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Abstract

:

Most patients with primary immune deficiency suffer from recurrent infections; however, paradoxical autoimmune phenomena can also manifest. The aim of this study was to identify immunological markers of autoimmune phenomena associated with common variable immunodeficiency (CVID). The study included 33 adults with CVID divided into two groups: (1) those with noninfectious autoimmune complications (CVID-C (n = 24)) and (2) those with only infectious symptoms (CVID-OI (n = 9)). Flow cytometry of peripheral blood was performed and compared with systemic lupus erythematosus (SLE) patients (n = 17) and healthy controls (n = 20). We found that all lymphocytes were lower in CVID-C and SLE. NK cells were lowest in CVID-C. Th17 cells were significantly reduced in CVID-C and SLE. Tregs were significantly lower in CVID-C and SLE. Bregs did not significantly differ between any groups. Class-switched memory B cells were significantly lower in CVID-C and CVID-OI. Lastly, plasmablasts were significantly higher in SLE. Among the T cell subsets, CVID-C patients had lower naive and recent thymic emigrant CD4+ T cells. In conclusion, reduced Treg, Th17, and NK cells are features of CVID with autoimmune complications, and class-switched memory B cells can help distinguish patients with different causes of autoimmunity. Future studies are needed to confirm whether reductions of Treg, Th17, and NK cells might be a biomarker of more complicated CVID cases.
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1. Introduction


Common variable immunodeficiency (CVID) is the most common symptomatic primary antibody deficiency in adults. Most patients suffer from recurring respiratory tract infections; however, paradoxical autoimmunity, both systemic and organ related, is a secondary manifestation of CVID and affects 20–40% of cases [1]. Patients with a complicated CVID phenotype have the longest diagnostic delay, especially if autoimmune phenomena are the first manifestations of primary immunodeficiency [2]. Autoimmune phenomena might occur as the first symptom in 30% of patients with primary antibody deficiencies [3]. In a recent study focused on noninfectious CVID complications, autoimmune thrombocytopenic purpura (AITP) was most common (16.2%), followed by autoimmune hemolytic anemia (AIH 7.7%), amongst the 632 patients followed since 1974. Other associated autoimmune conditions include rheumatoid arthritis (2.7%) and uveitis (1%). Rarer autoimmune complications are psoriasis, psoriatic arthritis, vitiligo, alopecia, autoimmune thyroiditis, antiphospholipid syndrome, Sjogren syndrome, vasculitis, type 1 diabetes, myasthenia gravis, autoimmune pancreatitis, and severe oral ulcers [4]. Polyclonal lymphadenopathy occurred in 20–40% of patients [4]. Clinically, this often presents as generalized lymphadenopathy and splenomegaly. The challenge is to differentiate it from lymphoma [5]. In 20% of patients with a CVID-like phenotype, monogenic defects responsible for immune deregulation have been identified. Examples include CTLA4 and LRBA deficiency [6,7], nuclear factor kB (NFkB) mutations [8,9] and mutations of the catalytic subunit of phosphoinositide 3-kinase delta (PI3Kdeta) [10]. However, in the majority of patients with CVID, the pathogenesis of noninfectious phenomena is still unknown.



Similar symptoms were observed in systemic lupus erythematosus (SLE): cytopenia, generalized lymphadenopathy, hepatomegaly, splenomegaly, and interstitial lung disease. The clinical symptoms of CVID and systemic rheumatic diseases overlap. Evidence has accumulated that the coincidence of primary immunodeficiency (PID) and autoimmune diseases is high [11,12,13]. A secondary immunodeficiency-like state is present in a significant number of rheumatologic patients. Low serum levels of main immunoglobulins (Ig) and subclasses IgG3 and IgG4 are frequent, although in many cases laboratory abnormalities are not related to increased susceptibility to infections [14]. A recent study of patients with rheumatic diseases identified genetic variants that are responsible for PID in participants who developed hypogammaglobulinemia [11].



Immunophenotyping of the B cell compartment in the peripheral blood is a routine evaluation in patients with primary hypogammaglobulinemia. In CVID, detailed findings of B cell maturation can be classified according to several systems, of which two of the most popular are Freiburg [15] and EUROclass [16]. Characterization of CD19+ B cell subsets in CVID is classified according to low Ig switched memory (CD19+ CD27+ IgM− IgD−), B cell (smB) proportions, and abnormally high proportions of CD21low B cells. In addition to these two cell subsets, the EUROclass classification also uses an abnormal expansion of transitional B cells (CD19+ CD27− CD38+) for further subgrouping [16].



Low smB cell subsets are an abnormality present in 80% of patients with CVID; however, it is not specific for CVID. More detailed studies that assessed the correlation between B cell maturation and the phenotype of CVID have produced mixed results. In some studies, diminished smB cell count [17], reduced naïve B cells [18], and expansion of B cells with reduced CD21 expression (CD21low B cells) correlated with autoimmune phenomena or splenomegaly [16,19].



