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Mass screening of newborns for 36 hereditary diseases in the Russian Federation will enable the reduction of childhood disability and mortality from hereditary disorders,
as well as the identification of all-Russian and regional population-genetic features of the screened disorders. The study aimed to assess the results of newborn
screening (NBS), including expanded newborn screening (ENBS), in the Republic of North Ossetia-Alania obtained between January 1, 2023, and December 31, 2024,
as well as to study clinical and population-genetic characteristics of the diseases screened in the region. In phase | of assessment, biochemical testing, tandem mass
spectrometry, and DNA diagnostics were performed, and the TREC/KREC levels were determined in 14,994 newborns. In 355 cases (2.36%), positive values were
revealed. In phase Il, the necessary laboratory and subsequent confirmatory DNA diagnostics were carried out in 324 cases (91.2%): repeated analysis by MS/MS
and DNA diagnostics (for hereditary metabolic diseases), immunophenotyping (for primary immunodeficiency states). During the 2-year study, a total of 37 diagnoses
were established, which accounted for 0.25% of all children screened in phase | and clearly indicated the program's success and effectiveness. We managed to verify
the specific spectrum of mutations characteristic of phenylketonuria (PKU) and medium-chain fatty acid acyl-CoA dehydrogenase deficiency (VCADD). The frequency
of the disorder assessed within the framework of newborn screening was determined. The frequency of all PKU forms was 1 : 1153 newborns, and the frequency
of MCADD was 1 : 789 newborns surveyed. All children are listed as sick in the medical genetic consultation of the Republic of North Ossetia-Alania; they receive
treatment in accordance with the clinical guidelines.
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HEOHATAJIbHbIA CKPUHWHI B CEBEPHOW OCETUW 3A 2023-2024 IT.
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" MeAMKO-reHeTU4eCKUA Hay4HbIN LeHTP uMeHn H. M. Boykosa, Mocksa, Poccus

2 Ceepo-OceTrHcKas rocyfapcTBeHHas MeauLmHekas akagemmst MuHMcTepcTBa 3apaBooxpareHist Poccun, Bnagnkaskas, Poccuis

3 PecnybnvkaHckas AeTckas KimHudeckas 6onbHuLa, Braavkaekas, Poccus
MaccoBoe o6cnenoBaHvie HOBOPOXKAEHHbIX B Poccumiickon Peaepaiyin Ha 36 HacneacTBeHHbIX 3a601eBaHNIA MO3BOMNT CHU3WTb AETCKYO MHBaIMAHOCTL 1 CMEPTHOCTb
OT HacneACTBEHHOW NaToNOMK 1 BbISIBUTL OBLLEPOCCUICKIE 1 PEroHaNbHbIE MOMYASLMOHHO-TEHETUHECKE OCOOEHHOCTY CKPUHMPYemMol natonorun. Liensto
1cenenoBanHns GbIno OLEHUTL PesyNsTaTbl HeOHaTaIbHOro CKpuHUHIa (HC), BtoHas pacLLUMpeHHbI HeoHaTanbHbIn CkpuHuHE (PHC) B Pecnybnnke CesepHas OceTuisi-
Ananus (PCO-AnaHust) B nepviog ¢ 01.01.2023 no 31.12.2024, 11 13y4nTb KIMHUHECKIME 1 NOMY SILMOHHO-MEHETUHECKIE OCOBEHHOCTI CKPUHUPYEMbIX 3a601eBaHA B
pervioHe. Ha | atane ob6cnegoBaHns y 14 994 HOBOPOXAEHHbBIX MPOBEAEHb! BUOXUMMHECKME NCCNeNoBaHVs, TaHoeMHast Macc-criekTpomeTpus, JHK-anarHocTvika m
onpepeneHne yposHa TREK/KREK. B 355 cry4asix (2,36%) BbisBneHb! No3uTVBHbIe 3HaqeHyst. Ha ll atane B 324 (91,2%) cnydasx mposeneHa Heobxoammas aboparopHas
1 nocneaytollas nogreepxaatollias JHK-guarHocTka: nostopHbii aHamms 8 MC/MC n OHK-guarHocTuka (ois HacneacTBeHHbIX GonesHel obmMeHa BeLLEecTB),
VIMMYHOEHOTUMMPOBAHME (A1 MEPBNYHBIX UMMYHOAEMULMTHBIX COCTOSIHWM). B Xx0fe ABYXIETHErO VccnefoBaHus MocTasneHo 37 avarHo3oB, YTo coctasnseT 0,25%
OT BCEX AETEN, OXBAYEHHbIX CKPUHHIOM Ha | aTane, 1 0gHO3Ha4YHO CBAETENLCTBYET 00 YCMELLHOCTY 1 PE3YNBTATVBHOCTY AaHHON MporpamMMbl. Yanoch BepumLMpoBaTL
CneUMgUNHECKIN CMNEKTP MyTaLWMI, XapakTepHbix Ans deHnnketoHypun (PKY) 1 HepocTatoqHOCTV aumn-KoA-aermaporeHasbl XXUPHbIX KUCIOT CO CPeaHen AnMHOM
yrnepoaHoi Lernv (MCADD). OnpefeneHa YactoTa BCTPe4aeMOoCTV NaToorn, CCNeayemMon B paMkax HeoHaTaslbeHOro CKpuHvHra. HactoTa Bcex dhopm OKY coctasmna
11 1153 HoBopoxaeHHbIX, a bactota MCADD — 1 : 789 obcnenoBaHHbIX HOBOPOXAEHHbIX. BCe ATV COCTOSAT Ha AMCMAHCEPHOM YYeTE B MEAMKO-MEHETUHECKOM
koHcynsTaumm PCO-AnaHuns, nomyyatoT NeHeHne B COOTBETCTBUM C KITMHUHECKUMM PEKOMEHAALIMSIMUL

