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Abstract

Beta-ketothiolase deficiency is an inherited disorder of ketone body metabolism and isoleucine catabolism. It typically
manifests as recurrent ketoacidotic episodes with characteristic abnormalities in the urinary organic acid profile.
However, several challenges in the diagnosis of beta-ketothiolase deficiency have been encountered: atypical
presentations have been reported and some other disorders, such as succinyl-CoA:3-oxoacid CoA transferase and
2-methyl-3-hydroxybutyryl-CoA dehydrogenase deficiencies, can mimic the clinical and/or biochemical signs of beta-
ketothiolase deficiency. A final diagnosis of beta-ketothiolase deficiency requires an enzymatic assay and/or a molecular
analysis, but some caveats must be considered. Despite the reported missed cases, screening programs have successfully
identified an increasing number of patients with beta-ketothiolase deficiency. Early diagnosis and management of beta-
ketothiolase deficiency will enable prevention of its serious acute and chronic complications and ultimately improve the

prognosis.
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Introduction

Beta-ketothiolase deficiency (Online Mendelian Inheritance in
Man [OMIM] 203750) is an autosomal recessive disease caused
by a defect of mitochondrial acetoacetyl-CoA thiolase (T2). This
disorder affects ketone body metabolism and isoleucine catabo-
lism. Beta-ketothiolase deficiency is also known by other names
including T2 deficiency, mitochondrial acetoacetyl-CoA thiolase
deficiency, 3-oxothiolase deficiency, 3-ketothiolase deficiency,
and 2-methyl-3-hydroxybutyric acidemia.' In this review, beta-
ketothiolase is abbreviated as T2.

T2 and 3-hydroxy-3-methylglutaryl-CoA (HMG-CoA)
lyase (OMIM 246450) deficiencies are the most common dis-
orders of ketone body metabolism.” Since the first description
of T2 deficiency in 1971,* more than 100 cases have been
reported worldwide, with no ethnic predisposition.' T2 defi-
ciency is estimated to be a very rare disease with an incidence
of less than 1 per 1 million newborns.’

In this review, we provide an overview on T2 deficiency, illus-
trate challenges in diagnosis, and clarify ways to overcome these
challenges; a diagnostic flow chart for T2 deficiency is provided.

Biochemistry

The ketone bodies acetoacetate (AcAc) and 3-hydroxybutyrate
(3HB) are important substitutes for glucose. They are pro-
duced in the liver and can be utilized as energy sources by
most tissues except the liver itself. They are especially
important for the brain as the only substitutes for glucose.'*?
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Figure I. Summary of ketone body metabolism and isoleucine catabolism. 2M3HB indicates 2-methyl-3-hydroxybutyryl; 2MAA,
2-methylacetoacetyl; 3HB, 3-hydroxybutyrate; 3HBD, 3-hydroxybutyrate dehydrogenase; AA, acetoacetyl; AcAc, acetoacetate; CoA, coenzyme
A; FFA, free fatty acids; HMG-CoA, 3-hydroxy-3-methylglutaryl-CoA; HMGCL, HMG-CoA lyase; HMGCS, mitochondrial HMG-CoA synthase;
MHBD, 2-methyl-3-hydroxybutyryl-CoA dehydrogenase; SCOT, succinyl-CoA:3-oxoacid CoA transferase; T2, mitochondrial acetoacetyl-CoA

thiolase; TCA, tricarboxylic acid.

As shown in Figure 1, ketone body metabolism starts in the
hepatocytes with B-oxidation of free fatty acids (FFA), sup-
plied from adipose tissues, to produce acetyl-CoA and
acetoacetyl-CoA (AA-CoA). T2 can convert acetyl-CoA to
AA-CoA and vice versa. Mitochondrial HMG-CoA synthase
condenses acetyl-CoA and AA-CoA to form HMG-CoA.
HMG-CoA is converted by HMG-CoA lyase to AcAc, which
is partially reduced to 3HB by 3-hydroxybutyrate dehydrogen-
ase. AcAc and 3HB are transferred to extrahepatic tissues via the
bloodstream, where 3HB is converted back to AcAc. Succinyl-
CoA:3-oxoacid CoA transferase (SCOT) activates AcAc to
AcAc-CoA, which is then cleaved by T2 into acetyl-CoA.'*
Hence, T2 is important in both ketogenesis in the liver and keto-
lysis in the extrahepatic tissues. Another thiolase, mitochondrial
3-ketoacyl-CoA thiolase, can compensate for T2 deficiency in
ketogenesis but to a lesser extent in ketolysis. As a result, defi-
ciency of T2 leads to ketosis.' Monocarboxylate transporter 1
(MCT1), a transmembrane transporter, has been shown to trans-
port monocarboxylates, including ketone bodies, into extrahepa-
tic tissues. This is essential for ketolysis, particularly during
periods of catabolic stress.®

In isoleucine catabolism, T2 is responsible for thiolysis of
2-methylacetoacetyl-CoA (2MAA-CoA) to acetyl-CoA and
propionyl-CoA. The 2 upstream reactions, conversion of
tiglyl-CoA to 2-methyl-3-hydroxybutyryl-CoA (2M3HB-CoA)
and conversion of 2M3HB-CoA to 2MAA-CoA, are reversible;
the latter reaction is catalyzed by 2-methyl-3-hydroxybutyryl-
CoA dehydrogenase (MHBD). Consequently, T2 deficiency
leads to accumulation of 2MAA-CoA, 2M3HB-CoA, and
tiglyl-CoA, whereas MHBD deficiency results in accumulation
of only the latter 2 metabolites.'

