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Diagnostic significance of immunophenotyping of peripheral blood
lymphocytes in pediatric patients from the autonomous province of
Vojvodina, Republic of Serbia

JlujarHoCcTUYKM 3Ha4aj UMyHOpEHOTUIIN3aNK]je JuMbonnTa nepudepHe KpBu

KOJI TIeI1jaTPUjCKHX TallfjeHaTa u3 ayTOHOMHE MTOKPajHHe

BojBoaune, Penybnuka Cpouja

SUMMARY

Introduction/Objective Although lymphocyte
immunophenotyping based on flow cytometry is a
powerful tool in the diagnosis of many primary
immunodeficiences (PID), there has been an
increasing awareness of associated costs and the need
for its reassessment as a screening tool. We present
the results and diagnostic impact of
immunophenotyping performed by flow cytometry in
the University Children’s Hospital, Belgrade, in a
series of patients referred from the Institute for Child
and Youth Health Care of VVojvodina from July 2008
to July 2018.

Methods We reviewed the laboratory reports on
numbers of B lymphocytes (CD19+), T lymphocytes
(CD3+), natural killer (NK) cells (CD3—-
CD16/CD56+) and activated T cells (CD3+HLA-
DR+), as well as CD4+ and CD8+ T cells in 198
children.

Results Patients were grouped by stated indication
into the following eight categories:
hypogammaglobulinemia (34), selective IgA
deficiency-and/or 1gG subclass deficiency (43),
various infections with no_immunoglobulin
deficiencies/(67), asthma and/or allergies with no
immunoglobulin deficiencies or infections (23),
known or suspected autoimmune disorders (24), and
miscellaneous diagnoses not accompanied by
infections (7). In total, 159 (80.3%) findings were
either completely within the respective reference
range or exhibited only minimal aberrations. Four
patients were diagnosed with Bruton’s disease and
one with Artemis immunodeficiency. Nineteen
patients were given immunoglobulin substitution to
control infections and/or maintain immunoglobulin G
levels.

Conclusion Lymphocyte immunophenotyping aids
the diagnosis of PID in selected patients. We venture
some thoughts on how the usefulness of this
laboratory method could be improved in real-life
tertiary care pediatric hospital settings.

Keywords: immunophenotyping; flow cytometry;
lymphocytes; immunodeficiency; children

DOI: https://doi.org/10.2298/SARH220823108J

CAXKETAK

Yeoa/llns Maja je uMmyHobeHOTUIH3AIH]a THM]O-
LIMTa 3aCHOBaHA HAa MPOTOYHO] HIUTOMETPH)H MONHO
opyhe y IujarHoOCTUIIM MHOTHX TIPUMapHUX UMYHO-
nepunujenmmja (ITN), moctoju Hapacrtajyha cBecT o
TPOLIKOBHMA KOje 0Ba/METO1a OBJIAYK U OTpeda 3a
NPEHCIIUTHBAKEM EbeHE YIIOTe Y CKPHHUHTY Ha
oMeHyTa 000Jbema. [IprKasyjeMo pesynraTe u
JIMjaTHOCTUYKY 3Ha4aj IMyHO(EHOTHIIH3AIIN]e
MOMONY MPOTOYHE ITMTOMETPH]je n3BeacHe y iMyHO-
JIOIITKO] JJab0opaTopHju Y HUBEP3UTCTCKE JIeYje KIIH-
HUKe y beorpaay kox cepuje nanujeHara ynyheHux
n3 VIHCTHTYTa 32 3paBCTBEHY 3aLUTUTY JELe U OM-
nanuue Bojsoauue y nepuoay o jyna 2008. 1o jyna
2018.

MeTone AHaJu3Upand cMo JTa0OPaTOPHjCcKe Halaze
6poja b tumdormra (CD19+), T numdonura
(CD3+), ypoheno younaukux (natural killer, NK) he-
nuja (CD3-CD16/CD56+) u aktuBupanux T hemuja
(CD3+HLA-DR+), kao u CD4+ u CD8+ T henuja
xox 198 rnere.

