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Results of the comprehensive study in newborn babies
with congenital phenylketonuria

Abstract. The timely detection of newborns with congenital phenylketonuria, in which the metabolism
of the amino acid phenylalanine is disturbed due to the lack of the enzyme phenylalanine hydroxylase,
remains an urgent issue. Increase in the level of phenylalanine and its toxic products in the cell leads
to severe brain damage, which manifests itself in the form of mental retardation. Prompt diagnosis of
phenylketonuria can prevent severe dementia and serious mental disorders. The aim of the work is a
comprehensive study of newborns with congenital phenylketonuria for which enzymatic immunoassay,
real-time PCR, tandem mass spectrometry were applied. Out of 5,293 newborns screened at the genetic
laboratory of LPP “Center for Molecular Medicine” (Almaty, Kazakhstan) in 2019, two newborns were
diagnosed with congenital phenylketonuria. The molecular genetic study in both of them indicated the
presence of the R408W mutation in the heterozygous state in phenylalanine hydroxylase PAH gene. Upon
application of the appropriate dietary therapy, the concentrations of phenylalanine in the blood reached 62.9
UM/L in the 1% and 173 uM/L in the 2" newborn, which corresponds to its reference value. For the effective
treatment of congenital phenylketonuria with a confirmed diagnosis based on molecular genetic studies
(detection of a mutation in the PAH gene) in newborns, it is proposed to conduct additional biochemical
studies for possible metabolic disorders.

Key words: newborn screening, congenital phenylketonuria, enzyme immunoassay, PCR, tandem mass

spectrometry.

Introduction

Hereditary metabolic disorders are common
worldwide and play an important role in human
hereditary pathology. These diseases are characterized
by severe and in many cases fatal symptoms.
According to the statistics, 5% of children are born
with genetic or congenital disorders [1].

Monogenic forms of metabolic disorders are
characterized by impaired metabolism of amino
acids and organic acids resulting in the accumulation
of toxic metabolites in organs and tissues. Study of
the molecular basics of monogenic disorders and
their prevalence in different regions of the world is
an urgent issue of medical human genetics.

One of the diseases detected by selective
screening is congenital phenylketonuria (PKU),
which is a severe autosomal recessive disease caused
by a genetic deficiency of the enzyme phenylalanine
hydroxylase (PAH). Without enzymatic activity,
phenylalanine is not converted to tyrosine. Deficiency
of the PAH enzyme leads to a marked increase in
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the level of phenylalanine (substrate), decrease
in the level of tyrosine (product), appearance of
phenylalanine metabolites, such as phenylpyruvic
acid, phenyllactic acid and phenylacetic acid in
the blood and urine, violation of the formation of
tyrosine as well as adrenaline, norepinephrine and
melanin synthesized from it, and a violation of
tryptophan metabolism. A mutant gene in the PAH
locus located on the long arm of chromosome 12 in
the region q22-q24 [2] leads to the absence of PAH
activity [3]. The protein coding sequence (cDNA) is
approximately 90 kb long and consists of 13 exons.
Most pathological changes in the PAH gene are
single nucleotide substitutions, including missense
(64%), splicing (13%) and nonsense (6%) mutations
and neutral polymorphisms (6%) [4].

It was found that nearly 20 missense mutations
affect highly mutagenic CpG dinucleotides.
The remaining changes are the result of various
deletions or insertions. Currently, more than 490
different variants of the PAH gene have been found
with a high degree of variability and significant
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interpopulation variance. The R408W missense
mutation is the most common (major) PAH gene
mutation in European populations. The R408W
mutation leads to a severe form of PKU and reduces
enzyme activity to 1-2.7% [5], while the genetic
anomaly is associated with the replacement of C
(cytosine) with T (thymine) in exon 12, which leads
to the replacement of arginine with tryptophan at
position 408 of the protein PAH [6].

In order to determine the prevalence of PKU in
the Republic of Kazakhstan, the data on the mass
newborn screening conducted in Almaty from
1989 to 1996 was analyzed, according to which the
frequency of PKU was 1:6980, on average, with 80-
90% of examined infants. State program for screening
newborns for phenylketonuria and congenital
hypothyroidism was initiated in 2007. According to
the Republican Medical Genetic Consultation, the
incidence of PKU in Kazakhstan is one case per 1:22
500 newborns (Public Foundation “Help Today”).
According to the statistics of the public fund for
2019, almost 167 patients were registered with PKU
in Kazakhstan [7].