KntoyeBble cnoBa: HeoHaTaSbHbI CKPUHWHT, PaCLUMPEHHbIA HEOHATANbHbI CKPUHWHE, HaCNeACTBeHHas NaTonorns, (MEHNIKETOHYPUS, HEAOCTATOYHOCT aumn-
KoA-gernaporeHasbl, »KMpHble KACIOTbI CO CpeaHen ANMMHOM YrnepoaHom Lenm

®durHaHcMpoBaHue: VICCnefoBaHne BbINMOHEHO 13 CPeacTB (hefepanbHOro ¥ PervioHanbHOro GIOPKETOB B HacTW peanu3auim paclUMPEHHOro HeoHaTaIbHOro
CKPWHIHIa, a Takke npun hrHaHCoBOM noaaepkke rocynapcteeHHoro 3agaqHna ®rBHY «MIMHL» MuHobpHaykm Poceun 1 Munsapasa PCO-Anaqus.

Bknap astopos: /1. C. Tebuesa, HO. B. labucosa, A. B. XoxoBa — c60p AaHHbIX, MOCTaHOBKa AmarHosa; P. A. BuHyeHko, V.C. Tebresa — nnaHvpoBaHve
ncenenoBaHna, Hanmcanve Tekceta; E. 0. 3axaposa, O. A. LLarvHa, E. E. JlotHuk, H. B. BakuH, A. B. MapaxoHoB — nNpoBeAeHVEe MONEKYNAPHO-FEHETUHECKINX
ncenepoBaHni; P A BuHyeHko, V1. C. Tebuesa, E. KO 3axapoBa — peaakTupoBaHme TekcTa.

CobniofeHne aTU4EeCKMX CTaHJaPTOB: 1CCNefoBaHVe 000OPEHO aTNHECKM KomuTeToM GIEHY Meayko-reHeTU4eCcKuin HayYHbI LIeHTP UMeHn H. M. Bovkosa
(npotokon Ne 7 oT 20 pekabpst 2017 T.), COOTBETCTBYET CTaHAAPTaM AOOPOCOBECTHOM KIMHUYECKOM MPaKTUKN 1 AoKa3aTeNbHON MeauLyHbl. Bee naumeHTsl
nognucany 4o6poBONbHOE MHPOPMUPOBaHHOE COrfache Ha yqacTune B ero NpoBefeHNM.
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Newborn screening has been demonstrating its effectiveness
in detecting congenital and hereditary disorders (CHDs) at
the early preclinical stage for decades. Mass screening of
newborns was launched on January 1, 2023, in the Russian
Federation (RF). Today, it is divided into newborn screening
(NBS) and expanded newborn screening (ENBS). In the
regions, NBS is conducted in order to detect five CHDs:
phenylketonuria, congenital hypothyroidism, cystic fibrosis,
galactosemia, and congenital adrenal cortex dysfunction (PKU,
CH, CF, GAL, CACD, respectively). ENBS is implemented
in 10 interregional 3A-level ENBS centers in order to detect
29 hereditary metabolic diseases (HMDs), spinal muscular atrophy
(SMA), and severe T-cell and B-cell primary immunodeficiency
(PID) [1].

