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: > {57) Abstract: A method for interpreting data that is produced after a group of amino acids and acylcamitines are derivatized from
O blood spots taken from newborn babies and scanned by a tandem mass spectrometer. Data in the form of concentration Ievels of each

metabolite, which are directly proportional to the buty] ester fragment after derivatization, is acquired (1) and compared to decision
tree threshold flags (2) used for determining a significance of any deviation of the metabolite relative to the flag threshold.




One particular instrument used for identifying conponents of ntdpegPds
whet her they are of nedicinal or chemcal interest, is the mass
spectroneter. In reference to U S. Patent 15 No. 5,453,413, conpounds,
when introduced to the el ectrospray tandem nmass spectroneter, are ionized
and essentially fragnented. Each fragment produces a peak having | ocal
maxi muns that are nmatched to reference spectra. A conpound can be
i denti f i EIBOFINVENTKIN: at ed fragnments, each having a mass to charge
ratio, which is then relative to the concentrations of each fragnent. Al
of the rMEIHOREORINTERBRETENG TANDEMIMASSSPECIR OMIETR 2 MAYA BORred in a
library for correlation and determ nation. Thus, mass/charge ratios can be
used t oCLBNEGRILfDIAGNGRIRent s from known spectra stored in a database. Mre
- recently, however, the use of spectronetry has been inplenmented in the
field of TECHNICABRIFIEfilagnosi s. See Chace, U.S. application serial nunber
09/277,119. Inborn errors of netabolismusually result fromdefective
enzynes or CahRehaing datd 9sddeentlihichidlifhaoeic iptrpdies Ol Rktiould  éhdl @gnosed by
the netabolic profiling of am no acids and 13 June 2005 acyl carnitines
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introduced into an electrospray tandem nass spectroneter. An el ectrospray

t andem r&EbolitRAEId OFBiRbsihEntbbdh 5uBRSisldiskRs@nd specific and can detect a
broad spectrum of disorders at the genetic level. Wth proper standards,

dat a pr gghCcRARDUND Wirg: spectroneter includes values 5 for particular
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L.y data is applji.ed to onputerized search- database for
_ g%hmggﬁﬁ%%e%@eg%%bf identification. In a clinical
di agnostic setting, .there nmust further nethods f.or eval uati on beyond
just that of O gartlpyles stpmetsed for iemitying W%ﬁ%%élg%wh °fd§ﬂ§nti fied.

Newbor ns .can einl%?rn W fh . nmetabolic :
are of medicinal or chemical interest, is the mass spectrometer. In reference to U.S. Patent

15 No. 5,453,613, compounds, when introduced to the electrospray tandem mass spectrometer,
-are ionized a'nd essentially fragmented. Each fragment produces a peak having local
maximums that are matched to reference spectra. A compound can be identified by its
associated fragments, each having a mass to chatge ratio, which is then relative t§ the
concentrations of each fragment. All of the reference spectra and compound names can then

20  be stored in a library for correlation and determination. Thus, mass/charge ratios can be used
to identify components from known spectra stored in a database.

More recently, however, the use of spectrometry has been implemented in the field of
clinical diagnosis. See Chace, U.S. application serial number 09/277,119.
Inborn ervors of metabolism usually result from defective enzymes or cofactors.

25 Resuliing gehgtic disorders can be diagnosed by the metabolic profiling of amino acids and
- l : .




15 disorders, which, if not treated within days, can result i?|3d'é'bet%qosThus,
after obtaining M5/ M5 (tandem nass spectroneter) data from bl ood sanpl es
from newborns, generally of the age of |ess than seven days old, there is
a need for efficiently interpreting this data in relation to pre- :
determ ned netabolite concentration thresholds. This interpretation allows
for .proper decision-nmaking necessary for the diagnosing and follow up
testing B¥IHEHESH teken fiom bloodsmasumbiecied toaETli@provtd aubfherseftare of t he
present jnvention is to provide a nethod for interpreting electrospray

t andem n#dedusadinia gyleoirpspemyt tandemgrass ppecisometer. Aol elestupsprrysamiengnass t 0

di agnosis. The nmethod provides the next course of action necessary in

det er m n¥RYGAOMEET dYary seapitiye and spesifenant camdetdct aibrpat specuinacf disondpreatthedi r ect | y
proportional to a concentration of a netabolite that 25 nmay cause a genetic
def ect . genetigdlewl.dMirapier saridads, datapiroduetd foom Bespechiome®ihddes Villes when 2 13
June 2005 an abnormal sanple is flagged after being scanned, a reconmended
acti oh | %or pastiendermeetabnlites {Ehepmatabelites thet dve of intsreat ig dételeting Mieesé dikoridre necessary
action following the prelimnary, analysis. Internal standards are used to
provi de arkén partievlar: aminy acidsehd nogtanitineseadities ad detdefivativepeichi. C conponent s.
Use of proper ratios of respective ions enables the detection of many 5

net abol i t es dhe epeetrs andaresufgop@nteition valuesof eah dhdidbolileSasilefolicRsn as a
fragnent yielding a concentration within the spectroneter after being

quant i f ireals spediratastiyy at it dohpaed @ tib9ols aSPRbans B GRal kR doRnts of
concentration is conpared to a flag concentration, which is a quality

assur andhe blostl saapler Theddbrédholds B8tbiniive th RiAateTHRBL S WdticRobdsky gk on and
anal ysis, and which is a diagnostic limt in determ ning whether or not

~ the wondsifiw-ab iodhe ectidlgnalBisabol ite is 10 significant. The flag is
pre-determ ned based on a standard deviation fromwhat a nornal
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interpretdtion
‘identification itself. The numbers must be quantified. Newborns can be born with metabolic

15 disorders, which, if not treated within days, can result in death. Thus, after obtaining MS/MS
{tandem mass spectrometer) data from blood samples from newborns, generally of the age of
less than éeveﬁ days old, there is 2 need for efficiently interpreting this data in relation to pre-
determined metabolite conceniration thresholds. This interpretation allt;ws for proper
decision-making necessary for the diagnos'mg and follow-up testing of newboms.

20 DISCLOSURE OF INVENTION: |

The objective of the présent invention is to provide a method for interpreting
electrospray tandem mass spectrometry data from the steps followiﬁg analysis to diagnosis.
| The method provides the next course of action necessary in determining the deficiency or
elevation of a particular fragment djrectly proportional to a concentration of a metabolite that

25 may cause a genetic defect. In accordance with U.S. application Ser. No. 09/277,119, when
2




As an exanpl e, nedi'um chain acyl - CoA dehydrogenase ( MCAD) def?%ij\é'??c%poéoul d
be a result of an increased concentration of octanoylcarnitine (Chace et
al.). Deficiency in the activity of MCAD presents with a Reye-like
syndronme, m | d hypoglycem a, or sudden death. The present nethod provides
for nunerical guidelines for determ ning just how significant 20 the
elevation is at the tinme of birth, and what the next step in the screening
process Woglingred sampleiis flaggedafitticimpweatined ndecominfehdetnicosn/is N thiemt . I n this
manner, decision trees for interpreting the concentrations for am no acids
and- acy| &be presentredibal i b giidelinedforethpnessay action flvwingthe philigdinary dnabisiper | y

di agnosed, can lead to treatnent. Each of these potentially fatal bl ood

el evati ons orlnttefl stirdack e usal (0 provideekt Eaitsie iifbenaieanéddbd Rdiegencent rati on
thresholds 25 to allow for inmediate attention and action. The conpari son
wi-t h t hespiebifie strmoedth. alfse afipsapet atioshf tekpiineioR DBPbIed tHd AL@ELBNIYF Bgny aCt Or for
mai ntai ning instrunent quality and accuracy. This decision nmaking process,
coupl £d metabolitdset onertings) tEabE peEhI R metbORO M FHEdREIRY Mipnidfd HdRE 8Ct I OSpr ay
tandem MS/ M5, allows for a conplete protocol for analyzi'ng and di agnosi ng

newbor nsconbénraingittic the GheeabrGESafiet &WM%d WerivatishdittonPd blgsPect of the
I nvention, there is provided a nethod tor assisting in a diagnosis of
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filter paper is derivatized and scanned by a tandem rmass spegtrorret er,

i e s s e e

val ues conprised of a propionyl nolar ratio
2 ol ar S E el AR O HinGE LA e ARE i e RS Cuy ) T
o oo Ry Th A i B Rl Bicea 67 Mo datFchiafo ER TP oty 21 | g
L B S A RN B BB il 52
R b R e SR

 concentration values produced will be above or below this threshold flag, which aflows for

the determination of the next course of action, whether it be a reéana;ysis or the interpretation
15  that the baby is normal.

As an example, medium chain acyl~-CoA dehydrogenase (MCAD) deficiency could be
aresult of an iﬁcreased concentration of octanoylcarnitine (Chace et al.). Deficiency in the
activity of MCAD presents with a Reye-like syndrome, mild hypoglycemia, or sudden death.

- The present method provides for numerical guidelines for determining just how significant
20 the elevation is 4t the time of birth, and what the next step in the screening process would be,
such as a follow-up and confirmatory DNA test. In this manner, decision trees for
interpreting the concentrations for amine acids Vand acylcarnitine/carnitines are presented,
-sdme of which, if properly diagnosed, can lead to treatment. Each of these potentially fatal
blood elevations or deficiencies is compared against the quantified concentration thresholds

25 . to allow for immediate attention and action. The comparison with the threshold flags also is
3




t hresholds; interpreting said sanple as being normal for said propionyl
carnitine, provided there is no said elevation of any of said val ues;
perform ng a subsequent re-analysis to obtain nmean val ues, 2%9V|d any of
the following occurs: |I. said C3 is equal to or greater th flag
threshold; ii. said C3/Cl6 is greater than or equal to said C3/Cl6 flag
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uM and elt'her sai d I's greater than sald reshold or
sai d (4p45,ialoys B:Htaeeomwlaw Raratoeoldgv aprlyzinganchdiaghesing neyharos with geagtic

I medigddpddrs- anal ysis with a prelimnary followup to obtain priority nmean
val ues, provided any of the followi ng occurs: i. said C3 is greater than
about 9.0 uM ii. said C3 is greater than about 7.0 uMand said C3/C2 is
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said i mediate re-analysis is perforned; 4 13 June 2005 reporting sald
data 9 a physician to assist in said diagnosis of propionic acidema. In
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nmethod for assisting in a diagnosis of isovaleric acidema by interpreting

data [SPBeRICAHOMIG), A mﬁryrasm esan SYBY sean offaropiany! amitine; andyegety) gainitisg and
scanngda:wn@zt) %@%HESF&tISWBHp%?F&FmUMﬁHba?r'nﬁ&yl b&%ntﬁb?éélm@s acquiring

said data, wherein said data incl udes val ues conpri sed an isoval eryl
car ni BPRKING Gtk El¥esio 2 Rrorisny! aamltlae fE3hdesision kaenwhergia %ﬁ%é@@lﬁ'@ﬁt‘fﬁ@n (C3);

2g|rolmy fiithe? Et!oﬁ}dngée’éél%g I@g)’hagf ¥rasidid1Ca CIRAIES ab Mrdshal, bAdaR dcHeYe!mgy!
threshoﬂd as diagnostic limits to said C3, said C3mrm/C2, and said C3/C16 respectively;
comparing said values, respectively, with each of said flag thresholds;
identifying whether or not there is an elevation of any of said values above any of said flag
thresholds;
interpreting said sample as being normal for said propionyl carnitine, provided there is no
said elevation of any of said values;
performing a subsequent re-analysis fo obtain mean values, provided any of the following
oCeurs:
i. said C3 is equal to or greater than said C3 flag threshold;
ii. said C3/C16 is greater than or equal to said C3/C16 flag threshold and said C3/C2 is
_ greater than said C3/C2 flag threshold and said C3 is greater than about 2.5 uM;
iii. said C3 is greater than about 4 uM, and either said C3/C16 is greater than said
C3/C16 flag threshold or said C3/C2 is greater than said C3/C2 flag threshold;
performing an immediate re-analysis with a preliminary follow-up to obtain priority mean
- values, provided any of the following occurs:
- 1. said C3 is greater than about 9.0 uM;
ii. said C3 is greater than about 7.0 uM and said C3/C2 is greater than said C3/C2 flag
threshold or said C3/C16 is greater than said C3/C16 flag threshold; and,
initiating a follow-up protocol based on follow-up criteria utilizing said mean values
or said priority mean values for diagnostic purposes provided either said subsequent re-
analysis or said immediate re-analysis is performed,;




tree, wherein said decision tree further conprises a C5 flag threshold as
diagnostic limt to said isovaleryl camtine concentration (C5); conparing
said C5 to said flag threshold; identifying whether or not there is an

el evation of G5 above said flag threshold; interpreting sai d3sdRpR@0%s
bei ng normal for said isovaleryl carnitine provided there is no said

- el evatreportiog saididatads;a physicianitd agsist is sdid dingansis pEprapiahigsickletnia.obt ai n a nean
val ue of said C5, provided said C5 is greater than or equal to said C5
flag threshold; performing an imediate re-analysis with a prelimnary
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i ni ti diltenpaperfsoderiyatizgd andscansd byaa teadem rhattsl smcinrpneter, tcempasmg the stepry sai d
mean vgl ue or said priority mean value for diagnostic purposes provided

ei ther said subsequent reanalysis or said immediate re-analysis is
 per f oraegdifingsaid datpowhdraig ssid datddncludas mltmwedmnrisadtob andgsoslerylrcagnifire

di agnQg,Sertf tlbﬁgdﬂla‘?{d'a?raﬁb @aﬁnt Er’iﬁ’ﬁ?&w ass with a third aspect of the

I nvention, or 1ng in a diagnosis of
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conprising t acquiring sard 2" 'hel udes
val ue§atﬂdmaﬁwirt§"u@mcentﬁayo©(0@ met hi oni ne  concentrati on (met) and a

ol ar &, bﬁn ;‘aﬂ?ﬁ%%g wgsmnyl al ani ne (net/phe); applying said val ues

to a nethion S|on tree wherein said decision tree further
conpr iidesgifyingmdratherrdr met thgS ah eleyBtioriofGai abovessaidflag thfesbolthr eshol d as a
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i dent ispigi eleyalipe oheaid 66; not there is an el evation of any of said val ues
above jamimthg S&ulsddudt re-analysis to obtain a mean value of said C5, provided said C5 is
greater than or equal to said C5 flag threshold; )
performing an immediate re-analysis with a preliminary follow-up to obtain a priority mean
" value of said Cb, provided any of the following occurs:
i. said C5 is greater than about 2.0 uM;
ii. said C5 is greater than about 1.0 uM and said C3 is greater than about 2.5 uM;
initiating a follow-up protocol based on follow up criteria utilizing said mean value or said
priority mean value for diagnostic purposes provided either said subsequent reanalysis or
said immediate re-analysis is performed; and,
reporting said data to a physician to assist in said diagnosis of isovaleric acidemia.

