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Abstract 41 

 42 

Background. The contemporaneous presence of immune-defects and heart diseases 43 

in patients with 22q11.2 deletion syndrome might represent risk factors for severe 44 

COVID-19.  45 

Objective. To analyze SARS-CoV-2 outcome in 22q11.2DS patients and 46 

immunogenicity of different doses of mRNA SARS-CoV-2 vaccine. 47 

Methods. Longitudinal observational study on SARS-Cov-2 outcome in 60 adults with 48 

22q11.2DS (March 2020-June 2022). Anti-Spike, and anti-receptor binding domain 49 

antibody responses, generation of Spike-specific memory B-cells and Spike-specific 50 

T-cells at different time points before and after the mRNA BNT162b2 vaccination were 51 

evaluated in sixteen 22q11.2DS patients. 52 

Results. We recorded a 95% rate of vaccination, with almost all patients being 53 

immunized with the booster dose. Twenty-one patients had SARS-CoV-2 infection. 54 

Three patients were infected before vaccine availability, six after receiving two doses 55 

of vaccine and twelve after the booster dose. SARS-CoV-2- infection had a mild 56 

course, except one unvaccinated patient with several comorbidities who died from 57 

acute respiratory distress syndrome (fatality-rate: 5%). Infected patients had more 58 

frequently moderate/severe intellectual disability, lymphopenia and lower CD4+ count. 59 

Despite major congenital heart diseases, COVID-19 did not impact cardiological 60 

conditions. The BNT162b2 vaccine induced S1-IgG responses, low serum S1-IgA, and 61 

slightly impaired specific memory B-response. Specific T-cell responses observed 62 

were related to lymphocytes and CD4+ T cell counts.  63 

 64 
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Conclusion. SARS-CoV-2 infection had a mild course in most patients with 65 

22q11.2DS, even in patients with major cardiovascular diseases. Immunization 66 

induced Spike-specific IgG responses and generated specific memory B and T cells. 67 

The weaker memory responses in patients with lymphopenia suggested the need for 68 

additional doses. 69 

  70 
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Highlights box 71 

● What is already known about this topic? At present, data on the course of 72 

SARS-CoV-2 infection in 22q11.2DS patients are scarce and limited mainly to 73 

pediatric case reports. Data on immunological response to immunization are 74 

lacking. 75 

● What does this article add to our knowledge? SARS-CoV-2 infection in 76 

22q11.2DS had a mild course in most patients, even in those with major 77 

cardiovascular diseases. Lymphopenia represents a risk factor for becoming 78 

infected. The mRNA BNT162b2 vaccine induced Spike-specific IgG responses 79 

and generated specific memory B and T cells. 80 

● How does this study impact current management guidelines? The weaker 81 

memory responses in patients with lymphopenia suggested the need for 82 

periodic reassessment of serology to identify patients needing additional recall 83 

dose administration. Fatal course in one unvaccinated person highlight the 84 

importance of immunzation to protect this population from severe COVID-19 85 

 86 

Key words: SARS-CoV-2 infection, COVID-19, 22q11.2 deletion syndrome, 87 

cardiovascular disease, mRNA BNT162b2 vaccine, Spike antibody response, Specific 88 

memory B cells, Specific T cells, Lymphopenia, CD4 T cells. 89 
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List of abbreviations 95 

22q11.2DS 22q11.2 deletion syndrome 96 

BMI body mass index  97 

CBC complete blood count  98 

CHD Congenital Heart Diseases  99 

FISH fluorescent in-situ hybridization  100 

HD healthy donors 101 

IAA interrupted aortic arch 102 

IEIs Inborn Errors of Immunity 103 

Ig immunoglobulin  104 

MBC Memory B cell 105 

NPS nasopharyngeal swab  106 

NR nonresponders 107 

PA+VSD pulmonary atresia and ventricular septal defect 108 

RBD Receptor Binding Domain (RBD) specific B-cells 109 

R Responders 110 

SARS-CoV-2 Severe Acute Respiratory Syndrome Coronavirus 2 111 

ToF Tetralogy of Fallot 112 

TA truncus arteriosus  113 

VOC Variant of Concern 114 

VSD isolated ventricular septal defects 115 

  116 

 117 
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Introduction.  119 

Despite being prioritized in vaccination campaigns, patients with Inborn Errors of 120 

Immunity (IEIs) became frequently infected with Severe Acute Respiratory Syndrome 121 

Coronavirus 2 (SARS-CoV-2), showing higher inpatient mortality at a younger age 122 

than the general population (1-4). Studies have been run to assess the efficacy of 123 

immunization strategies in IEIs (5-8). However, data on COVID-19 and immunological 124 

correlates of SARS-CoV-2 immunization in people with 22q11.2 deletion syndrome 125 

(22q11.2DS) are sporadic and refer primarily to pediatric patients (9-14) or self-126 

completing surveys (15). Individuals with 22q11.2DS can present with a wide range of 127 

features, including immune deficiency, congenital heart diseases (CHDs), palatal 128 

abnormalities, learning difficulties, and neuropsychiatric disorders (16-18). 129 

Immunological defects are variable, ranging from the absence of the thymus with a 130 

SCID-like phenotype to less severe impairment with T-lymphocytopenia and 131 

autoimmunity (19-21). In adults, homoeostatic expansion and reconstitution of the T-132 

cell compartment have been described, with the early conversion of naive to memory 133 

T-cells, shorter telomeres, and lower T-cell recombination excision circles, possibly 134 

leading to perturbation in T-cell function (22,23). In addition, hypogammaglobulinemia 135 

and abnormal B-cell function might contribute to infection recurrence (24,25) and 136 

reduced immunogenicity of vaccines (26-28). The presence of immune-defects and 137 

heart diseases (29), two conditions implicated in severe COVID-19, puts this 138 

population at high risk in the pandemic, such as adults and children with previous or 139 

preexisting cardiovascular conditions had an increased risk for severe COVID-19, 140 

such as adults and children with previous or preexisting cardiovascular conditions had 141 

an increased risk for severe COVID-19 (30,31). In addition, COVID-19 has been 142 

associated with developing several new cardiovascular pathologies (32). In the 143 
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22q11.2DS population, cardiac consequences of COVID-19 remain largely unknown, 144 

both in patients with and without CHD. In this study, we assessed the clinical course 145 

of SARS-CoV-2 infection by a longitudinal study of a monocentric cohort of 60 146 

22q11.2DS adults, aiming to analyze if 22q11.2DS-associated conditions might affect 147 

the COVID-19 severity (and vice versa). As secondary objectives, we analyzed the 148 

antibody- and B/T-specific responses after two and three doses of the BNT162b2 149 

mRNA-based SARS-CoV-2 vaccine.  150 
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Methods 151 

Study on COVID-19 infection. The observational-longitudinal study was carried out on 152 

60 adults with 22q11.2DS followed up at Policlinico Umberto I, Sapienza University of 153 

Rome, between the 1st of March 2020 and the 30th of June 2022. All patients harbored 154 

a 22q11.2 microdeletion, verified through multicolor fluorescent in-situ hybridization 155 

(FISH) or by CGH array at the time of diagnosis.  156 

Soon after the pandemic began, we informed all patients about the pandemic risk, 157 

prevention measures, and the need to contact the hospital in case of SARS-CoV-2 158 

infection. Patients were tested for SARS-CoV-2 by RT-PCR on the nasopharyngeal 159 

swab (NPS) every time they attended a hospital site, in case of positive household 160 

contacts irrespective of symptoms, and upon onset of symptoms possibly related to 161 

COVID-19.  In SARS-CoV-2 positive patients, we evaluated the duration of the viral 162 

shedding by recording the dates of the first positive and first negative NPS, COVID-19 163 

severity (scored according to WHO stage (33), hospitalization, vaccination status, and 164 

