Metabolic screening in newborn

I\IREIE

Pediatric Endocrinologist
Metabolic Disorders Research Center

Molecular-cellular Endocrinology
&Metabolism Research Institute

Tehran University of Medical Sciences



Action

~
\ =
: |

tlent £53
bram

Physician’s || v N[ » Laboratorian’s

- e
oram Interpretation DT

v \
i \\//Reporting

\? Analysis

v |

| Identification | Preparation

Transportation

(22 P~
o——-—o)



Pre-pre-
analvtical

Post-asnaliytcel

Fre-preasalytcs

Discussion for
laboratory tests
requirem ent

|

Laboratory
tests selection

!

L aboratory test
requests

'

Specim en/
patient
identification

Pre-analytical Analyvtical
Specim en Laboratory
transportation | test

T preparation
Specim en l
collection Analysis of

the laboratory
ar test results

Post- Post-post-
analvtical analyvtical
Report of the i Interpreting
laboratory reports
test results
| |
Action’
treatm ent




the generation of any laboratory test result consists of
9 steps, including :

ordering

collection

identification (at several stages),
transportation

separation (or preparation)
analysis

reporting

Interpretation

action



Non |[EM

There are a range of non-specific causes which include:

Major illness e.g. organ failure (disorders associated
with liver dysfunction) (ie,PHE AND TYROSINE)

Transient illness

Premature — liver maturity

Diet / feed

Parenteral nutrition /TPN

Analytical error — unlikely with triplicate testing
Contamination of card
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Table 50.5 Non-IEM organic
acids in rine as well as dietary!
drugibacterial artefacts

Abhnormalities aszociated with the inherited oreanic aci-

Compound

Aromatic acids (4-hydroxy phenyl)
Mandelic acid

o-Lactic acid
o-2-Hydroxyisocaproic acid
o-Phenyllactic acid
3-Hydroxyisovaleric acid
Glutaric acid
3-Hydroxypropionic acid
Methylmalonic acid
Ethylmalonic acid
CpCy=Cy dicarboxvlic acids
T-Hydroxyoctanoic acid
F-Hydroxydicarboxylic acids
Succinic acid

Glycolic acid

Pymoglutamic acid

Di-{2-ethylhexylphthalate

Furane-2_5-dicarboxylic acid
Furoylglycine
4-Hydroxycyclohexanecarboxylic acid
Homovanillic acid
Vanilmandelic acid
MN-Acetyltyrosing
5-Hydroxyindoleacetic acid
Valproate metabolites
2-Hydroxyhipparic acid
Ethosuximide metabolites
Keppra metabolites
Phenytoin metabolites

Condition

Gut bacterial action
Albumin infusion

Short bowel syndrome
Short bowel syndrome
Short bowel syndrome
Yalproate medication
Gut bacterial action

Gut bacterial action
Witamin B, deficiency
Witamin B, deficiency
MCT diet

MCT diet

Coeliac disease
2-Ketoglutarate decomposition.
Ethylene glycol poisoning
Glutaming decomposition
Flocloxacillin toxicity
Mutramigen feading
Pregestimil feeding
Heated sugars

Heated sugars

Food processing
Meuroblastoma
Mewroblastoma, phaeochromocytoma
Parenteral feeding
Carcinoid syndrome
Depaking therapy
Salicylate ingestion
Antiepileptic therapy
Antiepileptic therapy
Antiepileptic therapy

accumulation in the various oreanic acidemias It can be



Cut off: Gray zone /pathologic zone
Importance low or high metabolite

Common metabolite in several diseases specific cut off
for each disease

History clinical status
Diet/Formula/medication/Transfusion

Metabolite base/enzymology(Enzyme assay)
If initial result is an alert, or abnormal results are

obtained on two different NBS specimens, further
testing is recommended to establish diagnosis



Definition and Use of Primary
and Secondary Markers

* Primary markers (analytes) — used to establish
presumptive positives.

e Secondary markers —used in conjunction with
primary analyte results to assign risk

* |solated elevations of secondary markers are
considered unimportant



Secondary metabolites and criteria for
mild elevation of primary marker

* For PKU: PHE/TYR ratio > 3

e For MSUD: LEU+ILE and VAL

e For PA and MMA: C3/C2 ratio > 0.4

e For MICAD: C8/C10 ratio > 3

e For VLCAD: C14:1/C12:1 ratio > 3

e For LCHAD: C16-OH plus at least one of the
following: C18:1-OH, C16, C18:1

e For CPT-II/CAT: C16 and C18:1

e No suitable secondary markers for C3-DC,
C4, C5, C5-0OH, C5-DC



Action taken by co-ordinator

* Low risk: contact physician of record, check clinical
status of pt., request second blood spot specimen,
 recommend follow-up testing if symptomatic
 Moderate risk (includes positive test on repeat
specimen from above and/or presence of secondary
markers): request follow-up testing; recommend

referral to regional metabolic center if child symptomatic
e High risk: recommend immediate referral to metabolic
center, follow-up testing and initiate appropriate
therapy regardless of clinical status



Initial laboratory tests

Blood gases/Ph

CK

Glucose

Electrolytes

Ammonia

Lactate

Renal function tests

Liver function tests

Urinalysis

Basic hematological tests/coagulation studies



Elevated lactate

Lactate concentration: mmol/l = mg/dl x 0.11

Normal values: Blood< 2.1 mmol/l (< 19 mg/dl).CSF
< 1.8 mmol/l (< 16 mg/dl)

Blood sample: Uncuffed vein (scalp, i.v. line) or
artery, relaxed child.Na-fluoride sample tube

Alanine (plasma amino acids) reflects the
concentration of pyruvate (and indirectly lactate)
but is not affected by cuffing. Normal < 450 umol/I,
alanine/lysine ratio < 3.



* A primary metabolic disorder should be considered
if there is no convincing secondary cause such as
shock, asphyxia or cardiac disease or in particular a
difficult venepuncture.

Disorders of the respiratory chain or Krebs cycle

Pyruvate dehydrogenase (PDH) or pyruvate
carboxylase deficiency.

primary causes:
e Long-chain fatty acid oxidation disorders
e Organic acidurias, disorders of biotin metabolism

e Glycogen storage diseases, gluconeogenesis
disorders



Secondary causes

* Most common: the use of a tourniquet or difficulty in drawing
the blood

e Muscular activity, assisted ventilation, seizures (lactate up to
4—-6 mmol/l)

e Severe systemic disease: central and peripheral hypoxia or
ischaemia, shock, cardiac failure,

cardiomyopathy, liver or renal failure, septicaemia, diabetes
mellitus, etc.

e Any severe metabolic disease

e Renal tubular syndrome, hyperchloraemia, urinary tract
infection (lactic aciduria)

e Drugs (biguanides); intoxication (e.g. ethanol)
e Consider thiamine deficiency



Lactate

e Postprandial elevation of lactate (> 20%)

indicate PDH deficiency or respiratory chain
defects, respectively.

* /M Lactate after glucose challenge is found
also in glycogen storage disease types 0O, IlIl, VI.

* Postprandial decline of lactate indicate
glycogen storage disease type | or
gluconeogenesis defects.



Pyruvate

* |ndic: Pyruvate should not be routinely measured as
values obtained may be spurious and lactate is the
more relevant and reliable test.

* Pyruvate is sometimes used to determine

the lactate/pyruvate ratio (redox state, normal < 20)
* Never measure pyruvate without lactate

* Method: Photometric

 Normal: Blood: 50-100 pmol/I; CSF: 70-140;
lactate/pyruvate ratio: < 20 (elevated in respiratory
chain disorders, typically normal in PDH deficiency)



Finding

Indicative of (selection)

Anaemia (macrocytic)  Disturbances in cobalamin and/or folic actd metabolism

Reticulocytosts Glycolysis defects, disorders of the y-glutamyl cycle

Vacuolised [ymphocytes  Lysosomal storage disorders, juvenile NCL

| Alkaline phosphatase ~ Bile acid synthesis defects, hypoparathyroidism

| Alkaline phosphatase ~ Hypophosphatasia

| Cholesterol Sterol synthesis defects, lipoprotein disorders, glycosylation
disorders, peroxisomal disorders

| Triglycerides Glycogen storage disorders, lipoprotein disorders

| CK Dystrophinopathies, fatty acid oxidation disorders, glycogen
storage disorders, glycolysts disorders, muscle AMP-deaminase
defictency, mitochondrial disorders

| Creatinine Creatine synthesis disorders

| o-Fetoprotein (AFP)  Tyrosinaemia type I, hepatoblastoma, neonatal haemochromato-

sts, viral hepatitis, ataxia telangiectasia




L=

1 Uric acid Glycogen storage disorders (incl. Fanconi-Bickel disease), fruc-
tose intolerance, disorders of purine metabolism, fatty acid oxida-
tion defects, mitochondrial disorders

} Uric acid Disorders of purine metabolism, molybdenum cofactor deficiency
t Iron, transferrin Haemochromatosis, peroxisomal disorders

1 Copper Peroxisomal disorders, Wilson disease (urine, liver)

| Copper, coeruloplasmin  Wilson disease (serum), Menkes disease, acoeruloplasminaemia

Hypo(para)thyroidism  Mitochondrial disorders, CDG

Low CSF glucose Glucose transport protein 1 (GLUT1) deficiency




e Obtain urine sample:
e Check colour and odour

e Perform standard test strip analyses (e.g. ketone
bodies, glucose, protein; pH > 5 during acidosis