Although CVID is a disease of defective B cell maturation, various reports have associated CVID with T cell compartment abnormalities, such as CD4+ T cell lymphopenia with reduced subset counts of naive CD4+ T cells [20] and naive CD8+ T cells [21]. A reduced percentage of naïve CD4+ T cells was associated with complications and poor prognosis in CVID [22].



Regulatory T cells (Tregs), T helper 17 (Th17), and follicular T helper 17 (Tfh17) cells are reduced in patients with complicated CVID phenotypes [18]. T cells in patients with CVID have lower proliferative capacities [23] and abnormal cytokine production [24]. Recent studies have shown the involvement of follicular T cells in CVID pathogenesis [25] An increase in the circulating memory CD4+ T cells of CVID patients with noninfectious complications has been reported [26].



In contrast to PID, immunophenotyping of B and T cells in SLE and other autoimmune diseases is mainly used in scientific research and clinical trials [27]. Therefore, physicians are not familiar with the interpretation and utility of lymphocyte subset counts in clinical practice. The data showed that IgM memory B cells were significantly decreased in patients with SLE. In contrast, transitional B cells were significantly increased in SLE and other autoimmune disorders [28]. The population of plasmablasts also increased in active SLE [29].



Until now, studies comparing B and T cell subsets from patients with PID and patients with rheumatic diseases are limited. In one study, patients with primary and secondary hypogammaglobulinemia in the course of different rheumatic diseases were observed [30]. Another study involved the analysis of polymyalgia rheumatica patients treated with systemic glucocorticoids [31]. Both studies aimed to identify the distinction between primary and secondary hypogammaglobulinemia.



We analyzed the maturation of B and T lymphocytes in the peripheral blood of patients with CVID who were divided into two groups: patients with a phenotype limited to infections (CVID-OI) and patients with noninfectious, autoimmune complications (CVID-C). These results were compared with those of patients diagnosed with SLE and healthy controls (HCs). The aim of this study was to identify immunological markers of autoimmune phenomena associated with CVID.




2. Materials and Methods


2.1. Patients


The study population was selected from consecutive adult patients (≥18 years old) who were under the care of the outpatient clinic of the Department of Internal Medicine, Pulmonology, Allergy, and Clinical Immunology, Central Clinical Hospital of the Ministry of National Defense, Military Institute of Medicine in Warsaw, Poland, between January 2016 and December 2019.



The study participants included confirmed CVID patients diagnosed according to the European Society for Immunodeficiencies’ criteria [32] and were treated under the Polish Ministry of Health’s drug programs, B.62 and B.78. CVID clinical phenotypes were defined according to the literature [32]. Group 1, or CVID-C (n = 24), included patients with CVID who suffered from increased susceptibility to infections and at least one other clinical event beyond increased susceptibility to infections attributable to PID [33]. Group 2, or CVID-OI (n = 9), included patients with only the infectious phenotype. Group 3 included patients with SLE (n = 17) who fulfilled the Systemic Lupus International Collaborating Clinics’ (SLICCs’) criteria [34] and had no clinical signs of immunodeficiency.



Healthy controls (HC) were selected from age-matched volunteers from hospital employees without any signs, symptoms, or history of immunodeficiency and/or autoimmunity.




2.2. Compliance with Research Ethics Standards


The study protocol was approved by the Bioethics Committee of the Military Institute of Medicine (approval no. 7/WIM/2020). All patients were informed in detail orally about the course, aims, and scope of this research. Blood sampling was limited to routine assessments. Separate written consent for blood sampling and review of records were not required by the IRB due to the retrospective nature of this study. All patient data were confidential, and the study procedures complied with the Declaration of Helsinki.




2.3. Flow Cytometry Analysis


All blood samples were drawn during routine visits. If the CVID patients were on immunoglobulin replacement therapy (IgRT), blood samples were drawn before the day of IgG infusion according to the national regulations for treatment reimbursement.



Lymphocyte subset percentages were determined according to literature [15,35] by flow cytometry using a panel of monoclonal antibodies using FACS Canto II BD flow cytometry (Becton Dickinson (BD) Biosciences, Franklin Lakes, NJ, USA). Subsequently, all eight-color surface staining panels for the basic subpopulation of lymphocytes were evaluated as follows: CD4 FITC, CD3 PerCP-Cy5-5, CD19 PE-Cy7, CD8 APC, CD16 APC-H7, and CD45 V500 (BD Biosciences).



B cell subpopulations were defined using the following antibodies: IgD PE, CD27 PerCP-Cy5-5, CD19 PE-Cy7, IgM APC, CD38 APC-H7, CD21 V450, and CD45 V500 (BD Biosciences).



CD4 T cell and CD8 maturation were defined using CD4 FITC, CD196 PE, CD197 PerCP-Cy5-5, CD45RO PE-Cy7, CD45RA APC, CD3 APC-H7, CD8 V450, and CD45 V500 (BD Biosciences) antibodies.



For Th17 cells, CD4 FITC, CD196 PE, CD45RO PE-Cy7, and CD45 V500 (BD Biosciences) antibodies were used.



