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Abstract
Purpose: This study aimed to characterize the immunological profile of Algerian children with Down Syndrome (DS).
Methods: Serum immunoglobulin (Ig) levels were measured using nephelometry, and lymphocyte subpopulations were analyzed by flow cytometry 
(FACSLyric™, BD Biosciences, US). The lymphocyte phenotype in DS patients was compared to that of patients with combined
immunodeficiency (CID).
Results: Our cohort included 33 patients with DS (20 males), and 40 patients with CID (24 males). All patients had a clinical history of recurrent or 
severe infections, including upper and lower respiratory tract infections in 25 patients (76%). Serum Ig were measured in 29 patients, with normal 
levels of IgG, IgA, and IgM in 83%, 73%, and 80% of patients, respectively. Elevated IgG, IgA, and IgM levels were found in 14%, 17%, and 3% of patients, 
while reduced levels were seen in 3%, 10%, and 17% of patients, respectively. Lymphocyte phenotype analysis revealed CD4 lymphopenia in 24 (73%) 
patients, CD8 lymphopenia in 19 (58%) patients, B-cell lymphopenia in 16 (48%) patients, and reduced NK cells in 7 (21%) patients. Naïve CD4+ and 
CD8+ T cells were analyzed in nine patients, with low percentages observed in three. Patients with DS exhibited significantly milder CD3 and CD4 
lymphopenia compared to those with CID.
Conclusion: Children with DS typically present with T- and B-cell lymphopenia, while maintaining generally normal Ig levels. T-cell lymphopenia in DS 
is less pronounced than in CID, and the increased susceptibility to infections stems from both immunological and non-immunological factors linked to 
trisomy 21.
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Résumé
Objectif: établir un profil immunologique caractéristique des patients algériens atteints de trisomie 21 (T21).
Méthodes: le dosage pondéral des immunoglobulines sériques a été réalisé par néphélémétrie. Les sous-populations lymphocytaires ont été analysées 
par cytométrie en flux (FACSLyric™, BD Biosciences, US). Les résultats du phénotypage lymphocytaire des patients trisomiques ont été comparés à ceux 
des patients atteints de déficit immunitaire combiné (DIC).
Résultats: l’étude a inclus 33 patients trisomiques et 40 patients atteints de DIC, tous présentant des antécédents d’infections sévères ou récurrentes, 
notamment des infections respiratoires chez 25 patients. Le dosage des immunoglobulines, réalisé chez 29 patients, a révélé des taux normaux d’IgG, 
IgA et IgM chez respectivement 83%, 73% et 80% des patients, des taux augmentés chez 14%, 17% et 3%, et des taux diminués chez 3%, 10% et 17%. 
Le phénotypage lymphocytaire a mis en évidence une lymphopénie TCD4+ chez 24 patients (73%), une lymphopénie TCD8+ chez 19 patients (58%), 
une lymphopénie B chez 16 patients (48%) et NK chez 7 patients (21%). L’analyse des lymphocytes T naïfs, réalisée chez 9 patients, a montré des 
pourcentages diminués chez trois. Les patients trisomiques avaient des taux significativement plus élevés de lymphocytes TCD3+ et TCD4+ que ceux 
observés chez les patients DIC.
Conclusion: les patients trisomiques présentent des lymphopénies T et B, avec des taux d’immunoglobulines globalement dans les normes. La 
lymphopénie observée chez les patients trisomiques est moins prononcée que celle observée au cours des DIC. La susceptibilité accrue aux infections 
semble résulter de facteurs immunologiques et non immunologiques associés à la T21. 

Mots clés: Syndrome de Down, infections récurrentes, phénotypage lymphocytaire, lymphopénie T, déficit immunitaire combiné, immunoglobulines 
sériques. 
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INTRODUCTION