In accordance with a third aspect of the invention, there is provided a method for assisting in
a diagnosis of hypermetllionemia by interpreting data produced after a dry blood spot on filter
paper is derivatized and scanned by a tandem mass spectrometer, comprising the steps of:
.acquiring said data, wherein said data includes values consisting essentially of a methionine
concentration {met) and a molar ratio of methionine and phenylalanine (met/phe);

applying said values to a methionine (met) decision tree, wherein said decision tree further
comprises a methionine flag threshold and a met/phe flag threshold as a diagnostic limit to
said methionine concentration (met);

comparing said values, respectively, to each said flag threshold;
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thresholds; interpreting said sanple as being normal for said

hyper met hi onem a, provided there is no said elevation of any of said

val ues; perform ng a subsequent re-analysis to obtain nean val ues, provided
any of the following occur: i. said met is greater than sai@ﬂ%@%‘?%g
threshold; ii. said net is greater than about 50 uM and said net/phe is

gr eat ddentifying whetheeor patdhéreds an tefavativro bblamypefr éaid nalogs abovenargdofadaéd fiag
re-anah%%g,dgvith a prelimnary followup to obtain priority nean val ues,
provi ded anhy™of the followi ng occur: i. said net is greater than about 150
uM i iintegaetihgnexid isamglecas being amalbion said 25ypeivhethionemiagd preddedhtberesisgreeat er

t han asg%.lél Jﬁti%ﬁbfaﬁ)génfté ?ot\'r ihs? foll owup protocol based on follow up
criterra Ut 1'Zi ng A g neanval ues or said priority nean val ues for

di agngerioonipg rapsigssqperd re-gedlysis tth ebtaira ndas wadegy pravided -aayadfythe $olmwingsai d

i rrrredi&[c?r.re- analysis is perforned; and, reporting said data to a physician
to assi st in said diagnosis of hypernethionema. In accordance with a

f our t H. sadpwet isgredtérthamsaid meb fiag thnesheld; s provi ded a nmethod for assisting

in a di ' | ' ' . d retin I d after a
dry bﬁ'bggggﬁéc}ﬁ s gﬁea%rit{b%%g%@ggwg ﬁgg’%{dv'ﬁ%?érgedﬁﬁ%élgg'i%ﬁgg'dg@gg&lean em nmass
spect rtongebad;, conprising the steps of: acquiring said data, wherein said
- data i a . rised..of..a gl ut itipe n ration
( ConoPeraiiea Pt eR R i o bithlintly, ity B op @A) B Mot
( C5DCvatue$, prayifed/amepfdbe tllowingescuro a gl utaryl camitine (C5DC) deci sion
tree, ;whergj Iy | S fuyrther conprises a C5DC flag threshold
and a"CSDC:%%:@éﬁ%Ixaa%tgﬁérrz@%g%béhg‘gsodﬁ’wiagnost ic limts to said glutaryl
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priority mean values for diagnostic purposes provided either said subsequent re-analysis or
said immediate re-analysis is performed; and,

reporting said data to a physician to assist in said diagnosis of hypermethionemia.

In accordance with a fourth aspect of the invention, there is provided a method for assisting
in a diagnosis of glutaric acidemia by interpreting data produced after a dry blood spot on
filter paper is derivatized and scanned by a tandem mass spectrometer, comprising the steps
of:

acquiring said data, wherein said data includes values comprised of a glutaryl camitine
concentration (C5DC) and a molar ratio of glutaryl caritine and palmitoyl camitine
(C5DC:C16);

applying said values to a glutaryl camitine (C5DC) decision tree, wherein said decision tree
further comprises a C5DC flag threshold and a C5DC:C16 flag threshold as

diagnostic limits to said glutaryl carnitine concentration (C5DC) and said (C5DC:.C16)
respectively;

comparing said values, respectively, to each of said flag thresholds; identifying whether or
not there is an elevation of any of said values above any of said flag thresholds;

interpreting said sample as being normal for said glutaric acidemia, provided there is no said
elevation of any of said values;

performing a subsequent re-analysis to obtain mean values, provided any of the
foliowing occur:
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not there is an elevation of any of said val ues above any of said flag
threshol ds; interpreting said sanple as being normal for said glutaric
acidem a, provided there is no said elevation of any of sa's éﬁg ;
performng a subsequent re anal ysis to obtain nean val ues B 8 'dggEEny of
t he follomnng occur: 4b ----- ------ ---- 13 June 2005 I. said C5DC is

gr eat drSaihgAD aree@_f)@msegd Pﬁ%élnameshqld said C5DC; C16 is greater than
sai d GbR&gd@spdne .§ lare%diahsh aad em@c@é%gltﬁregﬁ&atae.u sandﬂeaoehelgfreéierm uM
performing an immedi ate re-analysis with a prelimnary folTowup to obtain
pri or ithgn AR 0-1Mies, provi ded any of the fol | owing occur i. said C5DC is
gr eat Qlerfohn aé?pmm@duétew&aﬁdiys.ssmtn ApRfimirBgFIBIAIp 118BtERP Bt rieauM and
sai d DCCl greater than about 0.2 uM " initiating a followup

~prot od’é‘l”eﬁa@'%d% oP theflipwingiocsyr o ut| lizing said mean val ues or said

pri or ijt shidESDCNSGtéater tdin éljoaﬂ@@w C purposes prow ded either said
subsequent r e- analgém S or i mredi at e_re- anal ysis is perforned;

r epor t Ryjd 20§ 1§ grepterdhap ﬁ'?% p(?l U apd said GoOC:CH6 isgraalgr Rghaoret &t ”MF ut ar ic
acl dengiflating s AMERL Rcbl bdsed dnl folidw @iﬁRﬁﬁénaOutl!lE'h? Jaity fidkh GAluet ke ls8id S -

prowdedarrethod or assisting in adlagnoslso |l e Syru r i ne
Di seaPEOTVENESN YAluesOE AiggnestisP %6%&53 S prYifscierithgs paid Sé.'b ea(eo%aﬁﬁetoron

fil tersamaﬁmediaseﬁgagma(ﬁg @edrfamtbsgamned by a tandem mass spectroneter,
e steps of: acquirin data, wherein said data. includes

conpris _sai,
val uegewﬁm%eataftoamwe% bassit g ‘ﬂ@'a%@ﬁc‘gﬂ?‘# 13hiG 3 E("!“@uﬂ le), a valine

concentration (val), a nolar ratio of |eucine and phenyl al ani ne (I|eu/phe),

and a nol ar ratiq of _| euci ne and al ani ne (Il eu/al a) saji.d val ues
to a IRacFReaNCEHi %I@#&!'! a3Rset oftbe '"W‘Rﬂ%lﬂ?ﬁ%éﬁ Rrovided & 'B%RP‘H gﬁsé'PWQe'F‘

CONpr iaShisgrdvsisdf MabR: $yra® UHARE gﬁa}gg@I(Mgugpbyf | ag threshold, a |eu/phe nolar
ratio |r]:t<|a|% etltng rd(gltsahp(?rot(ijuced after a dry blood spot on filter paper is derivatized and scanned
by a tandem mass spectrometer, comprising the steps of:
acquiring said data, wherein said data. includes values comprised of a leucine+isoleucine
concentration (leutile), a valine concentration (val), a molar ratio of leucine and
phenylalanine (leu/phe), and a molar ratio of leucine and alanine (leu/ala).
applying said values to a leucine (leu) decision tree, wherein said decision tree farther
comprises a leutile flag threshold, a val flag threshold, a leu/phe molar ratio flag threshold,
and a leu/ala molar ratio flag threshold as diagnostic limits to said leutile, said val., said
leu/phe, and said leufala respectively;
- comparing said values, respectively, to each of said flag thresholds;
identifying whether or not there is an elevation of any of said values above any of said flag
thresholds;
interpreting said sample as being normal for said MSUD, provided there is no said elevation
of any of said values;
performing a subsequent re-analysis fo obtain mean values, provided any of the following
OCCUF:
i. said leu+ile is greater than about 400 uM;
ii. said leutile is greater than about 350 uM and said val is greater than said val flag
threshold,
ii. said leutile is greater man said leutile flag threshold and said leu/ala is greater
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and a leu/ala nolar ratio flag threshold as diagnostic limts to said _
|l eu+tile, said val., said |eu/phe, and said | eu/ala respectively; conparing

said values, respectively, to each of said flag thresholds; 4kdgRt bhys ng
whet her or not there is an elevation of any of said val ues above any of

. L z : bei Lt »

veuD, e saBaBBRCYET s R, BF Shladyaft 5 S Sng srd aas ARG ryotioid ™

per f oraridgpichval isgregtee thanrsaidarsh flags theesholdpbt ai n rreanhval ues, pzﬁgvi ded any of
' ol ' . Lle iLs t . '

sai d (RS, P Sfioials Bt i £ phlHiARE Rlori S Jo BB e oAk sai o

val f1@pest prowidedady of the following deeuri | e is greater man said leu+ile flag

t hr eshol g4 %Qq%égiﬁegtgﬂﬁg]l‘ gbc?u';s%%ﬁ{.er 4c 13 June 2005 than said leu/ala

ol d, said leu/p

flag thres he“i's'greater than said | eu/phe flag threshold
and sdi. dsaidh|leuidlegisegteatert than skxoull 400l uM agdt said shobphe ipegreatenithan amid

. . | . _ e ol | _ . g1 &
val yedB/Ene A Brkndd rd) SIS, B gted . R SBid, To el ieb blegpaty o
t han deifatingsa foliowtup protacal tadesiuen f(ﬁlowﬁpgmritaiaeutillzmlr%aédbm:anmgnels Mr?alw sai d
" . said. . ) h ' Lala is
or oat ol AEETkied BF HebRbrto b FieRBbrouR ief 338 SpRERB IGaEHE oo
based s@idl impddiate rpanalysieisipgriotméd; andg sai d nean values or said priority

T2 o JRbaiRy S0 odlangadRLigaR W BIRT lEMLBRhCLIMISIpRE ¢ S neeauen

re-analysis or said te re-ana fred; and, reporting
said data to a physician to assist in said diagnosis of MSUD. |In accordance

with g, ﬁgﬁrﬁh&%%ﬁta Gkt d3Bede'df HY hPhtioh NRE® i Brd¥idRd £ Rdirdd 16 daled i
a diagnosis of citrullinemia by interpreting data produced after a dry blood spot on filter paper
is derivatized and scanned by a tandem mass spectrometer, comprising the steps of:
acquiring said data, wherein said data includes values comprised of a citrulline concentration
(cit) and a citrulline concentration after an mrm scan (cit [mmm]); |
applying said values to a citrulline (cit) decision tree, wherein said decision tree further
comprises a cit flag threshold and a citfmrm) flag threshold as diagnostic limits to said
citrulline concentration (cit) and said cit(mm) concentration respectively; comparing said
-values, respectively, to each of said flag thresholds;

identifying whether or not there is an elevation of any of said values above any of said flag
thresholds;

interpreting said sample as being normal for said citrullinemia, provided there is no said
elevation of any of said values;

performing a subsequent re-analysis to obtain mean values, provided any of the following
occur:

i. said cit or said cit(mrm) is greater than said cit flag threshold or said cit(mrm) flag
threshold;

performing an immediate re-analysis with a preliminary follow-up to obtain priority mean
values, provided any of the following occur:

i. said cit is greater than about 100 uM;

initiating a follow-up protocol based on follow up criteria utilizing said mean values or said
priority mean values for diagnostic purposes provided either said subsequent re-analysis or
said immediate re-analysis is performed; and,
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a diagnosis of citrullinema by interpreting data produced after a dry

bl ood spot on filter paper is derivatized and scanned by a tandem nmass
spectroneter, conprising the steps of., acquiring said dat 33 elg_ dg sal d
data i ncludes val ues conprised of a citrulline concentratio JE"& (‘; nd
citrulline concentration after an nrmscan (cit [nrm); applying said

val uegeperting said datal tb ephysician tejasdisfiimeaid diagnosit et @lfryllinemial deci si on tree
further conprises a cit flag threshold and a cit(nmrm flag threshold as

di agnostic limts to said citrulline concentration (cit) and said cit(nrm
concenldrageprdaneewie et saventh; aspesipefrtha dnvealion, thereds & methodder pesaisting in@ each

of Sa'cﬁ’aédo@@ SF Hiﬁnln%‘i%nd e |tdd‘e}ﬁ?,§m% V‘g PFﬁiergE%n%Qé g\}i@d&lﬁ ) | defidfen€) G¥AL 1 on

of any of sai ues ove resh i nterpreti'ng said

sanpl entsgoremgr@ta\@mweciraﬂergamblep@ Smflanﬁ&tﬁf aap%i&ﬂﬂrwé%le@t%ﬂécﬂﬁnmb ai d
el evatd @Rq&h n@gggsggctmé{ey%ﬂﬁ%m spp¥idkd a subsequent re-analysis to

bf
obtain mean val ues, provid égo?' the following occur: i. said cit or
said caeg(:mmsaidsdgaeuwethdg Bclydes Malags chmpdsesl of an og@naylcqarwﬁlﬁem flag

thr es%h@entﬁ%ﬁ ?Cﬁf) OImBfar r gﬂséétgné InéSari p‘é Frﬂoﬁ d%alfrﬁ d‘)@lb‘!lﬁf | OW up

to obtain priority mean valu VI any o g occur:
said diexanayl g?ﬁe‘dtf@r canantalion CEL08 @wnthloarruttﬂen@or@em@tlowmlg Br et\@)@m

based fRahd) E&Wt{H@CBﬁdehﬁéﬁd% (¢i1p};i zing said mean values or said .priority"
mean val ues for diagnostic purposes provided either said subsequent

r e- an&PPling sgid valugsdo pmestanaylearmiting(638) dedisior trpe whereia gaidalesisiond 13 une
2005 tfeRNFthér$bnitises ‘é%@ ﬂhg tﬁ’re@l‘ibf& ! &'(}%rbi@nfbﬁa?'rﬁﬁo héb %ﬂé%cﬁh a0 E@Say O

citrullinema. |In accordanc sevent h aspect he |1 nventi on, there

o b AR 164 e hisghole, and aiCGHRS: Bresholleas dipgnostis e J3 SIGBy o A
dehy disqeangeto (MBS, R €167 S ChOTRRAERKIAY data produced after a dry

bl ood spot on filter paper derivati zed and Scanned by
comparing said values, respectiveiy, to each of said flag thresholds;

identifying whether or not there is an elevation of any of said values above any of said

flag thresholds; |

interpreting said sample as being normal for said MCAD deficiency, provided there is no said
elevation of any of said values;

performing a subsequent re-analysis fo obtain mean values, provided any of thefollowing
oceur:

i. said C8 is greater than or equal to about 0.4 uM;

ii.said C8 is greater than about 0.3 uM and said C8/C16 is greater than about 0.15;

ili.said C8 is greater man about 0.3 uM and said C6 is greater than about 0.2 uM, or said
C10:1 is greater than about 0.2 uM and said C10 is greater than about 0.3 uM with a low
acetyl flag;

performing an immediate re-analysis with a preliminary follow-up to obtain priority mean
values, provided any of the following occur:

i. said C8 is greater than about 1.0 uM;

ii. said C8 is greater than about 0.5 uM and said C8/C16 is greater than about 0.35, or
said C6 is greater than about 0.3 uM and said C10:l is greater than about 0.3 uM;

initiating a follow-up protocol based on follow-up criteria utilizing said mean values or said
priority mean values for diagnostic purposes provided either said subsequent re-analysis or
said immediate re-analysis is performed; and,

reporting said data to a physician to assist in said diagnosis of MCAD deficiency.
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a tandem nass spectroneter, conprising the steps of. acquiring said data,
wherein said data includes val ues conprised of an octanoyl camtine
concentration (C8), a nolar ratio of octanoyl carnitine and Q?ll m %@Cﬁn
carnitine (08/016), a hexanoyl carnitine concentration (06y° 4 oyl
camtine concentration (I'Sé?p and a decanoyl carnitine concentration

