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Data regarding response to SARS-CoV-2 immunization in pediatric patients with predominantly antibody deficiency (PAD) is limited. We evaluated SARS-CoV-2 immunization response by anti-SARS-CoV-2-spike antibody level in 15 pediatric PAD patients. These data were compared to a published cohort of adult PAD patients (n=62) previously analyzed following SARS-CoV-2 immunization at our single center institution. We evaluated demographics, clinical characteristics, immunophenotype, infection history, and past medication use by chart review. Following a two-dose monovalent initial series SARS-CoV-2 immunization, mean anti-SARS-CoV-2-spike antibody levels were significantly higher in pediatric PAD patients compared to adult PAD patients (2,890.7 vs. 140.1 U/mL; p<0.0001). Pediatric PAD patients with low class-switched memory B-cells, defined as <2% of total CD19+ B-cells, had significantly lower mean anti-SARS-CoV-2-spike antibody levels than those without (p=0.02). Following a third-dose monovalent SARS-CoV-2 immunization, the mean anti-SARS-CoV-2-spike antibody levels in pediatric PAD patients significantly increased (2,890.7 to 18,267.2 U/mL; p<0.0001). These data support Centers for Disease Control guidelines regarding three-part SARS-CoV-2 vaccine series, including in the pediatric PAD patient demographic.
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Introduction

Predominantly antibody deficiency (PAD) is the most commonly diagnosed inborn error of immunity (IEI) and the most frequent symptomatic primary immunodeficiency disorder world-wide. PAD encompasses a heterogeneous collection of disorders characterized by increased susceptibility to infections, low immunoglobulin levels, and impaired vaccine responses (1). The clinical presentation can be variable, ranging from mild symptoms to severe complications. Patients with PAD are at risk of ongoing disease progression, development of autoimmunity, end-organ damage, and reduced life expectancy (2).

Studies have demonstrated that children produce long-term antibody responses to COVID-19 infection (3). Healthy children are less likely to have severe COVID-19 compared to adults (4, 5). Multiple studies have demonstrated worse COVID-19 infection outcomes and more severe disease in children who had received immunosuppressant medication or had an immunocompromising condition such as cancer compared to healthy children (6–8).

There have been several studies investigating COVID-19 infection outcomes in patients with IEI. A review of the Italian Primary Immunodeficiency Network found that there were no deaths among 33 COVID-19 positive children with an underlying IEI condition (9). Abolhassani et al. found that among 381 published cases of COVID-19 infection in pediatric IEI patients, 23.6% of them had severe COVID-19, with an overall mortality rate of 8.7% (10).

The trials evaluating the safety and effectiveness of the SARS-CoV-2 vaccine in children and adolescents excluded those who had immunodeficiency diseases including PAD (11, 12). Subsequent evaluation of the effectiveness of the SARS-CoV-2 vaccine in adult primary immune deficiency patients found lower humoral immune responses in adult PAD patients when compared to healthy controls (13–15).

To date, most studies regarding the efficacy of the SARS-CoV-2 vaccine in immunocompromised children are limited to those receiving immunosuppressants for a medical condition such as renal disease, malignancy, or organ transplant (16, 17). Among IEI patients, Erra et al. described the safety and efficacy of a two-dose mRNA vaccine series in adolescent IEI patients ages 12 years and older and showed that SARS-CoV-2 vaccine immunogenicity after a two-dose series was lower in pediatric IEI patients when compared to healthy controls (18). However, there is limited data regarding efficacy of a third dose of the monovalent SARS-CoV-2 vaccine in pediatric patients with PAD.

The aim of this study was to assess the efficacy of the SARS-CoV-2 vaccine, following two-dose initial series and third-dose boost, in pediatric patients of all ages with PAD.





Methods

This study was performed at Mass General Brigham under an institutional review board–approved protocol (No. 2021P002414). Antibody response to the SARS-CoV-2 vaccine in patients with known PAD was evaluated. Pediatric PAD patients who received an initial two-dose SARS-CoV-2 vaccine series between May 2021 and September 2022 were included. The PAD diagnoses were confirmed by manual chart review by a clinical immunologist and met consensus definitions for PAD (19–21). Patients with primary PAD were further subclassified as mild (including IgG subclass deficiency, specific antibody deficiency (SAD), and primary hypogammaglobulinemia), moderate (including uncomplicated common variable immune deficiency (CVID), defined as an absence of co-occurring autoinflammatory clinical features), and severe (including complicated CVID/SAD, defined as the presence of concomitant autoinflammatory clinical features) (22). Patients with confounding variables at the time of immunodeficiency diagnosis (e.g., ongoing immunosuppression without the potential for discontinuation) were considered as secondary PAD.

