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Highlights:

• Flow cytometry evaluation of B cells subsets in peripheral blood successfully recognizes subjects
predominantly with antibodies deficiencies.

• Memory B cell populations (especially switched memory B cells) are decreased in subjects pre-
dominantly with antibodies deficiencies.

• CD8+ T cells and NK cells are affected in subjects with common variable immunodeficiency.
• Patients with non-cystic fibrosis bronchiectasis or recurrent pneumonia exhibit a reduction in

naive B cells.

Abstract: Aim: To evaluate and describe lymphocyte populations’ and B cell subsets’ frequencies in
patients presenting with Predominantly antibody deficiencies (PAD) and diagnosed with bronchiec-
tasis or recurrent pneumonia seen in Cali (Colombian Southwest region). Materials and Methods:
16 subjects with PAD, 20 subjects with pulmonary complications (bronchiectasis or recurrent pneu-
monia) and 20 healthy donors (HD). Controls and probands between 14 and 64 years old, regardless
of gender were included. Lymphocyte populations (T, B and NK cells) and B cell subsets were
evaluated in peripheral blood mononuclear cells using flow cytometry, T/B/NK reagent and the
pre-germinal center antibody panel proposed by the EUROflow consortium were used. EUROclass
and the classification proposed by Driessen et al. were implemented. Results: CVID patients exhib-
ited increase absolute numbers of CD8+ T cells and reduce NK cells as compare with HD, other PAD
cases or pulmonary complications. PAD B cell subsets were disturbed when compared to the age
range-matched healthy donors. Among B cell subsets, the memory B cell compartment was the most
affected, especially switched memory B cells. Four participants were classified as B- and two CVID
as smB-Trnorm and smB-21low groups according to EUROclass classification. The most frequent
patterns proposed by Driessen et al. were B cell production and germinal center defect. Conclu-
sions: B cell subsets, especially memory B cells, are disturbed in PAD patients from Southwestern
Colombia. To the best of our knowledge this is the most comprehensive study of B cell subsets in
Colombian adults.

Keywords: B cell subsets; flow cytometry; predominantly antibody deficiencies; bronchiectasis;
recurrent pneumonia; inborn errors of immunity; primary immunodeficiencies; PIDD; adults; Colombia

1. Introduction

Predominantly antibody deficiencies (PAD) are the most prevalent group of the ten
categories of inborn errors of immunity currently recognized by the International Union
of Immunological Societies, comprising about half of these disorders [1,2]. Among PAD,
common variable immunodeficiency (CVID), selective IgA deficiency (SIgAD) and agamma-
globulinemia are the most representative disorders, although other disorders are recognized
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as PAD, such as selective IgM deficiency (SIgMD) and specific antibody deficiency [3,4]. Fre-
quently, patients with PAD, especially with CVID, have an unusual susceptibility to sinopul-
monary infections, commonly by encapsulated bacteria, leading to recurrent pneumonia [5].
The recurrent infections may cause different pulmonary complications, non-cystic fibrosis
bronchiectasis (NCFB) being the most prevalent in PAD, with a mean of 34% in CVID
patients [6]. In turn, the vicious cycle of inflammation and infection of bronchiectasis could
contribute to the disturbance of the humoral immune response and therefore to infection
susceptibility [7].

The diagnosis criteria for PAD disorders are well established by the European Society
for Immunodeficiencies (ESID) and are based on serum immunoglobulin levels, responses
against vaccine antigens and no profound alterations in the T cell compartment along
with increased susceptibility to infections, autoimmunity, lymphoproliferation, granulomas
and/or history of affected family members [8]. Due to alterations in the humoral adaptative
immune response in PAD patients, the evaluation of B cell subsets could provide relevant
information for the characterization of each patient and some clues about the physio-
pathological mechanism of the disease [9]. Accordingly, three classification systems have
been proposed, based on B cell subsets, that allocate CVID patients in homogeneous
groups: Freiburg, Paris and Euroclass [10–12]. The group in which a patient is allocated
can be associated with certain complications such as autoimmunity, lymphoproliferation
or splenomegaly. Among the three classification systems, Euroclass is the one with more
B cell subsets and groups incorporated and allows discrimination of CVID patients with
non-infectious complications similar to Freiburg and Paris [12]. A fourth classification
system was proposed by Driessen et al. [13], in which each patient is allocated in one of
five B cell patterns each reflecting a different pathophysiology of the disease.