( C10) ;In gepprdangs with @ eight egkofdhe uw@afmsy thegayisnprevided aasgtherd far oseiRting ee,
wher ei | C8/ C16
ol ar 2 gashBRESTLTAD Bpicrcy Ky oG S phidBod st SHAOSS Sporl

and a fiteoPanesi W@%ﬂ@@|aad§§ameﬂd:rmtanéemmaqs§pﬁ@tr%ﬁtar eeﬂypn@@g H'e(%?@w
said G@p, said Cl0:1, and said Cl0 respectively; conparing said val ues,
respectively, to each of said flag thresholds; identifying whether or not
t her e 4C8UIHAG P\ data.opheseinaRid dptasiariides valuas serBREsesrsf Heatipted myrislgy!

t hr eshaligne d:dHc@ﬁtPéti%h I(am)s ahdinsadiRlsd ﬁ@r.asylr&rmm{é@ncéﬁ&at@ﬁl(@wq&%d
defici enc provi ded there is no said elevation of any of said val ues;

per f oA r&atfﬁ’t%gé&d@fﬁ'ﬂ paboitgybearaitine {G18bt ai n nean val ues, provi ded any of
t hef 0|ép9&d§95ald)9§lués tda rr@ﬁbl@ﬁ%n‘nﬁn&(@ﬁﬂ %c:%iaﬁrtre‘ér wﬁ@#éﬁ*l s4i@ dabRidh thee? UM

.said reater than about O. M and sai d IS greater than

about figrthes: cqmnnsgg,q;]Cég flag Hresfiold: adnldabdiag '0"%“9‘91 éﬁﬁ a L1616 flagr eat er
than ghevhold o8 &idndilic Fmitd to %ﬂ: émssﬂa £, é;{zﬁea.awu@@ rebpetdergai d C10

is greater than about 0.3 a low acetyl flag: perform ng an
i mredicamParing s#é Vlues f‘?ﬁ"@ﬁ“‘@%?‘éﬁ%‘?{éﬁ&d ﬂaSIﬂPrSWQ!‘i!ﬁ to obtain priority nean

val uemenﬂw}a \dﬁé‘lhé?rrbf ribft tﬁéﬂ@ isf 8 bRV SICNof shid villed £BdvE Bing'df 8bRIMlaghan
about sai d is greater than"about 0.5 uMand said C8/Cl6 is

gr eat @?r""‘?'l‘f’é‘?’ﬁnabout 0. 35 or said C6 is greater than about 0.3 uM and said

ClO 1 Iritérp%ﬂﬁgtsﬁfd $dhile 89Bkthg Pofnal %r sdidl MSUD, r&oﬂdé@ﬂhb%% RfiPbRe&lonbased
GW”& criteria utilizing said mean values or said priority nean

vaI ueé’ fiky O YAM8Si ¢ pur poses provided either said subsequent re-analysis
or performing a subsequent re-analysis to obtain mean values, provided any of the following

occur:

i. said C14 is greater than said C14 flag threshold or said C14:1 is greater than said C14:1

flag threshold;

said C14 is greater than about 0.75 uM or said C 14:1 is greater than about 0.65 uM and said
C14:1/C16 is greater than about 0.24;

performing an immediate re-analysis with a preliminary follow-up to obtain priority mean
values, provided any of the following occur:

i.said C14 is greater than about 2.0 uM or said C14:1 is greater than about 1.5 uM;
“ii. said C14 is greater than about 1.5 uM and said C14:1 is greater than about 1.0 uM and
-said C14:1/C16 is greater than about 0.3;

initiating a follow-up protocol based on follow-up criteria utilizing said mean values or said
priority mean values for diagnostic purposes provided either said subsequent re-analysis or
said immediate re-analysis is performed; and,

reporting said data to a physician to assist in said diagnosis of VLCAD deficiency.

In accordance with a ninth aspect of the invention, there is provided A method for assisting in
a diagnosis of a Crofonyl co-A carboxylase deficiency elevation by interpreting data
produced after a dry blood spot on filter paper is derivatized and scanned by a tandem mass
spectrometer, comprising the steps of: |
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said imredi ate re-analysis is perforned; and, reporting said data to a
physician to assist in said diagnosis of MCAD deficiency. 4e 13 June 2005
In accordance with a eighth aspect of the invention, there H? g b

met hod for assisting in a diagnosis of VLCAD deficiency by ] é |ng
data produced after a dry bl ood spot on filter paper is derivatized and

scanne#rayfing spighfidéamwhesen §§Jéé’ﬁt9dﬁ@§t“éﬁs valussmonyiriged efrCetQtHand 66:1; acqur ring
sai d dﬁé;ﬂ&md’"@ﬁﬂe\rdhe%aiodaqﬁh 1Y UERBHY iR RID WRGE 0§ar@ dedisld

o nyristo camtine conce |on (C14 an unsat'ur ate nyri stoyr' carnitine
concenft-'FtB‘trl comprisana Sp0HSfisg thrastaﬁiqi and &5 bileg theashold asrdiagnestic irai4 tocsichi t i ne

(C16) ; cSOR!ant REid<EH. § racpebR@t 0 @ nyristoyl camtine (Cl4) decision tree,
wherein said decision tree further conprises a Cl4 flag threshold, a Cl4:1

flag t9AnEEAREe gaidyates, regeectively.do epefyof said tagibresheldsidi agnostic linmits to
sai d GaddntirsiRd AnEthér &r n@NtHer@as @n Cldtafid-d0amPaesfd ViIRey abo#éoéﬁ%aéf's%ﬂi

val ues respectrvely to each of said flag thresholds; i1dentifying ether
or notthfesBelEs;i s an el evation of any of said val ues above any of said flag

t hr es hplefsretiigns &8 Péa?ﬁﬂ!é‘%ssﬁérﬁb %Fmélefoﬁ%akﬁbr%%d}%m chdoxyiade diRidncy,

provided there is no said elevation of any of "said val ues; perform ng a
subsediiayiged bermqang said qleyvaton afﬁFYrﬁiéﬁ‘d\)/aFl{?és provi ded any of the fol I ow ng

occur :perforrfil & %e?ﬁerﬂﬁé%hﬁl&sr& hé bl ﬁre%élvatdeagptdwoeatmtydofqrre $arodm{§14 lis

gr eat er than sai d |l ag threshold; said Cl4 is greater than about
- 0.75 f9CHE said C 14:1 is greater than about 0.65 uMand said Cl14:1/Cl6 is

gr eat esra.dtaa@ménaetate@n?aﬂ orRALAI SHIBTEOR dagTRELALE re-anal ysis wi th a

prellmnar to obtain priority mean values, provided any of the
foll O\ﬁaﬁbc mreatertran@regual tq sgjd £h bllad tegshaldout 2.0 uM or said Cl4:1 is

gr eat ¢erfoltiifg APCImddite W analysis with a preliminary follow-up to obtain priority mean

values, provided any of the following occur:
i. said CbOH is greater than about 3.0 uM;
ii. said C5:1 is greater than about 1.0 uM;

_initiating a follow-up protocol based on follow-up criteria utilizing said mean values or said
priority mean values for diagnostic purposes provided either said subsequent re-analysis or

- said immediate re-analysis is performed; and, '
reporting said data to a physician to assist in said diagnosis of crotonyl co-A carboxylase
deficiency.

BRIEF DESCRIPTION OF THE DRAWINGS:
“FIG. 1 is a flow diagram of the overall methodology representing the major steps involved

from analysis to diagnosis.
FIG. 2 is a flow diagram showing the more detailed steps and decision tree involved in the
re-analysis protocol.
FiG. 3 is a flow diagram showing the more detailed steps and decision tree involved
in the follow-up protocol.
'FIG, 4 is the decision tree for the implementation of the method for propionyl carnitine.
FIG. & is the decision tree for the implementation of the method for isovaleryl carnitine.
"FIG. 6 is the decision tree for the implementation of the method for methionine.
FIG. 7 is the decision tree for the implementation of the method for glutaryl carnitine.
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ii. said Cl4 is greater than about 1.5 uMand said Cl4:1 is greater than
about 1.0 uMand said Cl4:1/Cl6 is greater than about 0.3; initiating a
foll owup protocol based on followup criteria utilizing sa%g ne%%w | ues
or said priority nean values for diagnostic purposes provi d n§ r said
Subse uent re-analysis or said imediate re-analysis is perforned; and,

r epor thifg8 ihe defaﬁlanttr@eéorﬁh@gi!Ri?ra@nt@@re@éh%meth@déar rheaylagamsi s of VLCAD

def i ciggacyg |sn tﬁ@CQé&ﬁ&@etré\étfbratHé' %Buem&ﬁ.Bnofoftm% 'rﬁBfﬁ‘dH'f%P leb&lRES 1S
provided A nethod for assisting in gno Is of a Crotonyl co-A

car boXiiPal®isdbe fesigiar ree fafhg Flﬂ'ﬁ"ﬁﬁﬂt@tl?f‘é%f ethgd dertdirulieoduced after a dry
bl 00d {EOY1 RMhd tkdiflon BEE R thesinfinettdtioned i tedoa filbidnyid t andem mass
spectroneter, conprising the steps of: 4f 13 June 2005 ach|r|ng said

dat a, CRFUINS n said data includes val ues conprised of a C5-OH and C5: 1;

appl YiFlg, $Risthe/ abdifien irbe %rﬁﬁ@iﬁﬂ@fn&ﬁatbﬁ%‘f A mémel %&ﬁyﬁsfo@ﬁ wherein said
decision _tree further conprises Co0H flag threshold and a C5:1 flag

t hr esi®8M#N®s di agnostic limts to sald C5CH and said C5:1 respectively;
conparF|Bg1$ritie ¥@didiasired R RRCHIpEPhahtatioR of Befmethod frthylilorg Cishr eshol ds;
identifying whether or not there is an elevation of any of said val ues
above any of said flag thresholds; interpreting said sanple as being
normal for said crotonyl co-A carboxylase deficiency, provided there is no
said el evation of any of said values; perform ng a subsequent re-analysis
to obtain nean val ues, provided any of the following occur: said C5CH is
greater than or equal to said C50H flag threshold; said C5:1 is greater
than or-equal to said C5:1 flag threshold; perform ng an i medi ate
re-analysis with a prelimnary followup to obtain priority nean val ues,
provi ded any of the followi ng occur: i. said C50H is greater than about 3.0
um
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il said C5:1 is greater than about 1.0 uM initiating a foll 6WWF%QQ§IOCOI
based on followup criteria utilizing said nean values or said priority
mean val ues for diagnhostic purposes provided either said subsequent
re-analysis or said imediate re-analysis is perforned; and, reporting
said data to a physician to assist in said diagnosis of crotonyl co-A
carboxyl ase deficiency. BRI EF DESCRIPTION OF THE DRAWNGS: FIG 1 is a

f1 ow di aBESTMMODE FORXUARRVINGENTONEE BJVENEMIEseNt i ng the maj or steps :
involved fromanalysis to diagnosis. FIG 2 is a flow diagram show ng the
nore det ai | edIztreqbodanitl nd@We GeRAbid it dethil HOHeMB6h 1012 pidT8red RrbdMM MSind '
protocol. FIG 3 is a flow diagram showi ng the nore detail ed steps and

deci si oninipl@gentdten Itheedéfwmahtmeﬂ:ﬂhlqunﬁ@mraﬁ@a&&%ﬁv;ﬂﬁls&mﬂc ds Aiskldeadeci si on
tree for the inplementation of the nethod for propionyl carnitine. FIG 5

i s the dasisTu@bmbrySewilPbe drderslob@Par R rditaioR oPhe tddge ?ﬁh@ﬁ@eﬁﬁ_@ﬁ jd soval eryl

carnitine. FIG Is the decision tree for the inplenmentation of the

net hogl f @ErebPinBin@&H. TRe inbéddon éndofrphdd6s HECAHRROnd A FurtiRl moliBicdtibRs Nt at i on
of -the method for glutaryl carni tpl ne. 4g 13 June 2005 FIG 8 is the

deci si ONh ARG ddvies, dnABh@TRtcR by fhBatihs b ﬁ?ﬁc e iRGRH 2 anine. FIG
9 is the decision tree for the in%ptﬁerrent ait}ﬁ% opﬂ)%ﬁe r?et ho or | eucine,
FIG 10 st heRE), 8 Ao heifhallPbocal S plilBhsRRIEN RE OB A whibiPn BlvBRfn' OF
citrulline. FIG ‘1H1 I's the decips?con P?ee for tﬂ{e ?%tpfbe‘?re%ﬁg |0E&g)fl t he
met hod fQp.0ctanoyl carnitine. FIG 12 is the decision tree for the

I npl ementation of the nethod for nyristoyl carnitine. FIG 13 is the

deci si on tr eqyf Gl J7Blf HRBo B e ncblain RS Ol BeSh 515 40

10 are scanned by the electrospray tandem mass spectrometer, the data is acquired 1. This data

can be presented on a monitor to allow for viewing and/or printing of the output. As pért of
this data écquiring 1, the ﬁrst values produced from the scan of the mass spectrometer are
processed and printed imfo spreadsheet form to further allow 'checking of the calculations, a
means of assuring accurate number production and quality. The acquired data 1 is then
15 examined by applying the first values obtained to the decision tree 2 particular to a
metabolite. The first values to be interpreted 2 consist of mean metabolite concenirations and
molar ratio coﬁcentrations produced from the fragmentation of the metabolites scanned. The
concentration of the particular metabolite is read from the fragmentation of the butyl ester
occurring at a specific mass to charge value upon derivatization of the metabolite. This
20 quantified number, normally in units of micromolarity, is compared to the flag threshold.
The metabolites, as further described, are grouped as carnitines/acylcamitines or
' amino acids. Each particular metabolite is derivatized to enhance the detection of the

fragment of concern, and would produce a peak upon scanning corresponding to a quantified
concentration number, and compared to the decision tree 2 flag threshold, which is a

