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W t hi n thealylee ksddqeydiagnosing newborn babies is disclosed.

BACKGROUND ART:
Automated methods for assessing a patient’s condition are known. Computerized
10 systems can be integrated to produce data that can be compared to a known result to allow for
properrdiagnosing. Such data might be produced by a MRI or CAT scanner, which is used to
identify cémponents within the human body. |
| One particular instrument used for identifying colﬁponents of interest, whether they
are of medicinal or chemical interest, is the mass spectrometer. In reference to US Patent
15 No. 5,453,613, compounds, when introduced to the electrospray tandem mass spectrometer,
-are ionized a'nd essentially fragmented. Each fragment produces a peak having local
maximums that are matched to reference spectra. A compound can be identified by its
associated fragments, each having a mass to chatge ratio, which is then relative t§ the
concentrations of each fragment. All of the reference spectra and compound names can then
20  be stored in a library for correlation and determination. Thus, mass/charge ratios can be used
to identify components from known spectra stored in a database.
More recently, however, the use of spectrometry has been implemented in the field of
clinical diagnosis. See Chace, U.S. application serial number 09/277,119.
Inborn ervors of metabolism usually result from defective enzymes or cofactors.

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




One particular instrunment used for identifying conponents of ?%f'é'?ee% 0,5
whet her they are of nedicinal or chemcal interest, i's the nass
spectroneter. In reference to U S. Patent 15 No. 5,453,413, conpounds,
when introduced to the el ectrospray tandem nmass spectroneter, are ionized
and essentially fragnented. Each fragment produces a peak having | ocal
maxi.muns that are matched to reference spectra. A conpound can be
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threshol ds as a neans for evaluating the contents of the bl ood sanple.
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15 disorders, which, if not treated within days, can result in death. Thus, after obtaining MS/MS
{tandem mass spectrometer) data from blood samples from newborns, generally of the age of
less than éeveﬁ days old, there is 2 need for efficiently interpreting this data in relation to pre-
determined metabolite conceniration thresholds. This interpretation allt;ws for proper
decision-making necessary for the diagnos'mg and follow-up testing of newboms.

20 DISCLOSURE OF INVENTION: |

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

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




15 disorders, which, if not treated within days, can result iﬁ3dﬁﬁﬁ?905Thus,
after obtaining M5/ M5 (tandem nass spectroneter) data from bl ood sanpl es
from newborns, generally of the age of |ess than seven days old, there is
a need for efficiently interpreting this data in relation to pre-

determ ned netabolite concentration thresholds. This interpretation allows
for proper decision-nmaking necessary for the diagnosing and foll ow up
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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
aresult of an iﬁcreased concentration of octanoylcarnitine (Chace et al.). Deficiency in the
activity of MCAD presents with a Reye-like syndrome, mild hypoglycemia, or sudden death.

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

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




As an exanpl e, nedium 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 Rﬁ%ﬁ-l i5
syndrome, mld hypoglycem a, or sudden death. The present (gqsovi des
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thresholds 25 to allow for inmediate attention and action. The conpari son
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newborns wi'th genetic disorders.” In accordance with a first ‘aspect of the
i nventdfon, there is provided a nethod for assisting in a diagnosis of
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sai d deci sion tree further conprises a hres flag
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thresholds;
interpreting said sample as being normal for said propionyl carnitine, provided there is no
said elevation of any of said values;
performing a subsequent re-analysis fo obtain mean values, provided any of the following
oCeurs:
i. said C3 is equal to or greater than said C3 flag threshold;
ii. said C3/C16 is greater than or equal to said C3/C16 flag threshold and said C3/C2 is
_ greater than said C3/C2 flag threshold and said C3 is greater than about 2.5 uM;
iii. said C3 is greater than about 4 uM, and either said C3/C16 is greater than said
C3/C16 flag threshold or said C3/C2 is greater than said C3/C2 flag threshold;
performing an immediate re-analysis with a preliminary follow-up to obtain priority mean
- values, provided any of the following occurs:
- 1. said C3 is greater than about 9.0 uM;
ii. said C3 is greater than about 7.0 uM and said C3/C2 is greater than said C3/C2 flag
threshold or said C3/C16 is greater than said C3/C16 flag threshold; and,
initiating a follow-up protocol based on follow-up criteria utilizing said mean values
or said priority mean values for diagnostic purposes provided either said subsequent re-
analysis or said immediate re-analysis is performed,;




t hresholds; interpreting said sanple as being normal for said propionyl
carnitine, provided there is no said elevation of any of said val ues;
perform ng a subsequent re-analysis to obtain nean val ues, prOV|ded any of

the fol lowing occurs: |. said C3 is equal to or greater thdAJyaeaoes f| ag
threshold; ii. said C3/Cl6 is greater than or equal to said C3/Cl6 flag
-t hr eshreporting daid siath 63 ysican tg asxistan saitl dingsasis oQ¥bEi2nitlaaigletrtim.eshol d and
said C3 is greater than about 2.5 uM iii. said C3 is greater than about 4

uM and either said C3/Cl6 is greater than said C3/Cl6 flag threshold or
- sai d ds/aceordgneg wittt @seadmdrasgmt@fthe/@zerﬂlba,ghenerleptwlded apeethod ferragsiating

'mTEd':ﬁtaedlé & f¥§dv§le LBig infdy W 119t p%\ﬂlﬂgda PRI BioBh 'sBh¢ &y MEan
SGHARPOH Aot bRl . dfy BioB 5ot on

val ues, oW N LGFE greate
about fmer)pmr ig derlvsmed apd acanrgﬁddm@tandhmmmmect?orﬁemMcanmnsrag @he(Eé;@Q is
greatgfr. than said C3/C2 flag threshold or said C3/Cl6 is greater than said
C3/ CL g flag threshold; and, initiating a followup protocol based on

- fol | ovacgpiriog m@rd&i&u&h&mhis@ datadncledes valllescsommpised af dnpgsovadarylycamitine val ues
for di A b sequent re- analysis or

sai d |C%g fatalttlgn ana;%?rBéBE{ys!@%@t@ rc%é%e;'ﬁ%lh%f%%ﬁhe 2005 reporting said

dat a t&ppbﬂqgh%ql dﬁoaﬂewbcarg&ms tconeengration (CS)toc isota‘lerplrwmitime ({CHodaisiona. | n
accor c \Y |

ot hod o et sBd HEAR v2RRfither Randhiet BUGHG redrdl] & WRAREAK MR ., g
dat a ;ﬁatﬁdm\@&rﬂfmantm @nyermawd(@ﬁdot on filter paper is deri vatlzed and

scanng,g{@g Sﬁ]géa%%g%gﬁggmgéﬁ @qmter conprising the steps O . acquiring

sai d |, wherein sal taincl'udes val ues conprised of an isovaleryl
car ni tidengifyingosetherraimnobiheleds an sleyatiorpofdps ebgMe said fldgtithregheidncent rati on (C3) ;

app y'.ﬁleréﬁe?i&g)éazcg%%@%%&s GG hbinf 16568 Novafehy? Rainitinb, bfovitfdd' hErsak oY

- carnitin

said elevation of said C5;

performing a subsequent re-analysis to obtain a mean value of said C5, provided said C5 is
greater than or equal to said C5 flag threshold;

performing an immediate re-analysis with a preliminary follow-up to obtain a priority mean
" value of said Cb, provided any of the following occurs:

i. said C5 is greater than about 2.0 uM;

ii. said C5 is greater than about 1.0 uM and said C3 is greater than about 2.5 uM;
initiating a follow-up protocol based on follow up criteria utilizing said mean value or said
priority mean value for diagnostic purposes provided either said subsequent reanalysis or
said immediate re-analysis is performed; and,

reporting said data to a physician to assist in said diagnosis of isovaleric acidemia.

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

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

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

4a




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

el evation of G5 above said flag threshold; interpreting sai d3Jui@E0%s
bei ng normal for said isovaleryl carnitine, provided there is no said
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val ue tﬂ;esﬁﬂég C5, provided said C5 is greater than or equal to said C5
flag thréshor’d; performng an i mediate re-analysis with a prelimnary
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reporting said data to a physician to assist in said diagnosis of hypermethionemia.

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

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

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

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

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

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

performing a subsequent re-analysis to obtain mean values, provided any of the
foliowing occur:
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thresholds; interpreting said sanple as being normal for said

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

val ues; performng a subsequent re- anal ysis to obtain nean ovi ded
IR0 O

any of the follow ng occur . said met is greater than sai
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provi ded any of | owi ng occur: i. said net is greater than about 150
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to assist in said g{n05| s of ionem.a, I n accordance with a
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dry bl ocod spot on filter &ég I s derivatized and scanned by a tandem nass

spect MSREYIRearcivaS 1or Agonpriicqumnses provided gither Agd SUPseayhre-3IRlSE A sai d

dat a igagf |Hﬁ%|a{@|-é.l§ﬁa|y§i§r§rpbﬁ6ﬂ1éﬁ aAd,gl utaryl carnitine concentration
|lar ratio of gluta rnitine and carnitine

ECSDCr@ﬂ‘B'Smg %ﬁ@t@ﬁgagamc'%?mls@ﬁ%@' fiagnasis of &é&ﬁ?‘?‘?‘%‘éﬂ E(TE%DC) deci si on
tree, wherein said decision tree further conprises a C5DC flag threshol d
and a C5DC. C16 f | reshol d as diagnostic limts to s | ut aryl,
car ni 1 AEaEEARGe Hitheh {'fg'h th%l'f&’eﬁgﬁrbl thers ispreyiged ar"@%@%&f‘%@éﬁ'ﬁt"}lgc'ﬁ mpar i ng
sai d \éaj,mmsrdemg@tgwe‘b WYriné g.g@gg@(mugpbﬂ flag threshol ds; identifying
whet he mter?:retlng 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).
applying said values to a leucine (leu) decision tree, wherein said decision tree farther
comprises a leutile flag threshold, a val flag threshold, a leu/phe molar ratio flag threshold,
and a leu/ala molar ratio flag threshold as diagnostic limits to said leutile, said val., said
leu/phe, and said leufala respectively;
- comparing said values, respectively, to each of said flag thresholds;

