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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 Vojvodina from July 2008 to July 2018.

Methods We reviewed the laboratory reports on numbers of B lymphocytes (CD19+), T lymphocytes
(CD3+4), natural killer 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: hypogamma-
globulinemia (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 ac-
companied 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.
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INTRODUCTION

Immunophenotyping of blood lymphocytes by
flow cytometry is a valuable diagnostic tool in
many primary and some secondary immuno-
deficiencies. In its basic capacity, this method
usually yields information about absolute
and relative abundances of main lymphocyte
populations: B lymphocytes (CD19*), T lym-
phocytes (CD3*) and natural killer (NK) cells
(CD3-CD16/CD56"), as well as main T-cell
subpopulations (CD4* helper T cells and
CD8" cytotoxic/suppressor T cells, with calcu-
lation of the CD4:CDS8 ratio), and the percent-
age and absolute 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,
Omenn syndrome, Wiskott—Aldrich syndrome,

agammaglobulinemia (X-linked or autosomal
recessive), and primary NK cell deficiencies,
while in many other PID immunophenotyp-
ing can significantly contribute to the estab-
lishment 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 syn-
drome (ALPS; [5, 6]. Likewise, in children (as
in adults) with hypogammaglobulinemia, selec-
tive IgA deficiency or IgG 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, are amenable to diagnosis by flow
cytometry using antibodies specific to the mol-
ecule with impaired expression [9].

Among secondary immunodeficiencies,
by far the most important indication for
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immunophenotyping is the need for enumeration of CD4*
T lymphocytes in human immunodeficiency virus-infected
persons [10]. The method is also used in monitoring the
effects of immunosuppressive treatment, particularly when
rituximab is administered, or planned to be administered
[11]. In other secondary immunodeficiency settings, im-
munophenotyping 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, im-
munophenotyping 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 determi-
nant of long-term prognosis.

In this paper, we present the general results and diag-
nostic impact of immunophenotyping performed by flow
cytometry in the Laboratory for Immunology, University
Children’s Hospital, Belgrade, in a series of patients re-
terred by immunologists from the Child and Youth Health
Care of Vojvodina.

METHODS

We reviewed the laboratory reports of 198 children aged
from two 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 Vojvodina 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 (Beckman
Coulter Inc., Brea, CA, USA) using commercial fluo-
rochrome-conjugated monoclonal antibodies (Miltenyi
Biotec, Bergisch Gladbach, North Rhine-Westphalia,
Germany) with specificity to human molecules CD3,
CD4, CDS8, CD16, CD19, CD45, CD56 and HLA-DR.
Lymphocyte population was gated on the diagram repre-
senting the intensity of CD45 expression and side scatter.
In this population, percentages of B lymphocytes (CD19"),
T lymphocytes (CD3*), NK cells (CD3-CD16/CD56%)
and activated T cells (CD3*HLA-DR") were determined.
Absolute numbers of these subpopulations were calculated
based on total lymphocyte number determined using an
automated cell counter. The CD4/CD8 ratio was also cal-
culated. 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/CDS8 ratio not accompanied by abnormal absolute
number of CD4* or CD8" cells. These were designated as
minimal aberrations (MA).

This paper has been approved by the Ethical Committee
of the University Childrens Hospital in Belgrade.
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RESULTS

According to stated indications for analysis, all patients
can be grouped into following eight categories: hypogam-
maglobulinemia (34), selective IgA deficiency and/or IgG
subclass deficiency (43), various infections with no im-
munoglobulin deficiencies (67) asthma and/or allergies
with no immunoglobulin deficiencies or infections (23),
known or suspected autoimmune disorders (24), and mis-
cellaneous diagnoses not accompanied by infections (7).
The miscellaneous category was comprised of one child
with short bowel syndrome after ileostomy performed af-
ter repeated episodes of gastroenterocolitis of unknown
etiology in infancy, one with ill-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 refer-
ral, have been lost.

All investigated populations were found to be in their
reference ranges in 11 (32.4%) of patients with hypogam-
maglobulinemia; 23 (53.5%) of patients with selective IgA
deficiency and/or IgG subclass deficiency; 32 (47.8%) of
patients with infection without immunoglobulin deficien-
cies; 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 four
(57.1%) patients in the miscellaneous group, for a total of
95 (48.0%) completely normal findings overall.