25  particular standard deviation away from a mean value for the particular metabolite fragment
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13 June 2005 BEST MODE FOR CARRYI NG QUT THE | NVENTI ON:- The nEt458 ZWPPI now
be described in detail in relation to a preferred enbodi nent and

i npl ementation thereof which is exenplary in nature and descriptively
specific as disclosed. As is customary, it will be understood that no
limtation of the scope of the invention is 5 thereby intended. The

i nvention enconpasses such alterations and further nodifications in the
i|lustrage ' . L&akk : inci.pl.es of the
i nvention %n%ﬁﬁ%%%e?&@ﬁ%%&@ﬁ?&é&ﬁ%ﬂfa r#(])r rraHgg&é%c rOQ?COIB%E%%%% skilled
in the ich the invention relates. The steps in the overall '
met hodol 0gy are shown in FIG 1. After the blood sanples 1o are scanned by
the el ectrospgay . t@ﬁ ta j ' . This
data can be pr es&eln ed{;g([)l{n@g&rﬁonil %%én%&g{o%ew ogﬁvﬁ%%évﬁgﬁg&g%@%@a%ri nting of
t he out puyi. ﬁ% part  of ' ta. iring 1, t fi Vi - produced
fromt he"!ﬁsl%an or .}ﬁ'g arnga?g’méd;gc ercgecnjgﬁ gﬁeeair’égs dfe%%é s“trah&{h?n(():f ‘%J% @%‘:{%ed i nto

spre rmto further  allpw checki.ng of, the.cal ions,. a neans of

sheet f ul a
ey et th B st RednbrS b tnct o msetba et Ao £oh BiobelRtta o 1
then 15 examni ped appl yi n he first val ues obtained o, t decision tree
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an elevation will be discussed, whereby a deficiency should be inherently understood
depending on the metabolite. Both upper and lower concentration flag thresholds and molar
15 ratio thresholds may be utilized in some cases where both an elevation and deﬁcienéy is
significant in determining what defect may be present.
A stat re-analysis 4 may be performed if an initial concentration of the metabolite
significantly deviates from the flag threshold, which may be evident of a genetic disorder.
An immediate preliminary follow-up 4a would then follow. Whether or not the deviation is
20 deemed significant depeﬁds on the amount by which the metabolite concentration deviates
from the flag threshold based on the interpretation guide for each disorder. In any effect, a
subsequent analysis 3 or a stat re-analysis 4 requires the data to be re-acquired 1. If the scan
shows normal metabolite concentration levels as compared to the concentration flag
threshelds and molar ratio thresholds, the interpretation may be that the blood component

25 levels are normal 5.




concentration. The flag threshold particular for that metabol13¥ne<095
diagnostic limt to these first values. Wen the first values for the flags
and netabolite fragnent concentrations or nolar ratio concentrations are
applied to the decision tree 2, it is identified whether or not there 5
needs to be a subsequent re-analysis 3, or an i medi ate, stat re-analysis
4. A subsequent analysis 3 may be necessarily perfornmed if the scan

reveal ed a nme&ﬂ;w;, - WAy LS ] | . greater than
the pre-determned thr e%%*%‘%a?%ﬁtfggg%gf%ﬁi aéc t Fegshol dis
uni que T @nodheiddalit bt RBAABbIel B, RARRAAHLAIGRviaRS ul Whlilieh gdescr i bed. 1t

should be understood that a concentration Is deened-relevant 1f it exceeds

th hitedh t %Ei? . ' . ' . ed, dth
goncreﬁ{'S rat i gzm?genragglé%ént %1?}*&%&&3{;@@03&%2 uﬁ%ﬁrﬁgéﬁngis%m@k%@% rrg? abol iGt e
Of Questdvaltnl B AbREo Rl Aefidteroh), I UaLh SolfSRERH G080 7ubad 30, any

el evation or I Cl ency can a deviati € pur poses of
clarificatdon, e | ] | S reby a defi.ci ency shoul d
be i n%eﬁgfr?% % SUh e?ts %%%‘Eh rlééneggl vr‘fgg{ﬁ%ﬁé feﬁéejaieﬁdg%gﬁﬁ?ﬁ?ngwyggflﬁ%ﬁﬁ%ﬁegand | ower
concent r gt . g re | ds_and | ar 15.r.atio threshol be utilized
in some o&ﬁg ggan\g/ér%%r%ﬁ%g‘{lig“%ﬁ”é‘?’@?Qﬁ%%ﬂai%%e?{e@%ﬁw%ﬁs@ay fgﬁ%nwtk% ant in
determ ryd t defect . o) resent. A stat re-analysis 4 may be

per f or ngﬁ&i%f”){%ﬁmfuﬂflﬁc&‘”‘%%ﬁ?ﬁ%ﬁ%ﬂ“ﬁ“?ﬁ‘@%i abolite significantly
deviates fromthe fl.ag,threshol.d, ch may be evident of a genetic

di sorder. Aﬂ??ﬁmlﬁg‘gv%‘gﬁﬁdﬂﬁﬁﬁlﬁwr&ﬂlﬁﬁ“bﬁ&q% ’é?'ﬁnﬁ'@FFgé?FFoow. Whet her
or not the devjation is 20 deened signifigcant depends on the anount by

whi ch tﬁ‘@mﬁg‘ﬁtaidgftﬁfgéﬁ'%ﬁwtgww ¢ prebunary follownp 4nasfutthereshol d based
on the interpretatjon guide for each disorder. In any effect, a subsequent
anal Ysi desgribgd i relation to BIG, 4o Theipre-determingd thaeshold flagsifer pach pageulpt- acquired 1.
If the scan shows normal netabolite concentration |evels as conpared to

" the con&eibpliepsrompargd torthe initisbtonsentmdongof the megabolites 2 aftehbeivg | t he
interpretati on may be that the blood conponent 25 |evels are normal 5. 6 13
June 2008GungdeBhetliealpld fagieitings keae beepuleveloped bated uporemany fadom guch@anned, i f

the netabolite
published reports, the clinical screening of individuals who are already sick, autopsy reports,

and experience through repetition of genetic data analysis. If the initial concentration of the

15  metabolite of interest is greater than the flag threshold 21, then a determination is made as to
how signiﬁcmt the elevation is 23. This is determined by comparing each flag threshold to
the initial concentration of the metabolite and identifying whether or not the elevation (or
deficiency) exceeds the flag threshold by reference to criteria for each mefabolite. If this
were to occur, an immediate stat re-analysis 4 and preliminary follow-up 4a would be

20 performed. This is achie\-/ed by prioritizing the sample to allow for an immediate preliminary
follow-up and re-running the sample from the same filter card to acquire a set of prioritized
values. These values are then averaged as a mean with the first values to form priority mean
values because they are more significant for implementation into the follow-up protocol.
If the initial concentration of the metabolite is not greater than the flag threshold 21,

25  the molar ratio concentrations are identified and compared to their respective concentration

7




concentration is not significantly above the threshold, but s13 funeRR%at es
inrelation to the threshold, even after re-analysis, the next step would
be to interpret 6 the sanple as being evident of this elevation (or
deficiency). In this case, a followup protocol 7 would be 5 initiated,
such that the detection process would be repeated and all attention would
be focused on this sanple. After any subsequent repeat, a diagnostic

i nt er pr efiag thoesh@dsramyl ioddriratiy thieshiolis 22 ThekolRORGEIYrE BoRtBntibscaayhREEt ent wi th
any subsequent evaluation. The criteria involved for deciding whether or
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met abol i &R afdthént erest is greater than the flag threshold 21, then a
determnation is nade as to how significant the elevation is 23. This is
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concentration . of the netagbolite is not greater than the flag threshold 21,
25 t he FfﬁP°ert3§He8ﬂPHﬁ€éﬁPP§§%ﬁ@%?rWﬁéﬁwﬁWBélﬁwpé% 50 their
respective concentration 7 13 June 2005 flag thresholds and nolar ratio
t hr eshoPgeomsd. apd nhotheasespif theeleyation ispresentib commeriseado thedlag Huesboldt f or

variability of the blood spot on the filter card. Because the sanple is
ori gi nalRll put not significant 23, a sub-sequent re-analysis 3 is performed. This is achieved by

15 acquiring a new set of data to obtain second values from the sample, by re-testing the sample
aﬁd averaging the results to form mean values of the concentrations, which can then be
. implemented iﬁto the follow-up protocol, as follows.
A follow-up protocol is then initiated 7 following any re-analysis for determining any
possible interpretation for diagnosis.

20 FIG. 3 lays out the criferia for'broadly initiating a follow-up 7. Any mean values or
‘priority mean values are identified from the subsequent re-analysis 3 or the immediate re-
analysis 4, respectively. These values that are elevated to some degree (dependent on
decision matrix) above the flag threshold are identified 30, This folfow-up 7 may also follow
any re-analysis. The level of elevation (or deficiency, if required) is interpreted 31 as being

-25  mild 32, moderate 33, or significant 34 based on the criteria in the interpretation guide for
' 8
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vol unme nust be accounted for. Thus, as the concentration of the netabolite
may go up or down, the ratio of 5 two analytes in one sanple is a nore
sensitive indicator because they both change relative to one another. If
the nolar ratio concentrations are not greater than the concentration flag
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foll ow ng any re-an sis for determning any possible interpretation for
di agnosi®" pl}(’i’rﬁ?f@%ﬂ?@/ﬁ}i&out the criteria for broadly initiating a
followup 7. Any nean values or. priority nmean values are identified from
vt {popusidered significant 3dbiased oa thegriteriaanigent repeat plisect  vel y.
These values that are elevated to sone degree (dependent on decision
matri x) adgigiousl tesdngrtp abfainathishest off vafuss,isaehasifer psepiguc acidemia, poetherw- up 7 may
also follow any re-analysis. The level of elevation (or deficiency, if
r equi®r e@yeanis acidemiapriepatriged slengheithareftrahiolagpSalisipadtisntar to a38sorder to
significant 34 based on the criteria in the interpretation guide for 8 13
June 20G@Scerteinch expettish Giriclisical gvaliationher described. |f the elevation is
considered mtd 32 based.on the difference fromthe threshold, a routine
repeat 35 i's Thepewntmethodidande finthet welersppod by raftraging thd wbles adicdtarinired r epeat
of the testing without an alert to a parent or physician.
figures 4 -10. Each figure represents the decision tree presented for each particular

metabolite, which is necessary because each metabolite ionizes a butyl ester fragment at a

15 different mass to charge (m/z) value, and each metabolite concentration (in units
micromolarity fuM]) must be compared to a different threshold flag. The butyl ester fragment
is directly proportional to the concentration of the metabolite. The preferred values of the
threshold flags, or automated interpretation flag settings, are seen in tabulated form for each
metabolite.

20 FIG. 4 is used in ﬁe method for assisting in the diagnosis of propionic acidemia after
a dry blood spot on ﬁltef paper is derivatized and scanned using a tandem mass spectrometer.

" The method as previously discussed is applied using the flag thresholds 40 for all

concentrations and molar ratios used for determining the level of elevation of propionyl
carnitine. The flag thresholds 40 are preferably set at about 5.0 uM for the propionyl

25  carnitine (C3) concentration, about 0.3 for the mrm scan of propionyl carnitine with acetyl
9




If the elevation is considered noderate 33 based on the critéFi%fwéwoﬁrgent
repeat 36'is 5 perfornmed, which is different froma routine repeat because
the elevation is reported to a physician. Accordingly, the physician can
suggest to see the baby and possibly get another sanple or confirmthe
results. If the elevation is considered significant 34 based on the
criteria, an urgent repeat plus additional testing to obtain a third set
of Va|_UeGarniEﬁKﬁE3ﬂ1§mﬁ02,aﬁdQlﬂ§u@[‘j7§f heOBo S ati i &5&?@' aci demi as,
is perforned al ong mﬁ?h a referrS?Q?ﬂﬁ§h§§§§?§%%§9&%§35icu a?ﬁ?o a di sorder
to ascepdlmittyl sni@i¥P@WcH. for clinical evaluation. The present nethod can
be further understood by referencing the tables and criteria in figures 4
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of the thr eq'@igﬁd(ﬁ%f#tﬂh‘?%m@g@%%%é retation flag settings, are

seen in tabul ated . ( . 20 FIG 4 is used in the

B ood spot on Py etk i 8NBIR. QUGRRR BRI AR (BT Bt dem mmos
spectror{gg, a evi ousl| IS sed is applied using the flag
t hr eshol seth%c’?@ra%g %@%&13’?\‘%%{% zerétﬁﬂ%ﬁ?fggsuﬁ'gtios used for determ ning
the |l evel of.elgvatign of propionyl . carnitine. The fl t hreshol ds 40 are
. preferably sé&t Cgtls %'Bagﬂtﬂ%g.agmﬂf%l ﬁ'&%%‘{#@ﬁ% 15%%??1@(%)
concgntrat i.on bout. for the nrmscan of praopionyl carnitine with

acet ¥l %‘gfgeﬂlﬁﬁé’r%@3/%@&?ng?t?fﬁ’éaﬂ(S&m%g,théﬁhﬂ’ldabout 1.75 for the nol ar
ratio of the r,ogé}r;i}lsw(s:saﬂq,fi‘ti ngb,wi %&hpalmoﬁarni ti n@aislcs_/ C16). The
criteria for 1 Kraalypis palp par PAvaNite pelam prioigy AT
re-analysis 42 in relation to the flag thresholds 40.are also shown. A
subs equdPRan valuesispeytormed nsoddedeany of the following occurs: '

i. C3 is greater than about 9.0 uM;

ii. C3 is greater than about 7.0 uM and the C3/C2 is greater than the C3/C2 flag
15 threshold, or the C3/C16 is greater than the C3/C16 flag threshold. '

The procedure is repeated to get mean values for implementation into a specific
follow-up protocol 43, which ultimately leads to the diagnostic assistance for propionic
acidemia. |

FIG. § is used in the method for assisting in the diagnosis of isovaleric acidemia after

20 adry blood spot on ﬁlter‘paper is derivatized and scanned using a tandem mass spectrometer.
The method as previously discussed is applied using the flag threshold 50 for the
concentration used for determining the level of ele\}ation of isovaleryl carnitine. The flag
threshold 50 for isovaleryl carnitine is preferably set at about 0.8 uM.