Pesyararu [lanujeHTy cy rpynucany npemMa Ha3Ha-
YeHUM MHIUKanujaMa y ciaenehux ocam kareropuja:
xunoramarnooyiuaemuja (34), cenexkruBHa IgA
nedumjennuja w/unu geduur notknace 1gG (43),
pasue uHbpekije 6e3 UMYHOTTIOOYTHHCKUX TS HUITH-
jennuja (67), actMa w/unu ajepruje 6€3 UMyHOTJIO-
OynuHckux aepunujernrja wim uadeknuja (23),
noTBph)eHe WK CYCIIeKTHE ayTOMMYHCKE 00JIeCTH
(24) u pa3He mujarHose Koje HuCy Owie mpahene
urpexuujom (7). Yrymnuo 159 (80,3%) Hanaza je y
uenuHu Owto y oarosapajyhem pedepeHTHOM oricery
WJIH je TTOKa3MBaJI0 TeK MHHMMAITHA ojicTynama. Kox
YeTHpH MalMjeHTa je TIOCTaBJbeHa aujarno3a bpyro-
HOBE 00JIECTH a KOJI jeZJHOT j& OTKpHBEHa APTEMHUC
nMyHOehHUIMjeHIrja. JleBeTHaeCT manyjeHara je
MIPUMAJI0 UIMYHOTJIOOYJIMHCKY CYIICTHTYLIU]Y paiu
cy30ujama nHhEeKIMja u/uam oapkaBama HuBoa IgG.
3akbyuak VimyHodeHoTunmzamnuja sumponnra
nonpuHocu aujaraoctuy [T ] ko ogabpanmx
nanyjenara. [Ipunakemo oznpeheHa pasMuIIbama o
TOME KaKO OM ce yJHHAK OBe J1abopaTopHjcKe METO-
JIe y peaJIHIM YCJIOBHMa TepIMjapHUX MeAnjaTpH]jc-
KHX YCTaHOBa MOTA0 MOOO0JbLIATH.

KibyuHe peus: nMyHO(DEHOTHITH3AIIH]A; TIPOTOYHA
UTOMETpHja; IUM(OITUTH; IMyHOAeDHUIIH]jeHITH]a,
Jena
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INTRODUCTION

Immunophenotyping of blood lymphocytes by flow cytometry is a valuable diagnostic
tool in many primary and some secondary immunodeficiencies. In its basic capacity, this
method usually yields information about absolute and relative abundances of main lymphocyte
populations: B lymphocytes (CD19%), T lymphocytes (CD3") and NK cells (CD3"
CD16/CD56"), as well as main T-cell subpopulations (CD4" helper T cells.and CD8*
cytotoxic/suppressor T cells, with calculation of the CD4:CD8 ratio), and the percentage and
absoulte number of activated T cells (CD3*"HLA-DR™). A rare, but diagnostically important
subpopulation of “double negative” T cells (CD4 CD8") can also be detected [1].

Primary immunodeficiency disorders (PID) that can be diagnosed and-evaluated in this
way include severe combined immunodeficiency (SCID), Omenn syndrome, Wiskott-Aldrich
syndrome, agammaglobulinemia (X-linked or autosomal recessive), and primary NK cell
deficiencies, while in many other PID immunophenotyping can significantly contribute to the
establishment of diagnosis or the assessment of disease severity [2]. This is particularly true
for 22q11.2 deletion syndrome (Di George syndrome), where enumeration of immune cells is
an obligatory part of patient workup [3, 4], and autoimmune lymphoproliferative syndrome
(ALPS; [5, 6]. Likewise, in children (as in adults) with hypogammaglobulinemia, selective IgA
deficiency or 1gG subclass deficiency, most diagnostic protocols require a checkup of absolute
number of B cells in order to uncover potential B-cell immunodeficiencies [7, 8]. In addition,
many other PID, such as hyper-IgM syndrome [9], are amenable to diagnosis by flow cytometry
using antibodies specific to the molecule with impaired expression.

Among secondary immunodeficiencies, by far the most important indication for
immunophenotyping is the need for enumeration of CD4" T lymphocytes in human
immunodeficiency virus (HIV)-infected persons [10]. The method is also used in monitoring

the effects of immunosuppressive treatment, particularly when rituximab is administered, or
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planned to be administered [11]. In other secondary immunodeficiency settings,
immunophenotyping usually plays only a limited diagnostic role; it is, however, often
necessary to perform it in order to rule out (some) PID in cases when the etiology is less than
clear [12]. It should be emphasized that, according to most diagnostic protocols and
recommendations, immunophenotyping does not constitute a first- (nor even a second-) level
laboratory test [13, 14, 15]. Following the appropriate ordering of tests is crucial for both
diagnostic efficiency and cost-effectiveness. On the other hand, early diagnosis-of PID.is
imperative, since it is a major determinant of long-term prognosis.