The disease begins to develop as soon as
phenylalanine enters the child’s body with mother’s
milk. Symptoms of PKU appear in the first year
of life, usually between 2 and 6 months of age.
Children with PKU appear healthy at birth, despite
the presence of such specific features as blond hair,
blue eyes, and dry skin [8]. The child’s lethargy,
lack of interest in the environment, sometimes
irritability, restlessness, regurgitation, problems with
muscle tone (often muscle hypotension), seizures,
and symptoms of allergic dermatitis are early signs
of the condition. There is a characteristic “mouse”
smell. Microcephaly (incomplete development of the
brain or abnormal smallness of the brain), delayed
static-motor and psychoverbal development are often
observed [9].

An effective treatment for PKU is diet therapy
based on food low in phenylalanine [10]. High degree
of dementia and severe mental disorders develop in
patients in the absence of a phenylalanine-free diet
from the first days of life due to the accumulation
and toxic effect of phenylalanine and its derivatives
on tissues and, especially, brain cells. Without
special therapy, the condition worsens slowly;
mental retardation usually reaches a severe degree
with 20 units on IQ test [10]. In the psychological
state of patients, there is a lack of development of
game and objective activity, illegibility of emotional
reactions, lack of expressive and vivid speech. Motor
stereotypes, aggressive movements, psychopathic or
schizophrenic states are possible.
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The diagnosis is based on a combination of
genealogical data, clinical and biochemical findings:

= possible consanguineous marriage of the
parents of a sick child;

= similar pathology in relatives;

= convulsions, impaired muscle
eczematous skin changes;

= hypopigmentation of hair, skin, iris;

= apeculiar “mouse” smell of urine;

= increase in the level of phenylalanine in the
blood > 2.1 mg/dL [11; 12].

Symptoms of the disease are practically removed
at the time of early detection and treatment. Such a
study helps prevent high-grade dementia and severe
mental disorders, as well as deaths due to long-term
monitoring of congenital malformations.

The aim of the work is a comprehensive study of
newborns with congenital phenylketonuria for which
enzymatic immunoassay, real-time PCR, tandem
mass spectrometry were applied.

tone;

Materials and methods

The object of research. Out of 5,293 newborns
screened at the genetic laboratory of LPP “Center
for Molecular Medicine” (Almaty, Kazakhstan) in
2019, two newborns were diagnosed with congenital
phenylketonuria. They underwent clinical studies,
including analysis of amino acids in blood, and
assessment of the quantitative content of pathological
metabolites of phenylalanine and tyrosine in
biological fluids. The PAH gene mutation was
analyzed by PCR and amino acid analysis, including
the spectra of phenylalanine and acylcarnitine, by
tandem mass spectrometry.

Methods of research. Neonatal screening was
conducted using the “Delfia Neonatal Phenylalanine”
kit (Perkin Elmer, Finland). Blood sampling for PKU
was carried out 3 hours after feeding, in full-term
newborns on the 2-3% day of life (25-72 hours of
life), in premature infants — on the 7-14™ day of life.
A few drops of blood were applied to a special filter
paper (Whatman 903, GE Healthcare Life Sciences,
Buckinghamshire, UK) used to collect biomaterial for
study of hereditary metabolic diseases. For newborn
blood spot screening, bloodstain samples in the form
of discs were transferred to the wells of microplates
with a V-shaped bottom, containing 15 mL of the
prepared extraction solution (for which three parts
of zinc sulfate were mixed with two parts of 90%
ethyl alcohol), and left at room temperature. After
incubation for 30-60 minutes on shaker (to ensure
that all disks were soaked in), 40 pL of deionized
water were consequently added to each well. Blood
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spots were freed with a needle. 50 uL of PKU reagent
(a bottle of dry PKU reagent was dissolved in 6.5
mL of PKU Reconstitution Buffer) were added and
incubated at 60°C for 30-40 minutes. 200 pL of copper
blue reagent solution were added and incubated at
the room temperature for 35 minutes. The analysis
was performed on an immunofluorescent analyzer
(Victor2™ D, Perkin Elmer, Finland) with the
“85PKU” program for automatic measurement and
calculation of results [13].