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

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

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

i. said leu+ile is greater than about 400 uM;

ii. said leutile is greater than about 350 uM and said val is greater than said val flag
threshold,

ii. said leutile is greater man said leutile flag threshold and said leu/ala is greater
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not there is an elevation of any of said val ues above any of said flag
threshol ds; interpreting said sanple as being normal for said glutaric

acidem a, provided there is no said elevation of any of said jyaly6ss
perform ng a subsequent re-analysis to obtain nmean val ues, provided any of

e o e SRR reknold. of saidiaiiane T realer e SRt 4G YoRe hiag Bitbsho'd o, °

sai d GBUGall ¢alfd grgatehthasisalddvahfiag eesthold5DC is greater than about 0.14 uM

erfor | ' e- LVS).S W rel i m nar l.1 ow- to obtain
o1 or 1 Rerftndl ATRfede ol MG Lbhohnihdpl foldh-A5' cbfin BlotE e [
gr eat evaludsaprogided anpoétha fglioiving acauid C5DC is greater than about 0.2 uM and

sai d qs%é;%%@'clié ;gﬁgéag%}tﬁgn E:B'&Hsﬁ@?m 0.2 uM initiating a follow up

protocol base w up criterra utilizing said nean values or said
pri or iit ysaikdeukilel isegrefater thangalmit i 400puMo@sdssaid deuiphe isi grseter Shard said

) . wesl . > vsis | : ; d.
Fopor ioiiBhe [P ARG o SR el BEPY' Sy R AR, Sepvlgh g hEBRGS oy
aci d_eri’iliﬁatiﬂgna Salowrupaprotoonl based 6n fallbwappeiteriaotitilizing éaid/lmm'gma;ues leersaid s
Py oeadTrfiRsr plucdtor Shbhohlcibdbos ol BANGCF 58l ABRHGaRY fesfratlsid S5,

fil t ersajstipwnediale geanalydis isgerfamded;@adned by a tandem nass spectroneter,

COMPY irgpdtind S GHENS ahy=iBGAY bl P&l lghdkis YNAEGPN sai d data. includes

val ues co 'S a 'lTeucrne+irsol euci ne “conc fon (leu+tile), a valine
concentration (val), a nolar ratio of |eucine and phenyl al anine (Ieu/phe),

o0 2 Bkt o sha 791 AAARbAT RSN e ARREY %S
conpr iaséagnesisanf citiulingémiaghbyt integratingidata proalucéd aftertahdry biwiddspobon filter papemol ar
rati od haflatitEiiiUclnned by a tandem mass spectrometer, comprising the steps of:
acquiring said data, wherein said data includes values comprised of a citrulline concentration
(cit) and a citrulline concentration after an mrm scan (cit [mmm]); |
applying said values to a citrulline (cit) decision tree, wherein said decision tree further
comprises a cit flag threshold and a citfmrm) flag threshold as diagnostic limits to said
citrulline concentration (cit) and said cit(mm) concentration respectively; comparing said
-values, respectively, to each of said flag thresholds;
identifying whether or not there is an elevation of any of said values above any of said flag
thresholds;
interpreting said sample as being normal for said citrullinemia, provided there is no said
elevation of any of said values;
performing a subsequent re-analysis to obtain mean values, provided any of the following
occur:
i. said cit or said cit(mrm) is greater than said cit flag threshold or said cit(mrm) flag
threshold;
performing an immediate re-analysis with a preliminary follow-up to obtain priority mean
values, provided any of the following occur:
i. said cit is greater than about 100 uM;
initiating a follow-up protocol based on follow up criteria utilizing said mean values or said
priority mean values for diagnostic purposes provided either said subsequent re-analysis or
said immediate re-analysis is performed; and,
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and a leu/ala nolar ratio flag threshold as diagnostic limts to said

|l eu+ile, said val., said |eu/phe, and said | eu/ala respectively; conparing
sai d val ues, respectively, to each of said flag threshol ds; 'gent' I ng
whether or not there is an elevation of any of said val ues ég Vﬁegéég(ﬁ
said flag thresholds; interpreting said sanple as being normal for said
MSUD, rgpertinglegid datarte aiphysiciap 4 dssistdveaid diagnesis ahgitrdiinemia.d val ues;

perform ng a subsequent re-analysis to obtain nmean val ues, provided any of
the following occur: i. said leutile is greater than about 400 uM ii.

sai d |lageeerdanes witl gt saventhaaspagioefi the Juvenkiomritiereds @ wathoddfogpesistivg intean sai d
val fl r P L Ll eal ' ' ag
t hresho (? Ogﬁd%igﬁ g&grrguéﬂglnasaﬁgp%df gmr A4?eﬁ’5'flo‘§ eﬁu%g 2 O%m?h%eﬁwiség{;% tf)}eu/ al a

flag tinteaxseliarataprogusa aftenasinebloed gpeianditer paner iscdativatizedsme scrarRec i eshol d

and sg @nyéh njla%s%b@&FcﬁﬁetéﬂF‘]é‘g}n%ﬁdi @lstddsag threshol d; performng an

i medi ate re-analysis wwth a prelTmnary followup to obtain priority nmean
val ueicagiring isgisiddataywiereinheaid grtaoipcides ¥alugs cpmpagaddof an eriapoylcagiiiing er
than ahgudntibn Y&b), 1d moRfirstid Sldsthfoyl TaliithR! &1d bARToARAA I thapd said
| eu/ phe %’sn re%ger)'t ';'33 Sar._l 5]' I eu%lg?ge%? ég tﬁ eéﬂg’fkgﬁand Is{%pgdryeu/gl ais
gr eat d1exe cagitie| eqncanteation (§6.h sierenayl camiiine; eancagirationofG1&xhlupn ot ocol

based fRahdh LANHE cOhideh@hiich (¢iol;i zi ng said mean val ues or said .priority-
mean val ues for diagnostic purposes provided either said subsequent

r e- anAPPYIng sgid valugsdo ameetnayl earniting 638y dedision trpe whereia gaidglegisionepor t i ng
a1 SR NS p°0 U 5 8 OO RSN RSN 4 Qg donce
assi sthneghqig, a C10:1 flag threshold, and a C10 flag threshold as diagnostic limits to said C85
said C8/C16, said C6, said C10:1, and said C10 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 MCAD deficiency, provided there is no said
elevation of any of said values;
performing a subsequent re-analysis fo obtain mean values, provided any of thefollowing
oceur:
i. said C8 is greater than or equal to about 0.4 uM;
ii.said C8 is greater than about 0.3 uM and said C8/C16 is greater than about 0.15;
ili.said C8 is greater man about 0.3 uM and said C6 is greater than about 0.2 uM, or said
C10:1 is greater than about 0.2 uM and said C10 is greater than about 0.3 uM with a low
acetyl flag;
performing an immediate re-analysis with a preliminary follow-up to obtain priority mean
values, provided any of the following occur:
i. said C8 is greater than about 1.0 uM;
ii. said C8 is greater than about 0.5 uM and said C8/C16 is greater than about 0.35, or
said C6 is greater than about 0.3 uM and said C10:l is greater than about 0.3 uM;
initiating a follow-up protocol based on follow-up criteria utilizing said mean values or said
priority mean values for diagnostic purposes provided either said subsequent re-analysis or
said immediate re-analysis is performed; and,
reporting said data to a physician to assist in said diagnosis of MCAD deficiency.
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a diagnosis of citrullinema by interpreting data produced after a dry
bl ood spot on filter paper is derivatized and scanned by a tandem nass
spectroneter, conprising the steps of., acquiring said datﬁadwhe% |n said
data i ncludes val ues conprised of a citrulline concentratio 5 (?d and a

citrulline concentration after an nrmscan (cit n(l g@t}/lng sai d
val uedn@gcerdanaerwith 2 ﬁ@h@bﬁﬁp?ctj@‘dh%iftYﬁmﬂ%@efoeY'ﬁe aireet ofjagpisingdee

furtheh o G8GRIsisSGINITAD Heﬁd.&&%,w.ﬁ@mmgam rcrdut:é%ﬂaré H%OMBSH sﬁmidd as

di agnostic Timts to said 't ne concentration (cit) "and sald cit(mm
concerf'!tP'éWRﬂﬁ ’%@W@@eﬂ@éﬂﬁwW@ ngglﬁl@ﬁss\ﬁﬂpﬁ&"et¢@§9@9ﬂ$'%m¢ sieR$ each
of saigf flag thresholds; identifying whether or not there is an el evation

of any of said val ues above any of said flag thresholds; interpreting said
sanpl @cgyinpgisald drianuherelprsaichdatacineludey values somprised of e siyeated myrigiYsai d

e! evaldafiirtf oo acda)y ah l{'ﬁ§atul%?écf f RiyL0 QriRSasieRtatoh @aliysim 1O

obtain nean val ues, provid lowing occur: i. said-cit or
sai d & MPkF Fﬁt'°|°§cét4éeﬁ"'€rpalmi§?¥| %%F'H"%(Q“‘G)il ag threshol d or sal dcit(mmm flag

thres %b@rmgp@‘cf Oélﬂéé‘ﬁb @myh%ﬁdéa?ﬁlﬁné (tﬁ'?%'e}f@ioﬁ t%@et Whéreli}{ §éfﬂ rﬂeBi%fo)‘n tféé' | OW up
to obtain priority nean “val ues, providéd a | owi n1g occu

sai d élﬂﬁ!thfscfﬁ'm&?ﬁra H4nflag, Bues %l\@”i hlﬂﬁgathr%gofa ﬁﬁﬁl%\)@lﬁp lﬁﬂﬁtﬂ?@ol

based tiirashdlé | BVibighdstié tiMts do Wald T4 Ngaid at i Teay yaatt?ﬂ T 18kSpediVdipr i ty
mean val ues for diagnostic purPoses provi ded either said subsequent

r e- an&PPPRENG$aid é’@!l-'@ﬁ respeativelye Q%a@rﬁls?glf?glt@eﬁé?'q%r med; and, 4d 13 June