SARS-CoV-2 specific treatments and cardiological outcome. Cardiological outcome 165 

was evaluated by chart reviews and self-reports during acute infection for out-patients, 166 

by medical files for hospitalized patients, and, after recovery, by transthoracic Doppler 167 

echocardiography and EKG at rest. For both infected and noninfected patients, we 168 

collected clinical characteristics, including neuropsychiatric, cardiovascular, and 169 

immunological diseases. Cardiovascular conditions included major CHD such as 170 

tetralogy of Fallot (ToF), pulmonary atresia and ventricular septal defect (PA+VSD), 171 

truncus arteriosus (TA), interrupted aortic arch (IAA), and isolated ventricular septal 172 

defects (VSD). In addition, we evaluated the presence of acquired conditions including 173 

arrhythmias, cardiac function impairment, previous heart surgery, and other. We also 174 

retrieved known risk factors for severe COVID-19 courses, such as overweight, 175 
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obesity, hypertension, diabetes mellitus, intellectual and developmental disabilities, 176 

mental health disorders, smoking, use of corticosteroids or other immunosuppressive 177 

medications (34). Overweight and obesity were defined as having body mass index 178 

(BMI) 24.9-29.9 and >30, respectively. Immunological lab data included complete 179 

blood count (CBC) and immunoglobulin (Ig) serum levels.  180 

 181 

Prospective study on immunological response to immunization. In six 22q11.2DS 182 

adults naive to SARS-CoV-2 infection, we carried out a pilot study on immunological 183 

response to BNT162b2 immunization after two vaccine doses. Then, we extended the 184 

study to sixteen 22q11.2DS adults naive to SARS-CoV-2 infection who received three 185 

doses of the BNT162b2 vaccine. The vaccine was administered in two doses, 21 days 186 

apart; the third dose was administered six months after completing the full 187 

immunization schedule. We obtained blood samples for serological and cellular 188 

immunity assessment before the first dose (T0), one week after the second dose (post 189 

2D), six months after the second dose on the day of the third dose administration (pre 190 

3D), and one week after the third dose (post 3D). Twenty-four age-matched healthy 191 

donors (HD) were included as controls. Eligible patients informed about the study and 192 

subscribed to informed consent for vaccination and the immunological study. The 193 

Ethical Committee of the Sapienza University of Rome approved the study (Prot. 194 

0521/2020, the 13th of July 2020). The study was performed following the Good 195 

Clinical Practice guidelines, the International Conference on Harmonization 196 

guidelines, and the most recent version of the Declaration of Helsinki. 197 

 198 

ELISA for Specific IgG and IgA detection. A semi-quantitative in vitro determination of 199 

anti-SARS-CoV-2 IgG and IgA was performed on serum samples using the Anti-200 
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SARS-CoV-2 Spike ELISA (EUROIMMUN), according to the manufacturer's 201 

instructions and previously reported (5). Results are reported as the ratio between the 202 

OD sample and the OD calibrator. The ratio interpretation was as follows: < 0.8 = 203 

negative, ≥ 0.8 to < 1.1 = borderline, ≥ 1.1 = positive. 204 

 205 

Cell Isolation and Cryopreservation. Peripheral blood mononuclear cells (PBMCs) 206 

were isolated by Ficoll Paque™ Plus 206 (Amersham PharmaciaBiotech) density-207 

gradient centrifugation and immediately frozen and stored in liquid nitrogen until use. 208 

The freezing medium contained 90% Fetal Bovine Serum (FBS) and 10% DMSO. 209 

 210 

Detection of Antigen-Specific B-Cells. Recombinant biotinylated SARS-CoV-2 Spike 211 

(S1+S2; aa16-1211, R&D systems) was individually multimerized with streptavidin 212 

BUV395 (BD Bioscience) and streptavidin PE (BD Bioscience) at 25:1 ratio and 20:1 213 

ratio, respectively at 4 °C for 1 h. Biotinylated RBD (kindly provided by Takis) was 214 

mixed with streptavidin-FITC (BD Bioscience) at 2.5:1 ratio. Non-specific streptavidin-215 

binding B-cells were gated out with streptavidin PE-Cy7 (BD Bioscience). 5 × 10^6 216 

previously frozen PBMC samples were stained with a 100 ng Spike per probe (total 217 

200 ng), 27.5 ng of RBD, and 20 ng of streptavidin-PE-Cy7 at 4 °C for 30 min. After 218 

washing the cells, surface staining was performed in a brillant buffer at 4 °C for 30 min. 219 

Memory B cells (MBCs) were defined as CD19+CD24+CD27+ (Repository Figure E1, 220 

Gating strategy). MBCs specific for SARS-CoV-2 were distinguished by their ability to 221 

bind biotin-labeled recombinant Spike into S+ (PE single positive) or S++ (PE-BUV395 222 

double positive). Among Spike specific MBCs we were able to identify RBD specific 223 

MBCs. Stained PBMC samples were acquired by FACS LSRFortessa (BD 224 

Bioscience). At least 4 × 10^6 cells were acquired and analyzed using FlowJo10.7.1 225 
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(BD Bioscience). Phenotype analysis of antigen-specific B-cells was performed only 226 

when at least 10 cells were detected in the respective antigen-specific gate. 227 

 228 

Detection of SARS-CoV-2-Specific T cell response. The frequency of Spike-specific T 229 

cells before and after vaccination was assessed by standard IFNγ ELISpot assay, as 230 

previously described (35,36). PBMC were thawed and rested overnight at 37°C in R10 231 

medium [RPMI 1640 (Sigma Aldrich) supplemented with 10% heat-inactivated highly 232 

defined fetal bovine serum (FBS-HyClone), 2 mmol/L L-glutamine, 10 mmol/L HEPES 233 

buffer (N-2-hydroxyethylpiperazine-N-2-ethane sulfonic acid, Sigma Aldrich), 100 U/ml 234 

penicillin, and 100 µg/mL streptomycin (Gibco)]. PBMC were plated at 3×10^5 235 

cells/well in ELISpot plates (Human IFN-γ ELISpot plus kit; Mabtech) and stimulated 236 

for 18-20 hours at 37 ◦C (5% CO2) with a pool of peptides (Miltenyi Biotec) spanning 237 

the whole spike protein of the wild type SARS-CoV-2, or with a pool of peptides 238 

spanning the mutated portion of the Omicron Spike protein and, as a control, with a 239 

pool of peptides spanning the same region of the wild type Spike protein. A 240 

superantigen (SEB) was used as a positive control. At the end of incubation, the 241 

ELISpot assay was developed according to the manufacturer's instructions. Results 242 

are expressed as spot-forming cells (SFC)/10^6 PBMCs in stimulating cultures after 243 

subtracting the background. The cut-off value was set by calculating the mean of the 244 

background + 2 standard deviation (25 SFC).   245 

 246 

Statistical Analysis. The primary analysis of the observational study was to investigate 247 

clinical and laboratory characteristics in two groups defined as SARS-CoV2 infected 248 

vs. uninfected. Continuous variables were described using median and interquartile 249 

ranges, categorical variables using frequencies and percentages. Secondary analysis 250 
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was performed to ascertain risk factors associated with SARS-CoV-2 infection in 251 

del22q11.2. To evaluate infection prediction performance of lymphopenia 252 

(lymphocytes < 1500/mm3), a simple logistic regression model was developed, and 253 

odds ratio (OR) and 95% confidence intervals were measured. For the study on 254 

immunization, patients have been compared with controls. Immunological and clinical 255 

variables were compared between the different study times. Values were compared 256 

by the non-parametric Kruskal–Wallis test, and, if not significant, the Wilcoxon 257 

matched pair signed-rank test or the two-tailed Mann–Whitney U-test were used. 258 

Differences were deemed significant when P <0.05. Statistical analysis was performed 259 

with SPSS 18.0 soft- ware for Windows (SPSS, Chicago, IL, USA). 260 

 261 

  262 
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Results.  263 

Patients. Sixty adults (median age 28 years (IQR:24-35), females 42%) with 264 

22q11.2DS were included in the study. CHD was recorded in 38% of patients, with 265 

VSDs and ToF being the most common condition (25% and 14%, respectively). 266 

Previous heart surgery was recorded for 30% of patients. Psychiatric conditions were 267 

recorded in 65% of participants, neurological conditions in 20%, learning issues in 268 

76%, autoimmune disorders in 42% (3% under immunosuppressive treatment). The 269 

analysis of known risk factors for severe COVID-19 identified 56% of patients being 270 

overweight, with 25% being obese; moreover 9% of patients had diabetes mellitus 271 

type-2 and 15% hypertension (Table 1). Baseline immunological evaluation (Table 2) 272 

showed lymphopenia in 38% of patients, with 17% having <400 CD4+ cells/mm3. 273 

Moreover, 8% of patients had low IgG serum levels, 16% a selective IgM deficiency 274 

