccinated

(n=26)

(n=19)

Figure 1. The study design and enrolled IEI patients.

encountered SARS-CoV-2 infection, and no deaths
occurred. The study design is shown in Figure 1. The
median age of participants was 35 years (IQR= 25.5-
40), and 53.3% were male. Patients’ demographic
characteristics, vaccination status, diagnosis of IEI,
hospitalization, and other features are summarized in
Table 1.

The median interval between the day of the last
vaccination and SARS-CoV-2 infection was 85 days
(IQR= 28.5-161.25), and the majority of patients
received at least two doses of vaccination during
exposure to SARS-CoV-2 (Figure 2A). The median
time interval between the day of the final vaccine
dose and the sampling of anti-SARS-CoV-2 antibodies
was 133 days (IQR= 79-229). The median time
interval between the day of SARS-CoV-2 infection
and the testing for anti-SARS-CoV-2 antibodies was
140.5 days (interquartile range= 62.7-347.7).

The overall seroconversion rate among the study
group after SARS-CoV-2 infection was 93% (n= 42).
Seronegativity was observed in cases of BTK deficiency
(n= 1) and immune dysregulation without a genetic
etiology (n= 2). Interestingly, all seronegative patients
were on IgRT. There was no significant difference in
the levels of anti-SARS-CoV-2 antibodies among
patients who received mRNA, inactivated vaccines, or
combinations of vaccines (Figure 2B). Due to the
regular usage of IgRT, vaccine-naive patients showed
similar titers of anti-SARS-CoV-2 antibodies compared
to the fully vaccinated patients (Table 2). Also, a
slightly positive correlation between IgA and titers of
anti-SARS-CoV-2 antibodies was detected (r= 0.3561,
p=0.021). Itisworth mentioningthatthe hospitalization
rate was higher among vaccine-naive or incompletely
vaccinated patients (31.5%, 6/19) in comparison to
fully vaccinated patients (23%, 6/26), underscoring
the significance of vaccination within this vulnerable
population (Table 2). There was no mortality after
immunization, while the dominant spreading variants
were delta and omicron mainly caused the infection
observed during the study period (Figure 3). No
statistically significant differences were observed
between fully vaccinated individuals and those who
were incompletely vaccinated or vaccine-naive, in
terms of the duration required for SARS-CoV-2 PCR
results to become negative and the number of days
with COVID-19 symptoms (Figure 4A, B).

Among fully vaccinated patients requiring
hospitalization for SARS-CoV-2 infection, IgM and
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Table 1. The demographic findings of COVID-19 positive IEl patients (n= 45)

Age (year, median, IQR) 35 (25.5-40)
Gender (male) (%) 24 (53.3)
Diagnosis* n (%)
Predominantly antibody deficiency 28 (62.2)
Immune dysregulation disorders 13 (28.8)
Combined immunodeficiencies 12.2)
Phagocyte defects 12.2)
Complement deficiency 2 (4.4)
IgRT n (%)
Intravenous route 27 (60)
Subcutaneous route 10 (22.2)
Prophylactic antibiotic 8(17.8)
Vaccination status n (%)
Only mRNA vaccine (2, 3 doses) 14 (31.1)
Only inactive vaccine (2, 3, 4 doses) 12 (26.6)
Inactive + mRNA vaccine 12 (26.6)
Vaccine-naive 7 (15.5)
Probable COVID-19 variants n (%)
Index virus 14 (31.1)
Delta 15 (33.3)
Omicron 16 (35.5)
COVID-19 infection severity n (%)
Asymptomatic-mild disease 34 (75.5)
Moderate-severe disease 11 (24.5)
Symptomatic days (median, IQR) 7 (3.5-10)
Time to negative PCR test result (days, median, IQR) 15 (14-20)
Hospitalization for COVID-19 infection n (%)

Yes 12 (26.6)
No 33 (73.3)
Biochemical assessment Median (IQR)
Trough IgG (mg/dL) 952 (746-1224)
IgA (mg/dL) 9 (9-59)
IgM (mg/dL) 38 (19-127)
IgE (mg/dL) 0.92 (0.2-7.8)
Anti-SARS-CoV-2 antibodies (U/mL, median, IQR) 975 (102.5-2500)
Lymphocyte subsets, absolute count (median, IQR)

CD3* T cells 1539 (114-2187)
CD4™ T cells 748 (462-965)
CD8" T cells 768 (504-1027)
CD19" B cells 160 (34-261)
CD16% 56 NK cells 84 (37-148)
IQR: Interquartile range, NK: Natural killer cells, IgRT: Immunoglobulin replacement treatment.

*JUIS: International Union of Immunological Societies.
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Figure 2. Vaccination rates and responses among IEl patients (A,B). Vaccination status at
COVID-19 infection time (A). Titers of anti-SARS-CoV-2 antibodies in COVID-19-positive

patients with IEI (B).

IgE levels were significantly lower than in non-
hospitalized patients (Table 3). The median duration
of hospitalization in fully vaccinated patients was 4.5
(IQR=2.75-6.5). The median duration of symptomatic
days in hospitalized patients was 17.5 (IQR= 9.75-
27) and significantly higher than in non-hospitalized
patients (p= 0.012), while the median time to
negative PCR test results after infection was similar in
hospitalized and non-hospitalized patients. In
addition, the median titer of anti-SARS-CoV-2
antibodies in hospitalized patients was dramatically
lower than in non-hospitalized patients (p= 0.016).

Finally, when we compared hospitalized and non-
hospitalized patients regardless of vaccine status
(fully vaccinated, incomplete regimens, and vaccine-
naive), higher serum immunoglobulin levels and
lower symptomatic days were observed in non-
hospitalized patients (Table 4).