Recent thymic emigrant (RTE) CD4+ or CD8+ cells were analyzed using CD4 FITC, CD62L PE, CD31 PerCP-Cy5-5, CD45RO PE-Cy7, CD45 RA APC, CD3 APC-H7, and CD8 V450 CD45 V500 (BD Biosciences) antibodies.



For Tregs, we used CD127 FITC, CD4 PerCP-Cy5-5, CD25 APC, CD3 APC-H7, CD45 V500 (BD Biosciences) antibodies, and for regulatory B cells (Bregs), CD1d PE, CD19 PE-Cy7, CD5 APC, and CD45 V500 (BD Biosciences) antibodies were used.



After surface staining for 15 min at 21 °C in the dark, erythrocytes were lysed with 2 mL of BD Pharm Lyse buffer (BD Biosciences) for 10 min. Following centrifugation and washing with Cell Wash buffer (BD Biosciences), the mixture was stored in the dark for analysis by flow cytometry within 2 h. Data were analyzed with DIVA Analysis software (version 8.0.1, BD Biosciences, San Jose, CA 95131 USA) and Infinicyt 1.8 Flow Cytometry (Cytognos, Salamanca, Spain).



Lymphocyte counts were obtained using a SYSMEX XN-1500 (Sysmex Corp., Kobe, Japan) hematological analyzer.



Internal quality control was performed daily by checking the optical detector, aligning lasers, and fluid systems using CS&T IVD Beads BD FACS Diva (BD Biosciences), San Jose, CA 95131 USA, respectively, according to the manufacturers’ guidelines. Internal reference values of lymphocyte counts and proportions are presented in Supplementary Materials (Tables S1–S3).



We distinguished the following subpopulations in B cell maturation:




	
transitional B cells: IgM++ IgD++ CD38++ CD27− CD19+ CD45+



	
naïve B cells: IgM+ IgD++ CD38+ CD27− CD19+ CD45+



	
nonswitched memory B cells (marginal zone-like B cells): IgM++ IgD+ CD38+ CD27+ CD19+ CD45+



	
class-switched memory B cells: IgM− IgD− CD38+ CD27+ CD19+ CD45+



	
plasmablasts: IgM−/+ IgD− CD38+++ CD27++ CD19+ CD45+



	
CD21low B cells: IgM+ IgD+ CD38+low CD27− CD21+low CD19+ CD45+








We distinguished the following subpopulations in T cell CD4+ or CD8+ maturation:




	
RTE T cells: CD45RA+ CD62L+ CD31+ CD3+ CD45+



	
naïve T cells: CD45RA+ CD197+ CD3+ CD45+



	
effector T cells: CD45RA+ CD197− CD3+ CD45+



	
central memory T cells: CD45RO+ CD197+ CD3+ CD45+



	
effector memory T cells: CD45RO+ CD197− CD3+ CD45+



	
RTE T cells: CD45RA+ CD62L+ CD31+








We distinguished the following other lymphocytes subpopulations:




	
Bregs: CD19+ CD5+ CD1dhigh



	
Tregs: CD3+ CD4+ CD25high FoxP3+ CD127−



	
Th17: CD3+ CD4+ CD45RO+ CD196+








Representative B and T lymphocyte maturation gating strategies in patients are presented in Figures S1–S3 (Supplementary Materials).




2.4. Statistical Analysis


All statistical analyses were performed using Statistica® software (version 13.0; TIBCO Software, Palo Alto, CA, USA). Statistical significance was set at p < 0.05. The results are expressed as medians (Q1–Q3) of the lymphocyte populations. For group comparisons, the Kruskal–Wallis, analysis of variance (ANOVA), and post hoc analysis tests were used.





3. Results


3.1. The Clinical Characteristics of Patients


Among the 33 patients with CVID, 14 were women and 19 were men, and the overall mean age at the time of blood sampling was 37.75 years (min–max: 21–66 years). Among the 9 patients with CVID-OI, 4 (44%) were men, and among 24 patients with CVID-C, 16 (66%) were men. The mean age was 37.0 years (±17.2) and 38.4 years (±12.4) in patients with CVID-OI and CVID-C, respectively. By the time of blood sampling, two patients were receiving low-dose prednisolone (5 mg/day), and one was being treated with methotrexate and etanercept due to psoriatic arthritis.



All CVID patients had a positive history of increased susceptibility to infections; however, only 9 of 33 (27%) presented with a clinical phenotype limited to infections. The clinical characteristics of the patients are summarized in Table 1. All 17 SLE patients were female, mean age 43.05 years (min–max 18–60). The SLE patients had low or mild disease activity according to the Systemic Lupus Erythematosus Disease Activity Index 2000 SLEDAI2K (mean value 3.4). Sixteen patients with SLE were treated with antimalarials, and ten patients received prednisolone (5–15 mg/day).




3.2. Peripheral Main Lymphocyte Subsets, Tregs, Bregs, and Th17 Cells


The proportion of total lymphocytes was low in the CVID-C and SLE groups. It differed significantly from that of the HC group. CVID-OI patients had all lymphocyte proportions similar to those of HC.