Criteria for re-analysis 51 and criteria for an immediate, or STAT re-analysis 52 in

25  relation to the flag threshold 50 for isovaleryl carnitine (C5) are also shown. A subsequent re-
10 '




5 values is performed provided any of the follow ng occurs: i13 ‘t‘l?eiz'aoogqual

to or greater than the C3 flag threshold; ii. C3/Cl6 is greater than or
equal to the C3/Cl6 flag threshold and C3/C2 is greater than the C3/C2
flag threshold and C3 is greater than about 2.5 um iii. C3 is greater than

about 4 uM and either said C3/Cl6 is greater than said C3/Cl6 to flag
threshold or said C3/C2 is greater than said C3/C2 flag threshold. An

i mredi at falysis 55HAbtdiRa A8 Yhleof U i peRfoRh& HrbtiMa the, ol chiith@ Obt ai n _
priority nmean values is perforned provided any of the Tollow ng occurs: i

C3is gr%@ﬁaﬁdﬂQCSﬁB%te?&hQn%uélitoth%sifﬁ 9r-&8bR'se! han about 7.0 uM and
the C3/C2 is greater than the /C2 flag _gL5 threshold, or the C3/Cl6 is

greater than AuflaniedhEhe sl SV nhOkShind ) T RRGSA L §%ﬁo“rﬁ§?ﬁﬁ&9 to get

mean val ues for inplenentation into a speCific |'I'ow up protocol 43,
whi ch Ul bR 8l dovabfl Salnfink REndhiBUBR E4)§ ;ﬁ%ﬁfm Qi oni ¢
acidema. FIG 5 is used in the net hg%)gsr assi y‘?ﬁ%"fd%%y? ggdi agnosi s of
i soval erfyfovihd S&Hsa after 20 a dry blood spot on filter paper is
derivatized and scanned using a tandem mass spectroneter. The nethod as

- previously di i |k Wag the flag threshold 50 for the
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et at about 1oBCEf bttty 10 Elad BPUBLEL Y ral el bt Bl dn RED' 3, Y
i mredi a aGé?LiFg%&{hgﬁgb%%l%?}&aw in 25 relation to the flag threshold 50

for iso carnitine re al so shown. A subsequent re- 10 13 June
2005 anal ysis 51 t.o obt ai an val ue ,of, i s perforned. provided the
i.soval eryl cﬁerﬁr?‘ieﬂ'ém&so’i%%%@?%g%m@ esif%”’@'i%gﬁle@?g?”rfgwacfpe ©al to the G5
flag .threshol d 50. i i,ate re-analysis 52 with a prelimnary follow up
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(CS) is p,grf_ormad provi ded any of the 5 follow ng occurs:
acidemia. _

FIG. 6 is used in t_hé method for assisting in the diagnosis of hYpenﬁethionémia aftera
dry blood spot on filter paper is derivatized and scanned using a tandem inass spectrometer.
- The method as previously discussed is applied using the flag thresholds 60 for all
‘15 concenfrations and molar ratios used for determining the level of elevation of methionine.
The flag thresholds 60 are preferably set at 60 uM for the methionine concentration (met) and
1 for the molar ratio of methionine and phenylalanine (met/phe).
The criteria for re-analysis 61 and criteria for an immediate, or STAT re-analysis 62
in relation to the flag thresholds are also shown. A subsequent re-analysis to obtain mean
20 values is performed provided anﬁ of the following occur:
i. met is greater than the met flag threshold;
ii. met is greater than about 50 uM and the met/phe is greater than the met/phe flag
threshold.
An immediate re-analysis with a preliminary follow-up to obtain priority mean values

25 . is performed provided any of the following occur:

11




i. the C5 is greater than about 2.0 uM ii. the C5 is greaterqh‘é'??%qg’gut
1.0 uM and the propionyl carnitine concentration (C3) [FIG 4] is greater
than about 2.5 uM The procedure is repeated to get nean val ues for

i npl enentation into a specific 10 follow up protocol 53, which ultimately
| eads to the diagnostic assistance for isovaleric acidema. FIG 6 is used
in the nethod for assisting in the diagnosis of hypernethionema after a

dry bl ood qu;m&qs&iegﬂe%mp&g 1sbamderivatized and scanned using a tandem
mass spectroneter. The nethod as previously discussed is applied using the

flag threshol,paae@gg;aeerwaﬂoﬁtpgmgﬁaa%nﬁpgnn DghedBLBln it 105 used for

determ ning the level of elevation ag threshol ds 60

f bl AR t d |
‘ ?(r)re th ﬁ{)?arme tio o gggg ofr?lr ﬁ{eﬁanw&é&w@ﬁ%‘%l ne Pgs@%ﬁg)(n?h)e 2Pi teria
f 62
nrelat né%%%&ﬁﬁ&m?%ﬁ%lﬁ% R S T R

to obf ai 2}8 % perforned provi ded any of the foI | owi ng occur:
i bst |£§ gregtﬁé EH)? e net flag threshold; il is greater than

shol 50 50 1S,k 500 @s@%ﬁw@&g@ b bgbarbn oL,
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for assisting in 1glhe di agnosis of glutaric acidem a after a
10 carmtiné. The flag thresholds 70 are preferably set at 0.17 uM for the glutaryl carnitine

concenh‘a_tion (C5DC) and 0.12 for the molar ratio of glutaryl carnitine with palmitoyl
carnitine:(C5DC:C16).” | | |
Criteria for re-analysis 71 and criteria for an immediate, or STAT re-analysis 72 in
relation to the flag thresholds are also shown. A subsequent re~aﬁalysis 71 to obtain mean
15 values is performed provided any of the following occur:
i. C5DC is greater than the C5DC flag threshold;
ii. C5DC:C16 is greater than the C5DC:C16 flag threshold, and the C5DC is greater
than about 0.14 uM.
An immediate re-analysis 72 with a preliminary follow-up to obtain priority mean
2 - values is performed proﬁded any of the following occur:
i. C5DC is greater than about 0.4 uM;

ii. C5DC is greater than about 0.2 uM, and the C5DC:C16 is greater than about 0.2

12




dry bl ood spot on filter paper is derivatized and scanned usi1nag‘h‘g'et2£t98em

mass spectroneter. The nethod as previously discussed is applied using the
flag thresholds 70 for all concentrations and nolar ratios used for
determning the I evel of elevation of glutaryl to carnitine. The flag
thresholds 70 are preferably set at 0.17 uMfor the glutaryl camtine
concentration (C5DC) and 0.12 for the nolar ratio of glutaryl camtine with
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t hreshol ds, 80 are,erf erably set at 130 umfor the phenyl al ani ne
conddnt foihegRolaratiy of phenylaippincwith feosine (€& concentration (tyr), and 2.5

The criteria for re-analysis 81 and criteria for an immediate, or STAT re-analysis 82
in relation to the flag thrésiwlds are also shown. A subsequent re-analysis él to ol:l»tain mean
values is performed provided any of the following occur:

i. phe is greater than the phe flag threshold;

15 ii. tyr is greater than the tyr flag threshold;

iii. phe/tyr is greater than the phe/tyr flag threshold and the phe is greater than about
100 uM.

- An immediate re-analysis 82 with a preliminary follow-up to obtain priority mean
values is performed provided any of the following occur:
20 i. phe is greater than about 240 uM;

il. phe is greater than about 180 uM and the phe/tyr is greater than the phe/tyr flag
threshold.

The procedure is repeated fo get mean values as previously discussed for
implementation into a specific follow-up protocol 83, which ultimately leads to the diagnostic

25 assistance for PKU.
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io for the nolar ratio of phenylalanine with tyrosine (phe/ty?"'j‘.’unfehze005
criteria for re-analysis 81 and criteria for an i nmedi ate, or STAT
re-analysis 82 in relation to the flag thresholds are also shown. A
subsequent re-analysis 81 to obtain nean values is performed provided any
of the following occur: i. phe is greater than the phe flag threshold; 15
ii. tyr is greater than the tyr flag threshold; iii. phe/tyr is greater

t han .t he phe/fyfo{d sﬁt{éﬁn [fﬁkﬁlr P%{IU 100 uM
An i mredi at e re%{nsa@f/}%sllhgﬁeg%a%&tjfﬁ@%g relmnargﬁsg%lo t’o g%oaln priority
~mean  vabiuese (9 s@gsaﬁér%ﬂampe%ﬁwg% Isﬁs‘mi B A Mg o a20 1. phe is .

greater than about 240 he 1Is ater M and t he

Phe/ tyT {5l 8k Sheckbabiel Mo BBILLE ol %,Euugs%ﬁ?é Eg,pyém%m% cgure is

repeated to get nean val ues as pr evh ous I scusse ntation

i agnost PRS0 %I%%@“M%M?%ﬂ%%&fg%ﬁ@%é g Lieé“.en the
el gyl °é‘%o{fﬂg%5$thféf JRcs seRhulABL Y B B BlaRaS, (Vo)
_ d I i ed
]EJ?P n§mth ﬁl ﬁ res olaadI%%u%%&%qugg%@@%tf&%tswﬁ‘ﬁeghg%usoﬁf%ﬁﬁ%ﬂ)ﬁls:agsed
are p?L?‘eI'*%Iﬂ&%°ﬁ St ool i Pl Bida R Blvebel Pt ot G BT on of
I I I 300 uM f i f I
(vaty 1B BB T 11 o) o L oucine i £h phemyl a1 ant ne (1 eu phe):
oioria tor ThES ml‘??%’feéﬂ%téflsléﬁiiﬂéreuq B PR SRR B SRy AT

r e- anal ysi re ion to.the flag thresholds are al so shown. A
subs¥q uﬁmef @’@Jlﬁéwfé)ﬂﬁoaﬁhﬁwﬁeéﬁugsequem re-analysis 91 to obtain mean

values is performed provided any of the following occur:

i. lenHle is greater than about 400 uM;
ii. leutile is greater than about 350 uM and val is greater than the val flag threshold,
iii. leut+ile is greater than the leutile flag threshold and the leu/ala is greater than the
15 lev/ala flag threshold, or the leu/phe is greater than the leu/phe ﬂag.threshold and the val is
greater than the val flag threshold; |
An iinmediate re-analysis 92 with a preliminary follow-up to obtain priority mean
values is performed provided any of the following occur:
i. leutile is greater than about 500 uM;
20 ii. leutile is greater than about 400 uM and the leu/phe is greater than the leu/phe flag
 threshold and the lev/ala is greater than the lew/ala flag threshold,
The procedure is repeated to get mean values as previously discussed for
implementation into a specific follow-up protocol 93, which ultimately leads to the diagnostic

assistance for MSUD.
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values is perfornmed provided any of the follow ng occur: i. IéﬁiVT%QQQ§
greater than about 400 uM ii. leutile is greater than about 350 uM and val
is greater than the vat flag threshold; iii. leu+ile is greater than the

|l eu+ile flag threshold and the leu/ala is greater than the 15 leu/ala flag
threshold, or the leu/phe is greater than the |eu/phe flag threshold and
the val is greater than the val flag threshold; An imedi ate re-analysis -

- 92 with a preFiGYiORkded i@lthaierhigd fbPasGRkirR iR the'dizhdsi Yo PR ANine M@ HRSa |

performed provided any of the following occur:” i. leu+tile is greafer than

about 5091ou&/§p029nﬁiter[pgﬁm defiyatvediRiabAhed N3 AR/ AXQ spMréfdet ABe! €U/ phe

Is greater than the phe flag threshold and the leu/ala is greater than

the | eu/ sHefiol koot Ghoshed BBpIRAERE Wodlah hul BORAVG hrlth QILentlRAs V2l UES as

previously discussed for inplenmentation into a specific follow up protocol

93, Whi Clised ledrl R LS e alo ' 14 13
June 2005 FIrG 10 igﬂﬁ%gﬁd%’ﬁd%dﬁgoﬂ%t hodﬁ#eb?h?ig?%%%&m&? {ae I agnosi s of

citrull i Qem e M kR% conddhYarioh 8PL SRR d&é}mhlek}hg& a@i’g{)ﬂa@%ﬁ sy 3 ged and

scanned using a tandem nass spectroneter. previ ously

used 1 ort cipaRalo] SRR el i) Al ORERN ML N “The Tiag
Cit ol i ne derSrieRE 5Pl 19F iAot e R BITHT Bspif

e T s A R T R T
Cubcoquinta et e ppErEedbr el B RIRWSRE o ves | s perforned provi ded the
i elihol 4 or Heter R inarereR it st gronilAof eifmd Seg Berplgsi o 102

with a preliminary followup to gbtain priority mean values is perforned
pr ovi deg t he%ﬁpﬁé@gﬁﬁe-@%ﬁ@m mthaprehmenary foﬂo¥v—upt0 obtain priority meanp :

values is performed provi(ied the following occurs:
1. cit is greater than about 100 uM.
The procedure is repeated to get mean values as previously discussed for
15 implementation into a specific follow-up protocol 103, which ultimately leads to the
diagnostic assistance for citrullinemia.

FIG. 11 is used in the method for assisting in the diagnosis of medium-chain acyl-
coenzyme A dehydrogenase (MCAD) deficiency after a dry blood spot on filter paper is
derivatized and scanned using a tandem mass spectrometer. The method as previously

- 20 discussed is applied usin;g the flag ti]IeShOIdS 110 for all concentrations and molar ratios used
for determining the level of elevation of octanoyl carnitine. The flag thresholds 110 are
preferably set at 0.35 uM for an octanoyl carnitine concentration (C8); 0.28 for 2 molar ratio
of octanoyl carnitine with palmitoyl carnitine; 0.16 uM for a hexanoy! carnitine concentration
(C6); 0.32 uM fo; a decenoyl carnitine concentration (C10:1); and 0.42 uM for a decanoyl

25  carnifine concentration (C10).
15




val ues as previously discussed for 15 inplenentation into a specific

foll owup protocol 103, which ultimately |leads to the diagnostic
assistance for citrullinema. FIG 11 is used in the nethod for assisting
~in the diagnosis of nediumchain acyl- coenzyne A dehydrogenase (MCAD)
deficiency after a dry blood spot on filter paper is derivatized and

scanned usi NoriR ofiRRd GP RSl sBASE hhCdRLE for faR0g A Plthigls!| ¥ 20
di scussed is applied using the flag thresholds 110 for all conhcentrations

and ol af12liAtdIARn S 8 flaf BresHRGSIIH AR A1 hb®n.| & ¥@hseqlenib OUAON19§ OCt anoyl
camtine. The flag thresholds 110 are preferably set at 0.35 uMfor an

oct anoyl G784 E&fif@u& LA | ;%ﬁe@%}l%ﬁgﬁo&,ﬁr oBefol ar ratio of octanoyl

camtine wth palmtoyl cam or hexanoyl camitine

concentration Cﬁ%@%—ﬁt&ﬁ&dﬂ%ﬁaﬂ’{o’a@:fﬂ?@ﬂﬁw carnitine concentration
: or a

(C10:1); and © canoyl 25 catnitine concentration (C 10). is
13 June 2005.; ' ' I -gg@h i [ in& <f Or an

i medi at.e, ot g?isr&%éet‘%ranaaal ;éllﬁgfl‘% I'n ?ggg%li%%%g@g&ttﬁé#ﬁégﬁtshr eshol ds 110
are al so showa. ent . | ysi S~ 111 to . obtai n_values is
performed pr %’i Ccﬁgﬂaaé%éle%%h @ﬁ%{@ﬁo‘%\‘}mx 5%06835?‘?&{ @”@%P@‘%ﬁga?’e@é t han or
equal to about 4.u Sall. inS A @reat e han _abqut 0. nd the C8/Cl6
o ar eater 1 na e sttt byl 020 RERLE I ARRE R s S WARB AT Che o
is greater tha about 0.2 uM or the C10:1 is greater than about 0.2 uM
and the C 10 i PWAEKH 48 t han about 0.3 uMwith a |ow acetyl flag: An

i mredi ate re-analysjs. 112 with_a prelimnary followup to Qbtain priority

nmean 1o val t?é’é"‘f’éa’ﬁ@rr?'é‘i“ﬁlﬁﬁ‘ﬁ IB?W@&@BSIQHWéHPW@PftBPP%W@nB@&%P: i. C8is

greater than abqut 1.0 u ii. C8 is greater than about 0.5 uM and the
aw@g&)mY%

1
C8/ CPe ivalugyis geormed thpfolloyying peur:cs i s greater than about 0.3 uM

and the C 10;1 is greater than about 0.3 uM
1. C8 is greater than about 1.0 uM;

ii. C8 is greater than about 0.5 uM and the C8/C16 is greater than z;Bout 0.35, or the
C6is greater than about 0.3 uM and the C10:1 is greater than about 0.3 uM.

The procedure is repeated to get mean values as previously discussed for

15 implementation into a spéciﬁc follow-up protocol 113, which ultimately leads to the
diagnostic assistance for MCAD déﬁciency.