Isolation of genomic DNA from the peripheral
blood of the subjects was carried out using the
method of phenol-chloroform extraction. To do
this, distilled water was added to 100 pL of blood,
mixed and left for 15 minutes. Next, the sample
was centrifuged at 5,000 rpm for 10 minutes.
The supernatant was discarded and the cell pellet
was washed with saline-sodium citrate (SSC)
buffer, centrifuged again and the supernatant was
discarded. Then, 54 uL of 0.2 M sodium acetate and
6 uL of 10% SDS (sodium dodecyl sulfate) were
added to the pellet. The cell pellet was thoroughly
resuspended using a vortex and incubated for 30-
60 min at 37°C to destroy the cells. Two volumes
of Tris-EDTA (TE) buffer (single buffer of 10
mM Tris: 1 mM EDTA) were added and phenolic
deproteinization of the sample was carried out
with the aqueous phase (top layer) collected in a
clean tube without capturing the precipitate. The
same was repeated with a mixture of chloroform-
isoamyl alcohol to remove residual phenol. The
test sample was purified from proteins. To this 1/10
volume of solution IIT (3 M potassium acetate: 29
g potassium acetate, 11 mL glacial acetic acid and
60 mL distilled water, bring the volume to 100
mL) was added and stirred. DNA was precipitated
by adding the two and a half volumes of cold 96%
ethyl alcohol. Sample was placed in the freezer for
1-2 hours. The resulting sample was centrifuged for
10 minutes, then the supernatant was discarded. The
precipitate was washed with 70% ethyl alcohol. The
resulting DNA pellet was dried and dissolved in 20
pL of TE buffer. DNA isolated in this way was used
for PCR analysis [14].

PCR-analysis of mutations in the PAH gene was
carried out using commercial diagnostic kit PKU-
8L manufactured by LLC “Center for Molecular
Genetics” at the Moscow State Scientific Center of
the Russian Academy of Medical Sciences, Russia.
For the study, the diagnostic set of primers and
restrictases (DNA technology, Russia) were used
to determine common mutations in the PAH gene:
R408W, R261Q, R252W, 1VSI10-11, 1VSI2+1,
RI1580, P281L, IVS14+5. Amplification by PCR with
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addition of neonatal DNA was carried out according
to the kit instructions [15].

Tandem mass-spectrometry for quantitative
assessment of enzyme activity was conducted using
the NeoBase kit (Perkin Elmer, Finland) that includes
the NeoBase Flow solution and Extraction solution
and NeoLSD™ kit. To identify congenital metabolic
disorders, in particular, to detect elevated levels of
the amino acid phenylalanine, acylcarnitines, and free
carnitine with electrospray ionization tandem mass-
spectrometry (QSight™ 210 MD Screening system,
Perkin Elmer, Finland) was used. The material
for the study was capillary blood collected on a
special filter paper No. 903. This analysis allows the
measurement of 75 metabolites for the simultaneous
screening of 49 hereditary metabolic disorders [16;
19]. NeoBase™ amino acid assay kits and NeoLSD
enzyme kits were used [20; 21].

Results and discussion

Peripheral blood was obtained from 5,293 children
who passed newborn screening for phenylketonuria
as part of the healthcare genetic consultation in
January-December, 2019. The results of neonatal
biochemical screening for PKU (Table 1).

Table 1 — The number of tests and the re-tests of newborns for
congenital phenylketonuria

Months of The number of The number| Detected
No 2019 tests for congen}tal of the re- PkU

phenylketonuria tests newborns
1 |January 347 8 0
2 |February 405 4 1
3 [March 648 9 0
4 |April 328 2 0
5 |May 385 7 0
6 [June 431 2 0
7 |July 486 6 1
8 |August 307 2 0
9 |September 295 3 0
10 |October 585 5 0
11 |November 601 9 0
12 |December 475 11 0
13 |Total 5293 68 2

According to the results presented in Table 1,
s, both false positive and false negative results are
possible during the screening. In that case, the false
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positiveresultdetermined in 68 children, and they were
re-examined, thus the frequency of re-examination
estimated 1.2%. Data shows that a false-positive
diagnosis of congenital phenylketonuria is possible
in about 2% of cases during neonatal screening.
When a high level of phenylalanine was confirmed
in the retest from the primary dry blood spot of the
newborn, within 72 hours after receiving the first
result, the dry blood spot of the newborn was retaken
and delivered for re-analysis. Repeated dry blood
spots were delivered to the laboratory in a separate
envelope marked “Repeat PKU”. A new blood test
for a newborn baby was performed within 36 hours
of receiving the blood sample. The increased content
of the substance relative to the control with a double
re-examination suggests the presence of pathology.
As can be seen from Table 1, two newborns after a
second examination revealed data corresponding to
congenital phenylketonuria. According to the results,
the probability of having children with congenital
phenylketonuria per 10,000 was 2 cases, which was
10 times higher than the average for Kazakhstan (one
in 22,500) [7].