Currently, published data about immunological assessment in subjects diagnosed with
PAD are limited in Colombia. The few studies available were published by the primary
immunodeficiency group from Universidad de Antioquia [14]. For this reason, the aim
of this study was to evaluate and describe the lymphocyte populations and B cell subsets
frequency in patients seen in Cali, who came from different locations from the Colombian
Southwest region.

Clinical Rationale for the Study

B cell subset evaluation is critical for the characterization and classification of patients
with predominantly antibody deficiencies. However, so far, no information is available
about the frequencies or distribution of these subsets in patients from Cali, Colombia. in
this regard, this is the first study showing B cell subsets in subjects with this type of inborn
error of immunity in the city.

2. Methods
2.1. Study Subjects

This is an observational, transversal, analytical and non-interventional study that enrolled
patients with predominantly antibody deficiencies, bronchiectasis or recurrent pneumonia.

All cases were referred to the Clinical Immunology Clinic at Universidad del Valle
(Cali, Colombia) by pulmonologists, internists or allergists attending to patients from
Southwest Colombia (Valle del Cauca, Cauca and Nariño departments) in different medical
centers in Cali from 2 January 2019 to 31 March 2020.

Patients enrolled fulfilling the inclusion criteria were: aged ≥ 14 and <65 years, re-
gardless of gender, with bronchiectasis on chest computed tomography (CT) and the
clinical syndrome of bronchiectasis (cough, sputum production or recurrent respiratory
infections) or with recurrent pneumonia (at least two pneumonias in one year or more
than three pneumonias throughout life, with radiographic resolution between episodes).
Exclusion criteria included inability to give informed consent, bronchiectasis due to cys-
tic fibrosis, acquired immune defects or secondary immunodeficiencies (chronic myeloid
leukemia, multiple myeloma, human immunodeficiency virus (HIV) infection, immuno-
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suppression secondary to drugs). Inborn errors of immunity were defined according to
the ESID classification and diagnostic criteria. Peripheral, anticoagulated blood samples
with EDTA and clinical data were collected and stored according to the institutional review
board protocols.

The inborn error of immunity diagnosis was corroborated by the physician from the
study (clinical immunologist). In case of discrepancy, a third physician was contacted.
PAD were defined according to the ESID criteria [8], bronchiectasis according to the British
Thoracic Society guideline for non-CF bronchiectasis [15] and recurrent pneumonia as
two episodes of pneumonia in one year or three in the lifetime with radiography resolution
between episodes [16].

The study was approved by the institutional committee of human ethical review of the
Universidad del Valle, ID: 010-019R and by the ethics committee of Hospital Universitario
del Valle “Evaristo Garcia”, ID: 050-2019. Informed consent was obtained from all patients
and healthy donors. This study was performed in line with the principles of the Declaration
of Helsinki.

2.2. Isolation of Peripheral Blood Mononuclear Cells (PBMC) and Leucocytes Evaluation

PBMCs were isolated by density gradient centrifugation using Ficoll-Paque (Sigma-
Aldrich, St. Louis, MO, USA). Briefly, total blood was diluted in 10 mL of RPMI 1640 and
centrifuged at 1200 RPM with 3 mL of Ficoll-Paque. The upper layer containing the plasma
was removed and the PMBC fraction was transferred into a new 15 mL tube and washed
twice with 10 mL RPMI 1640. Cell viability and counting were performed using trypan
blue staining. PBMC were cryopreserved in liquid nitrogen in freezing medium (40% fetal
bovine serum (FBS)/10% DMSO) until the analysis. A total of 500 uL of blood was used for
the evaluation of white blood cells by hemogram analysis.

PBMC were thawed in a water bath at 37 ◦C and then FBS was added drop by drop;
then the cells were transferred to a sterile 15 mL Falcon tube, washed twice with 10 mL of
RPMI and 10% FBS, and centrifuged at 1200 RPMI for 10 min. Finally, the cellular pellet
was reconstituted with 2 mL of FACS Buffer (PBS 1X, 10 mM EDTA and 5% FBS). Cell
viability and count were performed as described above. Only samples with a viability
index greater than 80% were evaluated.