We evaluated demographic information and clinical characteristics including the type of PAD, vaccine type received, and prior immunophenotyping, including native immunoglobulin levels, native vaccine titers (e.g., pneumococcal polysaccharide [PPSV23]; Hemophilus influenza B [HIB], and tetanus, diphtheria, and pertussis), and peripheral blood lymphocyte counts as available. We evaluated previous and current use of immunoglobulin replacement and other immunosuppressants or biologics received in the past or in close proximity to vaccination (defined as 6 months before to 1 month after immunization). We also evaluated infection history, outcome, treatment, and tixagevimab/cilgavimab use.

Serologic assays were performed using the Roche (Basel, Switzerland) Elecsys Anti-SARS-CoV-2 S-antibody test (evaluating antibodies to the SARS-CoV-2 spike (S) protein receptor binding domain; anti-spike antibody). This test is semiquantitative and has been correlated with neutralizing immunity (23, 24). The Roche S-antibody assay reports in absorbance units per milliliter with values of 0.8 U/mL or greater considered reactive (25).

We used the Student t-test to compare mean anti-spike antibody values and the Mann-Whitney U-Test for comparing median values. All antibody responses to SARS-CoV-2 vaccine were reported as geometric means (95% confidence interval [CI]). Statistical analyses were completed with SAS software (version 9.4, SAS Institute, Cary, NC) and Prism software (version 7.01, Reston, Va); two-tailed P-value less than.05 was considered significant.





Results




Pediatric PAD patient characteristics

15 pediatric patients with PAD were included (Table 1). The mean age was 10.7 years (range 4-16 years); the majority of patients were male (93.3%) and non-Hispanic white (80%). All patients included in this cohort received the monovalent BNT162b2 (Pfizer-BioNTech) SARS-CoV-2 vaccine. Six patients were classified as mild PAD (40%), three moderate PAD (20%), four severe PAD (27%), and two had secondary PAD (13%). Eight patients were on immunoglobulin replacement therapy (53.3%), with seven receiving subcutaneous immunoglobulin (SCIG) replacement and one receiving intravenous immunoglobulin (IVIG) replacement. None of these patients received tixagevimab/cilgavimab or other monoclonal anti-SARS-CoV-2 antibodies during the duration of the study.


Table 1 | Demographic characteristics of participants.



SARS-CoV-2 antibody levels were measured after pediatric PAD patients received their initial two-dose SARS-CoV-2 vaccine series (n=13), and after the third-dose vaccination (n=8). Median time from vaccination to SARS-CoV-2 antibody level testing was 85 days from initial series and 119 days from third-dose vaccine for pediatric PAD patients. In contrast, median time from vaccination to SARS-CoV-2 antibody level testing for adult PAD patients was 31 days from initial series, which was a statistically shorter time interval when compared to the pediatric cohort (p=0.0002). Two of 15 PAD patients had SARS-CoV-2 infections after their third-dose booster, but before their blood draw. These patients had SARS-CoV-2 antibody level testing performed after they cleared their infections (at a median time of 71.5 days post-positive polymerase chain reaction [PCR] test) (Supplemental Figure 1).





SARS-CoV-2 vaccine response is higher in pediatric compared to adult PAD patients

To investigate SARS-CoV-2 vaccine responses in pediatric PAD patients, we compared the pediatric cohort of PAD patients with anti-spike antibody levels measured after their initial series (n=13) to our previously published adult PAD cohort (n=62) (13). Pediatric patients had a higher mean anti-spike SARS-CoV-2 antibody level compared to adults (2,890.7 vs. 140.1 U/mL; p<0.0001) after two doses of SARS-COV-2 vaccine. When stratified by disease severity, children with severe PAD had significantly higher mean anti-spike antibody levels when compared to adults with severe PAD (2,133.1 vs. 35.7 U/mL; p=0.04). Children with mild, moderate, and secondary PAD trended higher than their adult counterparts, but those differences did not reach statistical significance (mild: 4,285.9 vs. 2,002.5 U/mL; p=0.37, moderate: 4,920.8 vs. 321.8 U/mL; p=0.14, secondary: 767.1 vs. 13.4 U/mL; p=0.15) (Figure 1).