Clinical Presentation: Diagnostic Challenges

Clinical Presentation

Typical presentation. T2 deficiency classically manifests between
6 and 18 months of age with recurrent ketoacidotic attacks; patients
are generally asymptomatic between attacks. Ketoacidotic epi-
sodes are often triggered by fasting, fever, infections, or other
ketogenic stresses. Coma, convulsions, and even death are possible
acute complications, whereas neurodevelopmental impairments
are possible long-term complications, mainly as sequelae of severe
metabolic decompensations. The severity of the disease varies
among cases, but the overall prognosis is usually good.'"#

Atypical presentation. Some patients with T2 deficiency having
atypical presentation exhibit signs and symptoms at an earlier
age, even in the neonatal period,’ whereas others experience
their first attack at an older age.® Furthermore, some patients
present with neurological symptoms before the onset of ketoa-
cidotic attacks.” In contrast, some asymptomatic patients with
T2 deficiency have been identified by screening, either because
of the existence of an affected family member or as a result of
newborn screening (NBS) programs.'®'*

Diagnostic Challenges

Metabolic disorders should be suspected in ketoacidotic
patients. Therefore, critical samples (blood, serum, and urine)
should be collected, and routine laboratory tests should be
performed before treatment is started®; however, unwary pedia-
tricians may not do so. Symptomatic management of
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dehydration, acidosis, and hypoglycemia (if present) may lead
to improvement in the condition. The patient may then be dis-
charged without receiving a final diagnosis.'> There are many
examples in the literature of failure to diagnose patients with
T2 deficiency during their first presentations. Such patients
received attention only when they had a second episode or
when there was a similar presentation in another family mem-
ber, 1618

A second possibility is that the patient will be seen by a
consultant who will order many metabolic investigations (if
applicable). Such investigations may lead to the diagnosis of
a metabolic disorder, but T2 deficiency might be missed (dis-
cussed later).'” Conversely, the patient may die during the
acute attack. An important finding in many cases of T2 defi-
ciency is a positive family history of unexplained sibling
deaths.”**® The siblings might have had undiagnosed T2 defi-
ciency as well.?

The following are some possible solutions for the aforemen-
tioned clinical challenges:

1. Education of health-care staff, especially those working
in emergency wards, to improve their knowledge of T2
deficiency, ketone body disorders, and metabolic dis-
orders in general, and provision of diagnostic guidelines
that identify the circumstances in which ketone body
disorders should be suspected and what should then be
done.'? T2 deficiency should be considered in the fol-
lowing situations: (a) infants and children with an acute
attack of metabolic acidosis following prolonged fast-
ing, acute gastroenteritis, respiratory tract infections, or
other febrile states and (b) patients with severe ketosis
exceeding predicted values in the context of the clinical
circumstances (discussed later); and (c) sick neonates
with metabolic acidosis.'

2. Establishment of 1 or 2 metabolic centers in countries
with a highly consanguineous population, where the
incidence of genetic and metabolic diseases, including
T2 deficiency, is expected to be high.***

Investigations: Diagnostic Challenges

Investigations

Routine laboratory investigations. During ketoacidotic attacks, a
blood total ketone body (TKB) concentration >7 mmol/L is the
major finding. Blood sugar is typically normal, but hypoglyce-
mia or hyperglycemia has been reported.’ Blood ammonia is
usually normal, but it may be slightly elevated in some cases.'*

Urinary organic acid and blood acylcarnitine profiles. T2 deficiency
is usually suspected during acute ketoacidotic attacks when
there is increased urinary excretion of 2-methylacetoacetate
(2MAA), 2-methyl-3-hydroxybutyrate (2M3HB), and tiglyl-
glycine (TIG). Blood acylcarnitine analysis usually reveals
increased tiglylcarnitine (C5:1) and 2-methyl-3-hydroxybu-
tyryl-carnitine.'

Diagnostic Challenges

When ketosis is associated with hypoglycemia, several disor-
ders are considered, including ketotic hypoglycemia, endocr-
inal disorders (eg, Addison disease), and metabolic disorders of
glucose and glycogen metabolism (eg, glycogen synthase defi-
ciency).® The severity of ketoacidosis in T2 deficiency may
distinguish this disorder from other causes of ketotic hypogly-
cemia (Figure 2).” The highest reported plasma glucose level in
patients with T2 deficiency is 14.1 mmol/L."> Ketoacidosis
with hyperglycemia, mimicking diabetic ketoacidosis, has been
reported in some organic acidemias, although diabetic ketoa-
cidosis is usually associated with much higher plasma glucose
levels than ketoacidosis caused by organic acidemias. In such
cases, glycated hemoglobin or glycoalbumin levels may help
distinguish them (Figure 2).2° When ketoacidosis is associated
with hyperammonemia, organic acidemias are suspected. Such
suspicion can be excluded by urinary organic acid analysis.'"

Individuals with SCOT deficiency (OMIM 245050) may
present with ketoacidotic attacks mimicking T2 deficiency.’
SCOT deficiency has 3 important characteristics: (1) neonatal
onset in 50% of cases, (2) permanent ketosis, even postpran-
dially, and (3) lack of a characteristic urinary organic acid
profile."* Given that (1) T2 deficiency may manifest in the
neonatal period,'? (2) permanent ketosis is not a feature in all
cases of SCOT deﬁciency,2 and (3) some cases of T2 defi-
ciency show only subtle biochemical abnormalities in the urin-
ary organic acid profile,""'” the 2 conditions may be very
similar at both the clinical and biochemical levels. Actually,
both conditions should be suspected and investigated in cases
of unexplained and/or recurrent ketoacidotic attacks. The con-
ditions can be differentiated by enzymatic assay and/or mole-
cular analysis.'”