2.3. Flow Cytometric Analysis

The evaluation of lymphocytes populations was performed using 10 µL of the 6-color
TBNK reactive from Becton Dickinson (BD) in a final volume of 60 µL. A total of 2.5 × 105 cells
were stained and incubated for 15 min at room temperature and then all of the events
were acquired in the cytometer. The identification of the populations was as follow:
CD4+ T cells (CD45+CD3+CD4+), CD8+ T cells (CD45+CD3+CD8+), double-negative T
cells (CD45+CD3+CD4−CD8−), double-positive T cells (CD45+CD3+CD4+CD8+), B cells
(CD45+CD3−CD19+) and NK cells (CD45+CD3−(CD16-CD56)+).

Immunophenotyping of B cell subsets was performed in PBMCs using the pre-
germinal center (pre-GC) antibody panel proposed by the EuroFlow Consortium [17]:
CD19- PECy7 (clone J3-119) from Beckman Coulter; CD5-PE (clone UCHT-2), SmIgD-
PerCPCy5.5 (clone IA6-2) and SmIgM-BV510 (clone MHM-88) from Biolegend; CD21-APC
(clone B-ly4), CD27-BV421 (clone M-T271) and CD38-HB7 from BD Biosciences. The anti-
body volumes were 2.5, 2.5, 0.75, 0.65, 5, 0.5 and 2.5 µL, respectively, in a final volume of
100 µL. The cells were incubated for 30 min at room temperature and then the antibodies in
the supernatant were washed with FACS buffer. A minimum of 7.5 × 105 events/leukocytes
were acquired per tube. CompBeads Set Anti-Mouse Ig, κ (BD bioscience) was used for
fluorescence compensation.

Based on the staining pattern of the above mentioned antibodies and the side (SSC) and
forward scatter (FSC) parameters, B cells (CD19+ SSClow FSClow lymphocytes) were clas-
sified into immature/transitional B lymphocytes (CD5+CD27−CD38++smIgM++smIgD+);
naïve CD5+ (CD5+CD27−CD38+dsmIgM+smIgD++) and CD5− (CD5−CD27−CD38+dsmIgM+
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smIgD++) B lymphocytes; CD21low B cells (IgM+CD21−CD38−); switched memory B cells
(CD5−CD27+/−CD38−smIgM−smIgD−); and unswitched memory B cells (CD5−CD27+

CD38−smIgM+ smIgD++), plasmablasts (CD5−CD27++CD38+++) and IgM-only memory
cells (CD5−IgM+IgD-CD27+) (Figure 1). B cell subsets were also identified using the IgD
vs. CD27 approach for the classification of patients according to EUROclass [12].
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Figure 1. Gating strategy for the main B cell subsets identification. Doublets were excluded (not
shown). 1. Lymphocytes; 2. B cells; 3. CD5- B cells; 4. CD5+ B cells; 5. IgM-only memory cells
(positive for CD27, not shown); 6. unswitched memory B cells; 7. naive CD5- B cells; 8. switched
memory B cells; 9. plasmablasts; 10. naive CD5+ B cells; 11. transitional B cells.

A negative control (unstained cells) was included for each sample. All assays were
performed in a FACSCanto™ II cytometer using FACSDiva (BD) software. Data analysis
was performed with Flowjo vX.0. and absolute frequencies were calculated using the
dual-platform approach. A decrease or increase in the B cell subsets were respectively
defined as a value below the minimum value divide by 1.5 or above the maximum value
multiplied by 1.5 of the corresponding age ranges: 14–29, 30–39, 40–50 and more than
50 years old. This approach was used due to the non-normality of the data and to detect an
important quantitative alteration in the B cell subset evaluated.
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PAD participants were classified according to EUROclass [12] and Driessen et al. [13].
The former defines the following groups: B-, SmB- and SmB+, smB+21norm, smB+21lo,
smB-Trnorm, smB-Trhi, smB-21lo and smB-21norm after evaluation of B cells, switched
memory B cells, transitional B cells and CD21low B cells. Driessen et al. defined five
patterns: 1. B cell production and germinal center defect; 2. early peripheral B cell
maturation or survival defect; 3. B cell activation and proliferation defect; 4. germinal
center defect; 5. post-germinal center defect.

