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3Microbiology and Virology Unit, Sapienza University Hospital “Policlinico Umberto I”, Rome, Italy,
4Department of Translational Medical Sciences, University of Naples Federico II, Naples, Italy,
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Milan, Italy, 6B Cell Unit, Immunology Research Area, Bambino Gesù Children's Hospital, Istituto di
Ricovero e Cura a Carattere Scientifico (IRCCS), Rome, Italy
Background: Preventive strategies against severe COVID-19 in Inborn Errors of

Immunity (IEI) include bivalent vaccines, treatment with SARS-CoV-2

monoclonal antibodies (mAbs), early antiviral therapies, and pre-exposure

prophylaxis (PrEP).

Objective: To assess the effectiveness of the PrEP with tixagevimab/cilgavimab

(AZD7442) in IEI with primary antibody defects during the COVID-19 Omicron

wave.

Methods: A six-month prospective study evaluated the SARS-CoV-2 infection

rate and the COVID-19 severity in the AZD7442 group, in the no-AZD7442

group, and in a group of patients with a recent SARS-CoV-2 infection (< three

months). Spike-specific IgG levels were measured at regular intervals.

Results: Six out of thirty-three patients (18%) and 54/170 patients (32%) became

infected in the AZD7442 group and in the no-AZD7442 group, respectively.

Within 90 days post-administration, the AZD7442 group was 85% less likely to be

infected and 82% less likely to have a symptomatic disease than the no-AZD7442

group. This effect was lost thereafter. In the entire cohort, no mortality/

hospitalisation was observed. The control group of 35 recently infected

patients was 88% and 92% less likely to be infected than the AZD7442 and no-

AZD7442 groups. Serum anti-Spike IgG reached the highest peak seven days

post-AZD7442 PrEP then decreased, remaining over 1000 BAU/mL 180 days

thereafter.
frontiersin.org01

https://www.frontiersin.org/articles/10.3389/fimmu.2023.1249462/full
https://www.frontiersin.org/articles/10.3389/fimmu.2023.1249462/full
https://www.frontiersin.org/articles/10.3389/fimmu.2023.1249462/full
https://www.frontiersin.org/articles/10.3389/fimmu.2023.1249462/full
https://www.frontiersin.org/articles/10.3389/fimmu.2023.1249462/full
https://www.frontiersin.org/articles/10.3389/fimmu.2023.1249462/full
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fimmu.2023.1249462&domain=pdf&date_stamp=2023-10-26
mailto:isabella.quinti@uniroma1.it
https://doi.org/10.3389/fimmu.2023.1249462
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology#editorial-board
https://www.frontiersin.org/journals/immunology#editorial-board
https://doi.org/10.3389/fimmu.2023.1249462
https://www.frontiersin.org/journals/immunology


Pulvirenti et al. 10.3389/fimmu.2023.1249462

Frontiers in Immunology
Conclusion: In patients with IEI and antibody defects, AZD7442 prophylaxis had a

transient protective effect, possibly lost possibly because of the appearance of

new variants. However, PrEP with newer mAbs might still represent a feasible

preventive strategy in the future in this population.
KEYWORDS

SARS-CoV-2, COVID-19, inborn errors of immunity, immunoglobulin replacement
(IgRT), monoclonal antibody, tixagevimab/cilgavimab prophylaxis, common variable
immune deficiency (CVID)
Introduction

Cohort studies in patients with Inborn Errors of Immunity (IEI)

with predominant antibody defects showed a mild COVID-19 course

in most patients (1–5). Deaths were often due to respiratory failure in

those with preexisting end-stage lung disease (6–8). Pandemic

mitigation policies to protect patients with IEI have changed over

time (6). In the first year, COVID-19 prevention strategies were

mainly based on social distancing measures (7). As the COVID-19

pandemic evolved, significant progress has been made with the

availability of vaccines, monoclonal antibodies (mAbs) targeting the

SARS-CoV-2 spike protein, and antiviral drugs (7). Immunization

against SARS-CoV-2 has represented the cornerstone strategy, with

current recommendations including the primary immunization cycle

followed by booster doses (8). Like many countries, Italy encouraged

booster doses for high-risk populations, including people with IEI (9).

Published data on IEI with antibody deficiency indicated a

suboptimal antibody response after completing the first vaccine

cycle (10) with a lower magnitude of antibody response and a

reduced virus-neutralizing function compared to healthy controls

(11–16). In addition to immunisation strategies, in the second year of

the pandemic, we took advantage of the newly developed anti-Spike

protein mAbs for early COVID-19 treatment (1, 17, 18), with a

protective effect in reducing hospitalisation and severe outcome

across the alpha, delta and early omicron waves (17).

From July 2022 onwards, this protection was decreased due to

the emergence of new variants of concern (VOC), including

Omicron BA4/BA5 towards which vaccines and mAbs were less

efficient and had lower neutralising power (19, 20). Due to the

changing SARS-CoV-2 trajectory, the preventive strategy in

vulnerable patients had to be updated, including bivalent

vaccines, early therapies, and, more recently, mAbs given as pre-

exposure prophylaxis (PrEP). Two long-acting monoclonal

antibodies, tixagevimab/cilgavimab were combined to produce

AZD7442 (Evusheld®) (21). In December 2021, AZD7442 was

authorised as PrEP against COVID-19 for patients over 12 years

with moderate to severely compromised immunity (22). Data from

two phase-III trials demonstrated that, compared to placebo,

AZD7442 recipients had an 83% and 51% relative risk reduction

in developing symptomatic and severe COVID-19 diseases at a

median follow-up of 6 months, respectively (21, 23). In a real-life
02
study on a heterogeneous cohort of immunocompromised subjects,

the AZD7442-treated group was 50% less likely to become infected

and 92% less likely to be hospitalised/die than those not-

administered AZD7442 (24).

Here, we aimed to assess the efficacy of PrEP with AZD7442 in

the prevention of SARS-CoV-2 infection, COVID-19 severity, and

mortality during the Omicron-predominant SARS-CoV-2 infection

outbreak in IEI patients with primary antibody defects (25).
Materials and methods

Study design

A six-month prospective-observational study was conducted

from July 1 to December 31, 2022. We screened 238 IEI patients

>18 years regularly followed up in the Care Centers in Rome

(Policlinico Umberto I, Sapienza University), Naples (Federico II

University), and Milan (Ospedale Maggiore Policlinico, University of

Milan), Italy. The population study included subjects with primary

antibody deficiency diagnosed according to the ESID criteria (26). All

participants were treated with immunoglobulin replacement therapy

(IgRT) by intravenous (IVIG), subcutaneous (SCIG), or facilitated

immunoglobulins (fSCIG). Booster doses of BNT162b2 mRNA

vaccine were offered to the entire IEI cohort in September 2021, six

months after completing the primary immunization cycle, and in

April 2022. From June 2022, AZD7442 (300 mg: 150 mg tixagevimab/

150 mg cilgavimab) was offered as PrEP for SARS-COV-2 infection to

patients with a minimum weight of 40 kg who did not have a positive

test result (PCR or antigen) in the previous month, and who were not

vaccinated against COVID-19 in the previous two weeks. Eligible

patients received an SMS and an email advising they were suitable for

PrEP and inviting them to contact their IEI centre to make an

appointment for AZD7442 administration. If no appointment was

made within 15 days, an SMS and an email were sent again. Clinicians

provided informed consent on the treatment, effectiveness, and

contraindications. AZD7442 was administered at least one week

after the IgRT administration.