MCT1 deficiency (OMIM 616095) is a novel disorder of
ketone body utilization. After confirmation of the diagnosis in
the index patient, pathogenic mutations, both homozygous and
heterozygous, in the MCT1 gene (SLC16A41) were identified in
an additional 7 of 96 patients who had unexplained recurrent
episodes of severe ketoacidosis. The extent of ketonuria varies
during episodes, and the blood pH is normal between episodes.®

Regarding urinary organic acids, several caveats must be
noted: (1) the aforementioned characteristic abnormalities,
which are typically present during acute attacks, may be subtle
in stable conditions, especially in individuals with mild muta-
tions.!">!” This can lead to the usual scenario described earlier,
in which undiagnosed T2 deficiency is neither suspected nor
investigated during the first acute attack.'®!'”?” The results of
any subsequent investigations might be inconclusive if samples
were obtained after stabilization of the patient’s condi-
tion.>'>*® (2) In some reported cases, there were only subtle
abnormalities in urinary organic acid and blood acylcarnitine
profiles during the acute ketoacidotic episode.'®!? (3) Even in
the presence of increased urinary excretion of 2M3HB and
TIG, a diagnosis of T2 deficiency cannot be confirmed.

MHBD deficiency (OMIM 300438) is a neurodegenerative
disorder with a variable clinical presentation that is usually
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Figure 2. Diagnostic flow chart for beta-ketothiolase (T2) deficiency. An FFA/TKB cutoff of 0.3 is not an absolute value. Fasting for too long may
decrease the ratio, and glucose infusion reduces FFA faster than TKB, also decreasing the ratio. Dotted lines indicate rare but possible
consequences. Extreme hyperglycemia with elevated HbA. is usually diagnosed as diabetic ketoacidosis; however, ketoacidosis mimicking
diabetic ketoacidosis has been reported in some organic acidemias. Hence, although HbA . is a good marker for diabetic ketoacidosis, normal
HbA . levels cannot exclude diabetic ketoacidosis conclusively (indicated by a dotted line). If the urinary organic acid profile is nonspecific during
ketoacidosis, T2 and SCOT should be analyzed by enzyme assay or gene analysis, since patients with T2 deficiency could have a nonspecific
urinary organic acid profile (indicated by a dotted line). FFA/TKB indicates free fatty acids/total ketone body; HbA,., glycated hemoglobin;
MCT I, monocarboxylate transporter |; MHBD, 2-methyl-3-hydroxybutyryl-CoA dehydrogenase; SCOT, succinyl-CoA:3-oxoacid CoA trans-

ferase; T2, mitochondrial acetoacetyl-CoA thiolase.

different from that of T2 deficiency. However, a case of
MHBD deficiency mimicking T2 deficiency both clinically
and in terms of the urinary organic acid profile (increased
excretion of 2M3HB and TIG) has been reported.”* More-
over, MHBD deficiency may produce the same abnormal
results as T2 deficiency in a coupled assay.'*° Differentiation
between T2 and MHBD deficiencies is based on the following:
(1) MHBD deficiency is an X-linked disorder; (2) urinary
excretion of 2MAA does not increase in MHBD deficiency,
even after an oral isoleucine challenge (100 mg/kg body
weight), although isoleucine challenge is usually not neces-
sary®; and (3) the potassium-dependent AA-CoA thiolase assay
gives a normal result in cases of MHBD deficiency.?®

To overcome the aforementioned challenges, a number of
procedures should be followed. Blood gases, electrolytes, glu-
cose, ammonia, TKB (or 3HB if TKB is not available), and
FFA are the most important initial investigations during acute
attacks. Lactate and pyruvate concentrations should also be
measured during the first crises of undiagnosed patients with
T2 deficiency to exclude congenital lactic acidosis.® The col-
lection of plasma or serum samples for acylcarnitine analysis
and aminogram as well as urine samples for organic acid anal-
ysis is important at this stage. For accurate evaluation, samples
for these analyses should be obtained before glucose infu-
sion."*!'” Enzymatic assays for both T2 and SCOT deficiencies
should be performed in suspected cases even in the absence of
typical biochemical abnormalities.''

It is worth emphasizing the importance of TKB levels in the
diagnosis of T2 deficiency and other ketone body disorders.
Total ketone body should be interpreted in light of clinical
factors, such as fasting time and any ketogenic stresses, and
biochemical factors, especially blood glucose and FFA. The
FFA/TKB ratio is a useful tool; being lower than 0.3 in the
early fasting stage in patients with T2 deficiency and other
ketolytic disorders, it differentiates such conditions from phy-
siological ketosis due to fasting.' In the case of associated
hypoglycemia, the marked increase in TKB in relation to blood
glucose differentiates T2 deficiency (and other ketolytic dis-
orders) from ketotic hypoglycemia.” Figure 2 shows a diagnos-
tic flow chart for T2 deficiency.

Molecular Analysis: Diagnostic Challenges

Molecular Analysis

The structure of the human T2 gene (gene symbol ACATI) was
determined in 1991. The gene is located on chromosome
11922.3 to g23.1 is 27-kb in length and is composed of 12
exons and 11 introns.**> Genetic mutations resulting in T2 defi-
ciency are highly heterogeneous, with no clear genotype—phe-
notype correlation. To date, more than 50 different mutations
have been discovered and at least 9 novel mutations have been
reported in the last 6 years. To our knowledge, apart from the
common R208X mutation that has been identified in
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Vietnamese cases, no other common mutations have been
determined. |-+7-15:17:20-25.28.29.33-59

T2 deficiency can be confirmed if genomic DNA analysis
reveals mutations in ACAT! gene that were previously identi-
fied as causative for T2 deficiency in a mutant complementary
DNA (cDNA) expression assay. Screening of other family
members for these mutations can identify asymptomatic
patients without the need for other sophisticated biochemical
or enzymatic assays. Unfortunately, because of the high hetero-
geneity of mutations in T2 deficiency, this is not the usual
scenario.'’