In this paper, we present the general results* and *diagnostic impact of
immunophenotyping performed by flow cytometry in the Laboratory for Immunology,
University Children’s Hospital, Belgrade, in a series of patients referred by immunologists

from the Child and Youth Health Care of Vojvodina.

METHODS

We reviewed the laboratory reports of 198 children aged from 2 months to 16 years (76
girls and 122 boys) who were referred by a pediatric immunologist from the Institute for Child
and Youth Health Care of VVojvodina for immunophenotyping of peripheral blood lymphocytes
to the University Children’s Hospital in the period from July 2008 to July 2018.

Briefly, immunophenotyping was performed on Beckman-Coulter FC500 Flow
Cytometer using commercial fluorochrome-conjugated monoclonal antibodies (Miltenyi
Biotec) with specificity to human molecules CD3, CD4, CD8, CD16, CD19, CD45, CD56 and
HLA-DR. Lymphocyte population was gated on the diagram representing the intensity of
CD45 expression and side scatter. In this population, percentages of B lymphocytes (CD19%),
T lymphocytes (CD3"), natural killer (NK) cells (CD3"CD16/CD56") and activated T cells

(CD3"HLA-DR") were determined. Absolute numbers of these subpopulations were calculated
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based on total lymphocyte number determined using an automated cell counter. The CD4/CD8
ratio was also calculated. Measured abundances of all subpopulations were compared to age-
specific reference ranges [16]. For the purpose of this study, we separately evaluated deviations
from reference values in the following categories: increase in absolute number of T, B, or NK
cells, and alterations of the CD4/CD8 ratio not accompanied by abnormal absolute number of

CD4" or CD8" cells. These were designated as minimal aberrations (MA).

RESULTS

According to stated indications for analysis, all patients'can be grouped into following
eight categories: hypogammaglobulinemia (34), selective IgA deficiency and/or IgG subclass
deficiency (43), various infections with no immunoglobulin deficiencies (67) asthma and/or
allergies with no immunoglobulin deficiencies or  infections (23), known or suspected
autoimmune disorders (24), and miscellaneous diagnoses not accompanied by infections (7).
The miscellaneous category was comprised of one child with short bowel syndrome after
ileostomy performed after repeated episodes of gastroenterocolitis of unknown etiology in
infancy, one with 1ll-defined neutrophil defects and a developmental disorder, one with ataxia,
one with unexplained lymphocytosis, one with fever of unknown origin and one whose records,
including reasons for referral, have been lost.

All investigated populations were found to be in their reference ranges in 11 (32.4%) of
patients with hypogammaglobulinemia; 23 (53.5%) of patients with selective IgA deficiency
and/or IgG subclass deficiency; 32 (47.8%) of patients with infection without immunoglobulin
deficiencies; 14 (60.9%) of patients with asthma and/or allergies with no immunoglobulin
deficiencies or infections, 11 (45.8%) of patients with autoimmune disorders and 4 (57.1%)
patients in the miscellaneous group, for a total of 95 (48.0%) completely normal findings

overall.
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However, when we add to normal findings those in the MA category, as defined above,
the numbers of patients with unremarkable immunophenotype were as follows: 26 (76.5%) of
patients with hypogammaglobulinemia; 40 (93.0%) of patients with selective IgA deficiency
and/or 1gG subclass deficiency; 51 (76.1%) of patients with infection without immunoglobulin
deficiencies; 17 (73.9%) of patients with asthma and/or allergies with no immunoglobulin
deficiencies or infections, 19 (79.2%) of patients with autoimmune disorders and 6 (85.8%)
patients in the miscellaneous group, for a total of 159 (80.3%) findings that are either
completely within the respective reference range or exhibit only MA.

By year of analysis, the proportion of normal findings'was 2/5 (40.0%) in 2008, 3/5
(60.0%) in 2009, 2/5 (40.0%) in 2010, 2/12 (16.7%) in'2011, 2/8 (25.0%) in 2012, 1/9 (11.1%)
in 2013, 6/11 (54.5%) in 2014, 16/28 (57.1%) in 2015, 23/46 (50.0%) in 2016, 35/43 (81.4%)

in 2017, and 10/26 (38.4%) in 2018.