The Decree of the Government of the Republic of North
Ossetia—Alania (RNO-Alania) approved the regional program of
NBS and ENBS implementation; regulations governing this trial
were developed; officials responsible for the implementation of
all screening phases were determined, and routing of patients
within the framework of the existing infrastructure was arranged.

The study aimed to assess the results of NBS and ENBS
in the RNO-Alania reported between January 1, 2023 and
December 31, 2024, as well as to determine clinical and
population genetic characteristics of the diseases screened.

METHODS

In phase | of screening, capillary blood sampling from the
newborn’s heel was performed on day 2 in full-term babies
and on day 7 in preterm babies using two assay sheets: one
with five blood spots for NBS and another with three blood
spots for ENBS. The referral with supporting data is generated
using the following module: Obstetrics and Neonatology
Vertical Integrated Medical and Information System (VIMIS
AKINEQ). The data on the children at risk are conveyed to the
officials responsible for ENBS arrangement in the constituent
entity within 24 hours. In the following 48 h, biomaterial
re-collection from children at risk is arranged, and the biomaterial
is transferred to the 3B level reference center, the Research
Centre for Medical Genetics, where the exact diagnosis of CHD
is established or ruled out, for confirmatory diagnostics [2].
Initial examination of the children born in the RNO-Alania
being part of the NBS, is conducted at the Medical Genetic
Consultation (MGC) of the Republican Children’s Clinical
Hospital of the RNO-Alania. The levels of biochemical markers
in whole blood samples are determined by the time-resolved
immunofluorescence method using the DELFIA Neonatal
(Finland) and FAVR (Russia) reagents in the Victor-2 system
(Wallak, Finland). The measurement results are entered into
the computer program for data processing and acquisition.
To establish the diagnosis, the values of biochemical markers
should be as follows: phenylalanine (PA) > 2 mg% — for the
diagnosis of PKU; thyroid-stimulating hormone (TSH) > 20 plU/L —
for CH, immunoreactive trypsin (IRT) > 70 ng/mL — for CF,
17-hydroxyprogesterone (17-OHP) > 30 nmol/L — for CACD
in full-term babies and > 60 mmol/L — for CACD in preterm
babies, galactose > 400 nmol/L (7 pmol/L) — for GAL.
Initial examination being part of ENBS is conducted at the
Research Institute — Regional Clinical Hospital No. 1 named
after Professor S. V. Ochapovsky of the Ministry of Health
of the Krasnodar Krai: testing for HMDs (including PKU) is
performed by tandem mass spectrometry (MS/MS); testing
for SMA and PID is accomplished via qualitative identification
of the homozygous deletion of exon 7 in the SMN1 gene and
quantification of the TREC, KREC DNA involving the use of the

Neoscreen SMA/TREC/KREC system (DNA-Technology
TS, Russia).

In phase Il of the assessment, the following essential
biomaterial samples must be made available for the Research
Centre for Medical Genetics:

HMDs — dried blood spots on the assay sheet, liquid blood
in the test tube with EDTA (non-frozen, at least 2.5 mL) and
urine (at least 5 mL);

SMA — dried blood spots on the assay sheet, liquid blood
in the test tube with EDTA (non-frozen, at least 2.5 mL);

PID in phase | — dried blood spots on the assay sheet, in
phase Il — liquid blood in the test tube with EDTA (non-frozen,
two test tubes) for immunophenotyping and DNA diagnostics.

Confirmatory diagnostics is accomplished via repeated analysis
of amino acids and acylcarnitines by MS/MS, determination of
urinary levels of organic acids by gas chromatography—-mass
spectrometry (GC-MS), and DNA diagnostics. In the second
phase of testing for PID, immunophenotyping (IPT) is performed
at the Dmitry Rogachev National Medical Research Center
of Pediatric Hematology, Oncology and Immunology of the
Ministry of Health of the RF.

RESULTS

A total of 15,153 babies were born in the Republic during the
studied period. A total of 15,059 (taking into account those
who died before sampling) were to be assessed. Parents of
65 newborns submitted the informed refusal of screening, and
blood was collected from 14,994 babies. The survey covered
99.56% of newborns.

In all 14,994 cases, tandem mass spectrometry was
conducted in phase |, of those, in 355 cases (2.36%), the
screening results were positive.