2005  jdeplfird Westhé ¢f rdRtierd @ a@n BRYSHH GaryQGf3aRd veiudsMabodk %n?'o@%ﬁi@sﬂa‘g
citrullinema. In accordance with a seventh aspect of the invention, there

is a WEHBIS or assisting in a diagnosis of nmediumchain acyl-coenzyne A

dehy difapramg s%l%@ﬁ)pl@'ﬁé b6ihg Mebmdl Yor $did MSULS éﬂé\%éiﬁ%ét&%%%ﬁﬂeﬁﬂét% a dry
bl ood spot on | ter paper I's derivatized and scanned
of any of sald vaIues

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

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

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

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

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

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

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

~ In accordance with a ninth aspect of the invention, there is provided A method for assisting in
a diagnosis of a Crofonyl co-A carboxylase deficiency elevation by interpreting data
produced after a dry blood spot on filter paper is derivatized and scanned by a tandem mass

spectrometer, comprising the steps of:
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a tandem nmass spectroneter, conprising the steps of. acquiring said data,
wherein said data includes val ues conpri sed of an octanoyl cam’ti ne
concentration (C8), a nolar ratio of octanoyl carnitine and é@‘i#
carnitine (08/016), a hexanoyl carnitine concentration (C8)" éf"%l oyl
camtine concentration (010: % and a decanoyl carnitine concentratlon
(C10); E%ﬂlnglsﬁ@(@éﬁd"h%ﬁlﬂlégld tadncludasaradygs commpiped pfca CEOH aad C8ilon tree,
wher i gy’ s Vel 5@@&&9@59;95:@@%&%@ r68 Whéigint &g Seeisfbn Fed B/ C16

nol ar rat’i o ag threshol resho |'ag_ t hreshol d,

~and a eﬂberfqoa@ﬂﬁ% 2 §%6Hflag dhreshaihand a&ﬁ 1 flag @r@%w@aas@!@pstl% bmits tosyaidi e,

sai d (E50R@nE s&ibL5t1 rédpdciRlyd Cl0 respectively; conparing said val ues,
respectively, to each of sai'd flag thresholds: |dent|fy|ng whet her or not

t her e GONRARNG BaidyAluSH TEpPantiyelvito sashiohaid fap thimsbaldsiny of said flag
t hr eshakglfying ﬂhéﬂh@F slt hd;tghé.@l i€l af ¥Rbforfsr Qﬁy 80%:d4iP VARés hBSveSaHydor¥afiag

defi ci enc provided there is no said elévation of any of said values
per f ortfifas 0stsubsequent re-anal ysis to obtain nean val ues, provided any of

t hef 0||hfég3r8ﬂ1g 841§ Wample a%abéinﬁlohﬁal%?%b%r cfof@ﬂl 96-#?‘&%5@!&3@9%6&{4 uM

.said greater than about 0.3 uMand sard C8/Cl6 i's greater han
about yovided ‘ihPTe ‘§&P&a@@|?@t'gﬁéfi@"é/r°fﬁaﬁ vaest 0.3 uM and said C6 is greater

than aiemimigd sifschliertablnabdd 1d chiirdiRahValcaAprotkiar). & tHb/aRdiRal d C10

is greater than about 0.3 u a low acetyl tlag; pefformng an
i mMmedi%ertre-analysis with a prelimnary followup to obtain priority nean

val Ue%aldDCSUH(il@&eﬂféthﬁifn drféauél%héxwomH%@%resheadsal d C8 is greater than
about said C8 greater than about 0.5 uM and said C8/Cl6 is

gr eat eﬁa'd('ﬁ%f‘u l%gfsaier@agsareeual tQ said COo! flag hrashipldi t han about 0.3 uM and said
C10: 1 deprofthifgtad inhédiaRbelbnaf)sd Wik a' ﬂrbhhﬁfew‘%llﬁwfdb' &P%ﬂdﬁ: BricHtP Gdanbased

on followup criteria utilizi'ng said nmean values or said priority nmean
val ueafuss, RIP‘&%%@H@%%MB‘!J@E O5F¥vi ded either said subsequent re-analysis

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

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

from analysis to diagnosis.
FIG. 2 is a flow diagram showing the more detailed steps and decision tree involved in the
re-analysis protocol.
FiG. 3 is a flow diagram showing the more detailed steps and decision tree involved
in the follow-up protocol.
'FIG, 4 is the decision tree for the implementation of the method for propionyl carnitine.
FIG. & is the decision tree for the implementation of the method for isovaleryl carnitine.
"FIG. 6 is the decision tree for the implementation of the method for methionine.
FIG. 7 is the decision tree for the implementation of the method for glutaryl carnitine.
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said imredi ate re-analysis is perforned; and, reporting said data to a
physician to assist in said diagnosis of MCAD deficiency. 4e 13 June 2005
In accordance with a eighth aspect of the invention, there 1|$ prodr

met hod for assisti ng in a diagnosis of VLCAD deficiency by A % |ng
dat a produced after dry bl ood spot on filter paper is derivatized and
scannddGp§ isthe daeisipn N§§§°r§b%lf'ﬁ9|%ﬁ%@té§'°n of dpmietioddor phenylelapige. of : acquiring

sai d daea 9 WReTtRe Ndeddion daka forﬂcinéd%préméﬁ@a%oﬁowth%eqlnétﬁooﬁ oAl uahed
nyri StOé iq’cam tine concentration (Cl4), an unsaturated nyristoyl carnitine
a

concerft trihg dacisian tree fy theimplamagniation;ab ther methad foraull&i ni t oyl carnitine
(C16) ;F1eP®! ¥ithe dédéieh ¥as fthd ﬁp%nﬁ@&ﬁétﬁ;h%'thé%ﬁ&!hbﬂ%dc@%}l deci sion tree,
wherein said decision tree further conprises a Cl4 flag threshold, a Cl4:1
flag {AFiNSol d, and a Cl4:1/Cl6 flag threshold as diagnostic linits to

sai d @ld, 15Rithe §cksidn a8 fbr o7l .%p%%nlét@%ffmﬁe@.buvﬁlru ristdyPTPar i ng said

val ues, respectively, to each of said flag threshol ds i dentifying whet her
or notcaf is an el evation of any of said val ues above any of said flag

t hr estFpGAes isithd 86d¥i6H r8@fo? MnpRimEriatdfh of e HHeMBA 'F@'hy&n%&y—@%' d MSUD,

provided there is no said elevation of any of said values; performng a
subsequent re-analysis to obtain nean val ues, provided any of the follow ng
occur: 1. said Cl4 is greater than said Cl4 flag threshold or said Cl4:1 is
greater than said Cl4:1 flag threshold; said Cl4 is greater than about
0.75 uMor said C 14:1 is greater than about 0.65 uMand said Cl14:1/C16 is
greater than about 0.24; performng an imedi ate re-analysis with a
prelimnary followup to obtain priority mean val ues, provided any of the
followi ng occur: i.said Cl4 is greater than about 2.0 uMor said Cl4:1 is
greater than about 1.5 uM
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ii. said Cl4 is greater than about 1.5 uMand said Cl4:1 is gil@dt®8240%an
about 1.0 uMand said Cl4:1/Cl6 is greater than about 0.3; initiating a
foll owup protocol based on followup criteria utilizing said nmean val ues
or said priority mean values for diagnostic purposes provided either said
subsequent re-analysis or said imediate re-analysis is perforned; and,
reporting said data to a physician to assist in said diagnosis of VLCAD
~def i ci enBEST MOBE FORIGARR YWG OUT THROMVENPRSR: of the invention, there is.
provi ded A nmethod for assisting in a diagnosis of a Crotonyl co-A

car boxyl ase dEfeiméthoiowilleosba deRibddin dethit inYeRtibi e agadfaredintdfiora: afit er a dry
bl ood spot on filter paper is derivatized and scanned by a tandem nass
spect r oniémentioR tetdoN Which & exbBplaryGh natie add debbiRival) ABeciMcH Wistlona, sai d

dat a, .vvherlgdisn sai d data incl udelgﬂval ues conpri g%g‘ (8)1? gecCS-O—I and C5:1;

appl yi ngAs iticdstyabiy o wilPbPurnd¥ S thalem HrReriGhbs €6 6dopd Shd fd&iowher €i n sai d
decision tree further conprises a C50H flag threshold and a C5:1 fl ag

t hr eshiol gerdby HteRGAD Thé fvédiidh bfcolPasiad fch SREHHANATRtH, foditicitRargct i vel y;

conparing salid values, respectivély, to each of said flag threshol ds;

i dent i fYﬁlaﬂlu%’&écf&iric@,ranﬂQﬁchtﬂﬁ%fc?gﬂpﬁcﬁi&n@bﬁﬁ@%ﬁ&gﬂéﬁfofgﬁ%ﬂﬂ igiel d val ues
S, etin

above any of said flag threshol I nterpr sal d sanpl e as being

normal 1 iffsthek hefefrd LORNI ﬁg?ﬁuga ues{b&%&% Hiilelt il ROGY 0 wilGIPRL ﬁ:%gntfoﬁler eis no

said elevation of any of s perform ng a subsequent re-analysis
to obtaigpgpean values, provided any of the following occur: said CoOH is
greater than or equal to said C50H flag threshold; said C5:1 is greater

h ' i hreshgl d. . ' ' di
recanal ysr's. wt Ao e BB alph e Bis e R Bl B RBBIoo SRR vt e
P OV e el ) B bty MR Tt spercited, 65 SR i about 3.0

can be presented on a monitor to allow for viewing and/or printing of the output. As pért of

this data écquiring 1, the ﬁrst values produced from the scan of the mass spectrometer are

processed and printed imfo spreadsheet form to further allow 'checking of the calculations, a

means of assuring accurate number production and quality. The acquired data 1 is then

