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Abstract

Introduction: Primary immunodeficiencies are a spectrum of diseases that
encompasses alteration of the innate and adaptive immune response. Isolated
lymphocytopenia may be a manifestation of primary immunodeficiency,
which is rarely considered as a diagnostic option by non-immunological phy-
sicians. Objectives: To conduct a brief review of the primary immunodefi-
ciencies that are most frequently associated with lymphocytopenia in order to
provide a resource that will help non-immunological clinicians to recognize
and appropriately refer to these cases. Materials and Methods: Review of the
literature with scientific articles indexed in English and Spanish. We con-
sulted Pubmed database with the keywords: primary immunodeficiencies and
severe combined immunodeficiencies. The limit of time was 5 years and only
review papers. Results: The search in the database results in 68 papers and we
analyzed 35 articles because the objective of the review was Severe Combined
Immunodeficiencies. Discussion: Persistent lymphopenia (usually <2500
xmm’) detected in blood cell cytometry that accompanies severe, recurrent
infections, autoimmune manifestations, atopy and cancer may suggest severe
combined immunodeficiency. Causes of secondary immunodeficiency such
as HIV should be ruled out. Conclusions: Persistent lymphopenia can be as-
sociated with severe combined immunodeficiency. The study should be ex-
tended in these cases by a specialist or refer the patient to a referral center for
a complete evaluation.
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1. Introduction

The immune system is made up of cellular and humoral elements which consti-
tute a mechanism of recognition between what is proper and what is foreign.
Academically components of innate and adaptive immunity are distinguished as
part of this; however, the connection between these mechanisms that make up a
complex puzzle is increasingly understood, where it is enough that one of its
participants is dysfunctional to interfere in other ways, leading with it to an im-
balance and as a result an abnormal function, which may be greater or less than
expected. The field of clinical immunology is dedicated to studying the altera-
tions in the recognition and processing of own and external antigens, which
constitutes four large groups of diseases, having as a central element of them the
immune response (Figure 1).

2. Objective

To conduct a brief review of the primary immunodeficiencies that are most fre-
quently associated with lymphocytopenia in order to provide a resource that will
help non-immunological clinicians to recognize and appropriately refer these

cases.

3. Material and Methods

Review of the literature with scientific articles indexed in English and Spanish.
We consulted Pubmed database with the keywords: primary immunodeficien-
cies and severe combined immunodeficiencies combined de terms with AND,
OR and NOT. The limit of time was 5 years and only reviewed papers about
humans since January 2014 to January 2019 (Figure 2).
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Figure 1. Diseases resulting from alterations in the immune response. The in-
crease of the normal immune response leads to an allergy response or autoim-
munity. The decrease of the immune response towards internal antigens will re-
sult in neoplasms and in antigens external to immunodeficiency.
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Figure 2. Flow diagram of the search strategy.

4. Results

The search in the database results in 68 papers and we analyzed 30 articles be-
cause the objective of the review was Severe Combined Immunodeficiencies. The
variables to analyze were diagnosis, treatment and prognosis. 38 articles were
discarded because they did not complain with the main topic of this review. We
decided include two classics for the relevance for the population of our country

and the classic article for the reference values.

5. Discussion

5.1. Primary Immunodeficiencies

The scientific advance in the field of basic and clinical immunology has made it
possible to understand the behavior of many diseases; such the case of immuno-
deficiencies. Their basic classification divides them into primary (condition re-
sulting from alterations in those genes and/or their products responsible for or-
chestrating the immune response) or secondary (external causes that lead to a
state of transient or permanent immunosuppression). Derived from this classi-
fication, we know that primary immunodeficiencies (PID) are a heterogeneous
group of diseases that originate from alterations in some of the components of
the immune system. The PID are characterized mainly by a decrease in the re-
sponse to external antigens, usually manifest from early stages of life or else once
the individual is exposed to aggressing agents from microorganisms (external
antigens). The PID can trigger the formation of internal antigens which can also
become susceptible to trigger a response and thus the onset of autoimmunity [1].
In contrast to other hereditary diseases, these alterations may not be so evident
at birth, which complicates their timely detection and treatment. The most evi-
dent manifestation of primary immunodeficiencies is the presence of recurrent
or severe infections due to the decrease in the immune response, to which alte-
rations can be added such as the presence of autoimmunity, lymphoprolifera-
tion, granulomatous processes, atopy, malignancy or the combination of them.
These diseases have been classically described as the result of mutations in genes