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
IgG subclass deficiency; 51 (76.1%) of patients with infec-
tion without immunoglobulin deficiencies; 17 (73.9%) of
patients with asthma and/or allergies with no immuno-
globulin deficiencies or infections, 19 (79.2%) of patients
with autoimmune disorders and six (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%) in 2008, 3/5 (60%) in 2009, 2/5 (40%) in
2010, 2/12 (16.7%) in 2011, 2/8 (25%) in 2012, 1/9 (11.1%)
in 2013, 6/11 (54.5%) in 2014, 16/28 (57.1%) in 2015, 23/46
(50%) 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 eight patients (23.5%) with hypogammaglobulinemia
(five of whom, or 14.7% of all hypogammaglobulinemia
patients, had severely decreased number of B cells, defined
as < 2% of total lymphocytes); two (4.6%) patients with
selective IgA deficiency and/or IgG subclass deficiency;
eight (11.9%) patients with infections, two of whom (3%)
had a severe decrease (with one of those two showing
prompt recovery of B-cell number, returning to normal
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range on follow-up examination two months later); three
(13%) patients with asthma/allergies; six (25%) patients
with autoimmune disorders, one of whom with pancyto-
penia (4.1%) had a severe decrease exhibiting a reduction
of all lymphocyte subpopulations, with recovery on subse-
quent investigations (although the absolute B-cell number
was rather slow to normalize, remaining somewhat below
the reference range after two months); and none of the
patients in the miscellaneous group. An increase in the
absolute number of B lymphocytes, regarded as MA in
this study, was noted in two patients (5.9%) with hypo-
gammaglobulinemia, one patient (2.3%) from the selective
IgA deficiency/IgG subclass deficiency group, two patients
(3%) with infections, and one patient (4.2%) in the auto-
immunity group.

Among the patients immunophenotyped for hypogam-
maglobulinemia, 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 one patient with hypogammaglobulinemia (2.9%),
one patient in the infections group (1.5%), two patients
with autoimmunity (4.2%) and one patient in the miscel-
laneous 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 two patients with hypogam-
maglobulinemia (5.6%), three patients with selective IgA
deficiency and/or IgG subclass deficiency (7%), one patient
with allergies/asthma (4.3%), 10 patients with infections
(14.9%), one patient with autoimmunity (4.2%), and one
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 four patients with
hypogammaglobulinemia (11.8%), two patients with selec-
tive IgA deficiency and/or IgG subclass deficiency (4.7%),
two patients with allergies/asthma (8.7%), 12 patients with
infections (17.9%), and four 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 was found to be increased in two patients with
hypogammaglobulinemia (5.6%), three (6.8%) patients
with selective IgA deficiency and/or IgG subclass defi-
ciency (7%), three (13%) patients with allergies/asthma,
two patients with infection, two patients with autoimmune
phenomena (8.3%), and one patient classified as miscel-
laneous (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 lympho-
cytes (CD3*HLA-DR*) was noted in one patient with
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hypogammaglobulinemia (2.9%), one patient with selec-
tive IgA deficiency and/or IgG subclass deficiency (2.3%),
six patients with infections (9.0%), and two patients with
autoimmune disorders (8.3%).

Natural killer cell deficiency

A reduction in the absolute number of NK cells was found
in one patient (2.9%) in the hypogammaglobulinemia
group, two (8.7%) of patients in the asthma/allergy group,
five (7.5%) in the infections group, and three (12.5%) in
the autoimmunity group.

Hypogammaglobulinemia

As noted above, out of 34 patients in this category, eight
(23.5%) had a reduced number of B cells, including five
(14.7%) with severe reduction. The remaining 26 (76.5%)
patients had normal or MA findings. Apart from five pa-
tients with genetically confirmed primary immunodefi-
ciencies, who were all in this group, five more patients
received immunoglobulin substitution, one of whom had
a moderately decreased B-cell count. Thus, immunoglobu-
lins were received by 10 (29.4%) children with hypogam-
maglobulinemia overall.

Selective IgA/IgG subclass deficiency

In this group, as noted above, two (4.6%) patients had a
reduction of absolute number of B cells, while one (2.3%)
had an increased number of activated T lymphocytes. The
remaining 40 (93%) patients had either normal or MA im-
munophenotype. Substitution therapy was introduced by
attending immunologist in 13 patients in this group: one
patient with selective IgA deficiency solely and a B-cell
count decrease, three patients with both IgA and IgG
subclass deficiency and nine with IgG subclass deficiency
alone, all of whom had normal B-cell counts.