(<35 mg/dL) and 4% a selective IgA deficiency (<68 mg/dL).  275 

 276 

SARS-CoV-2 infection. Over the study period, 21 patients (35%) (median: 28 years, 277 

range: 18-51, females 48%) were diagnosed with SARS-CoV-2 infection (Figure 1). 278 

The median duration of qRT-positivity was 10 days (IQR:10-16.5). Twenty patients 279 

(95%) did not require hospital admission. The severity of infection was staged as 280 

asymptomatic in two patients (9,5%), mild in 18 patients (85,7%) and severe in one 281 

patient (4,8%). The most common symptoms were fever (57%), followed by cough 282 

(33%), asthenia (29%) and nasal discharge (19%).  283 

Infected patients were analyzed during different periods of the pandemic (Figure 1 and 284 

Table 4). Three patients were diagnosed in the pre-vaccination period, from February 285 

2020 to March 2021 (main circulating VOC Wuhan). A 50-years old man affected by 286 

DMT2, hypertension, and obesity was diagnosed with SARS-CoV-2 infection seven 287 
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days after being hospitalized for acute kidney failure with nephrosis and secondary 288 

hypogammaglobulinemia. He developed COVID-19 acute respiratory distress 289 

syndrome and he was admitted to the intensive care unit to receive invasive 290 

mechanical ventilation, steroids, heparin and continuous renal replacement therapy. 291 

Ten days after the COVID-19 diagnosis the patient died. The other two unvaccinated 292 

had a mild course of infection and did not require specific treatment. In March 2021, 293 

vaccination against SARS-CoV-2 became available in Italy. In the following months 294 

(post-full immunization period), we recorded six cases of SARS-CoV-2 infection. In 295 

detail, from March to mid-July 2021 (main circulating VOC Alpha) two immunized 296 

patients (two doses) became infected, having an asymptomatic/mild course despite 297 

their risk factors. From mid-July to October 2021 (main circulating VOC Delta), four 298 

immunized patients (two doses) were infected, all with mild course despite having risk 299 

factors for severe COVID-19.  300 

In October 2021, immunization with the booster dose began. In the following months, 301 

with the spread of the Omicron variant (post-booster dose period), 12 patients were 302 

infected, 10 with mild symptoms and two asymptomatic. Four months after recovery, 303 

one patient was re-infected by SARS-CoV-2 with a mild course. At the time of the 304 

SARS-CoV-2 infection, 11 patients were immunized with three doses of vaccine, and 305 

one patient with four doses (available from January 2022). Seven patients received 306 

anti-COVID-19 therapies (Table 4), showing a shorter duration of infection in 307 

comparison to untreated patients (10 days (IQR: 10-10) vs. 14.5 days (IQR: 10-28.5), 308 

p=0,0109).  309 

Compared to uninfected patients, patients infected with SARS-CoV-2 had a more 310 

severe degree of intellectual disability (moderate/severe intellectual disability: 62% vs. 311 
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21%, p=0.0020). However, the groups did not differ in age, gender, major CHD, or 312 

psychiatric issues. 313 

Moreover, infected patients had a lower pre-infection lymphocytes count (1260 314 

cells/mm3, IQR: 1003-1796 vs. 1867 cell/mm3, IQR: 1392-2308, p=0.0055) and lower 315 

CD4+ cells count (488 cell/mm3, IQR: 389-656,5 vs. 720 cell/mm3, IQR: 539-1000, 316 

p=0.0051) (Table 3).  317 

A simple logistic regression confirmed lymphopenia (<1500 cell/mm3) as predictor of 318 

SARS-CoV-2 infection (OD 15.7 (95%CI, 3.6-68.9). At the end of the study, 68.3% of 319 

patients had been vaccinated with three doses, 13,3% with four doses, 11,7% with two 320 

doses, and one patient (1,7%) with only one dose. Three patients (5%) were not 321 

vaccinated, including the patient who died before vaccine availability (Figure 2).  322 

 323 

Impact of SARS-CoV-2 infection on cardiovascular diseases. Forty percent of patients 324 

who recovered from SARS-CoV-2 infection had a major CHD. During SARS-CoV-2 325 

infection, neither patients with CHD nor those without CHD displayed COVID-19 326 

related cardiovascular manifestations, including myocarditis. Only one patient with 327 

corrected ToF had transient hypertension. After SARS-CoV-2 recovery, 75% of 328 

infected patients underwent transthoracic Doppler echocardiography and EKG at rest 329 

(Table 4). None showed echocardiographic or heart rhythm changes compared to pre-330 

SARS-CoV-2 infection. We recorded arterial hypertension in one overweight patient 331 

with isolated VSD. Thus, except for the latter patient, no changes in consolidated 332 

treatment for cardiovascular conditions were prescribed after recovery.    333 

 334 

Immune response to SARS-CoV-2 vaccination. Sixteen patients (age 27 years 335 

(IQR:24-36) females 6 (60%) were analyzed for humoral and cellular response to 336 
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immunization with the mRNA BNT162b2 (Table S1). To note, two patients with 337 

autoimmunity on immunosuppressive treatment were also enrolled: one with 338 

rheumatoid arthritis treated by Tocilizumab and one with autoimmune cytopenia 339 

receiving steroids. The second patient was also under IgG replacement treatment due 340 

to hypogammaglobulinemia.  341 

Following the 2nd vaccine dose, anti-Spike (S1) IgG and IgA increased, even if 342 

22q11.2DS patients showed lower antibody levels than HD (S1-IgG p<0.0001; S1-IgA 343 

p=0.0224). In both groups, anti-S1 antibodies decreased over time and were boosted 344 

by the third immunization (S1-IgG: HD p<0.0001 and 22q11.2DS p=0.0020; S1-IgA: 345 

HD p<0.0001 and 22q11.2DS p=0.0020). Differently from S1-IgG, 22q11.2DS patients 346 

reached lower S1-IgA serum levels compared to HD (p=0.0058) (Figure 3A-B).  347 

As previously reported (5), we identified low affinity and high affinity MBCs that were 348 

detectable respectively positive for PE (S+) or double positive (S++) for PE and 349 

BUV395.  350 

At T0 low affinity MBCs (S+) were already detectable in HD and, with lower frequency 351 

(p<0.0001), in 22q11.2DS patients (Figure 3C). In HD, the frequency of S+ MBCs 352 

increased after the second dose (p=0.0072), returned to the pre-immunization levels 353 

before the 3rd dose (p<0.0001) and then augmented after the 3rd dose (p<0.0001). In 354 

22q11.2DS patients the frequency of S+MBCs was lower than in HD both after the 355 

2nd (p=0.0034) and the 3rd dose (p<0.0001) (Figure 3C). We have previously shown 356 

that S+MBCs are mostly of IgM-isotype (37). In accordance with our findings, in 357 

22q11.2DS patients the amount of S+MBCs was directly related with the concentration 358 

of serum IgM (R=0.53, p=0.0113).  359 

S++MBCs were absent before immunization both in HD and 22q11.2DS (Figure 3D). 360 

After the 2nd dose, the frequency of S++MBCs increased both in HD (p<0.0001) and 361 
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in patients (p=0.0312). S++MBCs increased after the 3rd dose in HD (p<0.0001) and 362 

in 22q11.2DS (p=0.0391), although their frequency was lower in patients (p=0.0161) 363 

(Figure 3D). Among total Spike-specific MBCs (S+ plus S++), we also identified RBD-364 

specific MBCs (Figure 3E), a minority of the MBCs generated by vaccination that 365 

produce most of the neutralizing antibodies (5). In HD, RBD+ cells increased after the 366 

2nd dose (p<0.0001) and even more in the following months (pre 3rd p=0.0090). In 367 

22q11.2DS, RBD+ cells expanded after the 2nd (p=0.0489) and the 3rd dose 368 

(p=0.0472), with the frequency of RBD+ and MBC S++ cells being directly related 369 