Down syndrome (DS) is a genetic disorder caused by 
a complete or partial trisomy of chromosome 21 (1). 
It is the most prevalent chromosomal abnormality 
among liveborn infants (2). Chromosome 21 contains 
approximately 200 protein-coding genes, including those 
that encode key components of the immune system, such 
as type I and II interferon receptors (IFNAR1, IFNAR2, and 
IFNGR2) (3,4).
Interestingly, the presence of an additional copy of 
chromosome 21 does not always lead to increased 
expression of all its genes. Some genes on chromosome 
21 may exhibit reduced expression, while dysregulation 
can also extend to genes located on other chromosomes 
(5–7). As a consequence, DS is associated with a 
broad spectrum of clinical manifestations. Common 
features include characteristic dysmorphic traits, 
cognitive impairment, musculoskeletal anomalies, 
neurodevelopmental disorders, and respiratory, 
gastrointestinal, and cardiovascular conditions. 
Additionally, individuals with DS have a higher prevalence 
of certain less common conditions, such as hematologic 
disorders, Hashimoto’s thyroiditis, celiac disease, type 
1 diabetes, various endocrine dysfunctions, Alzheimer's 
disease, and autism (8).
Recurrent respiratory infections represent one of the 
leading causes of mortality in children and adults with DS. 
Pneumonia has been identified as a major cause of death 
in several studies on DS patients across all age groups 
(9–12). It is also known that autoimmune diseases such 
as celiac disease, and type 1 diabetes, and hematological 
disorders, in particular, acute lymphocytic leukemia (ALL), 
and acute myeloid leukemia (AML), are more prevalent 
in DS individuals compared to healthy subjects (7,13,14). 
DS is also associated with immunological impairments 
of both innate and adaptative immune system, with 

a constant presence of abnormalities affecting T and B 
cells (15). These variations partially mirror the phenotype 
of combined immunodeficiencies (CIDs), a group of 
monogenic T-cell disorders affecting both cellular and 
humoral immunity (16). Thus, establishing a baseline 
immunological profile in patients with DS is essential for 
accurate differential diagnosis, particularly in the clinical 
context of recurrent infections. 
Several cohort studies from countries worldwide, 
including the United States, France, Italy, Turkey, and 
Egypt, have investigated both T-cell and B-cell immunity 
in children and adults with DS (17–21).
The findings revealed significant variability, particularly 
in T-cell counts, with some studies reporting T-cell 
lymphopenia, while others observed normal or even 
elevated T-cell levels (18,20–25). Another challenge in 
establishing an immunologic profile in individuals with 
DS is the demographic heterogeneity observed across 
published studies, which include pediatric and adult 
patients, those with and without recurrent infections, 
and hospitalized and non-hospitalized DS individuals 
(18,24–27).
While most studies have compared DS patients to 
healthy controls, to our knowledge, no research has 
specifically examined the differences between DS and 
bona fide CIDs. Therefore, the aim of the present study 
was to establish a characteristic immunological profile of 
a cohort of Algerian children with DS, and to compare it 
with a group of patients diagnosed with CID. 

METHODS

Study design and patient enrollment

The study was conducted at the Medical Biology 
Laboratory of Rouiba University Hospital on a series 
of DS patients with a medical history of severe or 
recurrent infections, referred to us from various pediatric 
departments in Algiers. Serum immunoglobulin (Ig) 
levels and lymphocyte phenotype were evaluated, and 
clinical data were collected for each patient. To identify 
immunological differences between DS and CIDs, we 
compared the lymphocyte counts of DS patients with 
those of CID patients previously diagnosed at our center. 
Patients with severe combined immunodeficiency and 
Omenn syndrome were excluded due to their distinct 
clinical and immunological phenotypes. The study was 
approved by the local ethics committee, in accordance 
with the Declaration of Helsinki. 

Immunological assessment

A complete blood count (CBC) was performed on EDTA-
anticoagulated peripheral blood samples using a Coulter 
counter (ADVIA® 360, Siemens, Germany) to calculate 
absolute leukocyte and lymphocyte counts. Serum Ig 
levels (i.e., IgG, IgA, and IgM) were measured by laser 
nephelometry, using a BN ProSpec System (Siemens, 
Germany). Lymphocyte phenotype analysis was 
performed using flow cytometry (FCM) with a lyse-wash 
protocol, applying direct immunofluorescence staining 

What is known?

•	 T-cell and B-cell lymphopenia are frequently observed in 
patients with Down syndrome.

•	 Immunoglobulin levels are generally within the normal 
range in DS patients.

What this article adds 

•	 This is the first study to explore the immunological profile 
of DS patients originating from the Maghreb.

•	 This study seeks to establish an immunological profile for 
Algerian DS patients, aiding in the differential diagnosis 
between DS and CID, particularly in cases of recurrent 
infections.

•	 T-cell lymphopenia is less pronounced in DS patients 
compared to those with combined immunodeficiency.

•	 T CD8+ lymphopenia is also a frequent finding in Algerian 
patients with DS, suggesting that disrupted T-cell 
development and homeostasis is a global phenomenon 
affecting both CD4⁺ and CD8⁺ subsets.



