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di agnosti c purposes. In particul ary f or Aut omat ed net hods for
assessing a patient's condition ar”ﬂ”@lﬂ%@@ﬁ#ﬂﬂfput erized to systens can be
integrated to produce data that can d to a known result to allow

f or in@l&ﬁ&iﬁéﬁb@é@ﬂospray t andem fE¥¥2spectronetry data relating to the
guantification of metabolites used for diagnosi ng newborn babies is

di scl 09dBTHBACKGROUNIERIRETING pANIfEMIVIaSISPECIROMEARY fAjht FOR pr oduced

by a MRl or CAT scanner, which is used to identify conponents within the

human hrdwicaneppeaiioseg ar i nstrunent used for identifying conmponents of
interest, whether they are of nedicinal or chenﬁlﬁwmmwﬁm t, is the mass
SpeCtrOﬂ‘%lﬁT\HC%EFﬁELQFe”CG to U S. Patent 1 s No.'"8! ! il conpounds,
when | ntrod el ectrospray tandem nass spectwsoneter, 20 are

ioni zed and .essentially fr nt.ed.;. Each. f ragnent, produces a pe havi ng
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ref erence spectra and conpound nanes can then be stored in a library for
cor r el ahetebolaexusdé fardiagnasing mewibuhabieasssdisdiesede rati os can be used to
identify conponents from known spectra stored in a database. Mire recently,
howeverBACRGROBENDI ARgect ronetry has been inplenented in the field of
clinical diagnosis. See Chace, U S. application serial nunber 09/277,119.
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thereafter introduced into an el ectrospray tandem nass spectromneter. An

el ect r d¥pPayiagapBe Redsdapmight bapraducedby e MRIx (AT peaaner, whighde pssddoand
can detect a broad spectrum of disorders at the genetic |level. Wth proper
st andaridentifgd abmppuandseehlinfthomiebaiyect r onet er i ncl udes val ues for

particul ar netabolites. The netabolites that axe of interest in detecting

t hese di sor dehépaati€ular ifistR@hidrt Gsddafor idaAlifingddndioname of interest, whether they
acylcarnitines/carnitines and the derivatives thereof. The spectra and

resul ting,£RRGRMI télﬁ&ié’a’i‘kﬁf&%g?fs tﬁ@ﬁgss@ﬁ&?gﬂﬁét&? In 8feRREL ¥ Sf PQARITRSS
spectronetry, are then conpared to thresholds as a neans for evaluating the
conf

)

Semléo.OSf 453,613, compounds, when introduced to the electrospray tandem mass spectrometer,
are ionized and 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 charge ratio, which is then relative to 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 errors of metabolism usually result from defective enzymes or cofactors.

25  Resulting genetic disorders can be diagnosed by the metabolic profiling of amino acids and
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the bl ood sanple. These threshol ds determ ne the appropriate course of
action necessary as a 10 followup to the spectral analysis. As seen in
Wight ety@lsseer 545, 895, spectronetry data is applied topargequpdtsri zed
search dat abase for matching each conponent as a neans of identification.

In a clinical diagnostic setting, there nust be further nethods for

eval uation beyond just that of the identification itself. The nunbers nust
be quarfclicamdtinesidalisofrom blend spoth sehicaisd te arfempbiog potas! andterafter whi ch, i f
not treated within days, can result in death. Thus, after obtaining NB/NB
(t andernintradred a6 ah elretredpraydiahdent nass iqjeotwnetaﬂpmsleétmma}a‘memasgener ally
of the age of |ess than seven days old, there is a need for efficiently

i nter pr@bifgnddy i veat s‘%nslﬁvcr gl OiRicafd eanedéi@a %maaegeaﬁﬁﬁepalbaeas at the
concentration thresholds. This interpretation allows for proper

nevbor 1 n@“ﬁ%&%@%@%ﬁ@r éﬁgﬁ%{fﬁxﬁ?t%ﬁm%@d Bl %%é’“ﬁ%ﬁﬁl%‘a%é e

inventipgn is to pro i nter retln ectrao ndem mass
spoct r REPFYicE HeRPOfir nERSPEREoN Sl TBhihg! MGy S Se P g aeb e e

met hod provides the next course of action necessary in determning the

def i ci emeyinpertisplav.amiiog acifls andornyldaritings/carmaias and diedstivatjvesthgsentt i onal to a
concentration of a netabolite that 25 nay cause a genetic defect. In

accor dance Wlidspectia argipiebulting carzeBedtionNalue® 8f Ll nietdholivd) asnderiVa® fibad - 48197
PCTI US110/ 33?90 an abnormal sanple is flagged after being scanned, a

recomregeQd @&Pdn%‘ry' §1ettHe1p&>rﬁp"a|f@d”'to tﬂi'%@ho‘?&secfsea%edﬁ@tf&(@aluﬁuﬁg ﬂfé'c@ﬁﬂehﬁ%f for
t he necessary action follow ng the preI | m nary anal ysis. Internal standards

are us e r cific
corrponeglf3 bfbo 5%8% T?hg%ee@ye%f'{ﬂf%géo 1P%s eggpo @?“)‘gc‘?ﬁg‘%gﬁg %t%nq’t%%&%%rgtsa (Bi‘%tl on
many ﬂEt abol |‘tes at one tjnme. Each part| cular netabolite is produced as
a f]roagn@ wilstodhe gpesiralsmalyiisr ati on within the spectroneter after being
quantified and derivatized froma blood spot. Each netabolite concentration
i s conpared Ass@nfinh Agrigtetaintss#5i890, spebliorhetisdata guablied tosseummtarezeiindi cat or
used to identify a proper sanpling quantification and analysis, and which
i's a di ggrasitabadd 6t matohirgedach BdMpa@niel heinsef idwtifithienc ane elibialt i on of
the netabolite is to significant. The flag is pre-determ ned based on a

st andar gladiie ity AU HRASe Rrlol BhoSORE BMIERIh B8y Gid AsiRRk e ar

nmet abol 1t concentration threshold, I ag, rrust be

approprJat e scan .done d of me abol| | vi.ewed.

The. coridaniifeatiph iSOL TRCRBr SRl Eud Wi Rhi Nt pn T P vch B NG

fIa? whlch allows for the determ nation of the next caqurse of ac iolg,
herdisqrdess, which. if Al Yrated withipdays, farbiegiloindeatn Thasatist obRmingM3

normal . As an exanpl e, medi um chai n acyl - CoOA dehydr ogenase ( MCAD)

defi ci e(rmdemnaa:t spectepnrater) Hata dfonablop sirepissiiomaetbeins 2ganerallyfof the age of

octanoyl carnitine (Chace et al.). Deficiency in the activity of MCAD

pr esent kssvham sévelRaygs dli kibere)sa hesdfor Bificibntly paigipyai@gitias da is velatéon td@ad-h. The

present method provides for nunerical guidelines for determ ning just how

si gni fi @@ﬂ&mgéﬂ £B&HEkE VB deARatich tﬁf’esﬁ&l@s tiiRe uﬁérg@t&&foﬂ IGL fW}ﬁ'Bpérhe next

step in the screening process woul e, such | ow up "and

confirmat or manpner C 0 erpreting the
concent ea%l%hél'%g oY i he d%%%%?ﬂ%&?ﬂ?ﬁ@&%@ﬁ% PR P b esent ed.
sone of _whi ch roperly diagnosed, can lead to treatnent. Each of these

ot Bnt1 RISGOsuRE BF BRVENTION

The objective of the present invention is to provide a method for interpreting
electrospray tandem mass spectrometry data from the steps following analysis to diagnosis.
The method provides the next course of action necessary in determining the deficiency or
elevation of a particular fragment directly 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
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bl ood el evations or deficiencies is conpared against the quantified
concentration thresholds 25 to allow for i mediate attention and acti on.
The conpgydsaikews th the threshold flags also is WO 02/ 8idyy&fel4900/ 33790
a determning factor for maintaining instrunent quality and accuracy. This
deci si on meki ng process, coupled wth the current nethod of screening
newborns using el ectrospray tandem M5/ M5, allows for a conplete protocol

for andnyePnpgna semdicayHeesedgitachiies srenpgd B reporBRended petipnds tsbe BkER EF

DESCRI PTION OF THE DRAWNGS: FIG 1 is a flow diagram of the overall

met hoddlegyeseepmetedis aguititlmenfaj the nstepsy ianti@l folldwingohe predimisarg ahalysis.

. diagnosis. FIG 2 is a flow diagram show ng the nore detail ed steps and

deci si on tr e@teri elav@Fds AretiRed fograviak Wi mabtieti RCBfornaolrhéeded 1 8etdetl | ow
di agram showi ng the nore detailed steps and decision tree involved in the

; ﬁ'e: et Rod F Ei’lﬂﬁf’%e&;% e %fxfj"ﬁi% Pﬁ%’g‘aﬁ'}'ﬂl&"&?"? S Mt M O hE ¢ EeOf
[ i Or. | 1 itine. FIG.6 i
deci’ei oRE ey ont el o Baieer S7e elfareduie altiisehy Slinks °ri 6 7

is the decisigon tree for the inplenentation of the nethod for glutaryl

car ni t i gpacentyagion githin thy sperdiomefes alier keang granfified ppgdeaivahizas from agﬂoqdne met hod

for phenylalanine. FIG 9 is the decision tree for- the inplenentation of

t he netdpotl Eaph nhetalmiliteecon2entfatiGn id Gmpsar¢die affag cnoenttatier, Winich ishequality

i npl ementation of the nmethod for citrulline. FIG 11 is the decision tree

for t hexskuh@TBMabr ©>deb ideAsfyEhldpst abling taanMflcatid AidtanARsisHidd whiéhi s the

decision tree for the inplenentation of the nmethod for nyristoyl carnitine.
/

25 FI G: 134 deci sj 4 i il th t:hod for
ycir oxy's o oSk BEAEEH S R iRy bl i oL TR B AP o iR Clr T

| NVENTI ON.. . Th t hod. wi I |, now be. descri bed i etail .inrelation o a

or efr (LRGN TREHEE e CRBTERER PR oh wFBeagdainien ted eledil 7y
nature and descriptively specific as disclosed. As is customary, it wll be
under stogenirsion gha paricalar meiebelitesheuld bepdhisfcoperatmiivietrresseld; ef fagr eby

i ntended. The invention enconpasses such alterations and further

nodi f i catstbeapproptiived ifdrl eash saheldnelend foe cachngips oftinethbelitbesviapal. iTat | ons of
the principles of the invention illustrated herein, as would normally occur

t o per s@pgerftkatibh @8lubdprolcaArilltiR ApBVEs: Belldw iy Bidshom ] aheh-allbhe fet eps in
the overall nethodology are shown in FIG 1. After the bl ood sanpl es

the determination of the next course of action, whether it be a re-analysis or the interpretation
15  that the baby is normal.
As an example, medium chain acyl-CoA dehydrogenase (MCAD) deficiency could be
a result of an increased 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 at 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 amino acids and acylcarnitine/carnitines are presented,
some 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
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1 o are scanned by the el ectrospray tandem nmass spectroneter, the data is
acquired 1. This data can be presented on a nonitor to allow for view ng
and/ or pW(S'Bi/H@()Pf the output. As part of this data acquigdpgsechiszidge first
val ues produced fromthe scan of the mass spectroneter are processed and
printed into spreadsheet formto further allow checking of the
calcul ations, a means of assuring accurate number production and quality.
The acqudstesthiniag dactorifer mpintaining inskamenbarabiy anskacguagy.tThés dacrstan makings
obtained to the decision tree 2 particular to a netabolite. The first
val ues greceds chupled piithtteelcdran astisid affscieedng rewbdras ndieg eloaceptayatndens and
_molar ratio concentrations produced fromthe fragnentation of the