(R=0.34, p=0.0371). To note, one patient with hypogammaglobulinemia under IgRT 370 

and steroids responded to the booster dose with S+MBC only and did not generate 371 

anti-S1 IgG, S++MBCs, and RBD+ cells. Moreover, one patient treated with 372 

tocilizumab developed S+MBC but not S++MBC and RBD+ cells, possibly due to 373 

impaired germinal center reaction caused by defective IL-6 release (38). We further 374 

analyzed the specific T cell-mediated immune responses in 16 patients before and 375 

one week after the 3rd vaccine dose by Elispot assay to quantify IFNγ-producing 376 

antigen-specific T cells. When stimulated by the full-length Spike WT protein, all 377 

patients developed a T-cell response, except for the one treated with steroids (Figure 378 

4A). Degrees of response were variable, being directly related to the number of total 379 

peripheral lymphocytes (R=0.43, p=0.0310) and CD4+ T cells (R=0.44, p=0.0185). 380 

When stimulated by the mutated Spike epitope leading to the Omicron VOC, only 50% 381 

of patients responded (Figure 4B). When compared to Omicron Spike responders, 382 

nonresponders showed a lower count of lymphocytes (2330 cells/mm3 (IQR:1790-383 

3570) vs. 1131 cells/mm3 (IQR:890-2010), p=0.0300). Differently, when stimulated 384 

with the same epitope in the WT configuration, all but one patient showed detectable 385 
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T-response (Figure 4C). This patient was the same who did not respond to the Spike 386 

WT protein.  387 

  388 
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Discussion  389 

22q11.2DS is the most common chromosomal microdeletion reported in humans 390 

(39,40). Besides congenital heart disease, palatal abnormalities, learning difficulties, 391 

and neuropsychiatric disorders (41-43), 22q11.2DS is characterized by the absence 392 

or under-development of the thymus with impaired immune functions (22,44). The 393 

immunological impairment is highly heterogeneous, ranging from a severe combined 394 

immunodeficiency phenotype, characterized by profound impairment of T and B cell 395 

responses and life-threatening infections, or, more commonly, less severe immune 396 

defect with a mild to moderate reduction of T cells and autoimmunity (21-23,44). 397 

Antibody deficiencies are also increasingly recognized (24).  398 

Currently, data on the course of SARS-CoV-2 infection in 22q11.2DS patients are 399 

scarce and limited to pediatric case reports (9-15) or self-assessment for adults (16), 400 

with about 50 cases being reported.  Moreover, descriptions of SARS-CoV-2 infections 401 

in adults did not include data on infection with the Omicron strain (16). To note, data 402 

on immunological response to immunization are lacking. 403 

Published reports of SARS-CoV-2 infection among people with 22q11.2DS revealed 404 

both children and adults did surprisingly well, despite their underlying comorbidities 405 

(Table 5). In our cohort the course of SARS-CoV-2 infection was free from 406 

complications in all but one unvaccinated patient with severe concomitant 407 

comorbidities. The symptoms commonly reported were comparable to those 408 

experienced by the general population (45). No new cardiovascular impairment during 409 

acute SARS-CoV-2 infection or in the post-COVID-19 period nor worsening prior 410 

cardiological status was observed except for two patients who developed arterial 411 

hypertension. In addition, transthoracic color Doppler echocardiography and EKG at 412 

rest performed post-recovery did not detect any new echocardiographic and heart 413 
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rhythm alterations in 22q11.2 infected individuals. This data was entirely unexpected 414 

since the European Society of Cardiology has identified adults with CHD as an 415 

increased risk population for complications with COVID-19. In particular, cyanotic 416 

CHDs, which are frequent cardiological features of people with 22q11.2DS (29), were 417 

associated with the high-risk group (46). Moreover, comorbidities commonly found in 418 

22q11.2DS, such as diabetes, hypertension, or being overweight (47) further increase 419 

the risk of developing more severe symptoms (47). Cardiological involvement during 420 

COVID-19 has also been shown in subjects without heart conditions, with new acute 421 

coronary syndromes, arterial and venous thrombosis, acute heart failure, arrhythmias 422 

and myocarditis frequently observed (32,48,49). Moreover, the risk for cardiovascular 423 

impairment was also increased early after recovery either in those with symptomatic 424 

or asymptomatic SARS-CoV-2 infection (50). Compared to uninfected patients, SARS-425 

CoV-2 22q11.21-positive patients had a higher degree of intellectual disability, 426 

possibly causing difficulties in keeping social distance and isolation from infected 427 

caregivers. Low pre-infection lymphocytes count and reduced CD4+ cells were also 428 

found to be associated with a higher risk for infection. It was remarkable that despite 429 

having persistent T lymphopenia these patients experienced full clinical resolution of 430 

SARS-CoV-2 infection.  431 

The main contributor to the good outcome might be the high immunization coverage 432 

recorded in our cohort, with >95% of patients being immunized with at least three 433 

doses. This hypothesis is supported by the prospective study on immunological 434 

response to SARS-CoV-2 immunization. In 22q11.2DS patients, the IgG responses 435 

were comparable to those found in HD, while Spike-specific IgA levels were lower. 436 

Moreover, the generation of Spike-specific MBCs and RBD B-cells was slightly 437 

impaired as expected, due to the known defect of switched memory in 22q11.2DS 438 
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subjects (51,52). Specific T-cell responses were related to total lymphocytes, and 439 

CD4+ T cell counts. Recently, low pre-SARS-CoV-2 infection lymphocyte count was 440 

confirmed to be an independent risk factor for mortality in a heterogeneous UK cohort 441 

of patients with primary and secondary immunodeficiencies (3). In 22q11.2DS 442 

patients, mild to moderate lymphopenia represent the primary manifestation of thymic 443 

hypoplasia (53) and is more common in infancy than in adulthood (25). However, 444 

although patients have reduced T-cell numbers, their repertoire is normal (54). This 445 

was confirmed by the observation that lymphopenia does not seem to correlate with 446 

the severity and recurrence of infections (20).  447 

In conclusion, our data suggest that vaccination should be encouraged in individuals 448 

with 22q11.2 since the mRNA vaccine was able to induce the B/T-cell responses and 449 

a robust IgG-specific response. A limitation of the study is the short follow-up time 450 

post-immunization. For now, we know that shortly after completing the third dose of 451 

vaccine, Spike-specific MBC-response reached lower frequencies than reported in 452 

HD, and a subgroup of patients were not able to generate high-affinity specific-MBC, 453 

suggesting possible incapability of B-cells to undergo affinity maturation in the 454 

germinal center. Previous studies exploring the immunogenicity of vaccinations with 455 

live viruses and influenza virus showed that despite the robust seroconversion 456 

recorded soon after immunization (26-28), patients with 22q11.2DS have difficulty in 457 

sustaining long-term protective antibodies (28). These data together suggest that 458 

patients with 22q11.2DS should be periodically re-assessed to identify those needing 459 

additional recall vaccine dose administration. 460 

 461 

Acknowledgements. We thank the Jeffrey Modell Foundation and the AIDEL 462 

Association, patients and their families.  463 

Jo
urn

al 
Pre-

pro
of



23 

 References 464 

1. Meyts I, Bucciol G, Quinti I, Neven B, Fischer A, Seoane E, et al. Coronavirus 465 

disease 2019 in patients with inborn errors of immunity: An international study. 466 

J Allergy Clin Immunol. 2021 Feb;147(2):520-531.  467 

2. Milito C, Lougaris V, Giardino G, Punziano A, Vultaggio A, Carrabba M, et al. 468 

Clinical outcome, incidence, and SARS-CoV-2 infection-fatality rates in Italian 469 

patients with inborn errors of immunity. J Allergy Clin Immunol Pract. 2021 470 

Jul;9(7):2904-2906.e2. 471 

3. Shields AM, Anantharachagan A, Arumugakani G, Baker K, Bahal S, 472 

Baxendale H, et al. Outcomes following SARS-CoV-2 infection in patients with 473 

primary and secondary immunodeficiency in the UK. Clin Exp Immunol. 2022 474 

Jan 28:uxac008. doi: 10.1093/cei/uxac008. Epub ahead of print. PMID: 475 

35641155; PMCID: PMC8807296. 476 

4. Ho HE, Mathew S, Peluso MJ, Cunningham-Rundles C. Clinical outcomes and 477 

features of COVID-19 in patients with primary immunodeficiencies in New York 478 

City. J Allergy Clin Immunol Pract. 2021 Jan;9(1):490-493.e2.  479 

5. Salinas AF, Mortari EP, Terreri S, Quintarelli C, Pulvirenti F, Di Cecca S, G, et 480 

al. SARS-CoV-2 Vaccine Induced Atypical Immune Responses in Antibody 481 

Defects: Everybody Does their Best. J Clin Immunol. 2021 Nov;41(8):1709-482 

1722.  483 

6. Delmonte OM, Bergerson JRE, Burbelo PD, Durkee-Shock JR, Dobbs K, 484 

Bosticardo M, et al. Antibody responses to the SARS-CoV-2 vaccine in 485 

individuals with various inborn errors of immunity. J Allergy Clin Immunol. 2021 486 