Enrolment was allowed between July 1, 2022, and August 31,

2022. The study population was divided into two groups: 33

patients received AZD7442 as PrEP (AZD7442 group), and 170
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patients did not receive AZD7442 (no-AZD7442) group (either did

not read the SMS/email, or declined to receive AZD7442, or did not

take steps to attend an appointment for whatever reason). Data

from 35 patients excluded from enrolment as being positive for

SARS-CoV-2 in the previous three months were separately analysed

(recently infected group) (Figure 1). For the AZD7442 group, we

used the date of administration of tixagevimab/cilgavimab to

identify the date of entry into the study; for the no-AZD7442

group, we used the date of the signature of the informed consent as

the date of entry into the study. For the recently infected group, July

1st was considered the date of entry into the study. All participants

who agreed to participate signed the written informed consent form

at enrolment.

After enrolment, clinicians reminded all patients of prevention

measures and on the need to contact the hospital in case of SARS-

CoV-2 infection. Patients were tested for SARS-CoV-2 by PCR or

by nasopharyngeal swab antigen detection every time they attended

a hospital site (i.e., to receive IgRT), in case of positive household

contacts irrespective of symptoms and upon onset of symptoms

possibly related to COVID-19. During the study period, we

interviewed the participants monthly via in-person visits or SMS/

emails to verify if an infection had occurred from the last

observation. All participants were allowed to continue their

treatments, including IgRT as standard therapy for the underlying

antibody deficiency. In the case of SARS-CoV-2 infection, specific

treatments were prescribed by clinicians based on the clinical

assessment and ongoing recommendation.

At enrolment, demographic and IEI-related health issues were

collected to allow comparison of outcome measures, adjusting for

differences between groups. Health factors included IEI diagnosis,
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immunoglobulins serum levels, lymphocyte count, and IEI-related

comorbidities (Chronic Obstructive Pulmonary Disease (COPD)

(27) , mal ignancies , autoimmune manifestat ions , and

granulomatous diseases), immunisation status, and number of

doses of BNT162b2 mRNA vaccine administered. We defined IEI

with a complicated phenotype as having at least one of the non-

infective IEI-related comorbidities (25). The Ethical Committee of

the Sapienza University of Rome (Prot. 0521/2020, July 13, 2020)

approved the study. The study was performed following the Good

Clinical Practice guidelines, the International Conference on

Harmonization guidelines, and the most recent version of the

Declaration of Helsinki.
Study outcomes

The primary study outcome was SARS-CoV-2 infection,

defined as any person with a positive PCR or positive antigen test

result from 1st July 2022 – 31st December 2022. Secondary

endpoints included: 1) severe COVID-19 disease; 2) symptomatic

infection; 3) duration of the viral shedding; 4) additional SARS-

CoV-2 specific treatments; 5) anti-Spike IgG serum levels.

COVID-19 symptoms severity was scored according to the

World Health Organization stage. We defined severe COVID-19

disease as either COVID-19-related hospitalisation or all-cause

mortality, assessed in each group for the same periods. In SARS–

CoV–2 positive patients, we calculated the duration of viral

shedding by recording the dates of the first positive and the first

negative nasopharyngeal swab. In the AZD7442 group, we

measured the anti-Spike IgG serum levels at enrolment (T0),
FIGURE 1

Study design and outcomes. SARS-CoV-2 infection and COVID-19 severity were evaluated in the AZD7442 group (33 patients), the no-AZD7442
group (170 patients) and in patients with a recent SARS-CoV-2 infection (35 patients). COVID-19, coronavirus-19 disease; IEI, inborn errors of
immunity; IgRT, immunoglobulin replacement therapy; IgG, immunoglobulin G; n, number; PrEP, pre-exposure prophylaxis; SARS-CoV2, Severe
acute respiratory syndrome coronavirus 2.
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seven days (T7), 120 days (T120), 150 days (T150), and 180 days

(T180) after PrEP administration. We collected samples for anti-

Spike IgG levels on the day of the IgRT administration, just before

immunoglobulins administration.
SARS-CoV-2 anti-Spike antibodies

We evaluated SARS-CoV-2 spike S1/S2 protein-specific IgG

antibody levels by the DiaSorin Liaison SARS-CoV-2 Trimeric S

IgG chemiluminescence immunoassay (CLIA) (DiaSorin S.p.A,

Saluggia, VC, Italy). We reported the sensitivity and specificity

performance according to the manufacturer’s instructions. We

expressed the levels of anti-SARS-CoV-2 IgG antibodies using the

World Health Organization International Standard (NIBSC code.

20/268) binding antibody unit (BAU/mL). The assay’s lower and

upper detection limits were 4.81 BAU/mL and 2080 BAU/mL,

respectively. Samples testing >2080 BAU/mL were further diluted.
B-cell responses to SARS-CoV-2
immunization

We studied the B-cell responses to SARS-CoV-2 immunisation

with the BNT162b mRNA vaccine in a subgroup of 78 patients

randomly selected over the participants. Blood samples were

obtained ten days after a booster dose administration. We isolated

the peripheral blood mononuclear cells (PBMCs) by Ficoll

Paque™Plus 206 (Amersham PharmaciaBiotech) density gradient

centrifugation and immediately froze and stored in liquid nitrogen

until use. The freezing medium contained 90% Fetal Bovine Serum

(FBS) and 10% DMSO. To detect SARS-CoV-2 specific B cells, a

biotinylated protein spike was individually multimerized with

fluorescently labelled streptavidin as previously described (28).

Briefly, to identify the Spike-specific memory B cells (MBC), we

used two different streptavidin-conjugated fluorochromes, one with

a very high brightness index (PE) and the other with a moderate

brightness index (BUV395), in order to be able to distinguish low-

affinity MBCs (only visible with a very bright fluorochrome such as

PE) from high-affinity MBCs (double positive for PE and BUV395).

