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Abstract

Phenylketonuria (PKU) is an autosomal recessive disease due to a deficiency in phenylalanine hydroxylase that converts
phenylalanine to tyrosine; this deficiency will lead to serious consequences like mental retardation. The purpose of this study
was to establish a cutoff value of phenylalanine for the Palestinian neonates and to determine the incidence of PKU. A
retrospective cohort study was carried out using data obtained from the Palestinian Central Public Health Laboratory
(CPHL). During 2017, a total of 75,744 dried blood specimens had been tested for PKU using IBL international Kit with an
enzymatic colorimetric principle. The data was analyzed using Receiver Operating Characteristics (ROC) curve to obtain the
cutoff value of phenylalanine for PKU. Descriptive statistics and independent sample T-test were also used in the statistical
analysis. ROC curve analysis revealed blood phenylalanine cutoff value of 3.3 mg/dL with 100% sensitivity and 99.A%
specificity. Among the 75,744 tested, 27 were positive (incidence rate of 35.6 per 10° newborns per year), 16 (59.3%) males,
and 11 (40.7%) females. The cut off value (3.3 mg/dL) established in this study can be used with strong confidence, so we
recommend that this value be adopted and used in Palestine.
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these dangerous symptoms will become apparent in the

1. Introduction

Phenylketonuria (PKU) is an autosomal recessive
disease due to a mutation in the gene responsible for the
production of phenylalanine hydroxylase (PAH) found on
chromosome number 12. This enzyme converts
phenylalanine (which is an essential amino acid important
in the protein synthesis in the body) into Tyrosine (which
is also an amino acid produced by the body used to
support energy and motivation, promotes focus and mental
clarity and improves mood and stress response) (Schuck et
al., 2015). Tyrosine is also the precursor of catecholamine,
melanin and thyroid hormones (Figure 1). So, deficiency
in PAH enzyme or its absence will cause phenylalanine
build up in the infant's body leading to mental retardation,
organ damage, abnormal posture and pale skin (Schlegel et
al., 2016). The damage is unfortunately irreversible, and
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Figure 1. Phenylalanine metabolism pathway in Phenylketonuria.

first weeks of the infant's life (van Wegberg et al., 2017).

This disease is considered an inborn error of
metabolism where blockage of phenylalanine metabolism
leads to the alternative pathway where phenylalanine is
converted into phenylpyruvate and phenylacetate which
are excreted by the kidney and seen in the urine, which is
why it is called Phenylketonuria (PKU) (Williams et al.,
2008) and was first discovered by Asbjorn Folling
(Folling, 1994).

There are 3 types of PKU disorders based on
phenylalanine concentration in the infant’s body: classic-
type 1 with a concentration of >20 mg/dL, type 2 with a
concentration of 10-20 mg/dL, and benign-type 3 with a
concentration of <10 mg/dL (Hanley, 2004; Williams et
al., 2008).
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Sample collection time for PKU screening differs
depending on the method used, but most methods agree
that it should not be less than 24-hours in order to
differentiate between phenylalanine levels in those who
are healthy and those who potentially have the disorder
when quantitative methods are used, and 72-hour is
believed to be the best time for testing because the baby
will have got the appropriate amount of phenylalanine
from the breastfeeding (van Wegberg et al., 2017). Several
methods can be used in PKU screening, such as Bacterial
Inhibition Assay (Guthrie method) (Guthrie & Susi, 1963),
Enzymatic  Colorimetric  method, Tandem Mass
Spectrometry, enzymatic Fluorometric method, and newly
emerging Molecular Methods (Blau et al., 2014; Borrajo,
2016; Williams et al., 2008).

This disease can be controlled by following a low
phenylalanine diet; a restricted diet composed of less than
usual breastfeeding along with formula milk free of
Phenylalanine should be used to make sure the infant gets
sufficient amount of Phenylalanine required for normal
growth and development without causing harm (Kose et
al., 2018), or a milk formula with a little amount of
Phenylalanine could be used alone but never breastfeeding
alone (NIH, 2019).

According to a meta-analysis study done in European
countries, patients with Phenylalanine concentration below
5.95 mg/dL should remain untreated as this concentration
will not cause any symptoms to appear and has no effect
on neurons. However, patients with Phenylalanine
concentration below 5.95 mg/dL should be followed up
and monitored during the first year of life because of the
possibility of blood phenylalanine concentration increasing
with age. So, according to this study, 5.95 mg/dL is
considered as the upper target phenylalanine concentration
(van Wegberg et al., 2017). Some studies recommended a
restricted diet for life (Guest et al., 2013; Merrick et al.,
2003), while another study recommended a restricted diet
until adulthood (Williams et al., 2008). Mothers having
PKU should follow a restricted diet during pregnancy in
order to prevent building up and accumulation of
Phenylalanine in infant's body causing fetal damage
(Manta-Vogli & Schulpis, 2017).

