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Background. Primary immunodeficiency (PID) compromises the immune system,
leaving newborns highly vulnerable to infections. Severe combined immunodeficiency
(SCID) is the most severe form, characterized by the absence or dysfunction of T and
B cells. Without early treatment, most infants with SCID do not survive their first year.
In Ukraine, after a successful pilot project, newborn screening for SCID and other types
of PID is now part of Advanced Neonatal Screening, using T-cell receptor excision cir-
cles (TREC) and kappa-deleting recombination excision circles (KREC) measurements.
Since the pilot project used a different method than the current screening program, the
purpose of this study was to compare these two methods, evaluating their benefits and
downsides, aiming to optimize screening for early, effective treatment.

Materials and Methods. In the pilot project method (Method 1), TREC and KREC
quantification was performed using a custom real-time PCR assay with melting curve
analysis. Method 1 included standards with known TREC and KREC copy numbers, no-
template controls (NTCs), and positive controls to ensure reliable results. The method
currently employed in the Advanced Neonatal Screening (Method 2) uses the Biocore®
SMA/TKID PLUS Diagnostic Kit, a commercial kit, for TREC, KREC and SMN1 quantifica-
tion via real-time PCR. Measurements for both methods are reported per one million cells.
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Results and Discussion. While there are differences in the general parameters
of DNA extraction, PCR, and result analysis and interpretation, both Method 1 and
Method 2 showed a significant difference in Cq values. Despite these differences, both
methods demonstrated the capability of inentifying abnormal TREC/KREC values, ena-
bling the detection of SCID and some PID cases.

Conclusion. The pilot project demonstrated the effectiveness of TREC/KREC
quantification for SCID screening and led to its implementation in Advanced Neonatal
Screening in Ukraine. Over 121,000 newborns were tested, confirming six positive
cases. Method 1 provides higher precision and versatility, while Method 2 is faster,
simpler, and capable of automation but lacks precise quantification. Adding standards
to Method 2 could enhance its utility for widespread SCID screening.

Keywords: PCR, Severe combined immunodeficiency (SCID), T-cell receptor
excision circles (TRECs), kappa-deleting recombinant excision
circles (KRECs), inborn errors of immunity, gene, DNA, genetics

INTRODUCTION

Primary immunodeficiency (PID) including severe combined immunodeficiency
(SCID) are life-threatening conditions in which infants lack functional immune cells,
leaving them highly susceptible to infections. Without early intervention, PID signifi-
cantly increases infection risks, while SCID is typically fatal (Gizewska et al., 2020;
Aranda et al., 2020; Argudo-Ramirez et al., 2019). However, newborn screening using
T-cell receptor excision circles (TRECs) and kappa-deleting recombination excision cir-
cles (KRECs) enables the early detection of T- and B-cell lymphopenia. This allows for
timely, life-saving treatments such as stem cell transplants, intravenous immunoglobulin
(IVlg) therapy, or gene therapy (Kumarasamy et al., 2024; Aranda et al., 2020).

Newborn screening programs for SCID and certain types of PID are implemented
in various countries using diverse methodologies. These programs differ in their choice
of DNA extraction kits for dried blood spots (DBS) and real-time PCR assays. Some
assays quantify only TREC copy numbers (Verbsky et al., 2011; Argudo-Ramirez et al.,
2019; Chien et al., 2015; Al Ghamdi et al., 2024), while others include both TREC
and KREC measurements, enabling broader screening for T- and B-cell deficiencies
(Gongrich et al.,, 2021; Barbaro et al., 2017; Gizewska et al., 2020; de Felipe et. al.,
2016). Additionally, normalization methods differ significantly: some report TREC or
TREC+KREC copies per microliter of blood (Gizewska et al., 2020; Argudo-Ramirez
et al., 2019; Chien et al., 2015), others per one million cells (Gongrich et al., 2021),
and some base measurements on copies per punch from the DBS sample. In the latter
approach, B-actin quantification is used to assess the efficiency of DNA extraction from
DBS samples (Barbaro et al., 2017; de Felipe et. al., 2016).