We defined the spike-specific MBCs as low-affinity (positive for PE,

S+) or high-affinity (double positive for PE and BUV395, S++). We

acquired stained PBMC samples on FACs LSRFortessa (BD

Bioscience). At least 2x106 cells were acquired and analysed using

Flow-Jo10.8.1 (BD Bioscience). We only performed phenotype

analysis of antigen-specific B cells in subjects with at least ten

cells detected in the respective antigen-specific gate. The gating

strategy is shown in Supplementary Figure 1A.
Statistical analysis

The primary analysis was to investigate the risk for SARS-CoV-

2 infection in the AZD7442 vs. the no-AZD7442 group. We

described continuous variables using median and interquartile

ranges (IQR) and categorical variables using frequencies and
Frontiers in Immunology 04
percentages. Comparisons of continuous parameters between

groups were calculated with a t-test if normally distributed (as

tested by the Kruskal-Wallis’s test) and with a Mann-Whitney U

test if not normally distributed; differences in frequencies between

groups were calculated by using the c2 exact test. To assess the

relationship between AZD7442 administration status and outcome

variables over time, we used the Kaplan-Meier product-limit

estimates and based on a Log-rank of the difference between the

two treatment groups at the time of the SARS-CoV-2 infection, with

no adjustment for baseline covariates. The difference between the

two treatment groups was calculated monthly from the enrolment

until the end of the study period. In the no-AZD7442 group, we

compared specific anti-Spike IgG serum levels at different time

points over the study period. Values were compared by the

nonparametric Kruskal-Wallis’s test, and if not significant, the

Wilcoxon matched-pair signed-rank test or the two-tailed Mann-

Whitney U test was used. Differences were significant when p was

less than 0.05. Analyses were carried out using SPSS software,

version 18 (SPSS, Chicago, IL).
Results

Patients

Of 238 IEI candidates, 33 patients (16%) were treated with 300-

mg AZD7442 (tixagevimab/cilgavimab, 150 mg/1.5 mL and 150

mg/1.5 mL) and 170 patients (84%) did not take steps to attend an

appointment for whatever reason or declined the treatment. The

AZD7442 administration was well tolerated, with no patient

reporting major adverse events. When comparing variables

considered as potential confounders (Table 1), the AZD7442

group had lower serum IgA levels (p=0.006) and lower post-

booster anti-Spike IgG serum levels (p=0.010, Table 2), suggesting

a more severe immune defect in those who agreed to receive PrEP.

Age, gender, complicated phenotype, total lymphocyte, lymphocyte

subsets count, number and timing of previous vaccine doses were

comparable in the two groups (Table 1). Thirty-five patients (age 54

years, IQR: 41-66) who tested positive for SARS-CoV-2 in the three

months before the enrolment were considered as controls and

included in the recently infected group. Characteristics of recently

infected patients and comparisons with the study groups are

reported in Supplementary Table 1.
Post-BNT162b2 immunization responses

During the study, 86% of patients were immunized with three

or four doses of the BNT162b2 vaccine (Table 1 and Supplementary

Table 1). As previously shown (10, 28), the efficacy of SARS-CoV-2

immunisation is heterogeneous in IEI. Data on the production of

anti-Spike IgG and specific MBC with low (S+) and high (S++)

affinity, and Spike-specific RBD developed post-BNT162b2 booster

were available for 78 participants, of which 16 were treated by PrEP.

In our cohort, combining specific antibodies and specific B-cell

responses, none of the patients produced a response comparable to
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what was observed in healthy subjects. Thirty-six percent of patients

did not produce specific antibodies nor specific B cells (non-

responders), 36% produced low levels of specific antibodies but

did not generate specific high-affinity (S++) MBC and RBD+ B cells

(poor responders), and 28% produced low levels of specific antibodies

and generated low frequency of specific high-affinity MBC

(weak responders) (Table 2). Post-immunization anti-SpikeIgG

serum levels were lower in the AZD7442 group (median 4.5, IQR:

0.5-111.0) compared to the no-AZD7442 group (median 160.3, IQR

8.7-657.3, p=0,010) (Figure 2), suggesting a more severe immune-

defect in those who agreed to receive PrEP. None was infected

by SARS-CoV-2 in the AZD7442 group. In particular, none of the

non-responders/poor-responders was infected in the AZD7442

group, whereas 27% were infected in the no-AZD7442 group

(p=0.041) (Table 2).
Risk of SARS-CoV-2 infection

A total of 60 SARS-CoV-2 infections occurred during the study

period. Six out of thirty-three (18.2%) patients who received

AZD7442 were infected with SARS-CoV-2 compared to 54/170

(31.8%) patients who did not receive AZD7442 (p = 0.048).
Frontiers in Immunology 05
Infections occurred respectively after a median time of 167.1 days

(95%CI 154.9-179.3) and 148 days (95%CI 138.9-157.33) from the

enrolment. The risk of SARS-CoV-2 infection was reduced by 85%

among those who received the PrEP at a median follow-up of 90

days from treatment administration (hazard risk [HR] 0.15; 95%CI

0.14-0.96; log-rank p=0.036). The comparison was not significant at

the end of the study period (HR 0.6; 95%CI 0.33-0.1.84; log-rank

p=0.278) (Figure 3). No patient who had received prophylaxis

became infected in the first 60 days, while those who had not

received prophylaxis continued to become infected with a constant

trend over time. To note, when considering only SARS-CoV-2 naive

patients, the AZD7442 group had a lower risk for infection than the

no-AZD7442 group at a median follow-up of 90 days (HR 0.20, 95%

CI 0.07-0.56, log-rank p=0.049, Supplementary Figure 2). Time of

viral shedding did not differ in the AZD7442 and no-AZD7442

groups (19 days, IQR: 10-28 vs. 13 days, IQR: 7-20, p=0.614). At

univariate analysis, age was positively associated with SARS-CoV-2

infection (OR 4,841, 95%CI 0,07-9,61, p= 0.047), while a prior

episode of SARS-CoV-2 infection was found to be protective (OR

0.09 95%CI 0,03-0,32, p<0.0001). Gender, lymphocyte counts, IgA

serum levels, IEI comorbidities, complicated phenotype, and the

number of doses of COVID-19 vaccine were not associated with

infection risk (Supplementary Table 2). Immunophenotype of
TABLE 1 Baseline characteristics of the enrolled IEIs population.