Figure 1 | Mean anti-spike antibody levels in pediatric compared to adult predominantly antibody deficiency (PAD) patients. SARS-CoV-2 anti-spike antibody levels (U/mL) following initial series two-dose SARS-CoV-2 vaccine, shown in log scale. (A) Compared between adult predominantly antibody deficiency (PAD) patients (gray circles; n=62) and pediatric PAD patients (red circles; n=13). (B) Subset by PAD disease severity, including adult PAD patients (gray circles; mild: n=12, moderate: n=21, severe: n=19, and secondary: n=10) and pediatric PAD patients (red circles; mild: n=5, moderate: n=3, severe: n=3, and secondary: n=2). Symbols represent unique individuals; bars represent geometric means ( ± 95% confidence intervals) of total indicated patients (n) respectively. *p<0.05, ***p<0.0001.



Age-related declines in humoral immune function have been widely described (26–32). We hypothesized that the lower anti-spike antibody levels observed in adults compared to children with severe PAD might be driven by underlying higher risk immunophenotypes in the adult patients. To investigate this hypothesis, we compared the immunophenotypes of pediatric and adult PAD patients classified as having severe PAD and found that pediatric patients had higher absolute counts of CD3+ T-cells (1,688.9 vs. 848.3 cells/uL; p=0.05), CD4+ T-cells (918.2 vs. 402.8 cells/uL; p=0.04), CD19+ B-cells (432.6 vs. 74.3 cells/uL; p=0.0004), and CD19+CD27+IgM-IgD- class-switched memory B-cells (16.3 vs. 2.0 cells/uL; p=0.002) (Supplemental Table 1). These data were consistent with higher risk immunophenotypes in the severe adult compared to the severe pediatric PAD patients, aligning with the lower SARS-CoV-2 vaccine responses observed in the severe adult PAD patients.





Risk for low SARS-CoV-2 vaccine response among pediatric PAD patients

Previously, severity of PAD, secondary PAD, and a high risk underlying immunophenotype, specifically <2% class-switched memory B-cells, were all shown to be risk factors among PAD adults for lower mean anti-spike antibody levels following SARS-CoV-2 vaccination (13). We sought to understand if these factors also associated with lower antibody responses to SARS-CoV-2 initial series two-dose vaccine among pediatric PAD patients. In contrast to the adults, we did not identify significant differences in anti-spike antibody levels in pediatric patients with severe PAD compared with pediatric patients with moderate PAD and pediatric patients with mild PAD, although severe PAD patients did trend towards lower anti-spike antibody levels (severe: 2,133.1 U/mL, moderate: 4,920.8 U/mL, mild: 4,285.9 U/mL; p=0.25) (Supplemental Table 2). Similar to the adults, pediatric PAD patients with low class-switched memory B-cells (defined as <2% of total CD19+ cells) did have lower mean anti-spike antibody levels compared to those without low class-switched memory B-cells (891 vs. 4,114.8 U/mL; p=0.02). Finally, pediatric patients with secondary PAD had a strong trend toward a lower mean anti-spike antibody response after two-dose vaccine series compared to primary PAD patients (767.1 vs. 3,679.2 U/mL; p=0.051) (Figure 2).




Figure 2 | Risk for low SARS-CoV-2 vaccine response in pediatric predominantly antibody deficiency (PAD) patients. SARS-CoV-2 anti-spike antibody levels (U/mL) following initial series two-dose SARS-CoV-2 vaccine, shown in log scale. (A) Subset by pediatric PAD disease severity, including mild PAD patients (pink circles; n=5), moderate PAD patients (orange circles; n=3), and severe PAD patients (red circle; n=3). (B) Subset by primary PAD patients (gray circles; n=10) and secondary PAD patients (red circles; n=2). (C) Subset by immunophenotype, including patients with low class-switched memory B-cells (CD27+IgM-IgD- B-cells <2% of total CD19+ B-cells; red circles; n=3) and high class-switched memory B-cells (CD27+IgM-IgD- B-cells >2% of total CD19+ B-cells; gray circles; n=10). Symbols represent unique individuals, bars represent geometric means ( ± 95% confidence intervals) of total indicated patients (n) respectively. ∗p<0.05.