Using DBS punches without proper normalization introduces inaccuracies due to
variability in blood spot composition, such as differences in lymphocyte-to-red blood cell
ratios and plasma distribution. The lack of consistency in cell counts across punches
can lead to significant over- or underestimation of TREC and KREC levels. This, in
turn, increases the risk of misdiagnosis, potentially impacting the timely identification
and treatment of affected newborns. For reliable results, normalization to cell counts or
a control gene like B-actin is essential to ensure the efficacy of DNA extraction and the
accuracy of TREC/KREC quantification. (Kwok et al., 2020; Baillargeon & Mace, 2023)
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Both the pilot project previously conducted in Ukraine (Boyarchuk et al., 2022)
and the current method used in Advanced Neonatal Screening (Ministry of Health of
Ukraine, 2021) employ real-time PCR to measure TREC and KREC copy numbers per
one million cells in newborns. However, these methods differ in their DNA extraction
protocols, real-time PCR assays, and normalization approaches. This study aims to
compare the two methods, validate their performance, and recommend improvements
to enhance the accuracy and effectiveness of newborn screening.

MATERIALS AND METHODS

Method 1. DNA isolation and purification from dried blood spots (DBS) on filter
paper were performed using the DNA-SorbB nucleic acid isolation kit (AmplySens). The
DNA samples were dissolved in 75 pL of TE buffer, and their concentration and optical
characteristics were measured using the DENOVIX instrument.

TREC and KREC quantities were analyzed by RT-PCR. The primer sequences used
for TREC amplification were (F: 5’-CCATGCTGACACCTCTGGT-3', R: 5-TCGTGAGA-
ACGGTGAATGAAG-3'), for KREC (F: 5-TCAGCGCCCATTACGTTTCT-3', R: 5'-GTGA-
GGGACACGCAGCC-3'), and for the albumin gene as an internal control (F: 5-TGAACA-
GGCGACCATGCTT-3', R: 5-CTCTCCTTCTCAGAAAGTGTGCATAT-3') according to
O. Boyarchuk et al. (2017) following protocol. RT-PCR reactions were set up for each
primer pair and included 6 pL of ddH,O, 1.5 pL of 5xHOT FIREPol EvaGreen Mix Plus
(Solis BioDyne, Estonia), 0.3 pL of each primer, and 2 pL of DNA sample (10-25 ng/uL).

Plasmids with known Albumin, TREC and KREC copy numbers were used as
standards, while deionized water served as a no-template control. A patient DNA
sample with newborn screening (NBS) showing low TREC and KREC levels was used
as a positive control. Real-time PCR was performed with the following settings: polyme-
rase activation (50 °C, 2 min), initial denaturation (95 °C, 10 min) followed by 50 cycles
of denaturation (95 °C, 15 sec), annealing and extension (60 °C, 60 sec). To enhance
specificity, an additional analysis of PCR products was performed using melting curve
analysis from 50 °C to 90 °C, in 0.5 °C increments. The RT-PCR was run on the CFX96
Touch Real-Time PCR Detection System (Bio-Rad, USA). The calculation of TREC/
KREC per 1 million blood cells was performed using the formula: TREC/KREC copies =
(TREC/KREC Cgx1000000) / (Albumin Cqg/2). This ensures accurate normalization rel-
ative to albumin levels (Boyarchuk et al., 2022).

Method 2 (Sample Processing and Real-Time PCR). DNA was isolated and puri-
fied from dried blood spots (DBS) on filter paper using the Biocore® Nucleo-M Plus
(100 extraction) kit. TREC, KREC, and SMN1 quantifications were conducted using the
BIOCORE® SMA/TKID assay on a QuantStudio Real-Time PCR (qPCR) system. This
workflow enables the detection of TREC, KREC, SMN1 and the internal control gene
RNase P in a single reaction tube. Primer sequences are proprietary to the commercial
assay and are therefore unavailable.

Statistical analysis. All statistical analyses were conducted using Microsoft Excel,
including the “Data Analysis” Toolpak.
e Averages: All average values were calculated using the Excel formula =
AVERAGE.
e Standard errors, standard deviations, and sample variances: these were
determined using the “Descriptive Statistics” feature from the “Data Analysis”
Toolpak.
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e Comparison of Cq values: to assess significant differences in Cq values for
Albumin, TREC, and KREC between the two methods, we performed a t-test:
paired two sample for means (available in the “Data Analysis” Toolpak). The
t-test was chosen because the data followed a normal distribution.

o Normalization and additional comparisons: for further comparison of TREC
and KREC values between methods, we normalized the values relative to
Albumin. Two normalization approaches were used:

1. Division normalization: Normalized Value = TREC or KREC/Albumin.

2. Subtraction normalization: Normalized Value = TREC or KREC-Albumin
These normalized values were also compared using the t-test: paired two
sample for means.