met abol NikAdS SARNIEEr a dhiBpleREERES b Alind 4RI Raddoking Indivbomk 3RE! ddnbtid S T ead
fromthe fragmentation of the butyl ester occurring at a specific nmass to
. charge yal g upon derivatization of the metabolite. This 2o quantified
nunber, nornmally in units of mcronolarity, is conpared to the flag
t hresh T ta i I, described, are grouped as
carmiti E 1= ﬁ@f@i%ﬂ@%s Each particular netabolite is
derivatized to enhance the detection of the fragment of concern, and woul d
produce a pddk. dpvmflewahizgrag of dhe espdharthgdelegaregirenting theinaiicEpsr at i on
nunber, and conpared to the decision tree 2 flag threshold, which is a 25
parti cuhesived odeandlyde\to disgnssiaway from a nean val ue for the particul ar
met abol i te fragnment WO 02/ -t18697 PCT/ US00/ 33790 concentration. The flag
threshol d pard. 04t aflohiadrBRshBRIBRRE Iofe détaifedRtpeRAS HEGsibh Ted ifvBlvelesSe
first values. Wien the first values for the flags and netabolite fragment
concent.r af | . rati o concentrations are applied to the decision
tree 2,&?%é%§%9 gﬁtl%%éﬁ‘mhether or not there needs to be a subsequent r
e-anal ysi s or .an i mmgdi ate, stat re-analysis 4. A subsequent apalysis 3
mayl%e eceddth 3192 PEPrERSHER SPRIDSEIH SIS N ASHS SR RECIPRERon ¢ hat
is equal to or slightly greater than the pre-determ ned threshold for the
flag senthaipllomaehpriolncekhol d is unique for a particular netabolite
concentration, as further described. It should be understood that a
concentr at i dfiG. ¢ isigerdedisioalt@¢doit the implementadenlsf the hiwtierihot groptvagl t he 1o
nmet abolite nmay cause defects if elevated, and the concentration is rel evant
if it ighehow the threshold when the netabolite of question may cause
defects 1f deficient. Because of this fact, any elevation or deficiency

call be call .deviation.. For the purp Q | ari fication, an elevation
Wl be drsciSsad Tti@bedl uredbr e rp SRS & we Rined Bl fenter ot cod
dependi ng .on the netabolite. Both upper and | ower concentration flag

t hr Pshot2i¥"%hd nol ar 15 ratio threshol ds may be utilized in sone cases
where both an el evation and deficiency is significant in determ ning what
def ect may BDEGpesthetdecisiontivge forthg iraplgmientadonraf thp engtlead for methiedingn initi al
concentration of the metabolite significantly deviates fromthe flag

t hreshol d, VFIGSH isye deeisiowitcberfor thé iraplgmeatation of the hektliod fAn giumargldiamditine.
prelimnary foll owup 4a would then foll ow. Wether or not the deviation is

20 deered sig RiiCARIIHSRANAS 1OMLE NEpRIRHALoRYS I8 ntdhdd Br PRISIPALIAE

concentration deviates fromthe flag threshold based on the I'nterpretation
guide for e i.sqrder..|ln any effect is 3 or a stat
re-anal ysi sa@?}r’ gdf)ﬁlre edgecﬁswgqgfg'? él t?lgﬁélerrngﬁtggigxg?f@g%%&h W [' K"%‘C@San shows
normal netabgljte concentration |evels as conpared tq t concentration
(ot hr es o |G icihgedision gice dor Ry GUMEREREIPRE! ThR TR RE T hny be t hat

the bl ood conponent 25 | evels are nornmal 5.
FIG. 11 is the decision tree for the implementation of the method for octanoyl

carnitine.
FIG. 12 is the decision tree for the implementation of the method for myristoyl
carnitine.

25 FIG. 13 is the decision tree for the implementation of the method for hydroxy-CS5.
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WO 02/:18@7 PCT/ USUU/ 337) 0 Dependi ng on which particular nmetabolite is
bei ng scanned, if the netabolite concentration is not significantly above
the thregh@hfusshpt still deviates inr elation to the thrgsfipkfsepen after
r e-analysis, the next step would be to interpret 6 the sanple as being
evident of this elevation (or deficiency). In this case, a follow up
protocol_ 7 would be initiated, such that the detection process would be
r epeat RESRYQDE EQR EARBYING MHT FHEDNENEFIQN: t hi s sanple. After any
subsequent repeat, a diagnostic interpretation 8 nmay follow if the first
concent r at i drheirsethod 9iil newtbewdesdnibadyn dars epaktion év apredi¢rraihembiidenentianér i a
. invol ved fox deciding whether or not to subsequently re-analyze 3, or to

i medi ghflemdnsititn)thére6f @hizh Yedkethpldry M11iemdb§tﬁ"?tipélz|sbéﬂiﬁl@£sydi§&bs!e@.\/\" up
4a, are further 10 described inrelation to FIG 2. The pre-determ ned
. threshol d: f L OE L cul ] i r he initial

A&s.eh&gﬁla{ﬁ'tirhﬁﬁlcﬁk B@E{sto%‘d tﬁ{i 6162‘?'?2‘%"’6%? th s%ogé;é@gé ﬁ%fg‘}’ﬁl@

concentrations o e netabolites el ng sc reshol d

flag settings. hav een devel oped based ,upon nmany factors h,.as .publ i shed
et ¢ antipRe R DR B R RETOr RGO R het RS g B

aut opsy reports, and experience through repetition of genetic, data

anal ysithe Hjustrated deyice,jagf Se@h@éth?rr@pile?%waf OF ﬁl@ pile}cwﬁsa)égl}q WEEHON nt erest i s
greater than the flag threshold 21, then a determnation is nade as to how
si gni f iilasttatedzereinhcasavowd nognadly. ocThi to persodesialied mate by te whishthaigverdion f | ag
threshold to the initial concentration of the nmetabolite and identifying
whet herrepkesnot the el evation (or deficiency) exceeds the flag threshold by
reference to criteria for each netabolite. If this were to occur,

an
i nmedi ate st-ato {u%;‘ﬁﬂﬂ%é’é&é%ﬂg@tﬂ%&[) LAY ir{f’ﬂd.q‘f\" erdfe M?F(Jé \%n%%eSZO

per f or ned. I's I's achi eved by prioritizing the sanple to a I an

i medi ate prelimnpary followup and re-runni he sanpl e. f he sanme
{11 1er 258 rne B i qeend nay e Hast Frecittelioy he e el L LR03p8  hen
averaged as a nean with the first values to formpriority nean val ues
becaus ecahgpresepiedwna Moy o aliaw far giewing pedtanprantingrpLithe @tpte Asd1arteil: up
protocol. If the initial concentration of the netabolite is not greater

t han t hiisfdatacachirmgHo ket 2%t valifestphaiured fromrth¢ saaned ticembssapednmedsrare
identified and conpared to their respective concentration WO (12/ 8697
PCT/ USQ@6834H0arld! thtddin@s §i0éAdshed b &irtted hilOw tché fdBe deuldtigns®! ar

rati os ‘are i nportant because they account for variability of the bl ood spot
on the f] g ; NI i gi I » datd e jability
o tho PR, 2By aHRRAUSAmbATOMIRCR ahd R, Malebotlioh S DPIREL DD 1 el
for, Thus, .as .the concentration of th tapolite may go up or down, the
rat % of<emiRrdhyARpidue ﬁ’ﬁ %ﬁtevaggﬁﬁL@I]GE t%gsggﬁﬁeﬁ R?gmﬂlﬂ%itgat or because
t hey both change relative to one another. If the nolar ratio concentrations
ar e notmgiebaliter The Hrst vallet rheanternieted A conyy of meas matepolisepnsentimtiopsando

t hreshol ds 22, then the sanple may be | abel ed as normal. However, if the
nmol ar rmabdlaprationoacintationnsroduced fiaunthe tfmghenigtiembéthe22etihyolitesfsearaede The t he
criteria particular for 10 that netabolite, the elevation significance is

then coimesfhtion oRRRRArtEcar Tibigholitd is @ddTRIm tHeefragmentation 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/acylcarnitines 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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initial concentration of the netabolite or the nolar ratios are
significantly elevated by reference to the criteria, an imedi ate stat
re-anal ysygofsgebi h prelimnary foll owup 4a is performed. pApngsiossiat h
cases, if the elevation is present by conparison to the flag threshold 21
but not significant 23, a sub-sequent re-analysis 3 is perfornmed. This is
achi eved by 15 acquiring a new set of data to obtain second values fromthe
sanpl e,cobgentretiomsThanfag theeshaldnpiagicat favibatagétalpliths adsgiostc limitfto theserean

val ues of the concentrations, which can then be inplenented into the

f ol | owfisp yahwkocol , as follows. A followup protocol is then initiated 7
~follow ng any re-analysis for determ ning any possible interpretation for

di agnosi s. AghEl Be Rst BYies Pt thé h@gs%idtrﬁéth@olﬁ@ﬁaé}ﬁ&ﬁ%b{cdﬁhﬁéxﬁ% b1
followup 7. Any nean values or priority nmean values are identified from

. the su I ctivel
These VaIGEeRpRGfias 3fieliad by WGy hEUEER AL R AT iR e ndiRRGEC VO Y
mat ri x the flag threshold are .i de tlfled 30. . This foll]owup 7 m

al sé f%ﬂep&,& zw eBseqFR] 1y @nalysiyAeon abmesiate SR 5g-PRAl Y 7 derbeer Y, e
required) is interpreted 31 as bei nfg 25 mld 32, noderate 33, or

si gni f ianahysis 3anabedecsssariieparfarmed if4he scanheverled arpeastoenreniraon thet sor WO
02/ 8697 PCT/ US00/ 3379U each netabolite, as further described. If the

el evat iegnalit6 o€ Shgtitiegrestenthbislthdprddatednioed thieshdidifbemheflag séitiogy Eleh t hr eshol d,
a routine repeat 35 Is performed. This involves performng a | ess

priori th%eKbia ?sotﬁﬁ&ué)fm bharticaRt hidthb¥lilchBHEer@Bti S, A5 FurfiRr BeRABEN It Ql‘iould
physician. If the elevation is considered moderate 33 based on the

criterig, un%grstg gqlnét o SR %lttl aﬁ? 1 is e&%@é OO if éxggefdssa tﬂlle%lflo% %&n ffeom @

routi ne repea ecause IOI’l I'S repor

Accor di ngl t he physici an | t to see the. ba and. pos |b| y get
Anothermeablite may catrrdetsnty Keleraeding tha ?Ollfﬁ’éraélf’lé\‘/%l@%ﬂmil l%t?f‘i@\aél?eed
significant 34 based on the criteria, an urgent repeat plus additional

t est i nghteshaddien the mhiabolils of qefstiommag saussidefectsst flefiicignto Preease ofihisdeni a, or
other to organic acidemas, is performed along with a referral to a

speci alfasi apaglbvatidhan dteﬁcian@i @A bdesllddn dsifiohal ¢t thnpeppssstof slarifioationl i ni cal
eval uati on. The present nethod can be further under stood by referencing

the ta%eae@ﬂen%nﬁo@msg %sedfw B% dbficikBey Sl bd Hﬂi&%nﬂ?ﬁﬁ@e’%&@é@ the

decision tree presente or  each parti cuI ar netabolite,” which I's necessary

b b f {f

mass t <R 5%013 %l'ek%ﬁ?l 8 b eRacitofhn SRR LR APt R Bl o
larity t b d t fferent threshold flag. Th