The proportion of T lymphocytes was the lowest in CVID-C and differed significantly from that in HCs. In SLE patients, T lymphocytes were also significantly lower than in the HC group. The proportion of T lymphocytes in CVID-OI was similar to that in HC. The results are summarized in Table 2.



Among the T lymphocytes, the proportion of CD4+ T cells was significantly reduced in patients with CVID-C, CVID-OI, and SLE compared to that in HC. There were no differences in the proportion of CD8+ T cells between the disease groups and HC. The CD4/CD8 ratio was reduced in CVID-C and CVID-OI compared with that in HCs.



The proportion of circulating B cells was reduced in CVID-C and differed significantly from that in HC and SLE.



The NK cell proportion was marked decreased in CVID-C patients compared to HC patients.



The proportion of Th17 cells was reduced in CVID-C and SLE and differed significantly from that in HCs. The Th17 cell counts were the lowest in SLE (Figure 1).



Treg counts were low in CVID-C and SLE patients and differed significantly from HCs. Breg counts were lowest in CVID-C patients, but no significant differences were noted between the disease groups and the HC group (Figure 2). Treg counts were low in CVID-C and SLE patients and differed significantly from HCs.



Considering the absolute numbers of the above-mentioned lymphocyte populations, the same trends were observed. A difference was observed only in the CD8 lymphocytes of SLE patients, which were significantly less than in the HCs (Table 2).




3.3. B Lymphocyte Maturation


Analysis of the maturation of B-lymphocytes showed that the proportion of transitional B cells was highest in CVID-OI and differed significantly from that in HCs. The frequency of nonswitched memory B cells was the highest in patients with CVID-C. The difference in nonswitched memory B cell counts was significant between the CVID-C and SLE groups and between the CVID-C and HC groups. Class-switched memory B cell percentages were low in CVID-C and CVID-OI. The difference was significant in comparison with the percentage of smB cells in HCs and SLE. The proportion of CD21low B cells was higher in CVID-C and CVID-OI than in HCs. Plasmablasts were significantly higher in SLE patients than in CVID-C and CVID-OI patients (Table 3, Figure 3). The proportions of B lymphocyte maturation for each patient with CVID-C, CVID-OI, SLE, and HC are presented on heat maps in Figure 4.




3.4. T Lymphocyte Maturation


To examine the abnormalities in T cell maturation, we delineated CD4+ and CD8+ cells. RTE CD4+ and naïve CD4+ T cell percentages were significantly reduced in CVID-C patients compared to that in HCs. The proportion of effector memory CD45RO+ CD197-CD4+ T cells significantly increased in CVID-C compared to the HCs. The RTE CD8+ T cell proportion was low in CVID-C and differed significantly from SLE (the highest proportion) and HCs. Naïve CD8+ T cell counts were significantly reduced in patients with CVID-C compared to HCs. The proportion of effector memory CD8+ T cells was similar in the CVID and HC groups. The proportion of effector memory CD8+ T cells was the lowest in the SLE group and significantly differed from CVID-C (Table 4, Figure 5). The proportions for the T lymphocyte maturation of each patient with CVID-C, CVID-OI, and SLE and HCs are presented on heat maps (Figure 6).





4. Discussion


Using flow cytometry, we determined the lymphocyte profiles of four patient groups: CVID-C, CVID-OI, SLE, and HCs.



In our study, patients with a complicated CVID phenotype had low proportions of Tregs and NK cells. Decreased proportions of Tregs in CVID were first reported by Fevang et al. [36]. They included 26 patients diagnosed with CVID according to the WHO classification. In CVID patients, they found significantly reduced expression of the transcription factor FoxP3 in CD3+ cells and a decreased proportion of T CD4+CD25highFoxP3+ cells in the CD4(+) population, as measured by flow cytometry. The lowest proportion of Tregs was found in patients with CVID and splenomegaly (spleen size > 13 cm on ultrasound examination). Treg proportions correlated negatively with neopterin levels as a marker of chronic inflammation [36]. Kofod-Olsen et al. in a study of 26 patients with CVID, demonstrated an association between decreased levels of Tregs and autoimmune phenomena [37]. Moreover, in patients with CVID, the functions of Tregs were disturbed [36,38]. One study that included 20 children with CVID (mean age 173 months) found no difference in Tregs between CVID cases and healthy controls [39]. This suggests different etiopathologies of childhood vs. adult-onset CVID.



We found low NK cells in the CVID-C group (median, 54 cells/μL). Similarly, patients with CVID from the French registry who had a severe reduction of NK cells (<50/μL at study inclusion) presented with a complicated phenotype [40]. Therefore, our results support the finding that low NK cell numbers can be a biomarker of complicated CVILD [41,42].



We found that patients with CVID-C had reduced Th17 proportions. Th17 cell involvement in CVID has not been well studied [18,43]. Barbosa et al. were the first to evaluate circulating Th17 cells in 30 patients with CVID [43]. They found a significant reduction in Th17 cells in CVID patients who had less than 2% smB cells and more than 10% of cd21low B cells. This suggested that there is a link between B cell maturation disturbances and maintenance of Th17 cells [43]. Edwards et al. found low Th17 numbers in patients with predominantly deficient antibodies and noninfectious complications [18].