DISCUSSION

In this report, we present the efficacy and
immunogenicity of various brands of SARS-CoV-2
vaccines, as well as the outcomes of COVID-19
vaccine breakthrough cases in different groups of
patients with IEl. Our study evaluated different types

of IEl patients who encountered COVID-19 infection;
19 were vaccine-naive or incompletely vaccinated,
and 26 were fully vaccinated. No deaths attributed to
COVID-19 infection were recorded. Nevertheless,
the rate of hospitalization was higher among
individuals who were incompletely vaccinated or
vaccine-naive, in comparison to the fully vaccinated

group.
The case fatality rate in the unvaccinated period

Research about the case fatality rate and the intensive
care unit (ICU) admission rate due to COVID-19
infection in IEl patients showed a higher rate
compared to similar ages of the general population.
In a recently published study, which represented the
largest review of its kind involving 649 patients with
IEl, the rates of ICU admission and case fatality rate
(CFR) following COVID-19 infection were identified
as 16% and 9%, respectively (38). While in the
general population, the CFR is 2.1% and increases
with older ages [(range 0.5-18%), 0.3% <40 years to
13-20% in >80 years] (39,40). However, in Giorgia
et als study, the CFR was higher among IEI patients
when evaluated for similar age ranges (7% for 20-40
years up to 36% for >70 years) (38). Our previous
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Table 2. Characteristics of fully-vaccinated versus vaccine-naive/one-dose vaccinated patients with COVID-19 infection

Vaccine-naive/One-dose

(days, median, IQR)

Interval between COVID-19 infection and last vaccination
(days, median, IQR)

vaccinated Fully-vaccinated p
No of patients 19 26
Gender (female/male) 7/12 14/12 0.25
Age (years, median, IQR) 31 (26-40) 35.5 (24.7-40.5) 0.712
Diagnosis
PAD 12 16
1D 8
CID 1 0.69
Phagocyte defects 1 0
Complement deficiency 1 1
Anti-SARS-CoV-2 antibodies (U/mL, median, IQR) 402 (35.75-1983) 1307.5 (213-2500) 0.136
Biochemical assessment (median, IQR)
IgG (trough) (mg/dL) 906 (736-1238) 1003 (772-1221) 0.48
IgM (mg/dL) 23 (19-83) 53.5(19-91) 0.46
IgA (mg/dL) 11 (19-56) 9 (9-68.7) 0.91
IgE (mg/dL) 0.92 (0.2-7) 0.77 (0.2-13) 0.79
The severity of COVID-19 infection
Asymptomatic-mild 15 19 0.651
Moderate-severe
Hospitalization
Yes/No 6/13 6/20 0.524
Duration of hospitalization (days, median, IQR) 1(1-2) 1(1-1.25) 0.605
Duration of negative PCR (days, median, IQR) 14 (8-25) 17 (14-19.7) 0.136
Duration of symptomatic days (median, IQR) 7 (2-10) 8.5 (4.7-13) 0.203
Interval between COVID-19 infection and antibody sampling 357 (154.7-512.5) 70 (37.5-129.7)

- 94 (36.7-161.25)

PAD: Predominantly antibody deficiency, ID: Immune dysregulation disorders, CID: Combined immunodeficiencies, IQR: Interquartile range.

study also confirmed this result, which showed the
CFR as 34% (8). In our current study, there was no
mortality after vaccination, and the mortality rate
before vaccination was higher in IEl patients when
compared with the general population. The mortality
was unrelated to the dominant spreading variant
observed during the study period.

Immune responses against COVID-19 Vaccines

The seropositivity rate following vaccination was
between 20% and 83% (31,32,41-43). Adrian M.
Shields (44) reported the seropositivity rate following
two doses of SARS-CoV-2 vaccine with the Pfizer/
BioNTech BNT162b2 or Astra Zeneca as 54.8% in
patients ~ with  primary and  secondary
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immunodeficiencies, compared to 100% in healthy
controls. Hagin et al. conducted a study involving 26
patients with primary heterogeneous
immunodeficiencies who were administered the
Pfizer/BioNTech BNT162b2 vaccine (32). Among
them, 18 individuals out of the total 26 tested
seropositive for the SARS-CoV-2 spike protein
following the administration of two vaccine doses.
Regarding vaccination strategies, our findings have
demonstrated that mRNA vaccines elicited stronger
antibody responses in comparison to inactivated
vaccines. As anticipated, one out of the two patients
with XLA exhibited seronegativity towards both
vaccines and SARS-CoV-2 infection within our cohort.
Additionally, two other individuals who tested
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seronegative were diagnosed with ID.

It was shown that higher IgM levels and greater
numbers of CD19" B cells were reported in
seropositive patients. Also, both IgA and IgM levels
were positively correlated with the magnitude of the

antibody response following vaccination (44).
According to our study, the median IgA, 1gM, IgG,
and IgE levels were significantly lower in hospitalized
[El patients than in non-hospitalized ones, regardless
of the vaccination. Likewise, our study reported a
significant positive correlation between IgA and titers
of anti-SARS-CoV-2 antibodies. These results delineate
that patients with high immunoglobulin levels can
display better outcomes after COVID-19 infection.

The severity of COVID-19 infection

The clinical spectrum of COVID-19 in COVID-19
patients varies from asymptomatic to mild symptoms
to death, which could be related to the heterogenicity
of IEl-studied groups (24,45-50). An ltalian study
conducted among patients with COVID-19 revealed
that the case fatality rate (CFR) and cumulative
incidence rate were comparable to those observed in
the general population (51). However, in contrast to
the general population, COVID-19-related deaths
among COVID-19 patients have occurred at a lower
median age (23,52,53). Similarly, in another cohort of
COVID-19 patients, about 65% had a mild and
asymptomatic COVID-19 infection severity (54). On
the other hand, a cohort of IEl found that unvaccinated
patients showed a higher hospitalization rate when

80 7]

60 —

40

20 —

Time clapsed fot negative SARS-CoV-2 PCR

30
2

£ 20
L
T
IS
i)
Q.

