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ABSTRACT

Aim of work: The aim of this study is to
explore epidemiological and clinical
situation of phenylketonuria among children
in Fayoum governorate and to assess the
current state of PKU screening and
management.

Patients and Methods: This study was
conducted with 2 approaches; a retrospective
approach related to the recorded data of
phenylketonuria cases on Fayoum
governorate and a cross sectional approach
to complete history taking and examination
of the cases.

Results: From 9/2015 to 9/2017, 229547
newborns in Fayoum were screened for PKU
with screening coverage rate of 98.8%. Out
of 61 mothers of the 71 PKU cases, 49/61
(80.3%) reported consanguineous
marriage,19/22 (86.5 %) of them showed

1.INTRODUCTION

Phenylketonuria (PKU) is an autosomal
recessive metabolic disorder characterized
by a dysfunctional or absent enzyme,
phenylalanine hydroxylase (PAH), which is
responsible for the metabolism of the
amino acid phenylalanine (Phe). With little
to no functional PAH, Phe accumulates in
the blood and brain of individuals with PKU
(De Groot et al ., 2010)®"
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appearance of PKU (fair complection of
skin, hair and iris), As regards neurological
examination, 13/65 (20.0 %) had delayed
speech.

Conclusion and recommendations:
Incidence of PKU among screened neonate
in Fayoum governorate was high which
implicates the importance of NBS program
for early detection of PKU cases before
appearance of manifestations.
Consanguinous marriage was found in most
cases of PKU. Health education specially for
those living in rural area as regard the role of
consanguineous marriage and family history
as a risk factor of PKU is an important issue.

KEY WORDS: phenylketonuria,

phenylalanine, PHE free formula,
epidemiology of PKU.

Newborn screening (NBS) is a public
health measure aimed at identification of
early cases, management of afflicted
infants, and making efforts to reduce
morbidity and mortality among newborns.
NBS is a comprehensive system of
education, screening, follow-up, diagnosis,
treatment/management, and evaluation,
which should be institutionalized and
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consolidated in the public health system of a

2.PATIENTS AND METHODS:

This study was conducted with 2
approaches; a retrospective approach related
to the recorded data of all phenylketonuria
cases registered in Fayoum governorate (74
cases), in the period from September 2015 to
September 2017, and a cross sectional
approach to complete history taking (from
71 cases) and examination of the cases (65
cases).

2.1Study population:

The study included cases diagnosed as
phenylketonuria according to the following
eligibility criteria.

Inclusion criteria:

e All Cases of PKU diagnosed in
Fayoum governorate either diagnosed by
national newborn screening program or
diagnosed lately after suspicion clinically
or by family history.

e Inthe period from September 2015 to
September 2017.

Exclusion criteria:
e Cases diagnosed in Fayoum and not
belong to Fayoum governorate.
e Cases diagnosed before or after the
period between September 2015 to
September 2017.
e Cases aged more than eighteen years
old.

2.2 Data collection:
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country (Padilla et al., 2010)®"

Data were collected by 3 methods as
shown in figure (1)

. Available records of all cases (N=74) as

regards:
e Method of discovering (from screening
program or late diagnosis)
e Socio-demographic data
e Age at diagnosis
o Serial laboratory investigations of
phenylalanine and tyrosine levels
Pre-designed structured Questionnaire :

. form for mothers of cases (N=71), either by

interview with mother or by telephone,
which covered,;
o Data to confirm data collected from
records; Socio-demographic, age at
diagnosis
e Perinatal history
e Complaint at diagnosis &
developmental history
e Neurological history
o Nutritional history
o Data about feeding and growth
situation .

. The cases who could reach (N=65) were

subjected to examination by the
investigator and observed manifestations
were written down in an examination
template including;
e  General examination & anthropometric
measurements.
e  Systemic examination.
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All recorded patients
(n=74)

Could not reach
(n=3)

Refuse treatment
(n=1)

Negative after serial Phe
(n=2)

Could give history

(n=71)
]

1
By telephone

(n=6)

Infant was dead

(n=4)
Live outside Fayoum :
(n=1)
Could reach to complete examination
stop follow up (h=65)
(n=1)

Figure (1) Flow chart showing study patients and different data collection methods and
tools

3.RESULTS

This study included children diagnosed as Section II: History taking from 71 cases of
PKU and recorded in the national registry of PKU.