Diagnostic Challenges

DNA analysis of suspected patients with T2 deficiency may
reveal novel variants in ACATI gene that have never been
reported or studied. This is usually enough for a justifiable
diagnosis when such variants have not been reported as
polymorphisms. However, confirmation of the diagnosis at
the molecular level requires mutant cDNA expression assays
to verify that these variants are responsible for T2 defi-
ciency.® In the absence of any mutations in the coding
regions (exons) of the genomic DNA, there are multiple
possibilities that must be ruled out before T2 deficiency can
be excluded. Although homozygous mutations involving
nucleotide substitutions can usually be detected by tradi-
tional genomic DNA analysis, heterozygous mutations may
be missed. Moreover, copy number variants, small or large
heterozygous deletions, and heterozygous or homozygous
whole exon duplications cannot be detected by this
method.>>®

Multiplex ligation-dependent probe amplification is a
semiquantitative technique by which the relative copy number
of multiple DNA sequences can be determined in a single
polymerase chain reaction (PCR). By this technique, hetero-
zygous deletions and heterozygous or homozygous exon
duplications can be detected.®® Multiplex ligation-dependent
probe amplification for the human ACAT! gene has already
been achieved, and it helped in the detection of a heterozy-
gous deletion including exons 3 to 4 in a patient with T2
deficiency.’® Real-time PCR can also be used to determine
the copy number of each exon. However, neither technique is
widely applied.®®®!

Aberrant splicing has been identified in 20% of mutations in
the ACATI gene.’”® Following analysis of genomic DNA,
obvious exonic mutations may be reported as silent mutations
or polymorphisms if we do not realize their impact on splicing.
To discover the effects of mutations on splicing, we have to
directly analyze messenger RNA structure.’

Enzymatic Assay: Diagnostic Challenges

Enzymatic Assay

Enzymatic assay, which is often required to confirm a diagno-
sis of T2 deficiency,” can be performed by different methods:

(1) the potassium-dependent AA-CoA thiolase assay is based
on the fact that T2 is the only thiolase that is activated in the
presence of potassium ions®%; (2) the use of 2MAA-CoA as a
substrate provides a more sensitive and specific method for the
study of residual T2 enzymatic activity’; and (3) the coupled
assay for the detection of defects in isoleucine catabolism distal
to enoyl-CoA hydratase, using tiglyl-CoA as a substrate, was
described as a rapid, straightforward screening test for isoleucine
catabolic pathway defects.*® This procedure has been widely
used in the United States and Europe for T2 enzymatic assay.’'

Based on the enzymatic activity detected upon expression of
mutant cDNAs, patients have been divided into 2 groups:
patients with 2 null mutations and patients in whom at least
one of the 2 mutations allows some residual T2 activity. The
latter was designated as patients with mild mutations.’ Patients
with T2 deficiency with mild mutations develop ketoacidotic
attacks as severe as those in patients with null mutations, but
their blood acylcarnitine and urinary organic acid profiles may
show only subtle abnormalities even during acute attacks.'>"?

Diagnostic Challenges

The potassium-dependent AA-CoA thiolase assay using blood
mononuclear cells is possible, but correct evaluation is difficult
if the cell preparation includes a lot of erythrocytes. Thus,
enzyme assays using fibroblasts are recommended for correct
evaluation of T2 enzymatic activity.> 2MAA-CoA is, unfortu-
nately, neither stable nor marketed.® The coupled assay test has
2 substantial flaws: (1) it cannot differentiate T2 deficiency
from MHBD deficiency™® and (2) cases involving mild muta-
tions, where there is residual T2 enzymatic activity, may not be
detected by this test. In fact, based on normal results obtained
from this test, some patients with T2 deficiency were initially
excluded as having the disorder but were later diagnosed with
T2 deficiency based on results of the potassium-dependent AA-
CoA thiolase assay.’’!

Because the coupled assay alone may give false-negative
results in cases with residual enzymatic activity and 2MAA-
CoA as a substrate is neither stable nor marketed, the
potassium-dependent AA-CoA thiolase assay, either alone or
combined with the coupled assay, remains the gold standard for
T2 enzymatic assay.’

Screening: Diagnostic Challenges

Screening

Mass screening. Newborn screening programs are invaluable
preventive health measures that enable early detection of seri-
ous and treatable disorders in the first few days of life before
the appearance of any clinical manifestations.®*** However,
some NBS programs in developing countries are very limited,
including only a few disorders.**%°

Two cases of T2 deficiency were identified by NBS in North
Carolina from 1997 to 2005 (by tandem mass spectrometry);
however, a missed case (false negative) was identified later, at
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15 months of age. That missed case showed an increased C5:1
level only during acute attacks.'® In a similar NBS program in
Minnesota, from January 2001 to November 2010, 1 case was
identified, whereas 2 missed cases were discovered later.'” In
an expanded pilot NBS program (liquid chromatography—tan-
dem mass spectrometry) in the Campania region, southern
Italy, from 2007 to 2009, 1 case was identified, which led to
a diagnosis of T2 deficiency in the patient’s older sister as
well.'* In an interesting study in New South Wales (Australia),
an NBS program (April 1998 to March 2002) resulted in a
substantial increase in the detection of T2 deficiency to 7 cases
compared with only 1 case in the period from April 1974 to
March 1998.%¢ In that study, there were also 3 missed cases that
were discovered later.®’

The results of previous NBS studies have some substantial
implications: (1) NBS represents a valuable tool for the detection
of T2 deﬁciency10’13’14’66 and (2) NBS studies have shown a
higher incidence of T2 deficiency than previously reported and
provide strong evidence for the underestimation of T2 deficiency.
The incidence of T2 deficiency in North Carolina from 1997 to
2005 was nearly 1 per 313 000 newborns, whereas that in Min-
nesota from January 2001 to November 2010 was 1 per 232 000
newborns.'*!? Both figures are much higher than the previously
estimated incidence of less than 1 per 1 million newborns.’