£ 104
>
wy

O —

@b >
3 &
N &
& &
Ky &
& &
¥ =
o S
S
@
>
Q/’(\
&
&

Figure 4. The course of SARS-CoV-2 infection in IEl patients. Time to negative SARS-CoV-2 PCR
(A). Symptomatic days of COVID-19 infection in fully vaccinated and vaccine-naive/one-dose

vaccinated patients (B).
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Table 3. Clinical and immunological characteristics of fully-vaccinated patients with hospitalization versus non-hospitalization

Hospitalized Non-hospitalized
(n=6) (n=20) p

Gender (female/male) 4/2 10/10 0.47
Age (year, median, IQR) 32.5(23.5-35.25) 38 (25-42.75) 0.127
Diagnosis
PAD 4 12 0.88
1D 2 6
CID 0 1
Phagocyte defects 0 0
Complement deficiency 0 1
Anti-SARS-CoV-2 antibodies (U/mL, median, IQR) 159 (81.7-948) 1568 (985.7-2500) 0.016
Biochemical assessment (median, IQR)
1gG (trough) (mg/dL) 856.5 (626.7-991.7) 1069 (799-1351) 0.11
IgM (mg/dL) 19 (18.5-35.7) 71.5(21.2-291.2) 0.015
IgA (mg/dL) 9 (9-513.7) 14 (9-104) 0.196
IgE (mg/dL) 0.2 (0.2-0.25) 2.63 (0.21-16.7) 0.009
Probably variants of SARS-CoV-2
Index virus 1 0
Delta 2 7
Omicron 3 13 0.173
The severity of COVID-19 infection
Asymptomatic-mild 1 18
Moderate-severe 5 2 0.002
Duration of hospitalization (days, median, IQR) 4.5 (2.75-6.5) -
Duration of negative PCR after infection (days, median, IQR) 16 (14-55) 18 (14-19.5) 0.70
Duration of symptomatic day (median, IQR) 17.5 (9.75-27) 7 (4-11.5) 0.012
Interval between COVID-19 infection and antibody assay 82.5 (53.2-246) 65.5 (23.7-111.2) 0.23
(days, median, IQR)
Interval between COVID-19 infection and last vaccination 132 (15.7-194.2) 85 (41-157) 0.67
(days, median, IQR)
Vaccine brands
Inactive vaccine (2, 4 doses) 3 8
mRNA vaccine 1 6 -
Inactive + mRNA vaccine 2 6

PAD: Predominantly antibody deficiency, ID: Immune dysregulation disorders, CID: Combined immunodeficiencies.

compared with vaccinated subjects [40%
unvaccinated vs. 4% vaccinated; odds ratio (OR) 15.0
(95% Cl= 4.2-53.4); p< 0.001]. According to that
study, the striking result was associated with a high
hospitalization rate in patients with primary antibody
deficiency during the unvaccinated period [odds ratio
(OR) 14.7 (95% Cl= 4.1-52.8); p< 0.001] (55).

In our study, severe COVID-19 disease was seen in
24.5% of the IEl patients, and the hospitalization rate
for fully vaccinated patients was 23% and 31.5% for
vaccine naive/incompletely vaccinated patients,
respectively. After vaccination, there was a notable
decrease in the hospitalization rate, which aligns
with findings from other studies.
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Boosting Vaccination and Treatment
Recommendations for Individuals with IEl and
COVID-19 Infection

The immunogenicity of two or more vaccine doses in
patients with heterogeneous IEl remains unclear, and
we have limited data on booster SARS-CoV-2
vaccination. A study was conducted with 33 adults
and children with IEl, 16 vaccinated with the Pfizer/
Biontech BNT162b2 and 17 with Coronavac
receiving two or three vaccine doses. The seropositivity
rates were 55% after the second dose and 74% after
the third dose. As a result, they advised administering
three vaccine doses to individuals with IEI in order to
ensure optimal immunogenicity (56). A similar
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Table 4. Correlation between clinical parameters and ultrasound measurements

(days, median, IQR)

Hospitalized Non-hospitalized
(n=12) (n=33) p

Gender (female/male) 5/7 16/17 0.68
Age (years, median, IQR) 33 (27.7-38.2) 35 (24-41) 0.57
Diagnosis
PAD 7 21
1D 5 8 0.65
CID 0 1
Phagocyte defects 0 1
Complement deficiency 0 2
Anti-SARS-CoV-2 antibodies 202 1183
(U/mL, median, IQR) (36-1511) (112-2500) 0.25
Biochemical assessment (median, IQR)
18G (trough) (mg/dL) 800 (453-966) 1078 (823-1268) 0.002
IgM (mg/dL) 19 (19-36.5) 69 (19-173) 0.013
IgA (mg/dL) 9(9-11.2) 19 (9-84.5) 0.019
IgE (mg/dL) 0.2 (0.2-0.35) 2.2 (0.2-10.3) 0.015
Probably variants of SARS-CoV-2
Index virus 7 7
Delta 2 13 0.056
Omicron 3 13
Lymphocyte subsets (median, IQR)
ALC/mm? 1600 (1325-2400) 2100 (1600-2800) 0.303
CD3" T-cells 1299 (913-2248) 1625 (1215-2187) 0.96
CD4* T-cells 491 (257-896) 820 (497-1129) 0.167
CD8" T-cells 786 (457.2-975) 734 (504-1034) 0.78
CD19" B cells 118 (26-220) 172 (34-299) 0.372
CD16%-56 * NK cells 699 (24-191) 100 (59-184) 0.291
Vaccination status
Vaccine-naive/One-dose vaccinated 6 13 0.524
Fully-vaccinated 6 20
Symptomatic days (median, IQR) 10 (9.25-22.5) 5(2-10) 0.005
Duration of negative PCR (days, median, IQR) 16 (8-35) 14.5 (14-18.7) 0.50
Interval between COVID-19 infection and last vaccination 132 (15.7-194) 75 (31-157) 0.51
(days, median, IQR)
Interval between COVID-19 infection and sampling antibody 297 (73-538) 139 (62-262) 0.06