responsible for intervening in some step of the immune response, which in-
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cludes alterations in the proliferation of hematopoietic stem cells, development,
maturation and cell proliferation specialized adaptive immunity (B cells and T
cells), that includes processing and presentation of antigens, signaling and rec-
ognition of molecules and cytokines, functional disorders of cells (cell migration,
respiratory burst, production of cytokines and chemotactic factors), regulation
and resolution of the the response. The alterations of the components of innate
immunity includes phagocytic-mononuclear system (macrophages and neutro-
phils), dendritic cells, complement and natural killer cells [1] [2].

Although immunodeficiencies can function as a model of monogenic diseases,
the clinical expression of the disease usually involves more than a single compo-
nent or altered pathway. There are, to date, more than 300 known primary im-
munodeficiencies and probably over the years the scientific advance in medicine
will increase exponentially [3]. It is relevant to know that there are specialized
centers in our country for the detection and treatment of these diseases. Howev-
er, many times the diseases are diagnosed late and can culminate in death and a
family tragedy. The most useful tools for the recognition of these entities are the
exhaustive clinical history and basic laboratory tests that can be found in an af-
fordable way in hospital units, such as a blood cell count, culture test for infec-
tious agents, serum protein electrophoresis, serum immunoglobulins and imag-
ing studies during the first part of the study. The second part of the study cor-
responds to specialists in clinical immunology and immunodeficiencies as well
as specialized centers for the care of these diseases. That includes phenotypic and
genetic study of PID, specialized and supportive therapies, family counseling and
provide a definitive treatment [4]. This work aims to conduct a brief review of
cellular immunodeficiencies that allow clinicians to guide the suspicion and ap-
proach of this complex disease.

Diseases resulting from alterations in the immune response. The increase of
the normal immune response leads to an allergy response or autoimmunity. The
decrease of the immune response towards internal antigens will result in neop-

lasms and in antigens external to immunodeficiency.

5.2. Classification of Primary Immunodeficiencies

Fundenberg, and cols. auspiced by the World Health Organization classified the
primary immunodeficiencies. Their initial report identified 16 distinct immu-
nodeficiencies. In 1999, the Committee on Primary Immunodeficiencies came
under the auspices of the International Union of Immunological Societies (IUIS)
[5]. Based on the genetic defect (genotype), the type of infections, the accompa-
nying manifestations and the resulting clinical expression (phenotype), the Ex-
pert Committee of the IUIS has defined nine major groups of PID with the aim
of increasing awareness, recognition and treatment of these entities [6] [7]
(Figure 3).

Patients with PID show alterations in the response due to a decrease in the

number or function of their components, which may exist at the level of innate
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immunity (complement, phagocytic-mononuclear system, cytotoxic cells, den-
dritic cells, etc.) and adaptive immunity (T lymphocytes, B lymphocytes and
regulatory cells). This classification is practical and allows guiding in the first in-
stance where the problem is. This imbalance will condition the lack of control in
the response to other levels. Despite that in the majority of cases the cause of the
disease is a monogenic defect, the immunological phenotype and therefore the

clinical expression are very variable.