Since there is no specific PKU cutoff value of
Phenylalanine for the Palestinian population, the CPHL
that performs this test for all Palestinian neonates from
West Bank uses a cutoff value specified by the PKU
neonatal Screening Assay Kit by IBL International,
Germany (3 mg/dL). However, due to variations in the
PKU cutoff values of Phenylalanine in different countries,
the cutoff value used should be examined. Therefore, the
purpose of this study was to establish a cutoff value of
Phenylalanine for PKU in the West Bank - Palestine and to
determine its incidence.

2. Methodology

A retrospective cohort study was conducted using a
data for 75,744 specimens obtained from the CPHL (which
is the only laboratory in the West Bank that screens for
PKU). These specimens were tested for PKU in 2017, the
method used for testing was an enzymatic-colorimetric
method using (PKU) neonatal Screening Assay kit
(RE80015 / RE80019, IBL International, Germany), with

no cross-reactivity with the typical substance tested
(analytical specificity), 1.55 mg/dL for functional
sensitivity (limit of detection). Blood samples were
collected between 24 to 72 hours after birth. Regarding
linearity, samples showing concentration above the highest
standard should be calculated from the linear curve by
multiplying the standard used by two. Sample dilution is
not recommended because blood presents an endogenous
phenylalanine concentration and matrix effects of other
substance cannot be excluded according to the kit used.

Blood for testing was obtained from the heel prick of
the infant into a cellulose filter paper. A 5-mm spot
puncher was used to punch filter paper and get a blood
spot, then phenylalanine on the spot paper was eluted with
trichloroacetic  acid (TCA  3%). Phenylalanine
dehydrogenase was added to transform phenylalanine into
phenylpyruvate and to reduce NAD+ to NADH, then a
substrate -Tetrazolium Salt- (yellow) was added and
transformed into violet substrate Formazan by the reduced
NADH. The color intensity of Formazan was measured
using a spectrophotometer at 570 nm.

The CPHL applies the procedure specified in the IBL
kit, a concentration of 2.5-2.9 mg/dL is considered a gray
zone and it should be repeated to make sure of the result. If
the concentration is above 3 mg/dL after repetition, a new
sample should be collected and analyzed again, if it's also
above 3 mg/dl it's considered positive. If any sample either
a new one or the first one after repetition is below 3
mg/dL, it is considered negative.

3. Ethical approval

The study was a records-based, and there was no direct
intervention involvement with patients. However, Data
collection forms issued by Palestinian Ministry of Health
that include ethical considerations were filled and signed.

4. Statistical Analysis

Data was processed using IBM Statistical Package for
Social Sciences (SPSS) version 23 and MedCalc program
version 15.8. Receiver Operating Characteristics (ROC)
curve analysis was used to calculate the cutoff value.
Descriptive statistics were used to assess the percentages
while independent sample t — test, paired sample t — test,
and Fisher’s Exact test were used for inferential statistics.
P-value <0.05 was considered statistically significant.

5. Results

A total of 75,744 specimens were included in this study
from all Palestinian newborns in West Bank region during
2017, from which the results of 1915 specimen were
repeated for at least once based on the current
methodology adopted by CPHL in Palestine. Among the
whole cases, 27 were PKU positive with an incidence rate
of (35.6 per 10° newhorns per year); comprising 59.3% of
males and 40.7% of females. This gender difference was
statistically insignificant (p=0.108).

The cutoff value obtained by the ROC curve analysis
was 3.3 mg/dL with an optimal sensitivity (100%) and
specificity (99.A%). Figure 2 shows The Area Under the
ROC Curve (AUC) which was found to be 1 (Confidence
interval: 1 - 1).
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Figure 2. ROC curve analysis to establish the Phenylalanine
cutoff value for PKU in the West Bank — Palestine.; AUC: Area
under the Curve

Among specimens obtained, 75,576 (99.8%) were
found to be true negative (TN), with 1.6 + 0.467 mg/dL
(mean £SD). A value of 2.6 mg/dL was the most common
(mode) among negative results, with a frequency of 397.
Figure 3 shows Phenylalanine test results distribution
among PKU true negative cases.
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Figure 3. PKU test results distribution of Phenylalanine test
results for PKU true negative cases among tested neonates.

