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Abstract 

Background: Inborn errors of metabolism (IEMs) represent a special challenge in pediatric practice. Despite the 
unquestionable clinical significance of newborn screening, it just offers a snapshot of an extremely minor subgroup 
of metabolic disorders. So, it is crucial to use multiple techniques for accurate diagnosis of a wider spectrum of IEMs 
early in infancy to prevent overwhelming irreversible neurological complications in a cohort of high‑risk Egyptian 
pediatrics. This study included four thousand and eighty suspected IEMs patients. They were referred to the Chroma‑
tography Unit, Clinical Biochemistry and Molecular Diagnostics Laboratories, National Liver Institute (NLI) for labora‑
tory assessment in the period from March 2016 to November 2020. Separation of amino acids and acylcarnitines 
using tandem mass spectrometry (LC/MS) and organic acids using gas chromatography mass spectrometry (GC/MS) 
was done.

Results: Three hundred and twenty (320/4080, 7.8%) patients were diagnosed with IEMs. The following disorders 
were identified: organic acidopathies—200 (62.5%) including methylmalonic acidemia (MMA) (48/320, 15%), glutaric 
academia (GA) (40/320, 12, 5%), propionic acidemia (PA), (32/320, 10%), isovaleric acidemia (IVA) (40/320, 12.5%), 
methylcrotonyl glyceinuria (16/320, 5%), and orotic acidemia (24/320, 7.5%); amino acidopathies—80 (25%) including 
maple syrup urine disease (MSUD) (32/320, 10%), phenylketonuria (24/320, 7.5%), homocystinuria (16/320, 5%), and 
nonketotic hyperglycinemia (8/320, 2.5%) in addition to fatty acid disorders (FAO): 24 (7.5%) and lactic academia (LA), 
16 (5%).

Conclusion: Early detection of IEMs by rapid non‑invasive techniques. LC/MS and GC/MS. is a crucial process for early 
diagnosis of different types of IEMs to install therapeutic clue in a group of high‑risk Egyptian pediatrics for proper 
treatment and better outcome
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Background
Inborn errors of metabolism (IEMs) are a diverse group 
of metabolic disorders caused by enzymatic defect in a 
metabolic pathway, its cofactor, or a transporter, leading 
to an accumulation of a substrate or lack of the product 

[1]. The increase of these toxic elements or their metabo-
lites and lack of products of the defective pathway led to 
dysfunction of metabolism resulting in the pathophysiol-
ogy of these disorders. Clinical manifestations generally 
happen in early infancy and childhood, with a diverse 
clinical spectrum [2].

IEMs have been categorized into different classes; one 
of them is characterized by the physiological distur-
bances of amino acids, known as aminoacidopathies [2]. 
Another class of IEMs is organic acidemias that relates 
to a set of disorders characterized by the excretion of 
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non-amino organic acids in urine. Some organic aci-
demias are due to dysfunction in a definite stage of amino 
acid catabolism, commonly from inadequate enzyme 
activity. The majority of the classic organic acid disorders 
are the result of abnormal branched-chain amino acids or 
lysine catabolism [3]. There are also urea cycle disorders 
(UCDs) which are inborn errors of nitrogen detoxifica-
tion/arginine synthesis due to defects in the urea cycle 
enzymes [4]. Mitochondrial fatty acid oxidation disorders 
(FAODs) are a varied group caused by the changed activ-
ity of the enzymes of the fatty acid transport and their 
oxidation in the mitochondria [5].

IEMs are rare diseases when taken individually, but 
totally these disorders are relatively frequent in distinct 
populations [6]. The cumulative incidence is about 1:800 
in live births [7]. They are common throughout the Mid-
dle East, most probably because of the relatively high 
degrees of consanguinity (38.5%) [8]. Most IEMs are 
found in many families in Egypt causing high morbidity 
and mortality rates due to neurological damages which 
happen at a very young age [9].

Despite the unquestionable clinical significance of new-
born screening and its principal role in the community 
health care, it just offers a snapshot of an extremely minor 
subgroup of metabolic disorders by the screening mark-
ers in dried blood spot (DBS) cases via the use of tandem 
mass spectrometry (MS/MS); moreover, several IEMs 
are not detected by routine newborn screening protocols 
[10]. Even when targeted screening programs focused on 
a single disease or a group of related disorders, up to 79% 
false-positive results were registered in a study in Taiwan 
[11]. There are also many causes for false-negative and 
false-positive results as a single biomarker or set of two 
metabolites may be a biomarker for more than one IEM 
[12]. Metabolomics gives the chance to chart metabolic 
pathways disorders, together with the network of metab-
olites indicating the origin of the metabolic disorder [13]. 
So, an effective screening program using multiple metab-
olomic techniques, for early detection of these disorders 
has long been documented as a critical, life-saving, and 
real preventive community health facility, not only for 
early treatment but also for genetic counseling and pre-
natal diagnosis in future gestations [14].