5.3. Clinical Findings of the Most Frequent Primary
Immunodeficiencies

By January 2016, globally, humoral immunodeficiencies (antibody deficiencies)
occupy the first place; that includes Latin American countries and Mexico, ac-
cording to reports from the Latin American immunodeficiency society. On the
other hand, cellular immunodeficiencies occupy between 9% and 10.5% of the
immunodeficiencies worldwide within the PID; with an incidence of 1:50,000 -
100,000 live births [8] [9]. They are a heterogeneous group of immunodeficien-
cies and share a decrease in the count or function of T lymphocytes, which may
be accompanied by antibody deficiencies (humoral) being called in these cases
combined immunodeficiencies; in most cases this is due to lack of cooperation
between B and T lymphocytes. Immunodeficiencies involving T lymphocytes
(combined immunodeficiencies, combined severe and combined syndromes) are
classified based on the presence or absence of lymphopenia and syndromic ma-
nifestations companions (Figure 4). Those PID with severe phenotypes or syn-
dromic findings like SCID, X-linked agammaglobulinemia, usually manifest in
early stages, and may be from birth and during the first years of life when they
are diagnosed (pediatric population); that is why we should always consider
them in the context of a child with serious, recurrent infections, short stature,
anemia, cytopenias among other data. On the other hand, there is a group of
PID with milder phenotypes that could represent a serious problem from child-
hood, adolescents and adults, either due to lack of an accurate diagnosis or the
evolution of the disease, such is the case of immunodeficiencies predominantly
of antibodies (group 3). For example, the selective deficiency of secretory im-
munoglobulin A (IgA), deficiency of subclasses of IgG, common variable im-
munodeficiency, or non-severe or severe combined immunodeficiencies such as
lymphopenia of CD4 + cells (known as idiopathic CD4 + lymphocytopenia) due
to alterations in MHC, CD8 + cells due to ZAP-70 deficiency, dendritic cell defi-
ciency and variable common immunodeficiency. Depending on the level of the
immune response, the patient can manifest infections that can help with suspi-
cion within the diagnostic approach (Table 1) [10]. On the other hand, there are
other clinical and paraclinical manifestations present with a greater frequency in
these types of primary immunodeficiency comparatively with the healthy popu-
lation: such is the case of autoimmune, allergic neoplastic/lymphoproliferative

manifestations, which can increase the degree of suspicion.
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Table 1. Microorganisms most frequently associated with primary immunodeficiencies based on altered pathway.

Complement deficien-

Microorganism  Antibody Deficiency Combined (cells + antibodies) Phagocytosis defects cies

. . Anyone.
X Enterovirus (X-linked .
Virus More frequent CMV, RSV, EBV (combined) No No

agammaglobulinemia
8 & ) papillomavirus, Herpes virus (NK cells)
. Streptococcus
Streptococcus pneumoniae, .
o pneumoniae,
) Haemophilus influenzae, S
Streptococcus pneumoniae, ) Haemophilus influenzae,
o Moraxella catarrhalis, Staphylococcus aureus, .
. Haemophilus influenzae, | i i i Moraxella catarrhalis,
Bacterias . Pseudomonas aeruginosa, Salmonella typhi, Burkholderia cepacia, .
Moraxella catarrhalis, L X | Pseudomonas aeruginosa,
. Listeria monocytogenes Nocardia, Serratia L. L7
Pseudomonas aeruginosa . Neisseria meningitidis
Yersinia L
Campviobacter Haemophilus influenzae
Py (C5-C9 deficiency)
Non-tuberculous
Mycobacterias No Non-tuberculous including BCG . . No
including BCG
Candida,
Aspergillus, Candida,
Fungus No P! i No
Cryptococcus, Aspergillus
Histoplasma capsulatum Cryptosporidium
Pneumocystis jiroveci,
Protozoan Giardia lamblia SIS JHrov No No

Toxoplasma, Cryptosporidium parvum

Figure 3. Classification of primary immunodeficiencies according to the latest report of
the International Union of the Committee of Experts of Societies of Immunology for
Primary Immunodeficiencies or IUIS for their figures in English (International Union of
Immunological Societies Expert Committee for Primary Immunodeficiency) [5].
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Common gamma chain
NK cells defiency (X1-SCID)
(CD16+/56+)
Low or absent 1I-2RG deficiency (X-
Phenotype T-B+NK- linked)
JAK3 deficiency (AR)
B lymphocytes
(CD19+)
Low or absent
Phenotype T-B+
NK cells 116]1)72‘157(1
(Eoft CD3D/CD3E/CD3Z
ormal CD45
Phenotype T-B+NK+ oAl

Figure 4. Classification of severe combined immunodeficiency according to consensus of the International Union of the Com-

mittee of Experts of Societies of Immunology for Primary Immunodeficiencies.