— (DD: renal tubular acidosis)

e Store urine sample from the acute phase for
organic acids or additional metabolic tests

o [flumbar puncture is performed. Store CSF
(freeze immediately)



Unusual clinical observations

Urine and body odour
Odour Substance Disorder/origin
Animal-like, mouse-like  Phenylacetate Untreated phenylketonuria, phenylbutyrate
treatment
Maple syrup, “Maggi”  Sotolone Maple syrup urine disease
Acrid (sweaty feet) Isovaleric acid [sovaleric aciduria, glutaric aciduria Il
Male cat urine 3-OH-1sovaleric acid  3-Methylcrotonylglycinuria, multiple
carboxylase deficiency
Cabbage 2-OH-butyricacid ~ Tyrosinaemia type |
Rancid butter 2-Ox0-4- Tyrosinaemia type |
methiolbutyric acid
Sulphur Hydrogen sulphide ~ Cystinuria
Methionine Tyrosinaemia type I, cirrhosis
Fish-like Trimethylamine, Trimethylaminuria, dimethylglycinuria

dimethylglycine




Reducing substances in urine
Method:  Test tablets (e.g. Clinitest®, Bayer)
Detects: ~ Any reducing substances, particularly sugars

Substance Disorder/origin

Galactose Classical galactosaemia, galactokinase deficiency, severe liver
disease (secondary galactose intolerance), Fanconi-Bickel
disease

Fructose Fructose intolerance, essential fructosuria

4-Hydroxyphenylpyruvate

Tyrosinaemia types I and 11

Homogentisic acid

Alcaptonuria

Xylose, arabinose

Pentosuria, arabinosuria

Glucose Diabetes mellitus, Fanconi syndrome

Oxalic actd (massive) Hyperoxaluria

Salicylates, ascorbic acid ~ Drugs

Uric actd Hyperuricosuria

Hippuric actd Na-benzoate treatment of hyperammonaemia, malabsorption



Nitroprusside test (Brand reaction)

Method: 0.5 ml urine + 200 pl 5% Na-cyanide

Detects: ~ Sulphur-containing acids (disulphides). False positive result may occur in severe ke-
tosts, may be false negative in homocystinuria (assess total plasma homocysteine!).

Substance  Disorder/origin

Cystine Cystinuria, hyperargininaemia, generalised hyperaminoaciduria

Homocystine Classical homocystinuria, cobalamin deficiencies, cystathioninuria (bacterial
in urinary tract infections)

Glutathione ~ Gammaglutamyl transaminase deficiency

Drugs N-Acetylcysteine, penicillamine, captopril, ampicillin and others

Sulphite test

Method:  Dipstick (e.g. Merckoquant® 10013, Merck), fresh urine at the bedside

Diagn.:  Sulphite oxidase and molybdenum cofactor deficiencies (particularly test early-onset
epileptic encephalopathy). Positive result may be caused by various sulphite-contain-
ing drugs, false negative results may occur.



Four lab values are important in diagnosis of

possible IEM:

A.G> 16: The most specific lab finding suggestive for IEM.
* Anion gap = [Na+] — [Cl- + HCO3] 7-16 mmol/I
D.D Shock and lactic acidosis

DKA
Renal faillure or CMP



2) Ketones:

absence of ketonuria after significant fasting in:
FAOD
Hyperinsulinism
HMGL



Urinary ketones (test strip)

Ketonuria due to the ketone bodies 3-hydroxybutyrate
and acetoacetate is normal during fasting

pathological in the fed state and in the neonate

Absence of ketones during fasting is suggestive of a
fatty acid oxidation disorder

Ketosis is a physiological response to fasting, catabolic
state or ketogenic diet

Permanent ketosis may in rare cases indicate a
ketolysis defect.

Ketosis with fasting hypoglycaemia indicate adrenal
insufficiency or glycogen storage diseases (GSD) type O.



3) Elevated Ammonia:

Normal range is age dependent:
Up to 150 pum/L in premature infant

> 50 um/L is abnormal in older infant and children

4) Elevated creatine kinase:
IEM with myopathy or CMP or both, such as:
FAOD
Electron transport chain disorders
GSD (specially types 111 and V)



Metabolic acidosis

Hyperlactatemia MNormal lactatemia

—

Hyperammaonemia Nomal lactatemia

Hypoglycemia Pyrwvic acid metabalism def.

Hyperactatemia Organic acidemia Hypoglycemia mitochondrnal disorder

' Y !
Crganic acidemia ..
UQA + PAC + 8C FACQD Plazma pyruvic acid
,L HMG CoA lyaze def. plasma lactic acid

HMG CoA synthase def. UDA +PAC

UOA + PAC + 5C

i
¥
Y
o " L
Plasma pyruvic acid , Organic Acidemia Renal tubular acidosis
. Hyperlactatemia
Plasma lactic acid MSUD, Ketolysis Def. | | PAC + UOA + FFA

— N

Hypoglycemia PC deficiency
Mitochondrial disorders

¥

Y

Ketolysis disorders (SCOT,T2)
HMG Cod lyase deficiency v
HMG CoA synthase deficiency

GaD | UOA + PAA + ketones (urine + blood)
F1,6 bisphosphatase def. maolecular testing




Hyperammonemia Hypoketotic

L/ Glycogenosis Y l

Hyperlactatemia Gluconeogenesis Dis. Metabalic Acidosis/ Fatty Acid Oxidation Disorder

. Ketolytic Defect Hyperammaonemia Aminc:lacidcl:pathlies Hyperinsulinism
l Organic Acidemia

Y

L |
. Enzyme Testing .
GSD [HF Normal Lactic Molecular Testing Organic Acidemia

P v ~r !

iy : UOA + PAC £ §C PAA + UOA + UAA PAC +UOA + 5C + 5l

Egdﬂgﬁlﬁs E-Kefothiolase def. PAC + SC + C Peptide + FFA + Ammonia
ric Aci

Enzyme Testing

Molecular Testing

UOA +5C
Repeat Ketones (Uring + Blood)
when the patient is stable




Which diseases are diagnosed by LC/Mass
a)Diagnostic for:

FAOD

Aminoacidopathies

UCD

b)Suggestive for

Organic acidemia

Mithocondrial disorders

In suspicion to organic acidemia, differention
and confirmation by urine GCMS is necessary



» Diagnosable Components:

—L.C Mass: 48 Components

— GCMS: 135 Components (To 178)




Newborn Screening: Common

Diseases Detected

FATTY ACID OXIDATION

DISORDERS ORGANIC ACIDEMIAS AMINOACIDOPATHIES UREA CYCLE DISORDERS
Metabolism Fat Protein Protein Protein
Defect in B-oxidation of fatty Defect in amino acid Defect in amino acid Defect in making urea (blood
acids. breakdown leads to breakdown leads to urea nitrogen) from
accumulation of organic accumulation of certain ammonia that results from
acid byproducts intact amino acids amino acid breakdown
Disorders Medium-chain acyl CoA Propionic Maple syrup urine Ornithine transcarbamylase
dehydrogenase (X-linked)
Long-chain 3-hydroxy acyl Methylmalonic Phenylketonuria Citrullinemia
CoA dehydrogenase
Very long-chain acyl CoA Isovaleric Homocystinuria tyrosinemia  Arginosuccinic aciduria
dehydrogenase
Presentation Hypoketotic Hypoglycemia Metabolic Acidosis With No Acidosis or Hyperammonemia
Anion Gap Hyperammonemia Without Acidosis
Lethargy, vomiting Neonatal lethargy, vomiting,  Elevations in specific amino  Neonatal lethargy, vomiting,
Sudden infant death coma, strokes, death acids coma, death
syndrome, Reye syndrome See text for clinical features
Long-chain disorders have
cardiomyopathy and
rhabdomyolysis
Laboratory Newborn Screen Newborn Screen Newborn Screen Newborn Screen (not for
Tests ornithine

Plasma acylcarnitines
Hypoglycemia

No or inappropriately low
ketones

Urine organic acids
Plasma acylcarnitines

Plasma amino acids

transcarbamylase)
Hyperammonemia
Plasma amino acids
Urine orotic acid



Expanded NBS — 29 conditions

20 inborn errors of metabolism
3 hemoglobinopathies

2 endocrine disorders

— Congenital hypothyroidism

— Congenital adrenal hyperplasia
3 other metabolic disorders
— Cystic fibrosis

— Galactosemia

— Biotinidase deficiency

Hearing loss
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What are we screening for?