Bregs play a critical role in immune homeostasis and tolerance. Despite extensive efforts to phenotypically characterize Bregs, we still lack a definitive set of phenotypic markers or a signature transcriptional regulator (equivalent to FoxP3 Tregs) that enables us to comprehensibly identify Bregs [44]. In our study, Bregs were identified as CD19+ CD5+ CD1dhigh. CD1d is a major phenotypic marker highly expressed in many Breg cells, and it may play a crucial role in Breg-cell-mediated suppression [45]. The upregulation of CD1d on B cells is associated with B-cell-mediated protection against inflammation [44,46]. In our study, we observed a tendency for decreased Bregs in CVID-C patients; however, this was not statistically significant. Yesillic et al. found significantly lower proportions of Breg cells in 25 adult patients with CVID [47]. On the other hand, Kofod-Olsen et al. showed that an elevated frequency of pro-B10 cells in CVID correlated with autoimmunity and splenomegaly [37]. In another study that included 42 adult patients with CVID, the Breg number was low, and their function was disturbed [48]. Although 40% of patients in that study had autoimmune symptoms, there was no correlation between the reduction of Breg cells and autoimmunity. Discrepancies among the studies might be a result of different methodologies of Breg assessment and differences in the incidence and types of autoimmunity in published cohorts.



T cell subsets in our CVID-C patients were characterized by low naive CD4+T cells, low RTE CD4+ T cells, low naïve CD8+T cells, and low RTE CD8+T cells. These results illustrate that profound T cell pool abnormalities are part of the picture of complicated CVID. Signs of senescence in T cell maturation have been reported in CVID-C patients. Stuchlý et al. hypothesized that in CVID with autoimmune thrombocytopenia, naive CD4+ T cell pool depletion occurred and increased the likelihood of promoting autoreactive T cells to memory stages concurrently with B cell activation [49]. Activated B cells, which cannot progress through germinal center reactions, fail to produce isotype-switched antibodies [50].



To better understand autoimmunity, we compared the cytometry results between CVID and SLE patients, as a prototypic autoimmune disease. Patients with CVID and SLE both had lymphopenia. We found that only a more detailed analysis of peripheral lymphocyte subset counts showed differences; specifically, smB cells and plasmablasts were reduced in CVID, which is in agreement with other studies [30]. Therefore, low smB cells detected in patients with autoimmunity should increase the awareness of immunodeficiency. In a recently published study, retrospective evaluation of available peripheral lymphocyte subset counts revealed lower proportions of class-switched memory B cells [9] in patients with inflammatory rheumatic diseases. These patients also presented with mutations in PID genes and were subsequently revealed to have hypogammaglobulinemia.



The expansion of the CD21low B cell compartment and increased plasmablasts are expected findings in autoimmune diseases. This was not the case in the SLE patients in our study. Moreover, they had the lowest Th17 percentages. This can be explained by the low disease activity in our patients [50]. However, Treg imbalance persists despite low SLE activity and might be a further attractive therapeutic goal [51].



Our study has some limitations. First, the sample size of each group was relatively small. Due to the limited sample size, we were not able to assess the relationships between specific clinical symptoms and lymphocyte subsets. However, the limited number of CVID patients is to be expected as it is a rare disease, and our sample size is similar to that of other single-center studies. On the other hand, we collected extensive data from each patient and only included patients with a confirmed diagnosis.



In conclusion, we confirmed that patients with CVID and autoimmune phenomena had reduced Treg, Th17, and NK cells.



Future studies are needed to confirm whether reductions of Treg, Th17, and NK cells might be a biomarker of more complicated CVID cases. Nevertheless, class-switched memory B cells can help distinguish patients with different causes of autoimmunity. Our results suggest that T and B cell maturation analyses should be performed routinely in clinical practice.
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Figure 1. Differences in the median percentages of lymphocyte subpopulations between the CVID with complicated phenotype (CVID-C) group, the CVID phenotype limited to only infections (CVID-OI), patients with systemic lupus erythematosus (SLE), and healthy controls (HCs). Data expressed as median (Q1–Q3), * p < 0.05. 
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Figure 2. Differences in the median percentages of T regulatory cells (Tregs) and B regulatory cells (Bregs) between the CVID with complicated phenotype (CVID-C) group, CVID phenotype limited to only infections (CVID-OI group), patients with systemic lupus erythematosus (SLE), and healthy controls (HCs). Data are expressed as median (Q1–Q3) * p < 0.05. 
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Figure 3. Differences in the proportions of B lymphocyte maturation between the CVID with complicated phenotype (CVID-C) group, CVID phenotype limited to only infections (CVID-OI group), patients with systemic lupus erythematosus (SLE), and healthy controls (HCs). Data expressed as median (Q1–Q3), * p < 0.05. 
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Figure 4. The proportions of B lymphocyte maturation for each patient with CVID with complicated phenotype (CVID-C) group, CVID phenotype limited to only infections (CVID-OI group), patients with SLE, and healthy controls (HCs). Data expressed as a median percentage (%). 
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Figure 5. Differences in the proportions of T lymphocyte maturation between CVID with complicated phenotype (CVID-C) group, CVID phenotype limited to only infections (CVID-OI group), patients with SLE, and healthy controls (HCs). Data expressed as median (Q1–Q3), * p < 0.05. 
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Figure 6. The proportions of T lymphocyte maturation for each patient with CVID with complicated phenotype (CVID-C) group, CVID phenotype limited to only infections (CVID-OI group), patients with systemic lupus erythematosus (SLE), and healthy controls (HCs). Data expressed as a median percentage (%). 
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Table 1. The clinical characteristics of patients with CVID and SLE.
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Clinical Phenotypes and Organ Complications in CVID Patients (n = 33)