RESULTS AND DISCUSSION

Conducted between May 2020 and January 2022, the pilot project covered
21 months and included DBS samples from 15 maternity hospitals in Ternopil region,
with additional samples from neonatal intensive care units in neighboring lvano-
Frankivsk and Lviv regions. Of the 10,350 newborns screened, three had abnormal
TREC or KREC levels:

e Case 1: Zero TREC copies, later confirmed as combined immunodeficiency (CID)

with low T-cell numbers.

e Case 2: Decreased TREC levels due to prematurity (GA: 33 weeks, BW: 2,300 g),

resulting in transient lymphopenia.

e Case 3: Reduced KREC levels associated with maternal complications (threate-

ned abortion).

The pilot study employed the same method as described in Boyarchuk et al. (2022),
incorporating melting curve analysis to enhance specificity. Given the low copy number
of TREC and KREC relative to nuclear DNA, this additional step improved the reliability
of the results. The TREC and KREC copy numbers per one million white blood cells
were measured using standards with known Albumin, TREC and KREC quantities. The
study established a diagnostic threshold of 2,000 copies for TREC and KREC. Once the
method was fully adapted and the final cutoff values were established, the retest rate
was 4.1 %, and the proportion of abnormal results was 0.5 % (Boyarchuk et al., 2022).

Following the successful pilot, TREC/KREC measurement was incorporated into
Advanced Neonatal Screening in Ukraine in October 2022. Over two years (October
2022—-October 2024), 121,014 newborns from 12 regions of Western Ukraine, were
screened. In 2024, the retest rate was 0.15 %, which is 27 times lower than that of the
pilot project. Among the retested patients, four cases (0.008 %) with abnormal TREC or
KREC values were confirmed:

e Two had decreased TREC levels.

e One had decreased KREC levels.

¢ One exhibited low levels of both TREC and KREC.

The screening employs a test system manufactured by Biocore Technologies LTD,
Ukraine. This system simultaneously amplifies TREC, KREC, SMN1, and RNase P
regions as an internal control. Since the method does not include standards for precise
quantification of TREC/KREC copy numbers, the cutoff was determined based on Cq
(quantification cycle) values, which ranged between 16 and 36 cycles.
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We initiated a comparison between the two methods — Method 1 from the pilot
project and Method 2 from Advanced Neonatal Screening — focusing on their general
parameters in DNA extraction and PCR analysis (Table 1).

Table 1. Description of general parameters for methods of TREC KREC measurement: DNA
extraction and PCR analysis

esile Criteria Method 1 Method 2

stages
Duratlon'of sample 60 o5
preparation, min

DNA DNA extraction duration, min 33 20
extraction Automation capability
(Yes/No) e e
Average DNA yield, ng/DBS 50 ng 70 ng
PCR duration, min 140 33
Analytical sensitivity . .
(limit of detection (LOD)) 100 ezpes I espes
Internal control gene Albumin RNAse P
Target genes/sequences TREC, KREC TREC, KREC, SMN1
Melting Yes No
Versatile
PCR platform versatility (Biorad, Qiegen, Quant studio
PCR Applied Biosystems)
PCR reaction volume, uL 10 10
Number of tubes and
) 3 1
reactions per sample, N
DNA input volume, uL 2 5
DNA input amount, ng 20 100
FAM FAM (SMN1),
Detection channels (Albumin, TREC, JUN (TREC), ABY (KREC),
KREC) VIC (RNase P)
Based on melting
curve and absolute
Analysis  Analysis of results number of TREC/ Based on Ct value

KREC copy number
per 1 million WBS

Data presented in Table 1 indicate that Method 2 is faster and allows for automa-

tion, making it efficient for high-throughput settings. Additionally, the program includes
an extra target sequence, SMN1, which expands its screening capability. However, the
PCR component lacks versatility, as the kit is compatible only with specific real-time PCR
thermocyclers, limiting its flexibility across different platforms. The PCR method used
in the pilot project incorporates an additional analysis of melting products, enhancing
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specificity. The use of an intercalator allows analysis of melting curves, which ensures
reliable verification of low copies of TREC, KREC. Analysis of melting curves, as one
of the stages of this method, is our own development, which allows us to maximize the
accuracy and specificity of detection of low copies of target molecules.