1606 1607

to the following lymphocyte markers: CD3 for total T 
cells, CD4 and CD8 for T cell subpopulations, CD19 for B 
cells, and CD56/CD16 for NK cells. Data acquisition was 
conducted on an eight-color FACSLyric™ cytometer (BD 
Biosciences, US). Lymphocyte subpopulation percentages 
were determined, and absolute values were calculated 
based on the CBC. An extended T cell phenotyping 
was performed in DS patients exhibiting a profound 
CD4+ and/or CD8+ T cell lymphopenia, as well as in all 
CID patients. This analysis used the following markers: 
CD3, CD4, CD8, CD45RA, CD45RO, and CCR7 (CD197) to 
determine the distribution of naïve (CD45RA+CCR7+) and 
memory (CD45RO+) CD4+ and CD8+ T cells.

Statistical analysis

The Mann-Whitney U test was used to compare median 
lymphocyte counts between DS and CID populations. The 
threshold for statistical significance was set to a P value 
of less than 0.05. The statistical analysis was performed 
using SPSS version 25.0 (software package (IBM), Chicago, 
IL, USA).

RESULTS

Baseline characteristics

A total of 33 patients with DS and 40 patients with CID 
were included in this study, comprising 20 males (61%) 
and 13 females (39%) with DS, and 24 males and 16 
females with CID. The median age of DS patients at the 
time of the study was 54 months (range: 1–156 months), 
and the median age at diagnosis for CID patients was 36 
months (range: 2–552 months). Only two DS patients (6%) 
were born from consanguineous parents, and one had a 
family history of recurrent infections. All patients had a 
clinical history of recurrent or severe infections, including 
upper and lower respiratory tract infections in 25 (76%) 
patients, recurrent diarrhea in 8 (24%) patients, oral 
candidiasis in 8 (24%) patients, urinary tract infections 
in 4 (12%) patients, and skin abscesses in 1 (3%) patient. 
Additionally, 9 (27%) patients were born with congenital 
heart disease, 4 (12%) patients exhibited failure to thrive,
and 5 (15%) patients had immune dysregulation 
conditions, including asthma in 3 (9%) patients, as well 
as type 1 diabetes, inflammatory bowel disease, and 
autoimmune hemolytic anemia in 3 distinct patients.

Immunological profile in DS patients

Serum Immunoglobulins
Serum Ig levels were measured in 29 patients; 4 were 
under 4 months of age and were not tested. IgG levels 
were normal in 24 patients (83%), elevated in 4 patients 
(14%), and reduced in one patient (3%). IgA levels were 
within normal ranges in 21 patients (73%), increased 
in 5 patients (17%), and decreased in 3 patients (10%). 
IgM levels were normal in 23 patients (80%), high in one 
patient (3%) and low in 5 patients (17%). Overall, 15 
patients (52%) exhibited normal IgG, IgA, and IgM levels, 

concomitantly (Table 1).

Lymphocyte phenotype
Immunophenotypic abnormalities were observed in 
32 DS patients  (97%). Moderate CD3 lymphopenia 
was noted in 18 patients (55%), while severe T-cell 
lymphopenia (<500 cells/mm³) was observed in only 3 
patients (9%). The most common variation in circulating 
lymphocytes was CD4 lymphopenia (24 patients; 73%), 
followed by CD8 lymphopenia (19 patients; 58%). B- and 
NK-cell lymphopenia were seen in 16 (48%) and 7 (21%) 
patients, respectively. The CD4/CD8 ratio was  decreased 
in 8 patients (24%). Lymphocytosis primarily involved 
CD8 T cells (15%) and NK cells (12%). Additionally, naïve 
and memory T cells were analyzed in 9 patients. The 
percentages of naïve CD4+ T cells and naïve CD8+ T cells 
were moderately reduced in 3 patients (1/3). Elevated 
frequency of memory T cells was observed in 3 patients 
(1/3) (Table 1). 

Comparative analysis of the lymphocyte phenotype in 
DS and CID patients

The comparison of lymphocyte subpopulations between 
DS and CID patients revealed significantly lower counts 
of total lymphocytes, CD3+ T, CD4+ T, and NK cells in 
CID patients compared to DS patients. However, no 
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Median
Findings

Decreased
n (%)

Normal
n (%)

Increased
n (%)

Serum Ig levels (n=29) (g/l)

IgG 7.94 1 (3%) 24 (83%) 4 (14%)

IgA 0.83 3 (10%) 21 (73%) 5 (17%)

IgM 0.57 5 (17%) 23 (80%) 1 (3%)

Lymphocyte 
phenotype
(n=33)

(Cells/mL)

Lymphocytes 2639 20 (61%) 11 (33%) 2 (6%)