Characteristics
no-AZD7442
n= 170

AZD7442
n=33

p-value

Age (years), median (IQR) 51 (39-60) 55 (42-66) 0.671

Gender (female), n (%) 84 (49.7) 17 (51.5) 0.849

IgA (mg/dL), median (IQR) 5.0 (2-22) 2.0 (0-2) 0.006

IgG* (mg/dL), median (IQR) 651 (602-701) 645 (608-695) 0.542

IEI diagnosis

CVID, n (%) 132 (77.6) 27 (81.8) 0.595

XLA, n (%) 8 (4.7) 1 (3.0) 0.669

Good Syndrome, n (%) 4 (2.4) 1 (3.0) 0.818

UAD, n (%) 14 (8.2) 3 (9.1) 0.871

Others n (%) 12 (7.1) 1 (3.0) 0.387

Lymphocytes count, median (IQR) 1490 (1123-1950) 1240 (910-1590) 0.100

CD3+CD4+ (cell/mm3), median (IQR) 519 (400-727) 951 (332-1328) 0.287

CD19+ (cell/mm3, median (IQR) 57.1 (19.8-148) 43.9 (0-124.9) 0.356

MBC (CD19+CD27+, % of B cells),
median (IQR)

22.1 (10.5-39.8) 20.0 (4.5-41-2) 0.774

Complicated phenotype, n (%) 76 (45.0) 19 (57.6) 0.175

COPD, n (%) 57 (33.6) 15 (46.7) 0.190

Prior episode of COVID-19, n (%) 42 (24.7) 13 (39.4) 0.082

SARS-CoV-2 vaccine doses ≥3, n (%) 146 (86) 30 (91.3) 0.436

Last SARS-COV-2 vaccine dose within six months, n (%) 84 (49.5) 13 (38.5) 0.292
fro
IEI, inborn errors of immunity; CVID, common variable immunodeficiency; XLA X, linked agammaglobulinemia; UAD, undefined antibody deficiency; COPD, Chronic Pulmonary Disease;
COVID-19, coronavirus disease 2019; IQR, interquartile range; SARS-CoV-2, severe acute respiratory syndrome coronavirus *residual IgG serum levels.
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infected patients revealed a lower frequency of MBC cells in the

AZD7442 group compared to the no-AZD7442 group (median

7.5%, IQR 26.5-48.5 vs. 1.0%, IQR 4.2-16.0, p=0.040)

(Supplementary Figure 3), suggesting that PreEP was ineffective

mainly in patients with severely impaired memory B function.

The recently infected group was 89% and 92% less likely to have

a SARS-CoV-2 infection compared to the AZD7442 and the no-

AZD7442 group (HR 0.11; 95%CI 0.03-0.61; log-rank p=0.011 and

HR 0.08; 95%CI 0.16-0.64; log-rank p=0.001, Figure 3), as a single

patient was infected during the study.
Course of COVID-19

None of the patients was hospitalized for COVID-19, had severe

SARS-CoV-2 infection, or died during the study. A mild

symptomatic infection was observed in 29% of patients of the no-

AZD7442 group and in 18% of the AZD7442 group (p=0.500). The

risk of symptomatic infection was reduced among the AZD7442

group within the first 90 days (HR 0.18; 95%CI 0.14-1.05; log-rank

p=0.049). Univariate analysis identified low lymphocyte counts as a

risk factor for developing symptomatic COVID-19 (Supplementary

Table 3). SARS-CoV-2 infection required treatments in 33%

of patients in the AZD7442 group (antivirals only) and in

56% of patients in the no-AZD7442 group (antivirals and

monoclonal antibodies).
TABLE 2 Post-immunization response in the AZD7442 and no-AZD7442 group after the third dose of the BNT162b2 vaccine.

Characteristics
Overall
n=78

no-AZD7442#
n=62

AZD7442#
n= 16

HD #p value

anti-Spike IgG (BAU/mL),
median (IQR)

89.4
(7.3-625.3)

160.3
(8.7-657.3)

4.5
(0.5-111.0)

5120
(2656-7986)

0.010

S+ MBC (% of B cells),
median (IQR)

0.06
(0.0-0.23)

0.0
(0-0.23)

0.13
(0.0- 0.18)

0.6
(0.4-1.0)

0.893

S++ MBC (% of B cells),
median (IQR)

0
(0-0.03)

0.0
(0.0-0.05)

0.0
(0.0-0.0)

0.4
(0.2-0.7)

0.443

RBD+ B cells (% of S+MBCs),
median (IQR)

0
(0-0.1)

0.0
(0.0-4.2)

0.0
(0.0-0.0)

28.6
(24.1-36.7)

0.379

CD19+ B cells (% of lymphocytes),
median (IQR)

3.1
(2.0-4.9)

3.0
(1.9-4.8)

3.4
(3.0-7.3)

10.4
(5.8–13.4)

0.255

MBC (% of B cells),
median (IQR)

22.4
(8-32.7)

22.6
(8.3-31.7)

21.9
(5.4-46.1)

31
(25.9-42.4)

0.858

Switched MBCs (% of MBCs),
median (IQR)

5.9
(3.2-14.8)

6.5
(3.4-14.5)

5.0
(1.4-14.8)

12
(3.1–46.2)

0.462

SARS-CoV-2 infection post-immunization;

non-responders/poor responders,
n (%)

12/56
(21.4)

12/44
(27.3)

0/12
(0)

0.041

weak responders,
n, (%)

4/22
(18.2)

4/18
(22.2)

0/4
(0)

0.541
f

Fisher’s test and Mann U Whitney test were performed as indicated to compare the AZD7442 and no-AZD7442 groups. For healthy donors (HD) values were obtained as reported by Piano
Mortari et al. (27).
FIGURE 2

Anti-Spike IgG serum levels in patients in the AZD7442 group (red),
in those in the no-AZD7442 group (blue) and in healthy controls
(green). Bars indicate the median. The lower detection limit of the
assay is represented by the dashed line. Non-parametric Mann–
Whitney t-test was used to evaluate the statistical significance.
Two-tailed P value significance is shown as * p<0.05, ****p<0.0001.
anti-S IgG, anti-Spilke protein immunoglobulin G; BAU, binding
antibody unit; HD, healthy controls.
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anti-Spike IgG serum levels in
AZD7442 treated patients

In the AZD7442 group, median anti-Spike IgG serum levels at

enrolment were 18.5 BAU/mL (IQR: 3.7-77.7). Seven days after

AZD7442 administration (T7), IgG median levels were 6780 BAU/

mL (IQR: 6305-7075) and they remained high and at T120 (1695 BAU/

mL, IQR: 1548-2080), at T150 (1580 BAU/mL, IQR 1345-1935), and at

T180 (1120 BAU/mL, IQR 754-2013) (Figure 4A).
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SARS-CoV-2 IgG antibodies and polyclonal
immunoglobulin administration