Table 2 compares TREC and KREC quantification levels obtained by real-time PCR
in two methods, highlighting differences in quantification cycle (Cq) values and the use
of copy number standards. In Method 1 (pilot project), a larger ACq (difference in Cq) is
observed between the control gene and TREC, with overall higher Cq values for the con-
trol gene, TREC, and KREC than in Method 2 (Advanced Neonatal Screening). Notably,
Method 2 lacks copy number standards for the control gene, leading to TREC and KREC
measurements with levels exceeding expected ranges (e.g., 1.00E+08 for TREC and
1.00E+07 for KREC per 1 million cells). These results are inconsistent with anticipated
values, as TREC and KREC levels should be below 1.00E+06 per 1 million cells.

Table 2.Comparison of TREC and KREC quantification via real-time PCR in the
pilot project (Method 1) and Advanced Neonatal Screening (Method 2)

Pilot project Advanced Neonatal

Clinical testing overview

method Screening
General number of patient 10,350 121,014
Number of positive patients 1 (]
Avarage Cq of control gene 25.80 23.50
Average Cq of TREC into negative sample 32.80 28.50
Average Cq of KREC into negative sample 32.72 32.50
ﬁ\;/ge;?ig\;; égnqq;LTREC-Control Gene into 700 5.00
ﬁ\elgﬁsz 2;:”(1;)|LKREC-COMFOI Gene into 6.92 6.50
 milon celis into negative sample —— 0= et
T milon cells into negatve sample e =T
Cut-off, copy number for TREC 2000 100.00
Cut-off, copy number for KREC 2000 100.00
Testing year 05.2020-01.2023 10.2022-10.2024
Age of patients 1-30 days 1-30 days

7 regions of west of Ukraine
(Lviv, Ternopil, Ivano-
Frankivsk, Khmelnytskyi,
Zakarpattia, Chernivtsi,
Volyn regions)

Geographic region Ternopil region

Note: * Abnormally high value — exceeds expected biological range (>10° molecules per 1 million cells),
possibly due to technical artifacts or measurement errors
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Since Method 2, unlike Method 1, does not include standards (plasmids containing
control genes, TREC, and KREC) to determine precise copy numbers, it is not possible
to determine TREC/KREC copy numbers per 1 million cells or pL of blood. As a result,
a direct comparison of TREC/KREC copy numbers between Method 1 and Method 2
is not feasible. Therefore, further analysis focused on the comparison of Cq values.
Negative sample Cq values were compared using a t-test (Table 3), revealing a sig-
nificant difference between the two methods. Additionally, normalization was performed
using a control gene (calculated as either TREC/KREC Cq minus control gene Cq, or
TREC/KREC Cq divided by control gene Cq). Comparative t-tests of these optimized
values also demonstrated significant differences between the methods.

It is worth mentioning that Method 1 uses the EvaGreen intercalator, which is
a bright dye, and Cq as a quantification of the ampilification efficiency, which may be
slightly underestimated, due to the specificity of this dye, compared to the results
obtained in Method 2 using TagMan PCR with four different dyes: FAM (SMNT),
JUN (TREC), ABY (KREC), VIC (RNase P)

Table 3. Comparison of Cq values for TREC, KREC, and control genes in negative samples
using two methods

Method

. . Albumin TREC KREC
comparison metrics

Method1_Average +

L 24.3993+0.619498 31.813331£0.683475 30.538+0.5266226
Standard Deviation

Method2_Average *

L 23.6732667+0.296558 29.4768667+0.756909 31.7560667+1.080274
Standard Deviation

t Stat* 4.056813306 13.2777797 -5.478194067
P(T<=t) two-tail** 0.00117745 2.52593E-09 8.13434E-05
t critical two-tail*** 2.144786688 2.144786688 2.144786688

Notes: * — test statistic, measures the size of the difference between the paired means in relation to the
variability of the data; ** — two-tailed p-value, the probability of observing a t-statistic as extreme as
(or more extreme than) the one calculated, assuming the null hypothesis is true; *** — the cutoff value
of the t-statistic for a two-tailed test at a given significance level (0.05)

In Method 1, the PCR Cq values for Albumin and TREC are higher, while the Cq
for KREC is unexpectedly lower. This discrepancy is unusual since all values should
typically shift in the same direction (either higher or lower) under consistent conditions.
Therefore, there is a possibility that one of the two methods may be inaccurate in quan-
tifying the copy number of TREC or KREC.