In this regard, this prospective study may be the first 
time that multiple metabolomic approaches have been 
utilized to widen the scope of the diagnosis of IEMs in 
Egypt to diminish morbidity and mortality in high-risk 
children.

Methods
Ethics and study population
The protocol of this study was approved by the eth-
ics committee of the National Liver Institute, Menoufia 

University (NLI IRB protocol N 00193/2020). The study 
was carried out at Chromatography Unit, Clinical Bio-
chemistry and Molecular Diagnostics Laboratories, NLI. 
Suspected cases of IEMs were recruited from March 
2016 to November 2020.

The cases were referred to the unit for laboratory 
assessment based on the clinical suspicion by the pedia-
tricians to have IEMs. The patients were subjected to 
complete history taking regarding nutritional history and 
growth charts with stress on birth date, sex, gestational 
age, antenatal, prenatal history, and consanguinity. Pedi-
gree construction and recording of previous neonatal 
deaths and similar affected cases within the family were 
also recorded. Full clinical examination (general and neu-
rological) by the pediatric clinicians was also performed.

Basic laboratory investigations
For all cases, routine laboratory investigations were done 
including liver function tests, kidney function tests, blood 
sugar, and lactate using Clinical Auto analyzer (Beckman 
Instruments, Fullerton, CA, USA), plasma homocysteine 
using (The ARCHITECT i1000SR immunoassay ana-
lyzer) and arterial blood gases (ABG) using an automated 
MedicaEasyLyte® Analyzer microprocessor-controlled 
electrolyte system that uses Ion Selective Electrode (ISE).

Sample collection and special metabolic investigations
Blood spots were obtained from infants by heel puncture 
or from the big finger of older children and spotted on 
filter paper (Guthrie card made of Whatman 903, pur-
chased from GE Healthcare, NJ, USA), left to dry on a 
clean surface, and then stored at – 80 °C until analysis of 
amino acids and acylcarnitine using tandem mass spec-
trometry (MS/MS). Urine samples were collected from 
all subjects in special sterile plastic bags then evacuated 
in a plastic laboratory container without the addition of 
any preservatives or diet restriction before the sample 
collection. Urine samples were divided into two samples: 
one for testing reducing sugars and ketones immediately 
by dipstick tests and the other was stored immediately at 
– 80 °C till analysis of organic acids using gas chromatog-
raphy/mass spectrometry (GC/MS).

Chemicals and reagents
Component of MassChrom® amino acids and acylcarni-
tines from dried blood/non-derivatized (Chromsystems 
Instruments & Chemicals GmbH, München, Germany) 
were purchased.

Pentadecanoic acid (PDA) was obtained from Across 
organics (NJ, USA). N, O-bis-(trimethylsilyl)–trifluoro-
acetamide (BSTFA) plus 1% trimethylchlorosilane 
(TMCS), purchased from SUPELCO, Bellefonte PA, 
USA, were used as derivatizing reagents. The solvent was 
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of HPLC Grade; methanol was purchased from Fisher 
Scientific (Loughborough, UK). Distilled water was pro-
duced by Thermo Scientific Barnstead LabTower RO 
Water Purification System. Ethyl acetate was from Fisher 
Scientific (Loughborough, UK) used as an extraction rea-
gent. Acetonitrile was from Fisher Scientific (Loughbor-
ough, UK). Anhydrous sodium bicarbonate was obtained 
from Merck (Darmstadt, Germany) and sodium chlo-
ride was from SIGMA-ALDRICH (Fluka) St. Louis, Mo, 
USA; both were of analytical grade. All other chemicals 
and reagents were purchased from SIGMA-ALDRICH 
(Fluka) St. Louis, Mo, USA.

Amino acids and acylcarnitine assay
Previously reported method [15] was used after some 
modifications; 3 mm of the dried blood spot disk 
punched into a well of v-bottomed plate, containing 
100 μl of lyophilized internal standard that is reconsti-
tuted with exactly 25 ml extraction buffer according to 
the manufacturing recommendation) (Chromsystems 
Instruments & Chemicals GmbH, München, Germany). 
Then, the plate was sealed with a protective sheet and 
agitated at 600 rpm for 20 min at ambient temperature. 
The supernatant was transmitted to a new v-bottomed 
well plate and covered by aluminum foil protective sheet. 
Then samples were prepared for injection. Ten micro-
liters of the elute was inserted into the MS/MS system 
(ACQUITY UPLC H-Class. Water Corporation, MA, 
USA) at 2 min interval in a flowing stream of 80% ace-
tonitrile. The flow rate was 200 μl/min and reduced to 20 
μl/min in 0.25 min. Then, the flow rate was increased to 
600 μl/min in 1.25 min then decreased again to 200 μl/
min. The scan time of the MS/MS system was 1.25 min. 
The obtained spectra of all analytes were analyzed with 
multiple reaction monitoring (MRM) mode. The mass to 
charge ratio of all the amino acids and acylcarnitines was 
recorded (Supplementary Table S1). The data were cal-
culated using Neolynx software (Neolynx Inc., Glendale, 
CA, USA).