As IgRT might contribute to the passive transfer of anti-Spike

IgG, we randomly measured anti spike IgG serum levels in plasma

samples of patients who did not receive AZD7442 as therapy or as

prophylaxis. To avoid bias, we excluded patients infected in the

previous six months or vaccinated in the previous four weeks. Anti-

Spike IgG serum levels increased over time, from amedian level of 7.5
A B

FIGURE 4

Kinetics of anti-Spike IgG serum levels in the AZD7442 recipients (A). Anti-Spike IgG serum levels in patients under IgRT over time (B). Anti-Spike IgG
was randomly measured over 15 months in plasma samples collected from patients just before intravenous administration. The lower and the upper
detection limits of the assay are represented by the dashed line. Points indicate medians, bars indicate interquartile ranges. Non-parametric Mann–
Whitney t-test calculated by the first and the following time points was used to evaluate the statistical significance. Two-tailed P value significance is
shown as ** p<0.01 and ****p<0.0001. Number of samples tested: (A), T0 n=30, T7 n=30, T120 n=25; T150 n=15, T180 n=8; (B), Oct-Dec 21 n=53;
Jen-Mar 22 n=35, Apr-Jun 22 n=15, Oct-Dec 22 n=22. BAU, binding antibody unit; T, time point.
FIGURE 3

The proportion of patients being infected by SARS-CoV-2 in the study groups. Patients treated with AZD7442 as pre-exposure prophylaxis are
represented as a red line, and patients who were not treated with AZD7442 are represented as a blue line. Patients who were infected in the three
months preceding the enrolment are separately analysed and represented as a black line.
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BAU/mL (IQR: 0-101.1) recorded in the trimester October-

December 2021 to a median level of 1175 BAU/mL (IQR: 663-

1728) recorded in the trimester October-December 2022 (p<0.0001)

(Figure 4B), showing the progressive increase of the anti-Spike IgG

concentration in the polyclonal immunoglobulin brands

administered as IgRT.
Discussion

Since the beginning of the COVID-19 pandemic, protective

strategies for patients with IEI have been continuously adapted to the

dynamics of the epidemic and updated based on recent knowledge and

therapeutic options available (7). The period starting from July 2022

proved to be critical due to the emergence of new viral variants (29), the

possible waning of vaccine-induced immunity (30), and the decrease of

the neutralising power of the available SARS-COV-2 mAbs (31–33).

Consequently, bivalent booster doses of the COVID-19 vaccine

targeting the Omicron sub-lineages BA.1 (34) and BA.4/BA.5 (35)

were approved for fragile subjects. In addition, mAbs were approved

firstly as early treatment and later as prophylaxis for vulnerable patients

(22, 23, 36). However, two large real-life studies enrolling

immunocompromised patients reported a low rate of infections and

severe illnesses in participants who received prophylactic AZD7442

(24, 37). Despite being immunised with at least three doses of mRNA

vaccine, most patients with primary antibody deficiencies (PAD)

showed suboptimal responses to immunisation as they did not

produce specific antibodies or generate high-affinity spike-specific B

nor RBD+ B cells (13, 28, 38). Thus, the possibility to administer a

specific prophylactic treatment was a significant opportunity.

Here we conducted the largest study on PAD patients treated by

intramuscular AZD7442 as PrEP. In this real-life setting, patients

who received prophylaxis showed a reduced overall risk of SARS-

CoV-2 infection and symptomatic infection within the first 90 days

post-administration. Differently, those who had not received

AZD7442 became infected with a constant trend during the

study. PreEP was ineffective mainly in patients with severely

impaired memory B function. Increasing age was confirmed to be

associated with the risk of infection (39), while previous episodes of

SARS-CoV-2 infection had a protective effect.

A significant limitation of the present study is the small number

of patients receiving the PrEP compared to the non-treatment

group, leading to a potential bias. Despite no selection performed

at enrolment, patients in the AZD7442 group were found to have

very low IgA serum levels and more defective post-immunization

serological responses, two well-known risk factors for SARS-CoV-2

and other respiratory infections (10, 28, 40). We hypothesised that

due to a more severe disease, these patients have been more likely to

accept PrEP. Differences in baseline characteristics might have led

to a potential interpretation bias, reducing the magnitudes of the

positive effect of the AZD7442 prophylaxis.

The beneficial effect of mAbs given pre-exposure prophylaxis

was reduced three months post- AZD7442 administration, possibly

due to the appearance of the new VOCs. We did not have data to

support this hypothesis since we did not type SARS-CoV-2 in the

positive swabs or measure the neutralising power of the AZD7442.
Frontiers in Immunology 08
Nevertheless, normative data reported that the prevalent VOCs in

Italy in November-December 2022 were the Omicron B.1.1.529

variants (41), towards which AZD7442 had a reduced efficacy (42).

The reduced protective effect of the PrEP observed over time did

not match with kinetic data that shows the persistence of high antibody

titers maintained high due to the regular administration of polyvalent

immunoglobulins. However, the contribution of IgRT on protection

might be low since polyvalent immunoglobulins were obtained from

plasma collected at least six months before the study time from donors

that possibly did not have developed specific antibodies.

In summary, at the end of the observation period, we had two

potential passive prophylaxis strategies: SARS-CoV-2 mAbs and

polyvalent immunoglobulins. However, the efficacy of both

strategies needs to be constantly re-evaluated by real-world

studies, considering that emerging epitope mutations in the viral

genome might result in increased antibodies immune evasion (43).

To note, the quantification of specific antibody serum levels can

offer partial information about the protection status since antibodies

cannot be assumed as the only absolute correlate of protection. The

complex immune response to SARS-CoV-2 leading to short- and

long-lasting immune memory is mediated by specific antibodies,

memory T- and B-cells and plasma cells (28, 44, 45). The combined

analysis of Spike-specific IgG and Spike-specific B cells shows that

patients with primary antibody defects have different degrees of

immune impairment of responses towards SARS-CoV-2 (28).

Should we target the therapeutic strategy accordingly?

Some Authors have suggested the futility of continuing to

vaccinate non-responder patients (39). Since none of the patients

enrolled in the study required hospitalisation and none died, our

approach in the coming months will not change until possible new

strategies. Precaution measures, immunisation and antivirals will

continue to represent the best date option to protect vulnerable

patients with primary antibody defects against COVID-19. Finally,

it should be mentioned that the strategy to administer monoclonal

antibodies and IgRT as therapy or prophylaxis contributes to

protection thanks to their neutralising activity but also to their

capacity to prime the other facets of the immune response due to

their Fc-mediated immunomodulatory activities (46, 47).

Data availability statement

The raw data supporting the conclusions of this article will be

made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by Ethical

Committee of the Sapienza University of Rome. The studies were

conducted in accordance with the local legislation and institutional

requirements. The participants provided their written informed

consent to participate in this study.

Author contributions

Conceptualization FP, IQ, and GG: methodology, LC, PR, and

AN: formal analysis, FP: investigation, RC, EM: experiments, CM,
frontiersin.org

https://doi.org/10.3389/fimmu.2023.1249462
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Pulvirenti et al. 10.3389/fimmu.2023.1249462
AP, MC, GN, ES: resources, IQ: data curation, FP: writing original

draft preparation, FP and IQ: writing, review and editing, project

administration, GG: funding acquisition, IQ, RC. All authors

contributed to the article and approved the submitted version.