PKU in Fayoum governorate from (9/2015 to ) o o

9/2017). The results of this work will be Section I1I: Clinical examination of 65 cases
presented into three sections: of PKU.

Section I: Recorded data of all registered 3.1 incidence:From 9/2015 to 9/2017,

cases (74 cases of PKU). 229547 newborns in Fayoum were screened
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for PKU with screening coverage rate of
98.8%. Out of them, 59 were diagnosed as
PKU with incidence rate of 2.6 per 10000.
Incidence rate during 2015, 2016 & 2017
was 2.1, 2.6 & 2.8, respectively. Median age
of diagnosis for screened neonates was 7

3.0 : 88.5 g3l - 100.0
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days with mean £ SD of 8.1 + 3.3.
Moreover, during this period, 15 cases were
diagnosed as PKU very late. Their median
age was 6 years with mean £ SD of 7.1+ 5.1,
figure (2).

Figure (2) Coverage of PKU neonatal screening and incidence of PKU among screened

neonates

3.2 Socio-demographic characteristics of
children with PKU (N=74)

Males 39/74 (52.7 %) were more than
females 35/74 (47.3 %) with male to female
ratio = 1.1:1. Median age at time of the study
is 1.5 years with mean £ SD of 2.4 + 2.9. As
regard of residence, 71/74 (95.9 %) were
from rural area while 3/74 (4.1%) were from
urban area. Most cases lived in Etsa District
33 (44.6%) following by Tammyia 15
(20.3%), Sinoris 12 (16.2%) and 6 cases
(8.1%) reported from Fayoum and Yousef El
sedique. Only, 2 cases (2.7%) reported from
Abshawi.
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3.3 According to Phe level at diagnosis, data
were available for 61 cases only. Out of
them, there were 34 (55.7 %) cases with
Hyperphenylalaninemia, 13 cases (21.3%)
with mild PKU, 7 cases (11.5%) diagnosed
as moderate PKU and 7 cases (11.5 %) as
classic PKU.

3.4 As regarding Phe level at diagnosis,
median was 491.30 pumol\L with mean+SD
of 589.83+£550.41. Median tyrosine level at
diagnosis was 72.06 umol\L while mean+SD
was 100.25 +£125.54. According to Phe\Tyr
ratio, Median was 8.86 with mean+SD of
10.98 +8.38 as showed in figure (3)
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Figure (3) PHe, tyrosine and PHe/tyrosine ratio at diagnosis of children with PKU

3.5 As regarding motor developmental
history, 28/71 (39.4 %) patients had history
of motor delay. Delayed head support was
reported in 21/71 (29.6 %), delayed sitting in
28/71 (39.4 %), delayed crawling in 25/71
(35.2 %), delayed standing 23/71 (32.4 %),
delayed walking in 17/71 (23.9 %).

3.6 According to mental developmental
history, 23/71 (32.4 %) patients had history
of mental delay. Delayed social smile was
reported in 11/71 (15.5 %), delayed
recognition of mother in 18/71 (25.4 %).

3.7 History of association with other
diseases was positive in 1/71 (1.4%) because
of hypothyroidism

3.8 The data revealed that 15/71 (25.1 %) of
patients had history of convulsion with 9/15
(60 %) had history of repeated convulsions
while 6/15 (40 %) experienced one attack of
convulsion. Also, Abnormal movements was
found in 7/71 (9.9 %) of patients. As well as,
behavioral disorders was reported in 39/71
(54.9 %). The most frequent behavioral
disorders were nervousness 23/37 (59.0%),
nervousness & excessive crying 9/37 (23.0
%), autism in 2.6% and ADHD in 2.6%.