However, 141 (0.2%) were found to be false positive
(FP) as shown in Table 1. These numbers of TN and FP

were obtained according to the calculated cutoff value of
3.3 mg/dL. Regarding true positive results, the highest
value obtained was 29 mg/dL while the lowest value was

3.4 mg/dL.
Table 1. Frequency of PKU test result for False Positive and True
Positive cases among tested neonates

Phenylalanine

No. of FP cases No. of TP cases
Concentration (mg/dL)

33-49 125
50-6.9
7.0-89
9.0-10.9
11.0-12.9
13.0-14.9
>15.0

= ONO MO

Total 141 27

PKU: phenylketonuria; FP: false positive; TP: True positive

The mean of Phenylalanine values for PKU true
positive cases from the first sample without any repetition
was 12.25 while the mean after retesting the first sample
was 12.30 (p=0.89), while the mean of Phenylalanine
value on a second sample that is collected after 10 days
from the first one was 15.85 mg/dL. On the other hand,
there was a sharp decline of mean Phenylalanine values
from 4.05 to 2.52 for False positive results between the
results of the first sample and the retesting of it (P <0.001).

Based on the 3.3 mg/dL cutoff value estimated by this
study, the cutoff value usually used by CPHL in the West
Bank (>2.5 mg/dL) to distinguish positive from negative
cases could be changed to a new one with much less false
positive cases (141 case) than the usually estimated
number (1888 case) (Figure 4).
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Figure 4. PKU Positive Cases identification based on a cutoff value of > 3.3mg/dL for Phenylalanine
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6. Discussion

The incidence rate of PKU in the West Bank of
Palestine in 2017 was 35.6 per 10° newborns (1 : 2800)
less than that in Turkey (1:2600) but Larger than average
Arabian countries (1:6000) (Williams et al., 2008). No
significant incidence difference was found between males
and females; this could be due to PKU being an autosomal
recessive inherited disorder and not sex-linked (van
Wegberg et al., 2017). The optimum cutoff value of
Phenylalanine for PKU for the Palestinian population
living in West Bank based on ROC curve analysis was 3.3
mg/dL. Phenylalanine cutoff values for PKU vary from
one population to another, for example, according to a
study held in Bangkok the established cutoff value was 3.6
mg/dl using ELIZA method, 4 mg/dL using Guthrie
method (Wasant et al., 1999), another study in California
gave a cutoff value of 4.3 mg/dL (Arnopp et al., 1995). In
Brazil, the cut off value was 5 mg/dL (Ramalho et al.,
2014). Regarding China, different cities had different
cutoff values; 2 mg/dL in both Ankang and Fujian (Zhang
& Jiang, 2011; Zhu et al., 2004), 2.3 mg/dL in Shenzhen
(Chun et al., 2010), and 2.6 mg/dL in Daging (Pan et al.,
2007).

In the ROC curve analysis, sensitivity refers to rate of
true positive cases identified by the test divided by all true
positive cases while the specificity refers to the rate of true
negative cases identified by the test divided by all true
negative cases. The analysis of this data revealed that
sensitivity was 100% while specificity was 99.A%; this
means that there are no false negative cases and all
negative cases are true negative, so the established cutoff
value estimated in this study can be used with strong
confidence. The 141 (0.2%) false positive cases could be
due to prematurity, improper sample collection time,
procedural or personal error.

The AUC is a reflection of how good the test is at
distinguishing patients with disease and those without the
disease. In this study, it was found to be 1.0 for the ROC
curve for the first sample, indicating that the test was
excellent, and the 3.3 mg/dL value obtained is a definitive
cutoff value

Phenylalanine concentrations of PKU cases ranged
from >20 mg/dL for classic PKU (4 cases) and between 10
mg/dL to 20 mg/dL for mild PKU (9 cases), and <10
mg/dL for benign PKU (14 case). These different types of
PKU according to phenylalanine concentrations could
explain the variations in phenylalanine concentrations
among the PKU positive cases (Williams et al., 2008).

Repeated measures analysis for PKU for positive cases
showed no significant difference between the mean of the
first result and the retesting of the first sample, while the
same analysis showed a sharp decrease in the mean
concentration of phenylalanine in the false negative cases.
So, the result of retesting the first sample is an excellent
indicator for true positive cases. On the other hand, the
mean phenylalanine concentration in the true positive
cases increased dramatically between the first sample
(12.25 mg/dL) and the second sample (15.85 mg/dL) that
is tested after about 10 days, p = 0.018. This increase in
phenylalanine concentration ascertains the presence of
PKU in these neonates. Most false positive cases (115
case) became negative from the retesting of the first

sample, while the rest (26 case) became negative on the
second sample.

7. Recommendations

Some serious steps should be taken in preventing
infants from leaving hospitals without making this
important test. Also, parents should collaborate with
centers and hospitals and follow the instructions when the
test is performed. There is an urgent need to educate
parents of PKU patients to follow the restricted diet.
Moreover, the right protocol should be followed taking
into account the appropriate sample collection time.

To reduce the cost of testing and repeating tests without
actual need, we recommend the CPHL to adopt 3.3 mg/dI
as a definitive cutoff value of Phenylalanine for PKU
from the first test result. If the first test result is more than
3.3 mg/dL, then the sample must be retested, and new
samples are necessary to rule out false positive cases.
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