T e e S e ST S e B 7 ”wewév@@#ww%ﬁ of the

met abolite. The preferred values of the threshold flags, or autonated

i nt er preégrifi¢ah irf detgrnuining wips defastanaselapresent.abul at ed form for each
metabolite. 20 FIG 4 is used in the nethod for assisting in the diagnosis
of propi oni c Aagatdessnalysik Uahayebeieyfobhed il asfinitiabdontetiation péfrmetsbolies i vat i zed
and scanned using a tandem nass spectronmeter. The nmethod as previously

di scussg gmfém wev&@kgt@lr Ehget gtﬁleam %ﬁ@‘i‘ﬁﬂa%e é@1df:ﬂrof%]gt%n&férbﬁ§ﬂ8&at i ons

and nol a rat S used fo rmning the |evel el evation of propionyl

Che pr oph SRt B STotye S RoBAth G RN, eS8 ¥ benalod R coan
of %r Opclie%r%%!:i sfg%f?claillt Qeepe\rllmdg (?n t%e %}n)(/)ltmt 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

thresholds and molar ratio thresholds, the interpretation may be that the blood component

25  levels are normal 5.



w0 U2/ ~8C97 PCT/ USUU 33790 carnitine (C3mrm C2), and about 1.7S for the
nol ar ratio of the propionyl carnitine with palmtoyl carnitine (C3/C 16).
The critgihayfdes;r e-analysis 41 and criteria for an i mresépiign/39590STAT
re-anal ysi s 1{2 inrelation to the flag thresholds 40 are al so shown. A
subsequent re-analysis to obtain nmean values is perforned provided any of
the follow ng occurs: i. C3is equal to or greater than the C3 flag

t hreshol d; iDepe@dhgonsvliich pareatlarmethbolitors hegngsdcanned; Hehaaze@balgef | ag
threshold and C3/C2 is greater than the C3/C2 flag threshold and C3 is

gr eat ercohbnadboistino? signifivhntly abovEshe thregh@dd} tar stibhdavialesitt refhtioMto dred ei t her

. said C3/Cl16 is greater than said C3/Cl6 to flag threshold or said C3/C2 is
or eat erthfeblfdid SRt afed/ 1€2an51|y§19 thdh&§ @R:lpdwmﬁtﬁ' bt R Ak ﬂersa%&Tasrb%I@nal ysis

a prelimnary fol owup to obtain priority nean values is perforned

eprowded t he 0 urs c3 t 9.0 uM
ii. éceaB?I%fotﬁlesrel?\ﬁ‘ ﬂné "&ef%? S ?\ﬂﬂn dC Phe f&@?%f I slg{ﬁ)rc Eéﬂi \éVPSltla ﬁ%n the C3/C2

fla 1sthresh or the C3/C 16 i reater .t han the C3/C

thr ds hdpﬂlate‘#h%ucgr‘%%é]&%if‘ée‘%t@“ Pé‘t?é%&‘@?ﬁ@ aﬁ?éaﬂg 94 pfiediongyoy ﬁib? éq‘egﬁﬁdat i on

into a specific foll owup protocol 43, whi ch ultimately leads to the

di agnosm Wiszesipls ahiie anp rsulpﬁeqmlbrﬂpeatae dgenosiic impipretation8 gugdollew ifithe net hod

for assisting in the diagnosis of isovaleric acidema after 20 a dry bl ood

spot orfirki doneentp@ipe s ¢cdhsdehi with azesiBeagieatanhedonsi ng a t andem nmass
spectronmeter . The nethod as previously discussed is applied using the flag

threshol d 50Tﬂe°€r1t&1ﬁ?m@?ﬂ€@ R dRLuEE wWisith: 09 holdt%tsﬁﬁs@hﬁérﬂ bhgalkeys! or%

el evation of 1sovaleryl carnitine.” The fl ag t hreshol d 50 for |sova eryl

carniti.ne i ferably .set, at. about 0 sis 51
and crilfrﬁ?‘?dzat?léff(s%ﬁ I?ﬁﬁ@ *%'lthg?ng‘?qﬁ%aﬁeep " Igfnals‘} féllggr b Ji%g? rfc?e:lPt %/on to the
flag threshold 50 for |sovaleryl carnltln Csi a | so hown A
subg’eql}t‘fﬁ?mtﬁé1 n gelatiqyiod3 g9 7 Hoets- @EGWIQ 5‘1% 3015%0 H3IHGHET n a nean
value of CS is perforned provided the isovaleryl carnitine concentration
(CS) i smefebelitenret dvanpaped te dhinitiabcerrent@aions afthehmashdites Woaftenheingmedi at e r
e-analysis 52 with a prelimnary followup to obtain a priority nean val ue

of an igamadeThd teehoid flapesetigs Bnlerrth devd|§3B) basedpgrohanamdagon\sudeas any of
the follow ng occurs: i. the CSis greater than about 2.0 uM ii. the CS is

greater gmgﬁbdallegt ks, e mﬁ@ag&%eh ngd%’ﬁﬁdﬁbfaﬁm' s VAR 4 Ehéh%y%mcﬁﬂéés@%

[FI G I's gre an about 2 he procedure is repeaté get
T S PR B B PRERLLI R e SRR o
15 metabolite of interest is greater than the flag threshold 21, then a determination is made as to
how significant 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 metabolite. If this
were to occur, an immediate stat re-analysis 4 and preliminary follow-up 4a would be
20  performed. This is achieved 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
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acidema. FIG 6 is used in the nethod for assisting in the diagnosis of
hyper nmet hi onem a after a dry bl ood spot on filter paper is derivatized and
scanned ﬁﬁbﬂg“ﬁ9;anden1nass spectrometer. The nethod as ppevuSsziyon

di scussed 1s applied using the flag thresholds 60 for all 15 concentrations
and nol ar ratios used for deternlnrng the |l evel of elevation of nethionine.
The fl a thresholds 60_are_ preferab set at 60 uMfor the nethionine
concent g thissheldp and matpr 1atr00tbletﬁh%ldrr6¥ af hg WOjaE 135505 3¢ IMRoHRREbesApe they
phenyl al anine (met/phe). The criteria for re-analysis 61 and criteria for
an i neshcarn foovar@htity pethabidogdspst @pthe dilicetaitdi Bacduse thesatplegs phHgimshpl ds are
. al so shown. A subsequent re-analysis to obtain nean 20 values is perforned
provi dedtyathy vafiaiiliy dfahd tidkngsspnatber of celigtind shagpeat evluhbatust be met fl ag
threshold; ii. met is greater than about 50 uM and the net/phe is greater

. than t h&c[ﬁ%{téd’ﬂﬁ fhag ak M@&Bgérﬁratleﬂ of tHEBRH A Ritd ﬁaﬁ‘@@lug ot doWh ttﬁe #atio of

prelimnary followup to obtain priority mean val ués i s perf or me

d
or oat or AR dhisRs sfbR £hoRESlive PSRELERE el o ald i T, ' °

met/ phe is greater than about 1.25. The procedure is repeated to get nean
val ues ¥ aﬁ‘P@\?i ‘ously discussed for inplenentation, into a specific

foll owup protocol 63, which ultimtely leads to the di agnostic assistance
for hyper met Hitlsnenaa ratid @ncentiagionsard npheredter then Hsctohemtiation Seg Hyeshnldshe

di agnosis of glutaric acidema after a dry blood spot on filter paper is

deri vat amiadolanthiis chmsiedds 2, tigenaht samisiening e [shedal asavehsl HoWeernefthod as
previously discussed is applied using the flag thresholds 70 for all

Concentﬁmatar PR RACediRtidhs 5@%191%1 tH e Grdall zd%g/%m&'c@% fhB %rde%‘ﬁ%hrtfbhla? kgvation
of ¢l utary to carnitine. | ag thresholds 70 are prefera y set at 0.17

h ry., rtlne oncent atlo th rrolar
at 15 ohapRelh e s SR r%eﬂ%wf GRS PR PR TR fose Propiciineceor [
for re-analysis 71 and criteria for an jmedi ate, or STAT re- analysrs 72 in
rel ati olhutraé conrentration efifheastabalte o heanelsr wtighare Sper%@%@wlﬁr@fed@yanar ysis 71
to obtain nmean 15 values is perfornmed provided any of the follow ng occur:

i . CSDQeifgenpedatlercrittria ah emE$BE stitag-antlyss Hovith prelimin@8§C0OlICyeur 4a Gr eat er
than the CSDC. C16 flag threshold, and the CSDC is greater than about 0.14

UM  An perreeslical Ant i@ bathadays] § thielelvddiion ds pesdnt BY bampyarisoh koeiRigtthresitfi@i n
priority mean 20 values is perfornmed provided any of the follow ng occur:

i. CSDGq fy tq{(og%gﬁig %5@3 ﬁ@ﬂi&'gec& ﬁ‘tﬁ‘é%a i 3@§PQfor§negr %EQ%%T%‘%F_ out 0.2

uM and t is great an a out 8307

15 acquiring a new set of data to obtain second values from the sample, by re-testing the sample
and averaging the results to form mean values of the concentrations, which can then be
implemented into 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 criteria 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 follow-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



PCT/ USO0/ 3379U The procedure is repeated to get nmean val ues as previously
di scussed for inplenentation into a specific follow up protocol 73, which
ul timat ehyo hoads; to the diagnostic assistance for glutarigepgteezia FIG 8
is used in the nmet hod for assisting in the diagnosis of phenylketonuria
(PKU) after a dry blood spot on filter paper is derivatized and scanned
using a tandem nmass spectroneter. The nethod as previously discussed is
appl i eckagls metpbbhie, 49 Aughehdesetitdd I 8@ efeyntic is conndared maltli33rimsaihah thel ar

rati os used for determning the | evel of elevation of phenylal ani ne (phe)

or tyr afiffeendd ftom. thd theeshbiga kdiiias Rededs3BN parferniide i sl ylveeper®rnligda UM f or
~ the phenyl al ani ne concentration (phe), 350 uMfor the tyrosine

Concentléétﬂxﬁ?it&éd’fe\peat%@%ezteéln?%lfttgfut B SleFRb Apaleft 6;33h%10%ﬁenyl al anine with

tyrosine (phe/tyr). The criteria tor r e-analysis criteria for an
. 1 nmredi at e, T re anal ot t hreshol are
al so shown. qﬁtl%ue@evél&u%nﬁc l%elﬁgl ;}"sd.eéa“'s% E%Segﬁflglfe Clﬂ%réah aggf%?él TEPEARI? or med
provi ded e, foll ow occur e is greater than the phe flag
t hr &shd? lésfﬁ.whw%Vrdléfee@#@%émwﬁewggﬁwser B%@let’ﬁ%@slﬁé?nﬂ’ﬂeg {93 phe/tyr
IS greater than the phe/tyr flag threshold and the phe is greater than
about IWQsigin. Ascoudingdy.dhephysicanetapsiiggestosee thebapy end possibly gétanbther up to
obtain priority nean values is performed provided any of the foll ow ng
occur: sample ondoafitis tiy eadler t han about 240 uM ii. phe is greater than
about 180 uMand the phe/tyr is greater than the phe/tyr flag threshold.
The pr Ocedurl?tﬂéelé\%%ﬁﬁse&nfsi‘aeﬁﬁtm V8§ BR8d @ﬁt}férc?i\férﬁl mﬁ’!‘ ﬁ@hﬁ&gé&@ﬂf of or
83 IC

i npl enentation into speC| ic foll owup protoco

| eads to .t.he oS as e for

per UsooripaleRiE S sbfaut feBiRen (Y Satkn a Fsptohigrd B St HEet agnosi s
of Maple Syrup Urine D sease (II\/BUD after a dry bl ood spot on filter paper
i s Her i Vadis acidengsdie apheunedalong with apfersslie a sPegialist pastiatlarto adisordgittiod as
previ ously discussed is applied using the flag thresholds 90 for all
concentasedriabmsn exppirmsel far cliratal egaluged. f or determining the | evel of el evation
of leucine. The flag thresholds are preferably set at 325 uMfor the

concentrat i oTherednt Athoddkn 88 filtthek @160 PBIrelE BABMEThE €at| il chiedria 00 UM
for a concentration of vallne (val); 8.0 for the nolar ratio of |eucine