Qualitative urinary organic acid assay
Frozen urine samples were liquefied by incubation at 37 
°C for 15 min and vortexed for 15 s. Urine creatinine lev-
els were measured by the Beckman Coulter (Synchron 
CX 9 ALX) Clinical Autoanalyzer, USA, and adjusted 
to 1 μMol creatinine [16]. Extraction and derivatization 
of the urine samples were done according to the previ-
ously reported method [17]. Internal standard (PDA) 
stock solution was prepared (48.8mg/100mL) in absolute 
methanol. One microliter aliquot of derivatized sample 
was injected in splitless mode into an Agilent 7890 GC 
system supported by a 30.0 m× 0.25 mm i.d. fused-silica 
capillary column with 0.25 μm HP-5MS stationary phase 

(Agilent, USA). The injector temperature was rest at 250 
°C. Helium was used as carrier gas at a flow rate of 1 mL/
min through the column. The column temperature was 
primarily kept at 80 °C for 2 min and then increased to 
280 °C by 4 °C/min, where it was held for 3 min. Run time 
was 55 min. The column effluent was introduced into 
the ion source of an Agilent 5975 mass selective detec-
tor (Agilent Technologies). The MS quadruple tempera-
ture was fixed at 150 °C and the ion source temperature 
at 230 °C. The acceleration voltage was turned on after a 
solvent delay of 3 min. Masses were attained from m/z 50 
to 550. The total ion current (TIC) chromatograms were 
studied to identify the peaks of the trimethylsilyl (TMS) 
derivatives of the organic acids. Retention time and mass 
spectrum were recorded for each derivative (see Sup-
plementary Table S2). GC/MSD ChemStation Software 
(Agilent, USA) was used for auto-acquisition of GC total 
ion chromatograms (TICs) and fragmentation patterns.

Results
This study was conducted on 4080 cases that were 
referred to the unit for laboratory assessment based on 
the clinical suspicion by the pediatricians of IEMs. The 
study included 2360 males (57.8%) and 1720 females 
(42.2%), and their ages ranged from 15 days to 3 years.

Table  1 represented the symptoms and signs of the 
different types of disorders detected among the studied 
patients according to age groups. The most shared and 
frequent presenting features were sepsis-like symptoms 
(in 75% of diagnosed cases) (poor feeding, reduced activ-
ity, and poor crying) and convulsions. However, hyper-
ammonemia (52.5%) and metabolic acidosis (47.5%) were 
among the obvious laboratory abnormalities.

Table  2 represented the characteristics of  IEMs, 
patients detected in the current study. A total of 320/4080 
(7.8%) patients were found to have IEMs; they came from 
280 families. Consanguinity was detected in 192/320 
(60%) patients and there were history of previous sib-
lings’ deaths and similarly affected cases in the family (up 
to three similar cases in the same family) in 96/320 (30%) 
and 88/320 (27.5%) patients, respectively.

Organic acidemia was the most frequent disorder 
(200/320, 62.5%) detected among the studied patients, 
followed by aminoacidpathies (80/320, 25%), FAO defects 
(24/320, 7.5%), and finally lactic academia (LA) was 
detected in 16 patients (5%).

The detected types of organic acidemias were methyl-
malonic acidemia (MMA) (48/320, 15 %), Glutaric aca-
demia (GA) (40/320, 12, 5%), Propionic acidemia (PA), 
(32/320, 10%), isovaleric acidemia (IVA) (40/320, 12.5%), 
methylcrotonyl glyceinuria (16/320, 5%), and orotic aci-
demia (24/320, 7.5%).
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The detected types of aminoacidopathies were maple 
syrup urine disease (MSUD) (32/320, 10%), phenylke-
tonuria (24/320, 7.5%), homocystinuria (16/320, 5%), 
and nonketotic hyperglycinemia (8/320, 2.5%).

Lactic acidemia was detected in (16/320, 5%) and 
fatty acids oxidation defects were detected in (24/320, 
7.5%).