Since the primary goal of the screening program is to identify patients with abnor-
mal TREC and KREC values for the diagnosis of severe combined immunodeficiencies,
we evaluated whether both methods effectively detect such cases. Our comparison
demonstrated that both methods successfully identified positive cases with low TREC
or low KREC values (Table 4).
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Table 4. Performance of two methods in positive sample identification

Number of samples Method 1 Method 2
(TREC/KREC assessment) (TREC/KREC assessment)
SAVR Normal TREC, Low KREC Normal TREC, Low KREC
SHAF Low TREC, Normal KREC Low TREC, Normal KREC
SYNY Low TREC, Normal KREC Low TREC, Normal KREC
BUDR Low TREC, Low KREC Low TREC, 0 KREC

The results demonstrate that both methods reliably identify abnormal TREC or
KREC values, confirming their effectiveness for detecting such conditions.

CONCLUSION

After the successful pilot project involving 10,350 newborns and 65 patients from
a control group with confirmed inborn errors of immunity, TREC/KREC quantification
was incorporated into Advanced Neonatal Screening for SCID in Ukraine. During the
program, 121,014 newborns were tested, and six positive cases were confirmed.

Advantages of Method 1 include the use of standards, enabling precise quanti-
fication of TREC/KREC copy numbers per 1 million white blood cells, melting curve
analysis to distinguish target PCR products from nonspecific ones, and compatibility
with multiple PCR platforms.

Method 2, on the other hand, lacks standards for accurate copy number quantifica-
tion and is compatible with only one PCR platform. However, it is faster, simpler, and
automatable, and includes additional screening for SMA (via SMN1 gene analysis).

Nevertheless, the methods for TREC/KREC quantification used in the pilot project
and Advanced Neonatal Screening differ significantly; both methods are specific for the
main purpose of NBS - the identification of cases of newborns with lymphopenia.

To enhance Method 2 for SCID and other PID screening Advanced Neonatal
Screening, incorporating standards with known plasmid copy numbers for RNase P,
TREC, and KREC sequences could make it a comprehensive and highly effective
approach. Our study could not identify the sensitivity of both methods as no clinical con-
firmation of pseudo negative NBS results was detected. Further evaluation of the results
of NBS and monitoring of Primary immunodeficiency (PID) case reports is necessary.
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NMOPIBHANBHUA AHATNI3 ABOX METO[IB KIJIbKICHOIO BUSHAYEHHA
TREC/KREC AnA CKPUHIHIY NEPBUHHUX IMYHOLOE®ILUTIB
3 T-1 B-NIM®OMNEHIEI0 Y HOBOHAPOMKEHUX B YKPAIHI

Bonodumup Kpaeeuyn'?, leaHHa LLlumaHcbka?*®, OkcaHa bosipuyk’,
Hamaniss Mamitiuie'?, OkcaHa Apxinoea®, ManuHa Makyx'2®

' Jlbsiecbkuli HaujioHanbHUl yHieepcumem imeHi leaHa ®paHka
syn. lpywescbkoeo, 4, Jibeie 79005, YkpaiHa

2 TOB HMrI'L “TleolEH”, eyn. Muxatina Makcumosuya, 7e, Jlbeie 79031, YkpaiHa
3 [bsigcbkull obnacHull KniHiyHUt nepuHamarnsHUl UeHmp
syn. [xopdxa BawuHemoHa, 6, Jibeie 79032, YkpaiHa

4 TepHoninbcbKul HauioHanbHUl MedudHUl yHisepcumem imeHi I. 5. Mlopbayescbko2o
matidaH Borni, 1, TepHoninb 46001, YkpaiHa

BcTyn. MNepBuHHi imyHogediumnTy (MN10) NoB’si3aHi 3 NOpPyLUEHHSAM PYHKLiT iIMyHHOT
CUCTEMMU, Yepes LLI0 HOBOHAPOKEHI € BPa3NuBMMM 0 iHPEKUIN. TSKKMA KOMBIHOBaHMIA
imyHogediumT (TKIO) € HanTsx4Yo POPMOI0, Lo XapaKTepmnsyeTbes BiACYTHICTIO abo
ancdyHkuieto T- Ta B-kniTuH. be3 paHHboro nikyBaHHst Oinbulicte HemoBnaT i3 TKI
He nepexmBaloTb NEepLUOro PoKy XUTTHA. B YkpaiHi nicnga ycnilHOro ninoTHOro npoekTy
CKpPWHIHT HoBOHapomkeHnx Ha TKIO i geskux ML ctaB 4YacTtMHOK nporpamm HeoHa-
TanbHOTO CKPWHIHIY, 3 BMKOPUCTaHHSM BuMiptoBaHHA TREC (T-kniTuHHI peLenTopHi
ekcumsinHi kinbusa) Ta KREC (kanna-geneTyrodi ekcumsinHi kinbust). Ockinbku nig vac
NiFOTHOrO NPOEKTY BUKOPUCTOBYBANW iHLLWI METOZ, HiXK Y MOTOYHIN NporpamMi CKPUHIHTY,
Halle 3aBOaHHs Nonsirae B MOPIBHAHHI LMX OBOX METOAIB, OLiHL iXHiIX nepesar i Heao-
nikiB 3 METOI ONTUMI3aLT CKPUHIHTY A58 PaHHBOTO N e(PEeKTUBHOIO NiKyBaHHSI.