PAD: Predominantly antibody deficiency, ID: Immune dysregulation disorders, CID: Combined immunodeficiencies.

pattern was noted in another study, where sequential
administration of up to three doses resulted in an
elevation of protective antibody levels from 20.2
AU/mL to 145 AU/mL after the third dose (57). Their
findings are in line with recent studies, demonstrating
an increase of anti-SARS-CoV-2 antibodies in most
patients with humoral immunodeficiencies (31-
33,42,58-61). In our study, a substantial level of anti-
SARS-CoV-2 antibodies reaching up to 2500 U/mL
was identified, potentially attributable to the
administration of two or more vaccine doses, further
augmented by a SARS-CoV-2 infection.

The current COVID-19 vaccine guidelines for patients
with PID include administering three initial doses of
mRNA vaccine, followed by a booster dose, and
subsequently a second booster dose four months
after the last booster doses (62).

IgG products currently exhibit elevated anti-SARS-
CoV-2 antibody titers when compared to earlier
trials, owing to the broader vaccine coverage that has
generated higher antibody levels than the infection
itself in the general population, encompassing plasma
donors as well (63). Furthermore, noteworthy
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seropositivity was observed in an XLA patient who
was both COVID-19 naive and unvaccinated, likely
attributed to the transmission of SARS-CoV-2 specific
IgG from IgG products.

The National Institutes of Health treatment guidelines
panel recommends the use of antiviral paxlovid and
remdesivir for patients with PID who have moderate
or severe COVID-19 infections. In Tirkiye, the
Minister of Health recommends remdesivir for
patients with immunodeficiency. Nevertheless, in our
study, only two patients received at-home therapy
with remdesivir.

This study had certain limitations. Firstly, the absence
of a healthy control group was a limitation; however,
our findings aligned with existing research. Another
constraint was the relatively small number of cases,
although the inclusion of a diverse and rare disease
group may justify the sample size. Additionally, T-cell
response testing, considered a marker of viral
neutralization, was not conducted. Nevertheless, the
study provides insights into the efficacy and safety of
various vaccine brands in patients with [EL
Furthermore, clear positive clinical outcomes were
evident among these vulnerable patients following
SARS-CoV-2 infection post-vaccination.

CONCLUSION

In conclusion, we demonstrate adequate seropositivity
in this heterogenous disease group and good
outcomes of COVID-19 breakthrough in the
vaccinated group with no death and 23%
hospitalization rates. Our study provides sufficient
data regarding the effectiveness and favorable clinical
outcomes of various brands of COVID-19 vaccines in
IEl patients.

Acknowledgments

The authors thank Dem ilac Limited Company for
their unwavering support in providing the necessary
kits, Elecsys® Anti-SARS-CoV-2 S.

Ethical Committee Approval: This study was approved
by the Siireyyapasa Chest Diseases and Thoracic
Surgery Training and Research Hospital Scientific
Work Committee (Decision no: 210, Date:
14.04.2021).

CONFLICT of INTEREST

The authors declare that they have no conflict of
interest.

[E] 246 Tuberk Toraks 2023;71(3):236-249

AUTHORSHIP CONTRIBUTIONS
Concept/Design: EK, BE, OA, Al, AO, SB
Analysis/Interpretation: EK, FMT, BE, AO, Al, FO
Data acqusition: EK, OA, FMT, EKA

Writing: EK, SB, FO

Clinical Revision: EK, OA, FMT, BE

Final Approval: EK, Al, BE, AO, FO, SB

REFERENCES

1. Worldometer. Coronavirus (COVID-19) mortality rate
2023. Updated May 26, 2023. Available from: https://
www.worldometers.info/coronavirus/.

2. Korber B, Fischer WM, Gnanakaran S, Yoon H, Theiler J,
Abfalterer W, et al. Tracking changes in SARS-CoV-2 spike:
Evidence that D614G increases infectivity of the COVID-
19 virus. Cell 2020; 182(4): 812-27. https://doi.
0rg/10.1016/j.cell.2020.06.043

3. World Health Organization (WHO). SARS-COV-2-
variants-of-concern, 2022. Available from: https://www.
who.int/news/item/16-03-2023-statement-on-the-update-
of-who-s-working-definitions-and-tracking-system-for-sars-
cov-2-variants-of-concern-and-variants-of-interest.

4. Hoffmann M, Kleine-Weber H, Schroeder S, Kriiger N,
Herrler T, Erichsen S, et al. SARS-CoV-2 cell entry depends
on ACE2 and TMPRSS2 and Is blocked by a clinically
proven protease inhibitor. Cell 2020; 181(2): 271-80.
https://doi.org/10.1016/j.cell.2020.02.052

5. Zhou FE,Yu T, DuR, Fan G, Liu Y, Liu Z, et al. Clinical course
and risk factors for mortality of adult inpatients with
COVID-19 in Wuhan, China: A retrospective cohort study.
Lancet 2020; 395(10229): 1054-62. https://doi.
org/10.1016/50140-6736(20)30566-3

6.  Weiss P, Murdoch DR. Clinical course and mortality risk of
severe COVID-19. Llancet 2020; 395(10229): 1014-5.
https://doi.org/10.1016/50140-6736(20)30633-4

7. GaoY, ChenY, Liu M, Shi S, Tian J. Impacts of immunosup-
pression and immunodeficiency on COVID-19: A system-
atic review and meta-analysis. | Infect 2020; 81(2): e93-
e5. https://doi.org/10.1016/}.jinf.2020.05.017