Selective screening. Selective screening provides a valuable
alternative diagnostic method for the identification of inborn
errors of metabolism in developing countries that lack NBS
programs. The results may help in preventing further deteriora-
tion of the patient and in screening other family members.®® For
example, selective screening of high-risk neonates and children
by tandem mass spectrometry in Oman (1998-2008) identified
2 cases of T2 deficiency.®® In a similar Egyptian study (2008-
2013), 6 cases were identified.>

Diagnostic Challenges

Newborn screening may yield false-negative results, and thus,
exclusion of suspected T2 deficiency should not be based on
normal NBS results.>!® In some countries, such as Japan,
where most cases are of the mild genotypic type, the yield of
NBS programs is expected to be low, with a high false-negative
percentage.'*®

Selective screening has 2 major flaws. First, if tests are per-
formed under stable clinical conditions, patients with T2 defi-
ciency who lack biochemical abnormalities between attacks will
be missed.' Second, screening may be based on the presence of
clinical findings, and some of these findings, such as mental
retardation, may be irreversible. In such cases, diagnosis through
an NBS program might result in a better prognosis.>>¢>%3

Management

The management of T2 deficiency includes prevention of fur-
ther ketoacidotic attacks, treatment of acute attacks, and
screening of other family members.

General Measures for Prevention of Further Ketoacidotic
Attacks

Avoidance of prolonged fasting is the cornerstone to prevent
further ketoacidotic attacks of T2 deficiency. In case of fever
and/or vomiting, increased carbohydrate intake is advised, and
intravenous glucose infusion should be considered in such con-
ditions. Monitoring of urinary ketone bodies is advised, and
medical advice should be obtained in case of moderate or
severe ketonuria. Mild protein restriction, avoidance of a fat-
rich diet, and L-carnitine supplementation, particularly in cases
with a low carnitine level, are also advised"®; however, no
evidence support the effectiveness of these measures.

Treatment of Acute Attacks

In the event of an acute ketoacidotic attack, administration of
intravenous glucose should be started—even in cases with a
normal blood glucose level—to keep blood glucose at the
upper range of the normal level. This will help suppress keto-
genesis. Second, appropriate intravenous fluids and electro-
lytes should be administered to maintain good urine output
and keep serum electrolytes within normal limits. Third, if
blood pH is < 7.1, a small bicarbonate bolus (1 mmol/kg over
10 minutes) can be given, followed by continuous infusion.
This should be guided by frequent monitoring of blood gases
and electrolytes to avoid hypernatremia or rapid correction of
acidosis." Finally, L-carnitine supplementation or other suppor-
tive measures, such as peritoneal dialysis or mechanical venti-
lation, may be required.'

Screening of Other Family Members

Screening of family members of a patient diagnosed with T2
deficiency can detect asymptomatic individuals before the
development of any acute or chronic clinical manifestations.>*®

Summary and Conclusions

For 45 years, there have been many challenges in the diagnosis
of T2 deficiency and underestimation of its incidence.
Improvement in T2 diagnosis together with expansion of NBS
programs to more countries will maximize the detection of
previously undiagnosed cases. Early diagnosis and manage-
ment of T2 deficiency enable prevention of its serious acute
and chronic complications and remarkably improve the
prognosis.

Acknowledgments

The authors thank the Cultural Affairs and Missions Sector, Egyptian
Ministry of Higher Education, for their support. They also thank the
reviewers for their invaluable comments and suggestions.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.



Abdelkreem et al

Funding

The author(s) disclosed receipt of the following financial support for
the research, authorship, and/or publication of this article: The present
study was supported in part by Grants in Aid for Scientific Research
from the Ministry of Education, Culture, Sports, Science and Tech-
nology of Japan (grant numbers 26114708, 24591505); Health and
Labor Science Research Grants for Research on Intractable Diseases
from the Ministry of Health, Labour and Welfare of Japan; and the
Practical Research Project for Rare/Intractable Diseases from the
Japan Agency for Medical Research and Development to T.F. [grant
number 15AeK0109050h002].

References

1.

10.

11.

12.

13.

Hori T, Yamaguchi S, Shinkaku H, et al. Inborn errors of ketone
body utilization. Pediatr Int. 2015;57(1):41-48.

. Fukao T, Mitchell G, Sass JO, Hori T, Orii K, Aoyama Y. Ketone

body metabolism and its defects. J Inherit Metab Dis. 2014;37(4):
541-551.

. Fukao T. Beta-ketothiolase deficiency. Orphanet encyclopedia,

September 2004, Updated February, 2015. Web site. http://
www.orpha.net/data/patho/GB/uk-T2.pdf. Accessed October 11,
2015.

. Daum RS, Lamm PH, Mamer OA, Scriver CR. A “new” disorder

of isoleucine catabolism. Lancet. 1971;2(7737):1289-1290.

. US National Library of Medicine. Beta-ketothiolase deficiency.

Genetics Home Reference [Internet]. Bethesda (MD): The
Library; Updated August, 2015. Web site. http://ghr.nlm.nih.
gov/condition/beta-ketothiolase-deficiency. Accessed September
14, 2015.

. van Hasselt PM, Ferdinandusse S, Monroe GR, et al. Monocar-

boxylate transporter 1 deficiency and ketone utilization. N Engl J
Med. 2014;371(20):1900-1907.