3.9 As regarding history of manifestations of
skin and soft tissue; eczema was found in
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36/71 (50.6%) of patients. Also, fair skin
was reported in 27/71 (38.0 %) of cases. Iris
color was blue, green and grey in 21/71
(29.6 %) of cases. As well, 50/71 (70.4 %)
of cases had history of musty odor

3.10 nutritional disorders and feeding related
problems were found in 13/71 (19.3 %) of
cases; in the form of repeated vomiting in
8/13 (61.5 %), anemia in 4/13 (30.8%), and
hypocalcemia in 1/13 (7.7 %). Regarding
weight gain, 6/71 (8.5 %) of cases failed to
gain their weight, Teething normal in 74.6%
and in 25.4 % not yet (i.e not teething delay).

3.11 Breast feeding was reported in 54/71
(76.1 50), artificial feeding (standard
formula) was stated in 16/71 (22.5 %),
mixed breast and artificial was found in 1/71
(1.4 %), 70/71 (98.6 %) had history of 3.12
PHE free formula intake; 5/70 (7.1 5) of
cases discontinued due to improvement,
while 2/70 (2.9 %) discontinued due to
incompliance. As regarding to low PHE diet,
it was reported in 47/71 (66.2 %) of cases.
As well, 19/71 (40.8 %) had history of
taking nutritional supplementation in the
form of iron, vitamin D and calcium as in
figure 4
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Figure (4): Type of feeding during infancy in children with PKU (N=71).

4.DISCUSSION

4.1 Incidence rate in fayoum governorate
during 2015, 2016 & 2017 was 2.1:10000,
2.6:10000& 2.8:10000, respectively while
identified incidence rate in the country as a
whole by 1 per 7500 (i.e. 1.3 in 10000)
from the start of national newborn screening
program so fayoum governorate has a high
incidence rate while Scriver and Kaufman.,
2001® reported incidence of PKU by
population, the highest incidence in turkey
(2.6 : 10000), then Yemenite Jews (in Israel
1,8 :10000) then Arabic population (up to
1:6000) and the lowest incidence in Finland
(0,05: 10000), Japan (0,08 :10000), in
comparison to our study Fayoum are in
average incidence as in turkey.

4.2 Cases who diagnosed lately in this
current study were 15, the diagnosis
occurred after diagnosis of relatives (sister,
brother, cusins ) by NBS in most of cases
(10 cases ) which describe the importance of
NBS, Past history of neurological drugs
administration specialy who lately diagnosed
as they almost misdiagnosed as cerebral
palsy or epilepsy . The same situation occur
in the study conducted by Eshraghi et al.,
2010® who reported that The main reason
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behind delayed diagnosis in the Mexican
study was reported to be the absence of
routine screening programs in the health care
system. After 2006, a national routine
screening program was included for PKU in
Mexico after which the number of early-
detected patients noticeably increased.

4.3 In our study there was association of
PKU with behavioral abnormalities as
autism, while Gillberg et al., 2016
reported that there is a need for caution in
interpreting the significance of similarities or
co-morbidities among autism spectrum
disorder (ASD) and the behavioral
phenotypes of ASD and PKU.

4.4 As regard to type of feeding during
infancy : breast feeding was 76.1%, artificial
feeding (standard formula) was 22.5 %,
mixed breast and artificial was 1.4 %. This is
not in agreement with Banta-Wright et al.,
2012 Y who reported that diet has been the
main focus of treatment and mothers were
advised against breastfeeding infants,
although breast milk is lower in
phenylalanine than most formulas.
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5.CONCLUSIONS

This study revealed the following
conclusions:

Incidence of PKU among screened neonate
in fayoum governorate was high in
comparison of the country as a whole, The
coverage of the neonatal screening for PKU
was high and showed no change in its
strength by time, Consanguinous marriage
was found in most cases of PKU and all
families included in family pedigrees
revealed consanguinity, The most frequent
complaints among those with delayed
diagnosis were mental and motor delay, The
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