Nov;148(5):1192-1197.  487 

Jo
urn

al 
Pre-

pro
of



24 

7. Hagin D, Freund T, Navon M, Halperin T, Adir D, Marom R, L, et al. 488 

Immunogenicity of Pfizer-BioNTech COVID-19 vaccine in patients with inborn 489 

errors of immunity. J Allergy Clin Immunol. 2021 Sep;148(3):739-749.  490 

8. Squire J, Joshi A. Seroconversion after coronavirus disease 2019 vaccination 491 

in patients with immune deficiency. Ann Allergy Asthma Immunol. 2021 492 

Sep;127(3):383-384.  493 

9. Deyà-Martínez A, García-García A, Gonzalez-Navarro EA, Yiyi L, Vlagea A, 494 

Jordan I, et al. COVID-19 in children and young adults with moderate/severe 495 

inborn errors of immunity in a high burden area in pre-vaccine era. Clin 496 

Immunol. 2021 Sep;230:108821.  497 

10. Pieniawska-Śmiech K, Kuraszewicz A, Sado J, Śmiech K, Lewandowicz-498 

Uszyńska A. Assessment of COVID-19 Incidence and the Ability to Synthesise 499 

Anti-SARS-CoV-2 Antibodies of Paediatric Patients with Primary 500 

Immunodeficiency. J Clin Med. 2021 Oct 30;10(21):5111.  501 

11. Goudouris ES, Pinto-Mariz F, Mendonça LO, Aranda CS, Guimarães RR, 502 

Kokron C, et al. Outcome of SARS-CoV-2 Infection in 121 Patients with Inborn 503 

Errors of Immunity: A Cross-Sectional Study. J Clin Immunol. 2021 504 

Oct;41(7):1479-1489. d 505 

12. Fallatah E, Chang Y, Calderon J, Hernandez-Trujillo V. DiGeorge 506 

Syndrome and COVID-19 in Two Pediatric Patients. Journal of Allergy and 507 

Clinical Immunology ; 147(2):AB66-AB66, 2021. 508 

13. Marcus N, Frizinsky S, Hagin D, Ovadia A, Hanna S, Farkash M, et al. Minor 509 

Clinical Impact of COVID-19 Pandemic on Patients With Primary 510 

Immunodeficiency in Israel. Front Immunol. 2021 Jan 14;11:614086.  511 

Jo
urn

al 
Pre-

pro
of



25 

14. Giardino G, Milito C, Lougaris V, Punziano A, Carrabba M, Cinetto F, et al. The 512 

Impact of SARS-CoV-2 Infection in Patients with Inborn Errors of Immunity: the 513 

Experience of the Italian Primary Immunodeficiencies Network (IPINet). J Clin 514 

Immunol. 2022 Apr 20:1–12.  515 

15. Crowley TB, McGinn DM, Sullivan KE; International q11.2 COVID group report. 516 

22q11.2 Deletion and Duplication Syndromes and COVID-19. J Clin Immunol. 517 

2022 May;42(4):746-748.  518 

16. McDonald-McGinn DM, Kirschner R, Goldmuntz E, Sullivan K, Eicher P, 519 

Gerdes M, et al. The Philadelphia story: the 22q11.2 deletion: report on 250 520 

patients. Genet Couns. 1999;10:11–24.  521 

17. Ryan AK, Goodship JA, Wilson DI, Philip N, Levy A, Seidel H,et al. Spectrum 522 

of clinical features associated with interstitial chromosome 22q11 deletions: a 523 

European collaborative study. J Med Genet. 1997;34:798–804. 524 

18. Vantrappen G, Devriendt K, Swillen A, Rommel N, Vogels A,Eyskens B, et al. 525 

Presenting symptoms and clinical features in 130 patients with the velo-cardio-526 

facial syndrome. The Leuven experience. Genet Couns. 1999;10:3–9. 527 

19. DiGeorge AM. Congenital absence of the thymus and its immunological 528 

consequences: concurrance with congenital hypo-thyroidism. Birth Defects. 529 

1968;4:116–21. 530 

20. Sullivan KE. DiGeorge syndrome/chromosome 22q11.2 deletion syndrome. 531 

Curr Allergy Asthma Rep. 2001 Sep;1(5):438-44. doi: 10.1007/s11882-001-532 

0029-z. PMID: 11892070. 533 

21. Jawad AF, McDonald-Mcginn DM, Zackai E, Sullivan KE. Immunologic features 534 

of chromosome 22q11.2 deletion syndrome (DiGeorge 535 

Jo
urn

al 
Pre-

pro
of



26 

syndrome/velocardiofacial syndrome). J Pediatr. 2001 Nov;139(5):715-23. doi: 536 

10.1067/mpd.2001.118534. PMID: 11713452. 537 

22. Piliero LM, Sanford AN, McDonald-McGinn DM, Zackai EH, Sullivan KE. T-cell 538 

homeostasis in humans with thymic hypoplasia due to chromosome 22q11.2 539 

deletion syndrome. Blood. 2004;103:1020–5. 540 

23. Pierdominici M, Mazzetta F, Caprini E, Marziali M, Digilio MC, Marino B, et al. 541 

Biased T-cell receptor repertoires in patients with chromosome 22q11.2 542 

deletion syndrome (DiGeorge syndrome/ velocardiofacial syndrome). Clin Exp 543 

Immunol. 2003;132:323–31. i:10.1016/j.clim.2010.04.011 544 

24. Patel K, Akhter J, Kobrynski L, Benjamin Gathmann MA, Davis O, Sullivan KE; 545 

International DiGeorge Syndrome Immunodeficiency Consortium. 546 

Immunoglobulin deficiencies: the B-lymphocyte side of DiGeorge Syndrome. J 547 

Pediatr. 2012 Nov;161(5):950-3. doi: 10.1016/j.jpeds.2012.06.018. Epub 2012 548 

Jul 17. Erratum in: J Pediatr. 2013 Mar;162(3):658. Gathman, Benjamin 549 

[corrected to Benjamin Gathmann, M A]. PMID: 22809661. 550 

25. Cancrini C, Puliafito P, Digilio MC, Soresina A, Martino S, Rondelli R, C et al. 551 

Clinical features and follow-up in patients with 22q11.2 deletion syndrome. J 552 