T cells 1614 21 (64%) 9 (27%) 3 (9%)

CD4+ T cells 964 24 (73%) 9 (27%) 0 (0%)

CD8+ T cells 491 19 (58%) 9 (27%) 5 (15%)

CD4/CD8 ratio 1.74 8 (24%) 22 (67%) 3 (9%)

B cells 428 16 (48%) 17 (52%) 0 (0%)

NK cells 411 7 (21%) 22 (67%) 4 (12%)

Extended T-cell
phenotyping (n=9)

(%)

Naïve CD4+ T cells
(CD4+CD45RA+CCR7+)

70% 3 (33%) 6 (67%) 0%

Memory CD4+ T cells
(CD4+CD45RO+)

27% 0 (0%) 6 (67%) 3 (33%)

Naïve CD8+ T cells
(CD8+CD45RA+CCR7+)

46% 3 (33%) 6 (67%) 0%

Memory CD8+ T cells
(CD8+CD45RO+)

15% 0 (0%) 6 (67%) 3 (33%)

Table 1. Immunological findings in Down syndrome patients

 Ig, Immunoglobulin
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statistically significant differences were observed in CD8+ 
T cells and B cells between the two groups (Table 2) 
(Figure 1).

DISCUSSION

The present study aimed to define the immunological 
characteristics of Algerian children with DS. While similar 
studies have been published, this is the first report from 
the Maghreb region. Analysis of the demographic data 
revealed that only a small percentage (6%) of DS patients 
were born to consanguineous parents or had a positive 
family history of recurrent infections, which contrasts 
with findings in patients with CID and other inborn errors 
of immunity at our center (data not shown) (28).
This suggests that the immunological abnormalities 
observed in our patients are more likely linked to DS itself.

T-B-NK enumeration DS group
Median (Cells/mL)

CID group
Median (Cells/mL) P

Lymphocytes 2639 1829 0.008

T cells 1614 1118 0.024

CD4+ T cells 964 432 0.000

CD8+ T cells 491 454 0.335

B cells 428 251 0.056

NK cells 411 228 0.023

Table 2. Lymphocyte subpopulation counts in Down syndrome and 
combined immunodeficiency patients.

 CID, Combined Immunodeficiency; DS, Down Syndrome.

 

Figure 1. Comparison of lymphocyte (A), T-cell (B), CD4 T-cell (C), CD8 T-cell (D), B-cell (E) and NK-cell (F) counts between DS and CID patients. 
*: statistically significant.

CID, Combined immunodeficiency; DS, Down syndrome.
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Serum IgG levels were within normal ranges in most 
patients (83%), elevated in 4 patients, and reduced 
in one. While some studies have found IgG levels in 
DS patients comparable to those of healthy controls 
(18,19,24), others have reported higher IgG levels in DS 
patients (17,25). Serum IgA levels were normal in 73% 
of DS patients and elevated in 17%. Many studies have 
documented normal IgA levels (17–19,24), although a 
few have noted elevated IgA in DS patients (25,29). Serum 
IgM levels were within normal ranges in 80% of patients, 
increased in 3%, and reduced in 17%. These findings align 
with an Argentinian study in which 21% of DS patients 
had reduced IgM levels (23).
Additionally, several studies have reported lower IgM 
levels in DS patients compared to healthy controls 
(29–32). Overall, although findings across studies show 
variability, Ig levels in DS patients remain within the 
normal range, with hypogammaglobulinemia being a rare 
occurrence.
Furthermore, altered antigen-specific antibody 
responses, as reported in several studies, raise concerns 
about the functional efficacy of the antibody response in 
DS (15,30,32). 
Nearly half of DS patients exhibited reduced B-cell count. 
B lymphocytopenia is a consistent finding in almost all 
studies reported to date (17,18,20–26,33,34). These 
B-cell abnormalities are similar to those found in common 
variable immunodeficiency (CVID), including a reduction 
in memory B cells and impaired B-cell proliferation. 
However, DS patients differ from CVID in that their serum 
Ig levels remain generally normal, whereas Ig levels are 
typically low in CVID (35). Significant T cell abnormalities 
were observed in our DS cohort, CD4 lymphopenia was 
present in 24 (73%) patients, whereas CD8 lymphopenia 
was present in 19 (58%). CD4 lymphopenia is a common 
finding in most reported studies (17,20–23,25,26,33,34). 
In contrast, CD8 lymphopenia has been documented in 
only a few studies  (21,26), with the majority reporting 
normal to elevated CD8+ T-cell counts, which contrasts 
with our findings (17,18,20,24,34). Analysis of the naïve 
and memory T-cell subsets revealed a moderate decrease 
in the frequency of naïve CD4+ and CD8+ T cells in one 
third of patients, consistent with findings from both 
American and Polish studies [17, 33]. Comparison of 
T-cell counts between DS and CID patients showed that 
T-cell lymphopenia is less pronounced in DS, highlighting
distinct immunological profiles between the two groups 
(Table 2). NK cell lymphopenia appears to be less 
common in DS compared to T and B cell abnormalities. 
Most studies report normal or slightly elevated NK cell 
numbers, although functional impairments have been 
documented (15,36,37). This relative preservation 
of NK cell counts may be attributed to their thymus-
independent development and distinct homeostatic 
regulation, in contrast to the T and B cell lineages, which 
are more affected in DS (36,37).
Several hypotheses have been proposed to explain the 
T-cell and B-cell impairments observed in DS.
Histological analyses of thymic tissue from children with 
DS reveal a blockage in early T lymphocyte development, 
suggesting a defect in thymic output (38). However, 