Response to third-dose monovalent SARS-CoV-2 vaccine in pediatric PAD patients

PAD adults have a significant increase in anti-spike antibody levels following a third monovalent dose of SARS-CoV-2 vaccine (13). We hypothesized that third-dose SARS-CoV-2 monovalent vaccine would similarly increase anti-spike antibody levels in pediatric PAD patients. Among pediatric PAD patients, the mean anti-spike antibody level after initial two-dose series of vaccine was 2,890.7 U/mL, and this increased to 18,267.2 U/mL after the third-dose booster (p<0.0001). This significance held by pairwise comparison for patients in our cohort whose anti-spike antibody levels were measured sequentially after completing the two-dose series and a third-dose vaccine (n=6; mean anti-spike antibody level 4,942.8 to 22,558.6 U/mL; p<0.0001). When stratified by disease severity, we found that mean anti-spike antibody levels increased significantly in pediatric patients with mild PAD before compared to after third-dose immunization (4,285.9 to 21,078.7 U/mL; p=0.02), while patients with moderate PAD showed a strong trend toward an increased response (4,920.8 to 22,188.3 U/mL; p=0.16) (Figure 3). We were unable to perform this analysis for severe and secondary PAD patients due to limited data following third-dose immunization for these patients.




Figure 3 | Mean anti-spike antibody levels in pediatric predominantly antibody deficiency (PAD) patients following dose 2 and dose 3 vaccine timepoints. SARS-CoV-2 anti-spike antibody levels (U/mL), shown in log scale. (A) At vaccine timepoints post-dose 2 (pink circles, n=13) and post-dose 3 (red circles; n=8). (B) Subset by PAD disease severity, including mild PAD patients (dose 2: pink circles; n=5, dose 3: pink circles; n=5), moderate PAD patients (dose 2: orange circles; n=3, dose 3: orange circles; n=2), and severe PAD patients (dose 2: red circles; n=3, dose 3: red circles; n=1). Symbols represent unique individuals, lines represent change in patients drawn at both timepoints, bars represent geometric means ( ± 95% confidence intervals) of total indicated patients (n) respectively. ∗p<0.05, ***p<0.0001.







Confounder analysis

To determine whether passive antibody transfer could be confounding the anti-spike antibody analysis, we compared anti-spike antibody levels between patients that did (n=8) or did not (n=7) receive immunoglobulin replacement therapy (IgRT). After a second dose of SARS-CoV-2 vaccine, there was no significant difference in anti-spike antibody levels between pediatric patients who did or did not receive IgRT (2,888.6 vs. 2,892.0 U/mL; p=0.99). After a third-dose of SARS-CoV-2 vaccine, anti-spike antibody levels in patients receiving IgRT trended lower than those that did not receive IgRT, although this did not reach statistical significance (13,893.5 vs. 24,017.6 U/mL; p=0.15) (Supplemental Figure 2). Given the potential that this trend may be due, in part, to the more severe immunophenotypes of patients who require IgRT, we further evaluated the underlying immunophenotypes of these patients. PAD patients in our cohort who were receiving IgRT had lower absolute counts of CD3+ T-cell (1,348.3 vs. 2,207.7 cells/uL; p=0.044) and CD8+ T-cell (443.1 vs. 781.9 cells/uL; p=0.043) as compared to those PAD patients not receiving IgRT. There was no significant difference in absolute counts of CD4+ T-cells, CD19+ B-cells, or class-switched memory B-cell (CD19+CD27+IgM-IgD-) (Supplemental Table 3).

Given the potential that naturally acquired COVID-19 infections could confound the anti-spike antibody analysis, we compared anti-spike antibody levels of patients with COVID-19 infection before their third-dose antibody level (n=3) to those who had never had a COVID-19 infection at the time of their third-dose blood draw (n=5), and found no statistically significant difference in mean anti-spike antibody levels (22,042 vs. 16,321 U/mL; p=0.44) (Supplemental Figure 2).





Infection outcomes

Eight pediatric patients (53.3%) had naturally acquired SARS-CoV-2 infections during the study. Two patients recovered without treatment. Six patients received either anti-viral (n=4) or corticosteroid (n=2) treatment for their infections. Three patients who received anti-viral therapy received remdesivir, and one patient received ritonavir-boosted nirmatrelvir. There was no rebound COVID-19 in the patient who received ritonavir-boosted nirmatrelvir. No patients died from COVID-19 infection. There were no urgent care visits, ED visits, or hospitalizations in our cohort associated with COVID-19 infection. There were no secondary infections associated with COVID-19 infection.






Discussion

To our knowledge, this is the first study to assess the efficacy of the SARS-CoV-2 vaccine two-dose series and third additional dose vaccine in pediatric patients ages 4-16 years with PAD. In comparison to adult PAD patients, pediatric PAD patients had significantly higher mean anti-spike antibody levels in response to SARS-CoV-2 vaccination. This may be due, in part, to the composition of the cohorts, with the pediatric cohort being enriched for mild disease and the adult cohort being enriched for moderate and severe disease. However, even when stratified to severe PAD, pediatric patients had significantly higher mean anti-spike antibody levels compared to adult patients. These data were consistent with lower risk immunophenotypic markers in the severe pediatric PAD cohort, including higher absolute counts of CD3+ T-cells, CD4+ T-cells, CD19+ B-cells, and CD19+CD27+IgM-IgD- class-switched memory B-cells.