Wi th p';ﬁ%b?fé?z} au]w rn%cgf}quu{eqla %eaéoﬁ% ykge ﬁ';& k chH Cﬁra‘i’n&fl ol €ucine with

al anin Cri I’Ia re- ana SIS Iterra for an

di at STAT 92 t Lation t flag threshol d
At E v&@g%éﬁeﬁ%‘s%w&%gﬁaasesﬁﬁl @%ﬂ?@ﬂ%ﬂ)‘&%ﬁ&%@éﬂ%}ﬁﬁ L e e

provi ded any of the follow ng occu i. leutile is greater than about 400
uM 15 i dlffwni mass tg Cbaléﬁl(léfz)f"ﬁlé\lﬁs adlﬁ‘cﬁﬁﬁh msEbokic sABCepH Ao (i ikt er t han t he
val flag threshold; iii. leu+tile is greater than the leu+ile flag threshold
and t hemiceerhalbgtyi [$d\@|) saisebe ¢dngparedite akbfferent thtcahdlt diggt Threenityll edter raginigt

| eu/phe is greater than the |leu/phe flag threshold and the val is greater

t han t hig d#edtlyl hrdfortibhal3H eetionbéhtiafBE of ik endigbofiten | Dil refBdedWhlRefoflthel | m nary
followup to obtain priority mean values is perfornmed provided any of the

or eat er e age 265 R Rl RET P B e Pt TR LS g
metabolite.
20 FIG. 4 is used in the method for assisting in the diagnosis of propionic acidemia 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 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
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threshold and the leu/ala is greater than the leu/ala flag threshold. The
procedure is repeated to get nean values as previously discussed for

i mpl ementyid pDEgebNt 0 a specific foll owup protocol 93, whi ';3@9‘; ely
| eads to the diagnostic assistance for MSUD. 14 V1'O 02?&5@%@ 0

PCT/ US00/ 33790 FIG 10 is used in the nmethod for assisting in the diagnosis
of citrullinema after a dry blood spot on filter paper is derivatized and
scanned-aiyiipgy(Gnuandemand 980w g et foo thetreelar rifie ofrthicipoapiasy priemtineusitly

di scussed is applied using the flag threshold 100 for the concentrations
used f graldesydrcatmitiney A3E16)evel of el evation of citrulline. The flag

. threshold 100 is preferably set at 55 uMfor a concentration of citrulline

det er mi ned aficeritéid Mok ke-Beysid £1 5d critBsh R ab! E‘Alﬁl%?iaﬁarﬁlo@fsﬁ@trg-aﬁé@#]% rﬁi

citrulline determ ned after” an nrm scan (cit[nr e criterra

. re-analysis,. : i teri . iedi STAT. 1 .e-anal ysis 102 i
oot ohatBic APaf il ola daate Al WIE A Sedbn i plabSiT by o s
101 t t ai | i f d, i ded the fol | owi -1

Gt e i Raonped Bragididi @y o HieolRing B ag t hr eshol d or the i t{m M)

flag threshaold. An imediate re-analysis 102 with a prelimnary follow up
to obtain prii®8 ilitQﬂuﬁb@rpl‘\gwaltfééhﬁnsthgé%fﬂﬁgms}mi@vi ded the fol |l owi ng occurs:
i. cit is greater than about 100 uM The procedure is repeated to get nean
val ues as prievi360%s is giésetbaect dqual th5he OPICEGEREAkcddId MOCHCIAS eidhics

foll ow-up protocol 103, which ultimately |eads to the diagnostic assistance

for ci tthat fht TBNCR flag tireshdld addSCHEQMedid) thiaydRE Nod.0r assisting in the
di agnosi s of medi untchain acyl coenzyme A dehydrogénase (MCAD) defi ci ency

after a dry :bl POL ' r r.is. deriyvatized and.scann ing a
t andem nmass ds?'pg%?s r%?rée%%le@gn %Aéltt rgfé‘tl\ﬁgagﬁggh%rsg@ %ﬁgﬁélsz%e%?st@ﬁ%?éﬁaé&gdppl i ed
using the fl hr eshaq] 110 for, all copncentrations and nolar ratios used
f or Odettgargﬁf"iff?lﬂﬁé Ph%al‘?&?&?z Srereatavhan wifl 68/ Cedtagibyeshdddr ni tine. The flag
thresholds 110 are preferably set at 0.3 5 uMfor an octanoyl car nitine
concent r at i oAn{@ngyliate) op 8TAJrresanalysiarwithat proliminaoy fodloswhp waskmiit iprierityi t h

pal mtoyl carnitine; 0.16 uMfor a hexanoyl carnitine concentration (C6);

0.32 uMqéa@rvamedm@myﬂne@pfdwﬁctddraay@@ﬂfeemn@\aﬁ{%%c&@ 10:1 ); and 0.42 uMfor a
decanoyl 25 carnitine concentration (C10). 15 WD 02/-48(97

PCT/ US( 10/ 3378¥;sTheaisl thh€ b boryve- anal ysis 111 and criteria for an
i nmedi ate, or STAT re-analysis 112°in relation to the flag thresholds 110

are al so sh A subseguent rexanal ysi s to obtain ues i s
per f or ned p?%g’d%élegr%r/%%fl at%ﬂlét ‘?%PF/@@{}H%C gé?:%zrls gire.a? . tggﬁgéqlﬁlaﬁ han or
equal to about 0.4 uM 5 ii. C8 is greater than about 0.3 uMand the C8/C
16 s dﬁl@g%ozﬁ Otrl‘ilé&cyédétls greqtsr thapithe @g'Glg flgg dgedold nan about 0.3 uM and t he
C6 is greater than about 0.2 uM or the C 10:1 is greater than about 0.2 uM
and the C 1Gbegrepeduteds raphaind &bgaitmdnJaluks for implenicotation atty b spécafic  An
i mredi ate re-analysis 112 with a prelimnary followup to obtain priority
mean  follow-up protocol 43, which ultimately leads to the diagnostic assistance for propionic
acidemia.
FIG. 5 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 elevation of isovaleryl carnitine. The flag
threshold S0 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-
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to values is perforned provided any of the following occur: i. C8is
greater than about 1.0 uM ii. C8 is greater than about 0.5 uMand the C
8/ C 16 | sv@ueseer than about 0.3 5, or the C6 is greater pdppsilgs 0.3 uM
and the Cl10:1 is greater than about 0.3 uM The procedure is repeated to
get nean val ues as previously discussed for 1 s inplenentation into a
specific fal Lowup protocol 113, which ultimately | eads to the diagnostic
assi st ARuEss 8T pRipndemea whesof @ s performeld prowided thetibevatmsylmathifine assi sti ng
in the diagnosis of very |ong chain acyl CoA dehydrogenase (VLCAD)

def i ci enngentfiticay (GF)ds grehbienthdn spequabto the (Seftagphyestiold S0der i vati zed and

. scanned using a tandem mass spectroneter. The nethod as previously 20

di scussed i s\ripihédiste ysandydins? Hiha ﬁl‘@l[rﬁﬁﬁfy ©8owaf b VbtAd & gﬁ&ri@er?%af Ations

and nolar ratios used for determning the I'evel of elevation o e1
. myri st h il ; . : - ef. yeget at 0.85 uM
far a 3§{u8r%g'taﬂégsb{r)r§lr%{ysl ;g%élltmg g?ﬂ%%ﬂﬁqlﬁg&g{)%?én r?ao?lﬁlgﬁ %Eoglfég)aa?&é) f ?&f’ for an

unsat ur, i st.oyl carnitine concentration (Cl4:1); and 0.24 for a nolar
r at ?o g&ﬁﬁlggﬁé@ﬁ'ur ated (C 14:1 ) with palmtoyl carnitine. 16 WO
U2/ 8697 PCT/ US00/ 33790 The criteria for re-analysis 121 and criteria for an
i medi ate, &r thefATsEealgdhansaboun 29 uMs rel ation to the flag threshol ds are
al so shown. A subsequent re-analysis 121 to obtain nean val ues is perforned
provi ded anyi. te Ghis greri¢rdhimapoot t.0nuM and BGe plopienyd eamitiie dohesmtrtatien A4 fl ag
threshold, or said C 14:1 is greater than the C 14 :1 5 flag threshold; ii.
Cl4 i s [Bieal srgrédtanthababdut 0.54uM or the Cl4:1 is greater than about 0.65
uM and the Cl4:1/Cl6 is greater than about 0.24. An inmediate re-analysis

122 with a i i oLt n.val ues.is
per f or ned p%g?%agﬁgs %?L’Attﬁ%\lfok%t F%&mgg%la%%gir{:l& P 1e|Xt.al ﬁ%@fﬁ? g S%ercé%ct er than
about 2..0 u or the,Cl4.1 s greater than.about 1.5 uM _ii. 14 is

gr ggt e%ol?%}'\*/}l) REsbeRe! (125.35‘”]3'!9/% uhHHg?lp@ea%s i‘h{ﬁf Hagngticasgistapepfqr éﬁ%ﬁ‘?ml. 0 uM and
the C 14:1 /C 16 is greater than about 0.3 . The procedure is repeated to
get nedfid¢Blaues as previously discussed for inplenentation into a specific

foll owup protocol 123, which ultimately | eads to the 15 di agnostic

assi stance FiG. 0soa itethe ciethelyfor &sisting  the disgackis of kypermehdasmioifter a
assisting in the diagnosis of crotonyl co-A carboxyl ase deficiency after a

dry bl agoblse®5po?Bnffillel BApeP &ARkivhSzAGhH V&8 TR ta%?lgrw}ﬁ%s lé%%c?lg) idrandem

mass spectroneter. The nethod as previously discussed i s ap using the

flag t . Y 0 t] used..f o eterm ning the |evel
of el e%l&?%ﬁlog?d Sgp ﬁ%’é‘%ﬁ%g‘éér“é%;ﬂ%g%‘%ﬁeds%%z%e ﬁ?ﬁ %’g???}?@é t6§§%r agfr e preferably
set_at 0.85 uM for a hydroxy- concentration (C50H), and 0.35 for a C5:1
condenfPHEREHIons AR E}ql%/fé pYoP Ufsgés fqr detergining the i%’%l ahdetion of mgthioping n
i mredi at e, or STAT re-analysis 132 in relation to the flag thresholds are
al so sibaHag Hrediplds §0ee precerallmisstsit 60 ulh for thegbethioninesmncsrdtation (inet) ped f or med
provi ded any of the follow ng occur:

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 any of the following occur:
1. 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:
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25 1. C5CH is greater than or equal to the C50H flag threshol d; WO

02/ 8&@7 PCTI US00133790 ii. C5:1 is greater than or equal to the C5:1 flag

t hr eshol @vo fgeedi ate r e-analysis 132 with a prelim nagyp{@ol8¥%pup to
obtain priority mean values is performed provided any of the follow ng
occur: i. C50H is greater than about 3.0 uM ii. C5:1 is greater than about
1.0 uM The ,procedure is repeated to get nean val ues as previously

di scussed f drMPhipREsAERtthan abeuf hidM; specific fol | owup protocol 133, which
ultimately | eads to the diagnostic assistance for crotonyl coA carboxyl ase
defi ci ency. ICB@Hiy @patesthan sbaut A5 nbkandGhe melpbdisigseansr thirbatevi aR&d form for
.10 hydroxyi soval eryl carniti ne and/ or hydroyxl net hyl butylcarnitine. The C5:1

i's the unsatliegiekdieyivrdpRaed t@gettnhdnWaiRE Al f)lieﬂﬁﬁusl%'@is%ﬁﬁﬁh 4si on, according
to each decision tree, or interpretation guide particular for each