Asthma/allergy with no immunoglobulin
deficiencies or infections

Three (13%) 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, two (8.7%) patients had an increased
number of activated T cells. The remaining 17 (73.9%) pa-
tients 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/al-
lergy, 15 patients had asthma or allergy combined with
hypogammaglobulinemia. Of these, 13 (86.7%) had nor-
mal findings or MA, one had a significant reduction of
B-cell number (diagnosed as Bruton’s disease), and one
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had a combined reduction of B and T-cell numbers with
subsequent recovery. Another 15 patients had a combina-
tion 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 IgG
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 normal and three MA
tindings (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, eight (11.9%) patients had a decreased num-
ber 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 eight patients with low number of
B cells also had a low number of NK cells. Low number of
NK cells was found in two 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
normal or MA findings was 51 (76.1%). One patient with
asthma and bronchiectasis in this category received immu-
noglobulin substitution, with all investigated lymphocyte
populations within reference values.

Autoimmune diseases

Of the 24 patients with known or suspected autoimmune
diseases, 12 (50%) had connective tissue disorders. Eleven
of these (91.7%) had normal findings or MA, while one
showed an increased number of activated T cells. Five pa-
tients (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, exhibited a reduction of all lympho-
cyte subpopulations attributable to the pancytopenia itself,
with recovery on subsequent investigations (although the
absolute B-cell number was rather slow to normalize, re-
maining somewhat below 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 thy-
roiditis, and isolated splenomegaly, respectively. They all
had normal findings or MA. None of these patients re-
ceived immunoglobulin substitution.
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DISCUSSION

Although lymphocyte immunophenotyping based on flow
cytometry is a powerful tool in the diagnosis of many pri-
mary immunodeficiencies, there has been an increasing
awareness of associated costs and the need for its reas-
sessment as a screening tool in the diagnosis of PID [17].

The results we present here constitute referrals by the
only tertiary center for immunodeficiencies for peripheral
blood lymphocyte immunophenotyping to the University
Children’s Hospital in Belgrade. Pediatric population of
the Autonomous Province of Vojvodina counts around
300,000 children, but we cannot exclude that patients from
Vojvodina were refereed to another tertiary care pediat-
ric 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 immunodeficiencies dur-
ing a ten-year period. In our patients, lymphocyte subpop-
ulation 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 except
one that were diagnosed with PID or received therapy suf-
fered from either hypogammaglobulinemia or IgG subclass
deficiency. Nineteen patients were given immunoglobulin
substitution in order to control infections or/and to main-
tain immunoglobulin G levels without confirmed immu-
nodeficiencies, 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-spe-
cific findings under the category of MA 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 infor-
mative 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 sig-
nificance. NK cell deficiency-associated PID are quite rare,
and none of our patients with a low absolute number of
NK cells exhibited the clinical signs of respective disorders
(as stated in the European Society for Immunodeficiencies
guidelines), such as GATA2 deficiency, accompanied by
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susceptibility to mycobacteria, papillomaviruses, histo-
plasmosis and lymphedema [20]. Furthermore, the num-
ber 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 CD4* or CD8* T cells was also rare
in our patients, and not particularly informative. We are
therefore inclined to agree with Dias et al. [17] that the
enumeration of the above subpopulations can, as a screen-
ing 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 suspi-
cion of a severe combined immunodeficiency) a normal
immunophenotype can be diagnostically important. We
would like to highlight the need for more precise guide-
lines 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 subpopula-
tions (such as naive and memory cells) or subtypes (e.g.,
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Th1, Th2, Th17, Treg). Flow cytometry could also be help-
ful in the investigation of immune cell function (oxidative
burst, cytotoxicity), cytokine production, mitogen- or anti-
gen-induced cell proliferation, signaling pathways, or spe-
cific 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 European Society for Immunodeficiencies or
other guidelines.