. Fukao T, Scriver CR, Kondo N; T2 Collaborative Working

Group. The clinical phenotype and outcome of mitochondrial
acetoacetyl-CoA thiolase deficiency (beta-ketothiolase or T2
deficiency) in 26 enzymatically proved and mutation-defined
patients. Mol Genet Metab. 2001;72(2):109-114.

. Thiimmler S, Dupont D, Acquaviva C, Fukao T, de Ricaud D.

Different clinical presentation in siblings with mitochondrial
acetoacetyl-CoA thiolase deficiency and identification of two
novel mutations. Tohoku J Exp Med. 2010;220(1):27-31.

. Buhas D, Bernard G, Fukao T, Décarie JC, Chouinard S, Mitchell

GA. A treatable new cause of chorea: beta-ketothiolase defi-
ciency. Mov Disord. 2013;28(8):1054-1056.

Sarafoglou K, Matern D, Redlinger-Grosse K, et al. Siblings with
mitochondrial acetoacetyl-CoA thiolase deficiency not identified
by newborn screening. Pediatrics. 2011;128(1):246-250.
Schutgens RBH, Middleton B, van del Blij JF, et al. Beta-
ketothiolase deficiency in a family confirmed by in vivo enzy-
matic assays in fibroblasts. Eur J Pediatr. 1982;139(1):39-42.
Merinero B, Pérez-Cerda C, Garcia MJ, et al. f-Ketothiolase
deficiency: two siblings with different clinical conditions.
J Inherit Metab Dis. 1987;10(2):276-278.

Frazier DM, Millington DS, McCandless SE, et al. The tandem
mass spectrometry newborn screening experience in North
Carolina: 1997-2005. J Inherit Metab Dis. 2006;29(1):76-85.

14.

15.

16.

17.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Catanzano F, Ombrone D, Di Stefano C, et al. The first case of
mitochondrial acetoacetyl-CoA thiolase deficiency identified by
expanded newborn metabolic screening in Italy: the importance of
an integrated diagnostic approach. J Inherit Metab Dis. 2010;
33(3):91-4.

Riudor E, Ribes A, Perez-Cerda C, et al. Metabolic coma with
ketoacidosis and hyperglycaemia in 2-methylacetoacetyl-CoA
thiolase deficiency. J Inherit Metab Dis. 1995;18(6):748-749.
Fukao T, Song XQ, Yamaguchi S, et al. Identification of three
novel frameshift mutations (83delAT, 754insCT, and 435+IG to
A) of mitochondrial acetoacetyl-coenzyme A thiolase gene in two
Swiss patients with CRM-negative b-ketothiolase deficiency.
Hum Mutat. 1997;9(3):277-279.

Weerasinghe WAG, Jasinge E, Sarathchandra JC, Chinthaka
RAK. Intermittent episodes of metabolic ketoacidosis in a
seven-year-old boy: mitochondrial beta-ketothiolase deficiency.
Gall Med J. 2013;18(1):51-53.

. Fontaine M, Briand G, Ser N, et al. Metabolic studies in twin

brothers with 2-methylacetoacetyl-CoA thiolase deficiency. Clin
Chim Acta. 1996;255(1):67-83.

Fukao T, Maruyama S, Ohura T, et al. Three Japanese patients
with beta-ketothiolase deficiency who share a mutation, c.
431A>C (H144P) in ACATI1: subtle abnormality in urinary
organic acid analysis and blood acylcarnitine analysis using tan-
dem mass spectrometry. JIMD Rep. 2012;3:107-115.

Middleton B, Bartlett K, Romanos A, et al. 3-Ketothiolase defi-
ciency. Eur J Pediatr. 1986;144(6):586-589.

Fukao T, Yamaguchi S, Scriver CR, et al. Molecular studies of
mitochondrial acetoacetyl-coenzyme A thiolase deficiency in the
two original families. Hum Mutat. 1993;2(3):214-220.

Gibson KM, Elpeleg ON, Bennett MJ. Beta-ketothiolase
(2-methylacetoacetyl-coenzyme A thiolase) deficiency: identifi-
cation of two patients in Israel. J Inherit Metab Dis. 1996;19(5):
698-699.

Fukao T, Nguyen HT, Nguyen NT, et al. A common mutation,
R208X, identified in Vietnamese patients with mitochondrial
acetoacetyl-CoA thiolase (T2) deficiency. Mol Genet Metab.
2010;100(1):37-41.

Karam PE, Habbal MZ, Mikati MA, Zaatari GE, Cortas NK,
Daher RT. Diagnostic challenges of aminoacidopathies and
organic acidemias in a developing country: a twelve-year experi-
ence. Clin Biochem. 2013;46(18):1787-1792.

Selim LA, Hassan SA, Salem F, et al. Selective screening for
inborn errors of metabolism by tandem mass spectrometry in
Egyptian children: a 5 year report. Clin Biochem. 2014;47(9):
823-828.

Saini N, Malhotra A, Chhabra S, Chhabra S. Methylmalonic acid-
emia mimicking diabetic ketoacidosis and septic shock in infants.
Indian J Crit Care Med. 2015;19(3):183-185.

Ngu LH, Zabedah MY, Shanti B, Teh SH. Biochemical profiling
in two siblings with mitochondrial 2-methylacetoacetyl-CoA
thiolase deficiency. Malays J Pathol. 2008;30(2):109-114.
Fukao T, Zhang GX, Sakura N, et al. The mitochondrial
acetoacetyl-CoA thiolase (T2) deficiency in Japanese patients:
urinary organic acid and blood acylcarnitine profiles under stable
conditions have subtle abnormalities in T2-deficient patients with


http://www.orpha.net/data/patho/GB/uk-T2.pdf
http://www.orpha.net/data/patho/GB/uk-T2.pdf
http://ghr.nlm.nih.gov/condition/beta-ketothiolase-deficiency
http://ghr.nlm.nih.gov/condition/beta-ketothiolase-deficiency

Journal of Inborn Errors of Metabolism & Screening

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

some residual T2 activity. J Inherit Metab Dis. 2003(5);26:
423-431.