Pediatr. 2014 Jun;164(6):1475-80.e2. doi: 10.1016/j.jpeds.2014.01.056. Epub 553 

2014 Mar 20. PMID: 24657119. 554 

26. Azzari C, Gambineri E, Resti M, Moriondo M, Betti L, Saldias LR, et al. Safety 555 

and immunogenicity of measles-mumps-rubella vaccine in children with 556 

congenital immunodeficiency (DiGeorge syndrome). Vaccine. 2005 Feb 557 

25;23(14):1668-71. doi: 10.1016/j.vaccine.2004.10.005. PMID: 15705470. 558 

27. Al-Sukaiti N, Reid B, Lavi S, Al-Zaharani D, Atkinson A, Roifman CM, et al. 559 

Safety and efficacy of measles, mumps, and rubella vaccine in patients with 560 

Jo
urn

al 
Pre-

pro
of



27 

DiGeorge syndrome. J Allergy Clin Immunol. 2010 Oct;126(4):868-9. doi: 561 

10.1016/j.jaci.2010.07.018. PMID: 20810153. 562 

28. Jawad AF, Prak EL, Boyer J, McDonald-McGinn DM, Zackai E, McDonald K, et 563 

al. A prospective study of influenza vaccination and a comparison of 564 

immunologic parameters in children and adults with chromosome 22q11.2 565 

deletion syndrome (digeorge syndrome/velocardiofacial syndrome). J Clin 566 

Immunol. 2011 Dec;31(6):927-35. doi: 10.1007/s10875-011-9569-8. Epub 567 

2011 Aug 24. PMID: 21863400; PMCID: PMC9009240. 568 

29. Marino B, Digilio MC, Toscano A, Anaclerio S, Giannotti A, Feltri C, et al. 569 

Anatomic patterns of conotruncal defects associated with deletion 22q11. 570 

Genet Med. 2001 Jan-Feb;3(1):45-8. doi: 10.1097/00125817-200101000-571 

00010. PMID: 11339377. 572 

30. Azevedo RB, Botelho BG, Hollanda JVG, Ferreira LVL, Junqueira de Andrade 573 

LZ, Oei SSML, et al. Covid-19 and the cardiovascular system: a comprehensive 574 

review. J Hum Hypertens. 2021 Jan;35(1):4-11.  575 

31. Ehwerhemuepha L, Roth B, Patel AK, Heutlinger O, Heffernan C, Arrieta AC, 576 

et al. Association of Congenital and Acquired Cardiovascular Conditions With 577 

COVID-19 Severity Among Pediatric Patients in the US. JAMA Netw Open. 578 

2022 May 2;5(5):e2211967.  579 

32. Louis DW, Saad M, Vijayakumar S, Ilyas S, Kokkirala A, Aronow HD. The 580 

Cardiovascular Manifestations of COVID-19. Cardiol Clin. 2022 Aug;40(3):277-581 

285.  582 

33. Living guidance for clinical management of COVID-19 available at: 583 

https://apps.who.int/iris/bitstream/handle/10665/349321/WHO-2019-nCoV-584 

clinical-2021.2-eng.pdf Accessed August 3, 2022. 585 

Jo
urn

al 
Pre-

pro
of

https://apps.who.int/iris/bitstream/handle/10665/349321/WHO-2019-nCoV-clinical-2021.2-eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/349321/WHO-2019-nCoV-clinical-2021.2-eng.pdf


28 

34. https://www.cdc.gov/coronavirus/2019-ncov/hcp/clinical-586 

care/underlyingconditions.html 587 

35. Komissarov AA, Dolzhikova IV, Efimov GA, Logunov DY, Mityaeva O, 588 

Molodtsov IA, Naigovzina NB, Peshkova IO, Shcheblyakov DV, Volchkov P, 589 

Gintsburg AL, Vasilieva E. Boosting of the SARS-CoV-2-Specific Immune 590 

Response after Vaccination with Single-Dose Sputnik Light Vaccine. J 591 

Immunol. 2022 Mar 1;208(5):1139-1145. doi: 10.4049/jimmunol.2101052. 592 

Epub 2022 Jan 31. PMID: 35101893; PMCID: PMC9012078 593 

36. Cassaniti I, Bergami F, Percivalle E, Gabanti E, Sammartino JC, Ferrari A, 594 

Adzasehoun KMG, Zavaglio F, Zelini P, Comolli G, Sarasini A, Piralla A, 595 

Ricciardi A, Zuccaro V, Maggi F, Novazzi F, Simonelli L, Varani L, Lilleri D, 596 

Baldanti F. Humoral and cell-mediated response against SARS-CoV-2 variants 597 

elicited by mRNA vaccine BNT162b2 in healthcare workers: a longitudinal 598 

observational study. Clin Microbiol Infect. 2022 Feb;28(2):301.e1-301.e8. doi: 599 

10.1016/j.cmi.2021.09.016. Epub 2021 Sep 25. PMID: 34582981; PMCID: 600 

PMC8464022. 601 

37. Piano Mortari E, Russo C, Vinci MR, Terreri S, Fernandez Salinas A, Piccioni 602 

L, et al. Highly Specific Memory B Cells Generation after the 2nd Dose of 603 

BNT162b2 Vaccine Compensate for the Decline of Serum Antibodies and 604 

Absence of Mucosal IgA. Cells. 2021 Sep 26;10(10):2541. doi: 605 

10.3390/cells10102541. PMID: 34685521; PMCID: PMC8533837. 606 

38. Roll P, Muhammad K, Schumann M, Kleinert S, Einsele H, Dörner T, Tony HP. 607 

In vivo effects of the anti-interleukin-6 receptor inhibitor tocilizumab on the B 608 

cell compartment. Arthritis Rheum. 2011 May;63(5):1255-64. doi: 609 

10.1002/art.30242. PMID: 21305508. 610 

39. Botto LD, May K, Fernhoff PM, Correa A, Coleman K, Rasmussen SA, et al. A 611 

population-based study of the 22q11.2 deletion: phenotype, incidence, and 612 

contribution to major birth defects in the population. Pediatrics. 2003 Jul;112(1 613 

Pt 1):101-7. doi: 10.1542/peds.112.1.101. PMID: 12837874. 614 

40. McDonald-McGinn DM, Sullivan KE, Marino B, Philip N, Swillen A, Vorstman 615 

JA, et al. 22q11.2 deletion syndrome. Nat Rev Dis Primers. 2015 Nov 616 

Jo
urn

al 
Pre-

pro
of

https://www.cdc.gov/coronavirus/2019-ncov/hcp/clinical-care/underlyingconditions.html
https://www.cdc.gov/coronavirus/2019-ncov/hcp/clinical-care/underlyingconditions.html


29 

19;1:15071. doi: 10.1038/nrdp.2015.71. PMID: 27189754; PMCID: 617 

PMC4900471. 618 

41. Kelly D, Goldberg R, Wilson D, Lindsay E, Carey A, Goodship J, et al. 619 

Confirmation that the velo-cardio-facial syndrome is associated with haplo-620 

insufficiency of genes at chromosome 22q11. Am J Med Genet. 1993 Feb 621 

1;45(3):308-12.  622 

42. Driscoll DA, Budarf ML, Emanuel BS: A genetic etiology for DiGeorge 623 

syndrome: consistent deletions and microdeletions of 22q11. Am J Hum Genet 624 

1992, 50:924–933 625 

43. Lischner HW, Huff DS: T-cell deficiency in DiGeorge syndrome. Birth Defects 626 

Orig Artic Ser 1975, 11:16–21 627 

44. Kornfeld SJ, Zeffren B, Christodoulou CS, Day NK, Cawkwell G, Good RA. 628 

DiGeorge anomaly: a comparative study of the clinical and immunologic 629 

characteristics of patients positive and negative by fluorescence in situ 630 

hybridization. J Allergy Clin Immunol. 2000 May;105(5):983-70. 631 

45. Ramos-Casals M, Brito-Zerón P, Mariette X. Systemic and organ-specific 632 

immune-related manifestations of COVID-19. Nat Rev Rheumatol. 2021 633 

Jun;17(6):315-332. 634 

46. Diller GP, Gatzoulis MA, Broberg CS, Aboulhosn J, Brida M, Schwerzmann M, 635 

et al. Coronavirus disease 2019 in adults with congenital heart disease: a 636 

position paper from the ESC working group of adult congenital heart disease, 637 

and the International Society for Adult Congenital Heart Disease. Eur Heart J. 638 

2021;42(19):1858-1865.  639 

Jo
urn

al 
Pre-

pro
of



30 

47. McDonald-McGinn DM, Sullivan KE, Marino B, Philip N, Swillen A, Vorstman 640 

JA, et al. 22q11.2 deletion syndrome. Nat Rev Dis Primers. 2015 Nov 641 

19;1:15071.  642 

48. Goldmuntz E. 22q11.2 deletion syndrome and congenital heart disease. Am J 643 

Med Genet C Semin Med Genet. 2020 Mar;184(1):64-72.  644 

49. Rathore SS, Rojas GA, Sondhi M, et al. Myocarditis associated with Covid-19 645 

disease: a systematic review of published case reports and case series. Int J 646 