Tables 3 and 4 represented the laboratory and metab-
olomics findings in the diagnosed cases of IEMs. The 
preliminary diagnosis was outlined in the workflow 
chart (Fig.  1) built on the detected abnormalities in 
the amino acids and acylcarnitines (for normal ranges 
see Supplementary Table S3) profiles in dried blood 
spot samples measured by LC (MS/MS) and con-
firmed by the identification of elevated peaks of diag-
nostic urinary metabolites by GC/MS (Supplementary 
Figs. S1–S9).

Discussion
The introduction of MS/MS and GC/MS allowed the 
detection of IEMs that supposed to be rare conditions; 
however, together they are not that rare. These technolo-
gies have considerably enhanced the diagnostic value 
for such disorders, and hence early management can be 
assumed before permanent clinical squeal takes place [6].

In such scenario, extended metabolic screening by MS/MS 
showed particular findings in 288 patients out of 4080; so, 
the second alternate test, such as urine organic acid analy-
sis, was furthermore necessary as a confirmatory follow-up 
diagnostic test. Furthermore, this study revealed that IEMs 
were diagnosed in 320/2080 (7.8%) of the cases by the appli-
cation of two metabolome analyses (MS/MS δ GC/MS).

In Egypt, a lack of awareness of such inherited diseases 
by the physicians particularly in the rural community 
leads to delayed diagnosis or misdiagnosis and recurrent 

Table 1 Presenting symptoms and signs in the different disorders detected among the studied patients according to age groups

MMA methylmalonicacidemia, GA glutaricacidemia, IVA isovalericacidemia, PA propionic acidemia, OA orotic acidemia, MCG methylcrotonyl glycinuria, PKU phenyl 
ketonuria, MSUD maple syrup urine disease

Defect Presenting symptoms and signs

Organic acidemia

  GA 0‑3m Macrocephaly is one of the earliest signs

>3m acute encephalopathic crises,  dystonia, dyskinesis

  PPA 0‑3m poor feeding, vomiting,
>3m Convulsions, and intermittent sepsis‑like hypotonia,coma

  MMA 0‑3m Vomiting, loss of muscle tone, dehydration

>3m intractable seizure, developmental delay, tachypnea and respiratory failure, intermittent sepsis‑like symptoms

  IVA 0‑3m poor feeding, vomiting, seizures, and lack of energy (lethargy). distinctive odor of sweaty feet during acute 
illness

>3m Persistent vomiting and diarrhea, hypotonia, attention deficit,epilepsy, Poor feeding,seizures, developmental 
delay sepsis‑like symptoms

  MCG 0‑3m feeding difficulties, recurrent episodes of vomiting and diarrhea, excessive tiredness (lethargy), and weak 
muscle tone (hypotonia)

>3m hypotonia, microcephaly, spastic paraplegia delayed development, seizures, and coma.

  OA 0‑3m lethargy, failure to thrive, recurrent vomiting, acidosis, dehydration
>3m Seizures, encephalopathy, poor feeding

Amino Acidopathies

  PKU 0‑3m may appear normal for the first few months of their life

>3m Microcephaly, seizures, fair complexion, global developmental delay Poor feeding, lethargy, attention deficits 
sepsis‑like symptoms

  MSUD 0‑3m Sepsis like symptoms (poor feeding, poor activity and poor crying)

>3m vomiting,diarrhea, convulsions, coma, respiratory failure

  Homocysin uria Symptoms generally develop during the first years of life including mental subnormality, thromboembolic 
events

  Nonketotic hyperglycinemia 0‑3m the first week of life with low muscle tone, lethargy, seizures, coma, and apnea requiring ventilator support

>3m Coma, hypoglycemia, difficulty in gaining weight, severe cortical brain atrophy on brain MRI

Fatty acids
Oxidation defects

Early : hypoketotic hypoglycemia; coma triggered by fasting or catabolism, Reye Syndrome–like episodes, 
cardiomyopathy, and symptoms of acute myolysis

Late : Rhabdomyolysis,  hypotonia

Lactic Acidosis Hypotonia, seizures  Coma, respiratory failure
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metabolic crises with irreversible damage or death of the 
affected neonates before starting the diagnosis [18]. This 
agreed with the findings of the present study as there was 
a delayed diagnosis of the patients (presenting age was 
around the end of the first year of life), which may be the 
cause of those severe and irreversible clinical complica-
tions. These results were consistent with reports by other 
studies [6, 19].

Furthermore, many older children exhibited poor 
response to particular therapies when started, while 
younger patients belonging to the same families displayed 

a considerably improved response. This indicates the 
absolute necessity for early recognition and intervention 
for promising results in such disorders [6].