FIG. 12 is used in the method for assisting in the diagnosis of very long chain
acylCoA dehydrogenase (VL.CAD) deficiency after a dry blood spot on filter paper is
derivatized and scanned using a tandem mass spectrometer. The method as previously

‘20 discussed is applied usiﬁg the flag thresholds 120 for all concentrations and molar ratios used
for determining the level of elevation of the myristoylcarnitines. The flag thresholds 120 are
preferably set at 0.85 uM for a saturated myristoy! carnitine concentration (C14); 0.70 for an
unsaturated myristoy! carnitine concentration (C14:1); and 0.24 for a molar ratio of the

unsaturated (C14:1) with palmitoyl carnitine.
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The procedure is repeated to get nean val ues as previously dig%ﬂlé”:?ezc?oisor 15
i npl ementation into a specific followup protocol 113, which ultimtely

| eads to the diagnostic assistance for MCAD deficiency. FIG 12 is used in
the method for assisting in the diagnosis of very:-long chain acyl CoA
dehydr ogenase (VLCAD) deficiency after a dry blood spot on filter paper is
derivatized and scanned using a tandem nmass spectroneter. The nethod as

previously 20ridicRHS &R -l 3RALY 86l &G0t HmidedBre! @Ok da1}gd for all-

concentrations and nolar ratios used for determning the |evel of

el evat i oaGh rd1dten W/thb BhOMHSRNN drk RESshowd® Al @@gﬁeﬁf ﬁ%@%&gﬁ 12440 oBiafh

preferably set at 0.85 uMfor a saturated nyri stoyl nitine concentration

(C 14); Qrafus ; i - itine concentration (Cl4:1);
and O. 2419?%1r ﬁ%?grfo#g??%%?&%ﬁfe%én%%%%% (Cl4:1) with pal mtoyl

carni tine. 16 dft dyaaedfifitne TN G bGRA ot O EEEARYARE haf e Oy criteria

for an i nmedi at e, re-analysis In relation to the
t hresfol ds arg, @l,sfoighown. A subsequent re-analysis 121 to obtain nean
val ues is per%%r n%gog’rovi ded any of the following occur: i. Cl4 is greater

f1'2g t hr esholaC s eRgEs HRs obb 75 G pfdch) B LEBNER abolPOSEIRAH", , °
greatercfhg 94:?7%95'%59?%??%&/'5@&%0@&.“ Cl4:1/C1l6 is greater than about 0.24.

An i mredl at’e 're-an hWa prelimnary followup to obtain
priority nean_.values is perfornmed provi.ded.any of the fallow ng occur: 10
P e Y o dmitiReltEd st il 15 GG priipRE N2 o e0Gnaeuf el about 1.5
uM . 4jsﬁlgrea er than a utoﬁ%S. uM and the Cl4:1 is greater than

about 1.YGGWS PEAYTE RO any o WIgg 8Ser t han about 0.3. The procedure

is repeated {qg_get nean val ues as previously discussed for _inplenentation
i nt ol%a speci f'icclgf : thap a “65(9:"341 of $he Cld; is gropien thapabem -3 Weis to the 15
di agnosti c assistance for VLCAD defici enc?/.

_ ii. C14 is greater than about 1.5 uM, and the C14:1 is greater than about 1.0 uM, and

the C14:1/C16 is greater than about 0.3.
The procedure is repeated to get mean values as previously discussed for
implementation into a specific follow-up protocol 123, which ultimately leads to the
“ 15  diagnostic assistance for VLCAD deficiency.
FIG. 13 is used in the method for assisting in the diagnosis of crotonyl co-A
carboxylase deficiency after a dry blood spot on filter paper is derivatized and scanned using
a tandem mass spectrometer. The method as previously discussed is applied using the flag
thresholds 130 for all concentrations used for determining the level of elevation of the
20 hydroxy C5. The flag ﬁmholds 130 are preferably set at 0.85 uM for a hydroxy-C5
concentration (CSOH), and 0.35 for a C5:1 concentration.
The criteria for re-analysis 131 and criteria for an immediate, or STAT re-analysis
132 in relation to the flag thresholds are also shown. A subsequent re-analysis 131 to obtain
mean values is performed provided any of the following occur:

a5 i. C50H is greater than or equal to the CSOH flag threshold;
17
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FIG 13 is used in the nethod for assisting in the diagnhosis 1)?J'f:nreo%oc9r?yl
co-A carboxylase deficiency ‘after a dry bl ood spot on filter paper is
derivatized and scanned using a tandem nass spectroneter. The met hod as
previously discussed is applied using the flag thresholds 130 for all
concentrations used for determning the | evel of elevation of the 20
hydroxy C5. The flag thresholds 130 are preferably set at 0.85 uMfor a

hydr oxy- C5 - GRUBaN: brbieOfa S2@Ml o @ ¢5Q. e thitdhoR; C5: 1 concentration. The
criteria for re-analysis 131 and criteria for an i mredi ate, or STAT

re-anal ysis Ad@hrhdidiledhbiofs 112 wiltfa ftREinki ERRlS® Bidn fosly sbawn. A

subsequent re-analysis 131 to obtain nean’values is perforned provided any

of the f@lﬁe@ﬂf&&oﬁﬁé&%ﬁéﬁ&ﬁahyoﬁm'dllbﬁinggo%ﬁr?r than or equal to the CSOH
flag threshold; 17 13 June 2005 1. 1 1s greater than or equal to the

C5:1 flag thresso & ordipr iINRGIAL @ Jivp- anal ysis 132 with a prelimnary
followup to obtain priority mean values is perforned provided any of the

fol | oM ng OCQHCS:liis%r%%ﬁbgﬁtQ?dm. than about 3.0 uM 5 ii. C5:1is
greater than about 1.0 uM The procedure is repeated to get nean val ues as

. v di . . . ‘ e ¥ ; |

T35, hich ul T Rra e Rg e R R A Rl O O Gh oy oA

ar boxvl: e > . .

abbr o) ar ey aruc SR eI ERh BRANEP LR, WAk Hibately 1ol 6B’ < 27

hydr oyx ‘éﬁn%@fo?ifnloim’ﬂgl'colhcgrb%;g%sei {igghe unsaturated form known as
n,

tiglylcam Phe T conelust according “&Zch deci si on tree, or
interpretati ide rticul ap.far., each netabplite, the present nethod
allows the d?ggﬁtjrﬁ%rfseg%ai%q ’l"?’éé’%‘%‘@aﬁ ?‘i‘q%?cgtlﬁméﬁﬁ reported to a

physj ci an,.to .assjst in.a di.aghosis. of neti.c disegse. resulting.fromthe
D5 v By iESRleblo it s AR ey T Gebtint o oS e B AR ot hod
al | ows rovi d@ (hformation to a physician that additional tests

e to
and/ or dPPHReRN astighlcamtines (check up,

In conclusion, according to each decision tree, or interpretation guide particular for

each metabolite, the present method allows the data that is acquired to be quantified and
reported to a physician to assist in a diagnosis of a genetic disease resulting from the

15  deviation (elevation or deficiency) of a blood metabolite. The method allows one to provide
information to a physician that additional tests and/or clinical assessments (check up,
exanination, etc) are necessary because of the resulting elevation or deficiency of the
metabolite, which then results in the confirmed final diagnosis. The values of the flag
thresholds for a particular concentration and the molar ratio flag thresholds must be

20  quantified fora consisteﬁt and accurate interpretation of acylcarnitine and amino acid data.

TERMS
It should be understood that “about” as used in relation to Figs 4 — 13 means + 15% of

the value shown in the criteria for each figure, which values are dependent upon the flag
threshold, Any change in the value of the flag threshold, which might result from :ﬁltef paper

25. characteristics, new insights into disease characterisitics, new diseases found, methods of
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exam nation, etc) are necessary because of the resulting el ev&?l‘j‘d%e%qos
deficiency of the netabolite, which then results in the confirnmed final

di agnosis. The values of the flag thresholds for a particular
.concentration and the nolar ratio flag thresholds nust be 20 quantified for
a consistent and accurate interpretation of acylcarnitine and am no acid
data. TERMS It should be understood that "about" as used in relation to
Figs 4 - salpldBaBéSion, Iondhdek irf HEHERI0EE of B bk A gtk Qbrahct Ploghach figure,
whi ch va?at%s are dependent upon toﬁg flag thr eshg%w%%@chg{lge in the

- val ue of whil@néckaftats MRSV EohaNRiof Bach VAN inf B8 bthtkrid foP M filblvips. PARR all 25
characteristics, newinsights 1nto di sease characterisitics, new di seases

found, mralkedewalin iR dtavidpd e AOBRfredVRLE, %ich‘ﬁﬁ%ﬂt%cm&@ﬁ;@%fn& o
met hodol ogy, or corrections fromquality assurance prograns,” wou de
necessi t@her g rel ative change of each value in the criteria for all

fol'l owups.” Thus, all values shown in.the drawings are the preferred
val ues, WIHHETRIASMPEIIdARWATS-t hen by no nore than + 15% 5 | NDUSTRI AL
APPLI CAl : e present net hod quantifies nmeasurenents for detecting

[ mbor o Of 33 bres 12Ok LaHSHALbNR SR WAL AL RRF Ve, enzymes or

cofractors. Genetic disorders can ultimte i agnose y the netabolic

Chot s, Necioitd BaAlly Ay RL BonpRoRR Ml LiliRors GHOES JERBHAR 5 %) 1o
plr Ie- det %ﬂ% ﬁg? tﬁfé@g%o P:"%_e E‘gioé'lélﬁﬂ r‘eéﬁf’%’nm%ieg?]ﬁdﬁ:‘ﬁ@ﬁﬁ i ‘gdff;f‘lf\‘/aé'::{b? létn gt i on
ol 1B dpPleali PR S o pbr st ot ne SEIPSYabderimatn pudinanies adsrtier s. 15

20 25

blood samples from newborns, there is a need for efficiently interpreting this data in relation
to a variety of prewdetermiﬁed metabolite concentration thresholds. This iﬁtexpretétion allows
for proper decision-making necessary for the diagnosing and follow-up testing of newborns
overa Wic_le range of genetic disorders.

15

20

25
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19 13 June 2005 CLAIMS 1. A nethod for assisting in a diagnosis of
propionic acidem a by interpreting data produced after a dry blood spot on
filter paper is derivatized and scanned by a tandem nass spectroneter,
conprising the steps of. acquiring said data, wherein said data includes
val ues conprised of a propionyl carnitine concentration (C3% ng&
ratio of an nrm scan of propionyl carnitine and acetyl camiti ﬁéune 05
(C3nrnl C2 y? and a nolar ratio of propionyl carnitine and pal mtoyl
car niGLAIMS( C3/ C16) ; appl ying said values to a propionyl carnitine (C3)
decision tree, wherein said decision tree further conprises a C3 flag
threshold, a C3ntn/C2 flag threshold, and a C3/Cl6 flag threshold as
di agrest i A metiod forassistnaiineadiagnsisis czt@mmrmzacmfdlaéml@tewtmyaialtaesrpdu@ed/el &

COWD% P diA Vﬁ%dt rHﬁ?mer Opt%aeﬁsfdbwdteéed %‘? Be£REH b9 b 18t Hfaeggé%i@g\@gaégs

|dent| yl nd there I's an evation’ of any o
abov €0aising t@aﬁtﬁpﬁ‘qﬁag threshol ds; interpreting said sanple as being

nor Maleqlififi SR dREORHRANA s%ﬁi”li&t'anﬁcIuHéQ‘Uaﬂx‘ég R0k e Aalichyl SR on of

any of 'said val ues, per ormng a sub Seq uent YSI S to t'ai n nean
val u€sncentration) €3)aaymeler rafie eloan mmgcaro@f:nmonw C@'altlde @di @ceéqlparmtnr@ or

rea I r than or
gquat(e?rghﬂgi) S%Cg%cﬁlaﬁ #a%g DFE{ ?ﬂﬂ (%md'ﬁ sal W&%ﬁlnbérggﬁw t han said
C3/ C2pplying sait ¥3Nes dOemroman cgnitige dpéhtd@mspnatrﬁeawmrela sid, gecisipn tregai d C3

t d
3/ CAFHeF Comptbedy 08 (g tibbndle e PORRTC2 TR dnEinid ricCa EREL e e

"t hr e @hsliagnoglisr ngitsniorigich3i %@3HF@/Q%-3@§@%C§/GM5UBS%90§V@Y-| GEMEFIng fsaldl oW up

to o d any of the follow ng occurs: i.
said %méfg@gaﬁgg\{ég@ggcwa#mﬂagom&%@g_ said C3 is greater than about 7.0

uM alfftentifying wﬂﬁt@ ¢rsnayrtbereds &nh%lﬂVQi'Qnd)f@W@ gaichyalues above any of said flag
thresholds;

interpreting said sample as being normal for said propionyl camatme provided there is no said
elevation of any of said values;

performing a subsequent re-analysis to obtain mean values, provided any of the following

oceurs:

i. said C3 is equal to or greater than said C3 flag threshold;

ii. said C3/C16 is greater than or equal to said C3/C16 flag threshold and said C3/C2 is greater
than said C3/C2 flag threshold and said C3 is greater than about 2.5 uM;

iii. said C3 is greater than about 4 uM, and either said C3/C16 is greater than said

C3/C16 flag threshold or said C3/C2 is greater than said C3/C2 flag threshold;

performing an immediate re-analysis with a preliminary follow-up to obtain priority mean values,

provided any of the following occurs:

i. said C3 is greater than about 9.0 uM;

ii. said C3 is greater than about 7.0 uM and said C3/C2 is greater than said C3/C2 flag

20




20 13 June 2005 threshold or said C3/Cl6 is greater than said C3/Cl6 fl ag
threshold; and, initiating a foll owup protocol based on followup criteria
utilizing said mean values or said priority nean values for diagnostic

pur poses provided either said subsequent re- analysis or said i medi ate
re-analysis is perfornmed; reporting said data to a physician to assist in
sai d di agnosis of propionic acidem a. 2. The nethod of O ai ml3Jughdfds n
said C3 flag threshold, said CG3nrm C2 flag threshold, and said C3/Cl6 flag
t hr edtireshbldpesaid €84{H6tis grelaler tanlsaidMC34018 flalylthrastbld;.and, 3. A nmet hod for

assi st [ '|a]g'no' f al er} | dem a_by..interpreting dat
prod%%%ﬂga% t g?lga' rﬁ B‘%Sgld bg%% 8ﬁ W?‘F’@P ﬁ%ﬁ? ?l'ghzm,gri%é‘fi'fg% aﬁa&'?esscanned
by a or sgaitk npriatity smegre oatueseioe rdiagnosti purdoses tpineviddde pithesf said cspbsequegt sed d

dat a, L D..S8l i . conprised of an isovaleryl camtine
concgﬂ%@%?tga"?%e%%qg a&%&g??%@%ﬁ%@%\a’ti ne concentration (C3); applying
sai d reéposting said/date &na physiciarotecassist st saithdi¢@sistaf peopiordoacitienigl carniti ne (C5H)
decision tree, wherein said decision tree further conprises a C5 flag

threshold as diagnostic limt to said isovaleryl carnitine concentration

( C5) 2. dbepaeihng of LldinCs, whessn daid 6§ fldy twdsbloll, saite CBMyICR) flagahtesholdr not
there. ] | Ve..Sal On h l,d,~ interpreting said
sanp gbggﬁb'be(:?é}]gé’ﬁégrtﬁ%sﬂ&g%%g?%aeﬁgge%%éé lﬁl %gru;ll\ft% Bﬁg?rsprovi ded there is no
said elevation of said C5; perform ng a subsequent re-analysis to obtain a

nmeanqval | . - DL OV . Sad . | S .qreater. . I sai d
et Rl ekl BRI ol oA bR, o8 Bl
f ol | eftengpdnydladtsppiorefilier papértiy denbatized/andscaohed by d tabsienmpmass shedtromgteaf t he

fol | Qu . l$analne. SAID C5 is greater than about 2.0 uM ii. said C5 is
grea?éwpaﬁlgqcnﬁgt?geﬁ)tsoﬁo uM and said C3 is greater than about 2.5 uM
i ni t aequinng saif alatawheseiprssid dala bwhueds omlues| domprispd aif i dre isosalatyl Icamiting sai d

neancéfr?njeHﬁatﬂfn (&%5 Qnd a propionyl caritine concentration (C3);
applying said isovaleryl carnitine concentration (C5) to an isovaleryl carnitine (C5) decision tree,
wherein said decision tree further comprises a C5 flag threshold as diagnostic limit fo said
isovaleryl camitine concentration (C5);
comparing said C5 to said flag threshold;
identifying whether or not there is an elevation of C5 above said fiag threshold;
interpreting said sample as being normal for said isovaleryl carnitine, provided there is no said