The anti-spike antibody levels increased significantly after a third monovalent vaccine dose in pediatric PAD patients. This aligns with prior findings in adult PAD patients and prior CDC guidelines recommending three monovalent mRNA SARS-CoV-2 vaccines in pediatric patients (13, 33). Current CDC guidelines have shifted to a three-part series including bivalent vaccine doses in pediatric patients (33). We did not find a significant difference in anti-spike antibody levels by disease severity in pediatric primary PAD. However, certain immunophenotypic markers correlated with a lower anti-spike antibody response in pediatric PAD; specifically, anti-spike antibody levels were lowest in patients with low class-switched memory (CD27+IgM-IgD-) B-cells. This may help clinicians stratify pediatric patients with PAD in terms of identifying those who may be at risk for a lower antibody response after SARS-CoV-2 immunization.

In our study, eight patients had naturally acquired SARS-CoV-2 infection. There were no deaths, and patients did not require ED visits or hospitalization for severe infection. We did not find a statistically significant difference in mean anti-spike antibody levels in those who did or did not have a COVID-19 infection. These data suggest limited confounding by naturally acquired COVID-19 infection to our SARS-CoV-2 vaccine response analysis. Additionally, we did not find a significant difference in anti-spike antibody levels between those receiving IgRT or not, suggesting that there is not a significant effect from passive antibody transfer from immunoglobulin replacement. This highlights the importance of vaccination, even in patients receiving immunoglobulin replacement.

This work is subject to several limitations. The sample size was small, which limits the power of our analysis. In addition, there may be sampling bias in that differences may have existed between patients who consented to be a part of this study and those who did not. This analysis was performed using data from a large but single health care system, so these findings may not be generalizable to other settings. Our cohort was predominantly male and non-Hispanic white, which may also limit generalizability. We analyzed immunogenicity using the Roche Elecsys Anti-SARS-CoV-2 S-antibody test, which may not be generalizable to other assay testing platforms. We were unable to assess anti-spike antibody levels prior to initial vaccination in our cohort, which limits our ability to analyze seroconversion following initial series immunization. There was a difference in dose-to-draw times between dose 2 (85 days) and dose 3 (119 days) in the pediatric PAD cohort, which could skew towards relatively lower anti-spike antibody levels at the post-dose 3 timepoint as compared to the post-dose 2 timepoint. Despite this potential skewing to the null hypothesis, we still observed a significant boost in SARS-CoV-2 anti-spike antibody levels between dose 2 and dose 3 timepoints. Finally, we did not sub-stratify the anti-spike antibody analysis by isotype (IgG, IgA, IgM), as this isotype analysis was comparable when evaluated for the adult PAD cohort (13), which could limit our understanding of the immunogenicity of the SARS-CoV-2 vaccine in pediatric PAD.

Additional studies are needed in larger cohorts of patients to further understand the immune response to SARS-CoV-2 vaccination in pediatric PAD patients, including assessing the benefits of the bivalent vaccine and/or future vaccine platforms. In addition to the antibody responses analyzed here, T-cell response to vaccination provides important cellular immune protection against severe infection, which we are unable to assess with these serologic data and future research regarding this response would be beneficial. Longitudinal studies are needed to evaluate the duration of response to vaccine to determine the optimal vaccination strategy, given that antibody responses can wane over time.

In conclusion, pediatric PAD patients, specifically those with severe PAD, had significantly higher antibody response to SARS-CoV-2 vaccination when compared to adults with severe PAD. Pediatric PAD patients with low (<2% of total CD19+) class-switched memory B-cells had significantly lower response to SARS-CoV-2 vaccination compared to those without. Anti-spike antibody levels increased significantly after receiving a third monovalent SARS-CoV-2 vaccine. These data support CDC guidelines regarding three-dose SARS-CoV-2 vaccine series, including in the pediatric PAD patient demographic.





Data availability statement

The original contributions presented in the study are included in the article/Supplementary Materials, further inquiries can be directed to the corresponding author/s.





Ethics statement

The studies involving human participants were reviewed and approved by Mass General Brigham IRB. Written informed consent to participate in this study was provided by the participants’ legal guardian/next of kin.