Since the Republic represents the region with high ethno-
cultural diversity and close ties with the Caucasian and
Transcaucasian territories, a large number of children are
traditionally born there, who later move to other regions of the
RF (Chechen Republic, Republic of Ingushetia, Stavropol Krai,
etc.) and abroad (South Ossetia, Georgia, Armenia, etc.). In
this regard, in 31 cases (8.8%), information about the results
of assessment performed within the framework of ENBS was
shared with the officials responsible for the implementation of
screening in adjacent constituent entities of the RF. Considering
this fact, 324 newborns out of 355 were assessed in phase |,
which accounted for 91.2%.

Testing for aminoacidopathies

Given the fact that testing for PKU was performed by the
biochemical method within the framework of NBS and by
MS/MS within the framework of ENBS, we had an opportunity
to compare the data of the testing conducted and draw a
conclusion about the MS/MS higher informativity in terms of
PKU detection.

Based on the DNA diagnostics data, alterations of the PAH
gene nucleotide sequence typical for PKU in the homozygous
and compound heterozygous state were found in 13 patients.
The PKU frequency determined based on the tandem mass
spectrometry results was 1 : 1165 newborns and 1 : 1153
surveyed newborns (95% CI: 1 : 675 -1 : 2166). All children are
on the MGC dietitian’s D list. The dynamic changes in PA levels
and the treatment tactics are determined in accordance with
the Federal Clinical Guidelines. Only two children need foods
for special medical purposes (FSMP), while in other patients,
PA levels do not exceed 6 mg% (360 pM/L) [3].
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Table 1. Biochemical and molecular genetic characteristics of patients with PKU
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Allele 1
(RefSeq NM_000277.3)

Allele 2
(RefSeq NM_000277.3)

¢.529G>A (p.Val177Met)

c.119C>T (p.Ser40Leu)

€.842C>T (p.Pro281Leu)

¢.529G>A (p.Val177Met)

¢.631C>A (p.Pro211Thr)

¢.631C>A (p.Pro211Thr)

¢.529G>A (p.Val177Met)

¢.842C>T (p.Pro281Leu)

¢.1222C>T (p.Arg408Trp)

©.1222C>T (p.Arg408Trp)

¢.529G>A (p.Val177Met)

©.1222C>T (p.Arg408Trp)

€.842C>T (p.Pro281Leu)

C.722G>A (p.Arg241His)

€.1208C>T (p.Ala403Val)

¢.506G>A (p.Arg169His)

€.842C>T (p.Pro281Leu)

c.1222C>T (p.Arg408Trp)

©.533A>T (p.Glu178Gly)

¢.490A>G (p.lle164Val)

€.842C>T (p.Pro281Leu)

¢.631C>A (p.Pro211Thr)

Ne PA level in phase | mg%/uM/L)* | Phe/Tyr* | FSMP Ethnicity
1 1.77/142 2.35 - Ossetians
2 0.28/131 2.1 - Ossetians
3 3.74/273 2.48 - Ossetians
4 1.98/149 1.78 - Ossetians
5 6.77/405 9.05 + Ossetians
6 2.3/145 2.31 - Ossetians
7 4.79/321 3.66 - Ossetians
8 2.4/140 2.2 - Armenians
9 38/550 8.8 + Ossetians
10 1.9/143 1.98 - Ossetians
11 2.73/286 4.46 - Female Georgian/Ossetian
12 ***/240 2.9 - Ossetians
13 1141 2.15 - Ossetians

(
(i

¢.631C>A (p.Pro211Thr)
(

(
c.898G>T (p.Ala300Ser)
( .529G>A (p.Val177Met)

¢.842C>T (p.Pro281Leu)

Note: “ — PA reference range — 0-2 mg% for NBS, 0-120 pM/L for ENBS; ** — Phe/Tyr ratio reference range 0.25-6.5; “** — not tested for PKU in the MDC of the

Republican Children’s Clinical Hospital of RNO-Alania due to the lack of reagents.

Biochemical and molecular genetic characteristics of the
patients identified are provided in Table 1.

The most common was the "severe" mutation ¢.842C>T
(p.Pro281Leu), in which the residual activity of the PAH enzyme
is 2%, the number of heterozygous alleles is 6, homozygous —
0. Among the general sample, the frequency of occurrence is
23%, among representatives of the Ossetian nationality — 27%.