B-Cell Defects

A reduced absolute number of B cells (CD19%) was found in 8 patients (23.5%) with
hypogammaglobulinemia (5 of whom, or 14.7% of all hypogammaglobulinemia patients, had
severely decreased number of B cells, defined as <2% of total lymphocytes); 2 (4.6%) patients
with selective IgA deficiency and/or 1gG subclass deficiency; 8 (11.9%) patients with
infections, 2 of whom (3.0%) had a severe decrease (with one of those two showing prompt
recovery of B-cell number, returning to normal range on follow-up examination two months
later); 3 (13.0%) patients with asthma/allergies; 6 (25.0%) patients with autoimmune disorders,
1 of whom with pancytopenia (4.1%) had a severe decrease exibiting a reduction of all
lymphocyte subpopulations, with recovery on subsequent investigations (although the absolute
B-cell number was rather slow to normalize, remaining somewhat bellow the reference range

after two months); and none of the patients in the miscellaneous group. An increase in the
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absolute number of B lymphocytes, regarded as MA in this study, was noted in 2 patients
(5.9%) with hypogammaglobulinemia, 1 patient (2.3%) from the selective IgA deficiency/lgG
subclass deficiency group, 2 patients (3.0%) with infections, and 1 patient (4.2%) in the
autoimmunity group.

Among the patients immunophenotyped for hypogammaglobulinemia, four were
genetically diagnosed with a hereditary B-cell defect (Bruton’s disease), while one turned out
to have a combined (Artemis) deficiency. All of those five patients had relative B cell numbers

below 2%.

T-Cell Defects

The absolute number of T cells (CD3") was found to be below the lower boundary of the
age-appropriate reference range in 1 patient with hypogammaglobulinemia (2.9%), 1 patient in
the infections group (1.5%); 2 patients’ with autoimmunity (4.2%) and 1 patient in the
miscellaneous group (14.3%). On the other hand, an increase of the absolute number of T cells
above the reference range (MA finding) was noted in 2 patients with hypogammaglobulinemia
(5.6%), 3 patients with selective IgA deficiency and/or IgG subclass deficiency (7.0%), 1
patient with allergies/asthma (4.3%), 10 patients with infections (14.9%), 1 patient with
autoimmunity (4.2%) and 1 patient in the miscellaneous group (14.3%).

The patient with reduction in both T and B lymphocytes was diagnosed with Artemis
deficiency, as noted above.

The CD4/CD8 ratio was reduced in 4 patients with hypogammaglobulinemia (11.8%), 2
patients with selective IgA deficiency and/or 1gG subclass deficiency (4.7%), 2 patients with
allergies/asthma (8.7%), 12 patients with infections (17.9%), and 4 patients with autoimmunity
(16.7%). Of these, the absolute number of CD4" T cells was reduced in just one patient from

the infections’ group and one from the autoimmunity group. Conversely, the CD4/CD8 ratio
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was found to be increased in 2 patients with hypogammaglobulinemia (5.6%), 3 (6.8%) patients
with selective IgA deficiency and/or 1gG subclass deficiency (7.0%), 3 (13.0%) patients with
allergies/asthma, 2 patients with infection, 2 patients with autoimmune phenomena (8.3%), and
1 patient classified as miscellaneous (14.3%). In all of the above instances except one patient
with hypogammaglobulinemia, increased CD4/CD8 ratio was not accompanied ‘with a
reduction of the absolute number of CD8* T cells below the reference range, and were therefore
regarded as MA.

An increased number of activated T lymphocytes (CD3*"HLA-DR") was noted in 1
patient with hypogammaglobulinemia (2.9%), 1 patient with-selective IgA deficiency and/or
IgG subclass deficiency (2.3%), 6 patients with infections (9.0%), and 2 patients with

autoimmune disorders (8.3%).

NK-Cell Deficiency
A reduction in the absolute number of NK cells was found in 1 patient (2.9%) in the
hypogammaglobulinemia group, 2 (8.7%) of patients in the asthma/allergy group, 5 (7.5%) in

the infections group,.and 3 (12.5%) in the autoimmunity group.