Variable ratios of IEMs were found in diverse studies 
according to the type of selection of patients. In a study 
done by Shawky and his colleagues, IEMs were diag-
nosed in 20/50 (40%) infants and children who were 
supposed to have IEMs [20]. In another study done 
by Selim and his colleagues, IEMs were confirmed in 
6% (203/3380) of children suspected to have IEMs [6]. 
Also, high incidence of IEMs (32.5%) was reported in 

Table 2 Data of the study group

Age at diagnosis was calculated by number of months

MMA methylmalonicacidemia, GA glutaricacidemia, IVA isovalericacidemia, PA propionic acidemia, OA oroticacidemia, MCG methylcrotonylglycinuria, PKU phenyl 
ketonurea, MSUD maple syrup urine disease, FAOD fatty acid oxidation defect, LA lactic acidosis

Disorder Patients, no. Gender, M/F Family, no. + Family His. 
(similar cases)

Sibl. death Positive cons. Range of the 
ages at diagnosis 
(months)

Organic acidemia 
200/320

MMA 48 32/16 48 16 20 32 11–32 months

GA 40 24/16 8 6 3 6 3–122 months

IVA 40 32/8 8 2 2 6 12–156 months

PA 32 8/24 8 2 1 6 2–17months

OA 24 16/8 4 2 0 4 3–16months

MCG 16 12/4 4 0 3 2 6–15months

Amino acido‑
pathies 80/320

MSUD 32 16/16 24 8 4 16 15 days to 41 
months

PKU 24 16/8 16 16 8 16 4–96 months

Homocystinuria 16 8/8 16 0 4 8 12–51 months

Non‑ketotic 
hyper‑glycine‑
mia

8 8/0 8 0 4 0 2–10 months

FAO defect 24/320 24 16/8 24 0 12 16 5–24 months

LA 16/320 16 8/8 16 0 8 8 14–51 months

Table 3 Laboratory and metabolomics findings in patients with organic acidemias

GA glutaric acidemia, PPA propionic acidemia, MMA methylmalonic acidemia, IVA isovaleric acidemia, MCG methylcrotonyl glycinuria, OA orotic acidemia, NR not 
remarkable, C2 acetyl carnitine, C3 propionylcarnitine, C5 isovalerylcarnitine, C5DC glutarylcarnitine dicarboxylate, C5OH hydroxy isovalerylcarnitine

Defect Preliminary laboratory finding MS/MS acylcarnitine profile MS/MS amino acids profile GC/MS assessment of organic acids

GA Metabolic acidosis, low levels of 
bicarbonate with high anion gap

Increased C5DC NR Elevated glutaric acid, 3‑hydroxy‑
glutaric acid

PPA Metabolic acidosis, ketosis, hyperam‑
monemia

increased C3and C3:C2 High glycine Elevated 3‑hydroxy‑propionic acid, 
propionyl glycine, methylcitric acid

MMA Metabolic acidosis, hyperammone‑
mia

Increased C3 Increased alanine and glycine Elevated methylmalonic acid, methyl‑
citric acid, 3‑hydroxy‑propionic acid, 
propionyl glycine

IVA Metabolic acidosis, hyperammone‑
mia, normal lactate

Increased C5 NR Elevated isovalerylglycine(mono and di 
derivative) 3‑hydroxy‑isovaleric acid

MCG Metabolic acidosis hyperammone‑
mia

increased  C5‑OH NR Elevated lactic acid, 3‑hydroxy‑
isovaleric, 3‑methylcrotonylglycine, 
methylcitric acid

OA Metabolic alkalosis, hyperammone‑
mia

NR Low citrulline, and high 
arginine in four patients

Elevated orotic acid
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the study of Shawky and his colleagues [21] compared 
to other studies that was due to the selection criteria of 
neonates with suspected IEMs, not all that admitted to 
the Neonatal Intensive Care Unit (NICU).

In the current study, out of 320 patients with IEMs, 
184 patients (57.5%) had consanguineous parents. This 
was in line with other studies by El-Mesellamy et  al. 
and Selim et  al. [6, 22] in addition, there were a his-
tory of previous siblings’ death and similar cases in the 
family (up to 3 children in some cases) in 96/320 (30 %) 
and 88/320 (27.5%) patients respectively (Table 2). This 
might not be clarified only by the high consanguinity 
in Egypt that extends up to 35.3% [23], but also by the 
fact that most diagnosed IEMs are autosomal recessive 
which rise in occurrence by consanguineous coupling 
because relatives more often share abnormal genes 
innate from a shared ancestor [21]. Hence, a history 
of parent consanguinity and/or sibling deaths would 
increase the suspicion of IEMs [24]. This reflected the 
important influence of consanguinity in this specific 
health problem in Egypt due to lack of early detection, 
and absence of genetic follow-up and counseling when 
having a confirmed case [6].