	
No disease-related complications

	
9 (27%)




	
Bronchiectasis

	
4 (12%)




	
Splenomegaly

	
7 (21%)




	
Autoimmunity

	
20 (60%)




	
Thrombocytopenia

	
10 (33%)




	
Hemolytic anemia

	
6 (18%)




	
Addison–Biermer disease

	
2 (6%)




	
Vitiligo

	
1 (3%)




	
Chronic seronegative polyarthritis

	
2 (6%)




	
Alopecia areata

	
1 (3%)




	
Nonspecific inflammatory bowel disease

	
1 (3%)




	
Psoriasis

	
3 (6%)




	
Polyclonal lymphocytic infiltration

	




	
Generalized lymphadenopathy

	
19 (57%)




	
Granulomatous lesions (histopathological confirmation)

	
9 (27%)




	
Immunoglobulin replacement therapy

	
29




	
Immunoglobulin naïve

	
3




	
Prednisolone

	
2; dose 5 mg/day




	
Methotrexate and etanercept

	
1




	
Rituximab in anamnesis

	
2




	
Clinical data of SLE patients (n = 17)




	
SLEDAI2K

	
3.6 (min 0–max 9)




	
Treatment

	
16/17




	
Prednisolone

	
10 (58%); dose: 9 mg/day (min 5–max 15 mg)




	
Antimalarials

	
16 (94%)




	
Immunosuppressive medication

	




	
Methotrexate

	
2 (11%)




	
Rituximab in anamnesis

	
1 (5%)








CVID: Common variable immunodeficiency, SLE: systemic lupus erythematosus, SLEDAI2K: Systemic Lupus Erythematosus Disease Activity Index 2000.













[image: Table] 





Table 2. Differences in the median of lymphocyte subpopulations and absolute numbers between (a) the CVID with complicated phenotype (CVID-C) group, (b) CVID phenotype limited to only infections (CVID-OI group), (c) patients with systemic lupus erythematosus (SLE), and (d) healthy controls (HCs). Data expressed as median (Q1–Q3). * p < 0.05. ANOVA: analysis of variance, Post Hoc: post hoc analysis tests.
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As Median

(Q1–Q3)

	
CVID-C

(a) n = 24

	
CVID-OI

(b) n = 9

	
SLE

(c) n = 17

	
HC

(d) n = 20

	
p < 0.05 Group a-b-c-d ANOVA, Kruskal–Wallis

	
p < 0.05 between Groups Post Hoc Test






	
% of all cells




	
Lymphocytes

	
21.0

(16.6–29.8)

	
27.5

(22.7–36.3)

	
28.4

(12.1–36.6)

	
38.3

(33.2–46.3)

	
p = 0.0002

	
*a-d, *c-d




	
Lymphocytes T

	
17.6

(15.7–23.7)

	
22.4

(19.5–25.9)

	
19.3

(8.7–27.4)

	
29.5

(24.0–37.2)

	
p = 0.0011

	
*a–d, *c–d




	
CD4 cells

	
9.1

(4.3–11.4)

	
8.9

(6.8–9.9)

	
9.8

(4.9–12.0)

	
18.6

(13.6–22.0)

	
p < 0.0001

	
*a–d, *b–d, *c–d




	
CD8 cells

	
9.8

(7.0–12.0)

	
11.6

(8.3–11.9)

	
9.1

(3.3–11.5)

	
10.5

(7.8–13.2)

	
-

	
-




	
Lymphocytes B

	
0.8

(0.1–2.2)

	
3.3

(1.0–3.4)

	
2.4

(1.5–5.7)

	
3.9

(3.0–5.0)

	
p < 0.0001

	
*a–c, *a–d




	
NK cells

	
1.0

(0.5–1.9)

	
1.8

(1.4–2.3)

	
3.0

(2.0–3.7)

	
4.2

(2.8–7.0)

	
p = 0.0001

	
*a–d




	
Bregs

	
0.023

(0.008–0.113

	
0.050

(0.037–0.106)

	
0.041

(0.016–0.059)

	
0.065

(0.049–0.093)

	
-

	
-




	
Tregs

	
0.209

(0.093–0.366)