Clin Pract 2021;e14470. 647 

50. Tereshchenko LG, Bishop A, Fisher-Campbell N, Levene J, Morris CC, Patel 648 

H, Bet al. Risk of Cardiovascular Events After COVID-19. Am J Cardiol. 2022 649 

Jul 14:S0002-9149(22)00655-5.  650 

51. Klocperk A, Mejstříková E, Kayserová J, Kalina T, Šedivá A. Low marginal 651 

zone-like B lymphocytes and natural antibodies characterize skewed B-652 

lymphocyte subpopulations in del22q11 DiGeorge patients. Clin Immunol 653 

(2015) 161:144–9.  654 

52. Finocchi A, Di Cesare S, Romiti ML, Capponi C, Rossi P, Carsetti R, et al. 655 

Humoral immune responses and CD27+ B cells in children with DiGeorge 656 

syndrome (22q11.2 deletion syndrome). Pediatr Allergy Immunol. 2006 657 

Aug;17(5):382-8.  658 

53. Barrett DJ, Ammann AJ, Wara DW, Cowan MJ, Fisher TJ, Stiehm ER. Clinical 659 

and immunologic spectrum of the DiGeorge syndrome. J Clin Lab Immunol. 660 

1981 Jul;6(1):1-6. PMID: 6973633. 661 

54. Pierdominici M, Marziali M, Giovannetti A, Oliva A, Rosso R, Marino B, et al. T 662 

cell receptor repertoire and function in patients with DiGeorge syndrome and 663 

velocardiofacial syndrome. Clin Exp Immunol. 2000 Jul;121(1):127-32. 664 

Jo
urn

al 
Pre-

pro
of



31 

Figures legends 665 

 666 

Figure 1. SARS-Cov-2 infection and immunization coverage in a cohort of 60 patients 667 

with 22q11.2DS over the period March 2020 to the end of June 2022. Data on SARS-668 

CoV-2 infection are reported according to the availability of immunization. 669 

Figure 2. Vaccination coverage rate in the enrolled cohort of 60 adults with 22q11.2 670 

DS at the end of study period.  671 

Figure 3. Specific antibody and B-cells response after immunization with two and 672 

three doses of mRNA BNT162b2 vaccine. Spike-specific IgG (panel A), Spike-specific 673 

IgA antibodies (panel B), S+ (panel C) MBCs, S++ MBCs (panel D) and RBD positive 674 

MBCs (panel E) in HD (blue circles) and 22q11.2DS patients (gray circles) before (T0), 675 

one week after the second dose (post-2nd dose), six months after the second dose 676 

(pre-3rd dose), and one week after the third dose (post-3rd dose) of BNT162b2 677 

vaccine. The MBC subset was defined as CD19 + CD24 + CD27 + CD38-. For Spike-678 

specific IgG and IgA the positive cut-off value was settled at 1.0 OD ratio.  679 

For each group, the median is shown as a bar. Continuous lines represented paired 680 

Wilcoxon's test, and dashed lines represented unpaired Mann U Whitney test. Levels 681 

of significance: * P ≤ 0.05, ** P ≤ 0.01, *** P ≤ 0.001, **** P < 0.0001.  682 

Figure 4. SARS-CoV-2-specific T cell responses in 22q11.2DS patients before (6 683 

months after the second dose) and after the third dose of mRNA (BNT162b2) vaccine. 684 

The cumulative IFNγ-positive T cell responses (total SFU against complete WT Spike, 685 

Omicron Spike, and Omicron WT antigens) were evaluated by the T-SPOT Discovery 686 

SARS-CoV-2 ELISpot assay in sixteen virus-naive participants. Statistical analyses 687 
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were performed using the Wilcoxon matched-pairs signed-rank test. *P < 0.05, **P < 688 

0.01, ***P < 0.001; ****P < 0.0001.689 
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Table 1. Demographics, clinical characteristics of 60 patients with 22q11.2 DS 

 22q11.2DS  
n=60 

Demographics n (%) 

Female, n (%) 25 (42) 

Age, median (IQR) 27 (24-35) 

Clinical data n (%) 

BMI  

>25 (overweight) 33 (56) 

>30 (obesity) 15 (25) 

Cardiovascular conditions  

Previous heart surgery 18 (30) 

Major CHD 23 (38) 

Hypertension 9 (15) 

DMT 4 (9) 

Dyslipidemia 13 (22) 

Smokers 11 (19) 

Psychiatric conditions 39 (65) 

Neurological conditions 12 (20) 

Learning issues 45 (76) 

Autoimmune disorders  25 (42) 

Thyroiditis 14 (24) 

Psoriasis 5 (8) 

Autoimmune cytopenias 3 (5) 

Alopecia 2 (3) 

Arthritis 1 (2) 

Immunosuppressive treatment 2 (3) 

Steroids 1 (1,5) 

Tocilizumab 1 (1,5) 
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Table 2. Immunological data on 60 patients with 22q11.2 DS 

 n (%) 

Neutropenia (<1000 cell/mm3) 0 

Lymphopenia  (<1500 cell/mm3), n (%) 20 (38) 

IgG <700 mg/dL, n (%) 4 (8) 

IgA <68 mg/dL, n (%) 2 (4) 

IgM <40 mg/dL, n (%) 8 (16) 

CD4+ count (cell/mm3), median (IQR) 585 (478-797) 

>=600 cells/mm3, n (%) 20 (49) 

400-600 cells/mm3, n (%) 14 (34) 

<400 cells/mm3, n (%) 7 (17) 

CD8+ count (cells/mm3), median (IQR) 358 (258-494) 

<420 cells/mm3, n (%) 24 (61,5) 

CD19+ count (cells/mm3), median (IQR) 216 (159-308) 

<90 cells/mm3, n (%) 1 (3) 
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Table 3. Clinical and demographic characteristics and pre-infection lymphocytes in 

22q11.2DS patients SARS-CoV-2 positive and SARS-CoV-2 negative.  

  SARS-CoV-2 
positive 
(n=21) 

SARS-CoV-2 negative 
(n=39) 

p value 

Age, median (IQR) 28 (25,5-35,5) 27 (27-34)  0,8025 

Female, n (%) 10 (48) 15 (38)  0.5865 

Major CHD, n (%) 8 (38) 16 (41) 1,0000 

Intellectual disability 
(moderate/severe), n (%) 

13 (620) 8 (21) 0.0020 

Psychiatric disease, n (%) 14 (67) 25 (64) 1.0000 

Immunological data    

Lymphocytes, median (IQR) 1260 (1003-1796) 1867 (1392-2308) 0,0055 

CD4+, median (IQR) 488 (1003-1796) 720 (539-1000) 0.0063 

Immunoglobulin defect, n (%) 7 (39) 5 (16) 0.0942 
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Table 4. Individual data of 21 patients infected by SARS-CoV-2 during the study time 

Period Sex Age 
range 

Lymphocyt
es 
(cell/mm3) 

CD4+ 
count 
(cell/mm3) 

Igs defect Risk factors for severe COVID-
19 

Dose(s) of 
vaccine at 
SARS-CoV-2 
infection 

COVID-19 
course 

Treatment Days of 
qRT PCR 
positivity 

Outcome Cardiological outcome 

Pre-iimmunizzation  M 50-29 1000 380 IgG  DMT2, Obesity, Kidney failure, 
Mood disorders 

None Severe 
(ARDS) 

O2 therapy, 
dialysis 

 NAp Death Nap 

Pre-iimmunizzation  F 20-29 1290 438 No Developmental disabilities, 
Schizophrenia spectrum disorders 

None Mild None 21 Recovery No echocardiographic and 
EKG changes 

Pre-iimmunizzation  F 40-49 1500 580  No  None Mild Antibiotic 10 Recovery  No echocardiographic and 
EKG changes 

Post-full 
immunization 

M 20-29 820 190 No Corrected subaortic VSD, multiple 
VSDs, Schizophrenia spectrum 
disorders, Developmental 
disabilities,  

Two doses Asymptomatic None 10 Recovery No echocardiographic and 
EKG changes  

 Post-full 
immunization  

F 30-39 1230 488 IgG, IgM 
and IgA 
defect 

Corrected ToF, Overweight, 
dyslipidemic, Developmental 
disabilities, Schizophrenia 
spectrum disorders,  

Two doses Mild None 10 Recovery NA 

Post-full 
immunization  

F 20-20 1810  NA No Small subaortic VSD in natural 
history 

Two doses Mild NSAID 17 Recovery No echocardiographic and 
EKG changes 

 Post-full 
immunization 

M 30-39 1180 400 No Small subaortic VSD in natural 
history, Overweight, chizophrenia 
spectrum disorders 

Two doses Mild None 39 Recovery No echocardiographic and 
EKG changes, Arterial 
Hypertension diagnosis 

 Post-full 
immunization 

F 40-49 760 270 IgG  Obesity, Developmental 
disabilities, schizophrenia 
spectrum disorders 