9 OA 5 FAO SIAVA 3 Hb Pathies 6 Others
CORE PANEL

IVA VICAD PKU Hb SS CH
GA | VILCAD MSUD Hb S/ Th BIOT
HMG LCHAD HCY Hb S/C CAH
MICD TFP CIT GALT
VMU CUbD ASA HEAR
3MCC TYR | CF
@ 0) VAW =
PROP

BKT



Specimen

Amino Acid & Acylcarnitine Profile DBS ESI-MS/MS
Amino Acid & Acylcarnitine Profile Plasma LC-MS/MS
Organic Acid Profile Urine GC/MS
Single analytes of organic acid (VMA/HVA, Urine GC/MS
Succinyl acetone, Homogentisic, Orotic
acid, ...)
Amino Acid Profile Plasma HPLC
Amino Acid Profile Urine HPLC
Homocysteine Plasma HPLC

34



Amino Acid &

Acylcarnitine Profile

in Plasma

Alanine,
Aspartic Acid,
Arginine,
Citrulline,
Glutamic Acid,
Glycine,
Leucine + Isoleucine,
Methionine,
Ornithine,
Phenylalanine,
Tyrosine,
Valine,
Threonine,
Serine,
Histidine,
Lysine,
Tryptophane,

Proline

Free Carnitine(C0)

Acetylcarnitine(C2) ,
Propionylcarnitine(C3) ,
Malonylcarnitine(C3DC) ,
Butyrylcarnitine(C4)
Hydroxybutyrylcarnitine(C40H) ,
Ethylmalonylcarnitine(C4DC) ,
Isovalerylcarnitine(C5) ,
Tyglylcarnitine(C5:1) ,
Hydroxyisovalerylcarnitine(C50H) ,
Glutarylcarnitine(C5DC) ,
Hexanoylcarnitine(C6) ,
HydroxyHexanoylcarnitine(C60H) ,
Methylglutarylcarnitine(C6DC) ,
Octanoylcarnitine(C8) ,
Decanoylcarnitine(C10) ,
Decenoylcarnitine(C10:1) ,
Dodecanoylcarnitine(C12) ,
Dodecenoylcarnitine(C12:1) ,
Tetradecanoylcarnitine(C14) ,
Tetradecenoylcarnitine(C14:1) ,
Tetradecadienoylcarnitine(C14:2),
Hydroxytetradecanoylcarnitine(C140H),
Hexadecanoylcarnitine(C16),
Hydroxyhexadecanoylcarnitine(C160H),
Hexadecenoylcarnitine(C16:1),
Hedroxyhexadecenoylcarnitine(C16:10H),
Octadecanoylcarnitine(C18),
Octadecenoylcarnitine(C18:1),
Octadecadienylcarnitine(C18:2),
Hydroxystearoylcarnitine(C180H),
Hydroxyoctadecenoylcarnitine(C18:10H),
Hydroxylinoleoylcarnitine(C18:20H).

\"Al




Organic Acid Profile i:qm’ 0 by
i ] B

Time (min)
Lactic acid , 2-Hydroxyisobutyric acid , Caproic acid , Glycolic acid , Glyoxylic acid-oxime , Oxalic acid , 2-
Hydroxybutyric acid , 3-Hydroxypropionic acid , Pyruvic acid-oxime , Valproic acid , 3-Hydroxybutyric
acid , 3-Hydroxyisobutyric acid , 2-Hydroxyisovaleric acid , 2-Methyl-3-hydroxybutyric acid , Malonic acid
, 3-Hydroxyisovaleric acid , 2-Keto-isovaleric acid-oxime , Methylmalonic acid , 2-ethyl-3-OH-propionic ,
Urea , 4-Hydroxybutyric acid , 2-Hydroxyisocaproic acid , 3-Hydroxyvaleric acid , Acetoacetic acid , 2-
Hydroxy-3-Methylvaleric acid , Benzoic acid , Acetoacetic acid-oxime , Octanoic acid , 2-Methyl-3-
hydroxyvaleric acid , Glycerol , Phosphoric acid , Acetylglycine , Ethylmalonic acid , 2-Methyl-3-
hydroxyvaleric acid , 2-Ketoisocaproic acid-oxime , Phenylacetic acid , Maleic acid , Succinic acid ,
Methylsuccinic acid , Glyceric acid , Fumaric acid , Uracil , Propionylglycine , Acetylglycine ,
Mevalonolactone , mevalonolactone-origin fragment , Isobutyrylglycine , 2-propyl-3-hydroxy-pentanoic acid
, Mesaconic acid , Glutaric acid , 3-Methylglutaconic acid , 3-Methylglutaric acid , 2-Propyl-3-ketopentanoic
acid , Propionylglycine , Isobutyrylglycine , 2-Deoxytetronic acid , Butyrylglycine , 3-Methylglutaconic
acid(E) , Glutaconic acid , Succinylacetone , decanoic , 2-Propyl-5-OH-pentanoic(VPA) , 3-
methylglutaconic , isovalerylglycine , Butyrylglycine , Malic acid , Adipic acid , Phenyllactic acid ,
Isovalerylglycine , 2-Hexenedioic acid , 5-Oxoproline , Thiodiglycolic acid , 3-Methyladipic acid , 2-Propyl-
glutaric acid , 7-Hydroxoctanoic acid , 5-Hydroxy-2-furoic acid , Tiglylglycine , 3-Methylcrotonoylglycine ,
Tiglylglycine , 3-Methylcrotonoylglycine , 3-Hydroxyglutaric acid , 2-Hydroxyglutaric acid , Pimelic acid ,
3-Hydroxy-3-methylglutaric acid , 3-Hydroxyphenylacetic acid , 4-Hydroxybenzoic acid , 2-Ketoglutaric
acid-oxime , 4-Hydroxyphenylacetic acid , 2-Ketoglutaric acid-oxime , Hexanoylglycine , Phenylpyruvic
acid-oxime , N-Acetylaspartic acid , 2-Hydroxyadipic acid , Octenedioic acid , 3-Hydroxyadipic acid ,
Suberic acid , 3-Methylglutaconic acid , 2-Keto-adipic-OX , Aconitic acid , Orotic acid , Vanillic-2 (3-
Methoxy-4-hydroxybenzoic acid) , Homovanillic acid , Azelaic acid , Hippuric acid , Isocitric acid ,
Citric acid , Hippuric acid, Homogentisic acid , Methylcitric acid , 3-(3-Hydroxyphenyl)-3-
hydroxypropionic acid , Methylcitric acid , 3-Hydroxyoctenedioic acid , 3-Hydroxysuberic acid ,
Vanilmandelic acid , Sebacic acid , Decadienedioic acid , 4-Hydroxyphenyllactic acid , 4-
Hydroxyphenylpyruvic acid-oxime , 2-Hydroxyhippuric acid , 3-Indoleacetic acid , Palmitic acid , 2-
Hydroxysebacic acid , 3-Hydroxysebacic acid , 2-Hydroxyhippuric acid , Dodecanedioic acid , N-
Acetyltyrosine , Uric acid , 3,6-Epoxydodecanedioic acid , Suberylglycine , 3-hydroxydodecaned$@ic acid ,
3,6-Epoxytetradecanedioic acid.




Amino Acid Profile

- L

Homocysteine

8/31/2023

Lysine
$¢:

Aspartic Acid,
Glutamic Acid ,
Asparagine ,
Serine
Glutamine ,
Histidine ,
Glycine ,
Threonine ,
Citrulline ,
Arginine ,
Alanine ,
Tyrosine ,
Tryptophane ,
Methionine ,
Valine ,
Phenylalanine ,
Isoleucine ,
Leucine ,
Ornithine




Disorders

Argininemia

Aminoacidopathies

Primary metabolite in
MS/MS

N Arginine

Confirmatory tests / follow-

up

Plasma NH3, PAA, enzyme assay

Findings in confirmatory tests

N NH3, 1 arginine on PAA, { hepatic arginase
activity

Argininosuccinic aciduria (ASA)

M Citrulline

Plasma NH3, UAA, PAA, enzyme
assay

N NH3, P argininosuccinic acid on UAA and
PAA, { fibroblast/liver ASL activity

Citrullinemia Type 1
“Neonatal” citrullinemia

M Citrulline

Plasma NH3, PAA

D NH3, 1 citrulline on PAA, {, fibroblast/liver
ASS activity

Homocystinuria

D Methionine

PAA, Hey in P, UAA, UOA

/" Blood and urine homocyst(e)ine on PAA and
UAA; D urine methylmalonic acid on UOA in
cobalamin C, D, F synthesis defects

Maple syrup urine disease
(MSuD)

M total “Leucine, isoleucine,
alloisoleucine
M Valine

PAA, Urine DNPH, UOA

N Leucine, isoleucine, alloisoleucine and valine
on PAA; positive DNPH; 1 branched chain a-keto
and hydroxyl acids on UOA

Phenylketonuria

1 Phenylalanine
M phenylalanine tyrosine
ratio

PAA, urine and/or blood or CSF
neopterin and biopterin studies

‘N Phenylalanine on PAA, 1 phenylalanine/
tyrosine ratio; abnormal urinary and/or blood or
CSF pterins in BH4 synthesis defects

Tyrosinemia type 1

N Tyrosine

N Tyrosine and methionine on PAA; D
succinylacetone and tyrosine metabolites on
UOA

Tyrosinemia type 2
Oculocutaneous tyrosinemia
873 172023

M Tyrosine

‘M Tyrosine on PAA; I tyrosine metabolites
without increased succinylacetone on UOA




Samples tor
measurement of
amino acids

Whole blood spotted on filter paper screens newborns for:
— Many amino acidopathies
— Urea cycle defects

Plasma: identify patients with a suspected disorder of:
— Amino acid metabolism
— Monitoring treatment

Urine: screen for:

— Disorders of amino acid transport (cystinuria, lysinuric protein intolerance, or
hartnup disease)

— Generalized renal tubular dysfunction.
CSF (usually in addition to plasma amino acids): evaluation of patients
with:

— Neurometabolic disorders (such as glycine encephalopathy)

— Disorders of serine metabolism



Specimen Collection

The timing of the specimen collection is important in the detection of metabolic

disorders.

e Acutely ill patients Blood and urine specimens on
admission

* Diagnosis of most amino acid disorders Overnight
fast or at least 3 h after meal

* Young infants Immediately before the next scheduled
feeding (at least 2—3 h after the last feeding)

e Hyperammonemia screening Postprandial samples

e TPN patient Intravenous hyperalimentation should be

discontinued for at least 2—3 h prior to specimen collection



Hemolyzed samples

* The concentration of the majority of the physiological
amino acids is the same in red blood cells and in plasma,

with exception of taurine, glutamate, aspartate and
argininosuccinate

 The enzyme arginase converts arginine into ornithine and
urea and is expressed in red blood cells. Hemolysis will

release arginase in the plasma causing hydrolysis of
arginine.