15 examined by applying the first values obtained to the decision tree 2 particular to a

metabolite. The first values to be interpreted 2 consist of mean metabolite concenirations and

molar ratio coﬁcentrations produced from the fragmentation of the metabolites scanned. The

concentration of the particular metabolite is read from the fragmentation of the butyl ester

occurring at a specific mass to charge value upon derivatization of the metabolite. This

20 quantified number, normally in units of micromolarity, is compared to the flag threshold.
The metabolites, as further described, are grouped as carnitines/acylcamitines or
' amino acids. Each particular metabolite is derivatized to enhance the detection of the
fragment of concern, and would produce a peak upon scanning corresponding to a quantified
concentration number, and compared to the decision tree 2 flag threshold, which is a

25  particular standard deviation away from a mean value for the particular metabolite fragment
5




iii said C5:1 is greater than about 1.0 uM initiating a fol | G4 239P8t ocol
based on followup criteria utilizing said nean values or said priority
mean val ues for diagnhostic purposes provided either said subsequent
re-analysis or said imediate re-analysis is perforned; and, reporting
said data to a physician to assist in said diagnosis of crotonyl co-A
carboxyl ase deficiency. BRI EF DESCRI PTION OF THE DRAWNGS: FIG 1 is a

fl ow di a A ﬁ?lsi ER%)% | B0 ' eps ,

i nvol ve?i&{n rorrgl%&r'lg%g(shl\ég 0 (C)iII éﬁg@%{&%@ ﬁ%qgéﬁﬁ%}ﬁ%%gmm%how ng the
nor e detﬂxisL Steps and decision tree involved in the re-analysis '
pr ot ocol . 3 is a flow diagram showi ng the nore detail ed steps and

tree Tor the A BGHR wpled iR bRl b ccohtnttal bl T
carni 1 Bt SERBfER o lophdfio RUGEIERLEL 30 Weabold TRIREE R Pt T
I B o S A, T
L P P RS BT
16,1 i e AR B 58,5
R ] N LR L e

decision tree for_the inplepentation of the method for hydroxy-C5. 4h
be understood that a concentration is deemed relevant if it exceeds a threshold ‘when the

10  metabolite may cause defects if elevated, and the concentration is relevant if it is below the
threshold when the metabolite of question may cause defects if deficient. Because of this
fact, any élevaﬁbn or deﬁdiency can be called a deviation. For the purposé-s of claﬁﬁcation,
an elevation will be discussed, whereby a deficiency should be inherently understood
depending on the metabolite. Both upper and lower concentration flag thresholds and molar

15 ratio thresholds may be utilized in some cases where both an elevation and deﬁcienéy is
significant in determining what defect may be present.

A stat re-analysis 4 may be performed if an initial concentration of the metabolite
significantly deviates from the flag threshold, which may be evident of a genetic disorder.
An immediate preliminary follow-up 4a would then follow. Whether or not the deviation is

20 deemed significant depeﬁds on the amount by which the metabolite concentration deviates
from the flag threshold based on the interpretation guide for each disorder. In any effect, a
subsequent analysis 3 or a stat re-analysis 4 requires the data to be re-acquired 1. If the scan
shows normal metabolite concentration levels as compared to the concentration flag
threshelds and molar ratio thresholds, the interpretation may be that the blood component

25 levels are normal 5.




13 June 2005 BEST MODE FOR CARRYI NG QUT THE | NVENTION: The ntt#8% 28F1 now
be described in detail in relation to a preferred enbodi nent and

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

I nventi on enconpasses such alterations and further nodifications in the

11 USt rat ed dppeing GVhSHSRIGHE bBBboIRRLALEANS Bl BBARIAICI Pl e Of the

invention iIIustragted herein, as woul d nor y 6ccur to persons skilled

o T SRl T AT A 3

nmet hodol ogy are shown 1 n sanpl es 0 are scanned by

the el echfQsid t MBBSS dRRee o IS8 ' 1. This

data can be ﬁr%ﬁ?ea%?e ~on %ggrmnl 't;.nf)gr%e%to a|?eg\§vﬁft% %Eﬁgﬂﬁ%"gﬁéd‘;eo printing of

t he out LS. a L he finst. val.ues produced
%denﬁﬁ‘ﬂ?@%l vaibn g&'&b%,légﬁ)b IRl g%lljow-l%p { oot 7w ugirqem hronteed.

fromthe scan o e nmass spe pro se
spr eads N f th al.cul at.i.on a ., means of
osur ol bl cheiccdn Bt BIIE L eRE R oy ot oSy B e 171 <

t hen 15 ' b ppl yvi.ng the first. val ues obtained to. rhe.decision tree
2 parti coﬁl@?g&ﬁ % Xﬁn%tag%ébfglg?nqﬁ%ﬂﬁ 8810811 Iﬂ%@“@% ngh‘b‘? Y 2 consi st
of mean t |ite concentrations and | ar ratio concentrations produced
fromtheﬂpﬁrchgc(r%% SP oRmarey thr‘?‘g%%ﬁ‘?qf"?%vv@‘&aﬁiﬁﬁed. The concentration of

t he particul taholite js.read fromthe fragmentation of the butyl ester
occurring at?ﬁe%@é‘@i’w{g" g’sdefﬁm@ﬁﬂ‘re FRCLE SHRGAEY Y‘*\?"’Q’P]P’%%:%’ioéf‘? of the
met abol i, te. . This 20 quantified nunber, normally in units of mcronolarity,

i s conpé‘i‘@ﬂdlﬁtﬁiyt(ﬁ@ W%PYF%?%&MWW@W%$%‘§“PP55 e further descri bed,
are groyped as carpitines/acylcarnitines or anmno acids. Each particular
et Mol Oewnbes inanpipae BICh 2, (The rrafriemined taesbeld flaghfonpach pertiogiimgrent  of
concern, and woul d produce a_ peak upon scanning corresponding to a ,

~ quant i f megebolite arecampared Brihainitisbeoncentrations ohthe mptabolite20 aftecbeinpn tree 2 flag
threshol d, which is a 25 particular standard deviation away froma nean

val ue f aeanndde Theathreshald Hag settingdlmve beenfdeveloped basel upch Manycfa@@® Such as '

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

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

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

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

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

7




concentration. The flag threshold particular for that netabol 13 dun&2005

diagnostic limt to these first values. Wen the first values for the flags

and netabolite fragnent concentrations or nolar ratio concentrations are

applied to the decision tree 2, it is identified whether or not there 5
needs to be a subsequent re-analysis 3, or an inmedi ate, stat re-analysis

4. A subsequent analysis 3 may be necessarily perfornmed if the scan

r eveal edflag iheaioldsomd endlaraitioairetonls 22.5 TheoRt raties 26 inflortaitbkoausy Bt er than

the pre-determ ned threshold for the flag setting. Each threshold is

_.uni que fmcolmtlﬁah'bﬁﬂiﬂﬁtﬁbfﬂiebbbﬂbpoten&ﬁlﬁﬁfﬁa&ﬁtﬂ&&weﬁﬁ:s&ﬂﬁ% Resrgp@Rer i bed. 1t
should be understood that a concentration is deened relevant if it exceeds

a t hr eshadygthehafabilitgofiBe tikdkadss) nuinber BT ¥elBpd@ehatRk &Cvdiuhd makteyat ed, and the
concentration is relevant if it is belowthe threshold when the netabolite

of quest.iceount@lfof; MME, o leRGhdenirdtio Of ine nRMbolitBRGH S 8p 6f ddvi fhe ditRCF any
el evation or deficiency can be called a deviation. ]E—or t he purposes of

clarisi cadolslytes orelsaMaE isAindve kinsilife HidRa1055RBuse WS hMehahet RlldtkE 8ICY shoul d
- be inherently understood depending on the netabolite. Both upper and | ower
concent raeiafithérl ag t hreshol ds and nolar 15 ratio thresholds nmay be utilized
I n sonme cases where both an el evation and deficiency is significant in

0 some _ . ‘ ney is
eterm ni ng Wat ndek fho HRYnBRioR! £ 8N oreafr Hallthe B @gméﬁ'ﬂg%gqﬁglggg“y

performed if an initial concentration of the neta |
i sor dor™ TR A oAl A0 AR skl ol ST R EXDRAT PN BB L et ner
b cn e Bl Al 4R (RRTE B BleBl 22 G0N pERB R pATBERE o ase
anal e A ELBEIE Pl Sy Blan S8 Rk PRl sk B B qui e 1.
the condURaPPBRRIeR 3G e eRg e TRl Ao are g G B, (ho

June. 2004e e R B A i R T AR PET Ry PIBEr gt anned, 1

t he metabglites , ) .
periormed. And in both cases, if the elevation is present by comparison to the flag threshold

21 but not significant 23, a sub-sequent re-analysis 3 is performed. This is achieved by
15 acquiring a new set of data to obtain second values from the sample, by re-testing the sample
aﬁd averaging the results to form mean values of the concentrations, which can then be
. implemented iﬁto the follow-up protocol, as follows.
A follow-up protocol is then initiated 7 following any re-analysis for determining any
possible interpretation for diagnosis.