In the current study, the most common IEMs were 
organic acidemias detected in 62.5%, aminoacidopathies 
in 25%, fatty acid oxidation disorders in 7.5%, and lactic 
acidemia in 4%. Methylmalonic acidemia (MMA) and 
maple syrup urine disease (MSUD) were the most fre-
quently diagnosed types in the current study, while Phe-
nylketonuria (PKU) and MMA, were the most commonly 
diagnosed disorders in a study done by Karam and his 
colleagues [25] similar to that reported from other Medi-
terranean countries like Tunisia [26]. Furthermore, Selim 
and her colleagues [6] demonstrated that aminoacido-
pathies were in 127/203 (62.6%), mainly PKU in 100/203 
(49.3%), followed by organic acidemias in 69/203 (34%).

The variation in the commonest types of IEMs in the 
current study is due to variation in performed investiga-
tions, the inconsistent diagnostic strategies (ammonia 
and lactate were measured in our study), and age varia-
tion of the patients.

In the current study, the shared presenting symptoms 
of the cases were sepsis-like symptoms (poor feeding, 
reduced activity, and poor crying) which were in agree-
ment with the study of Shawky et  al. [21] who recom-
mended to take in mind inborn errors of metabolism 

Table 4 Laboratory and metabolomics findings in the other detected inborn errors of metabolism (amino acidopathies, fatty acids 
oxidation defects, and lactic acidemia

PKU phenylketonuria, MSUD maple syrup urine disease, Phe:tyr phenylalanine: tyrosine ratio, Leu/Ile leucine:isoleucine, Gly glycine, CSF cereprospinal fluid, NR not 
remarkable, C0 Free carnitine, C6 Hexanoylcarnitine, C10 Decanoylcarnitine, C16 Hexadecanoylcarnitine, C18:1 Linoleoylcarnitine

Defect Laboratory findings MS/MS profile of 
acylcarnitine

MS/MS profile of amino 
acids

Diagnostic metabolites

PKU Metabolic acidosis NR High phe:tyr elevated phe Phenyllactate, phenylpyru‑
vate, phenylacetate (genetic 
assay for confirmation)

MSUD Metabolic acidosis ketosis NR Elevated Leu/Ile and valine Alloisoleucine 2‑oxoiso‑
caproate and 2‑hydroxyis‑
ovalerate

Homocystinuria NR High methionine Measurement of homocys‑
tine in blood was done for 
confirmation

Nonketotic hyperglycine-
mia

Hyperglycemia NR High glycine Recommend measurement of 
Gly/CSF plasma ratio (this test 
was unavailable)

FAO defects Metabolic acidosis hypo‑
glycemia mostly without 
ketosis (hypoketotic hypo‑
glycemia) with elevated 
lactate level elevated lactate 
to pyruvate ratio

Increase C6‑C10
Low level of C16 and C18:1 
and high C0 in one case

NR Elevated dicarboxylic acids 
such as adipic, suberic, 
dehydrosuberic, sebacic, 
dehydrosebacic, and modest 
amounts of 3‑OH dicarboxyl‑
ics‑hexanoyl glycine.

LA (after ruling out physi-
ological causes)

Marked metabolic acidosis, 
high lactate

NR NR Elevated lactic acid
3 hydroxybuturic acid
4 hydroxyphenyllactic acid
4 hydroxyphenylpyruvic acid
Enzyme and molecular 
genetic studies should be car‑
ried out when available and 
related to the initial tests as 
well as the clinical findings
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at the same time as common developed disorders, for 
example, sepsis. The further common presenting symp-
tom among the detected cases was convulsions. This 
came in agreement with the study of Shawky et  al. [21] 
who reported that the major symptoms in neonates with 
the risk of metabolic disorders were convulsions and 
lethargy.

In the current study, there was a high frequency of 
hyperammonemia in 168 patients (52.5%) among the 
diagnosed cases of IEMs; 136 had organic acidemias, 16 
had Maple syrup urine disease (MSUD) and 16 had oro-
tic aciduria (data not shown), this was in line with the 
study of Shawky et al. [21]. They were mainly presented 
with lethargy, poor feeding, suckling, crying, convul-
sions, persistent vomiting, and acidosis. This means that 
blood ammonia has to be measured for each neonate/
infant presented by these symptoms, or supposed to have 
IEMs [21].

Methylmalonic acidemia (MMA) was detected in 
48/320 (15%), by elevations of propionylcarnitine (C3) 
and the ratio of acetyl carnitine: propionylcarnitine 
(C3:C2) in dried blood spot samples. Diagnosis was 

confirmed by the elevated peaks of urinary methyl-
malonic acid, methylcitric acid, moderate elevation 
of 3-hydroxy propionic acid, and propionyl glycine 
detected by GC/MS. The diagnosis was according to the 
findings of El-Mesellamy et  al. and Shennar et  al. [22, 
27]. It results from either deficiency of the methylmalo-
nyl CoA mutase enzyme or the synthesis of its cofactor 
Vit B12 [22].