The second most frequent genetic variant was ¢.529G>A
(p.Val177Met), data on PAH activity are not presented in the
literature, the frequency of heterozygous carriage is 5, which
amounted to 19% in the general sample and 22% among
the titular nation. In third place were two variants: "severe"
mutation ¢.1222C>T, (p.Arg408Trp) (residual PAH activity — 2%)
and "mild" ¢.631C>A (p.Pro211Thr) (residual PAH activity — 72%):
1 homozygous case and 2 heterozygous carriers. They
accounted for 15% of the total sample and 18% among
Ossetians. The remaining variants are found in single
heterozygous variants and demonstrate high residual activity
of the PAH protein. Patients do not require diet therapy, and
therefore the mutations can be classified as "mild" [4, 5]. Thus,
out of 13 patients, only two (15.3%) with genotypes with two
severe mutations (R408W/R408W and P281L/R408W) require
diet therapy.

Impaired mitochondrial fatty acid 3-oxidation

The diagnosis belonging to the group of hereditary mitochondrial
fatty acid B-oxidation disorders (FAODs) was established in
19 patients based on the MS/MS data and DNA diagnostics:
medium-chain fatty acid acyl-CoA dehydrogenase deficiency
(MCADD).

The frequency of this disorder in the RNO-Alania was 1 : 789
(95% Cl: 1 : 506 — 1 : 1310). The MS/MS data and molecular
genetic characteristics of patients with MCADD are provided
in Table 2.

In 20 newborns, acylcarnitine levels significantly exceeding
reference values were revealed in phase Il of diagnostics.
However, incase 18, one heterozygous ¢.985A>G (p.Lys329Glu)
mutation was found. The whole genome sequencing in the
“trio” format is scheduled for this family, and the case is not
considered in the further discussion.

Among 19 patients with two verified mutations, 16 are
Ossetians, who were not born into consanguineous marriages.
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Patients 15 and 16 were monozygotic twins, their parents were
Russians. Patient 12 was born into an interethnic marriage
between the Ossetian and the female Tabasaran.

In five cases, the ¢.388-19T>A variant was in the
homozygous state. Furthermore, a total of 11 compound
heterozygous carriers were identified, which accounted for
55.26% of the entire sample and about 65.62% of the titular
nation representatives.

The ¢.985A>G (p.Lys329Glu) variant ranking second in
frequency was found (in the homozygous state in one patient
and in the heterozygous carrier state in four cases), which
accounted for 15.78% in the entire sample and 18.75% in
Ossetians.

The ¢.134A>C (p.GIn45Arg) ranking third in frequency
was found in the compound heterozygous state in four cases,
accounting for 10.52 and 12.5% in the entire and titular groups,
respectively.

Other variants are sporadic; these account for 18.44% in
the entire sample and 3.13% in Ossetians.

It should be noted that the most pronounced changes in
the C6, C8, and C10 levels (between 9 and 22 pmol/L) were
observed in those having genotypes containing the ¢.985A>G
(p.Lys329Glu) and ¢.388-19T>A variants in both homozygous
and compound heterozygous state.

All children are in the MGC dietitian’s and geneticist’s D list.
The dynamic changes in acylcarnitine levels are determined by
MS/MS in accordance with the generally accepted guidelines.
The children’s condition was stable, and no metabolic crises,
hypoglycemic conditions were observed. The identified
patients’ parents underwent Sanger sequencing in the “trio”
format within the framework of the supplementary agreement
between the Republican Children’s Clinical Hospital of the
RNO-Alania and the Research Centre for Medical Genetics;
the parents are healthy carriers of the variants identified. During
medical genetic counseling of families, prevention of long
periods of fasting was discussed, especially in children having
intercurrent infectious diseases, in order to prevent metabolic
crises, as well as the need for immediate hospitalization in the
Republican Children’s Clinical Hospital and glucose infusion in
case of metabolic crisis [4, 6].