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

-25  mild 32, moderate 33, or significant 34 based on the criteria in the interpretation guide for
' 8




concentration is not significantly above the threshold, but st3{4neRd0Pat es
inrelation to the threshold, even after re-analysis, the next step would
be to interpret 6 the sanple as being evident of this elevation (or
deficiency). In this case, a followup protocol 7 would be 5 initiated,
such that the detection process would be repeated and all attention would
be focused on this sanple. After any subsequent repeat, a diagnostic
interpre ' : i ot ' s n t.d ' istent with
Pr eL3h LROLSHIBY Al & bed. I e ddviiidn 18%%%3&{1 thild 32 based vt bl

PoguE Rt
any subsequent eval uati on. riterira i1nvolve ecr drng whet her or

- I . i i I - I
ot o SHBSRRMSR o USRSk ol 40 AN L PR 120
o Okl RS A5k B £k kg O och part cul

net abol ite “are conpar e &19%f -t he netabolites 20
ft bei . _The t.h hol d .f tt h b d .oped b d
Shon iy adfBFEREHn o EETRRY Bt s BB R R ™
i ndi vi dua re.al.ready sick,.auto repqr .and experi ence rou

ooet] ¢ Bttt wRlef i iR e SO B echSP R leupioR el F o of 1 b 15

met abolite .of interest i reater than the f t hreshq 21, then a

ot or i riIo g Aochiiaety, die S R Paoisgiient o Son b bty EREREPE 5 obe 1h s i s
det erm ned gy comparjn ach flag threshold to the initial concentration
of the rEPRISSFFe é%é%ﬂifying whet her or not the el evation (or

defi ci ency) ﬁx eeds the fl%% threshold by reference to criteria for each
met abol i t e. ¢ Hipatiois,cansidered significan);34; basad @n theeriterias anggerheep¢A PS4 and
prelimnary follow up 4a would be 20 perforned. This is achieved by

pri ori t iagddisgnal festingprgblainadhizd sebof Yabies,apch anferdirenienipacidemia, gaether f ol | ow up
and re-running the sanple fromthe sane filter card to acquire a set of
pri ol t jozgagic agidenias, is Rnfosmed alongosithog wiariabio aspesiakighqartivylagtorpedisorder th t he
first values to formpriority nean val ues because they are nore

si gni f i cassrtaih@n expepise femlisicilemaliation. t he fol l owup protocol. If the initia
concentration of the metabolite is not greater than the flag threshold 21,
25 t he nol ar Thapieentmethedtandt fiother @idersiodé by tdfiratingthk wblepardettdia it hei r -
respective concentration 7 13 June 2005 flag thresholds and nolar ratio
t hr esholfigare2 2 - 10T Rackvfibae repedsértsthe devisioitee peosént@ibfopeisl paielaraccount  f or
variability of the blood spot on the filter card. Because the sanple is

or i gi nalpkefabolite, which is necessary because each metabolite ionizes a butyl ester fragment at a

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

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

" The method as previously discussed is applied using the flag thresholds 40 for all
concentrations and molar ratios used for determining the level of elevation of propionyl
carnitine. The flag thresholds 40 are preferably set at about 5.0 uM for the propionyl

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




dry, the variability of the thickness, nunber of cells, and ckaltje20f°

vol unme nust be accounted for. Thus, as the concentration of the netabolite
may go up or down, the ratio of 5 two analytes in one sanple is a nore
sensitive indicator because they both change relative to one another. If
the nolar ratio concentrations are not greater than the concentration flag
thresholds and nolar ratio thresholds 22, then the sanple nay be | abel ed
as nor Matamities fitm/G2), ahld Booul DY & for iRl hlaGRRF&H Abbipd c%ﬁn‘fﬁ%{ﬂd to be
greater 22 by reference to the criteria particular for 10 that netabolite,

t he el evpdlinRtyl Shrfifihd ((PA0MH. | S then conpared as above 23. Thus, if either
the initial concentration of the netabolite or the nolar ratios are

si gni fi cant | yriglRras &R rdihalysRlsg By Cediftol Dinfldilaf) Lfsrr@ﬁaé_-ﬁgﬁgisﬁi e stat

re-analysis 4 with prelimnary OWup 4a IS pérforne i'n both

cases, | rélgongb ¥ ﬁﬁg gﬁ’esh&dpﬁ@ég Biso Qi/o“fﬁ%@&ﬁs@%ﬂt rE-%nelrﬂgs?s tfoloﬁgjrntnljé%ﬁs hold 21

but not significant a sub-sequent re-analysis per This is

achi eé’edvalmés%e&&%éhg meaaﬁﬁ%ﬁtg@fogﬁ\aing%&mtp obtain second val ues fromthe

sampl e, by re-testing the sd veraging the results to form nean

val ues of the @ﬂgg&m%%%gﬁg%rm%@@%gpgﬁﬁgﬂ{r&ﬁ& be inplenented into the

foll owup protocol; a W-up ptotocol is then initiated 7
fol I'ow ng any; | VS r 1 N ssi bl.e.. i erpretation for
i agnos o. 24 FPEER el oiflor REAFLBILI0 e mnBIRE o Co Ot S 3ol
fol | ow 7, val . Priorit |l ues are identified from
t he subggadluﬂél?} ?%fﬁgggﬁlsg?lgg%dgémt t‘?‘%é""g‘?gg ® anal ysis 4, respectively.
These val ues.t hat. ar evat e S de ependent on i sion
e aboviCRds Pl B e 8 ee it EFche Barenten R bR G 7 ey
al so, follo re- sis. The level of elevation (or deficiency, if
010 edioRosiiffor SHEREEY S0 suongimmies o fas ol

requ}re(ﬁ; -G OF P 3 grsaterhan g ag thessholfhder at e 33, or
significant 34 based on the criteria in the interpretation guide for 8 13
June 2005  edTHEARISOM RIAT resanplypis mith a geekiminapeigllowfuptio ebtain gvigiityon i s -
considered m |d 32 based on the difference fromthe threshold, a routine

repeat 3% yalpesy parforned provided any of the follomirfomeentsiy a | ess prioritized repeat

of the testi n%v_vithout an alert to a parent or physician.
_ i. C3 is greater than about 9.0 uM;

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

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

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

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

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

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




If the elevation is considered noderate 33 based on the'critégyﬁwegnoﬁrgent
repeat 36 is 5 perfornmed, which is different froma routine repeat because
the elevation is reported to a physician. Accordingly, the physician can
suggest to see the baby and possibly get another sanple or confirmthe
results. If the elevation is considered significant 34 based on the
criteria, an urgent repeat plus additional testing to obtain a third set

of val Uﬁtﬁ]alyﬁﬂshtoﬁibtﬁxpimBMMf@S@%@ﬁ%ﬂpr@ﬁdﬁ?tﬁﬁ%o%rﬁ%ﬁﬁfﬂn@ aci dem as,
is perforned along with a referral to a specialist particular to a disorder

to ascedphénfatéi (€58 bich®Phhbr Gl MR C5MptakbRRe. The present nethod can
be further understood by referencing the tables and criteria in figures 4

-10. Each fi %ﬁﬁaﬁeﬁﬁfe@éﬁﬁﬁlﬁﬁ%ﬂﬁ&ﬁrﬁﬁxﬂﬂm&@&ﬁmﬁﬁ%@%&ﬁ?a% ritffiedh particul ar

met abolite, which is necessary because eaCh netabolite 10onizes a butyl

ester | NAREBRin BbvakrhiSadiihh £6R0BR o % EhBRAR o P bite 2nd cach

netabolite concentration (1n units nmust be conpared to

a difd e!’fsmvrﬁ]%lé&&fgw d flag. The butyl ester fragment is directly
proportional To the concentration of the netabolite. The preferred val ues

~of the thre d interpretation flag settings, are
' Fhﬂégsyoé%%?or gg{’:{ha'

seen in tabulate nmet’abolite. 20 FI G 4is.usedinthe

o0 spot off 11 11 Srertdbreif A STIB indthe RRRA A B HRB B Bhcrm, s

spectro s oL 0 eviously discussed is applied using the flag
TGt bt R L 25 oL

t hr eshol conceé tions and nol ar ratios used for determ ning
the | evel of.,.elevat,ion of pr.opiqnyl arnitine. The flag thregsholds 40 are
preferably sﬁc %?ceg'%ﬁreg?a%dg‘gﬁ&&i’ea‘f Hagueﬁ?%*m enigonIgio s PEGUC ( C3) -
concentr.gtion, aboyt 0.3 fqr. the nrm scan of propionyl carnjtine with

acet'yl f@{%@‘f’ﬁf?fﬁc‘ggwm@h‘ﬁﬁﬁlﬁﬁﬂmﬁlwwu%ﬁﬁ%@f igovalstie or t he nol ar

ratio of the propionyl carnitine with palmtoyl carnitine (C3/Cl6). The
criteri &¥dM2r e-analysis 41 and criteria for an i medi ate, or STAT

re-analysis 42 in relation to the flag thresholds 40-are also shown. A
subsequent rEGaf i uped i theymefbedifon agsisting in the diagnosis of hypermethionemia after a :

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

25 . is performed provided any of the following occur:

11




5 val ues is performed provided any of the follow ng occurs: i13ﬂj§1q%00§qua|

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

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

i medi ate, o 5dAd. gtep@g{%gﬁﬁsw a prelimnary followup to obtain
priority nmean val ues I's perforned provided any of the foIIovm ng occurs: i.