Matepianu Ta metoau. Y metoguui ninotHoro npoekty (Metoa 1) kinbkicHe BU3Ha-
yeHHs TREC i KREC nposogunu 3a JONOMOrol KacTOMi30BaHOrO aHanisy mMeTtogoM
MJIP y peanbHOMYy 4aci 3 aHanisomMm KpuBoi nnaereHHsA. MeTtoa 1 BkntoyaB ctaHAapTu
3 Bigomoto kinbkicTio konin TREC i KREC, koHTponbHO-HeratusHi 3pa3ku (NTC) Ta
NMO3UTUBHI KOHTPONI ONs 3abe3neyeHHst HagiiHMX pe3ynbraTiB. Y MeTtoguli, Sky Tenep
BMKOPUCTOBYIOTb Yy MpPOrpami HeoHaTanbHOro CKpuHiHry (MeToa 2), 3aCTOCOBYETbCS
komepuiiHuin Habip Biocore® SMA/TKID PLUS Diagnostic Kit ans kinbkicHoro Bu3Ha-
yeHHa TREC, KREC ta SMN1 metogom IMJIP y peansHomy yaci. Pesynsratn Bumipto-
BaHb 060X MeTOAIB NOAAOTLCS Y NepepaxyHKy Ha OAMH MINbAOH KNiTUH.

Pe3ynbraTtu. 3araneHi napametpu ekctpakuii OHK, IMJ1P, a Takox aHanisy 1 iHTep-
npeTauii pesynsraTiB pi3HATLCSA MK MeToAaMW; NMOKa3aHO iCTOTHY Pi3HULKO Y 3HaYeH-
Hsx Cq. HesBaxkatoun Ha Ui BigMiHHOCTI, 06naBa MeToAM NPO4EMOHCTPYBanu 30aTHICTb
BUSIBNATM aHomanbHi 3HavyeHHs TREC/KREC, wo gae 3mory igeHtudikysatn TKI[
i pesaki sunagku Mia.

BucHoBKku. [MinoTHMI NPOEKT JOBIB e(PeKTUBHICTb KinbKicHOro Bu3HayeHHs TREC/
KREC ans ckpuHinry TKI[, wo npvseno 0o Moro BNpoBamKeHHS B HaLioHanbHy npo-
rpamy CKpUHIHIy HOBOHapomkeHux B YkpaiHi. Byno npotectosaHo noHag 121 000 HoBo-
HapOOKEHMX, 3 AKUX NIATBEPOXKEHO LWICTb NO3MTUBHUX BUNagkie. MeTtog 1 3abesnevye
TOYHICTb KiNIbKOCTi KONiM Ta yHiBepcanbHiCTb, ToAi sk MeTtoa 2 € waenawwmm, NpocTilimm
i Moxe OyTM aBTOMaTM30BaHMM, anie He 3abe3nedye TOYHOI OLHKM KifTbKOCTi KOmMiM.
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[logaBaHHA cTaH4apTiB BHYTPILWHBOrO KOHTposito Ao Metogy 2 moxe nigBULLMT MOTro
NMOKa30BICTb A1 LWMPOKOro ckpuHiHry SCID.

Knroyoei cnoea: TP, Tskkmin kombGiHOBaHWMA imyHogedpiumT (TKIL), T-KNiTWUHHI
peuenTopHi ekcumsivHi  kinbuss (TRECs), kanna-geneTtytoui
ekcumsinHi kinbus (KRECs), Bpog)KeHi MOMUIKK IMYHITETY, FeH,
OHK, reHeTuka
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