One more case of detecting a disease from the organic
aciduria group is as follows: the diagnosis of 3-methylcrotonyl-
CoA carboxylase deficiency in a Kumyk child having the MCCC2
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Table 2. MS/MS data and molecular genetic characteristics of patients with MCADD

) ) - N . Genotype
Ne Biochemistry indicators based on MS/MS data Ethnicity (RefSeq NM_000016.6)
1 | €8—1,04; C6DC —0,34; C8 —3,80; C10 —0.52; Ossetians C.388-19T>A /c.388-19T>A
C10:1 — 0,21
C6 — 1,74; C6DC — 0,52; C8 — 9,78; C8:1 — 0,17; C10 — . ]
2 0,95: C10:1 — 0,49; C10:2 — 0,03 Ossetians ¢.134A>C (p.GIn45Arg)/c.388-19T>A
3 | ©6—1,11;C8 —4,98;C10 —0,65,C10:1 —0,30 Ossetians C.388-19T>A/ ¢.388-19T>A
+ (Phe — 172)
4 | ©6—1.50;C6DC —0,51; C8 — 6,46, C10 — 0,93; Ossetians ¢.388-19T>A/c.999_1011dup(p.GIn338Ter)
C10:1 — 0,45
©6 — 3,53; C6DC — 1,02; C8 — 17,10; C8:1 — 0,23; .
5 C10 — 1,50: C10:1 — 0,58 Ossetians €.985A>G (p.Lys329Glu)/c.985A>G(p.Lys329Glu)
6 C6 — 0,56; C8 — 1,57; C10:1 — 0,25 Ossetians €.388-19T>A/c.999_1011dup(p.GIn338Ter)
7 | €8 092 C6DC —0,47;C8 — 5,25, C10 — 0,83; Ossetians ©.388-19T>A/c.388-19T>A
C10:1 — 0,26
g | ©6—238 C6DC—088 C8—1295C10—1.2; Ossetians .985A>G (p.Lys329Glu)/c.388-19T>A
C10:1- 0,36
g | 6122 C6DC—041;C8 —6,70, C10 — 0,82 Ossetians ©.388-19T>A/c.985A>G (p.Lys329Giu)
C10:1 — 0,57
10 | €8 1,52 C6DC—0,50;C8 —6,10; C10 —0,77; Ossetians ¢.388-19T>A/c.388-19T>A
C10:1—0,38
11 | €8 218 C6DC —0,53; C8 —9,11; C10 —1,20; Ossetians €.388-19T>A/c.388-19T>A
C10:1 — 0,57
12 830_1 1_’58;4(316DC —0,60;C8 —9,76; C10 —1,19; Ossetian/female Tabasaran | ¢.388-19T>A/c.985A>G (p.Lys329GIu)
13 | c8—0,45;C10 — 0,48 Ossetians ¢.1091T>C, p.(e364Thr/ c.388-19T>A
14 | c6—1,31; C8 — 3,76; G10 — 0,44; C10:1 — 0,31 Ossetians €.388-19T>A/c.461T>G, p.Leu154Trp
15 | C6— 1,24; C8 — 3,59; G10 — 0,41; C10:1 — 0,39 Ossetians ¢.388-19T>A/c.400_401delATInsCA, p.(lle134His)
16 | C6—1,38; C8 — 4,13; G10 — 0,49; C10:1 — 0,45 (monozygotic twins) ¢.388-19T>A/c.400_401delATInsCA, p.(lle134His)
17 | c6—2,15;C8 — 10,5; G10 — 1,18; C10:1 — 0,45 Ossetians ¢.134A>C (p.GIN45Arg)/c.388-19T>A
18 | C6—0,38; C8 — 0,59; G10 — 0,73; C10:1 — 0,25 Ossetians C.985A>G (p.Lys329Glu)/***
19 | C6 — 3,57; C8 — 22,4; 10 — 1,97; C10:1 — 0,72 Ossetians ¢.134A>C (p.GIN45Arg)/c.985A>G (p.Lys329Glu)
20 | c6 —1,28;C8 —5,13; C10 — 0,61; C10:1 — 0,316 Ossetians ¢.388-19T>A/c.134A>C (p.GIn45Arg)

Note: * — reference values for the studied indicators (UM/L): C8 — 0-0.26; C10 — 0-0.32; C6DC — 0-0.45; C10:1 — 0-0.14; ** — case of detecting MCADD and
PKU; ** — mutation not found when performing the ACADM whole gene sequencing, the whole genome sequencing is recommended.

¢.1082G>A (p.Arg361GIn) mutation in the homozygous state.
The child’s condition is stable, and the development is age-
appropriate. The child is on the MGC dietitian’s D list in the
Republican Children’s Clinical Hospital.