5.4. Lymphopenia as a Part of the Diagnosis of IDCS and
Differential Diagnosis

Cytometry or blood biometry is the principal tool useful for diagnosis. Before
declaring a patient with lymphopenia, we must know the ranges of percentile
lymphocytes for age (Table 2) since these values change as the years pass and
determine if it really corresponds to lymphopenia. The lymphocyte count in the
case of SCID persists low over time or is slightly modified, considering as a gen-
eral reference point a total lymphocyte count less than 2500 xmm® abnormal.
The parameters that should be evaluated in the context of suspicion are the total
count of leukocytes and lymphocytes (cells x cubic millimeter) in the blood cy-
tometry, as well as the total count of T lymphocytes (70% of the total lympho-
cyte population) and its subpopulations (CD3+, CD4+, CD8+, ratio
CD4+/CD8+), number of B lymphocytes (CD19+ CD20+, 20% to 30% of total
lymphocytes) and natural killer cells (NK CD16+56+) as well as the titles of
immunoglobulins G, A, M (milligrams/dl) and E (UI/L) percentiles for age
(Table 3). The definitive diagnosis is made with the determination of the muta-
tion associated with the defect, however this should not be a condition for de-
laying treatment so it is a priority to send a specialist or reference center in im-

munodeficiencies when the suspicion is elevated.
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Table 2. Total lymphocyte ranges and T-cell lymphocyte subpopulations based on age of healthy population (percentiles 5 to 95).
Modified from “Immunophenotyping of blood lymphocytes in childhood. Reference values for lymphocyte subpopulations. Mod-
ified from Comans-Bitter WM et al. [17]. Values expressed in cells per cubic millimeter of blood (cells x mm?®). RN = Newborn. s
= weeks. m = months. a = years. T = T cells. NK = Natural killer cells. B = B cells.

Lymphocytes RN 1s-2m

2-5m 5-9m 9-15m 15-24m 2-5a 5-10a 10-16a >l6a

Absolutes 700 - 7300 3500 - 13,100
CD3+T 600 - 5000 2300 - 7000)
CD4+T 400 - 3500 1700 - 5300
CD8+T 200 - 1900 400 - 1700
16/56 NK 100 - 1900 200 - 1400

CD19+B 40 - 1100 600 - 1900

3700 - 9600 3800 - 9900 2600 - 10,400 2700 - 11,900 1700 - 6900 1100 - 5900 1000 - 5300 1000 - 2800

2300 - 6500 2400 - 6900 1600 - 6700 1400 - 8000 900 - 4500 700 - 4200 800 - 3500 700 - 2100

1500 - 5000 1400 - 5100 1000 - 4600 900 - 5500 500 - 2400 300 - 2000 400 - 2100 300 - 1400

500 - 1600 600 -2200 400 -2100 400 -2300 300-1600 300-1800 200 -1200 200 -900

100 - 1300 100-1000 200-1200  100-1400 100-1000 90-900 70-1200 90 -600

600 - 3000 700 -2500 600-2700 600 -3100 200 -2100 200-1600 200-600 100 -500

Table 3. Serum immunoglobulin ranges based on age, healthy population (percentiles 5 to 95). Modified from Jollif CR et al. [18].
IgG = immunoglobulin G. IgM = Immunoglobulin M. IgA = Immunoglobulin A. mg/dL = milligrams per deciliter.

Age RN 1m 3m 4m 5m 6 m 7-9m 10-12m 2a 3a 4-5a 6-8a
IgG
mgg/dL 636 - 1606 251-906 206-601 176-581 196-558 172-814 215-704 217-904 294-1069 424-1051 441-1135 463 -1236 633 -1280
IgM
JdL 6.3-25 20-87 17 - 105 24 -89 27-101 33-108 35-102 34-126 41 - 149 48 - 168 47 - 200 43 - 196 48 - 207
mg
IgA
me/dL 14-3.6 13-53 28-47 46-49 44-73 81-84 81-68 11-90 16 - 84 14-123 22 - 159 25-154  33-202
Age RN 1m 3m 4m 5m 6m 7-9m 10-12m 2a 3a 4-5a 6-8a
IgG
mgg/dL 636 - 1606 251-906 206-601 176-581 196-558 172-814 215-704 217-904 294-1069 424-1051 441-1135 463 -1236 633 -1280
IgM
JdL 6.3-25 20-87 17 - 105 24 -89 27-101 33-108 35-102 34-126 41 - 149 48 - 168 47 - 200 43 - 196 48 - 207
mg
IgA
me/dL 1.4-3.6 13-53 28-47 46-49 44-73 81-84 81-68 11-90 16 - 84 14-123 22 - 159 25-154  33-202