	
0.404

(0.356–0.613)

	
0.265

(0.167–0.478)

	
0.824

(0.711–1.109)

	
p < 0.0001

	
*a–d, *c–d




	
Th17

	
2.3

(1.0–4.3)

	
2.2

(1.8–3.7)

	
1.1

(0.4–1.9)

	
5.0

(3.8–7.1)

	
p < 0.0001

	
*a–d, *c–d




	
(cells/µL)




	
WBC

	
5575

(4605–7555)

	
6600

(5440–7370)

	
5690

(3630–8310)

	
6555

(4930–7535)

	
-

	
-




	
Lymphocytes

	
1201

(755–2145)

	
1986

(1119–2402)

	
1115

(1005–1576)

	
2037

(1838–2934)

	
p = 0.0002

	
*a–d, *c–d




	
Lymphocytes T

	
1071

(701–1614)

	
1457

(961–2093)

	
887

(570–1125)

	
1660

(1409–2292)

	
p = 0.0004

	
*a–d, *c–d




	
CD4 cells

	
458

(305–553)

	
574

(372–680)

	
418

(288–499)

	
978

(756–1559)

	
p < 0.0001

	
*a–d, *c–d




	
CD8 cells

	
580

(305–809)

	
814

(374–1089)

	
319

(162–582)

	
624

(457–791)

	
p = 0.0269

	
*c–d




	
Ratio CD4/CD8

	
0.8

(0.4–1.2)

	
0.8

(0.4–1.0)

	
1.3

(0.9–1.7)

	
1.8

(1.5–2.5)

	
p = 0.0003

	
*a–d, *b–d




	
Lymphocytes B

	
47

(12–127)

	
212

(117–332)

	
145

(69–222)

	
216

(190–284)

	
p < 0.0001

	
*a–d




	
NK cells

	
54

(32–100)

	
152

(96–488)

	
126

(87–234)

	
245

(204–447)

	
p = 0.0001

	
*a–d




	
Bregs

	
1

(0–4)

	
4

(2–9)

	
2

(1–3)

	
4

(3–7)

	
-

	
-




	
Tregs

	
15

(4–21)

	
26

(22–30)

	
20

(12–28)

	
55

(37–82)

	
p < 0.0001

	
*a–d, *c–d




	
Th17

	
130

(73–190)

	
131

(94–284)

	
77

(35–113)

	
256

(209–494)

	
p < 0.0001

	
*a–d, *c–d
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Table 3. Differences in the proportions of B lymphocyte maturation between (a) the CVID with complicated phenotype (CVID-C) group, (b) CVID phenotype limited to only infections (CVID-OI group), (c) patients with systemic lupus erythematosus (SLE), and (d) healthy controls (HCs). Data expressed as median (Q1–Q3). * p < 0.05. ANOVA: analysis of variance, Post Hoc: post hoc analysis tests.






Table 3. Differences in the proportions of B lymphocyte maturation between (a) the CVID with complicated phenotype (CVID-C) group, (b) CVID phenotype limited to only infections (CVID-OI group), (c) patients with systemic lupus erythematosus (SLE), and (d) healthy controls (HCs). Data expressed as median (Q1–Q3). * p < 0.05. ANOVA: analysis of variance, Post Hoc: post hoc analysis tests.





	
As Median

(Q1–Q3)

	
CVID-C

(a) n = 24

	
CVID-OI

(b) n = 9

	
SLE

(c) n = 17

	
HC

(d) n = 20

	
p < 0.05 Group a-b-c-d ANOVA, Kruskal–Wallis

	
p < 0.05 between Groups Post Hoc Test






	
% of B cells




	
Transitional B

	
4.3

(1.9–8.4)

	
5.5

(2.4–21.6)

	
2.1

(1.0–6.2)

	
1.8

(1.4–2.3)

	
p = 0.0149

	
*b–d




	
Naïve B

	
56.3

(24.6–71.5)

	
54.8

(48.8–81.3)

	
51.0

(46.0–73.4)

	
68.0

(63.5–73.1)

	
-

	
-




	
Nonswitched memory

	
15.9

(8.9–38.7)

	
11.0

(8.8–28.7)

	
6.0

(3.7–11.1)

	
8.6

(6.9–10.3)

	
p = 0.0036

	
*a–c, *a–d




	
Class-switched memory

	
2.2

(0.2–3.7)

	
0.6

(0.3–1.3)

	
18.4

(8.6–28.2)

	
17.6

(12.7–22.8)

	
p < 0.0001

	
*a–c, *a–d, *b–c, *b–d




	
Plasmablasts

	
0.5

(0.1–1.4)

	
0.5

(0.1–1.1)

	
3.9

(1.3–7.8)

	
1.4

(0.8–1.6)

	
p = 0.0004

	
*a–c, *b–c




	
CD21low B cells

	
2.2

(0.9–6.7)

	
2.5

(0.8–6.5)

	
1.3

(0.9–1.9)

	
0.6

(0.4–0.9)

	
p = 0.0005

	
*a–d, *b–d




	
Transitional B

	
4.3

(1.9–8.4)