Testing for spinal muscular atrophy

Five newborns were included in the group at risk in phase | of
ENBS during the studied period, among them the diagnosis of
SMA was established in three cases. The SMA frequency was
1:4998 newborns (95% Cl: 1 : 1711 — 1 : 24,235), which was
generally consistent with the data provided in the world’s and
domestic literature. The average global prevalence of SMA is
1:6000 -1 : 10,000 newborns, the prevalence in Saudi Arabia
is1:7000, the prevalence in Egypt and Libyais 1 : 12,500, and
the prevalence in the RF is 1 : 5184 [7]. The SMA diagnostics
is accomplished in accordance with the existing diagnostic
algorithms within the framework of the clinical guidelines [8].

Table 3 provides the SMA patient assessment results and
the therapy prescribed.

Based on the assessment results, in accordance with
the guidelines of the Federal Council of the National Medical
Research Center for Children's Health, two patients were administered
Onasemnogene abeparvovec at the age of 1.5 months and
1 month; Risdiplam was recommended in one case.

The patients are on the neurologist’s and geneticist’s list.
Testing for primary immunodeficiency (PID)

In the studied period, the diagnosis of PID was established
in none of the children in the region. However, in phase | of
ENBS, 30 cases of low TREC/KREC were reported, among
those, seven children died before blood re-sampling later
(if premature), before reaching the post-conceptual age of
37 weeks. In 23 cases, the further scheduled assessment
showed that all indicators were within reference ranges. It is
assumed that the prevalence of PID in the region is below
1:14 994 newborns (95% CI: 0 — 1 : 4065).

Testing for five CHDs within the framework
of newborn screening

Testing was performed in 14,994 cases. We have earlier
reported epidemiological and molecular genetic characteristics
of the disorders screened in the RNO-Alania [9]. The values
provided that have been acquired during conventional
biochemical screening confirm the results obtained previously
for CH, CF, GAL, and CACD. Table 4 presents the results of
the 2-year study conducted within the framework of NBS at
the MGC of the Republican Children’s Clinical Hospital of the
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Table 3. SMA patient assessment results, timing of the beginning therapy and drugs used for treatment

Year SMNT1 gene copy SMN2 gene copy AAVO carrier state Therapy Beginning of treatment
number number (months)
2023 0 3 neg* Onasemnogene 15
abeparvovec
2023 0 4 neg Risdiplam 15
2024 0 2 neg Onasemnogene 1
abeparvovec
Note: neg* — negative.
Table 4. NBS results, 2023-2024
v PKU CH CF GAL CACD
‘ear
n F (95% CI) n F (95% CI) n F (95% CI) n F (95% CI) n F (95% CI)
1:2999 1:2999 i . N 1:7500
2023 3 (1:1285-1:9235) 2 (1:1285-1:9235) 0 0(0-1:4065) 0 0(0-1:4065) 1 (1:2076 - 1:61,904)

Note: n — number of patients, F — frequency, 95% Cl — 95% confidence interval; “* — CACD caused by 3B hydroxysteroid dehydrogenase deficiency that is rare in

other world’s populations and the RF, but typical for Ossetians, has been detected.

RNO-Alania, showing a low rate of PKU detection based on
NBS compared to ENBS.

Comparison of NBS and ENBS in the diagnosis of PKU shows
higher sensitivity of MS/MS contributing to the identification of
patients with mild PKU having confirmed genetic variants in the
PAH gene, who need monitoring and clinical follow-up.

DISCUSSION
Aminoacidopathies

We had an opportunity to assess PA levels (among 28 other
indicators) in the MS/MS format within the framework of ENBS.
The data obtained have radically changed the existing knowledge
about the PKU population genetic features in the region. Thus,
in 2012, PKU frequency in the Republic was interpreted as
1 per 23,000 newborns. This suggested a low prevalence of
the disorder in the region, since the diagnosis of PKU was
considered as a variant of severe hyperphenylalaninemia
(HPA) with the PA levels above 10 mg%, in which mandatory
nutritional therapy is prescribed [10]. Later, when cooperating
with the Research Centre for Medical Genetics, we had an
opportunity to perform DNA diagnostics in all the children
identified based on the screening results (PA levels above
2 mg%) and included in the list due to the diagnosis of HPA.
The testing results have showed that the frequency of all PKU
forms turned out to be 1 : 4864 (95% CI), while the frequency
of cases with severe variants requiring nutritional therapy was
1:22,374 (95% Cl), and that of mild forms — 1 : 6216 (95% Cl). The
range of molecular genetic features of the disorder also turned
out to be specific due to common nature of two mutations,
c.842C>T (p.Pro281Leu) (PAH residual activity 0-2%) and
c.631C>A (p.Pro211Thr) (PAH residual activity 72%), which
are not that frequent anywhere in the world. Furthermore, we
have earlier reported the p.Pro281Leu and p.Pro211Thr carrier
state in the population with the frequency of 1 : 26 (95% ClI),
which allowed us to assume considerably higher prevalence of
this aminoacidopathy in the RNA-Alania [5, 10], as confirmed
by the ENBS results.