8. Karakoc Aydiner E, Bilgic Eltan S, Babayeva R, Aydiner O,
Kepenekli E, Kolukisa B, et al. Adverse COVID-19 out-
comes in immune deficiencies: Inequality exists between
subclasses. Allergy 2022; 77(1): 282-95. https://doi.
org/10.1111/all.15025

9. Manners C, Larios Bautista E, Sidoti H, Lopez OJ. Protective
adaptive immunity against severe acute respiratory syn-
drome coronaviruses 2 (SARS-CoV-2) and implications for
vaccines. Cureus 2020; 12(6): e8399. https://doi.
org/10.7759/cureus.8399

10. Brodin P. Immune determinants of COVID-19 disease
presentation and severity. Nat Med 2021; 27(1): 28-33.
https://doi.org/10.1038/s41591-020-01202-8


https://doi.org/10.1016/j.cell.2020.06.043
https://doi.org/10.1016/j.cell.2020.06.043
https://doi.org/10.1016/j.cell.2020.02.052
https://doi.org/10.1016/S0140-6736(20)30566-3
https://doi.org/10.1016/S0140-6736(20)30566-3
https://doi.org/10.1016/S0140-6736(20)30633-4
https://doi.org/10.1016/j.jinf.2020.05.017
https://doi.org/10.1111/all.15025
https://doi.org/10.1111/all.15025
https://doi.org/10.7759/cureus.8399
https://doi.org/10.7759/cureus.8399
https://doi.org/10.1038/s41591-020-01202-8

Karabiber E, Atik O, Tepetam FM, Ergan B, ilki A, Karakoc Aydiner E, et al.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Baek WK, Sohn SY, Mahgoub A, Hage R. A comprehensive
review of severe acute respiratory syndrome coronavirus
2. Cureus 2020; 12(5): e7943. https://doi.org/10.7759/
cureus.7943

Bastard P, Michailidis E, Hoffmann HH, Chbihi M, Le Voyer
T, Rosain J, et al. Auto-antibodies to type | IFNs can under-
lie adverse reactions to yellow fever live attenuated vac-
cine. | Exp Med 2021; 218(4). https://doi.org/10.1084/
jem.20202486

Chouaki Benmansour N, Carvelli J, Vivier E. Complement
cascade in severe forms of COVID-19: Recent advances in
therapy. Eur | Immunol 2021; 51(7): 1652-9. https://doi.
org/10.1002/€ji.202048959

Zhou Y, Liu Z, Li S, Xu W, Zhang Q, Silva IT, et al.
Enhancement versus neutralization by SARS-CoV-2 anti-
bodies from a convalescent donor associates with distinct
epitopes on the RBD. Cell Rep 2021; 34(5): 108699.
https://doi.org/10.1016/j.celrep.2021.108699

Weiskopf D, Schmitz KS, Raadsen MP, Grifoni A, Okba
NMA, Endeman H, et al. Phenotype and kinetics of SARS-
CoV-2-specific T cells in COVID-19 patients with acute
respiratory distress syndrome. Sci Immunol 2020, 5(48).
https://doi.org/10.1126/sciimmunol.abd2071

Meckiff BJ, Ramirez-Suastegui C, Fajardo V, Chee S,
Kusnadi A, Simon H, et al. Imbalance of regulatory and
cytotoxic SARS-CoV-2-Reactive CD4 (+) T Cells in COVID-
19.Cell 2020; 183(5): 1340-53. https://doi.org/10.1016/].
cell.2020.10.001

Tan AT, Linster M, Tan CW, Le Bert N, Chia WN,
Kunasegaran K, et al. Early induction of functional SARS-
CoV-2-specific T cells associates with rapid viral clearance
and mild disease in COVID-19 patients. Cell Rep 2021;
34(6): 108728.  https://doi.org/10.1016/j.cel-
rep.2021.108728

Rydyznski Moderbacher C, Ramirez SI, Dan JM, Grifoni A,
Hastie KM, Weiskopf D, et al. Antigen-specific adaptive
immunity to SARS-CoV-2 in acute COVID-19 and associa-
tions with age and disease severity. Cell 2020; 183(4):
996-1012. https://doi.org/10.1016/].cell.2020.09.038

Casado JL, Hiemmerle J, Vizcarra P. Velasco H, Velasco T,
Fernandez-Escribano M, et al. SARS CoV-2 infections in
healthcare workers with a pre-existing T-cell response: A
prospective cohort study. Clin Microbiol Infect 2021;
27(6):  916.el-.e4.  htips://doi.org/10.1016/].
cmi.2021.02.020

Kottan S, Zietkiewicz M, Grzesk E, Becht R, Berdej-Szczot
E, Cienkusz M, et al. COVID-19 in unvaccinated patients
with inborn errors of immunity-polish experience. Front
Immunol  2022; 13.  https://doi.org/10.3389/
fimmu.2022.953700

Cohen B, Rubinstein R, Gans MD, Deng L, Rubinstein A,
Eisenberg R. COVID-19 infection in 10 common variable
immunodeficiency patients in New York City. | Allergy Clin
Immunol Pract 2021; 9(1): 504-7.el. https://doi.
org/10.1016/].jaip.2020.11.006

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Mullur J, Wang A, Feldweg A. A fatal case of coronavirus
disease 2019 in a patient with common variable immuno-
deficiency. Ann Allergy Asthma Immunol 2021; 126(1):
90-2. https://doi.org/10.1016/.anai.2020.08.017

Marcus N, Frizinsky S, Hagin D, Ovadia A, Hanna S,
Farkash M, et al. Minor clinical impact of COVID-19 pan-
demic on patients with primary immunodeficiency in
Israel. Front Immunol 2020; 11: 614086. https://doi.
0rg/10.3389/fimmu.2020.614086