2.4. Statistical Analysis

Statistical analysis was performed with the R programing language in RStudio soft-
ware version 4.1.0. The median and interquartile range of variables are shown. Mann–
Whitney and Kruskal–Wallis tests were used to compare groups with continuous outcomes.
Fisher’s exact test was used for categorical variables. Two-sided p < 0.05 was used to define
statistical significance.

3. Results
3.1. Subjects Characteristics

We enrolled 56 participants: 16 patients with predominantly antibody deficiencies
(PAD) and NCFB or recurrent pneumonia, 20 patients with NCFB or recurrent pneumonia
without humoral deficiencies (pulmonary complications (PC) group) and 20 gender and
age-matched healthy controls (HD group). The PAD group included nine CVID patients,
three with SIgAD, one with both SIgAD and IgG subclass deficiency (IgG2 and IgG4), two
with SIgMD and one with unclassified antibody deficiency. The pulmonary complications
(PC) group had six subjects with bronchiectasis, seven with recurrent pneumonia and seven
with both conditions. However, one patient with recurrent pneumonia was excluded from
the analysis due to a myeloma diagnosis after the inclusion in the study.

The median ages for the PAD, pulmonary complications and healthy donors’ groups
were 35 (IQR: 24–52), 39 (IQR: 29–54) and 36 (IQR: 28–42) years old, respectively, with
no difference between groups (p-value = 0.99). The proportions of males and females
were similar between groups (p-value = 0.8) and predominantly of mestizo ethnicity. The
sociodemographic information, as well as data about exposure to biomass, wood smoke and
tobacco, is depicted in Table 1. The median delay in the PAD diagnosis was 11 (IQR: 6–16)
years. The etiology of the bronchiectasis and/or recurrent pneumonia of the participants
within the pulmonary complications group were predominantly post-infectious (55%).
Other etiologies included asthma, primary ciliary dyskinesia, gastroesophageal reflux,
idiopathic and one case with autoimmunity.

For analysis purposes, immunodeficient patients were divided into two groups: CVID
and other PAD. The median ages of symptoms’ onset for CVID and other PAD were 19 (IQR:
9–27) and 33 (IQR: 10–38) years old, respectively, with no statistical differences (p = 0.8).
However, differences were found in diagnosis delay between these groups (p = 0.04), with
a median of delay, in years, of 6 (IQR: 6–11) in CVID vs. 17 (IQR: 14–28) in other PAD.

Out of the sixteen patients with PAD, nine (56%) had bronchiectasis and recurrent
pneumonia (six CVID, two SIgAD and one SIgMD), six (38%) had only recurrent pneumonia
(three CVID, one with a non-specified reduction in IgG, one SIgAD and one SIgMD) and one
participant, with SIgAD, was diagnosed only with bronchiectasis. However, no differences
were detected in the distribution of these lung pathologies between CIVD and other PADs
(p = 0.4).
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Table 1. Sociodemographic data of the participants. PC: Pulmonary complications group; HD: healthy
donor group. Other PAD: patients with selective IgM or IgA deficiency or unclassified antibody deficiency.

Parameter CVID Other PAD PC HD

n 9 7 20 20

Age, n (%)

15–29 4 (44) 1 (14) 6 (30) 7 (35)

30–39 4 (44) 1 (14) 5 (25) 6 (30)

40–50 0 2 (29) 2 (10) 5 (25)

>50 1 (11) 3 (43) 7 (35) 2 (10)

Gender, n (%)

Male 7 (78) 1 (14) 9 (45) 8 (40)

Female 2 (22) 6 (86) 11 (55) 12 (60)

Ethnicity, n (%)

Mestizo 7 (78) 5 (71) 15 (75) 17 (85)

Black 2 (22) 2 (29) 4 (20) 1 (5)

Indigenous 0 0 1(5) 0

White 0 0 0 2 (10)

Bronchiectasis, n (%) 0 1 (14) 6 (30) -

Recurrent pneumonia, n (%) 3 (33) 3 (43) 7 (35) -

Bronchiectasis and Recurrent
pneumonia, n (%) 6 (67) 3 (43) 7 (35) -

Exposure to biomass, n (%)

Yes 1 (11) 2 (29) 4 (20) -

No 8 (89) 5 (71) 16 (80) -

Exposure to wood smoke, n (%)

Yes 0 1 (14) 7 (35) -

No 9 (100) 6 (86) 13 (65) -

Exposure to tobacco smoke, n (%)