Funding

The author(s) declare financial support was received for the

research, authorship, and/or publication of this article. The

research leading to these results has received funding from the

European Union - NextGenerationEU through the Italian Ministry

of University and Research under PNRR - M4C2-I1.3 Project

PE_00000019 “HEAL ITALIA” to IQ, CUP: B53C22004000006.The

views and opinions expressed are those of the authors only and do

not necessarily reflect those of the European Union or the European

Commission. Neither the European Union nor the European

Commission can be held responsible for them.

Acknowledgments

This work is generated within the European Reference Network

for Rare Immunological Disorders (ERN-RITA).
Frontiers in Immunology 09
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.
Supplementary material

The Supplementary Material for this article can be found online at:

https://www.frontiersin.org/articles/10.3389/fimmu.2023.1249462/

full#supplementary-material
References
1. Milito C, Cinetto F, Palladino A, Garzi G, Punziano A, Lagnese G, et al. Mortality
in severe antibody deficiencies patients during the first two years of the COVID-19
pandemic: vaccination and monoclonal antibodies efficacy. Biomedicines (2022)
10:1026. doi: 10.3390/biomedicines10051026

2. Katzenstein TL, Rasmussen LD, Drabe CH, Larsen CS, Hansen ABE, Stærkind M,
et al. The outcome of SARS-CoV-2 infection among patients with common variable
immunodeficiency and a matched control group: A Danish nationwide cohort study.
Front Immunol (2022) 13:994253. doi: 10.3389/fimmu.2022.994253

3. 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.
J Allergy Clin Immunol (2021) 147:520–31. doi: 10.1016/j.jaci.2020.09.010

4. Goudouris ES, Pinto-Mariz F, Mendonça LO, Aranda CS, Guimarães RR, Kokron
C, et al. The outcome of SARS-coV-2 infection in 121 patients with inborn errors of
immunity: A cross-sectional study. J Clin Immunol (2021) 41:1479–89. doi: 10.1007/
s10875-021-01066-8

5. Cousins K, DeFelice N, Jeong S, Feng J, Lee ASE, Rotella K, et al. SARS-COV-2
infections in inborn errors of immunity: A single-centre study. Front Immunol (2022)
13:1035571. doi: 10.3389/fimmu.2022.1035571

6. ESID. COVID-19 statement, March 2022. Available at: https://esid.org/COVID-
19/ESID-COVID-19-Statement-March-2022 (Accessed January 2023).

7. Zhang X, Yuan H, Yang Z, Hu X, Mahmmod YS, Zhu X, et al. SARS-coV-2: an
updated review highlighting its evolution and treatments. Vaccines (2022) 10:2145. doi:
10.3390/vaccines10122145

8. CDC positions on COVID-19 vaccination for people who are moderately or severely
immunocompromised (2022). Available at: https://www.cdc.gov/vaccines/covid-19/
clinical-considerations/interim-considerations-us.html#immunocompromised
(Accessed August 17, 2022).

9. Italian Health Ministry vaccination strategy plan. Available at: https://www.
epicentro.iss.it/vaccini/covid-19-piano-vaccinazione (Accessed January 2023).

10. Delmonte OM, Castagnoli R, Notarangelo LD. COVID-19 and inborn errors of
immunity. Physiology (2022) 37:290–301. doi: 10.1152/physiol.00016.2022

11. 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
immunocompromised patients and healthy controls in a prospective open-label
clinical trial. eBioMedicine (2021) 74:103705. doi: 10.1016/j.ebiom.2021.103705

12. 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 vaccine in primary antibody deficiencies. Cells (2021) 10:2915.
doi: 10.3390/cells10112915
13. 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. J Clin Immunol (2021) 41:1709–22. doi: 10.1007/s10875-
021-01133-0

14. 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 vaccine in patients affected by primary immunodeficiencies. Front
Immunol (2021) 12:727850. doi: 10.3389/fimmu.2021.727850

15. Arroyo-Sánchez D, Cabrera-Marante O, Laguna-Goya R, Almendro-Vázquez P,
Carretero O, Gil-Etayo FJ, et al. Immunogenicity of anti-SARS-coV-2 vaccines in
common variable immunodeficiency. J Clin Immunol (2022) 42:240–52. doi: 10.1007/
s10875-021-01174-5

16. Pham MN, Murugesan K, Banaei N, Pinsky BA, Tang M, Hoyte E, et al.
Immunogenicity and tolerability of COVID-19 messenger RNA vaccines in primary
immunodeficiency patients with functional B-cell defects. J Allergy Clin Immunol
(2022) 149:907–911.e3. doi: 10.1016/j.jaci.2021.11.022

17. Garzi G, Cinetto F, Firinu D, Di Napoli G, Lagnese G, Punziano A, et al. Real-life
data on monoclonal antibodies and antiviral drugs in Italian inborn errors of immunity
patients during COVID-19 pandemic. Front Immunol (2022) 13:947174. doi: 10.3389/
fimmu.2022.947174

18. Pulvirenti F, Milito C, Cinetto F, Fernandez Salinas A, Terreri S, Piano Mortari
E, et al. Severe acute respiratory syndrome coronavirus 2 monoclonal antibody
combination therapy in patients with coronavirus disease 2019 and primary
antibody deficiency. J Infect Dis (2022) 225:820–4. doi: 10.1093/infdis/jiab554

19. Tada T, Zhou H, Dcosta BM, Samanovic MI, Chivukula V, Herati RS, et al.
Increased resistance of SARS-CoV-2 Omicron variant to neutralization by vaccine-
elicited and therapeutic antibodies. eBioMedicine (2022) 78:103944. doi: 10.1016/
j.ebiom.2022.103944

20. Italian National Health Institute monitorization of SARS-CoV-2 variants.
Available at: https://www.epicentro.iss.it/coronavirus/sars-cov-2-monitoraggio-
varianti-rapporti-periodici (Accessed January 2023).

21. Levin MJ, Ustianowski A, De Wit S, Launay O, Avila M, Templeton A, et al.
Intramuscular AZD7442 (Tixagevimab–cilgavimab) for prevention of covid-19. N Engl
J Med (2022) 386:2188–200. doi: 10.1056/NEJMoa2116620

22. Evusheld EPAR. Available at: https://www.ema.europa.eu/en/documents/
overview/evusheld-epar-medicine-overview_en.pdf (Accessed January 2023).