) bol:i . DF . i i .
et abolijbemdnhfioR r1§l%?aerkﬁfe{f§5 gtﬂg)ﬁ’f}gli) @Yéﬁoéorl] 33,d\%@h LRl ack v écl?agig ﬁdo‘@? gwtggo%l%

quantified and repor lan to assist 1I'n a

genet i i resulting fromthe 15 deviation (elevation or deficiency)
of g b%goggl%ngﬁgbfaﬁeflg?ghﬁ‘ﬁlgn%t hod all ows one to provide information to a
physi ci an ”ﬁé 2ddi tional tests_and/or clinical assessments (check up,

exami nat i onFlEt ¢S Uied ihEedaathed fop aesisivg iptherdiegnoais of elutayicacidenia aftergy
defici encK of the metabolite, which then results in the confirmed final

di agnogiry blovf epatainufEter phperhedériatjzedariskatmtd ubimg aganpint inass spectamaant r at i on
and the nolar ratio flag thresholds nust be 20 quantified for a consistent

and aCCFHe&ﬁéthcb&és%rQﬁ@hﬂ%ﬂQ@uﬁEd REpbLET fHidd he AR hraHJ Alfofladat a. TERVE 1t
shoul d be under stood that "about” as used in r elation to Figs 4 - 13

means t : j o teriangf i gur whi ch

Vel Uos raraRens il MOat RiSpaNE S AmRRE N L b PLICERRR TS 2T e o

the flag_ threshold, whi 1 oht resu fro ilte aper 2 .

c h:llo ac B (S:ltsh,e eﬁ@c?q%nhgalie L %@@é&ﬁ@r&{]’a?%ﬁ%ﬁtwﬁ%&nnai seases
found, methods of tx WO U2/18197 PCT/ USUU 3379U sanpl e col | ecti on,
change$on¢eniationpdoilgyanddt 12 fr tlecmplon eatiorad glwiarsl ¢aryiting swithamabeiteyd ogr ans,

woul d necessitate the rel ative change of each value in the criteria for all
f ol | owcapstineRBHC:Qll6).val ues shown in the drawi ngs are the preferred

val ues, which mght fluctuate then by no nore than + 15% | NDUSTRI AL

APPLI CABI LI TiterJd'or RE-8BAHSs MEhROEH1BHA N Iah|i@sheARAS F STRANS ahRysidob et i ng
i nborn errors of netabolismusually resulting fromdefective enzynes or

f : ' [+ ' ' by.th bol i
orofi | thaiefEIRE e MEdRRk 8ot A MnREL BRI R Pkl BBha spot s

Newhor n babi es born,with, gertal abolic disorders can die if 10 not
tr ted’aﬁ)ﬁef ﬁinr‘fngpgd p*ﬂ’ﬂijfg a&YPiaﬁlegglﬁ%Wlﬁgﬁﬁc%l MS (tandem nass spectrometer)

data from bl ood sanples fromnewborns, there is a need for efficiently
i nterpreting ¢HPGS islgteater thansheat 506 tlag threstanddiet y of pre- det er ni ned
met abolite concentration thresholds. This interpretation allows
ii. CSDC: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
20  values is performed provided any of the following occur:
i. C5DC is greater than about 0.4 uM;
i1. C5DC is greater than about 0.2 uM, and the C5DC:C16 is greater than about 0.2

uM.
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for proper decision-nmaking necessary for the diagnosing and foll ow up
testing of newborns over a wi de range of genetic disorders. IS 20 25 19
WO 02/ - 8603 0B486H1SU4/ 33790 CLAI M5 1IN THE | NVENTION: | cl ap@fyydens37d4Et hod
for interpreting data produced after a plurality of blood netabolites in a
plurality of blood sanples are derivatized fromdry bl ood spots on filter
paper and scgnned by a tandem mass spectronmeter for clinically diagnosing
newbor ns, cgﬂﬁrﬁrg? 16 15 denepieg o a¢t:mean)values as pleripuslidiscussed forwher ei n sai d
data includes values conprised of a plurality of netabolite concentrations
and a pmpteardntafionfintesl wecifiatioléoveop panocdd 78 owsich ulinfddly apak Wi he dsahestical ues

. to a plurality of decision trees, wherein each of said decision trees are

r ef er erssastafi@rfoagherici aeideatia.net abol i t e, and wherein each of said decision
trees further conprise a plurality of concentration flag thresholds and a

- plurality ofFiaDRas udedtih thefh@od f: §§§rlrkgﬁng?n iR ﬂ%}g%%&?%% hl?erngil%:jtc}r?zlri% Z%%@é? ively

nmet abolite concentrati ons and sali rati conce 0

for .ea ' ite; c anpari.ng.sai d val.ues wi.th said

coné’enfEl ert g‘ts?gﬁ' @FQ‘S%{EP }els%tg% g@&é%&&ﬁﬁ%‘edrﬁgfl is@nleé;}jS“EW teodemn gaass ( g)
identifying whether or not there is a deviation of said values fromsaid
concentsig%ﬁt S dgemprthehe rsvigysly diserssesl iseppliad using thy flag feetholdd 80 for)
interpreting said sanple as being normal for said netabolite, provided

t her e ia ceacentratensandandlat jatins ufed forydevdrnszing thedkud of Eleoarionaifd concentrati on
flag thresholds and said nolar ratio flag thresholds; and, (f) interpreting

sai d sahphydalasinb i) opwireimns (tp). Thé HadlRvésabidoB0 aRY RWferity @Y%t Pfo gy val ues

deviate fromsaid concentration flag thresholds or said nolar ratio ]flag

th h : i | & iL.sing.. 20 VM
o oShoh ot e, LA (oS SOTBELS o S

2/ - B erit{ Pyrng whet Rer "BF "ot "Sard WeWeTom i s
Sarl ¢ A58 o JRRT P Etherih Bt BRRE BRebBLR o "Sar o metabol | et

perform ng 3, subsequent re-anal ysis, pr ovi ded said deviation is slight,
sai d subsequéferifsiadppreyanalysisi8lrand eritesigrfor arsimmgedite, artSIpAT re-anatyspse8 i ng
step (a); taking a nean of said values to form nean val ues; repeating steps
(b) t himredgiiopad thet fldg thiasholda g ateahowal uesibsayet re-analysis 81 to obtain mean
values is performed provided any of the following occur:
1. phe is greater than the phe flag threshold;
15 1i. tyr is greater than the tyr flag threshold,
iil. 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 1. phe is greater than about 240 uM;
ii. phe is greater than about 180 uM and the phe/tyr is greater than the phe/tyr flag
threshold.

The procedure is repeated to 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.



i npl ementing said nean values into a foll owup protocol. 3. The nethod of
claim1, further conprising: 10 perform ng an i nmedi ate re-anal ysis,
provi ded ye@ihgygdevi ation i s significant; said inmediate rep@fpsoiszsg further
conprising the steps of: prioritizing said sanple to allow for an inmediate
prelimnary followup; repeating step (a); taking a nmean of said values to
formpriority nmean values; 15 repeating. steps (b) through (c)_utilizing
said priori tli(lGn%étsnusx‘?éFlhgl@;m%{M for agsisting it thegliagsosis ﬁﬂ\@ﬂ)?@t%}’fhﬁéﬁﬁm@al ues
i mredi ately into said followup protocol. 4. The nethod of claim3, further
conpr i Sisgpse (IMSUDDtaftaya dii Woddipober fiteppapeoisaerivatized lahd s@ahtd/usngh uat i ng
. said newborn, further 20 conprising the steps of: interpreting a |l evel of
sai d deaideti @Bssapedtidnibter TR Mdtieod Arprévigisly ikaksed RapHliRONAS the flAYr POses
based on followup criteria, wherein said followup criteria is specific
- for eanﬂre%ol@@(ﬂfomaﬂ 2B0leht ‘Q?or@rm&i mﬁjrﬁﬁjos\ms%ﬁ" Fﬁ' Cfé%ql?lirﬁgé a2dhfd) bl | ow-up
protocol; repeating step (la to formthird values on & toutine basis,

rovid id vel i Ll d.25 sed on.said fo W criteria; 21 WD
0o 51 6 &8 el B s Tl SRR PRS S Bl b & iR e hisBoi of,
urgent basis with report .to a physician, provided said |level is npderate
baged d?‘rFoérQl’EPt‘PBqug%Cl?ﬁ a&i‘iti ilstoger“F’élF Q%&ﬁﬁ%)e ?%}‘JM fop a canceniation of vaking vabal ues
on an urgent basis with additional test and an alert and i mediate referral
to a sitfaaitheamolaprasioicfdehcirsi with phealylalains (@o/lied;cant 2A2sfed thermelar ttibol | ow- up
criteria; and, reporting said data to a physician to assist in a diagnosis
of a geaeidecwilh slan@enienRs)! ting fromsaid deviation. 5. The nethod of_ Claim
1, wherein each of said netabolites are selected fromthe group conpri sedI
of propionyl AT N l@Ar vl Carnid i ne. .anoy| [ L1he, utary
carnitine, tTc%l% %lﬁrgatfg{;Te %g‘%ﬁtgiin%fl C&%{r&o@y%ﬁg&eﬁgi ér{%es,lg@rr{é? %%%grl:fsﬁse?}‘

henyl al ani ne, and.citrulline. 6. The mgthod of Caim 4, erein said
end? i a0 BFHeTEE I iatboleS i ol havn: Arred iR AP O i gyiein e
citrullipema, MSUD, PKU, VLCAD deficiency, hypernethionem a, isovaleric
aci denivalueglsesformediproyidier any afdhe doliawing occuroA car boxyl ase el evation. 7. A
nmet hod for assisting in a diagnosis of propionic acidem a by interpreting
dat a pr oduceded-tileifsigesata tibmyabbliiotd @yipt on filter paper is derivatized and
scanned by a tandem mass spectroneter, conprising the steps of: acquiring

sai d data, wWheneisisabitediBhRabdihsgas! Ml e GOMBN theSheQhl fa homy!
carnitine concentration (C3), a nolar ratio of an nrm scan of propionyl

carni e ang G SRS LEoTLFLEh) s Pl Pt S8 021
pr OIFS)i OTé/lll/alg ?1212 itl%ries %l({, %i?’)tllqugli})ﬁei ics) rf];réarteer%’lanwtﬁg Iie%i/p%es aigdthlggl?oilg iarcl)cr| the val is
greater than the val flag threshold;
An immediate re-analysis 92 with a preliminary follow-up to obtain priority mean
values is performed provided any of the following occur:
1. 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 lew/ala is greater than the leu/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.