During the neonatal screening in 2019, only
two confirmed case of congenital phenylketonuria
were detected in newborns. The results of enzyme
immunoassay are presented in Table 2. Table 3
shows the reference values of the norm.

As can be seen from Table 2, the results of
neonatal screening and retest exceed the reference
values (Table 3) of the phenylalanine content in the
first newborn by more than 3.5 and 12.4 times. These
values for the second newborn were more than 6.3

Table 4 — Amino acid values of blood of two babies

and 10.8 times, respectively. PKU was diagnosed in
newborns based on enzyme immunoassay, including

clinical examinations.

Table 2 — The level of phenylalanine in the blood of two new-

borns
phzl?;lzlitl::gilnzfin The result of 1 — The result of 2 —
the blood newborn, mg/dL newborn, mg/dL
1 result 7.31 13.34
2 result (re-test) 26.20 22.86

Table 3 — Indicator level of congenital phenylketonuria [11; 12]

positive result

The level of The level of
Meaning phenylalanine in phenylalanine in
the blood, mg/dL | the blood, pmol/L
Potentially <21 <127
negative result ’
Unclear zone 2.1-3.0 127 - 182
Potentially =30 ~ 182

Conversion factor: 1 pmol/L to mg/dL equals 60

When

monitoring  treatment

and dietary

therapy, the values of phenylalanine for the first and
second newborn were 62.9 uM/L and 173 uM/L,
respectively, presented in Table 4. The concentration
of phenylalanine in two newborns varied within the

normal range of 20-265 pnM/L.

No. Amino acids Standard values, The result of 1 — The result of 2 —

uM/L newborn, pM/L newborn, pM/L
1 Alanine Ala 85-910 345 217
2 Arginine Arg 2-125 63 26.7
3 ASA-total ASA-total - 0.54 0.19
4 Citrulline Cit 4-280 19.9 234
5 Glutamine Gin - 50 555
6 Glutamate Glu 62 —-615 338 127
7 Glycine Gly 95— 945 408 220
8 Leucine Leu 35-380 191 93.5
9 Methionine Met 6155 33.1 9.55
10 Ornithine Orn 22 -405 118 64.1
11 Phenylalanine Phe 20 —265 62.9 173
12 Proline Pro 30 -490 167 131
13 Tyrosine Tyr 15-235 76.9 64.1
14 Valine Val 45-430 178 136
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Subsequently, studies were carried out on the
content of pathological metabolites of phenylalanine
in biological fluids, the determination of PAH gene
mutations using PCR methods and tandem mass
spectrometry (determination of the spectrum of
acylcarnitines, amino acids).

To clarify the clinical diagnosis of newborns,
a molecular genetic study was performed for
the presence of mutations in the PAH gene —
phenylalanine hydroxylase among the eight most
common mutations R408W, R261Q, R252W,
1VS10-11, IVSI2+1, R158Q, P281L and IVS14+5.
The material for the study was DNA isolated from
peripheral blood according to the standard method.
Allele-specific ligation followed by amplification
and registration of results in a polyacrylamide gel
in both newborns revealed R408W mutations in the
heterozygous state. It was discovered 93 base pairs
fragment along with a fragment of 89 base pairs
corresponding to the norm (Figure 1).

$ibp.

Figure 1 — Electrophoregram of two newborns.
Note: 1 — control DNA; 2-DNA of newborns;
b.p. stands for base pairs

Itshould be noted that, in order to detect congenital
phenylketonuria and confirm the diagnosis, except
mass screening and molecular genetic analysis,
newborns with congenital phenylketonuria need to
undergo an additional examination, since they are
predisposed to diseases. An additional examination
should include an analysis of the spectrum of
amino acids and acylcarnitines by tandem mass
spectrometry for hereditary metabolic diseases. When
the possibility of a metabolic disorder is identified,
certain key metabolic screening tests should be
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performed. These tests include plasma amino acid
analysis. The amino acid profile may be indicative
of a specific metabolic disorder causing neonatal
disease, i.e., an increased or decreased amino acid
content may indicate the presence of genetic diseases.