Yes 3 (33) 3 (43) 6 (30) -

No 6 (67) 4 (57) 14 (70) -

3.2. Peripheral Blood Lymphocyte Populations

The medians of lymphocytes’ absolute counts were higher in CVID patients compared
to the PC, HD and other PAD groups, with 2795 cells/µL, but with no statistical significance
between groups (p = 0.05) (Figure 2). CVID participants had higher absolute counts of T
cells and CD8+ T cells compared to healthy donors and pulmonary complications groups
(p < 0.05) as well as a lower relative frequency of NK cells compared to these groups,
with 5% (IQR: 3–7%) vs. 14% (IQR: 10–17%) and 16% (IQR: 9–20%), respectively, of the
total lymphocytes’ frequency. Furthermore, CVID patients had a higher median of T cells
relative frequency with 90% (86–93%) compared to the HD, PC and other PAD groups
(p < 0.05), a lower median of double-negative T cells compared to the PC group and a lower
median of the CD4:CD8 ratio compared to healthy donors (p < 0.05).
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Figure 2. Absolute frequency of peripheral blood lymphocyte populations. Absolute frequency is
expressed as cells per microliter of blood. Other PAD: patients with SIgAD, SIgMD or unclassified an-
tibody deficiency; PC: patients with bronchiectasis and/or recurrent pneumonia; HD: healthy donors.

3.3. B Cell Subsets

There were no differences in B cells’ relative frequency or absolute counts between
the four groups (CVID, other PAD, PC and HD); however, CVID participants tended
to have a lower median of B cell frequency and absolute counts compared to the other
groups (Figure 3), with four out of nine CVID patients with less than one percent of B
cells. The relative frequency of memory B cells (CD19+CD27+) was similar between the
four groups (p > 0.05); however, absolute counts were reduced in CVID patients compared
to healthy donors, with 15 (IQR: 1–36) vs. 65 (53–82) cells/µL, respectively. Within this
compartment, only switched memory B cells (CD27+smIgM-smIgD-) showed significant
variations between groups; the relative frequency of this subset was reduced in CVID
patients compared to the pulmonary complications and healthy donor groups (p > 0.05) but
not to the other PAD group (Figure 2). Similar to the above, the absolute counts of switched
memory B cells showed a reduction in CVID patients compared to the PC and HD groups
but also between the HD and PC groups; the absolute medians were 1.7 (0.07–4.5), 17 (7–37)
and 43 (31–46) cells/µL for the CVID, PC and HD groups, respectively. There were no
differences between unswitched and “IgMonly” memory B cells between groups. Similar
to the finding of switched memory B cells, the absolute counts of plasmablasts were lower
in CVID subjects compared to the PC and HD groups (p < 0.05).
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Figure 3. Frequency of B cell subsets as a percentage of B cells (CD19+). Other PAD: patients with
SIgAD, SIgMD or unclassified antibody deficiency; PC: patients with bronchiectasis and/or recurrent
pneumonia; HD: healthy donors.

Other B cell subsets did not show any differences in relative nor absolute frequency
between CVID or other PAD participants and the HD or PC groups. However, the median
of CD5+ naïve B cells’ relative frequency was higher in healthy donors compared to all
other groups (p < 0.05) and the median of the relative of CD5− naïve B cells was lower in
HD compared to the PC group (p < 0.05) (Figure 2).

3.4. Alteration of B Cell Subsets Frequencies and Classification of PAD Participants

As mentioned above, four CVID participants had less than 1% B cells, and therefore
most of their absolute counts of B cell subsets were reduced when compared to the age
range-matched healthy donors. Regarding the other five CVID subjects, three had a
reduction in total and switched memory B cells, one unswitched memory B cells and one
had normal levels of these B cell subsets (Table 2). Three out of these five CVID patients also
had an increase in CD21low B cells’ absolute frequency and only one had a reduction in the
plasmablasts absolute count. Out of the four patients with SIgAD, two had a reduction in
switched and unswitched memory B cells, one had a reduction only in switched memory
and the other one had an increase in unswitched memory B cells. The two participants
with SIgMD had increased relative and/or absolute frequencies of total memory B cells,
switched and unswitched memory B cells. Only one PAD participant had an alteration
in naïve CD5- B cells and three (one SIgAD and the two with SIgMD) had a reduction in
CD5+ naïve B cells. The four CVID participants with less than 1% B cells were classified
into the B- EUROclass group and three of them in pattern 1 (B cell production and germinal
center defect) of Driessen et al.’s classification. Three CVID participants were classified
as smB+21norm and two in the smB- group. Three patients were classified separately as
pattern 3 (B cell activation and proliferation defect), pattern 4 (Germinal center defect) and
pattern 5 (Post germinal center defect) (Table 2).
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Table 2. B cell subsets frequency and classification of PAD participants. Absolute frequency (cells/µL) is shown between parentheses.