14



tree further conprises a C3 flag threshold, a C3mrm C2 flag threshold, and
a C3/Cl6 flag threshold as diagnostic limts to said C3, said C3nrm C2, and

sai d C3/ §ldot/gsspectively; conparing said val ues, respectipyelysoozbdy each of
said flag thresholds; 22 WO 02/ 8&7 PCT/US00/ 33790 identifying whether

or not there is an elevation of any of said values above any of said flag
threshol ds; interpreting said sanmple as being normal for said propionyl
carnitine, d:rlg;vilgigdisﬁﬁé? themaethod 105 pesisting yatheslipgapsia af cigullingmia aftgr gelsy
perform ng a subsequent re-analysis to obtain nmean val ues, provided any of
t he f olblend spgt oe Gliespaper isslarivated hsd sguadd tsinga tagden herss sfwetromaied TRe f | ag
. threshold; ii. said C3/Cl6 is greater than or equal to said C3/Cl6 flag

t hr eshahethethas mavidusPidisRudsed Brapaliet udikame SR dhieHRR160 £ thdsstdoand said
C3 is greater than about 2.5 uM iii. said is greater than about 4 uM

- and eit o3 &l : j - n. sai.d / f sai d
C3i o SRR Erile 48 1081 SRR Fpp ol eunRle] ek ey 1O SRRCALAT 0

re- anal \sj i relim.nary folla ) _t 0 .oht ai ri ori.Ly n.val ues,

br ogt acit s I R R EiBliPR S cledlelthms e PuPlgpd ot Bt 5. 0

uM ~s ii. said C3.is ﬂreater t han about 7.0 uM and said C3/C2 is greater

than s& @nesiiiesior pheitufiinedglermmgd aligy an renn scapgCitinggldat er than said C3/ C 16

flag threshold; and, initiating a follow up protocol based on follow up

criteria utilbegritayiostar te-arnadysis/Hllisad catergdbdarpiniroediaty, orediA T ad-aredysior

di agnosti c purposes provided either said subsequent re analysis or said

i mredi d02 in selafval ty sheflagthpshblds ardilso2BoWaP A fubséhusal 1d-aaalydis101 & MhEi Ci an
to assist in said diagnosis of propionic acidema. The nméthod of Claim?7,

wher ei By sahd] : ésl;l%]eg?)é&g(g gﬁ)@gjeq,théﬁjillgw%g%pg?uf | ag threshold, and said

C3/Cl6 flag t respective M 0.3 uM and 1.75. 9. A
thod f i Sti. in.a di i f. i | eri [ ia by int ti
dat] pr oducad ey e bt SR e e SRR PLpe T IR RO and

scanned by a tandem nass 25 spectroneter, conprising the steps of: 23 WO
02/ 8697 PCT/Austpuediategeragdyis %yltbaimeluamal;y%@wexprto shtaih praarity imeehudes

val ues conprised of an isovaleryl carnitine concentration (CS) and a

pr opi orvglues srperformed poveded tthieafollowir(gGRursappl yi ng sai d i soval eryl carnitine
concentration (CS ) to an isovaleryl carnitine (CS) decision tree, wherein
sai d deci si @it s @eeateribdiedboaOunges a CS flag threshold as diagnostic

limt to said isovaleryl carnitine concentration (CS); conparing said CS to
said flag t &ﬁl@ip@éegﬁre 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 using the flag thresholds 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 a molar ratio
of octanoyl carnitine with palmitoyl carnitine; 0.16 uM for a hexanoyl carnitine concentration

(C6); 0.32 uM for a decenoy! carnitine concentration (C10:1); and 0.42 uM for a decanoyl

25  carnitine concentration (C10).
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identifying whether or not there is an elevation of CS above said flag
threshol d; interpreting said sanple as being normal for said isovaleryl
carnitingyopyahded there is no said elevation of said Copet/Bsdasism ng a
subsequent re-analysis to obtain a nean val ue of said C5, provided said CS
is greater than or equal to said CS flag threshold; performng an i medi ate
re-analysis with a prelimnary followup to obtain a priority nean val ue of
said C5, proViriademmipr se-anaigsi§ bl andi asigereclon s iminedigte or SRAT se-gnadptier t han
about 2.0 uM 1s ii. said CSis greater than about 1.0 uMand said C3 is

gr eat erli2hanclatiouto tBe Hagireshnids 130 aregals sholvhovk subsprehoealnalygisdadion f ol | ow
. up criteria utilizing said nean value or said priority nean val ue for

di agnosdttgin PraRVERRs RIRYoRBEH BlovRRE afPbfihs YNIRRAHLBECUre anal ysis or said
i mredi ate re-analysis is perforned; and, reporting said data to a physician

. to assist i j i | S. i A cidema. 20 10. The net hod of
Caim9, anf Z@ngsgg%%agg%@aﬁh?lﬁ?%\é otﬁ{ifi ﬁl\s/lao 8 uM 11. A nethod for

assisting in. i agnosi.s of h r et hi gnery i nterpretin ta produced
areer a dry bl SR S vl B Ese HeREI harhabindtalted by s

t andem nmass spectroneter, conprising the steps of: acquiring said data,
wher ei n sai dilg§8as gisaterithas abent Ok uMandiths CHip sreafenthpmphapt 62 W% thet hi oni ne
concentration (nmet) and a nolar ratio of nethionine and phenyl al ani ne

(met/ phe); 24 ClOADiORt8EXTaPahuUSQ20MNE A7 thed i) iy ignaates ahah abali(e3 uvbwith a

met hi oni ne {net) decision tree, wherein said decision tree further

conpri ses a nEbRiRBINEad:l ag threshold and a nmet/phe flag threshold as a

di agnostic limt to said methionine concentration (met); conparing said

val ues, respggct] ) . i.d..fl 1 hr | d: identi.-fving whether or
not there i s&g%&l}éﬁ%é%/égetl%gdﬁg@%géggk&gﬁh asrglglél%vnlgﬁﬁ%@c’gfﬁl v%) Oa&%}nﬁlflo i 0 ag
threshol ds; .int r.Prgt i ng,said ?&”ptlgﬁ as being normal for said

hy p¥r meY3Hes ABRTTELINGE B9 YO G IQUAWINGACHUe| evat i on of any of said

val ues; perform ng a subsequent re-analysis to obtain nmean val ues, provided
any of the 10CBas grsaienthanebant:1.uMsaid net is greater than said net flag
threshold; ii. said net is greater than about 50 uM and said net/phe is

greater thanise8d gididrphen ddoap0.s iMe sibihd (CSPETE RIoidake thah ADTUECIB St the
re-analysis with a prelimnary followup to obtain priority 1ls nmean val ues,
provi degs &y - GhredllankPhBoifib BN GAY e (10, PRIFEAG mACaIRPAL S han about 150
uM ii. said t 1s greater than about 125°uM and sai d net/phe is greater

t han about 25, initiatin foll ow u rot ocol sed on . f.ol | ow up
criteria ut ilTl?ezﬁsr%e S ‘&rﬁpee%?%&%ﬁffé‘é‘ea&‘j%&g?ﬁ i B’F?’Wb]gyﬁsr?ﬂgtsﬁd\f%ﬂ ues for
din;aﬂgnos_ti ¢ purposes provided either said subsequent re 20 analysis or said
i di dp)é)lqnéergﬁwnyyosa §p§c1§@ Ao lrvrag -prcgﬁqp,l 113, which ultimately leads to the

diagnostic assistance for MCAD deficiency.

FIG. 12 is used in the method for assisting in the diagnosis of very long chain
acylCoA dehydrogenase (VLCAD) 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 using 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 myristoyl carnitine concentration (C14); 0.70 for an
unsaturated myristoyl carnitine concentration (C14:1); and 0.24 for a molar ratio of the

unsaturated (C14:1) with palmitoyl carnitine.
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reporting said data to a physician to assist in said diagnosis of

hyper nmet hi onem a. 12. The nethod of Caim 11, wherein said nethionine flag
t hreshol gy@oslyssgd d net/phe flag threshold are, respectivebypdfd4Meand 1.0.
25 WD 02/-18@7 PCT/ US00/ 33790 13. A nethod for assisting in a diagnosis
of glutaric acidem a by interpreting data produced after a dry bl ood spot
on filter paper is derivatized and scanned by a tandem mass spectroneter,
conpri si ng tHe wxepsiopfe-anpdypid 12 rnpdsaitaiadar an imvhedigtenors$i AT dratrmlysicc| udes
val ues conprised of a glutaryl carnitine concentration (CSDC) and a nol ar
rati o df22gh wdlation tocke flag thneshaldel apadlsa dhoyh. casibdséquast GaRSsic18) 1o dpiyi Ng

. said values to a glutaryl carnitine (CSDC) decision tree, wherein said

deci si aedinatuck i SR PRAIEGIN3 CBRTofIb eGS0l d and a CSDC: CL6 f | ag
threshol d as diagnostic limts to said glutaryl carnitine concentration

Fospottivel y Crs SRt i UE ¢ AREh AR o SR TR SO F AR or ot

there is an gl eyvatjgn of any of said val ues above any of said flag

t hr éshol ds; %ttg 6]?@31 ng said sanple as being normal for said glutaric
acidem a, provided there is 15 no said el evation of any of said val ues;

per forni ng di-$dddegieater thaaahputd). Jsud, enthe 61141 1nis gerater ainpbeyt QoovMdad any of
the following occur: i. said CSDC is greater than said CSDC flag threshol d;
ii. saitbhe CHDC/(¥6isigseatpr elneabotih@pd.sai d CSDC: C16 fl ag threshol d and said
CSDC is 20 greater than about 0.14 uM perform ng an i mredi ate re-anal ysis

with a prel i pabydibelbonalyds 192 3Rhal Relphindfy oWt HE B hded any
of the follow ng oclcurl: i 952& d CS[])Cljl?es érnea}lt erot h?}oﬁ%ta&?&agrﬁ&%aﬂi i. said

25 6. 2 ORI Bt sy BBy A8ACH T L at i ng o1 | ow-up-pr ot ocol

based on fol.l up criterig utilizing said nean values or said priority
mead val ues lf&%’ Ei%@aﬁ?i'stﬁ?lbg&‘ﬁ %-Qééés Pribstdtd eptener thanplow dps®duent re
anal ysis or said imediate re-analysis is perforned;, and, reporting said
data to a phy$ildiingrenisr thagiaboutiln’ e, andithagHdsli is gofateythenzaboot G uNEahd. 14.
The method of Claim 13, wherein said CSDC flag threshold and said CSDC. C16
flag thhe€hbll (Cldrie greaes piemtabeed /3. 0. 17 uM and 0. 12.

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 thresholds 130 are preferably set at 0.85 uM for a hydroxy-C5
concentration (C50H), 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:

25 i. C50H is greater than or equal to the C50H flag threshold;
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15. A method for assisting in a diagnosis of phenyl ketonuria by
interpreting data produced after a dry bl ood spot on filter paper is
derivati »oloasmdoscanned by a tandem mass spectroneter, COp@f/Sing-dphe Steps
of: 10 acquiring said data, wherein said data includes val ues consi sting
essentially of a phenyl al ani ne concentration (phe), a tyrosine
concentratiqn (St r), and a nolar ratio of phenyl al anine and tyrosine
(phe/ tyr). &bpi yﬁlﬁ@rgaéqrdhwrlfggaltt@ﬂgz GHémae drgsiold (phe) decision tree,
wherein said decision tree further conprises a phe flag threshold, a tyr
fl ag t hr eshdiimmediate rpaedlysis 132 wih o ipredsmohy falow-up tdioBgnogitority mdaht s t 0
. said phe, said tyr, and said phe/tyr nolar ratio respectively; conparing
sai d vahlvesis peefopeed proelded ahpofe lolfwiggoeeu] ag t hreshol ds; identifying
whet her or not there is an elevation of any of said val ues above any of