23. Montgomery H, Hobbs FDR, Padilla F, Arbetter D, Templeton A, Seegobin S,
et al. Efficacy and safety of intramuscular administration of tixagevimab–cilgavimab for
early outpatient treatment of COVID-19 (TACKLE): a phase 3, randomised, double-
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fimmu.2023.1249462/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2023.1249462/full#supplementary-material
https://doi.org/10.3390/biomedicines10051026
https://doi.org/10.3389/fimmu.2022.994253
https://doi.org/10.1016/j.jaci.2020.09.010
https://doi.org/10.1007/s10875-021-01066-8
https://doi.org/10.1007/s10875-021-01066-8
https://doi.org/10.3389/fimmu.2022.1035571
https://esid.org/COVID-19/ESID-COVID-19-Statement-March-2022
https://esid.org/COVID-19/ESID-COVID-19-Statement-March-2022
https://doi.org/10.3390/vaccines10122145
https://www.cdc.gov/vaccines/covid-19/clinical-considerations/interim-considerations-us.html#immunocompromised
https://www.cdc.gov/vaccines/covid-19/clinical-considerations/interim-considerations-us.html#immunocompromised
https://www.epicentro.iss.it/vaccini/covid-19-piano-vaccinazione
https://www.epicentro.iss.it/vaccini/covid-19-piano-vaccinazione
https://doi.org/10.1152/physiol.00016.2022
https://doi.org/10.1016/j.ebiom.2021.103705
https://doi.org/10.3390/cells10112915
https://doi.org/10.1007/s10875-021-01133-0
https://doi.org/10.1007/s10875-021-01133-0
https://doi.org/10.3389/fimmu.2021.727850
https://doi.org/10.1007/s10875-021-01174-5
https://doi.org/10.1007/s10875-021-01174-5
https://doi.org/10.1016/j.jaci.2021.11.022
https://doi.org/10.3389/fimmu.2022.947174
https://doi.org/10.3389/fimmu.2022.947174
https://doi.org/10.1093/infdis/jiab554
https://doi.org/10.1016/j.ebiom.2022.103944
https://doi.org/10.1016/j.ebiom.2022.103944
https://www.epicentro.iss.it/coronavirus/sars-cov-2-monitoraggio-varianti-rapporti-periodici
https://www.epicentro.iss.it/coronavirus/sars-cov-2-monitoraggio-varianti-rapporti-periodici
https://doi.org/10.1056/NEJMoa2116620
https://www.ema.europa.eu/en/documents/overview/evusheld-epar-medicine-overview_en.pdf
https://www.ema.europa.eu/en/documents/overview/evusheld-epar-medicine-overview_en.pdf
https://doi.org/10.3389/fimmu.2023.1249462
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Pulvirenti et al. 10.3389/fimmu.2023.1249462
blind, placebo-controlled trial. Lancet Respir Med (2022) 10:985–96. doi: 10.1016/
S2213-2600(22)00180-1

24. Kertes J, Shapiro Ben David S, Engel-Zohar N, Rosen K, Hemo B, Kantor A, et al.
Association between AZD7442 (Tixagevimab-cilgavimab) administration and severe
acute respiratory syndrome coronavirus 2 (SARS-coV-2) infection, hospitalization, and
mortality. Clin Infect Dis (2023) 76(3):e126–e132. doi: 10.1093/cid/ciac625

25. Bonilla FA, Barlan I, Chapel H, Costa-Carvalho BT, Cunningham-Rundles C, de
la Morena MT, et al. International consensus document (ICON): common variable
immunodeficiency disorders. J Allergy Clin Immunol Pract (2016) 4:38–59.
doi: 10.1016/j.jaip.2015.07.025

26. 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. J Allergy Clin Immunol Pract (2019)
7:1763–70. doi: 10.1016/j.jaip.2019.02.004

27. GOLD guidelines for COPD (2022). Available at: https://goldcopd.org/wp-
content/uploads/2021/12/GOLD-REPORT-2022-v1.1-22Nov2021_WMV.pdf
(Accessed September 2023).

28. Piano Mortari E, Pulvirenti F, Marcellini V, Terreri S, Salinas AF, Ferrari S, et al.
Functional CVIDs phenotype clusters identified by the integration of immune
parameters after BNT162b2 boosters. Front Immunol (2023) 14:1194225.
doi: 10.3389/fimmu.2023.1194225

29. Tegally H, Moir M, Everatt J, Giovanetti M, Scheepers C, Wilkinson E, et al.
Emergence of SAR;-coV-2 omicron lineages BA.4 and BA.5 in South Africa. Nat Med
(2022) 28:1785–90. doi: 10.1038/s41591-022-01911-2

30. Tian D, Nie W, Sun Y, Ye Q. The epidemiological features of the SARS-coV-2
omicron subvariant BA.5 and its evasion of the neutralizing activity of vaccination and
prior infection. Vaccines (2022) 10:1699. doi: 10.3390/vaccines10101699

31. Cao Y, Yisimayi A, Jian F, Song W, Xiao T, Wang L, et al. BA.2.12.1, BA.4 and
BA.5 escape antibodies elicited by Omicron infection. Nature (2022) 608:593–602. doi:
10.1038/s41586-022-04980-y

32. Arora P, Kempf A, Nehlmeier I, Schulz SR, Cossmann A, Stankov MV, et al.
Augmented neutralisation resistance of emerging omicron subvariants BA.2.12.1, BA.4,
and BA.5. Lancet Infect Dis (2022) 22:1117–8. doi: 10.1016/S1473-3099(22)00422-4

33. Takashita E, Kinoshita N, Yamayoshi S, Sakai-Tagawa Y, Fujisaki S, Ito M, et al.
Efficacy of antiviral agents against the SARS-coV-2 omicron subvariant BA.2. N Engl J
Med (2022) 386:1475–7. doi: 10.1056/NEJMc2201933

34. EMA authorization to Comirnaty Original/Omicron BA.1 and Spikevax bivalent
Original/Omicron BA.1 (2022). Available at: https://www.ema.europa.eu/en/news/first-
adapted-covid-19-booster-vaccines-recommended-approval-eu (Accessed September 2023).

35. EMA authorization to Comirnaty Original/Omicron BA.4-5 (2022). Available at:
https://www.ema.europa.eu/en/news/adapted-vaccine-targeting-ba4-ba5-omicron-
variants-original-sars-cov-2-recommended-approval (Accessed September 2023).