Group Age
(Years)

Dx Delay
(Years)

Pneumonia
Episodes

Ig
Treatment

Other
Manifestations

Diagnosed
CD4:CD8 B Cells

Total
Memory B

Cells
SM B Cells UsM B

Cells
Naive

CD5-B Cells
Transitional

B Cells EUROclass Driessen
et al.

PAD

CVID-1 56 11 3 Yes Skin abscesses 0.4 <1 * 0.5 * 0.1 * 0.21 * 15 * 42 ~ B- -

CVID-2 30 2 >5 Yes Viral Hepatitis 0.6 12 (430.8) 8 (34.4) 1.3 (5.7) * 9.5 (40.8) *† 58.9 (253.7) 3.1 (13.1) smB+21norm NA

CVID-3 31 14 >10 No sinusitis 8 <1 (2.9) *† 38 (1.1) † 23.5 (0.7) † 1.1 (0) *† 29.7 (0.9) † 2.2 (0.1) † B- Pattern 1

CVID-4 37 6 3 Yes - 0.5 3.5 (90.2) * 15.7 (14.2) † 0.11 (0.1) *† 15.7 (14.2) 49.7 (44.8) 6.8 (6.1) smB-Trnorm
smB-21lo Pattern 4

CVID-5 23 6 >3 Yes Otitis, sinusitis 0.3 2.7 (77.5) *† 19.5 (15.1) † 3.4 (2.7) *† 12.1 (9.4) † 49.5 (38.4) 2.1 (1.6) smB+21norm Pattern 3

CVID-6 24 11 2 Yes Diarrhea, ITP, AD,
Sjögren syndrome 0.8 17.4 (819.5) 5.09 (41.7) * 0.5 (4.2) *† 6.7 (54.7) 42.4 (347.5) 7.9 (64.3) ~ smB-Trnorm

smB-21lo NA

CVID-7 16 6 6 Yes - 1.4 <1 (0.2) *† 35.8 (0.1) † 0 (0) *† 0 (0) *† 2.6 (0) *† 0 (0) *† B- Pattern 1

CVID-8 36 9 >10 Yes

Kernicterus,
Hypoacousis, otitis,

asthma, gastritis,
AD

1.9 14 (380.8) 14.9 (56.7) 7.6 (28.8) 5.1 (19.5) 60.1 (228.9) 2.4 (9.1) smB+21norm Pattern 5

CVID-9 21 2 >5 Yes

Sinusitis, nephrotic
syndrome,

gastroesophageal
reflux

0.8 <1 (4.3) *† 0.1 (0) *† 0.05 (0) *† 0 (0) *† 0 (0) *† 0.2 (0) *† B- Pattern 1

SIgAD-1 34 17 >10 Yes Esophageal
candidiasis 1.1 9.3 (189.8) 1.18 (2.2) *† 0.09 (0.2) *† 2.8 (5.2) *† 59.6 (59.6) 6 (11.4)

smB-Trnorm
smB-

21norm
Pattern 3

SIgAD-2 63 28 >10 No Gastritis, asthma 2.1 13.1 (305.2) 19.6 (59.8) 14.2 (43.3) 4.1 (12.4) ~ 46.8 (46.8) 4 (12.2) smB+21norm Pattern 5

SIgAD-3 50 5 0 No Gastritis, asthma 0.8 11.3 (340.1) 8.6 (29.4) *† 3.8 (13) *† 2 (6.8) *† 70.6 (70.6) ~ 1.4 (4.7) smB+21norm Pattern 3