Law CY, Lam CW, Ching CK, et al. NMR-based urinalysis for
beta-ketothiolase deficiency. Clin Chim Acta. 2015;438:222-225.
Gibson KM, Lee CF, Kamali V, Sgvik O. A coupled assay detect-
ing defects in fibroblast isoleucine degradation distal to enoyl-
CoA hydratase: application to 3-oxothiolase deficiency. Clin
Chim Acta. 1992;205(1-2):127-135.

Bonnefont JP, Specola NB, Vassault A, et al. The fasting test in
paediatrics: application to the diagnosis of pathological hypo- and
hyperketotic states. Eur J Pediatr. 1990;150(2):80-85.

Kano M, Fukao T, Yamaguchi S, Orii T, Osumi T, Hashimoto
T. Structure and expression of the human mitochondrial
acetoacetyl-CoA thiolase-encoding gene. Gene. 1991;109(2):
285-290.

Daum RS, Scriver CR, Mamer OA, Delvin E, Lamm P, Goldman
H. An inherited disorder of isoleucine catabolism causing accu-
mulation of alpha-methylacetoacetate and alpha-methyl-beta-
hydroxybutyrate, and intermittent metabolic acidosis. Pediatr
Res. 1973;7(3):149-160.

Hiyama K, Sakura N, Matsumoto T, Kuhara T. Deficient
beta-ketothiolase activity in leukocytes from a patient with
2-methylacetoacetic aciduria. Clin Chim Acta. 1986;155(2):
189-194.

Yamaguchi S, Orii T, Sakura N, Miyazawa S, Hashimoto T.
Defect in biosynthesis of mitochondrial acetoacetyl-coenzyme
A thiolase in cultured fibroblasts from a boy with 3-ketothiolase
deficiency. J Clin Invest. 1988;81(3):813-817.

Fukao T, Yamaguchi S, Tomatsu S, et al. Evidence for structural
mutation (347Ala to Thr) in a German family with 3-ketothiolase
deficiency. Biochem Biophys Res Commun. 1991;179(1):
124-129.

Fukao T, Yamaguchi S, Orii T, Osumi T, Hashimoto T. Molecular
basis of 3-ketothiolase deficiency: identification of an AG to AC
substitution at the splice acceptor site of intron 10 causing exon 11
skipping. Biochim Biophys Acta. 1992;1139(3):184-188.

Fukao T, Yamaguchi S, Orii T, Schutgens RB, Osumi T, Hashi-
moto T. Identification of three mutant alleles of the gene for
mitochondrial acetoacetyl-CoA thiolase: a complete analysis of
two generations of a family with 3-ketothiolase deficiency. J Clin
Invest. 1992;89(2):474-479.

Wajner M, Sanseverino MT, Giugliani R, et al. Biochemical
investigation of a Brazilian patient with a defect in mitochondrial
acetoacetylcoenzyme-A thiolase. Clin Genet. 1992;41(4):
202-205.

Yamaguchi S, Fukao T, Kano M, et al. Further analysis of
mutant thiolase protein in fibroblasts from a Japanese boy with
3-ketothiolase deficiency. Tohoku J Exp Med. 1992;167(2):
143-153.

Fukao T, Yamaguchi S, Wakazono A, Orii T, Hoganson G, Hashi-
moto T. Identification of a novel exonic mutation at -13 from 5’
splice site causing exon skipping in a girl with mitochondrial
acetoacetyl-coenzyme A thiolase. J Clin Invest. 1994;93(3):
1035-1041.

Fukao T, Song XQ, Yamaguchi S, et al. Mitochondrial
acetoacetyl-coenzyme A thiolase gene: a novel 68-bp deletion

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

involving 3’ splice site of intron 7, causing exon 8 skipping in
a Caucasian patient with beta-ketothiolase deficiency. Hum
Mutat. 1995;51(1):94-96.

Wakazono A, Fukao T, Yamaguchi S, et al. Molecular, biochem-
ical, and clinical characterization of mitochondrial acetoacetyl-
coenzyme A thiolase deficiency in two further patients. Hum
Mutat. 1995;5(1):34-42.

Fukao T, Kodama A, Aoyanagi N, et al. Mild form of beta-
ketothiolase deficiency (mitochondrial acetoacetyl-CoA thiolase
deficiency) in two Japanese siblings: identification of detectable
residual activity and cross-reactive material in EB-transformed
lymphocytes. Clin Genet. 1996;50(4):263-266.

Gibson KM, Feigenbaum AS. Phenotypically mild presentation in
a patient with 2-methylacetoacetyl-coenzyme A (beta-keto)thio-
lase deficiency. J Inherit Metab Dis. 1997;20(5):712-713.

Fukao T, Nakamura H, Song XQ, et al. Characterization of N93S,
1312T, and A333P missense mutations in two Japanese families
with mitochondrial acetoacetyl-CoA thiolase deficiency. Hum
Mutat. 1998;12(4):245-254.

Sewell AC, Herwig J, Wiegratz W, et al. Mitochondrial
acetoacetyl-CoA thiolase (B-ketothiolase) deficiency and preg-
nancy. J Inherit Metab Dis. 1998;21(4):441-442.