	
5.5

(2.4–21.6)

	
2.1

(1.0–6.2)

	
1.8

(1.4–2.3)

	
p = 0.0149

	
*b–d




	
Naïve B

	
56.3

(24.6–71.5)

	
54.8

(48.8–81.3)

	
51.0

(46.0–73.4)

	
68.0

(63.5–73.1)

	
-

	
-




	
Nonswitched memory

	
15.9

(8.9–38.7)

	
11.0

(8.8–28.7)

	
6.0

(3.7–11.1)

	
8.6

(6.9–10.3)

	
p = 0.0036

	
*a–c, *a–d
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Table 4. Differences in the proportions of T lymphocytes maturation between (a) the CVID with complicated phenotype (CVID-C) group, (b) CVID phenotype limited to only infections (CVID-OI group), (c) patients with systemic lupus erythematosus (SLE), and (d) healthy controls (HCs). Data expressed as median (Q1–Q3), * p < 0.05. ANOVA: analysis of variance, Post Hoc: post hoc analysis tests.






Table 4. Differences in the proportions of T lymphocytes maturation between (a) the CVID with complicated phenotype (CVID-C) group, (b) CVID phenotype limited to only infections (CVID-OI group), (c) patients with systemic lupus erythematosus (SLE), and (d) healthy controls (HCs). Data expressed as median (Q1–Q3), * p < 0.05. ANOVA: analysis of variance, Post Hoc: post hoc analysis tests.





	
As Median

(Q1–Q3)

	
CVID-C

(a) n = 24

	
CVID-OI

(b) n = 9

	
SLE

(c) n = 17

	
HC

(d) n = 20

	
p < 0.05 Group a-b-c-d ANOVA, Kruskal–Wallis

	
p < 0.05 between Groups Post Hoc Test






	
% of CD4 cells




	
Recent thymic emigrants (RTE) CD4

	
15.2

(5.2–27.3)

	
21.8

(6.3–29.7)

	
35.5

(18.5–48.7)

	
31.2

(26.3–37.6)

	
p = 0.0031

	
*a–d




	
Naïve CD4

	
28.7

(12.8–37.9)

	
31.1

(20.0–42.3)

	
40.6

(15.0–68.4)

	
50.0

(42.1–58.3)

	
p = 0.0009

	
*a–d




	
Effector CD4

	
2.4

(1.9–7.7)

	
2.8

(0.7–4.6)

	
4.5

(2.2–8.7)

	
1.8

(1.1–3.4)

	
-

	
-




	
Effector memory CD4

	
23.9

(12.1–34.8)

	
23.6

(15.2–29.7)

	
15.4

(6.3–34.9)

	
12.5

(9.2–15.0)

	
p = 0.0126

	
*a–d




	
Central memory CD4

	
40.2

(31.2–50.2)

	
44.9

(28.8–52.0)

	
25.3

(17.4–35.5)

	
33.2

(27.2–40.3)

	
-

	
-




	
CD21low B cells

	
2.2

(0.9–6.7)

	
2.5

(0.8–6.5)

	
1.3

(0.9–1.9)

	
0.6

(0.4–0.9)

	
p = 0.0005

	
*a–d, *b–d




	
Transitional B

	
4.3

(1.9–8.4)

	
5.5

(2.4–21.6)

	
2.1

(1.0–6.2)

	
1.8

(1.4–2.3)

	
p = 0.0149

	
*b–d




	
Naïve B

	
56.3

(24.6–71.5)

	
54.8

(48.8–81.3)

	
51.0

(46.0–73.4)

	
68.0

(63.5–73.1)

	
-

	
-




	
Nonswitched memory

	
15.9

(8.9–38.7)

	
11.0

(8.8–28.7)

	
6.0

(3.7–11.1)

	
8.6

(6.9–10.3)

	
p = 0.0036

	
*a–c, *a–d




	
% of CD8 cells




	
Recent thymic emigrants (RTE) CD8

	
27.6

(12.1–37.5)

	
30.4

(8.9–36.5)

	
45.6

(41.6–60.4)

	
39.5

(34.4–52.9)

	
p = 0.0006

	
*a–c, *a–d




	
Naïve CD8

	
25.4

(4.5–34.7)

	
29.3

(9.1–35.9)

	
41.6

(30.9–63.3)

	
41.3

(34.6–55.2)

	
p = 0.0019

	
*a–d




	
Effector CD8

	
35.3

(23.8–54.3)

	
41.1

(28.5–50.7)

	
24.8

(17.5–44.7)

	
25.5

(18.1–38.2)

	
-

	
-




	
Effector memory CD8

	
21.0

(17.2–35.7)

	
20.8

(18.2–31.5)

	
10.8

(7.4–19.8)

	
19.3

(16.2–22.9)

	
p = 0.0490

	
*a–c




	
Central memory CD8

	
7.3

(3.2–10.6)

	
7.9

(4.4–11.6)

	
6.8

(5.2–14.8)

	
7.8

(4.1–11.4)

	
-

	
-
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