 Therefore, in hemolyzed samples:
Arginine

Orn, Taurine, Glu, Asp, Argininosuccinate



Handling and storage
of samples

Whole blood collected for amino acids
analysis should be spun down as soon as
possible.

Plasma should be kept frozen during transport
and until analysis is performed.

Refrigerated conditions may be acceptable for
a short period of time.

Improper handling of specimens can result in
artifactual changes in the amino acid contents.



Table 1.Collection, handling, and storage artifacts

Source Amino acid(s) affected

Factor/condition
Contamination,
bacterial
Contamination,
bacterial
Contamination, fecal

Contamination,
protein
Contamination, RBC
Contamination,
unwashed skin
Contamination, WBC
Contamination, WBC
Hemolysis
Hemolysis

crum vs. plasma
Storage
Storage

Storage

Storage

Tube artifact,
thrombin

Tube artifact, EDTA
Tube artifact,
metasulfite

Unspun blood left at
rm. temp.

Unspun blood left at
temp.

U

U

Ala, Gly, Pro

Trp. aromatic amino acids,
Ser

Pro, Glu, Leu, lle, Val,
OH-pro-line

Cys

Om
Most amino acids

Tau
Asp, Glu, Tau
Asp, Glu, Gly, Om
Arg, Gin

erum lau > plasma lau
Glu, Asp, GABA
Gln, Asn,
phosphoethanolamine
Gln, Cys, homocystine
Glu
Gly

Ninhydrin positive artifact
S-sulfocysteine

Orn, total homocysteine

Arg, Cys, homocystine



Table 2. Nutritional status and amino acid values

Factor/condition Source Amino acid(s) affected
Diet, canned formula U Homocitrulline

or milk

Diet, gelatin
Diet, high protein
(infants)

Diet, shellfish
Diet, white meat
from fowl

Folate deficiency
Kwashiorkor
Kwashiorkor

Dbesity

Obesity

Starvation, 1-2 days
(with or without
vomiting)
Starvation, 1-2 days
(with or without

Vitamin B12

deficiency

Vitamin B6
dcﬁcicncy

Taurine

Anserine, 1-methylhistidine,
carnosine

Pro, Ser, Gly, Phe
Leu, Ile, Val, Trp, Met, Thr,

Branched chain amino acids,
Phe, Tyr
Gly

Branched chain amino acids,
Gly

Alanine

Total homocyst(e)ine

Cystathionine



Table 3. Effects of illness/disease on amino acid values

Factor/condition

Burn >20% of surface
area

(0=7 days after injury)
Burn >20% of surface
area

(0=7 days after injury)

Hepatic disease
Hepatic disease

Hepatoblastoma
Hyperinsulinism
Hypoparathyroidism,
primary

Infection

Infection

Infection

Ketosis

Ketotic hypoglycemia
Leukemia, acute

Leukemia, acute
Renal failure
Renal failure
Renal failure

Renal failure
Respiratory distress on

Source Amino acid(s) affected

B

Value
Phe t H

Ala, Gly, Thr, Ser, Glu,
Gln, Orn, Pro

Leu, Ile, Val

Tyr, Phe, Met, Orn,
GABA

Branched chain amino

Cystathionine
Leu, Ile, Val
All amino acids

All amino acids

Phe/Tyr ratio

All amino acids

Leu, Ile, Val

Ala

Advanced disease: all
amino acids

On therapy: gly, asp, thr,
ser

Phe, Val
His

Phe, Cit, Cys, Gln,
homocyst(e)ine

Leu, Val, Ile, Glu, Ser
Cystine

Gly

P plasma, U urine, CSF cerebrospinal fluid, H high, L low




Table 4. Effect of medications on amino acid values

Factor/condition
Arginine infusion
Arginine infusion
Bile acid sequestrants
(colestipol, niacin)
Cyclosporin A
2-Deoxycoformycin
Lysine aspirin
Methotrexate therapy
Methotrexate therapy

Nitrous oxide
anesthesia

Oral contraceptives

pD-Phenylalanine
Tamoxifen
retracycline, ren
toxicity
Valproate
Vigabatrin/
vinyl-GABA
Vigabatrin/
vinyl-GABA
Vigabatrin/

Source Amino acid(s) affected

B
U
B

T C®®®

] IO B 1O

Arg
Arg, Lys, Om, Cys
Homocyst(e)ine

Total homocysteine
Homocyst(e)ine
Lys
Homocyst(e)ine
Phe/Tyr ratio
Homocyst(e)ine

Pro, Gly, Ala, Val, Leu, Tyr
Phe
Homocyst(e)ine

amino acids

Gly

f-alanine,
p-aminoisobutyrate, GABA
GABA, f-alanine

2-Aminoadipic acid

P plasma, U urine, CSF cerebrospinal fluid, H high, L low



Urine sample

Urine is not the fluid of choice in the diagnostic investigation of an
aminoacidopathy (phenylketonuria, maple syrup urine disease,
homocystinuria, etc.) as plasma is a better sample type.

Urine amino acids analysis is the diagnostic test for disorders of amino acid
transport (cystinuria, lysinuric protein intolerance, Hartnup) or in prolidase
deficiency.

Although a random specimen is usually sufficient for diagnostic purposes, a
timed urine collection may be required for reabsorption studies in
conjunction with a plasma sample collected at mid-point.

The interpretation of urine amino acids relies on patterns of amino acids
more than on absolute values.



Interpretation of Amino Acids
Results and Reference Values

Circadian rhythm

e Circadian rhythm is a physiological basis for higher amino acid
concentrations, up to 10-15%, in the blood in the afternoon.

A mild generalized increase in urine amino acids is a relatively common
finding in hospitalized children.

* Vomiting and poor oral intake for 1-2 days may cause mild elevations (two-
to threefold) of the plasma branched-chain amino acids.

In a patient with MSUD and metabolic decompensation, the pattern of
branched-chain amino acids will show a disproportionately high leucine
compared to isoleucine and valine and a markedly reduced alanine in addition
to the presence of alloisoleucine.



Interpretation of Amino Acids Results
and Reference Values

Secondary amino acid changes
e Secondary amino acid changes can be a clue to other types of
metabolic disorders such as:
— Galactosemia
— Organic acidemias
— Disorders of pyruvate metabolism
* Gross elevations of many amino acids, particularly glutamine

and alanine in blood, have been reported in moribund
children.

* Elevations of the branched-chain amino acids, citrulline, and
arginine can be secondary to hypoxia and liver failure



Table 5. Pathologic conditions associated with abnormal amino acids concentrations

Amino acid

All amino acids

All amino acids

All amino acids
Neutral amino acids
Alanine

Alanine
f-Alanine
f-Alanine
f-Alanine
Allo-isoleucine

a-Aminoadipic
p-Aminoisobutyric acid
&-Aminolevulinic acid
Arginine

Arginine

Arginine

Argininosuccinate

Asparagine

Aspartic acid
Aspartic acid
Aspartylglucosamine
Carnosine

Citrulline

Disorder(s)

Classic galactosemia, Renal Fanconi syndrome, Lowe syndrome
Tyrosinemia type 1, hereditary fructose intolerance

Vitamin D-dependent rickets, mitochondrial disorders

Hartnup disorder

Lactic acidosis, disorders of pyruvate metabolism, mitochondrial disorders, hyperammonemic

syndromes, glucagon receptor defect

Maple syrup urine disease

f-Alaninemia

GABA-transaminase deficiency

Pyrimidine disorders, methylmalonate semialdehyde dehydrogenase deficiency
Maple syrup urine disease, E; deficiency

a-Aminoadipic/a-Ketoadipic aciduria

p-Alaninemia, f-Aminoisobutyric acid aminotransferase deficiency (benign)
Tyrosinemia type I, porphyria

Cystinuria, dibasic aminoaciduria, lysinuric protein intolerance

Arginase deficiency, glucagon receptor defect

HHH syndrome, ornithine aminotransferase deficiency, urea cycle defects (except arginase
deficiency)

Argininosuccinate lyase deficiency

Asparagine synthase deficiency
Dicarboxylic aminoaciduria

Pyruvate carboxylase deficiency type B
Aspartylglucosamidase deficiency
Carnosinemia

Citrullinemia type I (argininosuccinate synthase deficiency), Citrullinemia type II (citrin
deficiency), argininosuccinate lyase deficiency, pyruvate carboxylase deficiency type B
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Table 5. (continued)

Amino acid
Citrulline

Cystathionine

Cystine

Cystine
Formiminoglutamic acid
(FIGLU)

GABA

GABA

Glutami
Glutamic
Glutamine

Glutamine
Glutamine

Glycine

Histidine
Homoarginine
Homocarnosine
Homocitrulline

Homocyst(e)ine

Homocyst(e)ine

disulfide
Total Homocysteine

Imidodipeptides

Isoleucine

Methionine
Methionine
Methionine sulfoxide
Ornithine

Ornithine

Ornithine
Phenylalanine
Phenylalanine
Phosphoethanolamine
Pipecolic acid
Pipecoli

Pipecolic

Proline

Disorder(s)

defi y

perlysinemia
Molybdenum cofactor deficiency. sulfite oxidase deficiency
Formiminoglutamic aciduria

B-Alaninemia
GABA transaminase de:

Dicarboxylic aminoaciduria

idemia, glutamine synthase deficiency

cy (normal ammonia
-iency, propionic acidemia, methylmalonic acidemia, maple syrup urine
yruvate carboxylase deficiency

Glycine encephalopathy, glycine transporter deficiency, propionic acidemia, methylmalonic
acidemia, p-G ic aciduria
Familial renal iminoglycinuria, hyperprolinemia type I and II
Serine deficiency disorders
Prolidase de
Hawkinsinuria
Histidinemia
Hyperlysinemia
Homocarnosinosis
HHH syndrome, s

Y haropinuria
Cystathionine-f-synthase deficiency, cobalamin disorders, folate disorders, methionine synthase
(MS) and MS reductase d
Methionine
y N-methyltransferase de
Cystathionine-p-synthase deficiency

Molybdenum cofactor deficiency, sulfite oxidase defici

lycinuria, hyperprolinemia type I and I

inuric protein intolerance, dibasic aminoaciduria
sinemia, saccharopinuria

HHH syndrome, ornithine aminotransferase deficiency, lysinuric protein intolerance
Urea cycle defe yruvate carboxy
Homocysteine remethylation disorders
Cystathionine-p-synth

ystathionine-p-synthase deficiency, hypermethioninemias

y minoaciduria, hypes
HHH syndrome, ornithine

nuric protein intolerance

Tyrosinemia type I

Hypophosphatasia

Hyperlysinemia, antiquitin de

Hyperprolinemia type I
omal disorders

ncy (pyridoxine responsive

ate synthase deficiency
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Table 5. (continued)

Amino acid
Proline
Proline
Saccharopine
Sarcosine
Serine
S-Sulfocysteine
Taurine
Threonine
Tryptophan
Tyrosine
Tyrosine
Valine

Source
U

P/U
P/U
P/U
P/CSF
P/U

U
P/CSF
U

P/U

P

P/U

Disorder(s)

Familial renal iminoglycinuria

Hyperprolinemia type I and 11, lactic acidosis, multiple acyl-CoA dehydrogenase
Saccharopinuria

Sarcosinemia, mitochondrial disorders, glutaric acidemia type 1l, Betaine therapy
Serine deficiency disorders

Molybdenum cofactor deficiency, sulfite oxidase deficiency

Molybdenum cofactor deficiency, sulfite oxidase deficiency, p-Alaninemia
Pyridoxal phosphate-dependent seizures, citrullinemia type 1 (citrin deficiency)
Tryptophanuria

Tyrosinemia type L, 11, II1, transient tyrosinemia of the newborn

Phenylketonuria, pterin disorders

Maple syrup urine disease, E3 deficiency, branched chain amino transferase 2 deficiency

P plasma, U urine, CSF cerebrospinal fluid, H high, L low
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Table V: Maternal conditions affecting the newborn screening results

Matemal conditions

NBS analyte affected

Results in

Additional information/
duration of interference

Hyperthyroidizm treated with Propyithiourail
(FTU)

Low thyraxine (T4), high TSH

Trangient hypothyroidizm

Until drug clears, typically 7-14 days

"'| {radiooctive ioding) tregtment during
pregnancy: Before § weeks' gestation.

Euthyroid (but may couse birth
defects)

Will cousze maternal hypothyroidism (potential
effect on fetal brain development if not freated in
first timeater)

"'| {radiooctive ioding) treatment during
pregnancy: After 8 weeks' gestation (when
fetal thyroid matures and fraps iodine)

Low T4, high TSH

Permanent hypothyroidism

Lifelong

steroidz: prednisone, betomethazonel/
dexamethazone

Low or normal 17-0HP

Suppresses fetal adrenal funchion

and couzes folse-negative regults
for CAH

Unknown - depends on class of steroid and dose;
estimate 1-2 weeks

CAH

Elevated 17-0HP

Falze-positive result

Unknown-gztimate 3-7 days

PKU or moderate hyperphenylalaninemios
unconfrolled by diet or medications

Elevated phenylalaning; although
ratio of phenylalanine - to - tyroaine
(Phe/Tyr) should be nomal; folze-
pozitive regult

Tranzient hyperphenyloloninemia

12-24 hours unless infant haz PKL

I-MCC deficiency

Elevated C30H

Falze-positive result

Fatty liver of pregnancy or HELLP syndrome
(hemolyaia, elevated liver enzymes, low
platelets)

May have elevated even chain
acylcornitines

Falze-poaitive result

Carnitine deficiency

May have low carnitine levelz

Falze-positive result

Unknown

Vitamin B12 deficiency

Elevated propionylcarnitine (C3)

Falze-positive result

A number of doye depending on nutrtion provided




Table VI: Treatments used in special care baby unit and effects on newborn screening results

Treatment

Effect on newborn screening results

Duration of effect

Parenteral Mutntion (PH)

Elevation of multiple amino acids

4-24 hours ofter P dizconfinued

Carnitine supplementation

Elevations of acylcornitines; can mosk cornitine transport dizorders

For durction of supplementation and weeks later

Red cell transfusion and Exira
Corporeal Life Support (ECLS)
[pre- and postnatal transfusicns)

Can mazk the absence of enzymes ond proteing intnnsic to the red
blood cell (RBEC), thereby negating results for hemoglobinopathies

and galactozemia (when testing iz for goloctoze 1 phosphate unidyl
transferaze (GALT) enzyme activity)

120 dayz after lost transfusion
ECLS invalidates all MBS results for analyte-zpecific

periods of time

Copamine

Falze-negaotive testing for CH, because levels of TSH are supprezzed

Uritil drug theropy iz stopped

Steroids

Suppreszed TSH ond T4, possible falze-negative result for CH. May
suppress 17-0HP resulfing in folze-negative tezting for CAH

Urnknown - depends on clasg of steroid aond dose; estimate
1=2 wesks

lodine exposure with povidone
iodine preps

Trangient hypothyroidizm; low T4, elevated TSH

Once exposure to topical iodine dizcontinued, resclution
may take 2-& weeks [depending on dose obsorbed and
other factorz)

Pivolic acid antibiotic theropy

May couze elevated izovaleryl 2-methylbutyryl carnitine

Unkmiown

Table VII: Conditions of the infant affecting newborn screening tests

Condition of the infant

Effect on newbom screening

Duration of effect

Immature hypotholamic-pituitary
thyroid axis

Low T4, normal TSH, infants with congenital hypothyroidizmn (CH)
can be miszed

Up to & weeks of age

Hypothyroxinemia of preterm birth

Trangient hypothyroidizm, lowT4; normal TSH followed by
elevated TSH

Up to & weeks of age

Liver enzyme immatumty

Tranzient elevotions of fyrozine, methionine, and galactose,
occagicnally other amingc acids

A few weeks

lodine deficiency

Tranzient hypothyroidizm low T4, elevated TSH

Until supplementad

Acute ilineza

Tranzient hypothyroidizm; low T4, elevated TSH, elevoted
immunoraactive trypsinogen (IRT)

Until recovered

Hypoxia

Elevated IRT

Until recovered

Liver dizegze

Elevoted tyrozine, methionine, galoctose
Depreasion of bictinidaze enzyme

Until recovered

Renal immiaturity

Elevoted 17-0HE amino acids

Until recovered

Preterm

Lower bictinidaze levels inverzely reloted fo gestahional age

40 weeks gestotional oge
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Initial findings include
one or more of the following:
a) Poor feeding

l

Infection

b) Vomiting
c) Lethargy { Not responsive to
d) Conwulsion { intravenous glucose or calcium
e) Coma
Metabolic disorder
Obtain

plasma ammonia

l

!

|

High Normal
Obtain Obtain
blood pH and CO, blood pH and CO,
| |
Normal Normal anion gap
High anion gap
' Acidosis

i
L.rae cycie defects

Organic acidemias

Aminoacidopathies
or galactosemia

Figure 84-1. Clinical approach to a newborn
infant with a suspected metabolic disorder. This
schema is a guide to the elucidation of some of
the metabolic disorders in newborn infants.
Although some exceptions to this schema exist,
it is appropriate for most cases.




Amino acid disorders

PROTEIN

PAA: plasma
amino acids

Accumulation of amino Amino Acid
acids =
amino acidopathy

Ex: PKU (phenylalanine),
tyrosinemia, maple syrup
urine disease (leucine, Deamination
valine, isoleucine),
homocystinuria

Hyperammonemia: Cerebral
edema, stimulates central
hyperventilation

Ammonia Organic Acid

Defect in making UOA: urine

urea = organic acids

urea cycle y -

disorder x Accumulation of
rea cycle organic acids =

organic acidemia

Ex: OTC
fieﬁc?ency, Ex: Methylmalonic
citrullinemia acidemia, propionic
(arginosuccinate acidemia
synthetase v
deficiency), CPS1 U Organic Acid
deficiency ey Metabolites

ygrammonemi Neos: > 50...> 100; Kids/Adults: >100...>150
Level of hyperammonemia: 1) urea cycle defect  2) organic
acidemia 3) amino acidopathy
* Central hyperventilation = respiratory alkalosis
*  Why is it bad? Cerebral edema = herniation



Hyperammanemia

Metabolic acidosis No acidosis

g N

Lactic acidosis No ketosis Ketosis No Ketosis Ketosis

! \L Y l l

Pyuvate metabolism disorder | | Mtochondral fatyacid | | Organc acdemias | | Ureacycks defects Aminoacidopathies
Mitochondnal energy defects | | oxidation disorders Iysinuric protein itolerance (MsUD)