Nakamura K, Fukao T, Perez-Cerda C, et al. A novel single-base
substitution (380C>T) that activates a 5-base downstream cryptic
splice-acceptor site within exon 5 in almost all transcripts in the
human mitochondrial acetoacetyl-CoA thiolase gene. Mol Genet
Metab. 2001;72(2):115-121.

Fukao T, Nakamura H, Nakamura K, et al. Characterization of 6
mutations in 5 Spanish patients with mitochondrial acetoacetyl-
CoA thiolase deficiency: effects of amino acid substitutions on
tertiary structure. Mol Genet Metab. 2002;75(3):235-243.

Fukao T, Matsuo N, Zhang GX, et al. Single base substitutions at
the initiator codon in the mitochondrial acetoacetyl-CoA thiolase
(ACATI1/T2) gene result in production of varying amounts of
wild-type T2 polypeptide. Hum Mutat. 2003;21(6):587-592.
Zhang GX, Fukao T, Rolland MO, et al. Mitochondrial
acetoacetyl-CoA thiolase (T2) deficiency: T2-deficient patients
with “mild” mutation(s) were previously misinterpreted as nor-
mal by the coupled assay with tiglyl-CoA. Pediatr Res. 2004;
56(1):60-64.

Mrazova L, Fukao T, Halovd K, et al. Two novel mutations in
mitochondrial acetoacetyl-CoA thiolase deficiency. J Inherit
Metab Dis. 2005;28(2):235-236.

Zhang G, Fukao T, Sakurai S, Yamada K, Michael Gibson K,
Kondo N. Identification of Alu-mediated, large deletion-
spanning exons 2-4 in a patient with mitochondrial acetoacetyl-
CoA thiolase deficiency. Mol Genet Metab. 2006;89(3):222-226.
Sakurai S, Fukao T, Haapalainen AM, et al. Kinetic and expres-
sion analyses of seven novel mutations in mitochondrial
acetoacetyl-CoA thiolase (T2): identification of a Km mutant and
an analysis of the mutational sites in the structure. Mol Genet
Metab. 2007;90(4):370-378.

Fukao T, Zhang G, Rolland MO, et al. Identification of an
Alu-mediated tandem duplication of exons 8 and 9 in a patient
with mitochondrial acetoacetyl-CoA thiolase (T2) deficiency.
Mol Genet Metab. 2007;92(4):375-378.



Abdelkreem et al

56.

57.

58.

59.

60.

61.

Fukao T, Boneh A, Aoki Y, Kondo N. A novel single-base sub-
stitution (c.1124A>G) that activates a 5-base upstream cryptic
splice donor site within exon 11 in the human mitochondrial
acetoacetyl-CoA thiolase gene. Mol Genet Metab. 2008;94(4):
417-421.

Fukao T, Horikawa R, Naiki Y, et al. A novel mutation
(c.951C>T) in an exonic splicing enhancer results in exon
10 skipping in the human mitochondrial acetoacetyl-CoA
thiolase gene. Mol Genet Metab. 2010;100(4):339-344.
Fukao T, Aoyama Y, Murase K, et al. Development of MLPA for
human ACAT1 gene and identification of a heterozygous Alu-
mediated deletion of exons 3 and 4 in a patient with mitochondrial
acetoacetyl-CoA thiolase (T2) deficiency. Mol Genet Metab.
2013;110(1-2):184-187.

Akella RR, Aoyama Y, Mori C, Lingappa L, Cariappa R, Fukao
T. Metabolic encephalopathy in beta-ketothiolase deficiency: the
first report from India. Brain Dev. 2014;36(3):537-540.

Stuppia L, Antonucci I, Palka G, Gatta V. Use of the MLPA
assay in the molecular diagnosis of gene copy number altera-
tions in human genetic diseases. Int J Mol Sci. 2012;13(3):
3245-3276.

Dhanasekaran S, Doherty TM, Kenneth J, et al. Comparison of
different standards for real-time PCR-based absolute quantifica-
tion. J Immunol Methods. 2010;354(1-2):34-39.

62.

63.

64.

65.

66.

67.

68.

Haapalainen AM, Merildinen G, Pirild PL, Kondo N, Fukao T,
Wierenga RK. Crystallographic and kinetic studies of human
mitochondrial acetoacetyl-CoA thiolase: the importance of potas-
sium and chloride ions for its structure and function. Biochemis-
try. 2007;46(14):4305-4321.

La Marca G. Mass spectrometry in clinical chemistry: the case of
newborn screening. J Pharm Biomed Anal. 2014;101:174-182.
Lim JS, Tan ES, John CM, et al. Inborn Error of Metabolism
(IEM) screening in Singapore by electrospray ionization-tandem
mass spectrometry (ESI/MS/MS): an 8 year journey from pilot to
current program. Mol Genet Metab. 2014;113(1-2):53-61.
Golbahar J, Al-Jishi EA, Altayab DD, Carreon E, Bakhiet M,
Alkhayyat H. Selective newborn screening of inborn errors of
amino acids, organic acids and fatty acids metabolism in the
Kingdom of Bahrain. Mol Genet Metab. 2013;110(1-2):98-101.
Wilcken B, Wiley V, Hammond J, Carpenter K. Screening new-
borns for inborn errors of metabolism by tandem mass spectro-
metry. N Engl J Med. 2003;348(23):2304-2312.

Estrella J, Wilcken B, Carpenter K, Bhattacharya K, Tchan M,
Wiley V. Expanded newborn screening in New South Wales:
missed cases. J Inherit Metab Dis. 2014;37(6):881-887.

Al Riyami S, Al Maney M, Joshi SN, Bayoumi R. Detection of
inborn errors of metabolism using tandem mass spectrometry
among high-risk Omani patients. Oman Med J.2012;27(6):482-485.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