~ elevation of said C5;

performing a subsequent re-analysis to obtain a mean value of said C5, provided said C5 is
greater than or equal to said C5 flag threshold;
performing an immediate re-analysis with a preliminary follow-up to obtain a priority mean
value of said C5, provided any of the following occurs: |
i said C5 is greater than about 2.0 uM;
ii. said C5 is greater than about 1.0 uM and said C3 is greater than about 2.5 uM;
initiating & follow-up protocol based on follow up criteria utilizing said mean value or said
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21 13 June 2005 priority mean value for diagnostic purposes provided

ei ther said subsequent reanalysis or said imediate re-analysis is
performed; and, reporting said data to a physician to assist in said

di agnosis of isovaleric acidema. 4. The method of Caim3, wherein said

C5 flag threshold is 0.8 uM 5. A nethod for assisting in a 3#38%02 of
hypernetlionem a by interpreting data produced after a dry éﬂ%’t
filter paper is derivatized and scanned by a tandem nass spectroneter,

conpPFigiitignearevaluefes distonoslicopirpeses rravidedisither saldesubsequsat eanalysisioisaiddes
val Ugsmediadd i%téﬁéﬂ/s%§§6&§‘drﬁ4eh}’arﬂi‘ a nmet hionine concentration (net) and a

nolar ratio of hi oni ne and phenyl al ani ne (net/phe); applying said val ues
to afm?ﬂ%?ﬁ'%éat@rﬁ%?))h%@q'*%mﬁﬁstsi inesaidiagnasis of isavaledie reidemiat r ee f ur t her
conprises a nethionine flag threshold and a nmet/phe flag threshold as a

di agnost iclimt to said nethionine concentration (net); conparing said
val uésThe eefadhaf (aim 3, wheteinvrid &bdlagithigshald BHBUM: i denti fyi ng whet her or
not there is an elevation of any of said values above any of said flag
thresholds; interpreting said sanple as being nornmal for said
hypeﬁnémﬂﬁtbwaw assigling\in askipanpais of hypengetiighemiadeipterpreing data pyoduced after

val Uﬁsdr%/ﬂ%cfdoé;fﬁt R8 fted Bgﬁé‘rqged&hvét&ea%tjys%bﬁnéoobf%t %hﬂerﬁﬁﬁ&svédééf‘ré?w?iaééow ded

any of the follow ng occur . said IS greater than sald ne
t hr e SPOPESIng the siepsPlinet i s greater than about 50 uM and said met/phe is

gr eabgc?mr"ﬁ‘&‘sﬁé'détmrfepélﬁ shldPdata tlﬁﬁl@tfé&%éihespé‘drfs%ﬁ% ReséHiially BEY! Alionjne

re-anal ysi s wth a rellmnary OW-UptO btain priorit nmean val ues,

provP@!&?"Hﬂ@Prﬂmqmdﬁﬂ"P@Wﬁﬁ@ 0(56191]?“3"‘“9 angphenyiglaning @edpbek t han about 150
uM agplﬁhﬁg Hapeva&to a methionine (met) decision tree, wherein said decision tree further

comprises a methionine flag threshold and a met/phe flag threshold as a diagnostic limit to said

methionine concentration (met);

comparing said values, respectively, to each said flag threshold;

identifying whether or not there is an elevation of any of said values above any of said flag
- thresholds;

interpreting said sample as being normal for said hypermethionemia, provided there is no said
- elevation of any of said values;

performing a subsequent re-analysis to obtain mean values, provided any of the following occur:

i. said met is greater than said met flag threshold;

ii. said met is greater than about 50 uM and said met/phe is greater man said met/phe flag

threshold;

performing an immediate re-analysis with a preliminary follow-up to obtain priority mean values,

provided any of the following occur:

i said met is greater than about 150 uM;
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ii. said net is greater than about 125 uM and said net/phe is greater than
about 1.25; initiating a follow up protocol based on followup criteria
utilizing said mean values or said priority nean values for diagnostic

pur poses provided either said subsequent re-analysis or said imed ate
re-analysis is perforned; and, reporting said data to a phy5|%5ﬁ ﬁ#@ SSISt
in said diagnosis of hypernethionema. 6. The nethod of d ai PRi

said methionine flag threshold and said net/phe flag threshold are,

respdtt i vesad b is graaiRs tham about 15 uMnang said methet Brgjeatar thapi ahpvbdi25; of
. glut "Jiﬁ?tlﬁtuﬁ};cb%ﬁ@\@-uBYprstE&rlst%H'Wfdﬁ@@v%p%ﬁ’:@lﬁ%hﬁﬁd Qhidemedh WalleQ08H SRQT ON

filter paper is derivatized and scanned by a tandem nass spectroneter,
conprRrgrifgMese valuesior dirgnegtig uroses p@viged sither saitbsulispauent f-aralysis Aesaides

val UQﬁ-mféa‘mé yesgﬁlawglsg pehdinddy bngam tine concentration (CSDC) and a nol ar
rati o of gl ut ardy carnitine and pal mtoyl carnitine (C5DC.Cl 6); appl yi ng
a

sai d reatprﬂe% sqig tag‘Pl?tFﬁW?'P‘aBé? ﬁﬁ'ﬁWbe{'@:QBQ?O%%@f kypsfmethisaemigher ei n sai d
decision tree further conprises a C5DC flag threshold and a C5DC: C16 fl ag
threshold as diagnostic limts to said glutaryl carnitine concentration

(C5DE Hivi medhoy ctsitRimcy, emereﬂb%lécmpmrgme Hagnfhresheld sandqsaid| metphe flag

_ requﬁ,@sﬁgh)ére r@sRaMENBOSM hd 1.89 threshol ds; identifying whether or not
there is an el evation of any of said val ues above any of said flag

thresholds; interpreting said sanple as being normal for said glutaric

aci dm@netﬂb@ﬁr%gsﬁﬂbﬁﬁ% difgridSis YR RitarielaeiRkiP by merﬁr@ﬁné’aatﬁ Préhukal 4fsr a
perform ng a subsequent re-analysis to obtain nean values, provided any of

t he drpbiaog; sret scliter Rapex i eeregt@q angyseanngd by antabgern rag@cswcé@meter

t hr eBpipfsing & stdpslée 2005 ii. said CSDC:Cl6 is greater than said

C5DC: C1 flag threshol d and said C5DC is greater than about 0.14 uM

per f GCAVIABY 5id 9t WhareineSaif f)a  igclygias valups camirisad yoff 8| Jleant rareitinmt ai n

Pri Olcbhdertfafidn UBME)Sand a molar ratio of glutaryl carnitine and palmitoyl carnitine (C5DC:C16);
applying said values to a glutaryl carnitine (C5DC) decision tree, wherein said decision tree
further comprises a C5DC flag threshold and a C5DC:C16 flag threshold as
diagnostic limits to said glutaryl carnitine concentration (C5DC) and said (C5DC:C16)
respectively;
cbmparing said values, respectively, to each of said flag thresholds; identifying whether or not

~ there is an elevation of any of said values above any of said flag thresholds;
interpreting said sample as being normal for said glutaric acidemia, provided there is no said
elevation of any of said values; ‘
performing & subsequent re-analysis to obtain mean values, provided any of the
following occur:
i. said C5DC is greater than said C5DC flag threshold;
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provi ded any of the followi ng occur. i. said C5DC is greater than about 0.4
uM ii. said CoDC is greater than about 0.2 uMand said C5DC. Cl6 is greater
than about 0.2 uM initiating a foll owup protocol based on follow up
criteria utilizing said nean values or said priority nean values for

di agnosti c purposes provided either said subsequent re-analyﬁls or . said

i medi ate re-analysis is perforned; and, reporting said data gduge Bﬂ%l ci an
to assist in said diagnosis of glutaric acidema. 8 The nethod of Claim?7,
wher di said 45PEEDTIS gragter thapsiaisl QSREE Sdlag thapirIdEedsaidyCHRE ds brsiater thare,

resp%B tV(?jltY 0 17 uM and 0.12. 9.- A nethod for assisting in a diagnhosis of .

yrup |ne Di sease (MSUD) by interpreting data produced after a dry
bl oo@eﬁgﬁmm@ anfimmediateprgmnalysis witr 2 pealiminaty foldwsipaorabtain priorly mesdermiueas s

spec & i steps of: acquiring said data, wherein said
évqnettﬁ;{rg |§%péé]u‘la" .

data’'l nc ues c rised of a | euci ne+i sol euci ne concentration
(1 eu+|Sa@)C5BCmfﬁﬁ@fﬁ@ﬁ@@ﬁUfr%‘&!JM‘I (val), a nolar ratio of |eucine and

phe“)‘ :?d ?&'5[3 e i FF‘éé’té?*?ﬁén ﬂﬂﬁf‘?é dﬂ?éﬁ& sérﬁ@S@)(?Eﬂ t% [%ﬁtwﬁ A R aBLAY.DEM;

(leu/a sal ues euci ne decrsion tree, wherein
sai d lrth,aémg |acfﬁ qw-@@ pfoé@qt:vhbaseémﬁalloy\e@p critetiz utilizing saldoearhyalugrotrdaicprinsity f | ag

thre res?1 d i %ﬁné@ﬁk%urﬁ@%e‘s n?nfobiﬁgdté]{hﬁﬁ %%lddsulfééﬂu@ntl %“én‘i%{l;%ls S'Eg:s%fd ratio

flag t ragnostic ts to salrd leu+i
| eu/ praedigieresanalysis|ieperigraedcfect i vel y; conparing sai d val ues,

r es"?"t‘fa‘;:lo'rl}fﬁI vﬁnae%iﬁ ghﬁlc@rﬂo%sgis?ﬂ stam'ﬁéwvat f g Ilﬁé’ c]a:%ldla'ﬂrﬂ? ZOQ5

i dent1'f not there 1s an any of said val ues
above any of sai d flag t hreshol ds; |nterpret|ng sald sanpl e as being

nor gl Tﬁé’ﬁmeﬁ'ﬁs‘d‘bf Mpkia. 7 % Yéuﬁ@&d%@ﬂé HRGsrof ShFi 85D°C Y fladhYeshbigSal d

val ues ormng a uent re-ana y5|s to obtal n nean values, provided
any &fe, !'GPﬁ@emeelYoWWgJ%@@dﬁ . said leutile is greater than about 400 uM

9. A method for assisting in a diagnosis of Maple Syrup Urine Disease (MSUD) by

interpreting data produced after a dry blood spot on filter paper is derivatized and scanned

by a tandem mass spectrometer, comprising the steps of: '

acquiring said data, wherein said data includes values comprised of a leucine+isoleucine
concentration (leu+ile), a valine concentration (val), a molar ratio of

leucine and phenylalanine (leu/phe), and a molar ratio of leucine and alanine (leu/ala}.
applying said values to a leucine (leu) decision tree, wherein said decision tree farther comprises
a leutile flag threshold, a val flag threshold, a leu/phe molar ratio flag threshold, and a leu/ala
molar ratic flag threshold as diagnostic limits to said leu+ile, said val., said leu/phe, and said
leufala respectively;

comparing said values, respectively, to each of said flag thresholds;
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ii. said leu+tile is greater than about 350 uM and said val is greater than
said val flag threshold; iii. said leu+ile is greater nman said |leutile
flag threshold and said leu/ala is greater than said leu/ala flag
threshold, or said | eu/phe is greater than said | eu/phe flag threshold and
said val is greater than said val flag threshold; perform ng an inmediate
re-analysis with a prelinnary followup to obtain priority mddné9Qfes,
‘provided any of the following occur: i. said leu+ile is greater than about
500 idéntifying whetber erurotl theresisgare akegaticnhafnargbolusaid Galuel/ oodle say of Iseid/ fidwe | s
gr eatﬂ%&slﬁgl}fs” said leu/phe flag threshold and said |leu/ala is greater than
said Téu/ala flag threshold; initiating a follow up protocol based on
f ol | ivenppetiogistidrdample b ibeinggnosmaldfonezid ME/Deprovided hette ipno said tejevatiemof/al ues
for gi\g?p%& l/eﬁu rposes provided either said subsequent re-analysis or said
i mrediate re-analysis is perforned; and, reporting said data to a physician
t o apeifeiminga sahstquentgeapalysiefto MELID. mdan valles, peivided a6) af teJollowlirey adcor:sai d
| eu+i | g f t. i flag threshold, said | eu/ phe flag
t hr eg%'ddl?@'glreld?é%? ?:t%@/a;q%gg?q@‘éhﬂt hreshol d are, respectively, 325 uM 300
uM 8. €aid otiledis YBeaterdBari 8bald 360 AN shid vahisgreated thaorsaigswl flag thgeshnolda
di a0ROSL ) +i|&|s:ji{8$tla+ DER'Bi 8,8 AEE RS AP (Pl R AU RS AEf er 2 dry bl ood
spot on Tiflter per 1S derivatized and scanned by a em nmass
s pec thannsstick ley/alas fiag thrgshodd, ton saist lewpheis greatpnithamsgid daudpheaflag, thrdsboldiandsai d
dat as-iﬁ%HggFaneqltﬁ%ﬁ? a%’Uerf §We$ol@ citrulline concentration (cit) and a
citrulliRe” ConcentT atl on arper cam trm scan (cit [mrm); applying said ‘
val upsrferoving an imroediateaefanalyis déibi s prefiminagefollovreipdo wbkin priatite meaovaluege
furt : [} i g threshold and a cit(nmrm flag threshold as
di agﬁgoré’ﬂeg%?%{@g??@w@aﬂt%&g?t rulline concentration (cit) and said cit(nrm
concksaiddeuda is greplec thanalbput 8ddr i ng sai d val ues, respectively, to each
of sai I reshol ds; i dentjfyi e r here 1 s a I tion
of aihy 33k TIPSR o Bhble? 408 I BRE A 1B onb B Sréeter” e 343
leu/phe flag threshold and said leu/ala is greater than said leu/ala flag threshold;

initiating a follow-up protocol based on follow-up criteria utilizing said mean values or said
priority mean values for diagnostic purposes provided either said subsequent re-analysis or said
immediate re-analysis is performed; and,

reporting said data to a physician to assist in said diagnosis of MSUD.