Author contributions

JRF and SB conceived of the project. DD provided expertise in immunology. MT performed chart review, and wrote the manuscript with aid from JRF and SB. ZB performed statistics herein described. JRF, SB, DD, PH, and CR contributed patients.





Funding

Funding/Support: SB is supported by the National Institute of Allergy And Infectious Diseases of the National Institutes of Health under Award Number K23AI163350. The content is solely the responsibility of the authors and does not necessarily represent the official views of the National Institutes of Health. JF was supported by a faculty development award from the American Academy of Allergy Asthma & Immunology (AAAAI) and the National Institute on Minority Health and Health Disparities of the National Institute of Health under award number R01MD017816. The content is solely the responsibility of the authors and does not necessarily represent the official views of the National Institutes of Health. DVD is supported by Massachusetts General Hospital Executive Committee on Research Fund for Medical Discovery Fellowship





Conflict of interest

JRF: has received investigator-initiated research grants from Pfizer and Bristol Myers Squibb with no direct relation to the work presented.

The remaining authors declare that the research was conducted in the absence of any commercial or financial relationships that could be constructed as a potential conflict of interest.





Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fimmu.2023.1217718/full#supplementary-material




References

1. Cheraghi, T, Kalantari, A, Shabestari, MS, Abolhassani, H, Eibel, H, Hammarström, L, et al. Predominantly antibody deficiencies. Inborn Errors Immunity: A Pract Guide (2021), 93–123. doi: 10.1016/B978-0-12-821028-4.00006-3

2. Durandy, A, Kracker, S, and Fischer, A. Primary antibody deficiencies. Nat Rev Immunol (2013) 13(7):519–33. doi: 10.1038/nri3466

3. Dunay, GA, Barroso, M, Woidy, M, Danecka, MK, Engels, G, Hermann, K, et al. Long-term antibody response to SARS-coV-2 in children. J Clin Immunol (2023) 43(1):46–56. doi: 10.1007/s10875-022-01355-w

4. Ludvigsson, JF. Systematic review of COVID-19 in children shows milder cases and a better prognosis than adults. Acta Paediatr (2020) 109(6):1088–95. doi: 10.1111/apa.15270

5. Wu, Z, and McGoogan, JM. Characteristics of and important lessons from the coronavirus disease 2019 (COVID-19) outbreak in china: summary of a report of 72 314 cases from the chinese center for disease control and prevention. JAMA (2020) 323(13):1239–42. doi: 10.1001/jama.2020.2648

6. Schlage, S, Lehrnbecher, T, Berner, R, Simon, A, and Toepfner, N. SARS-CoV-2 in pediatric cancer: a systematic review. Eur J Pediatr (2022) 181:1413–27. doi: 10.1007/s00431-021-04338-y

7. Choi, JH, Choi, SH, and Yun, KW. Risk factors for severe COVID-19 in children: A systematic review and meta-analysis. J Korean Med Sci (2022) 37(5). doi: 10.3346/jkms.2022.37.e35

8. Kuczborska, K, Krzemińska, E, Buda, P, Heropolitańska-Pliszka, E, Piątosa, B, and Książyk, J. Immune response to SARS-CoV-2 infections in children with secondary immunodeficiencies. J Clin Immunol (2023) 43(1):57–64. doi: 10.1007/s10875-022-01365-8

9. Milito, C, Lougaris, V, Giardino, G, Punziano, A, Vultaggio, A, Carrabba, M, et al. Clinical outcome, incidence, and SARS-CoV-2 infection-fatality rates in Italian patients with inborn errors of immunity. J Allergy Clin Immunol Pract (2021) 9(7):2904–2906.e2. doi: 10.1016/j.jaip.2021.04.017

10. Abolhassani, H, Delavari, S, Landegren, N, Shokri, S, Bastard, P, Du, L, et al. Genetic and immunologic evaluation of children with inborn errors of immunity and severe or critical COVID-19. J Allergy Clin Immunol (2022) 150(5):1059–73. doi: 10.1016/j.jaci.2022.09.005

11. Walter, EB, Talaat, KR, Sabharwal, C, Gurtman, A, Lockhart, S, Paulsen, GC, et al. Evaluation of the BNT162b2 covid-19 vaccine in children 5 to 11 years of age. New Engl J Med (2022) 386(1):35–46. doi: 10.1056/NEJMoa2116298