Based on the study of the spectrum of amino acids
and acylcarnitines by tandem mass spectrometry,
according to its multi-parametric nature, was made an
analysis of the metabolism of amino acids, carnitines,
organic acids to defects in 3-oxidation of fatty acids
and the amount of enzymes that accompany Gaucher’s
disease  (deficiency of 3-glycocerebrosidase),
Niemann-pick (deficiency of sphingomyelinase),
Krabbe (galactocerebrosidase deficiency), type 1
mucopolysaccharidosis  (iduronidase deficiency),
Fabry (alpha-galactosidase deficiency), Pompe
caused by alpha-glucosidase enzyme deficiency [22].

Tandem mass spectrometry has the advantage
of being able to determine the ratio of substrate
concentration to its product concentration in a
single sample, in this case the ratio of phenylalanine
concentration to tyrosine concentration. The results
of the study showed that the ratio of the concentration
of phenylalanine to tyrosine was within the normal
range and amounted to 0.82 pM/L in the 1st newborn,
and 2.69 uM/L in the 2nd newborn (it is important
to mention that the reference ratios of phenylalanine
to tyrosine are 0.25 — 6.5 pM/L). The remaining
indicators of the ratios of the components are shown
in Table 5. Table 6 presents the data of the analysis
of the metabolic test for carnitines in both newborns.

As can be seen from Table 6, the results of
the metabolic test for carnitines in both newborns
corresponded to the reference value. Along with free
carnitines, observed the presence of several types of
other carnitines, including acetyl, propionyl, malonyl,
butyryl, methylmalonyl, isovalerylcarnitine, etc.
Also, studied the breakdown of lysophospholipids,
nucleosides, ketones, resulting in the formation of
the energy, which is necessary for the life of the cell
(Table 7).

Each step of the oxidation process is carried out
under the action of specific enzymes. In the absence
of one of the enzymes, the process is disrupted. The
results of the study did not show data for hereditary
aminoacidopathy, carnitines, organic aciduria and
defects in mitochondrial B-oxidation of fatty acids.

Data for impaired enzymatic activity for
the following lysosomal storage diseases:
Gaucher disease, Niemann-Pick disease, Pompe
disease, Krabbe disecase, Fabry disease and
mucopolysaccharidosis type I were also not detected
in two newborns (Figure 2).
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Table 5 — The amino acid ratio indicators of two newborns

Ratio: Standard values, uM/L 1 7£2:V{$;11’t Slf/l L ) 7T12:VEZS;1} 31{4 L
Phenylalanine/Tyrosine 0.25-6.50 0.82 2.69
Leucine/Phenylalanine 0-3.65 3.03 0.54
Methionine/Leucine 0.02-0.47 0.17 0.10
Methionine/ Phenylalanine 0.04 -0.70 0.53 0.06
Tyrosine/Leucine - 0.40 0.69
Tyrosine/Methionine - 2.33 6.71
Citrulline/Arginine 0-5.56 0.32 0.88
Valine/ Phenylalanine 0-3.00 2.83 0.79
Citrulline/ Phenylalanine 0.10 - 0.67 0.32 0.14

Table 6 — The values of carnitines of two newborns
Types of carnitines: Standard values, puM/L - Eiz;iom’ 2- Eiz;om’
Carnitine free CO 8.0-155.0 36.40 43.4
Acetylcarnitine C2 6.0-55.0 11.40 18.7
Propionylcarnitine C3 0.16 - 6.50 0.91 2.51
Malonylcarnitine C3D3 0-10.40 0.07 0.12
Butyrylcarnitine C4 0-1.10 0.23 0.44
Methylmalonyl C4DC 0-17.0 0.76 0.40
Isovalerycarnitne C5 0-0.70 0.14 0.12
Tiglylcarnitine C5:1 0-0.15 0.01 0.01
Glutarylcarnitine C5DC 0-6.99 0.12 0.08

Table 7 — The values of lysophospholipids, nucleosides, and ketones by TMS (MS/MS) of first and second newborns