10. The method Claim 9, wherein said leu+ile flag threshold, said val flag threshold, said leu/phe
flag threshold, and said leu/ala flag threshold are, respectively, 325 uM, 300 uM, 8.0, and 2.25.

25




interpreting said sanple as being normal for said citrullinema, provided
there is no said elevation of any of said values; performng a subsequent
re-anal ysis to obtain nean val ues, provided any of the follow ng occur: 1i.
said cit or said cit(nrn) is greater than said cit flag threshold or said

cit(mm flag threshold; perform ng an i nmedi ate re-anal ysi i th
prelimnary followup to obtain priority mean values, provi 38\(9‘“3?@8%5 t he

followi ng occur: i. said cit is greater than about 100 uM initiating a
f ol | M Gpneshed o gpsigtingdn aslirgngsis shcitiyllivemia dyiinferpretingdatayprogduepdrtien a vy ues

or . S3ISbdP P& bi YfiltePRitipey 3 URPivVAIREd JARDRESINcE BY! P A8kderh’ ANdsd8Pedichietdr, sai d
subsequent re-analysis or said imrediate re-analysis is perforned; and,

r eporPMPESiEg the 8RS0 0 a physician to assist in said diagnosis of

citr lﬁchi:iﬁﬂgﬂisﬁid dat® Wierdin@idl88R indiddesTMudeEAprsl & Ricifullide cOh&InBhforsai d
cit fI_a%Bt reshol d and sai d cit(mm flrﬁ%_threshold are both 55 uM 13. A
met hdSRHF aREyline, Gegeeniration algfAIumEn seamiSitiinmlihai n acyl - coenzyne A

dehy dippymgassid ¢dkedDlo dekit®iliiBe CiitP MetisibR T tRéeSt Whére5aidPHEGKRISE dredf fubthed dry
bl ood spot on filter paper is _derivatized and scanned by a tandem mass
SpectPBREDe: 3 ot S frestiol andaiwan Sy threahald pr iamPRICR, toveRt Grings o

dat a coRgdrird@sn (Bl &hd CAIRT &igRFm PlooRBerllion Mekp&civelyi REmpaARys afdid alalues, (CB)
a nolar ratio, of ctan.oﬁ@gcarnl tine and palmtoyl camtine (C8/Cl6), a
hexafeiPecleinfq ??fg' f saddirotbrestnids: cs) , a decenoyl canitine concentration

( C1OidehtifymigowiRethgtesieActytheeai Mri bIBRatiANSTEsHy Gt s viafud8)abod® Rhy iof Samifidy
val ues tffql%] octanoyl carnitine (C8) decision tree, wherein said decision

t r ee 1EF conprises a C8 flag threshold, a C8/Cl6 molar ratio flag

thre fbting $id fsafple BB BSRPIBdrmal fot Gald ltalinbmiL Shelided aRsteais G shidrg
threspo d as dia nqgtlc limts to said C85 said / Cl6, said C6, said

C10: f,evﬁm%féﬁ"éi° A valdpcti vel y; conparing said val ues, respectively, to
each pefforringla bLiR@kqlLntes RAbKSIS to obtain mean values, provided any of the following occur:

i. said cit or said citimrm) is greater than said cit flag threshold or said cit{fmrm) flag
threshold; 7 |
performing an immediate re-analysis with a preliminary follow-up to obtain priority mean values,
provided any of the following occur:

i. said cit is greater than about 100 uM;

initiafing a follow-up protocol based on follow up criteria utilizing said mean values or said priority
mean values for diagnostic purposes provided either said subsequent re-analysis or said
immediate re-analysis is performed; and,

reporting said data to a physician to assist in said diagnosis of citrullinemia.
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identifying whether or not there is an el evation of any of said val ues
above any of said flag thresholds; interpreting said sanple as being
normal for said MCAD deficiency, provided there is no said elevation of
any of said values; perform ng a subsequent re-analysis to obtain nmean

val ues, provided any of thefollow ng occur: i. said C8 is greater than or
equal to about 0.4 uM ii.said C8 is greater than about 0.3 dMJune 286§ d
C8/Cl6 is greater than about 0.15; iii.said C8 is greater than about 0.3 uM

and s12l Th&néthod)of &l 11) arhedi® WaidOci flagvithreshdid afld G&ldt dit(mitd) gag #ireshdidan

about 0 Zh%I@{rl}d said Cl10 is greater than about 0.3 uMwth a | ow acetyl

fl agA" ne 2005 performng an imediate re-analysis with a

prelimnary followup to obtain priority nmean val ues, provi ded any of the
r.ea

fol | qui occur,. i..said C8.is er than about
0 enitd Mdltet o pegtBo i Aladudis O Flechi™ Pudlp Aok eyt AL feniiegeasse
-sal d (MEAD dgrdaﬁ@mytudﬂarpr@tbgtdat@p&duéémraairydbteda@?ﬁ?tm fifeepdpr ig han about

1 NI | a W~ oto on 0 0] u riteria
0t o) BlivasRet aRh stney by auShia nss SSSomt s i eh e SRR 6F i agnast i ¢
pur p@&ﬁ@n@g @wddaata]gmmbm“n s;aldddstubmelquemtvalues amaipfsed; ofrars acianoyl neaealtied €
re-ana I.S..1 S or Sal at Sl 0 assl st
o o Rt P8 o sty ies of pEREG it nd el RaBitR fGEE RN s,
said h@ﬂarfdyag:atd?th'es b@hoéntrsﬁ:‘urd (CB), Gl @lebémgyl tdarmtirieolcdncattratiorCqC 101151 0and a
t hreshol d, , sai hol d, and said C10 flag threshol d-are,

rmgn trata% g% S
r es pdEEFNPY] SAMiIneseoNGEntration{ 16 uM 0.32 uM and 0.42 uM 15. A net hod
for applyintisaig vatues t6lbagoaAby caifthb@Ba dedidion teéts;whlayenh aaud dpeiebbhng dat a

by o VB8 T aerasii s Pone RSenchl s Gl PRAC il Sk gt B nar

dat a ;hrW@ancwn dagl ﬂireshdld; Iaud esCY@flapthreshiolr asdidgdstie limits & _@él@@Sﬁ}salcst oyl
gg;ggﬁwﬁ Icsgﬁ %S,]% e g?aid &h r‘éQS&Wélﬁt ed nyristoyl carnitine
comparing said values respectively, to each of said flag thresholds;
identifying whether or not there is an elevation of any of said values above any of said
flag thresholds;
interpreting said sample as being normal for said MCAD deficiency, provided there is no said
elevation of any of said values;
performing a subsequent re-analysis to obtain mean values, provided any of thefollowing occur:
i. said C8 is greater than or equal to about 0.4 uM;
ii.said C8 is greater than about 0.3 uM and said C8/C16 is greater than about 0.15;
iii.said C8 is greater than about 0.3 uM and said C6 is greater than about 0.2 uM, or said C10:1
is greater than about 0.2 uM and said C10 is greater than about 0.3 uM with a low acetyi flag;
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nolar ratio of Cl4:1 and palmtoyl carnitine (Cl16); applying said values to
a nyristoyl camtine (Cl4) decision tree, wherein said decision tree
further conprises a Cl4 flag threshold, a Cl4:1 flag threshold, and a
Cl4:1/Cl6 flag threshold as diagnostic |imts to said Cl4, said Cl4:1, and
" said Cl4:1/C16 respectively; conparing said values, respectiyel @ each
of said flag thresholds; identifying whether or not there is “été I on
of any of said val ues above any of said flag thresholds; 28 13 June 2005
I nt erﬂ@ff@tmlﬁg aaammegetﬁateear@ysbewlﬂga merliminary dllowzlndtonbtain ppedyineran valiese i s
no s ?M&‘é@é!@df%f&low%%c&fr sai d val ues; perform ng a subsequent
re-analysis to obtaln an val ues, prowded any of the follow ng occur: i.
sai d i.Caaid @3{?%’&@@7?“@%&@@&@“%14 flag threshold or said Cl4:1 is greater
than ::S%'algd @§4|slgrteet@9 thatrt1 2%@ ulﬁaérﬁi 9&[6 ¢§l 6@@2&&at@h@i’i‘arﬁgﬁ%t 8.3850HM or

greater t out O. sal Cl6 is great er
than Salﬂo@fﬁ IS(Eante" than ﬁb?%or?guﬁﬁnﬂ@#@(ﬁm 'es Q@aéﬁﬁémw@ut’r\ﬂ@wh& prelimnary
foll Hitiating' £ 1 fetmau,st PRI 'bta¥ed7%ﬁnfo“§\bld|§5cnteri%{ gtmzstedsétaymeén tRet U ng
occur Cl4 i s dqreat er than Mor “"said Cl4:1 is greater
t han PQBBthanBVaHﬂS fon diagngistic purposes @’P@d@‘éﬁ"hﬁﬁéﬁldaﬁb@ﬁ@qufnsfww ol C14: 1
I's gn rﬁﬁ{eﬁfaté}e@é}ﬁﬂkﬁ% pdridtmial! apd said Cl4:1/Cl6 is greater than about 0.3,

initiating a protocol 'based on followup criteria utilizing said
nean repartirgssaid dafgitea p yswaan tojassishin said ﬁlégnQS@rofdﬁ@gla@ef iI¢ieN¥ur poses provi ded
either said subsequent re-analysis or said inmediate re-analysis is
performed; and, Portlng said data to a eﬁ%§|C|an to assist in said

di agridsThe G‘Pth@éeAﬁ alrafiBcwverein saihbC8 fing theshetsh said G8/Gil¢flag thregheidesad{S d c14
f | ag ﬂh%'tlﬁééﬂﬂl&i sarite ; {R4y ﬂﬂrééh%ﬁ! Eﬁd §§|BQ§1Q|J ﬂa@rtﬂresﬁ&ﬁ Qr&*ésp’e/c@e@y fol #0um
hr es are, respecti ve uM and O . 17. A'met hod for

aSSI §t3809- 16riiM, Chﬁ?a@i(fmdso UM Crotonyl co A car boxyl ase defi ci ency

15. A method for assisting in a diagnosis of VLCAD deficiency by interpreting data produced
after a dry blood spot on filter paper is derivatized and scanned by a tandem mass spectrometer,
comprising the steps of:

acquiring said data, wherein said data includes values comprised of a saturated myristoyl
carnitine concentration (C14), an unsaturated myristoyl carnitine concentration {C14:1), and a
molar ratio of C14:1 and palmitoyl carnitine (C16);

applying said values to a myristoyl camitine (C14) decision tree, wherein said decision tree
further comprises a C14 flag threshold, a C14:1 flag threshold, and a C14:1/C16 flag threshold
as diagnostic limits to said C14, said C14:1, and said C14:1/C16 respectively; comparing said
values, respectively, to each of said flag thresholds;

identifying whether or not there is an elevation of any of said values above any of said flag
thresholds;

28




el evation by interpreting data produced after a dry blood spot on filter
paper is derivatized and scanned by a tandem nass spectroneter, conprising
the steps of: acquiring said data, wherein said data includes val ues
conprised of a CS-OH and C5:1; 29 13 June 2005 applying said values to a
hydroxy-C5 (C5-OH) decision tree, wherein said decision tree further
conprises a C50H flag threshold and a C5:1 flag threshol d as1diJuegmadeds c
limts to said C5OH and said C5:1 respectively; conparing said val ues,

r es pérdenprating, satdosapald ae hebai rdbrinkibfor s4id asS0D dprovidde tieré y8 g st elldvatiorbf not
there is andellevati on of any of said values above any of said flag
thre?ﬂgf‘-’aga,“ i"%f’%ﬁ"preti ng said sanple as being nornmal for said crotonyl co-A
car bpesforasieg d slibsEqaentyre-gpalysis de dbtainhmesn valugs) po¥idad ahg vithedollovfingaeyeunf sai d

ooy S G B eiin hep B O o [RARY 95 Cled Brierabmm e iy By
C50Hthrestgpld;hr eshol d; said C5:1 is greater than or equal to said C5:1 flag
thre | d. , pe r M, n nJ diate re-apnalysis with a prelimnary fol]ow up
o obemidi4 BUre) Al RS TR IMbSAT AR Kool B B R b Pl
sal d QI8 Ci&isgreaterthan bbout®gAit 3.0 uM (1. said C5:1 is greater than
abou . tniti.ating a fol l.ow up.protocqal based,on fol Lowup criteria
e 1 Pooitihn bt BohoBgs vl 5 BRI lowdR S oafih.erty Webl yRlbeb
pur ppewiiedrany iofithe fellowirey occar:d subsequent re-anal ysis or said imed ate
re-anal.ysi s .i rf.or X reporting.said data to hysi ci an to assi st
o o Gl BB LB AR A0 MG R G0 et BB A uEL AN L | “The et hod
of Ciiasaid CT4 isvrenter thamaabduChBHIM lhad shidr@thoisigreatr #aindalcnt 1.0fuMant lsai@shol d
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initiating a follow-up protocol based on follow-up criteria utilizing said mean values or said

- priority mean values for diagnostic purposes provided either said subsequent re-analysis or said

immediate re-analysis is performed; and,

reporting said data to a physician to assist in said diagnosis of VLCAD deficiency.

16. The method of Claim 15, wherein said C14 flag threshold, said C14:1 flag threshold, and
said C14:1/C16 flag threshold are, respectively, 0.85 uM, 0.70 uM, and 0.24.

17. A method for assisting in a diagnosis of a Crotonyl co-A carboxylase deficiency

elevation by interpreting data produced after a dry blood spot on filter paper is derivatized and
scanned by a tandem mass spectrometer, comprising the steps of:

acquiring said data, wherein said data includes values comprised of a C5-OH and C5:1;
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applying said values to a hydroxy-C5 (C5-OH) decision tree, wherein said decision tree further
comprises a C50H flag threshold and a C5:1 flag threshold as diagnostic limits to said C50H
and said C5:1 respectively;

comparing said values, respectively, to each of said flag thresholds;

identifying whether or not there is an elevation of any of said values above any of said flag
thresholds;

interpreting said sample as being normal for said crotonyl co-A carboxylase deficiency, provided
there is no said elevation of any of said values;

performing a subsequent re-analysis to obtain mean values, provided any of the following occur:

said C50H is greater than or equal to said C50H flag threshold;

said C5:1 is greater than or equal to said C5:1 flag threshold,;

performing an immediate re-analysis with a preliminary follow-up to obtain priority mean values,
provided any of the following occur:

i. said C50H is greater than about 3.0 uM;

ii. said C5:1 is greater than about 1.0 uM;

initiating a follow-up protocol based on foliow-up criteria utilizing said mean values or said
priority hean values for diagnostic purposes provided either said subsequent re-analysis or said
immediate re-analysis is performed; and,

reporting said data to a physician to assist in said diagnosis of crotonyl co-A carboxylase
deficiency.

18. The method of Claim 17, wherein said C50H flag threshold and said C5:1 flag threshold are,
respectively, 0.85 uM and 0.35 uM. | '

30