Hypogammaglobulinemia

As noted above, out of 34 patients in this category, 8 (23.5%) had a reduced number of
B cells, including 5 (14.7%) with severe reduction. The remaining 26 (76.5%) patients had
normal or MA findings. Apart from 5 patients with genetically confirmed primary
immunodeficiencies, who were all in this group, 5 more patients received immunoglobulin
substitution, one of whom had a moderately decreased B-cell count. Thus immunoglobulins

were received by 10 (29.4%) children with hypogammaglobulinemia overall.
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Selective 1gA/IgG Subclass Deficiency

In this group, as noted above, 2 (4.6%) patients had a reduction of absolute number of B
cells, while 1 (2.3%) had an increased number of activated T lymphocytes. The remaining 40
(93.0%) patients had either normal or MA immunophenotype. Substitution therapy was
introduced by attending immunologist in 13 patients in this group: 1 patient with selective IgA
deficiency solely and a B-cell count decrease, 3 patients with both IgA and 1gG subclass

deficiency and 9 with IgG subclass deficiency alone, all of whom had normal B-cell counts.

Asthma/Allergy with no Immunoglobulin Deficiencies or Infections

Three (13.0%) patients in this group demonstrated reduced B-cell numbers, one of whom
also had a reduction of NK cells. Another patient (4.3%) had an isolated reduction of NK cells.
In addition, 2 (8.7%) patients had an increased number of activated T cells. The remaining 17
(73.9%) patients had normal or MA findings. Out of 23 patients with isolated asthma/allergy,

none received immunoglobulin substitution.

Asthma/Allergy Combined with Immunoglobulin Deficiencies, Infection or Autoimmunity

In addition to the 23 patients with isolated asthma/allergy, 15 patients had asthma or
allergy-combined with hypogammaglobulinemia. Of these, 13 (86.7%) had normal findings or
MA, one had a significant reduction of B-cell number (diagnosed as Bruton’s disease), and one
had a combined reduction of B and T-cell numbers with subsequent recovery. Another 15
patients had a combination of asthma/allergy and selective IgA deficiency, with 14 (93.3%)
exhibiting normal/MA immunophenotype and the remaining one a modest reduction of B cells.
Thirteen children had a combination of asthma/allergy with 1gG subclass deficiency. In this
group, all findings were either normal or MA. Eighteen patients had a combination of

asthma/allergy and infection without immunoglobulin abnormalities twelve of whom had
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normal and three MA findings (83.3%). Two patients had increased number of activated T
lymphocytes, one had moderate reduction in both B and NK cells. All six patients whose

asthma/allergy was combined with autoimmunity had findings within the reference range.

Infections with no Immunoglobulin Deficiencies

In this group, 8 (11.9%) patients had a decreased number of B cells, (with one of those
two showing recovery of B-cell number, returning to normal range on follow-up examination
two months later) and another patient is lost for follow-up. Three of the 8 patients with low
number of B cells also had a low number of NK cells. Low number of NK cells was found in
2 additional patients (one who also had a reduction of CD4* T cells and the other with an
isolated reduction of NK cells). Thus, in total, 5 (7.5%) patients had a reduced number of NK
cells. Six patients in this group displayed an increased number of activated T cells. The total
number of patients in this group who had noermal or MA findings was 51 (76.1%). One patient
with astma and bronciectasis in this category received immunoglobulin substitution, with all

investigated lymphocyte populations within reference values.

Autoimmune Diseases

Of the 24 patients with known or suspected autoimmune diseases, 12 (50.0%) had
connective tissue disorders. Eleven of these (91.7%) had normal findings or minimal
aberrations, while one showed an increased number of activated T cells. Five patients (20.8%)
had inflammatory bowel disease, all with normal/MA findings. Three (1.2%) were evaluated
because of cytopenias; two of them, with thrombocytopenia, had a normal immunophenotype,
while the third child, who had pancytopenia, exibited a reduction of all lymphocyte
subpopulations attributable to the pancytopenia itself, with recovery on subsequent

investigations (although the absolute B-cell number was rather slow to normalize, remaining
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somewhat bellow the reference range after two months). The remaining four children were
subjected to immunological examination for various reasons: two for lymphadenitis, one
accompanied by erythema multiforme, a combination of glomerulonephritis and Hashimoto
thyroiditis, and isolated splenomegaly, respectively. They all had normal findings or MA. None

of these patients received immunoglobulin substitution.

DISCUSSION

Although lymphocyte immunophenotyping based on flow cytometry is a powerful tool
in the diagnosis of many primary immunodeficiences, there has been an increasing awareness
of associated costs and the need for its reassessment asa screening tool in the diagnosis of PID
[17].