SIgAD-4 48 15 3 No Gastritis, asthma,
sinusitis 1.9 10.9 (170) 19 (32.3)† 3.2 (5.4) *† 15.7 (26.7) 59.1 (59.1) 1.2 (2) † smB+21norm Pattern 1

SIgMD-1 64 28 4 No Asthma,
hypothyroidism 4.7 10 (214) 27.9 (59.7) 24.5 (52.4) 5.3 (11.3) ~~ 40.3 (86.2) 2.3 (5) *† smB+21norm NA

SIgMD-2 64 57 4 No Asthma 1.9 4.6 (176.3) * 44.5 (78.5) ~ 36.2 (63.8) ~ 3.8 (6.6) ~ 30.2 (53.2) † 0.3 (0.6) *† smB+21norm NA

UAD 15 13 >15 No
Asthma, sinusitis,
AD, absent corpus

callosum
2.3 7.6 (175.7) 16.4 (28.8) † 4.6 (8) *† 6.9 (12.1) † 43.1 (75.7) 6.4 (11.3) smB+21norm Pattern 3

HD 36 (28–42) - - - - 2.1 14 (290) 27.7 (72.2) 15.5 (43) 9.9 (21.7) 35.9 (102.2) 3 (7.2) - -

PC 39 (29–54) - 4 (3–10) No - 1.8 9.2 (242) 20.5 (24.9) 11.3 (16.7) 6.7 (13.7) 50 (109) 3 (9) - -

AD: Atopic dermatitis; ITP: immune thrombocytopenic purpura; SM: switched memory; UAD: unclassified antibody deficiency; UsM: unswitched memory. * Reduction in relative
frequency; † reduction in absolute frequency; ~ increase in relative frequency; ~~ increased relative and absolute frequency.



Adv. Respir. Med. 2022, 90 263

4. Discussion

Predominantly antibody deficiencies are one of the most complex disorders among
inborn errors of immunity, with common variable immunodeficiency (CVID), a highly
heterogeneous disorder with largely unknown etiology, being the most complex PAD
disorder. This study evaluated the peripheral blood lymphocytes’ population and B cell
subsets, which have proven to be useful in the classification of PAD patients [12] and as a
first approximation to the probable physiopathology mechanism of these disorders [9,13].

Experimental data have revealed disturbance in the T cells’ compartment in CVID
patients; however, data are still limited. Reduction in CD4+ T cells and expansion of CD8+
T cells with a senescence phenotype have been found that alter the CD4:CD8 ratio but
without the common presentation of T cell alterations such as viral and fungal opportunistic
infections [18,19]. A similar finding was seen in the CVID participants from this study,
which showed alterations in the T cell compartment; however, CD4+ T cells’ absolute
counts were normal but CD8+ T cells were significantly increased, disturbing the CD4:CD8
ratio when compared to healthy donors, and there was a reduction in double-negative T
cells and NK cells’ relative frequencies. Conversely, other PAD group (SIgAD, SIgMD and
unclassified antibody deficiency) did not show any differences compared to the PC or HD
groups, implying that affected cell populations in non-CVID PAD could be restricted to B
cell subsets in the subjects of this study.

B cells are classified into different subsets according to their stage of maturation,
their role in immune response and their associated and specific markers, such as CD27
(memory marker), superficial membrane IgM and IgD, among others. Transitional B cells
are immature B cells (CD5+) that recently emerged from the bone marrow and need to
mature in the spleen in order to become a marginal-zone or follicular naïve B cell. In
this process, CD5+ naïve B cells, also known as pre-naïve B cells due to their phenotype
that is similar to transitional and CD5− naïve B cells, may emerge. These pre-naïve B
cells have been shown to be increased in autoimmune diseases such as systemic lupus
erythematosus [20]. Mature, antigen-inexperienced CD5- naïve B cells are the subset able to
respond to antigen stimulation and to differentiate into short- and long-lived plasma cells
and memory B cells, which ultimately are the cells that produce antibodies and respond
rapidly by differentiating into plasma cells during a re-exposure to the antigen, respectively.
Within the memory compartment, switched memory B cells differentiate into IgG, IgA or
IgE-producing plasma cells; unswitched or marginal-zone like B cells differentiate into
IgM-producing plasma cells and are important for anti-polysaccharide responses, and
“IgMonly” memory B cells have been found to increase in some disorders such as hyper-
IgM syndrome [21]. Finally, other subsets include plasmablasts, which are cells that are able
to produce antibodies, migrate and proliferate but ultimately differentiate into plasma cells
and CD21low B cells, a subpopulation with an activated phenotype in autoimmune diseases
such as systemic lupus erythematosus or autoreactive cells but with anergic phenotype in
rheumatoid arthritis and CVID patients [21,22].