Results: 1 — newborn, pM/L 2 —newborn, pM/L
Lysophospholipids:
Lysophosphatidylcholine C20:0 0.65 0.63
Lysophosphatidylcholine C22:0 0.49 0.14
Lysophosphatidylcholine C24:0 0.55 0.26
Lysophosphatidylcholine C26:0 0.19 0.14
Nucleosides:
Adenosine 0.35 0.3
2-deoxyadenosine 0.02 0.02
Ketones:
Succinylacetone 0.39 0.18
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Figure 2 — The amount of specific enzymes in the body in two newborns

Blood donation for immunofluorescence
analysis and genetics visits remained mandatory
for both newborns once a month, regularly.
Every three weeks they had to donate blood for
examination. This prevented the complications of
innate phenylalanine and allowed control over the
amount of phenylalanine they had to consume. The

>
/

<

/
™
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normal amino acid content is 2.1 mg/dL. Values
greater than 2.1 mg/dL represent an increased risk
of developing phenylketonuria. Figures 3 and 4
show measurements of phenylalanine in a blood
sample for two newborns, respectively. The content
of phenylalanine in both newborns showed a steady
but significant increase over this period.

—a— Concentratnon of pheny lalamne me ‘dL

Figure 3 — Distribution of phenylalanine content
in the 1% newborn for 2020

It should be noted that in the process of monitoring
sharp fluctuations in content of phenylalanine in
the process of development were observed in sick
children.

According to the Order of the Ministry of
Healthcare of the Republic of Kazakhstan No.
105 from March 14, 2018 “On amendments to the
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order of the Minister of Healthcare of the Republic
of Kazakhstan No. 666 from August 29, 2017 “On
approval of the List of medicines and medical devices
to provide citizens within the guaranteed volume of
free medical care and in the system of compulsory
social health insurance, including certain categories
of citizens with certain diseases (conditions) free
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and(or) subsidized medicines, medical devices and
specialized medical products at the outpatient level””
Phenylketonuria section includes therapeutic low-
protein products and products with low phenylalanine
content: Komida med PKU-formula + LCP (11.8 g
protein per 100 g); Komida med PKU — B (31.1 g of

protein per 100 g); Komida med PKU C —45 (45 g of
protein per 100 g); PKU-3 (69 g protein per 100 g);
Komida med PKU C-75 (75 g of protein per 100 g);
PKU-0 (13 g protein per 100 g); PKU-1 (20 g protein
per 100 g); RAM-1 and RAM-2 (75 g of protein per
100 g); Isifen (16.8 g of protein in 1 pack) [23].

—eo— Coancenation of pheny lalanine mz/AL

Figure 4 — Distribution of phenylalanine content
in the 2" newborn for 2020

Since good metabolic control in childhood is
necessary to prevent cognitive impairment in PKU,
it is recommended to treat patients with corrected
phenylalanine concentration during the first 12
years [24]. Collaborative study for PKU revealed
that discontinuation of diet control correlated with
decreased school performance in children and
increased behavioral and psychosocial problems in
adults [25].

A comprehensive examination of newborns
with congenital phenylketonuria will allow timely
treatment of critical conditions and metabolic
disorders, which will enable them to grow and
develop healthy. However, they must be under
constant medical supervision, and at the first suspicion
of a developmental disorder, complex treatment is
required, designed to reduce acute symptoms.

Since one ofthemaintasks of medicineis diagnosis
of genetic pathologies in newborns, a lot of journals
and articles have been written in this area, which
have a specific purpose and a certain similarity. The
significance of our work is a first time comprehensive
study of phenylketonuria in newborns after mass
neonatal screening. Also studying besides neonatal
screening and PAH gene mutation, other number of
enzymes, which are the causes of lysosomal storage
diseases. Our data on the prevalence of PKU can
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be used to assess the genetic state of the Republic
of Kazakhstan. The frequency of PKU according to
our mass screening of newborns in Almaty is 2 cases
per 10,000, and this is at the level of the average in
Almaty 1 case per 6,980. In both studies, the most
frequent mutations were R408W, which indicates the
similarity of the results of our analysis.

The frequency of mutations in the phenylalanine
hydroxylase gene varies in unrelated children
diagnosed with PKU [26]. The R408W mutation is
considered as more typical for Eastern European
countries (47.9%) [27].