HHH syndrome
Y ¢ Y

Plasma pyrwic acid PAC+U0A+SC UOA + PAC + (SC) ¢ l

”'az”(‘ji'a"g;g’“"j PAA it ASH PAA s e e
i LA + UOA
urine orotic acid




UCD: elevation of ammonia without metabolic
acldosis (sometimes respiratory alkalosis)

Normal Level of ammonia

Fulterm < 100 pumol/L (< 1.7 pg/ml)
Preterm < 150 umol/L (< 2.6 png/ml)
Children < 35 pmol/L (< 0.6 ug/ml)

Pathologic Level of ammonia

Neonate: > 150 umol/L (> 2.6 ng/ml)
Ch.-Ad: > 100 pmol/L (> 1.7 pg/ml)



MS/MS: Increased level of

Citruline
Glutamic acid
Aspartic acid

Alanine

Urine GCMS:Increased level of:
orotic acid

uracil



Orotic acid

* |ndic.: Suspected heterozygous OTC deficiency, urea
cycle defects carbamyl phosphate disorder,
disorders of pyrimidine

metabolism, mitochondrial disorders, allopurinol test
* Method: HPLC, MS-MS, capillary electrophoresis

* unexplained elevations also in other disorders, e.g.
Rett syndrome, Lesch-Nyhan syndrome,

* “benign orotic aciduria



Elevation of other amino acids

Citrulline: DD: citrullinaemia: T Cit;
argininosuccinic aciduria: " Cit,T* Asa,

Renal disease

Confirmation: AA plasma and urine

Arginine: Argininaemia; low sensitivity, Arg
frequently normal in newborns

Confirmation: AA plasma and urine
Glycine:Non-ketotic hyperglycinaemia

Confirmation: AA plasma (if symptomatic: plasma
+ CSF)



Follow-up testing for elevated citrulline

* Possible diagnosis: citrullinemia (ASD);

e argininosuccinic aciduria(ASLD)Plasma amino acids -
elevated Cit, also Asa in ASLyase

e Urine amino acids (grossly elevated arginino-succinic
acid (Asa) is diagnostic of ASL def)

e Urine organic acids - orotic acid may be elevated

e Confirmation:

e Argininosuccinate synthetase (ASS) activity in liver or
cultured fibroblasts

e Argininosuccinate lyase (ASL) deficiency is confidently
diagnosed from Asa levels
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Analyte Abbreviation Analyte Full name Result [uM) (reference interval | pathologic border Description
Ala Alanine 189.00 |<362 »514 Normal
Asp Aspartic Acid 30.50 <B4 »95 Normal
Glu Glutamic Acid 203.00 (<427/00 =461 Mormal
Arg Arginine 13.50  |4/00-34 <4 , =42 Normal
[ o [ cwwne ] @@ Jsomo Ja.w [ 0+ |

Gly Glycine 214.00 (<417 =186 Mormal
Leutle Leucine+lsoleucine 107.00 (<170 =191 Mormal
Met Methionine 20.60 9.0-32 <9 , »3b Normal
O Ornithine 45.60 <133 =148 Mormal
Phe Phenylalanine 3430 <69 =112 Normal
Pro Proline 85.80 <252 =314 Mormal
Tyr Tyrosine 43.90 <264 »303 Normmal
Val Valine 73.20 <156 =166 MNormal
co Free Camitine 14.30  |&/o0-40 <Bf5, =45 Normal

c2 Acetylcarniting 694  (7-38 <5, >40 *
c3 Propionylcamitine 0.39 0.3-4/6 0.3 , =5/0 Normal
C3DC & CBOH Malonylcamitine & 8-Hydroxyoctanoylcamitine 0.02 <0f05 =0/15 Normal
Cca Butyrylcarnitine 014 <055 =075 Normmal
CAOH Hydroxybutyrylcamitine 0.03 <0.3 0.5 Mormal
canc Methylmalonylcarnitine 0.15 <025 =0.34 Normal
s Isovalerylcamitine 0.13 <0.36 »0.45 Normal
C50C & C100H Glutarylcarnitine & 3-Hydroxydecanoylcarniting ~ 0.03 <0f1% =016 Normal
C5:1 Tiglylcarnitine 0.01 <003 =0.09 MNormal
C50H Hydroxyisovalerylcarnitine 010 |<0f27 =0.47 Nomal
[ %7 Hexanoylcamitine 001 0,09 »0.12 Normmal
CeDC Adipoylcarnitine 001 0,05 »0.06 Normmal
Ca Octanoylcarnitine 0.02 <0.08 =0.28 Mormal

m
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Test Result Unit Reference Value

Aspartic Acid 78 uMolL (.20

Glutamic Aad 106.7 uMol/L  10-120

Asparagine 28.0 uMolL  24-6()

Serine 120.0 uMol/L - 60-200

Glutamine 286.2 uMol/L - 396-T746

Histidine 58.7 wMdliL  50-130

Glyane 233.6 uMol/L  140-490

A

Threonine

Arginine
Taunne
» Al
Tyrosine
a-Arminooutric Acd
I'ryptophane
Methicnine

Valin
Phenylalanine
Isolucine

leuane

Orpitine

Lysing

|t N
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* Recheked
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89.9

29.0
52.1
134.5
90.6
4.1
334
17.7
90.1
58.7
22.3
51.8
50.3
56.5

uMol/L

uMol/L
uMol/L
uMol/L
uMol/L
uMol/L
uMol/L
uMol/L
uMol/L
uMol/L
uMol/L
uMol/L
uMol/L

uMol/L
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O-49
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_ . . . D Number: HD-IMC-
Urine Organic Acid Analysis L me o ottes
Growth And Development Research center date:00/09/18

Iran Metabolic Center

m

Name of Lab Center: Iran Metabolic Center
Address and Telephone Number of Lab Center: Growth and Development Research center Pediatrics Center of Excellence, Children's Medical

center 62 Dr.0Qarib 5t, Keshavarz Blvd, Tehran Telephone 021-61472434 Fax: 66949662
Patient's name: Amirreza Mirzaei Lab number:9337 Patient's 1D:012000917000213014041482
Sample type: urine Gender: male age:2m, 13d
Physician/referred by: CMC Reception Date:00/09/17 Reporting date: 00/09/18
b
Result:
Abnormal Compound Cut off measure
Ethylmalonic acid 7.45% 8.24%
Octanoic acid 0.59% 0.64%
Comment:

The urine organic acid analysis shows increased level of Ethylmalonic acid and Octanoic acid, that may be due
to fasting. MCT oil consumption or carnitine deficiency.

Approved and interpreted by: Dr. Sedigheh shams



8 Diagnosis and management of metabolic disorders

Differential diagnosis

Plasma citrulline Other features Diagnosis

Low (usually) 11 Orotic acid Ornithine transcarbamylase deficiency
Specific acylcarnitines Organic aciduria, e.g. propionic or methylma-
and organic acids lonic aciduria
|—n Orotic acid Carbamylphosphate synthase deficiency

N-acetylglutamate synthase deficiency
Ornithine aminotransferase deficiency

(newborns)
>30 uM 1 Orotic acid Lysinuric protein intolerance
>50 uM |—n Orotic acid, | lactate  Pyruvate carboxylase deficiency (neonatal)
100-300 pM 1 Argininosuccinate Argininosuccinic acidaemia

>1,000 uM ! Orotic acid Citrullinaemia

i
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analyte Abbreviation Analyte Full name Result [uM] [reference interval | pathologic border Description

Ala Alanine 2317 g3 457 Mormal

ATE Arginine 1653 |3385L31 <280, 6207 Hormal

Glu Glutamic Acid 33188 [172.2-8451 73 Hormal

Gly Glycine 172,90 |65.3-308.5 >336.6 mormal
Lewle Leucine+isoleucine 113.25 (48201 >Z15 Normal
Met Methionine 2208 T.06-27.84 <637, =325 Mormal

om Omithine 7LOS  [4E55-182 202 mormal

phe phenylalanine 4574  [35.21-79.04 =110 Mormal

Pro Proline 2193 (B1-374 404 Mormal

Tyr Tyrasine 182.21 [40.1-267.6 >296.4 Mormal

val valine 10464 [423-148 >158 Normal

o Frae Camitine 16191 [7.14-43.34 <5.5, 48 Hormal

) Acetylcamitine 7551 |5.02-40.68 <3.05, =15.20 normal

(5] Propionylcamitine L1087 037430 2 , 35 Hormal
CIDCRCAOH Malonylcamnitine & Hydroxybutyrylcamitine 0021 [<D23 084 Haormial
ca Butyrylcamitine 0152 0.085-0.7 =097 mormal

CADC & C50H Methylmalomyicarnitine & Hydroxyisovalergiarniting 0125 [=D31 >L14 Mormal
(=3 Isovaleryicamitine 0.127 (<053 .63 Meormal