Always consider discarding secondary immunodeficiencies (malnutrition,
human immunodeficiency virus infection), neoplasms, use of immunosuppres-
sants as part of the treatment of autoimmunity and cancer, radiotherapy, to dis-
cuss the main ones. A point to be highlighted in the differential diagnosis are
autoimmune diseases (systemic lupus erythematosus, primary Sjogren’s syn-
drome, systemic vasculitis, rheumatoid arthritis, autoimmune cytopenias); al-
though they should be considered as part of the differential diagnoses, primary
immunodeficiencies with autoimmune manifestations are increasingly known,
so in these cases it will be preferable to refer the patient to complete the study
[11] [12]. Finally, there is a neonatal screening method, determination of TRECs
(T-cell receptor excision circle assay) for early detection in patients with risk
factors for severe combined immunodeficiencies which have shown very good
results [13]. This method is also performed in the immunodeficiency research
laboratory of the National Institute of Pediatrics (INP).
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5.5. Severe Combined Immunodeficiencies

They represent a heterogeneous group of diseases that are characterized by de-
creased response dependent T cells (CD3 + lymphocytopenia), either by num-
ber, function or both. The most common form worldwide is caused by defects in
the common gamma chain, which is transmitted with X-linked inheritance, with
a variable prevalence in 50% to 80% of severe combined immunodeficiencies
reported in several countries. It should be sought intentionally in men in the
early stages of life with a history of direct male relatives who died at an early age
due to serious infections or both genders for the case of autosomal recessive in-
heritance, although there may be de novo mutations without family back-
ground. When there are antecedents of consanguinity, forms with autosomal
recessive inheritance should be sought. Usually, in the majority of cases, growth
failure, absence of lymphoid tissues (tonsils and lymph nodes), chronic diarr-
hea of infectious characteristics, develop in the first weeks of life [14] [15] [16].
In the particular case of syndromic combined immunodeficiency, inflammatory
dermatological lesions (maculopapularrash, persistent warts, molluscumconta-
giosum, atypical or severe eczema, seborrheic dermatitis and cellulitis) are the
clinical findings. There may be cases where the course of the first weeks of life is
normal. The presence of lymphocytopenia, usually less than 2500 xmm?, is ab-
sent in late skin tests such as PPD or candidin, (Type IV hypersensitivity de-
pends on T cells), variable degrees of hypogammaglobulinemia, and failure of
proliferation tests with mitogens (phytohemagglutinin) and eosinophilia. The
lesions reported in Mexico after BCG vaccination can be of various forms, from
infiltrating and ulcerated lesions at the site of application, regional lymphade-
nopathies, violaceous systemic papular skin lesions, osteolytic lesions, dissemi-
nation to spleen, liver, lung and ganglia. In these cases antifungal treatment
should be initiated or prophylaxis should be given when there is a history of
application of the vaccine without clinical manifestations. It is convenient to
corroborate the results of the blood count with a second dose and compare the
values with those corresponding to age, before initiate a diagnostic approach
[19] [20] [21] [22].

5.6. Reference Criteria

Patients who have the clinical and laboratory characteristics that make the sus-
picion of severe combined immunodeficiency should be referred to a specialized
center for its diagnostic and treatment that includes the support aspect (nutri-
tional, hematological and infectious) or definitive, such as hematopoietic stem
cell transplantation, because the success of this depends whether it is carried out
within the first three months of vida. There are internationally accepted points
that function as alarm data to suspect immunodeficiencies. The following clini-
cal criteria should be considered as relevant data for CSID [19] [20] [21] [22]
[23].

1) Clinical criteria:
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- Delay in growth and weight gain

- Early deaths in related relatives of infectious or poorly understood causes,
men in the case of inheritance linked to X and both sexes for autosomal re-
cessive inheritance.