- C3 is great er LRAR ALK thal afbutlds i &a [ tfi%’hb 7.0 uM and
the C3/C2 |sugreateg?&than '?hél C3/C2 aa 1 eqﬁér%ﬁli or the C3/Cl6 is

greater than ﬁ@%ro%é&é@r@ﬂe%fo@e@ﬁ%vqme BB ARG Ui eab sk oD €0 L0 get

mean val ues for enentation i nto a specl , OW up protocol 43,

- Wwhich ul ﬁﬂpﬁé;ﬁ{a oA £A02 s ﬁ&ﬁ& Po%ha» ﬁﬁ%ﬂ B3 %ﬁ&hﬁh e%s l@rtﬁ’eod Qggm&c

aC|den1a I'S Uus or aSSI gnosi s of
i soval 0 a dry bl ood spot on fllter paper is
derlvatlze angﬁﬁ%gﬁnéﬁﬁﬁsP%b a tanden1nass spectroneter The net hod as
previously d thre 0 fo t he
concentratloﬁﬁﬁgég%g 3%@%?%?%?%%5%%5 Swgf %PI 8Vhleryl

carniti thresh |sov er rnitin referabl

set at arlﬁ%b@pfgS@ IR filtos apes 45“1'%?4 R %ﬂ%ﬁfﬂ%ﬂﬁa‘* I f%%vﬁ%{nﬁ Y

i medi at.g, TAT re S n 25 r n a threshold 50
:‘or ilso ' oﬁ@gpwqwﬁggeég ésraé’p Tds‘ﬁmgﬁﬁ‘?/\ﬁagllﬁr B%gag‘é’ﬁh ?e- 10 13 June
2005 anal ysi s. 51 obtain a val ye of C5 is performe rovi ded t he

i soval er°9ﬁ1‘}‘/" @W@ﬁ“ﬁ%ﬁﬂe‘b&“{‘@ﬁﬁ‘g &P’%lé’félﬁ‘?af“ﬁﬁﬁ S)‘Fta@gual to the C5
flag threshol d 50 An i medj at e re anal ysis_52 with a prelimnary follow up

to ot aiW?nErrirB"rﬂ %/thﬁé%ms"\?é?%e B Iﬁﬁe‘iaé%ap%ffrf??ﬂléﬁwmllwb@éncent ration

(CS) is perforned g)row ded any of the 5 follow ng occurs:
concenh'atxon (C35DC) and 0.12 for the molar ratio of glutaryl carnitine with palmltoyl

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

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

12




i. the C5 is greater than about 2.0 uM ii. the C5 is greaterq‘l"{‘g'r?zé)lggut
1.0 uM and the propionyl carnitine concentration (C3) [FIG 4] is greater
than about 2.5 uM The procedure is repeated to get nean val ues for

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

dry bl 0od Spate phbobddrd BlreRABLh gfmRlvaliad dsReli RN 6 using a tandem
mass spectrorrefgr. Ther?lr)e?fﬁhoc‘i) as previously éli S ussgégaﬁgr applied using the

flag t hriggholedati&Pintdd spakikic ﬁoﬁoﬁ%%%@o@%,mhﬁmﬂnﬁa#ﬂ{adg tlartﬂe s&d for

determ ning the [evel of elevation of nethionine. e flag threshol ds 60

are prefgiablol rsgliudtic LBt for the nethionine concentration (net) and |
for the nolar ratio of nethionine and phenyl al anine (nmet/phe). The criteria

for ro-anal vaio, ikt ol 8l BUBHERLS o o TATMER PRE) Vo1 0 €2
o et R P o Ehe! e g PR BB ool s O TR
A i o dPet e 5 MRk Brey Pyl B Bhed s b e AR O 07 1
June 200t Secttegons SRSk daR s SRS B lord BV "3, o er than
cbout L3RRS RS oL TR Bl oS e TR SO
AR N AT NN F .
FOr 35 o the Wolar refio of phenylalanine with tysbsite phery o o 1L 2
The criteria for re-analysis 81 and criteria for an immediate, or STAT re-analysis 82
in relation to the flag thrésiwlds are also shown. A subsequent re-analysis él to ol:l»tain mean
values is performed provided any of the following occur:
i. phe is greater than the phe flag threshold;
15 ii. tyr is greater than the tyr flag threshold;
iii. phe/tyr is greater than the phe/tyr flag threshold and the phe is greater than about
100 uM.
- An immediate re-analysis 82 with a preliminary follow-up to obtain priority mean
values is performed provided any of the following occur:
20 i. phe is greater than about 240 uM;
il. phe is greater than about 180 uM and the phe/tyr is greater than the phe/tyr flag
threshold.
The procedure is repeated fo get mean values as previously discussed for

implementation into a specific follow-up protocol 83, which ultimately leads to the diagnostic

25 assistance for PKU.
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dry bl ood spot on filter paper is derivatized and scanned usi%‘?g']"%netzdot?gem
mass spectroneter. The nethod as previously discussed is applied using the
flag thresholds 70 for all concentrations and nolar ratios used for
determ.ning the I evel of elevation of glutaryl to carnitine. The flag
thresholds 70 are preferably set at 0.17 uMfor the glutaryl camtine
concentration (C5DC) and 0.12 for the nolar ratio of glutaryl camtine with
pal m.t oyl carpi b i d 2GS for i [ : 'ﬁ@ﬂ:l %;ng] : nd criteria
for an inmedi at e?isgge STAT re- anfglf?/ssi S Z@rﬁ%%lsg%i 0 1‘%’ t ‘gﬁ?ﬁfag

- threshol Bgeqe eMBUBDY aftd? Ay bl@b@dﬁ%%ﬂ%ap%ﬁslﬁ%aﬁ%dsmpscagﬂeﬁg lyn mean 15

val ues is pertfornmed provided any of t OW Nng occur: 1. BCis greater
than t hegptRbGn ekt aggl%' | A C5DC: A 6
flag threshol d?gsgﬁegh?%gé&%ﬂégiogre teP&}fﬁgﬁw%Egﬁ#%‘?&l‘%%@%ﬁ i edi at e

[ e anal yibteholds b1 PbobéitbifBod A mbl 8NPy £60aBBR RGBSVt Y TEan 20

val ues is perfornmed provi any o OW Nng occC DC is greater
o orZarbvipdofibieilst ThBR Rl R 38 iy bR T o
cpod 11 c TRmIBHESr BRI SR R R SRR e B o
aaei ot gt o ool GIAEh SR Rnerbl ot P g2s P UFFEI 2508, b1 o0

spot on.filter. paper is rivatized and scanned using a tandem nass
- spect ro%%%c&e.m%a%%t%yaggs previously discussed is applied using the flag

thresholds 8Q,for .all concentratjons, and nolar, rati os used for _ determ ning
the' Tovel of Tf St BheGRAIah o GHLPRR A RBRat, i REsgrgI S The Tl ag
t hreshol.ds 3212, ar referably set at 130 umfor the phenyl al ani ne

conc¥nt A Felaian g %gﬂg@?ﬁ?h Felsa fhewpy A subsaqueatineaaysiandl webeinmean and 2.5

values is performed provided any of the following occur:

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

assistance for MSUD.
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o for the nolar ratio of phenylalanine with tyrosine (phe/ty???""nleﬁ%o05
criteria for re-analysis 81 and criteria for an i medi ate, or STAT
re-analysis 82 in relation to the flag thresholds are also shown. A
subsequent re-analysis 81 to obtain nean values is performed provided any
of the following occur: i. phe is greater than the phe flag threshold; 15
ii. tyr is greater than the tyr flag threshold; iii. phe/tyr is greater :
- than the phe/¥1g. 16 isaged intiRshqhsh BrEsibhi iRAR dispndliEF Rl MRPrlry 100 uM

An i mredi ate re-analysis 82 with a prelimnary followup to obtain priority

mean  vables spoﬁoxpﬁﬁér%ﬁﬁ@% REPHZ6 L IABM usid}eh thitlehPAR pliGibter, Afe! - PhE 1S

greater than about 2 ii. phe is greater than about 180 uM and the

phe/ tyr jneiha8 eaheFotsiadisdubiad i.l,fasﬁﬁe)arusﬁlgﬁﬂﬂ gh{r&%ﬁh 0 fok e &5&%&5&%@ s

repeated to get mean val ues as previously discusse or ementati on

into a sa&alférldetemhing\me&ev%péla@ﬁ&n @f?cnnﬂYﬂijcﬁ %y%%@éﬁ%lmp&f&w he

diragnostic 25 assistance for PKU. 13 13 used in the

met ho fﬁ%a@ﬁ%?drﬁ%ﬁd&n& n fagaﬁﬁé&t&ﬁmwg%&a%g&a%ﬂgﬁscame g (MSUD)

after a dry b ood spot on I'ter paper erivati using a

t and d d l'i ed
u?lnngmt %é ti}?gghgl#c?sdzg m%Pfﬁ‘%'{)dricent Fllk%ﬂsl Z?\gsrsrgl alr Sr :ltogoolseused
f det hol d
are p?efeé?“aﬂl@ggé?ﬁa%&X@S“éﬂ%}sﬁg? rabeledhoniish o il o o