Ribeiro LC, Benites BD, Ulaf RG, Nunes TA, Costa-Lima C,
Addas-Carvalho M, et al. Rapid clinical recovery of a
SARS-CoV-2 infected common variable immunodeficiency
patient following the infusion of COVID-19 convalescent
plasma. Allergy Asthma Clin Immunol 2021; 17(1): 14.
https://doi.org/10.1186/s13223-021-00518-5

Polack FP. Thomas SJ, Kitchin N, Absalon J, Gurtman A,
Lockhart S, et al. Safety and efficacy of the BNT162b2
mRNA COVID-19 vaccine. N Engl ] Med 2020, 383(27):
2603-15. https://doi.org/10.1056/NEJM0oa2034577

Saad-Roy CM, Morris SE, Metcalf CJE, Mina M), Baker RE,
Farrar J, et al. Epidemiological and evolutionary consider-
ations of SARS-CoV-2 vaccine dosing regimes. Science
2021; 372(6540): 363-70. https://doi.org/10.1126/sci-
ence.abg8663

T.C. Saglk Bakanhgi. COVID-19 asisi ulusal uygulama
stratejisi (2021). Available from: https://covid19asi.saglik.
gov.tr/TR-77706/covid-19-asisi-ulusal-uygulama-stratejisi.
html.

World Health Organization (WHO). COVID-19 vaccines
advice (2023). Available from: https://www.who.int/
emergencies/diseases/novel-coronavirus-2019/covid-19-
vaccines/advice.

European Society for Inmunodeficiencies. 2022, updated
March 2022. Available from: https://esid.org/News-
Events/ESID-COVID-19-Statement-March-2022.

Sobh A, Bonilla FA. Vaccination in primary immunodefi-
ciency disorders. ] Allergy Clin Immunol Pract 2016; 4(6):
1066-75. https://doi.org/10.1016/.jaip.2016.09.012

Delmonte OM, Bergerson JRE, Burbelo PD, Durkee-Shock
JR, Dobbs K, Bosticardo M, et al. Antibody responses to
the SARS-Co\V-2 vaccine in individuals with various inborn
errors of immunity. | Allergy Clin Immunol 2021, 148(5):
1192-7. https://doi.org/10.1016/].jaci.2021.08.016

Hagin D, Freund T, Navon M, Halperin T, Adir D, Marom
R, et al. Immunogenicity of Pfizer-BioNTech COVID-19
vaccine in patients with inborn errors of immunity. |
Allergy Clin Immunol 2021; 148(3): 739-49. https://doi.
org/10.1016/j.jaci.2021.05.029

Squire J, Joshi A. Seroconversion after coronavirus disease
2019 vaccination in patients with immune deficiency. Ann
Allergy Asthma Immunol 2021; 127(3): 383-4. https://
doi.org/10.1016/j.anai.2021.05.015

Tuberk Toraks 2023;71(3):236-249 247 [m]


https://doi.org/10.7759/cureus.7943
https://doi.org/10.7759/cureus.7943
https://doi.org/10.1084/jem.20202486
https://doi.org/10.1084/jem.20202486
https://doi.org/10.1002/eji.202048959
https://doi.org/10.1002/eji.202048959
https://doi.org/10.1016/j.celrep.2021.108699
https://doi.org/10.1126/sciimmunol.abd2071
https://doi.org/10.1016/j.cell.2020.10.001
https://doi.org/10.1016/j.cell.2020.10.001
https://doi.org/10.1016/j.celrep.2021.108728
https://doi.org/10.1016/j.celrep.2021.108728
https://doi.org/10.1016/j.cell.2020.09.038
https://doi.org/10.1016/j.cmi.2021.02.020
https://doi.org/10.1016/j.cmi.2021.02.020
https://doi.org/10.3389/fimmu.2022.953700
https://doi.org/10.3389/fimmu.2022.953700
https://doi.org/10.1016/j.jaip.2020.11.006
https://doi.org/10.1016/j.jaip.2020.11.006
https://doi.org/10.1016/j.anai.2020.08.017
https://doi.org/10.3389/fimmu.2020.614086
https://doi.org/10.3389/fimmu.2020.614086
https://doi.org/10.1186/s13223-021-00518-5
https://doi.org/10.1056/NEJMoa2034577
https://doi.org/10.1126/science.abg8663
https://doi.org/10.1126/science.abg8663
https://doi.org/10.1016/j.jaip.2016.09.012
https://doi.org/10.1016/j.jaci.2021.08.016
https://doi.org/10.1016/j.jaci.2021.05.029
https://doi.org/10.1016/j.jaci.2021.05.029
https://doi.org/10.1016/j.anai.2021.05.015
https://doi.org/10.1016/j.anai.2021.05.015

COVID-19 outcomes in vaccinated inborn errors of immunity patients

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Tangye SG; COVID Human Cenetic Effort consortium.
Impact of SARS-CoV-2 infection and COVID-19 on
patients with inborn errors of immunity. | Allergy Clin
Immunol 2023;151(4):818-31. https://doi.org/10.1016/].
jaci.2022.11.010

Seidel MG, Kindle G, Gathmann B, Quinti I, Buckland M,
van Montfrans J, et al. The European Society for
Immunodeficiencies (ESID) registry working definitions
for the clinical diagnosis of inborn errors of immunity. |
Allergy Clin Immunol Pract 2019; 7(6): 1763-70. https://
doi.org/10.1016/} jaip.2019.02.004

Bousfiha A, Jeddane L, Picard C, Al-Herz W, Ailal F, Chatila
T, et al. Human inborn errors of immunity: 2019 update of
the 1UIS phenotypical classification. ] Clin Immunol 2020;
40(1): 66-81. https://doi.org/10.1007/s10875-020-
00758-x

Baris S, Abolhassani H, Massaad M)J, Al-Nesf M,
Chavoshzadeh Z, Keles S, et al. The Middle East and North
Africa Diagnosis and Management Guidelines for inborn
errors of immunity. | Allergy Clin Immunol Pract 2023;
11(1): 158-80.e11.  https://doi.org/10.1016/j.
jaip.2022.10.003

Bucciol G, Tangye SG, Meyts I. Coronavirus disease 2019
in patients with inborn errors of immunity: Lessons
learned. Curr Opin Pediatr 2021; 33(6): 648-56.
https://doi.org/10.1097/MOP.0000000000001062

World Health Organization (WHO). WHO weekly epide-
miological update on COVID-19- edition 51.Geneva:
WHO; 2021. Available from: https://www.who.int/publi-
cations/m/item/weekly-epidemiological-up-
date-on-covid-19-3-august-2021 (Accessed  date:
24.08.2021).