12. Frenck, RW, Klein, NP, Kitchin, N, Gurtman, A, Absalon, J, Lockhart, S, et al. Safety, immunogenicity, and efficacy of the BNT162b2 covid-19 vaccine in adolescents. N Engl J Med (2021) 385(3):239–50. doi: 10.1056/NEJMoa2107456

13. Barmettler, S, DiGiacomo, DV, Yang, NJ, Lam, T, Naranbhai, V, Dighe, AS, et al. Response to severe acute respiratory syndrome coronavirus 2 initial series and additional dose vaccine in patients with predominant antibody deficiency. J Allergy Clin Immunol Pract (2022) 10(6):1622. doi: 10.1016/j.jaip.2022.03.017

14. Bitzenhofer, M, Suter-Riniker, F, Moor, MB, Sidler, D, Horn, MP, Gschwend, A, et al. Humoral response to mRNA vaccines against SARS-CoV-2 in patients with humoral immunodeficiency disease. PloS One (2022) 17(6). doi: 10.1371/journal.pone.0268780

15. Durkee-Shock, JR, and Keller, MD. Immunizing the imperfect immune system: Coronavirus disease 2019 vaccination in patients with inborn errors of immunity. Ann Allergy Asthma Immunol (2022) 129(5):562–571.e1. doi: 10.1016/j.anai.2022.06.009

16. Ma, ALT, Leung, D, Chan, EYH, Chim, S, Cheng, S, Ho, FTW, et al. Antibody responses to 2 doses of mRNA COVID-19 vaccine in pediatric patients with kidney diseases. Kidney Int (2022) 101(5):1069–72. doi: 10.1016/j.kint.2022.01.035

17. Poparn, H, Srichumpuang, C, Sosothikul, D, Jantarabenjakul, W, Lauhasurayotin, S, Techavichit, P, et al. Immune Response after 2 Doses of BNT162b2 mRNA COVID-19 Vaccinations in Children and Adolescents with Cancer and Hematologic Diseases. Asian Pacific J Cancer Prev (2022) 23(6):2049–55. doi: 10.31557/APJCP.2022.23.6.2049

18. Erra, L, Uriarte, I, Colado, A, Paolini, MV, Seminario, G, Fernández, JB, et al. COVID-19 vaccination responses with different vaccine platforms in patients with inborn errors of immunity. J Clin Immunol (2022) 43(2):271–85. doi: 10.1007/s10875-022-01382-7

19. 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(1):38. doi: 10.1016/j.jaip.2015.07.025

20. Bonilla, FA, Khan, DA, Ballas, ZK, Chinen, J, Frank, MM, Hsu, JT, et al. Practice parameter for the diagnosis and management of primary immunodeficiency. J Allergy Clin Immunol (2015) 136(5):1186–1205.e78. doi: 10.1016/j.jaci.2015.04.049

21. Bousfiha, A, Moundir, A, Tangye, SG, Picard, C, Jeddane, L, Al-Herz, W, et al. The 2022 update of IUIS phenotypical classification for human inborn errors of immunity. J Clin Immunol (2022) 42(7):1508–20. doi: 10.1007/s10875-022-01352-z

22. Lee, TK, Gereige, JD, and Maglione, PJ. State-of-the-art diagnostic evaluation of common variable immunodeficiency. Ann Allergy Asthma Immunol (2021) 127(1):19–27. doi: 10.1016/j.anai.2021.03.005

23. Patel, EU, Bloch, EM, Clarke, W, Hsieh, YH, Boon, D, Eby, Y, et al. Comparative performance of five commercially available serologic assays to detect antibodies to SARS-CoV-2 and identify individuals with high neutralizing titers. J Clin Microbiol (2021) 59(2):e02257-20. doi: 10.1128/JCM.02257-20

24. Rubio-Acero, R, Castelletti, N, Fingerle, V, Olbrich, L, Bakuli, A, Wölfel, R, et al. In search of the SARS-CoV-2 protection correlate: head-to-head comparison of two quantitative S1 assays in pre-characterized oligo-/asymptomatic patients. Infect Dis Ther (2021) 10(3):1–14. doi: 10.1007/s40121-021-00475-x

25. Suhandynata, RT, Bevins, NJ, Tran, JT, Huang, D, Hoffman, MA, Lund, K, et al. SARS-CoV-2 serology status detected by commercialized platforms distinguishes previous infection and vaccination adaptive immune responses. J Appl Lab Med (2021) 6(5):1109–22. doi: 10.1093/jalm/jfab080

26. Weiskopf, D, Weinberger, B, and Grubeck-Loebenstein, B. The aging of the immune system. Transplant Int (2009) 22(11):1041–50. doi: 10.1111/j.1432-2277.2009.00927.x