I J M { I

(L) " e LU B BRI 3 Bl W eSSt e

and 2.25 for hem)ar Lati ucine with alanlne | eu/ al a The
criterid for aﬁ"%“&ﬁ %egp@fl 5‘?01&‘ é‘?ﬁ’%‘é‘?&% Yy an i mTedl gt e, or )STAT

re-anal ysis 92, elatlo flagt hoI re als shown A
subs¥quent récéfl’?éf’ g’@fig}eﬁnﬁé FF“ShOl the oit(mmm flag threshold

An immediate re-analysis 102 with a preliminary follow-up to obtain priority mean

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

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

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

25  carnifine concentration (C10).
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values is perfornmed provided any of the follow ng occur: i. I1e3u‘3r"fnle«§0|0§
greater than about 400 uM ii. leutile is greater than about 350 uM and val
is greater than the vat flag threshold; iii. leu+tile is greater than the
|l eu+ile flag threshold and the leu/ala is greater than the 15 leu/ala flag
~threshold, or the leu/phe is greater than the |eu/phe flag threshold and
the val is greater than the val flag threshold; An inmmedi ate re-anal ysis

92 with a prejyoriRah YorrOhda®MsUR1 bt QR B B iPelifaié T Mahh§ss | S
perforned provided any of the followng occur: i. feutile is greater than

about  500124Me1ARnit the h@#‘ﬁésﬁol{i@ll@ra?@atl&rsh&bﬁnA@ﬁ’&ﬁueﬂﬂQ— andatye | eu/ phe

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

the | eu/ &u@n fea0vdiids GRRbAned '&B‘&ﬁf%@fdnﬁwﬁg%ﬁ%?d to get nmean val ues as

previ ously di scussed for | enmentation into & specific foll ow up protocol

93, which ul i @Egéf?égtéﬁg%}f%ﬁ”%ﬁ}b% fic assistance for MSUD. 14 13

June 2005 FIG met hod for assisting in the diagnosis of
citrullinem g . o7 ' [ ricvati zed and
scan;ged usi ngl' gfstlgégg?n nasa?l)@g%c‘@ggﬂn%@gpfg }éllhgggr Qrfg%}ﬁ%a& a%gggflg(/i ously

di scussed i s, ] ' t r old 100 faqr trations
used for det g’?&fﬁnﬁs %a#ﬁ%&?%b\?gﬁ%#ﬁgﬁn&e%%ﬁgﬁt%@ﬁ%OP{%?]&’?‘E%EQI ag

t hreshol d 100 |-s,preferabil 55, u or_a cgncentrati f
citrulline det g?%!?ﬁse%g%‘?’ttﬁ@%/‘ aﬁ"‘?gltzl‘@é%%‘ﬁth‘( %‘ibs,gfeﬁﬁa%%%‘ %PW yitha
concentration pf ci twl |ine determined after an mmm scan (cit[nrm). The

criteria for r& AP 101 and criteria for an i medi ate, or STAT
re-anal ysi s relation to the flag thresholds are al so shown. A
c}lgmﬂg b

1Q2 in,
subsequent r &ndmEegigede-geplysis eprelingogty {eloyaw tp bR PHSHEFaBr ovi ded t he
follow ng occurs: 10 i. cit or_cit(mn) is greater than the cit flag
t hr e¥holvalusT is pegormed providpd #y-a4 thedp fecuri An i rmedi ate re-anal ysis 102
with a prelimnpary followup to obtain priority nean values is perforned
provi ded t hel (S gspipgfharabautd:0 uM;
ii. C8 is greater than about 0.5 uM and the C8/C16 is greater than about 0.35, or the
C6is greater than about 0.3 uM and the C10:1 is greater than about 0.3 uM.
The procedure is repeated to get mean values as previously discussed for
15 implementation into a specific follow-up protocol 113, which ultimately leads to the
diagnostic assistance for MCAD déﬁciency.
FIG. 12 is used in the method for assisting in the diagnosis of very long chain
acylCoA dehydrogenase (VL.CAD) deficiency after a dry blood spot on filter paper is
derivatized and scanned using a tandem mass specirometer. 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 myristoy! carnitine concentration (C14); 0.70 for an

unsaturated myristoy! carnitine concentration (C14:1); and 0.24 for a molar ratio of the

unsaturated (C14:1) with palmitoyl carnitine.
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i cit is greater than about 100 uM The procedure is repeat ebslj%negzﬁosrrean
val ues as previously discussed for

foll owup protocol 103, which ultinmately | eads to the diagnostic

assistance for citrullinema. FIG 11 is used in the nethod for assisting
in the diagnosis of nediumchain acyl- coenzynme A dehydrogenase (MCAD)
deficiency after a dry blood spot on filter paper is derivatized and

scanned Usi NOTIR @A BB sBASE bACTRES for AlNREBEROY AR PReYMHs! Y 20
di scussed is applied using the flag thresholds 110 for all conhcentrations

and ol af2yiatd1ion US@E flad BeshlRd I aﬂwhhgshssgg&enpje.aﬁhgﬁéiiﬂe oBtainOCt anoyl
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mtine; 0.16 uMfor a hexanoyl camitine

concentrat | on i)t G2 HYLIPIaPASEIATY ifal Al B AREBRGRL on

(C10:1); and 0.42 uMfor a decano
e 2005 g

13 J

: | pigieria for re-analysis 111 and criteria for an
i mredi ate, or a%@ﬁﬁsﬁrh’

e-analysis 112 in relation to the flag thresholds 110

are also s ho%mf’g%ﬁ%@?@%ﬁ? E’tﬁ]ogf ﬁgﬁprgﬂwé{%é Ci‘tg'il&stg??ate?%ﬁlagouqs%g

per f ormed provide

t L1 S greater than about 0.3 uMand the C8/Cl6
%@Efzﬁi/c‘fs %M%Efg?bqﬁzh

. C8 is greater than about 0.3 uMand the C6

SRR T OB gBoy g, An

equal

is greater
is greater than ah

0. 2. uM .
and the & 10AATPRREaT R 128 s i
[ di at - | ysis 112 wit i mi foll t bt ai iorit
moan 10k bR Brer Bty S BUPISHEIFE! (he f ol | bw ng occur: i1 B |

nean

greater than,ahout 1.0 uM ii, is greater than abqut 0.5 uM and the
it 30334,

c8/3P6 is gr o they(4:1 igggrepter thanabout 1.3 WMy about 0.3 uM

ng OCcCur: I'S greater

an a

i el them aheut

and the C 10;1 is greater than about 0.3 uM
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1. C14 is greater than about 1.5 uM, and the C14:1 is greater than about 1.0 uM, and
the C14:1/C16 is greater than about 0.3. ‘

The procedure is repeated to get mean values as previously discussed for
implementation into a specific follow-up protocol 123, which ultimately leads to the
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

atandem 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

‘hydroxy C5. The flag ﬁmholds 130 are preferably set at 0.85 uM for a hydroxy-C5
concentration (CSOH), and 0.35 for a C5:1 concentration.

The criteria for re-analysis 131 and criteria for an immediate, or STAT re-analysis
132 in relation to the flag thresholds are also shown. A subsequent re-analysis 131 to obtain
mean values is performed provided any of the following occur:

i. C50H is greater than or equal to the CSOH flag threshold;
17
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The procedure is repeated to get nean val ues as previously di %%ﬂ%’%ee%oqsor 15
i npl ementation into a specific followup protocol 113, which ultimtely

| eads to the diagnostic assistance for MCAD deficiency. FIG 12 is used in
the method for assisting in the diagnosis of very long chain acyl CoA
dehydr ogenase (VLCAD) deficiency after a dry blood spot on filter paper is
derivatized and scanned using a tandem nmass spectroneter. The nethod as
previously 2Gi @isSICHg%aer thin GHRhdl &Fht 8511 Hds MGedhbRY t hreshol ds 120 for all -
concentrations and nolar ratios used for determning the |evel of

el evation of Amnﬁaaﬁatéﬁew?ﬁf 18244 ESprehiRarly folow-B5 RUBAits:o _
preferably set at 0.85 uMftor a saturated myristoyl carnitine concentration

(C 14); {hed i RfoRikd pbvidilahpbBfle IMblvQ¥burcar ni tine concentration (Cl4:1);
and 0.24 for a nolar ratio of the wunsaturated (Cl4:1) with pal mtoyl

carnitine. 1§ dsoHWRetdfin sldt€30M:Eri @ for re-analysis 121 and criteria
for an inmediate, or STAT re-analysi's 122 in relation to the flag
thresyol ds anecsliSQeeoMAan Hoip@guent re-analysis 121 to obtain nean

val ues is performed provided any of the follow ng occur: i. Cl4 is greater
than the Cl4 il 36 LER Rked BoeSRlA : !erad 3 Lpgp the Cl4:1 5
flag threshol d; B{igbl . Cl4 1s t(E:|re§'?er tﬁ%é%% ut %&@gﬁﬁﬁs orpt he Cl4:1 is

t 40 0 " L.l bout 0. 24.
A T e, infh Aol Bllub Bordebf 143, Ghftn whiBikads b PR" BPON]
_pri ori tydiﬁ@ﬂicaﬁ’ éfo&%@%%%fcg’w&éiﬁﬁg any of the follow ng occur: 10
.0Tu or

i. Cl4 is=greater an abou 4.1 i s greater than about 1.5
uM ii. Cl4 | eater than abaut ,1..5 uM..and t Cl4:1 is greater than
about 1.0 uN{C?g eprﬁ‘?gts&fﬁqmﬁg‘g’éﬂ?@léﬁlél\%l?bé?mtt‘#;tﬁmé ut 0.3. The procedure
is repeated t.o get meap val s previously discyssed far inplenpentation
| nt olth SRSy R PRy uiedning e i tcampriietsd he 15

di agnOSthor%l so%sats?i&% ca;n?t{ne.\/LCAD defi ci ency.