- Antecedent of consanguinity (autosomal recessive)

- Recurrent or severe infections, early hospitalizations, use of antimicrobials,
antivirals, parenteral antifungals

- Chronic diarrhea

- Early dermatological manifestations

- Absence of tonsils and palpable lymph nodes (especially in association with
upper and lower respiratory infections)

- Adverse reaction to vaccines (BCG, live attenuated virus)

2) Laboratory criteria:

- Microbiological isolation of microorganisms related to the disease

- Leukopenia with persistent lymphopenia less than 2500 cells/mm?, consider-
ing strong suspicion with values less than 500 xmm?® or below the 5th percen-
tile for age

- Absent lymphoproliferation with stimulation test with mitogens (phytohe-
magglutinins)

- Low levels of immunoglobulins G, A, M below the 5th percentile for age

- Absence of thymus in chest X-ray

- Negative tests with tuberculin and candidin antigens

5.7.Initial Management

Considering the suspicion of illness and should seek the assessment by a special-
ist or refer to a center specialized in immunodeficiencies. Starting a support
treatment that includes relevant aspects for these patients allows us to improve
their conditions so that in the near future they will be considered for a definitive
treatment protocol. These measures should not be delayed to the definitive di-
agnosis, the clinical criterion and the experience should regulate these conducts.
The main measures that should be considered in these cases are:

1) Use of intravenous human immunoglobulin: It is considered an absolute
indication when there is a clear quantitative deficiency of IgG accompanied by
recurrent and/or severe infections. The infusion should be done every 21 days at
slow speed at a rate of 400 - 600 mg/kg per infusion. It is possible to increase to 1
- 2 g/kg when infections are severe or accompany severe autoimmuni-
ty/inflammation manifestations [24]. Infusion should be carried out even after
transplantation until immune reconstitution is documented.

2) Prophylaxis: Treatment should be provided that includes coverage for
Pneumocystis jirovecci, fungi and if there is suspicion or sustainable justification
for virus until definitive treatment is achieved. In children who have received
BCG vaccine, antifungal treatment should be initiated in case of clinical manife-

stations or prophylaxis if it has not developed them.

DOI: 10.4236/0alib.1105419

10 Open Access Library Journal


https://doi.org/10.4236/oalib.1105419

G.-L. C. Alberto et al.

3) Family study of genes and genetic counseling for parents.

4) Blood products: In case of transfusion, requirements should be made
with irradiated blood products to avoid possible complications such as
graft-versus-host disease and transmission of potential infectious germs.

5) Immunizations: The health team and the relatives of the patient must be
properly immunized. If combined immunodeficiency is suspected, immuniza-
tions with live and attenuated viruses should not be applied, as should BCG if
possible [25] [26].

5.8. Especialized Treatment

Currently hematopoietic stem cell transplantation is considered the curative
treatment of primary immunodeficiencies, there are well-established indications
to perform this procedure. SCID is one of the main indications and it is known
that there is improvement in T cell depletion as well as improvement in patient
survival as long as it is performed before the onset of major complications such
as repetitive infections and delay of growth. This type of treatment is carried out
only by highly specialized medical units. [27] [28].

Another of the emerging treatments is gene therapy, whose purpose is the
transfer of genetic material to reestablish a cellular function that is abolished or
defective. This type of therapy was offered for the first time in the SCID. It has
been successful thanks to its superiority in the processes of haematopoietic stem
cell transplantation and the best conditioning therapies for patients, as well as
better vectors. It could be used when the defective gene is known and it needs
regulation. This type of therapy is a new therapeutic option for patients with
IDP, however it is still under development [29] [30] [31] [32] [33].

6. Conclusion

Persistent lymphopenia at the expense of T cells can translate to severe com-
bined immunodeficiency. It should be considered an emergency for study. Se-
vere combined immunodeficiencies alter the development of T cells lead to
functional or developmental alterations of other groups of lymphocytes such as
B cells and NK cells. The most common severe combined immunodeficiency is
caused by mutations in the common gamma chain receptor that shares several
interleukin receptors, essential for the development and maturation of T and NK
cells. It is transmitted with inheritance linked to X (affection of men). Initial
treatment should not be delayed due to suspicion of CSID. The treatment in-
cludes antimicrobial prophylaxis and for tuberculosis if the patient was vacci-
nated, intravenous gamma globulin, transfusion of irradiated blood products to
requirements, avoidance of vaccines with attenuated microorganisms. The de-
finitive treatment in the majority of the combined severe immunodeficiencies is
the transplantation of hematopoietic stem cells or gene therapy. Its success is
partly due to being carried out in the early stages of life, preferably before 3

months of age.
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