C5DC & CBOH Gluterylcamitine & Hydroxytecanoyl camitine 0201 |<DA45 >0.49 Hormal
(¥ Haxanoylamitine 0033 <010 .14 Hormal
CBeDC Methylglutanylcamitine 0166 <046 L5 Mormal
B octaneylcamitine 0027  |«0.d0 038 Normal
81 Octenoylcamitine D068 |<D.9 =0.24 [—
€10 Decanoylcamitine 05 <138 .16 Normal
(1] Decenoylcamitine 0063 [«Dil 021 meormmial
clo2 Decadienylcarnitine 0.4 |<DvD8 »0.12 Hormal
12 Dodecanoylcamitine 034 [«D146 0,26 mormal
[k DodecenoylEamitine 0018 (<009 >0.15 Mormal
[nl] Tetradecanoylcamitine 0101 <036 >0L58 Mormal
€141 Tetradecenoylcamitine 0023 [«0i3 025 Normal
c142 Tetradecadienoylcamitine 0003 [<D0zs 0,042 Hormal
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HPLC(plasma) !
|
Test Result Unit  Reference Value |
Aspartic Aad 94 uMalil (.20 i
Glutamic Aad 308.8 uMoliL  10-120 :
Asparagine 49.4 uMol/L  24-60) [
Serine 1774 uMol/L  60-200 !
Glutamine 614.2 uMolll  396-746 i
Histidine 121.7 uMol/L 50-130 !
Glycine 279.3 uMelil  140-490 :
Ihreonine 2168 uMol/L  40-240 l
Arginine 2136 Mol J0-160
Tauring 46.7 uMoll 19216
Alanine 298.9 uMol’L  240-600 ' |
lyrosine 151.5 uMol/L  30.120 |
a-Aminobutric Acid 15.0 uMolL. (.38 *
Tryptophane 399 uMol/t  15.73
Methionine i 38.1 uMol/L .49
valin ' 169.7 uMol/L 1 40-350) i
Fhenyiglaning 62.6 uMolL  3().80
Isolucine 62.6 uMol'L  30-130
leucine 90.8 uMollL  §(-230
Omitine 52.0 Mol 20.135 2
Lysine 123.1 uMallL - 80-250
* Recheked
1 Nr Cinnatirs * e &= !
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Amino Acds profile in plasma by LC M5/
Amino Acid Result (uM) | Normal Value | Description
Alanne 281 119474 Normal
./i)b-vw-burnv 03 <l Norma!
Alpha-amnoad pec acd 07 « T Nomal
Agnine ) 1913 | Nomal
Armuninasieme s'x?! 18 «02 Al ma
Asparagine e 39 | Nomal
Aspartc acxd (1] <20 Normal
[ Bota-aminowsobutyne acel T | <5 — Nomol
Beota-alanne 49 <« | Norma!
Crilne " 94y | - ’
Cysiattionne 00 < | Nomal
Cystine = 6.3 Sale=—S009 | Nomal
Gamma-aminobutync acel n? % Norma/
Glutamee ocxd 109 T | Normal |
Ghutarmino 12 NGRSO | Normal |
Glycine L 11426 | Normal
Giyeylprokne 00 «0$ | Normal
Heshetine 1Y) 10 116 Normal
[ Fomocitrutume 0l = 1B « T Nomal
Homocysting 0o B T T ey
Hydrorytysine = 0l Y “Normal |
Hydroxypmine 158 861 Normal
[soRUCing na T 25105 | Nomal
Lowcmo SR TS Normal
Lysino 1ox 0 49283 Normal
Methonme 193 TE Normal
Ornithine 9 201%0 T Nomal
Phonyialanine Y 102 Nomal
Profne e 1498 85301 [ Normal
Sonna 1268 69271 Normal
| Sutfocystene 00 < Normal
Threonine 1.2 41211 ~ Normal
Tryptophan [} 1714 Normal
Tyrosimne A 26-115 Nommal
Valine %0 83312 Normal
Interpretation: This resut is compatible with biochemical dlagnosis of "Argninosuccinate Lyase Deficiency,
AN




Follow-up testing for elevated arginine

* Possible diagnosis: arginase deficiency

* Plasma amino acids - marked elevation of Arg
e Urine amino acids - elevated Arg, Lys, Cys ,Orn
e Urine organic acids - orotate

e Confirmation: Arginase activity (RBC)



Follow-up testing for elevated ornithine

Possible diagnosis: HHH syndrome; gyrate atrophy
Plasma amino acids - markedly elevated Orn

e Urine amino acids - elevated Orn, homoCit

e Urine organic acids - orotic acid

e Confirmation:

elevated ammonia in addition to Orn and increased
excretion of homocitrulline (homoCit) are diagnostic of
HHH syndrome - a mitochondrial membrane
transporter defect (ORNT1)

e ornithine aminotransferase activity in lymphocytes
(gyrate atrophy)
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Initial findings include
one or more of the following:
a) Poor feeding

l

Infection

b) Vomiting
c) Lethargy { Not responsive to
d) Conwulsion { intravenous glucose or calcium
e) Coma
Metabolic disorder
Obtain

plasma ammonia
l
! }

|

Normal

!

:

Y

High Normal
Obtain Obtain
blood pH and CO, blood pH and CO,
Normal anion gap
High anion gap
Acidosis

|

i
L.rae cycie defects

Organic acidemias

Aminoacidopathies

or galactosemia

Figure 84-1. Clinical approach to a newborn
infant with a suspected metabolic disorder. This
schema is a guide to the elucidation of some of
the metabolic disorders in newborn infants.
Although some exceptions to this schema exist,
it is appropriate for most cases.




* The most common abnormality in NBS for amino
acids is elevated tyrosine; most cases are NOT

tyrosinemia |, Il or lll (these are very rare)
e The most common urea cycle defect, OTC deficiency,

is not currently detectable by MS/MS (possibility of

low citrulline?)
e |t is not clear that Tyr-I, NKH, HHH, Hyperprolinemia or

Arginase deficiency are detectable in the neonate (<
5d of age)



Aminoacidopathies
2/A) PKU:

High blood level of phenylalanine (usually above
than 10mg/dl) is diagnostic In:
- HPL.C method

= M S/ M S meth Od (mass spectrometry/ mass spectrometry)

GCMS: Increased level of metabolites:
Phenyl acetate

Phenyl lactate

Phenyl pyrovate



Phenylketonuria (PKU;)

Metab.: > Phe, {, Tyr, 1* Phe/Tyr ratio

Confirm.: AA plasma; exclude cofactor
deficiency pterines in urine, DHPR activity in
DBS; consider BH4 test

DD: Prematurity, liver disease/hepatic failure,
parenteral nutrition; I Phe + I Tyr:
tyrosinaemia type 2 or 3, transient
hypertyrosinaemia (premature neonates

Neonatal Presentation: None



Pre-analytical aspects PHE

* Potential for false negatives PHE
Missing sample spot in the plate well
Transfusions at least 72h

Delays in transit

Physiological reasons

Potential for false positives
Contamination of the sample
Non-sample source contamination
Physiological reasons



2/B) Tyrosinemia: Blood level elevation of tyrosine:

HPLC methOd ,MS/MS methOd (EES

spectrometry/mass spectrometry)

GCMS: Elevation of:

Succcinylacetone
N-acetyltyrosine

4 -HPPA
4 -HPLA
4 -HPAA




Follow-up testing for elevated tyrosine
Possible diagnosis: tyrosinemia type |, I/ or I/l

* Plasma amino acids - elevated Tyr

e Urine organic acids (elevated tyrosine metabs;

e succinylacetone is diagnostic of type I)

*TYR Il or lll - Elevated TYR with normal SUAC

e Clinical history (hepatorenal phenotype - type I;
oculocutaneous phenotype - type Il)

eDD:types 2 and3, transient hypertyrosinaemia (mainly
premature neonates)

e Note: transient tyrosinemia of the newborn is by far
the most common cause of elevated Tyr
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Analyte Abbreviation Analyte Full name Result (uM] |reference interval | pathologic border Description

Ala Alanine 753.08  |<332 =467 MNormal

Arg Arginine 1142 |3.38-5131 <2.80, »62.07 Normal

Cit Citrulline 1154 |5.2-27 <3, =30 Normal

Glu Glutamic Acid 409.16  |<583 >723 Normal

Gly Glycine 146,37 |<308.46 »336.58 Normal

Leu+lle Leucine+Isoleucine 17256 |<201 =215 Mormal

Met Methionine 1967 |6.97-24.8 <634, »285 Mormal

Orn Ornithine 75.26 <182 =202 Normal

Phe Phenylalanine 5202 <8 >109 Normal

Pro Proline 230.34  |<374 >404 Normal

co Free Camitine 37.080 |7.14-43.34 <3.6, 48 Mormal

£2 Acetylcarnitine 25997 |5.92-40.68 <3.95,>45.29 normal

£3 Proplonylcarnitine 3833 |0.37-4.30 <031 , =5 Normal
C3DCRCA0H Malenylcarnitine & Hydroxybutyrylearnitine 0113 =02 =0.31 MNormal
c4 Butyrylcarnitine 0.369 |<0.49 »0.67 MNormal
C40C & C50H Methylmalonylcarnitine & Hydroxyis ovalenylcarnitine 0.177 «0.27 =0.78 MNormal
cs Isovalerylcarnitine 0.274 <038 >0.47 Normal

C5:1 Tigh/lcarnitine 0.019 |<0.08 =0.204 Normal
C50C & Ca0DH Glutarylcarnitine & Hydronyhexanayl camitine 0335 |[<048 »0.58 Normal
Cé Hexanoyleamitine 0.048 |<011 »0.14 Normal
Cs0C Methylglutarylcarnitine 0.238 |<052 »0.56 MNormal