- said flag threshyligdsicalcntahRb&HINBuS@i d sanpl e as being normal for said
phenyl ket onuri a, provided there is 20 no said elevation of any of said

val yes; per f.op&i e nal ysis to obtain nean val ues, provided
anygof t he #lépﬁlg&mgﬁgeagégglz@%?mlsg;agﬁphe is greater than said phe flag

t hreshol d; I(:L!P s_ai%f_tyr‘is %eater than said tyr flag threshold; 27 WO
02/ . 48G07 PCTFHEICEMSITEReE] to gel meap Kalnes s previgndudispussedifersai d phel tyr
flag threshold and said phe is greater than 100 uM per formng an

i medi dpglemeataginnfinte ia spedifie follgwpurpioticnhl33y whidh Wimafelyt lsadbtbahe priority
mean val ues, provided any of the follow ng occur: i. said phe is greater

t han ablagho@éissidthnde for s@itahypbeA cabgx@aderlefitiasy. about 180 uM and sai d
phe/tyr is greater than said phe/tyr flag threshold; initiating a foll ow up

prot 0col - bagBbIPfept@Lh@WHIAIRYIAEAIHS bh hEdrBaRAIGTRAN val ues or said
priority nmean val ues for diaghostic purposes provided either said

suhseq l. VS [ 1d i late re-an IS, 1s. perfornmed, and,
ety ol oyt R il o8 ool Tt Batnfi oG S ef St
phenyl ket onuria. 16. The nmethod of C aim 15, wherein said phe flag
t hresh ?‘H}EEDXY‘HaSt Yiepglinehr eshol d, and said phe/tyr flag threshold are,
respective%, |30 uM 350 uM and 2.5. 17. A nmethod for assisting in a
di agnosi s ofn pegslusic®y peqording tecath decisien (IvGUD)ntegpretfiiomgiedppaticuig: dat a
produced after a dry bl ood spot on filter paper is derivatized and scanned
by a taadenvtabslite,shepiesaneietiiod alonprhsdngthahR ssg @R t0be jasaiddimg sai d
data, wherein said data includes values conprised of a |eucine+i sol euci ne
concen ' i : i g A 1 rati o of
éRite® 4 i)l%:‘éldlérﬁl)o asﬁft?ﬁﬁ 2 d‘i‘%g)%lg' 6ENELRLL Q%eés\éq%gt%m% ﬁ(?lln%e

| euci ne "and phenyl al ani ne {leu/p and”a nolar rati euci ne and

al gpi ng_{: .20 | yi sai,d val ues.to.a | euci | eu) deci sjon

oo, " apep St RleRlipr i PRI IR Gl Reb it hestitiod Gl gipvide

thresholfd, a. val fLa 1 hreshé)(i_d, :f\ | eu/ phe nolar ratio flag threshol d,
information to a physician that additional tests and/or clinical assessments (check up,

examination, 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 for a consistent 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 filter paper

19
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characteristics, new insights into disease characterisitics, new diseases found, methods of
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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
sai d val yagoadsespectively, to each of said flag threshol dger/880/33%9

02/ -48@7 PCT/ US00/ 33790 identifying whether or not there is an el evation
of any of said values above any of said flag thresholds; interpreting said
sanpl e as being normal for said MSUD, provided there is no said elevation
of any senplesplecipnuelangesanfiagthodedosy, suenseagtiens from qaalitl psiusance polgrains mean

val ues, provided any of the following occtu i. said leutile is greater than
about 4@dldmdcesditateshe cbldteus-ohhege of egeleedles intthamri@bio tir a35011ovhand Thas,dllval is
. greater than said val flag threshold; to iii. said leutile is greater than

sai d | quthied showrA@ thb iR shrat préfeded f0E Mhich BIRPLE AR BRI e/ al a
flag threshold, or said leu/phe’is greater than said |eu/phe flag threshold

- and saigl valsd,s greater than said val flag threshold; per formng an

i medi ate Te-analysis with a prelimnary followup to obtain priority nean
val gesgiggﬁﬁgg gpﬁﬂ{ éﬂféTtYol |l owi ng occur: 15 i. said leutile is greater
than a n u+tile is greater than about 400 uM and said
| eu/ phe is ﬁfeater than said | eu/phe flag threshold and said leu/ala is
greater thanbg@resenianstapd araniidics pcaspenents fosidetegtingigbaryestarseL up pr ot ocol
based on followup criteria utilizing said mean values or said priority
mean valaawliforusdiljgreedting fipur ¢efewive pnoynaiead cefactoey. Geattic dishdeguent re 20
analysis or said imedi ate re-analysis is perforned; and, reporting said

data t Qltanably YeGiihobdl R5the Sletitdlis prdhilHigddARSASinG facliBW adyeardifigedret hod
Claim 17, wherein said leu+ile flag threshold, said val flag threshold,

sai d | ey/ 0 j . . s
> espec e BB SR NSOl bR R EHE Al IS IRER B8 Fisor aaroo
19. A netho or. assi sti in a. di.agnosi citrullinem a by interpreting
dand prot Stk Eras i, ppriigie SIS R laileblapes sPeiagna i demand
scanned by a tandem mass spectroneter, conprising the steps of: acquiring
sai d d&tapd samplesifions aewbaras, sharp i amred foraflieientninterpestitg dfis datzin reldtionne
concentration (cit) and a citrulline concentration after an nmrm scan

(ci t [ mtord Varieap pf piendptaaiinkdrattabaitt oomcenirtion thieskold<i THis deapaitaiontallees
wherein said decision tree further conprises a cit flag threshold and a

ci t (n My frbid debisRahnildn @ fedsASNRT ithCdibgiBsing ab@ 1B vlup testing of newborns

over a wide range of genetic disorders.

15

20

25

19



citrulline concentration (cit) and said cit(nrm concentration
respectively; conparing said values, respectively, to each of said flag

t hr eshol ¢ o2kfgssdent i fyi ng whether or not there is an el eydfiQfy38590any of
sai d val ues above any of said flag thresholds; interpreting saig sanpl e as
being normal for said citrullinema, provided there is no said elevation of

any of said values; perform ng a subsequent re-analysis to obtain nean
vaIuesSlﬁﬂhﬁiﬂéalﬁbQEﬁENﬂEEN15 following occur: i. said cit or said
cit(mm is greater than said cit flag threshold or said cit(mm flag
threshold; performng an imredi ate re-analysis with a prelimnary foll ow up
. to obtain priority nean val ues, provided any of the follow ng occur: 20 i. -
sai d ciltlaif: greater than about 100 uM initiating a foll ow up protocol
based on follow up criteria utilizing said nmean values or said priority
- mean val ugtndigd ik 3AB0RIE AN RORRSRRAV. fithis (AR RlnSitRSRAYeNt T e
anal ysis or said 1nmediate re-analysis is perforned; and, reporting said
data to a_physici.an to assist in said.diagnosis of citrullinema. 30 WO
00 Scoy RlBE S8ed Brldes S ge sﬁ|7r8‘gff8’ﬁl B BFand 580t QR T RAREE AR ¢ f1ag
threshold and said cit(nmm flag threshold are both 55 uM 21. A nethod for
assi st i ngscppnes by HigReUR grass sppslPgicE Faichnigely diegrasingme whothshGmpiienas e
(MCAD) deficiency by interpreting data produced after a dry bl ood spot on
filter papestepsofierivatized and scanned by a tandem nass spectroneter,
conprising the steps of: acquiring said data, wherein said data includes

val ues conprisRguiging3gidaktaRopteiaididth RRIERHANES @n@ked 681 pludaliipbar ratio
of octanoyl carnitine and palmtoyl carnitine (C8/ C 16), a hexanoyl

carni g RAROSRLEAH: AR LEP) pPRPEERON ARIBhIMaggarcent rati on (C 10:1 ),

and a decanoyl carnitine contentration 0 applying said values to
an gctanoyl .carnitine. deci sion tree,. wherein sai.d decisian tree

furlﬁ her conb?) BRYIRE E%é %ﬁ@s &Oﬁrégﬁﬁ}yo‘ffedgc‘@%’}%f S, Pgtesgin F‘?f?‘i Sflﬁéiﬁ"’rs}ﬂ%s hol d,
a C6 flag threshold, a C 10:1 flag threshold, and a C 10 flag threshold as
di agnodierTare referencedsfos aipartglar W%’O@A arbwhegingadsof said decision treesdhdheyai d
Cl0 respectively; conparing said values, respectively, to each of said flag
t hr eshebnipriseldplucdity of yoregnindtimntfiag thrweshvdds dnkder guralityeof redlevatio dlagof any of
sai d val ues above any of said flag thresholds; interpreting said sanple as

bei ng  mipedmldsfRdiHabstiMEARs defalCineRbNite B6REhERNE RRA 8aill Sndds 186 d €l evati on
of any of said values; perform ng a subsequent re-analysis to obtain nean

val ues‘P@*’@*%‘ﬂ%ﬁ{%ﬁ@%&)ﬁ ﬁ)lq_eg&l ;aﬁ)%lln%w@tepccur: i. said C8 is greater than

or equa i. sal I'S greater than about 0.3 uMand said

08/19 16 1s %)ec%tm%%rigg %’Qld %gft)llég W?th%gi;d concentration flag thresholds and molar ratio flag

thresholds;

(d) identifying whether or not there is a deviation of said values from said
concentration flag thresholds or said molar ratio flag thresholds;

(e) interpreting said sample as being normal for said metabolite, provided there is no

20  said deviation of any of said values from said concentration flag thresholds and said molar

ratio flag thresholds; and,

(f) interpreting said sample as being evident of said deviation, provided any of said
values deviate from said concentration flag thresholds or said molar ratio flag thresholds.

2. The method of claim 1, further comprising:

20



iii. said C8 is greater than about 0.3 uMand said C6 is greater than about
0.2 uM or said C 10:1 is greater than about 0.2 uMand said C 10 is

greater &y t 0.3 25 uMwith a low acetyl flag;, 31 pMASH/3338697
R -

PCT/ L SO perform ng an i medi ate re-analysis with a prelimnary
followup to obtain priority nean val ues, provided any of the follow ng
occur: i. said C8 is greater than about 1.0 uM ii. said C8 is greater than
about 0.5 ulMlentidyisgivhedsr oreotissidgleriation is sigmficandas ompossl toglightabaseddni s
greater than about 0.3 uMand said CI0:1 is greater than about 0.3 uM

i ni ti atrefagalgsik otite@dr wherpinGhidloetanbysie driiafapd dpevificforceach ef k#d uictdboitesag sai d
~nmean values or said priority nean values for diagnostic purposes provided

ei ther said ﬁ%ﬁﬁﬂl‘é%%bﬁ&lu@xﬁ%ééﬁﬁl si9fpro@tiel dBNiAlcR i§ 8 AhdSiubsdqBent
perfornmed; and, reporting said data to a physician to assist in said

. di agnosi s_af . eficien . The method of Cdaim2l1, wherein said
C8 fl agle'taﬁg1 Sslwc?ﬁl%gscé)imdn@%&%gt%)%éft hreshold, said C6 flag threshold, said

C 10:1 flag threshold, and said C 10 flag threshold are, respectively, 0.35

uM %0.28, 0.16 uNFPHUSESER(@and 0.42 uM 23. A method for assisting in a

di agnosi s of VLCAD deficiency by interpreting data produced after a dry

bl ood spot on fi |tekingpapran of saidérlugatq boad nzass veékigkined by a tandem mass 15

spectroneter, conprising the steps of: acquiring said data, wherein said

data incl udes valmepsatingrizps Gedhohgh(gatiliviap eald muanshlogs; aeds ni ti ne

concentration (Cl4), an unsaturated nyristoyl carnitine concentration

{Cl4:1), and a molfjiediéiing s8id eahtiakued Mo Q%l‘[@\ﬁ-%?'ﬁﬂ'&@édl‘j tine (C 16); 20
applying said values to a nyristoyl carnitine ( ) decision tree, wherein

sai d degcision tree.furthe ]S C 14 flag threshold, a C 14:1 fl ag
thresho'd,Eﬁﬁg%ggefiggﬁ17%F@gpgvgégﬁﬁ$eshold as diagnostic limts to said C
14, said C 14:1, and said C.14:1 /C. | 6 respectjvel.y,.conparing said

val Yes, resp¥EiorpEigan lpwle@é%ﬁr%?naéﬁlﬁpfqvéf%%tsﬁ é%ﬁwlé’% 18 Sllgr}gﬁﬁnf’%aﬁg whet her
or not there is an elevation of any of said values above any of said 2s
flag t himenddidte se-agdysis, \WDtlg? comprisipgihie sieE33790 interpreting sai d sanpl e

as being normal for said MSUD, provided there is no said elevation of any

of said val ues; p%ﬁdrnrzmﬁgmicasammseml&)mxtfomeﬁaﬁmb&&ai@relhnmbmﬁonowm val ues,
provi ded any of the following occur: 5 i. said C 14 is greater than said C
14 fl ag thresholqeﬁ&n&%ggpng4zl is greater than said C 14:1 flag

t hreshol d;

taking a mean of said values to form priority mean values;
15 repeating steps (b) through (c) utilizing said priority mean values; and,
implementing said priority mean values immediately into said follow-up
protocol.
4. The method of claim 3, further comprising:
initiating said follow-up protocol for clinically evaluating said newborn, further
20 comprising the steps of:
interpreting a level of said deviation as mild, moderate, or significant for diagnostic
purposes based on follow-up criteria, wherein said follow-}lp criteria is specific for each of
said metabolites and labeled with a code for said follow-up protocol;
repeating step (a) to form third values on a routine basis, provided said level is mild