Alteration in B cell subsets has been widely recognized to be present in PAD patients,
although CVID patients are the more widely studied [9,14,23,24]. We found that the most
frequently altered B cell subsets in PAD participants were the B memory compartment,
especially switched memory B cells, and plasmablasts, even in non-CVID PAD patients,
when compared to HD group (Figure 3) indicating that these subsets are the most frequently
altered, as previously reported in Colombian CVID patients [14]; however, no participant
showed alterations neither in the frequency of Naïve CD5+ that had been associated
with autoimmunity [20] nor the naïve CD5- B cells, as reported in a high percentage of
the Colombian CVID patients mentioned in the study above, and 4/9 patients showed
less than 1% B cells, suggesting different alterations in B cell subsets between these two
geographical areas of Colombia, although this comparison has to be taken with caution as
different markers and gating strategies were used for the identification of B cell subsets.
Moreover, alterations were found in other subsets such as transitional and unswitched
memory B cells, especially when compared to the age-associated distribution of normal
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B cells (Table 2), highlighting the importance of the comparison to healthy donors with a
similar age to the patients. Furthermore, one CVD patient had no reduction in switched or
unswitched memory B cells, which implies a different alteration pattern.

Accordingly, the EUROclass classification of this patient did not classify them in a
group associated with non-infectious complications, and the classification of Driessen et al. [13]
classified them in the pattern of post-germinal center defect, although most of the CVID
participants were classified as pattern 1 (B cell production and germinal center defect) and
pattern 3 (B cell activation and proliferation defect). SIgAD participants showed similar
alterations to CVID individuals, implying a possible similar pathological mechanism, and
two out of the four participants had B cell activation and proliferation defects. On the
other hand, SIgMD showed increased numbers of switched memory B cells and plas-
mablasts, implying a possible skewness toward isotype-switched phenotypes, at least in
the two patients analyzed. This finding highlights the importance of B cell subsets analysis
in PAD patients, as they are a heterogeneous population. In this study, patients did not
show major complications usually associated with PAD, such as autoimmunity of malig-
nancies, and accordingly, B cell subsets associated with B cell activation and anergic such as
“IgMonly” memory B cells or CD21low B cells were not found alternated in the majority of
the patients. Moreover, contrary to the reduction in absolute counts in all B cell subsets in
CVID patients found in other studies, CVID patients in our study only showed an absolute
reduction in some subsets (aside from the four subjects with less than 1% B cells) [9].

Euroclass and Driessen et al. classifications are important because they can potentially
modify how the patients are monitored longitudinally over time, with smB-Trnorm and
smB-21norm being the patients with the most probability to develop any non-infectious
complication such as granulomas, autoimmunity and lymphoproliferation [12], but are also
important as a starting point to further study the precise determination of the molecular
mechanism(s) driving the disease in these patients, which would provide information for
the understanding of the disease and the development of better treatments [25]. Finally, the
purpose of including the pulmonary complications (PC) group was to control B cell subsets’
alterations due to bronchiectasis or recurrent pneumonia, as these pathologies could cause
alterations within the immune system [26].

In conclusion, PAD participants showed alterations in lymphocytes’ populations and
B cell subsets, especially in switched memory B cells, as reported commonly for CVID
patients. Furthermore, the classification of these patients revealed different probable
pathophysiological mechanisms of their disease, suggesting a heterogeneous population of
PAD patients treated in Southwest Colombia. However, the number of PAD participants
enrolled in this study is not optimal for statistical analysis due to the high complexity
and heterogeneity of PAD disorders and no possible associations between the different
classification systems and disease complications can be made. Therefore, studies with more
patients are needed in Colombia, as PAD patients are currently understudied in the country.

Clinical Implications/Future Directions

Results from this study are a basis for future studies about the classification and
characterization of patients with predominantly antibody deficiencies in Colombia. A
detailed immune response evaluation and large sample numbers are required for further
determination of the population parameters for an improvement in the clinical management
of these diseases.
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