8 Octanoylcarnitine 0.040 |<0.10 =0.3 Normal

C8:1 Octenoylcarnitine 0.09% |<0.18 »0.22 Normal

10 Decanoylearnitine 0.039 |<0139 »0.16 Normal
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HPLC | G
Test Result Unit Reference Value g 1
|
Agpartic Acd 29 uMol't ()20 :
Glutamic Acid 67.4 uMol’L 10120 :
Asparagine 38.2 uMo/L 24-60) :
Serine 142.3 UMeL 60200 :
Glutamine 679.8 WMol 396.746 3
Histidine 53.7 uMole* 50.130 !
Glycine 159.0 uMal/L 140490 : E
Threoning 92.4 uMolL  40-240 :
Citrulline 209 uMolL  §-47 :
Arginine 519 uMol/L 40160 ;
Taurne 3L7 uMolL 19-216 ‘
|
Alanine 188.6 uMol/L 240.600 f
a-Aminobutric Acid 29.2 uMol/L .38 a : -
Tryptophane 70.7 MO 1573 ] 1
Metnionine 19.0 uMollL (.99 E |3
Valin 167.0 uMallL  140-350 3 : ~
Phenylalamne 50.8 uMelil  30-80 ;
Isolucine 53.2 uMol/L  3(-130 : v
feucine /6.2 uMeliL (230 f
Ortutine 42.2 uMalL (138 ; c
Lysing 96.5 uMol/l 80250 (
|
| 0
l
|
* Recheked : C}
: ; ————— 4
Dr Signature : ‘ i Q
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Ty1 - / : ; alsrelc Document Number: HD-IMC-
Urine Organic Acid Analysis LA RS 01052263
Growth And Development Research center date:01/05/19

Iran Metabolic Center

Name of Lab Center: Iran Metabolic Center
Address and Telephone Number of Lab Center: Growth and Development Research center Pediatrics Center of Excellence, Children's Medical

center 62 Dr.Qarib St, Keshavarz Blvd, Tehran Telephone 021-61472434 Fax: 66949662
Patient's name: Liana Rostami nasir abad Lab number:8814 Patient's 1D:012010518000325014022263
Sample type: urine Gender: female age:3m,25d
Physician/referred by: cmc Reception Date:01/05/18 Reporting date: 01/05/19
Result:
Abnormal Compound Cut off measure
4-Hydroxyphenyllactic acid 12.51% 2683.98%
4-Hydroxyphenylacetic acid 139.99% 450.46%
4-Hydroxyphenylpyruvic acid 1.90% 348.46%
Comment:

The urine organic acid analysis shows significantly increased level of 4-Hydroxyvphenyllactic
acid, 4-Hydroxyphenylacetic acid and 4-Hvdroxyphenylpyruvic acid, that is related to

Tyrosinemia Type ILI. This patient is a known case of Tyrosinemia Tvpe II.




Follow-up testing for elevated glycine

» Possible diagnosis: NKH (nonketotic
hyperglycinemia)

e CSF amino acids - elevated glycine

e Plasma amino acids - elevated glycine

e Urine organic acids - rules out other metabolic
causes for elevated glycine

e Confirmation:

e Ratio of CSF: plasma glycine > 0.08

e Reduced activity of the glycine cleavage system
(liver)



Follow-up testing for elevated proline

* Possible diagnosis: hyperprolinemia type I or type I/
e Plasma amino acids - elevated proline

e Urine organic acids (to rule out lactic acidosis and
check for P5C)

e Confirmation:

e Type Il - P5C dehydrogenase deficiency - by

marked elevation of D1-pyrroline 5-carboxylate

(P5C) in urine and plasma

e Type | - proline oxidase deficiency - by exclusion

of type Il



Follow-up testing for elevated methionine

* Possible diagnosis: homocystinuria or
hypermethioninemia

* Plasma amino acids - elevated methionine and/or
total plasma homocysteine

* Confirmation:
Cystathionine R-synthase activity in lymphocytes or
fibroblasts (if Hcys and Met elevated)

e Methionine adenosyl transferase activity (if Met
only elevated) in liver




Potential for false negatives MET

Transfusions

Delays in transit / sample deterioration
Physiological reasons

Potential for false positives :

Liver disease (for example due to tyrosinaemia type
| or galactosaemia), parenteral nutrition, and
methionine adenosyl transferase (MAT) deficiency
can give rise to an elevated methionin
concentration in the newborn period.



Homocystinuria

Metab.: > Hcy; more common: > Met (2nd
tier Hcy from DBS, where available)

Abnormal Screen Result: Elevated MET
Elevated MET/PHE

DD: Liver failure (I Met and Tyr); MAT I/1ll (‘T
Met only)

Confirm.: AA plasma, Hcy
Neonatal Presentation: None



* Homocystinuric patients can be sub-divided
into two important biochemical phenotypes:

* Pyridoxine responsive (screen undetectable)
* Pyridoxine unresponsive (screen detectable)



Raised total homocysteine concentrations are
also seen in some rarer inborn errors of
metabolism (MTHFR deficiency and defects of
vitamin B12 metabolism) and in maternal B12
deficiency but these would not be detected by
screening as they are associated with low, rather
than high, methionine concentrations.



Total homocysteine (tHcy)

* Blood should be centrifuged within 45 min to
obtain EDTA or heparin plasma or serum. For
exact

measurement it is important to treat plasma or
serum with a reducing agent that converts all Hcy
species into the reduced form, HcyH, which is
measured either directly or after derivatisation.

* Normal values (fasting): children < 10 yrs: 3.5-9
umol/l; > 10 yrs: 4.5-11 pmol/l; women
premenopausal 615 pmol/l; post-menopausal
6—19 pumol/l; men 8-18 pumol/I.



Maple syrup urine disease

* Metab.: I XLE (= Leu + lle + Allo-lle + OH-Pro), ™
Val, T XLE/Ala

e Abnormal Screen Result:
Elevated LEU+ILE

* Elevated VAL

* Elevated LEU+ILE/PHE

* Elevated VAL/PHE

* DD: Total parenteral nutrition,
hydroxyprolinaemia, probably non-disease

e Confirm.: AA plasma (Allo-lle)




Pre-analytical aspects MSUD

* Potential for false negatives

Delays in transit / sample deterioration
Physiological reasons

transfusions

Potential for false positives :

MS/MS analysis does not differentiate leucine from
isoleucine or hydroxyproline. While elevation of
leucine and isoleucine both result from MSUD,
increased hydroxyproline may indicate the rare
benign condition hydroxyprolinaemia.

increased leucine concentration in galactosaemia or
other severe liver disease
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Initial findings include
one or more of the following:
a) Poor feeding

l

Infection

b) Vomiting
c) Lethargy { Not responsive to
d) Conwulsion { intravenous glucose or calcium
e) Coma
Metabolic disorder
Obtain

plasma ammonia
l
! }

High Normal
Obtain Obtain
blood pH and CO, blood pH and CO,

| |
| R |

Normal Normal anion gap

High anion gap

|

Acidosis

!

:

Y

Aminoacidopathies

i
L.rae cycie defects

Organic acidemias

or galactosemia

Figure 84-1. Clinical approach to a newborn
infant with a suspected metabolic disorder. This
schema is a guide to the elucidation of some of
the metabolic disorders in newborn infants.
Although some exceptions to this schema exist,
it is appropriate for most cases.




Organic acidemias

Disorders Primary metabolite in Confirmatory Findings in confirmatory tests
MS/MS tests / follow-up

/N Glutaric acid, 3-hydroxygluratic acid, glutaconic acid on
Glutaric aciduria 1 (GA 1) /N Glutarylcarnitine (C5-dicarboxylic) UOA, PACP UOA;
M Glutarylcarnitine (C5-dicarboxylic) on PACP
N 3-Hydroxyisovaleric, 3-methylglutaconic, 3-
methylglutaric, 3-hydroxy-3-methylglutaric acids on UOA;
N C5- Hydroxyisovalerylcarnitine (C5-OH), 3
methylglutarylcarnitine (C6DC) on PACP
M Isovalerylglycine, 3-hydroxyisovaleric acid on UOA; T
isovalerylcarnitine (C5) on PACP
N 2-Methyl-3- hydroxybutyrate, 2 methylacetoacetic,
tiglylglycine on UOA;
M tiglylcarnitine (C5:1), 1 3-hydroxy-2-
methylbutyrylcarnitine (C5-OH) on PACP
N 3-Hydroxyisovaleric, 3-methylcrotonylglycine on UOA;
M 3- hydroxyisovalerylcarnitine (C5-OH) on PACP

HMG- CoA lyase

.. 1 3- Hydroxyisovalerylcarnitine (C5-OH UOA, PACP
deficiency yaroxy y ( )

Isovaleric acidemia M Isovalerylcarnitine (C5) UOA, PACP

3-Keto(oxo) thiolase " Tiglylcarnitine (C5:1), I 3-hydroxy-2-

deficiency methylbutyrylcarnitine (C5-OH) UOA, PACP

3-MCC deficiency N 3- Hydroxyisovalerylcarnitine (C5-OH) UOA, PACP

2-Methylbutyryl CoA
dehydrogenase

3-Methylglutanoyl CoA
hydratase deficiency

M 2-Methylbutyrylcarnitine (C5) UOA N 2-Methylbutyrylglycine on PACP

N 3-Hydroxyisovaleric, 3-methylglutaconic, 3-
1 3 Hydroxyisovalerylcarnitine (C5-OH) UOA, PACP methylglutaric on UOA;
M 3 hydroxyisovalerylcarnitine (C5-OH) on PACP
Methylmalonic, 3-hydroxypropionate, methylcitrate,
Methylmalonic acidemia /N Propionylcarnitine (C3) UOA, PACP propionylglycine on UOA;
“Mpropionylcarnitine (C3) on PACP
‘M 3-OH-isovaleric, 3-methylcrotonylglycine,
methylcitrate, 3-OH-propionic, lactate, pyruvate,
UOA