36. Gupta A, Gonzalez-Rojas Y, Juarez E, Crespo Casal M, Moya J, Rodrigues Falci
D, et al. Effect of sotrovimab on hospitalization or death among high-risk patients with
Frontiers in Immunology 10
mild to moderate COVID-19: A randomized clinical trial. JAMA (2022) 327:1236.
doi: 10.1001/jama.2022.2832

37. Nguyen Y, Flahault A, Chavarot N, Melenotte C, Cheminant M, Deschamps P,
et al. Pre-exposure prophylaxis with tixagevimab and cilgavimab (Evusheld) for
COVID-19 among 1112 severely immunocompromised patients. Clin Microbiol
Infect (2022) 28:1654.e1–1654.e4. doi: 10.1016/j.cmi.2022.07.015

38. Pulvirenti F, Di Cecca S, Sinibaldi M, Piano Mortari E, Terreri S, Albano C, et al.
T-cell defects associated to lack of spike-specific antibodies after BNT162b2 full
immunization followed by a booster dose in patients with common variable immune
deficiencies. Cells (2022) 11:1918. doi: 10.3390/cells11121918

39. Shields AM, Anantharachagan A, Arumugakani G, Baker K, Bahal S, Baxendale
H, et al. Outcomes following SARS-CoV-2 infection in patients with primary and
secondary immunodeficiency in the UK. Clin Exp Immunol (2022) 209:247–58. doi:
10.1093/cei/uxac008

40. Quinti I, Soresina A, Guerra A, Rondelli R, Spadaro G, Agostini C, et al.
Effectiveness of immunoglobulin replacement therapy on clinical outcome in patients
with primary antibody deficiencies: results from a multicenter prospective cohort study.
J Clin Immunol (2011) 31:315–22. doi: 10.1007/s10875-011-9511-0

41. I-Co-Gen (Italian COVID-19 Genomic) platform (2023). Istituto Superiore di
Sanità. Available at: https://www.epicentro.iss.it/coronavirus/pdf/sars-cov-2-
monitoraggio-varianti-rapporti-periodici-30-dicembre-2022.pdf (Accessed September
20, 2023).

42. Touret F, Baronti C, Pastorino B, Villarroel PMS, Ninove L, Nougairède A, et al.
In vitro activity of therapeutic antibodies against SARS-CoV-2 Omicron BA. 1 BA.2
BA.5. Sci Rep (2022) 23:12:12609. doi: 10.21203/rs.3.rs-1415749/v1

43. Cox M, Peacock TP, Harvey WT, Hughes J, Wright DWCOVID-19 Genomics UK
(COG-UK) Consortium, et al. SARS-CoV-2 variant evasion of monoclonal antibodies based
on in vitro studies. Nat Rev Microbiol (2023) 21:112–24. doi: 10.1038/s41579-022-00809-7

44. Goel RR, Painter MM, Apostolidis SA, Mathew D, MengW, Rosenfeld AM, et al.
mRNA vaccines induce durable immune memory to SARS-CoV-2 and variants of
concern. Science (2021) 374(6572):abm0829. doi: 10.1126/science.abm0829

45. Terreri S, Piano Mortari E, Vinci MR, Russo C, Alteri C, Albano C, et al.
Persistent B cell memory after SARS-CoV-2 vaccination is functional during
breakthrough infections. Cell Host Microbe (2022) 30:400–408.e4. doi: 10.1016/
j.chom.2022.01.003

46. Tenforde MW, Weber ZA, Natarajan K, Klein NP, Kharbanda AB, Stenehjem E,
et al. Early Estimates of Bivalent mRNA Vaccine Effectiveness in Preventing COVID-
19–Assopetent Adults — ciated Emergency Department or Urgent Care Encounters
and Hospitalizations Among ImmunocomVISION Network, Nine States, September–
November 2022. MMWR Morb Mortal Wkly Rep (2022) 71:1616–24. doi: 10.15585/
mmwr.mm715152e1

47. Vacca F, Sala C, Rappuoli R. Monoclonal antibodies for bacterial pathogens:
mechanisms of action and engineering approaches for enhanced effector functions.
Biomedicines (2022) 10:2126. doi: 10.3390/biomedicines10092126
frontiersin.org

https://doi.org/10.1016/S2213-2600(22)00180-1
https://doi.org/10.1016/S2213-2600(22)00180-1
https://doi.org/10.1093/cid/ciac625
https://doi.org/10.1016/j.jaip.2015.07.025
https://doi.org/10.1016/j.jaip.2019.02.004
https://goldcopd.org/wp-content/uploads/2021/12/GOLD-REPORT-2022-v1.1-22Nov2021_WMV.pdf
https://goldcopd.org/wp-content/uploads/2021/12/GOLD-REPORT-2022-v1.1-22Nov2021_WMV.pdf
https://doi.org/10.3389/fimmu.2023.1194225
https://doi.org/10.1038/s41591-022-01911-2
https://doi.org/10.3390/vaccines10101699
https://doi.org/10.1038/s41586-022-04980-y
https://doi.org/10.1016/S1473-3099(22)00422-4
https://doi.org/10.1056/NEJMc2201933
https://www.ema.europa.eu/en/news/first-adapted-covid-19-booster-vaccines-recommended-approval-eu
https://www.ema.europa.eu/en/news/first-adapted-covid-19-booster-vaccines-recommended-approval-eu
https://www.ema.europa.eu/en/news/adapted-vaccine-targeting-ba4-ba5-omicron-variants-original-sars-cov-2-recommended-approval
https://www.ema.europa.eu/en/news/adapted-vaccine-targeting-ba4-ba5-omicron-variants-original-sars-cov-2-recommended-approval
https://doi.org/10.1001/jama.2022.2832
https://doi.org/10.1016/j.cmi.2022.07.015
https://doi.org/10.3390/cells11121918
https://doi.org/10.1093/cei/uxac008
https://doi.org/10.1007/s10875-011-9511-0
https://www.epicentro.iss.it/coronavirus/pdf/sars-cov-2-monitoraggio-varianti-rapporti-periodici-30-dicembre-2022.pdf
https://www.epicentro.iss.it/coronavirus/pdf/sars-cov-2-monitoraggio-varianti-rapporti-periodici-30-dicembre-2022.pdf
https://doi.org/10.21203/rs.3.rs-1415749/v1
https://doi.org/10.1038/s41579-022-00809-7
https://doi.org/10.1126/science.abm0829
https://doi.org/10.1016/j.chom.2022.01.003
https://doi.org/10.1016/j.chom.2022.01.003
https://doi.org/10.15585/mmwr.mm715152e1
https://doi.org/10.15585/mmwr.mm715152e1
https://doi.org/10.3390/biomedicines10092126
https://doi.org/10.3389/fimmu.2023.1249462
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	SARS-CoV-2 pre-exposure prophylaxis with tixagevimab/cilgavimab (AZD7442) provides protection in inborn errors of immunity with antibody defects: a real-world experience
	Introduction
	Materials and methods
	Study design
	Study outcomes
	SARS-CoV-2 anti-Spike antibodies
	B-cell responses to SARS-CoV-2 immunization
	Statistical analysis

	Results
	Patients
	Post-BNT162b2 immunization responses
	Risk of SARS-CoV-2 infection
	Course of COVID-19
	anti-Spike IgG serum levels in AZD7442 treated patients
	SARS-CoV-2 IgG antibodies and polyclonal immunoglobulin administration

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Supplementary material
	References