Two doses Mild None 16 Recovery No echocardiographic and 
EKG changes  

 Post-full 
immunization 

F 20-29 1690 662 No Developmental disabilities,  Two doses Mild None 31 Recovery No echocardiographic and 
EKG changes   

Post-booster dose F 30-39 900 390 
 

No Developmental disabilities Three doses Mild Paxlovid 10 Recovery No echocardiographic and 
EKG changes   
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 Post-booster dose F 18-19 1755 720 No Overweight, Developmental 
disabilities, Mood disorders 

Three doses Mild None 10 Recovery No echocardiographic and 
EKG changes  

Post-booster dose M 20-29 1180 554 No Corrected ToF, Overweight,  
Developmental disabilities,  
Schizophrenia spectrum disorders 

Three doses Asymptomatic None 10 Recovery No echocardiographic and 
EKG changes   

Post-booster dose  F 20-29 1000 400 No Obesity, Developmental 
disabilities, Schizophrenia 
spectrum disorders 

Three doses Asymptomatic Sotrovimab 7 Recovery No echocardiographic and 
EKG changes   

Post-booster dose  M 30-29 2030 875 No Overweight, Developmental 
disabilities, Schizophrenia 
spectrum disorders 

Three doses Mild None 13 Recovery No echocardiographic and 
EKG changes   

Post-booster dose  m 20-29 2600 1089 IgM defect Corrected IAA, Overweight,  
Developmental disabilities,  

Three doses Mild Sotrovimab 7 Recovery NA 

Post-booster dose  F 20-29 1131 585 IgG/IgA 
defect 

Corrected ToF, Corticosteroids 
medications 
 

Three doses Mild Molnupiravir 10 Recovery Hypertension during 
infection. No 
echocardiographic and 
EKG changes   

Post-booster dose  M 50-59 1650 650 IgM defect  Corrected Hemitruncus,  DMT2, 
Obesity 

Four doses Mild None 
(refused) 

63 Recovery No echocardiographic and 
EKG changes  

Post-booster dose  M 20-29 1530  NA No Obesity, Developmental 
disabilities, Schizophrenia 
spectrum disorders 

Three doses Mild Sotrovimab 15 Recovery NA 

Post-booster dose  M 30-39 3700  NA No Obesity Three doses Mild Paxlovid 7 Recovery NA 

Post-booster dose  M 20-29 2340 550 No Developmental disabilities,  
Schizophrenia spectrum disorders 

Three doses Mild None NA Recovery No echocardiographic and 
EKG changes   

Post-booster dose  M 20-29 1500  NA No Developmental disabilities,  
Schizophrenia spectrum disorders 

Three doses Mild Molnupiravir 10 Recovery NA 

 Post-booster dose  F 20-29 1000 400 No Obesity, Developmental 
disabilities, Schizophrenia 
spectrum disorders 

Three doses Mild Antibiotic 10 Recovery No echocardiographic and 
EKG changes   
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Abbreviations: VOC variant of concern, M male, F female, DMT2 Diabetes mellitus type-2, VSD isolated ventricular septal defect, 

ToF Tetralogy of Fallot, IAA interrupted aortic arch, NA not available, NAp not applicable, NSAID non steroidal anti inflammatory 

drugs
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Table 5. Published reports of SARS-CoV-2 infection in 22q11.2DS 

Ref. Study design Infection period 
considered 

Age, sex Comorbidities COVID-19 Symptoms Hospital 
admission 

Treatment Outcome 

(11) cross-sectional study (prevalence study) in 
June 2020 (end of first wave) including 65 
moderate/ severe IEIs patients 

February 2020-Jun 
2020 

M/17y Moderate/severe lymphopenia Asymptomatic No No Recovered 

M/5y Moderate/severe lymphopenia Mild (Cough) No No Recovered 

(13) Retrospective survey on 20 IEIs patients February 2020-
September 2020 

M/1.5y Bronchiectasis, Low TRECs level 
Hypogammaglobulinemia, 

Asymptomatic No No Recovered 

(1) A retrospective study was undertaken by a 
web-based survey, including 94 patients with 
an underlying IEIs and infected by SARS-CoV-
2 

March, 2020-June, 
2020. 

M/ age 
group 0-2 

Lung disease, tracheostomy with 
chronic ventilation 

Severe (Fever, dyspnea) 
  

Yes Convalescent 
plasma, O2 
support, NIV 

Recovered 

(18) Case series of 60 individuals with IEIs National 
Registry, data collection proformas were sent 
to all UK pediatric and adult immunologists by 
email; 100 IEIs patients included 

March 2020-July 2020 M/ >18y,  NA NA Yes NA Recovered 

(11) Cross-sectional, multicenter study, involving 
121patients with IEIs 

March 2020- December 
2020. 

M/0,7y 
  

Arterial hypertension, corrected 
congenital cardiopathy, 
hypogamma 

Severe (fever, cough, dyspnea,severe 
diarrhea) 

Yes (ICU) NA Recovered 

 
(14) 

Retrospective multicentre survey, 114 IEIs 
patients included 

March 2020-April 2021 F/13.8y Autoimmune hypothyroidism Mild (Fever) No NA Recovered 

F/7y None Mild (Fever) No NA Recovered 

F/23y Congenital heart disease, Allergy, 
Bronchiectasis 

Mild (Running nose/Sore throat) No NA Recovered 

F/1.5y History of interventricular defect 
and supraventricular paroxysmal 
tachycardia 

Mild (Fever) 
  

No NA Recovered 

F/17y Autoimmune thyroiditis, 
Interventricular defect 

Asymptomatic 
  

No NA Recovered 

F/ 9.25y Congenital heart disease 
(Interrupted aortic arch, Interatrial 
defect, Interventricular defect) 

Mild (Fever, Asthenia) No NA Recovered 
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M/ 18.4y Autoimmune thyroiditis, Mild 
thrombocytopenia,Hyperbilirubine
mia, Vitamin D deficiency 

Mild (Running nose) 
  

No NA Recovered 

F /11.5y Obesity, Cognitive disability Moderate (Cough, Headache, Dyspnea, 
Asthenia, Nausea, Arthralgia) 

No NA Recovered 

M/10.6y Left aortic arch, Developmental 
delay 

 NA No   NA Recovered 

M/1.6y Hypoparathyroidism, 
Hypocalcemia, Congenital 
hypothyroidism, Bicuspid aorta 

Asymptomatic No NA Recovered 

F/15.2y Hyperthyroidism, Intellectual 
disability, Congenital heart 
disease 

NA No NA Recovered 

M/1y Minimal left to right interatrial 
shunt, nephrocalcinosis, 
hypoparathyroidism, Areas of 
parenchymal lung consolidation, 
hypogammaglobulinemia 

Severe (fever) Yes NA Recovered 

(3) National Registry, data collection proformas 
were sent and 310 patients included 

March 2020- July 2021 Two males 
(18 and 
21years) 

NA Severe course (one patient) Yes (one) NA Recovered 

(10) Cross-sectional, multicenter study involving 99 
IEIs patients 

June 2020 - June 2021 M/1,5y 
  

NA Mild (Anxiety, Bradycardia) NA NA Recovered 

(12) Case report NA  
(published on feb 2021) 

F/12y 
  

Hypogammaglobulinemia, T cell 
lymphocytopenia, congenital heart 
disease, and VP shunt 

Mild (headache, emesis). NA No Recovered 

    NA ( 
published on feb 2021) 

M/13y obesity, and congenital heart 
disease, low IgM. 

Asymptomatic NA NA Recovered 

(15) Multinational survey on 152 patients with 
22q11.2DS 

July 2021-December 
2021 
  

25 patiens, 
(range 2–
36 years) 

Overweight 21% Ig infusions 4% 
Previous heart surgery 43% 
Hypertension 4% Psychiatric 
problems 11% Arthritis 11%, 
Asthma 29% 

Fatigue (63%), headache (54%), cough 
(51%), rhinorrhea (45%) 

1/25 
hospitalized 
for one day. 

None 25/25 
Recovered 
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Abbreviation: 22q11.2DS 22q11.2 deletion syndrome; IEIs inborn errors of immunity, NA not available, M male, F female, Y years, 

NIV not invasive ventilation, O2 oxygen, ICU intensive care unit, SARS-CoV-2 severe acute respiratory syndrome coronavirus 2, 

TRECs T-cell receptor excision circles  
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