CONCLUSION

Lymphocyte immunophenotyping can contribute to the
diagnosis of PID in selected patients. However, the use-
fulness 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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[njarHoCTUYKK 3HaYaj UMyHOodeHoTUNM3aumje aumdouunTa nepudepHe KpBU Kog,
nepujatpujcknux 6onecHnka us AytoHomue MokpajuHe Bojsoaune, Penybamka

Cpbuja

Cpha JaHkosuh', ToppaHa Bujatos-hypuh*?, Augpea hypetuh?, bopko Munanosuh??, Mapuja hasuh', fparaHa JaHuh*

'YHuBep3uTeTCKa ievja KnnHrKa, beorpag, Cpbuja;

?Ynneep3utet y Hosom Cagy, Meguumtckm dpakyntet, Hosu Cag, Cpbuja;
SMIHCTUTYT 3a 30paBCTBEHY 3aLITUTY fielie M oMnaguHe BojsoauHe, Hosu Cag, Cpbuja;
*UHCcTUTYT 32 OHKOMorMjy U paguonorujy Penyonuke Cp6uje, beorpag, Cpbuja

CAMETAK

YBog/Uum Maga je umyHodeHoTnM3aumja numooLmTa 3a-
CHOBaHa Ha MPOTOYHO] LMTOMEeTpUju MohHO opyhe y aujar-
HOCTULM MHOTUX NPYMapHUX UMyHoZedbuLmjeHLMja, MoCToju
HapacTajyha CBeCT 0 TPOLIKOBMMa KOje OBa MeToAa NMoBiaum
1 notpeba 3a NPencnuTUBabeM heHe ynore y CKPUHUHTY Ha
nomeHyTa obosbetsa. MprikasyjeMo pesyntate 1 AnjarHOCTAYKM
3Hayaj UMyHopeHOoTVNM3aLMje nomMohy NPOTOUHE LiToMeTpuje
u3BefeHe y MimyHonoLwikoj nabopatopuju YHBep3uTeTCKe Aevje
KnuHuKe y beorpapy kog cepuje 6onecHuka ynyhenmx us V-
CTUTYTa 3a 3[PaBCTBEHY 3aLUTUTY feLle 1 omaanHe BojsoanHe
y nepviogy oa jyna 2008. go jyna 2018.

Metope AHanu3npanu cMo nabopatopujcke Hanase 6poja b-
nmmdouuta (CD19+), T-numdoumta (CD3+), ypoheHo ybunaukix
henuja (CD3-CD16/CD56+) n aktnBrpaHux T-henwja (CD3+HLA-
DR+), kao n CD4+ n CD8+ T-henuja kop 198 peue.

Pesyntatu bonecHuum cy rpynvicaHu npema HasHaueHUM UH-
IuKauujama y cnegehmx ocam Kateropuja: Xunoramarnooynu-
Hemuja (34), cenekTuBHa IgA neduumjeHumja n/vnn gedbuymnt

DOI: https://doi.org/10.2298/SARH220823108)J

notknace IgG (43), pas3He nHdekLuje 6e3 UMyHOrNOBYINHCKIX
peduupjeHumja (67), acTma n/unu anepruje 6e3 MyHornooby-
JINHCKUX AedmnumjeHumja unu nHdekumja (23), notpheHe nnm
CyCMneKTHe ayToVMyHcKe 6onecTu (24) 1 pasHe gujarHose Koje
Hucy 6une npaheHe nHdekumjom (7). YkynHo 159 (80,3%) Ha-
na3sa je y uenvHu 6uno y ogroapajyhem pepepeHTHom oncery
UK je NOKa3nBaso TeK MUHIMaHa oAcTynarba. Kog uetmpm
6onecHuKa je NocTaB/beHa AujarHo3a bpyToHoBe 6onecTy, a Kog
jenHor je oTkpuBeHa nMyHogeduLUmjeHLja ApTemnc. [leBeTHa-
ecT 6onecHwKa je NpumMano UMyHOrOBYSIMHCKY CynCTUTYLUjy
pagu cy3bujarba MHGeKLMja 1/vnn ogpXKaBaka HMBoa IgG.
3akmyuak /iImyHodeHoTVNM3aLMja nUMPoLMTa AONPUHOCK
AujarHocTnum nprmMapHx nmyHogeduumjeHumja kog ogabpa-
Hnx 6onecHuka. Mpunaxxemo ogpeheHa pasmuiubatba 0 ToMe
Kako 6y ce yumHaK oBe f1abopaTopujcke MeTofe y peanHum
yC/I0BMMa TepLmjapHMX NeanjaTpujcKkmx yCTaHoBa MOrao no-
60sbLLATL.

KmyuHe peun: umyHodeHoTMNM3aLMja; NPOTOYHa LuToMe-
Tpuja; nUMdoumnTH; MyHoZedMLMjeHLja; feLa
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