The results we present here constitute referrals by the only tertiary center for
immunodeficiences for peripheral blood lymphocyte immunophenotyping to the University
Children’s Hospital in Belgrade. Pediatric population of the Autonomous Province of
Vojvodina is aground 300.000 children, but we can not exclude that patients from Vojvodina
were refereed to another tertiary care pediatric institution in Belgrade directly, without being
seen by immunologists in Novi Sad. The exact prevalence of primary immunodeficiencies in
Serbia-(or Vojvodina) is unknown at this time. Using the data from the German National
Registry of Primary Immunodeficiencies (PID-NET), where the minimal prevalence of PID is
stated to be 2.72 per 100,000 inhabitants [18] we should expect 45-50 people with PID living
in Vojvodina (approximately 1.7 million inhabitants). We actually found five patients with
genetically confirmed immunodeficiency and additional 19 patients requiring therapy for ID in
a ten year period. In our patients, lymphocyte subpopulation analysis was practically
performed as an initial test, together with immunoglobulin levels. As shown by our results, this

approach yielded a relatively low proportion of findings of diagnostic importance. All patients
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except one that were diagnosed with PID or received therapy suffered from either
hypogammaglobulinemia or 1gG subclass deficiency. Nineteen patients were given
immunoglobulin substitution in order to control infections or/and to maintain immunoglobulin
G levels without confirmed ID, an approach used by other authors as well [19]. A moderately
decreased B cell count was found in only one patient in this group.

The rationale for our decision to subsume non-specific findings under the category of
minimal aberrations was that these particular lymphocyte abnormalities are not, by itself,
diagnostic or strongly indicative of any particular PID according to the guidelines of the
European Society for Immunodeficiencies [20]. In our experience, such findings appear to be
of quite limited clinical value, and thus we considered the sum of patients with this type of
findings and those with all findings within/the normal range informative regarding the
diagnostic value of the analysis. Thus only ~20% of analyses in this series resulted in “positive”
findings. Even among the latter, we noted that isolated aberrations of NK cells also appear to
be of limited value. We have to emphasize that we did not have patients with severe combined
or other complex immunodeficiencies where enumeration of NK cells might be of diagnostic
significance. NK cell deficienccy-associated PID are quite rare, and none of our patients with
alow absolute number of NK cells exhibited the clinical signs of respective disorders (as stated
in the “ESID guidelines), such as GATAZ2 deficiency, accompanied by susceptibility to
mycobacteria, papillomaviruses, histoplasmosis and lymphedema [20]. Furthermore, the
number of activated T cells (CD3"HLA-DR") usually reflects ephemeral changes related to
some current infection or other factors. This might justify their inclusion in the MA category,
although T-cell activation status could be useful as part of an extended immunophenotype,
particularly in patients with autoimmune disorders. Finally, reduction in absolute numbers of
CDA4" or CD8" T cells was also rare in our patients, and not particularly informative. We are

therefore inclined to agree with Dias and coworkers [17] that the enumeration of the above
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subpopulations can, as a screening test, hardly be cost-effective on a large scale.

Furthermore, if we analyze the proportion of normal findings by year of analysis, we did
not see an increase in “positive” findings, indicating that there was no change in referral policy.
However, here we must add a caveat that in some cases (e. g., lymphopenia in the first months
of life, early-onset inflammatory bowel disease, or clinical suspicion of a severe combined
immunodeficiency) a normal immunophenotype can be diagnostically important. We 'would
like to highlight the need for more precise guidelines and standardized indications for testing,
as well as for improving the communication between clinicians who order tests and specialists
who perform and evaluate them. On the other hand, for the diagnosis of specific PID, a more
detailed immunophenotypic analysis is necessary: one that would include further B- and T-cell
subpopulations (such as naive and memory cells) or subtypes (e. g., Thl, Th2, Thl7, Treg).
Flow cytometry could also be helpful in the investigation of immune cell function (oxidative
burst, cytotoxicity), cytokine production, mitogen- or antigen-induced cell proliferation,
signaling pathways, or specific protein expression pertinent to the diagnosis of PID. Such tests
are planned to be introduced in our center in the near future, highlighting the need to ensure
that they will be used.in accordance with proper indications, supported by relevant ESID or

other guidelines.

CONCLUSION

Lymphocyte immunophenotyping can contribute to the diagnosis of PID in selected
patients. However, the usefulness of this laboratory method in real-life tertiary care pediatric
hospital settings could be significantly improved by strict adherence to indications and further

integration towards a comprehensive diagnostic approach.
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