other factors appear to contribute to T lymphopenia as 
well. Notably, the deficiency of trace elements, such as 
zinc, which is commonly found in DS patients, may also 
play a role (27,39,40). An Italian study, for instance, 
demonstrated that oral zinc supplementation not 
only reduced recurrent infections but also increased 
circulating T lymphocyte numbers, although it had no 
effect on circulating B cell counts (41). Increased apoptosis 
is another prominent theory. Elsayed et al. observed 
elevated levels of early apoptotic cells, particularly T 
cells, in children with DS compared to healthy controls, 
suggesting that accelerated aging may be one of the 
mechanisms underlying immune system impairments 
in DS (42). Another hypothesis involves the over-
expression of genes on chromosome 21, which encodes 
interferon receptor genes, including IFNAR1, IFNAR2, 
and IFNGR2. Xiao-Fei Kong et al. reported elevated IFN-R 
expression on monocytes, along with increased levels of 
phosphorylated STAT1 in both non-stimulated and IFN- 
α- and IFN-γ-stimulated monocytes from 45 DS patients. 
They suggested that the decrease in T cells may be 
linked to their overactivation and subsequent premature 
senescence (4). 
Our study was notable for a higher frequency of CD8 
lymphopenia than previously reported. While most of 
the mechanisms described above have traditionally been 
invoked to explain CD4+ T-cell lymphopenia, they are not 
necessarily restricted to the CD4+ compartment. Thymic 
hypoplasia (38), increased apoptosis (42), chronic type I 
interferon signaling, and premature immunosenescence 
(4) likely affect both CD4+ and CD8+ T-cell subsets. In 
addition, deficiencies in essential trace elements such as 
zinc and selenium-frequently reported in individuals with 
DS-may further impair T-cell proliferation and survival, 
thereby impacting CD8+ T cells as well (27,39,40). Thus, 
CD8+ lymphopenia, though less frequently reported, may 
emerge in some individuals as a result of a more global 
disruption of T-cell homeostasis in DS. 
Respiratory tract infections were the most common 
infectious complication in our cohort, consistent with 
findings from most studies (15,21,25). Although T-cell 
and B-cell impairments are consistently observed in 
DS, the variations noted are moderate and do not fully 
explain the heightened susceptibility to infections. A 
Brazilian study comparing the immunological profiles 
of DS patients with and without recurrent infections 
found no significant immunological differences between 
the two groups, despite a diminished response to the 
pneumococcal vaccine in those with recurrent infections 
(24). Both groups showed normal Ig levels and T cell 
counts, with only a slight reduction in B lymphocytes. 
Recurrent infections in DS may be influenced by other 
DS-related conditions, such as airway malformations 
(e.g., laryngomalacia, tracheal stenosis, tracheomalacia, 
bronchomalacia, and tracheal bronchus), as well as 
associated comorbidities, including cardiovascular and 
musculoskeletal complications (43). 
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CONCLUSION

Down syndrome is a multifaceted condition that affects 
various organ systems, including the immune system. 
Children with DS typically present with diminished T- 
and B-cell counts, while maintaining generally normal 
levels of IgG, IgA, and IgM. Our findings suggest that T 
cell lymphopenia in DS is less pronounced compared to 
patients with combined immunodeficiency. Furthermore, 
the increased susceptibility to infections in DS appears 
to be the result of a confluence of factors inherent to 
trisomy 21, rather than being solely attributable to 
intrinsic dysfunctions of T and B cells.
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