Glutaric acidemia (GA) was detected in 40/320 (12.5%): 
by elevation of glutarylcarnitine (C5DC) in dried blood 
spot samples. The diagnosis was confirmed by the detec-
tion of elevated peaks of urinary glutaric and 3-OH 
glutaric acids by GC/MS, which are the diagnostic 
metabolites according to the findings of the researchers 
[22, 27, 28].

Glutaric acidemia type 1 (GA-1) is caused by the defect 
in functional glutaryl-CoA dehydrogenase (GCDH) 
activity, an important enzyme in the catabolism of 
l-tryptophan, l-lysine, and l-hydroxylysine, leads to the 
accumulation of glutaric acid, 3-hydroxyglutaric acid 
(3-OH-GA), and occasionally glutaconic acid in the dif-
ferent body fluids [28].

Fig. 1 Workflow chart
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Propionic acidemia (PA) was detected in 32/320 (10%) 
by elevations of C3 and the ratio of C3:C2 in dried blood 
spot samples. Diagnosis was confirmed by the highly 
elevated peaks of urinary 3-hydroxypropionic acid, pro-
pionylglycine, methylcitric acid, and the absence of meth-
ylmalonic acid by GC/MS (Fig. S3). The diagnosis was 
according to the findings of other studies [22, 27].

Isovaleric acidemia (IVA) was detected in 40/320 
(12.5%) by elevations of isovalerylcarnitine (C5) in 
dried blood spot samples. It was confirmed by elevated 
peaks of urinary isovalerylglycine (mono and di-deriva-
tives) and 3-hydroxyisovaleric acid by GC/MS as it was 
reported by other studies [27, 29]. It is caused by a defect 
in the function of the Apo enzyme of the mitochondrial 
enzyme isovaleryl-CoA dehydrogenase [29].

Methylcrotonyl glycinuria (MCG) was detected in 
twelve males and four female patients 16/320 (5%) by 
elevation of hydroxy isovalerylcarnitine (C5-OH) in 
dried blood spot samples. Diagnosis was confirmed by 
the detection of 3 hydroxyisovaleric acid, methylcrotonyl 
glycine, and methyl citric acid by GC/MS. These results 
were in line with other studies [6, 30]. It is caused by defi-
ciency of 3-methyl crotonyl CoA carboxylase (3-MCC) 
enzyme; one of the four biotin-containing carboxylases 
known in human beings; hence, leucine catabolism is 
blocked [30].

Orotic acid was detected in 24/320 (7.5%). Low cit-
rulline and high arginine levels were identified in four 
patients, associated with the detection of elevated peak 
of urinary orotic acid on GC/MS analysis that implies 
primary orotic acidemia/aciduria which is a disorder of 
pyrimidine metabolism or urea cycle disorder; however, 
genetic testing is the method of the first choice to con-
firm the diagnosis [4] that was consistent with the find-
ings of El-Mesellamy and his colleagues [31]. Likewise, 
family pedigree construction revealed a similar case (she 
was a female carrier) as it is x-linked disease that implies 
ornithine transcarboxylase OTC deficiency [32]. The 
other cases were diagnosed by elevated peak of urinary 
orotic acid. These findings were in line with El-Mesellamy 
and his colleagues [31] who depended on the detection of 
orotic acid in urine for diagnosis of urea cycle defects.

MSUD was detected in 32/320 (10%); by elevated the 
ratio of Leucine/Isoleucine (Leu/Ile) and valine in dried 
blood spot samples and by confirmed by the detection 
of elevated peaks of alloisoleucine, 2-oxoisocaproate, 
and 2-hydroxyisovalerate in urine by GC/MS. In a study 
done by Fateen and his colleagues [18], MSUD, caused 
by a deficiency in the branched chain a-ketoacid dehy-
drogenase complex, was diagnosed in 12 cases [(12/1041 
(1.2%)] which represent 4% out of 302 patients supposed 
to be aminoacidopathy; however, they were diagnosed 
by performing thin layer chromatographic separation of 

amino acids in plasma and urine that showed abnormal 
quantities of branched chain amino acids (valine, leucine, 
and isoleucine).

Phenylketonuria (PKU) was detected in 24/320 (7.5%) 
by quantitative elevation of phenylalanine level and the 
ratio of phenylalanine to tyrosine in dried blood spot 
samples according to the findings of the study of Fateen 
and his colleagues [18]. It is caused by mutations in the 
phenylalanine hydroxylase (PAH) gene causing the accu-
mulation of excessive quantities of phenylalanine which 
are harmful to brain development [18].