Dong E, Du H, Gardner L. An interactive web-based dash-
board to track COVID-19 in real time. Lancet Infect Dis
2020; 20(5): 533-4. https://doi.org/10.1016/51473-
3099(20)30120-1

Bergman P, Blennow O, Hansson L, Mielke S, Nowak P,
Chen P et al. Safety and efficacy of the mRNA BNT162b2
vaccine against SARS-CoV-2 in five groups of immuno-
compromised patients and healthy controls in a prospec-
tive open-label clinical trial. EBioMedicine 2021; 74:
103705. https://doi.org/10.1016/j.ebiom.2021.103705

Arroyo-Sanchez D, Cabrera-Marante O, Laguna-Goya R,
Almendro-Vazquez B, Carretero O, Gil-Etayo FJ, et al.
Immunogenicity of Anti-SARS-CoV-2 vaccines in common
variable immunodeficiency. | Clin Immunol 2022; 42(2):
240-52. https://doi.org/10.1007/s10875-021-01174-5

Salinas AF, Mortari EP, Terreri S, Quintarelli C, Pulvirenti F,
Di Cecca S, et al. SARS-CoV-2 vaccine induced atypical
immune responses in antibody defects: Everybody does
their best. | Clin Immunol 2021; 41(8): 1709-22. https://
doi.org/10.1007/s10875-021-01133-0

Shields AM, Faustini SE, Hill HJ, Al-Taei S, Tanner C,
Ashford F, et al. SARS-CoV-2 vaccine responses in individ-
uals with antibody deficiency: Findings from the COV-AD
Study. J Clin Immunol 2022; 42(5): 923-34. https://doi.
org/10.1007/5s10875-022-01231-7

[E] 248 Tuberk Toraks 2023;71(3):236-249

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Guan W/, Liang WH, Zhao Y, Liang HR, Chen ZS, Li YM, et
al. Comorbidity and its impact on 1590 patients with
COVID-19 in China: A nationwide analysis. Eur Respir |
2020; 55(5). https://doi.org/10.1183/13993003.01227-
2020

Minotti C, Tirelli F, Barbieri E, Giaquinto C, Dona D. How
is immunosuppressive status affecting children and adults
in SARS-CoV-2 infection? A systematic review. | Infect
2020; 81(1): e6l-e6. https://doi.org/10.1016/j.
jinf.2020.04.026

Van Damme KFA, Tavernier S, Van Roy N, De Leeuw E,
Declercq |, Bosteels C, et al. Case report: Convalescent
plasma, a targeted therapy for patients with COVID and
severe COVID-19. Front Immunol 2020; 11: 596761.
https://doi.org/10.3389/fimmu.2020.596761

Gupta S, Su H, Narsai T, Agrawal S. SARS-CoV-2-associated
T-Cell responses in the presence of humoral immunodefi-
ciency. Int Arch Allergy Immunol 2021; 182(3): 195-209.
https://doi.org/10.1159/000514193

Meyts I, Bucciol G, Quinti I, Neven B, Fischer A, Seoane E,
et al. Coronavirus disease 2019 in patients with inborn
errors of immunity: An international study. | Allergy Clin
Immunol 2021; 147(2):520-31. https://doi.org/10.1016/].
jaci.2020.09.010

Quinti I, Lougaris V, Milito C, Cinetto F, Pecoraro A,
Mezzaroma |, et al. A possible role for B cells in COVID-
19¢ Lesson from patients with agammaglobulinemia. |
Allergy  Clin - Immunol 2020; 146(1): 211-3.e4.
https://doi.org/10.1016/j.jaci.2020.04.013

Milito C, Lougaris V, Giardino G, Punziano A, Vultaggio A,
Carrabba M, et al. Clinical outcome, incidence, and SARS-
Co\V-2 infection-fatality rates in Italian patients with inborn
errors of immunity. | Allergy Clin Immunol Pract 2021;
9(7): 2904-6.e2. https://doi.org/10.1016/].
jaip.2021.04.017

Ho HE, Mathew S, Peluso MJ, Cunningham-Rundles C.
Clinical outcomes and features of COVID-19 in patients
with primary immunodeficiencies in New York City. |
Allergy Clin Immunol Pract 2021; 9(1): 490-3 e2. https://
doi.org/10.1016/} jaip.2020.09.052

Aljaberi R, Wishah K. Positive outcome in a patient with
coronavirus disease 2019 and common variable immuno-
deficiency after intravenous immunoglobulin. Ann Allergy
Asthma Immunol 2020; 125(3): 349-50. https://doi.
org/10.1016/j.anai.2020.06.006

Pulvirenti F, Fernandez Salinas A, Milito C, Terreri S, Piano
Mortari E, Quintarelli C, et al. B Cell response induced by
SARS-CoV-2 infection Is boosted by the BNT162b2 vac-
cine in primary antibody deficiencies. Cells 2021; 10(11).
https://doi.org/10.3390/cells10112915