The 2-year study conducted within the framework of
NBS revealed five PKU cases, and that conducted within the
framework of ENBS proved the fact of high prevalence of
mild PKU in the region — 1 : 1363 newborns (95% Cl), high
frequency of all PKU forms — 1 : 1153 (95% Cl) and 1 : 7497
(95% CI) for severe forms, for which variants of two severe
mutations were reported.
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Organic acidurias

According to various sources, the prevalence of MCAD
deficiency in the countries of Europe and the USA is 1 : 8300 —
1: 15,000 newborns. Based on the results of our study, the
prevalence of the disorder is 1 : 789 surveyed newborns.
According to the literature data, the frequency of this HMD
in the world is as follows: 1 : 22,000 in the Czech Republic,
1 : 27,139 in Norway, higher frequency of 1 : 4900 —
1:8500is reported for Germany, 1:23,000in ltaly, 1: 10,000 —
1: 30,000 in the USA, and the highest frequency of 1 : 4000
is reported for Qatar [11-12]. Exact epidemiological data for
Russia have not been published, but preliminary calculations
have revealed no important specifics [4].

In 90-95% of cases, a point mutation in exon 11, in which
adenine is replaced by guanine at position 985 of the gene
(c.985A>(), is found. Other genetic variants that are much less
common have also been reported [13-16]. High prevalence
of the c.985A>G carrier state has been shown (1 : 52 in
Switzerland, 1 : 58 in the UK), along with its decrease from
north to south, which is likely to result from the “founder effect”
in the ancient German population [17].

The clinical picture of the disease is extremely variable: from
asymptomatic to the rapidly developing severe disease [6, 18].

According to the data obtained during ENBS
implementation, the unique range of the ACADM gene variants
was revealed in the region. Thus, the c.985A>G (p.Lys329Glu)
variant that is most common according to the data of the
world’s and domestic literature [4, 15, 19, 20], in our study
has been reported for only one case in the homozygous state
and for four cases in the compound heterozygous state, i.e. it
accounts for only 15.78% in the entire sample and 18.75% in
Ossetians. While the ¢.388-19T>A variant turned out to be the
most common in the studied population: 55.26% in the entire
sample and about 65.62% in the titular nation representatives.
This variant is not found in population databases (gnomAD
without frequency). ClinVar contains the mutation description
and links to two studies out of the large number of reports in
the world’s literature, where the disorder is mentioned [16, 21].

The ¢.388-19T>A was first described in 2012 based on the
results of the large-scale Danish study focused on MCADD as
previously unregistered and identified based on the screening
results of two newborns (unrelated) with the ¢.388-19T>A/
c.244_245dup genotype [21]. It has been proven that mutational
sequence alterations occur in the ACADM gene intron 5. These
dramatically decrease the strength of the wild-type acceptor
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splice sites, while generating new competing, stronger splice sites,
causing serious cleavage disorders, up to mMRNA degradation
resulting from the nonsense-mediated decay, and directly altering
the encoded ACADM protein amino acid structure.

To date, all the patients identified are under the age of three
years, but metabolic crises have not been reported in any of
them. This can be associated with mild variants of the mutations
identified and the efforts of parents in terms of preventing long
fasting periods.

The fact should be noted that no MCADD cases were
reported in the Republic before the beginning of the screening
period, but patients with hypoglycemic conditions, unclear
metabolic crises, especially against the background of
respiratory or acute intestinal infectious diseases, were, of
course, encountered in the practice of pediatric endocrinologists,
pediatricians, infectious disease specialists, and resuscitators.
However, the causes of these conditions were not verified due
to the lack of the possibility of conducting MS/MS in the region
and insufficient physicians’ awareness about this disorder.

In our opinion, a very interesting case is a rare combination
of PKU and MCADD in one patient (No. 6 in Table 1 and No. 3
in Table 2), who does not need nutritional therapy with limited
PA intake and who has no metabolic crises due to the presence
of “mild” mutations associated with both disease entities.

CONCLUSIONS

In general, NBS and ENBS implemented in the RNO-Alania
can be acknowledged as an effective method for preclinical
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