25  based on said follow-up criteria;
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said C 14 is greater than about 0.75 uMor said C 14:1 is greater than
about 0.65 uMarid said C14:1 /C 1 6 is greater than about 0. 24,

per form r‘?%@m,kmmdi ate re-analysis with a prelimnary foptpyssstgd obtain

priority mean val ues, provided any of the follow ng occur i. said C 14
is greater than about 2.0 uMor said C 14:1 is greater than about I .5 uM
ii. said C 14 is greater than about 1.5 uMand said C 14: | is greater than

about 1.0 uNepasting ated (O tedorm thpdmelyes og es atgent basisrividlba teport 182 Hhisiciadt i ng a

foll owup protocol based on followup criteria utilizing said nean val ues

15 or smovided said leivy] ivmardewad bessd boxaidifeltpvosp critepay poses provi ded ei t her

_ said subsequent re analysis or said imediate re-analysis is perforned,
and, reportiRgeatiah dtefFh)Ro fOmRtHRARRINLRS @H_ah%r%ﬁﬁbﬁs Wwith a@diflosh] aghasd s of

VLCAD deficiency. 24. The nmethod of Claim 23, wherein said C 14 fl ag

. threshag ! 14 1c 1§ t I : i 14 . :eshol d
are, el afflpCndidettip (R TRl Moy BRERRlety R Stk fndfod 216

assi st Ifnﬂ in a _Qi agno(ii s of a Crotonyl co-A carboxyl ase deficiency

el evat i SHOBPPI At e A8 ng data produced after a dry blood spot on filter

paper is derivatized and scanned by a tandem mass spectroneter, conprising

the steps oftepadinastrfgiadadhygeian towsiskiog dagnesisafa sentiqdierderal ves

conprised of a CS-OH and C5:1; 33 WO 02/ 48337 PCT/ US(10/ 33790 appl yi ng

sai d vaksidting from saidddeyiariof5 (C5- OH) decision tree, wherein said decision

tree further conprises a CoOH flag threshold and a C5:1 flag threshold as

di agnos4.i thd inBihba of Clal 1 whekdih et 0¥ 3hid ntatolited apeselldoval fyom eganp ng sai d

val ues, respectively, to each of said flag thresholds; 5 identifying

whet her i : i . o u ‘ of

ai d 1150 eL of BRR R Poif ARIRR il ofin AL futRle BRANRMMIARY 0

crotonyl co-A carboxyl ase deficiency, provided there is no said el evation
of Hhy lByllgﬁﬁéa%ﬁl%gl;ygIﬁéﬁ%gr iﬁuﬁ@ea‘%@}g@%gﬁ@yﬁ%@%eala% Fgmﬁgleobt ai n nean
val ues, provided any of the 10 follow ng occur: said C50H is greater than
or equab. The waihgd cb5Bkim b gvherrie s Benctis sli@rdess incjude:girapipnic aﬂﬁignnaar equal to
said C5:1 flag threshold; performng an inmedi ate re-analysis with a

prel i m NMarAD tefidieveyy pittullinehtia iMSPDI BKILL WLt defidiessy, hppeomethécsheans, of t he
followi ng occur: 15 i. said C5CH is greater than about 3.0 uM ii. said C5:

| i's grgadflid RarnlBhitade Boibidthial Md drafynlid GoA ehlbexyibg diéwtiegol based on
followup criteria utilizing said nean values or said priority nean val ues

for di : _ i ded...ei . saj . . RYEY id
R Rl n

82¥;S5::?;%%}'Fa%r$ blood tspcl)tnonS 1 Ite?' pglljeal! 4 esf{vsatiggd ei:nrcl%tce%rll%éll b(}:/ %-tél e rtr)lgé(sy lase

spectrometer, comprising the steps of:
acquiring said data, wherein said data includes values comprised of a propionyl
carnitine concentration (C3), a molar ratio of an mrm scan of propiony! carnitine and
acetyl carnitine (C3mrm/C2), and a molar ratio of propionyl carnitine and palmitoyl
20 carnitine (C3/C16);
applying said values to a propionyl carnitine (C3) decision tree, wherein said decision
tree further comprises a C3 flag threshold, a C3mrm/C2 flag threshold, and a C3/C16 flag
threshold as diagnostic limits to said C3, said C3mrm/C2, and said C3/C16 respectively;

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



26. The nmethod of C aim 25, wherein said C5CH flag threshold and said C5:1
flag threshold are, respectively, 0.8S uMand 0.35 uM 25 34
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10z is no said elevation of said C5;

10 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;

15 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 re-

analysis or said immediate re-analysis is performed; and,
reporting said data to a physician to assist in said diagnosis of isovaleric acidemia.

20 10. The method of Claim 9, wherein said C5 flag threshold is 0.8 uM.

11. A method for assisting in a diagnosis of hypermethionemia 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

25  methionine concentration (met) and a molar ratio of methionine and phenylalanine (met/phe);
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109%& () 109@ntetpretivigl saik aupiedsdeii@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
10  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 than said met/phe
flag threshold;
i)erforming an immediate re-analysis with a preliminary follow-up to obtain priority .
15 mean values, provided any of the following occur:
i. said met is greater than about 150 uM,;
il. said met is greater than about 125 uM and said met/phe is greater than about 1.25;
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-
20 analysis or said immediate re-analysis is performed; and,
reporting said data to a physician to assist in said diagnosis of hypermethionemia.
12. The method of Claim 11, wherein said methionine flag threshold and said met/phe flag

threshold are, respectively, 60 uM and 1.0.
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(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
10  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
15  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 C5DC is greater than said C5DC flag threshold;
ii. said C5DC:C16 is greater than said C5DC:C16 flag threshold and said C5DC is
20  greater than about 0.14 uM;
performing an immediate re-analysis with a preliminary follow-up to obtain priority
mean values, provided any of the following occur:
i. said C5DC is greater than about 0.4 uM;
ii. said C5DC is greater than about 0.2 uM and said C5DC:C16 is greater than about

25 0.2 uM;
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after a dry blood spot on filter paper is derivatized and scanned by a tandem mass
spectrometer, comprising the steps of:

10 acquiring said data, wherein said data includes values consisting essentially of a
phenylalanine concentration (phe), a tyrosine concentration (tyr), and a molar ratio of
phenylalanine and tyrosine (phe/tyr).

applying said values to a phenylalanine (phe) decision tree, wherein said decision tree
further comprises a phe flag threshold, a tyr flag threshold, and a phe/tyr flag threshold as

15 diagnostic limits to said phe, said tyr, and said phe/tyr molar ratio 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 phenylketonuria, provided there is
20 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 phe is greater than said phe flag threshold;

ii. said tyr is greater than said tyr flag threshold;
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ii. said phe is greater than about 180 uM and said phe/tyr is greater than said phe/tyr
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-

10  analysis or said immediate re-analysis is performed; and,

reporting said data to a physician to assist in said diagnosis of phenylketonuria.
16. The method of Claim 15, wherein said phe flag threshold, said tyr flag threshold, and
said phe/tyr flag threshold are, respectively, 130 uM, 350 uM, and 2.5.
17. A method for assisting in a diagnosis of Maple Syrup Urine Disease (MSUD) by
15 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 (leutile), a valine concentration (val), a molar ratio of
leucine and phenylalanine (leu/phe), and a molar ratio of leucine and alanine (leu/ala).

20 applying said values to a leucine (leu) decision tree, wherein said decision tree further
comprises a leu+tile 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 leu+ile, said val, said
leu/phe, and said leu/ala respectively;

comparing said values, respectively, to each of said flag thresholds;
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i. said leu+ile is greater than about 400 uM;
il. said leutile is greater than about 350 uM and said val is greater than said val flag
threshold;

10 iil. said leu+ile is greater than said leutile flag threshold and said lew/ala is greater
than said lev/ala flag threshold, or said leu/phe is greater than said leu/phe flag threshold and
said val is greater than said val flag threshold;

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

15 1. said leutile is greater than about 500 uM;

ii. said leutile is greater than about 400 uM and said leu/phe is greater than said
leu/phe flag threshold and said leu/ala is greater than said lew/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-

20  analysis or said immediate re-analysis is performed; and,

reporting said data to a physician to assist in said diagnosis of MSUD.
18. The method Claim 17, wherein said leutile flag threshold, said val flag threshold, said
leu/phe flag threshold, and said lev/ala flag threshold are, respectively, 325 uM, 300 uM,

8.0, and 2.25.
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applying said values to a citrulline (cit) decision tree, wherein said decision tree
further comprises a cit flag threshold and a cit(mrm) flag threshold as diagnostic limits to said
citrulline concentration (cit) and said cit(mrm) concentration respectively;
comparing said values, respectively, to each of said flag thresholds;
10 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
15  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:
20 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,

reporting said data to a physician to assist in said diagnosis of citrullinemia.
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acquiring said data, wherein said data includes values comprised of an octanoyl
carnitine concentration (C8), a molar ratio of octanoyl carnitine and palmitoyl carnitine
(C8/C16), a hexanoyl carnitine concentration (C6), a decenoyl carnitine concentration
(C10:1), and a decanoyl carnitine concentration (C10);

10 applying said values to an octanoyl carnitine (C8) decision tree, wherein said decision
tree further comprises a C8 flag threshold, a C8/C16 molar ratio flag threshold, a C6 flag
threshold, a C10:1 flag threshold, and a C10 flag threshold as diagnostic limits to said C8,
said C8/C16, said C6, said C10:1, and said C10 respectively;

comparing said values, respectively, to each of said flag thresholds;
15 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 the
20  following occur:
1. 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

25 uM with a low acetyl flag;
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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.

10 22. The method of Claim 21, wherein said C8 flag threshold, said C8/C16 flag threshold,
said C6 flag threshold, said C10:1 flag threshold, and said C10 flag threshold are,
respectively, 0.35 uM, 0.28, 0.16 uM, 0.32 uM, and 0.42 uM.

23. 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

15  spectrometer, comprising the steps of:

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

20 applying said values to a myristoyl carnitine (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

25  flag thresholds;
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said C14 is greater than about 0.75 uM or said C14:1 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

10 mean values, provided any of the following occur:

1. said C14 is greater than about 2.0 uM or said C14:1 is greater than about 1.5 uM;

1i. 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

15 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.
24. The method of Claim 23, 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.

20 25. 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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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
10 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:
15 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 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,
20 reporting said data to a physician to assist in said diagnosis of crotonyl co-A
carboxylase deficiency.
26. The method of Claim 25, wherein said CSOH flag threshold and said C5:1 flag threshold

;clre, respectively, 0.85 uM and 0.35 uM.
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