Cousins K, Defelice N, Jeong S, Feng J, Lee A, Rotella K, et
al. SARS-COV-2 infections in inborn errors of immunity: A
single center study. Front Immunol 2022; 13. https://doi.
org/10.3389/fimmu.2022.1035571


https://doi.org/10.1016/j.jaci.2022.11.010
https://doi.org/10.1016/j.jaci.2022.11.010
https://doi.org/10.1016/j.jaip.2019.02.004
https://doi.org/10.1016/j.jaip.2019.02.004
https://doi.org/10.1007/s10875-020-00758-x
https://doi.org/10.1007/s10875-020-00758-x
https://doi.org/10.1016/j.jaip.2022.10.003
https://doi.org/10.1016/j.jaip.2022.10.003
https://doi.org/10.1097/MOP.0000000000001062
https://doi.org/10.1016/S1473-3099(20)30120-1
https://doi.org/10.1016/S1473-3099(20)30120-1
https://doi.org/10.1016/j.ebiom.2021.103705
https://doi.org/10.1007/s10875-021-01174-5
https://doi.org/10.1007/s10875-021-01133-0
https://doi.org/10.1007/s10875-021-01133-0
https://doi.org/10.1007/s10875-022-01231-7
https://doi.org/10.1007/s10875-022-01231-7
https://doi.org/10.1183/13993003.01227-2020
https://doi.org/10.1183/13993003.01227-2020
https://doi.org/10.1016/j.jinf.2020.04.026
https://doi.org/10.1016/j.jinf.2020.04.026
https://doi.org/10.3389/fimmu.2020.596761
https://doi.org/10.1159/000514193
https://doi.org/10.1016/j.jaci.2020.09.010
https://doi.org/10.1016/j.jaci.2020.09.010
https://doi.org/10.1016/j.jaci.2020.04.013
https://doi.org/10.1016/j.jaip.2021.04.017
https://doi.org/10.1016/j.jaip.2021.04.017
https://doi.org/10.1016/j.jaip.2020.09.052
https://doi.org/10.1016/j.jaip.2020.09.052
https://doi.org/10.1016/j.anai.2020.06.006
https://doi.org/10.1016/j.anai.2020.06.006
https://doi.org/10.3390/cells10112915
https://doi.org/10.3389/fimmu.2022.1035571
https://doi.org/10.3389/fimmu.2022.1035571

Karabiber E, Atik O, Tepetam FM, Ergan B, ilki A, Karakoc Aydiner E, et al.

56.

57.

58.

59.

60.

Leung D, Mu X, Duque J, Cheng S, Wang M, Zhang W, et
al. Safety and immunogenicity of 3 doses of BNT162b2
and CoronaVac in children and adults with inborn errors
of immunity 2022; 13: 982155. https://doi.org/10.22541/
au.165629347.75546543/v1

Bitzenhofer M, Suter-Riniker F, Moor MB, Sidler D, Horn
MP, Gschwend A, et al. Humoral response to mRNA vac-
cines against SARS-CoV-2 in patients with humoral immu-
nodeficiency disease. PLoS One 2022; 17(6): e0268780.
https://doi.org/10.1371/journal.pone.0268780

Kinoshita H, Durkee-Shock J, Jensen-Wachspress M,
Kankate VV, Lang H, Lazarski CA, et al. Robust antibody
and T Cell responses to SARS-CoV-2 in patients with anti-
body deficiency. ] Clin Immunol 2021; 41(6): 1146-53.
https://doi.org/10.1007/5s10875-021-01046-y

Amodio D, Ruggiero A, Sgrulletti M, Pighi C, Cotugno N,
Medri C, et al. Humoral and cellular response following
vaccination with the BNT162b2 mRNA COVID-19 vac-
cine in patients affected by primary immunodeficiencies.
Front Immunol 2021; 12: 727850. https://doi.
0rg/10.3389/fimmu.2021.727850

Abo-Helo N, Muhammad E, Ghaben-Amara S, Panasoff J,
Cohen S. Specific antibody response of patients with com-
mon variable immunodeficiency to BNT162b2 coronavi-
rus disease 2019 vaccination. Ann Allergy Asthma
Immunol 2021; 127(4): 501-3. https://doi.org/10.1016/j.
anai.2021.07.021

61.

62.

63.

Romano C, Esposito S, Donnarumma G, Marrone A.
Detection of neutralizing anti-severe acute respiratory
syndrome coronavirus 2 antibodies in patients with com-
mon variable immunodeficiency after immunization with
messenger RNA vaccines. Ann Allergy Asthma Immunol
2021; 127(4): 499-501. https://doi.org/10.1016/j.
anai.2021.07.026

US Center for Disease Control and Prevention. COVID-19
vaccines for moderately to severely immunocompromised
people, 2023. Available from: https://www.cdc.gov/vac-
cines/covid-19/clinical-considerations/interim-consider-
ations-us.html#immunocompromised.

Di Germanio C, Simmons G, Thorbrogger C, Martinelli R,
Stone M, Gniadek T, et al. Vaccination of COVID-19 con-
valescent plasma donors increases binding and neutraliz-
ing antibodies against SARS-CoV-2 variants. Transfusion
2022; 62(3): 563-9. https://doi.org/10.1111/trf. 16823

Tuberk Toraks 2023;71(3):236-249 249 [H]


https://doi.org/10.22541/au.165629347.75546543/v1
https://doi.org/10.22541/au.165629347.75546543/v1
https://doi.org/10.1371/journal.pone.0268780
https://doi.org/10.1007/s10875-021-01046-y
https://doi.org/10.3389/fimmu.2021.727850
https://doi.org/10.3389/fimmu.2021.727850
https://doi.org/10.1016/j.anai.2021.07.021
https://doi.org/10.1016/j.anai.2021.07.021
https://doi.org/10.1016/j.anai.2021.07.026
https://doi.org/10.1016/j.anai.2021.07.026
https://doi.org/10.1111/trf.16823