Around 1/3 of diagnosed cases with aminoacidopathies 
were identified as MSUD or PKU which is reasonably 
a great number, this was in line with the study done by 
Fateen and his colleagues [18].

Non-ketotic hyperglycinemia (NKH); was detected in 
eight male cases 8/320 (2.5%) by elevated glycine level 
in dried blood spot samples. It is a hereditary disorder 
characterized by unusual great levels of glycine produced 
by a defective glycine cleavage system, causing too much 
glycine concentrations in both blood and brain [33]. In 
a study done by Fateen and his colleagues [18], only 3 
patients (3/1041 0.3%) gave a band of glycine in thin layer 
chromatography (TLC) separation of free amino acids 
in urine and blood and this signifies 1% out of 302 cases 
diagnosed with aminoacidopathy.

Homocytinuria (HCU) was detected in 16/320 (5%) by 
increased level of blood methionine concentrations in fil-
ter paper. Quantitative analysis of plasma homocysteine 
was done for conformation of the diagnosis. It is a genetic 
deficiency of cystathionine β-synthase (CBS). This 
enzyme is involved in the transsulfuration of homocyst-
eine to form cystathionine using pyridoxal-phosphate as 
a cofactor [34]. In another study by Selim and her col-
leagues [6], Homocytinuria was detected in 4/203 (2%).

Fatty acid oxidation disorders (FAODs) are inborn 
errors of metabolism due to disruption of either mito-
chondrial β-oxidation or the fatty acid transport using 
the carnitine transport pathway. The presentation of a 
FAOD will depend upon the specific disorder, but com-
mon elements may be seen, and ultimately require a simi-
lar treatment. Furthermore, they are an important group 
to consider in hypoketotic hypoglycaemia conditions due 
to decreased ability to use stored fat as a source of energy 
during fasting periods [5].

In this study, fatty acid oxidation defects were detected 
only in 24 cases (7.5%); that was similar to other reports 
in some Arab populations like Lebanon (4%) [25] while 
Bahrain [35] have considerably higher prevalence rates 
for fatty acid oxidation defects (20%). The diagno-
sis was established according to Fingerhut et  al. [36] by 
increased Hexanoylcarnitine (C6)-Decanoylcarnitine 
(C10) and low level of Hexadecanoylcarnitine (C16) and 
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Linoleoylcarnitine (C18:1) and high free carnitines in 
eight cases and elevated dicarboxylic acids in urine such 
as adipic, suberic, dehydrosuberic, sebacic, dehydrose-
bacic, and modest amounts of 3-OH dicarboxylics-hex-
anoyl glycine in the other cases.

Lactic acid (di- and tri-TMS derivatives) were detected 
in (16/320, 5%) associated by elevated peaks of urinary 
4-hydroxyphenyllactic acid by GC/MS. Lactic acidemia is 
a physiological condition that can occur due to a number 
of causes [37]. It is also may be due to enzyme defect in 
krebs cycle leading to respiratory chain deficiencies such 
as pyruvate dehydrogenase (PDH), pyruvate carboxylase 
(PC), and electron transport chain (ETC) deficiencies as 
well as 4-hydroxyphenyllactic acid that is actually a tyros-
ine metabolite and may be elevated secondary to disorders 
of tyrosine catabolism, liver disease, or lactic acidemia so 
more enzyme studies and molecular genetic studies may 
be required [38]. Interestingly, determining the acid-base 
status is important in the assessment of a patient with a 
potential inherited metabolic defect, because high anion 
gap metabolic acidosis is usually caused by the accumula-
tion of organic acids including lactic acid, ketone bodies, 
or unusual acids and their derivatives. In contrast, diar-
rhea and renal tubular acidosis are the main causes of 
metabolic acidosis with a normal anion gap [20].

The only limitations to metabolome coverage result 
from the available volume of sample, restrictions of 
metabolite extraction, and the sensitivity and specificity of 
the analytical techniques in addition to the pretreatment 
of urine samples analyzed via GC-MS by urease to elimi-
nate the significant amount of urea, as it might affect the 
chemical derivatization, causing overloading of column, 
peak alterations, and co-elution of metabolites peaks [39].

Conclusion
The use of such rapid non-invasive robust coupled 
metabolomics techniques (MS/MS and GC/MS) should 
be taken into consideration as a novel mean to enhance 
the scale of IEMs disease classes correlated with patho-
physiology, therapy modalities, and follow-up strategies 
in addition to genetic counseling and prenatal diagnosis 
in future gestations.
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