27. Kovaiou, RD, Herndler-Brandstetter, D, and Grubeck-Loebenstein, B. Age-related changes in immunity: implications for vaccination in the elderly. Expert Rev Mol Med (2007) 9(3):1–17. doi: 10.1017/S1462399407000221

28. Pawelec, G. Immunity and ageing in man. Exp Gerontol. (2006) 41(12):1239–42. doi: 10.1016/j.exger.2006.09.005

29. Frasca, D, Riley, RL, and Blomberg, BB. Humoral immune response and B-cell functions including immunoglobulin class switch are downregulated in aged mice and humans. Semin Immunol (2005) 17(5):378–84. doi: 10.1016/j.smim.2005.05.005

30. Pinti, M, Appay, V, Campisi, J, Frasca, D, Fülöp, T, Sauce, D, et al. Aging of the immune system: Focus on inflammation and vaccination. Eur J Immunol (2016) 46(10):2286–301. doi: 10.1002/eji.201546178

31. Johnson, SA, and Cambier, JC. Ageing, autoimmunity and arthritis: senescence of the B cell compartment - implications for humoral immunity. Arthritis Res Ther (2004) 6(4):131–9. doi: 10.1186/ar1180

32. Kumar, R, and Burns, EA. Age-related decline in immunity: implications for vaccine responsiveness. Exp Rev Vaccines (2014) 7(4):467–79. doi: 10.1586/14760584.7.4.467

33. Clinical Guidance for COVID-19 Vaccination | CDC. . Available at: https://www.cdc.gov/vaccines/covid-19/clinical-considerations/interim-considerations-us.html.




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.


Copyright © 2023 Tandon, DiGiacomo, Zhou, Hesterberg, Rosenberg, Barmettler and Farmer. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fimmu-14-1217718-g003.jpg
ox

o Dose2
o Dosed

i

SARS-CoV-2 anti-Spike Antibody @

S S S

0w
o Moderat
o sowe





OEBPS/Images/fimmu-14-1217718-g001.jpg
| eactive (08 UL






OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Response to SARS-CoV-2 initial series and additional dose vaccine in pediatric patients with predominantly antibody deficiency

      

        		

          Introduction

        



        		

          Methods

        



        		

          Results

        

          		

            Pediatric PAD patient characteristics

          



          		

            SARS-CoV-2 vaccine response is higher in pediatric compared to adult PAD patients

          



          		

            Risk for low SARS-CoV-2 vaccine response among pediatric PAD patients

          



          		

            Response to third-dose monovalent SARS-CoV-2 vaccine in pediatric PAD patients

          



          		

            Confounder analysis

          



          		

            Infection outcomes

          



        



        



        		

          Discussion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          Supplementary material

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fimmu-14-1217718-g002.jpg





OEBPS/Images/logo.jpg
, frontiers | Frontiers in Immunology





OEBPS/Images/fimmu.2023.1217718_cover.jpg
& frontiers | Frontiers in Immunology

Response to SARS-CoV-2 initial series and
additional dose vaccine in pediatric patients
with predominantly antibody deficiency





OEBPS/Images/table1.jpg
Pediatric
PAD
(n=15)
Age (years, mean (range) 107 (416
Gender (n, %M) 14,933%
Non-Hispanic White (n, %) 12,800%

Vaccine, type (n, %)

BNTI6262 (Plizer) <5 years L67%
BNTI6262 (Pfzer) 51 years 7,467%
BNTI6202 (Plzer) 12¢ years 7,467%

Vaccine, cumulative doses received (n, %)

' -
2 4267%
3 9,600%
4 2138

Days from last vaccine to draw, median

Dose2 5
Dose3 uss
PAD Severity (n, %)
Mid 6 a00%
Moderate 3,200%
Severe 1.267%
PAD Type (n, %)
Primary Hypogammaglobulinemia 167%
Specifc Antibody Defciency L67%
16G Subelas Deficency 4,267%
Common Varible Immune Deficency 3,200%
D((;:;::l:aud Predominantly Antibody e
Sccondary Hypogammaglobulinemia 2133%

Current Immunoglobulin Replacement Therapy (n, %)
WG L67%
G 7,467%

Naturally acquired COVID-19 infec-

tion (n, %) 2523%

Adult PAD
(n=62)

525 (2072)

19,307%

62,1000%

3

12,231%

21,404%

19,365%

4,77%

5.96%

358%

21,404%

19,365%

10,161%

19,306%

20,387%