The average frequency of congenital
phenylketonuria varies between 1:10,000 and 15,000
newborns. It varies from country to country, e.g.
1: 4,370 in Turkey and 1: 100,000 in Japan [28].
In addition, among cities of even one country the
indices can differ: in Kazakhstan, the number equals
to 1:22,500 and in Almaty is equal to 1:6,980 [7].

As mentioned by Levy et al. [15], despite the
assumption of a normal newborn screen, it is vital to
acknowledge the possibility that a child will may have
metabolic illness or a related disorder. As a result,
testing for all relevant metabolic diseases, including
those covered by molecular-genetic analysis, should
be included in the evaluation of newborns. In the next
work [29] have been highlighted, that the second
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sample should be taken if a high phenylalanine level
is identified in a newborn screening sample. The
latter has the advantage of being able to analyze all
amino acids accurately and is preferred when the
first phenylalanine is significantly elevated (e.g.,
above 2.1 mg/dL) [11; 12]. Catabolism can cause an
increase in phenylalanine levels in premature and/
or severely sick newborns. Under these conditions,
it is advised that a full analysis of all amino acids be
performed for a limited period of time

Our work emphasize the importance of expanding
“Neonatal medicine” for the early detection of many
inborn metabolic errors and making decisions to
provide effective treatment and a good results at the
end.

Conclusion

One of the main tasks of practical medicine is
the diagnosis of hereditary pathologies. The study
of the biochemical and molecular-genetic aspects of
hereditary diseases is a comprehensive solution to
the urgent problems of elucidating the etiology and
pathogenesis of this group of diseases. In this regard,
in particular, the timely detection of newborns
with congenital phenylketonuria remains an urgent
problem. As practice shows, a case of late diagnosis
can be the cause of severe irreversible developmental
disorders of the child. With timely effective treatment,
children with this disease do not differ from their
peers, develop according to age and study in regular
schools. This is possible with neonatal screening,
appropriate therapy and proper monitoring of the
newborn.

The success of treatment is mainly determined
by the extent to which the parents of a sick child
have realized the importance of diet therapy, and
how strictly they carry it out. The child needs to
constantly monitor the content of phenylalanine in
the blood, and, depending on laboratory parameters,
adjust the composition of those products that, on the
one hand, will not increase the level of phenylalanine,
and on the other hand, ensure the normal growth and
development of the child.

The most important aspect to consider in
congenital phenylketonuria — is the psychological
aspect. The transition to adulthood — is a period
of high risk for patients with PKU. Difficulties are
exacerbated by the need to adhere to dietary therapy,
there is a risk of loss of metabolic control and a high
risk of a complete loss of medical supervision. In
this regard, it is necessary to organize psychological
support for the families of patients, which should
begin from the moment a sick child appears in the
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family. Without effective support, many of the
benefits gained during early treatment may be lost in
adulthood [30].

The results of the study allow us to draw the
following conclusions:

1. Neonatalscreening of’5,293 newbornsrevealed
two newborns with congenital phenylketonuria: the
concentration of phenylalanine in the dry blood spot
in the 1** newborn was 7.31 mg/dL, in the retest 26.20
mg/dL, in the 2" newborn the level of phenylalanine
was 13.34 mg/dL in retest 22.86 mg/dL.

2. In these two newborns the R408W mutation
in PAH gene was detected in the heterozygous state.

3. After appropriate dietary therapy, the
concentrations of phenylalanine in the blood of the
observed newborns decreased to their reference
value — 62.9 pM/L in the 1 newborn and 173 uM/L
in the 2™ newborn.

4. The ratio of phenylalanine to tyrosine was
0.82 uM/L in the 1% newborn, and 2.69 uM/L in the
2" newborn.

5. The results of additional studies showed no
data for hereditary aminoacidopathy, organic aciduria
and defects in mitochondrial B-oxidation of fatty
acids. In addition, there were no data for violations
of enzymatic activity for the following lysosomal
storage diseases: Gaucher disease, Niemann-Pick
disease, Pompe disease, Krabbe disease, Fabry
disease and mucopolysaccharidosis type 1.

For early detection and effective treatment
of congenital phenylketonuria, along with mass
screening and molecular genetic studies to confirm
the diagnosis, it is recommended to conduct additional
studies on metabolic disorders in newborns with an
established diagnosis due to their predisposition to
disease.
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