In conclusion, acc_oi‘ding to each decision tree, or interpretation guiae partiéular for
each metabolite, the present method allows the data that is acquired to be quantified and
reported to a physician to assist in a diagnosis of a genetic disease resulting from the

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

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

TERMS

It should be understood that “about” as used in relation to Figs 4 — 13 means + 15% of
the value shown in the criteria for each figure, which values are dependent upon the flag

threshold, Any change in the value of the flag threshold, which might result from :ﬁltef paper

25. characteristics, new insights into disease characterisitics, new diseases found, methods of
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FIG 13 is used in the nethod for assisting in the diagnosis 6?Jlé'?eo%%9?yl
co-A carboxyl ase deficiency after a dry bl ood spot on filter paper is
derivatized and scanned using a tandem nmass spectroneter. The nethod as
previously discussed is applied using the flag thresholds 130 for all
concentrations used for determning the | evel of elevation of the 20
hydroxy C5. The flag thresholds 130 are preferably set at 0.85 uMfor a
hydr oxy- &aenplec@nEctioh f hlhdeB ir hshddblogh M cOredBodsdtorf giaitylas R € Plokaldson. The

criteria for re-analysis 131 and criteria for an’i medi ate, or STAT

- re- anal y&bild ndbdsbithtd tebltivOdhahd? of BRh Whiagin e B5BP) 5 affcloup BRRWE A

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

of the faileWods if BeUirawidgs dre i ried vIh&A CSOH
flag threshold: 17 13 June 2005 1. o 1{”?{5]13?%25@? : g%ﬁg%ﬂ%%ggel to the

C5:1 fl agad hi@zhol d; An inmediate re-analysis 132 with a prelimnary :
followup t6 obtain priority mean values is perforned provided any of the

fol | oM NEIrASEIALI APPEPERIBNSTY: eat er than about 3.0 uM 5 ii. C5:1 is
greater than about 1.0 uM™ The procedure is repeated to get nean val ues as

previ ousl y - discssenbhbd ohRREETRAbALRAR: kP haadhig AtH dforf @ | OV uP prot ocol

133, which ultihately leads to agnost1 c assistance tor crotonyl coA

abr o1 ARaiPoPEs MR Rueip b LS SR Btk S it o

(ol 1 camipiote e PHeRBiC 00 Bl I8 el ob G Rk im0 °°
Al ove. HEM R O ettty B e recealio Bt R o o
35 ol Bt Sibient fu 48 rnind ) Eaters g eeampr OSSR et oo
o) or e aes s SRt b Recf o oidatly nteiprting this 5a n rlaion -

to a variety of pre-determined metabolite concentration thresholds. This interpretation allows

for proper decision-making necessary for the diagnosing and follow-up testing of newborns
overa Wic_le range of genetic disorders.
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exam nation, etc) are necessary because of the resulting elevation or
deficiency of the netabolite, which then results in the confirmed final
di agnosis. The values of the flag thresholds for a particular
concentration and the nolar ratio flag thresholds nust be 20 quantified for
a consistent and accurate interpretation of acylcarnitine ang 3nin£ acid
data. TERMB It should be understood that "about" as used in3/eMat?Gh to
Firgs 4 - 13 nmeans 15% of the value shown in the criteria for each figure,
whi clChAIM$es are dependent upon the flag threshold. Any change in the
value of the flag threshold, which mght result fromfilter paper 25.
characteristics, newinsights into di sease characterisitics, new di seases
found, nethmeathodioregsistnginmediagesis of prenienic atideraiaibyrintetnelingaiata produced

met hogg} QQBéSw I%Iﬁdd §0t bR ﬁﬁér‘ﬁéﬁerf i5 ‘aﬁ"ri\%}fﬁé& Md b&BG 2 tAhd AA8s s%&gﬁr,

necessitat e relative change of each value In"the criteria fo
f ol | GaMppsing ieusdepsOfi  val ues shown in the drawings are the preferred

val u b Ghigmhgiat : e + 0 L
APt Ry SRR Wl I b Rokied JalBS oniphB8d or' Hrodloh i INAe

i nborcAneantrgtien (3), gemgleb Iratinplignanmy sears of prapipnyt eamiiiee endi ety wafnitine or
cof a [ | : ' .he netabolic
o of ( Pnan/ R k! £ melaf RAGEE BropRily AP peifof padiRE fEaRAe) € T 3

spot @PPINBaLIt vBILBS da 2 Brapiofyk paraiting {Ca) Wecigien| tree. avhaseia el dagisian draef 10

not Trirfl %&n}%iéaeléié‘c]g%béé thrEBhbid aab‘sﬁlrrnl@ }f;ﬁ%%r‘%@f\;\%@’ AR 4 CARSRI P Freshol

spectroneter ata from bl ood sanpl es m ne rns, there iIs a need for

~ef f i @b sipgnpstcinaitspioasaichg3: $aid C3aTR/GH andl wid 68/ClBgespeagtivelstsprmpmaring said
pre- q&hgé’%é'ﬂ:‘e@ﬁw mﬁ'e%&ﬁo?%ﬁé‘& lrh?és';hgias,t hreshol ds. This interpretation
g

allows for proper decision-making necessary for the di agnosing and

f ol | slentiyingaxhetng ot natdhgrerinsan elowation ofiany ofseik valpey aheva any 'pg seiddleg. 15
20 %ﬁesholds;
interpreting said sample as being normal for said propionyl camitine, provided there is no said
elevation of any of said values; )
performing a subsequent re-analysis to obtain mean values, provided any of the following
oceurs:
i. said C3 is equal to or greater than said C3 flag threshold;
ii. said C3/C16 is greater than or equal to said C3/C16 flag threshold and said C3/C2 is greater
than said C3/C2 flag threshold and said C3 is greater than about 2.5 uM;
iii. said C3 is greater than about 4 uM, and either said C3/C16 is greater than said
C3/C16 flag threshold or said C3/C2 is greater than said C3/C2 flag threshold;
performing an immediate re-analysis with a preliminary follow-up to obtain priority mean values,
provided any of the following occurs:
i. said C3 is greater than about 9.0 uM;
ii. said C3 is greater than about 7.0 uM and said C3/C2 is greater than said C3/C2 flag

20




19 13 June 2005 CLAIMS 1. A nethod for assisting in a diagnosis of
propionic acidem a by interpreting data produced after a dry blood spot on
filter paper is derivatized and scanned by a tandem nass spectroneter,
conprising the steps of. acquiring said data, wherein said data includes
val ues conprised of a propionyl carnitine concentration (C3), a nolar
rati o of an nrm scan of propionyl carnitine and acetyl canitilddune 2005
(C3nrnm C2), and a nolar ratio of propionyl carnitine and pal mtoyl

car nithresiwold @3¢l 63/C18pporeatey tiem shid @BICAS flag tirephiadgiiandy| carniti ne (C3)

deci si.0n. t.ree rei | d L sLong LI f her .conprises C3. .1l a

tr e D" 5° 2ol MpRBL 1864 2o oG, el WifRE Solf cfavalud®

di agmostaid priprity t reearo vahies 68, dixpiodticCRoTpus€R pravidbds aitlterCHiClfibseqpeat revel v;
conpay,l Ldq vent . ith each of said flag threshol ds;
iden%ﬁ?@%ﬁ%ﬁ\%\ﬂ%frﬁ@%&%& rﬁc?t%&g%ﬁgegfgia@ﬁwel evation of any of said val ues

abov eeponingofaid déta td & abysician tostssistiin; saidhdiegmsEt of popaniclacdderpiae as bei ng
normal for said propionyl camtine, provided there is no said elevation of

any of said values; perform ng a subsequent re-analysis to obtain nmean
val u@s Thprweihdé df Llgimofl, wherdimIshioWCagflagothresteld, isaids E3chnGAC2 flag dhrakhdld, or

Squafe SRS T fodiresn B ehonrEduBiitey 8 WY F ARTE, Sorer T than sai d
C3/C2 flag threshold and said C3 is greater than about 2.5 uM iii. saijd C3
c3/ Lo el A6 Biitho by U Giedlitis bt MG dqdeiiihy inabeiR s’ piplRd

t hr esfies] aidrypinodepnt onfilten paperdsldenivatizest anbdopaned by & lardepr mhssspeatrgmétel,l ow- up

to o LR .0r i ar. an val ues, provided any of the follow ng occurs: i.
sai dg@bﬁ% fpgas¥etep¥oﬁan about 9.0 uM ii. said C3 is greater than about 7.0

uM anacquitingd s@id/data, i whegeioasaid dafminchuaies vABRle€xdnpiged of an isovaleryl camitine
concentration (C5) and a propionyl camitine concentration (C3),
applying said isovaleryl carnitine concentration (C5) to an isovaleryl carnitine (C5) decision tree,
wherein said decision tree further comprises a C5 flag threshold as diagnostic limit fo said
isovaleryl camitine concentration (C5);
comparing said C5 to said flag threshold;
identifying whether or not there is an elevation of C5 above said fiag threshold;
interpreting said sample as being normal for said isovaleryl carnitine, provided there is no said

~ elevation of said C5;

performing a subsequent re-analysis to obtain a mean value of said C5, provided said C5 is
greater than or equal to said C5 flag threshold;
performing an immediate re-analysis with a preliminary follow-up to obtain a priority mean
value of said C5, provided any of the following occurs: |
i said C5 is greater than about 2.0 uM;
ii. said C5 is greater than about 1.0 uM and said C3 is greater than about 2.5 uM;
initiating & follow-up protocol based on follow up criteria utilizing said mean value or said
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20 13 June 2005 threshold or said C3/Cl6 is greater than said C3/Cl6 fl ag
threshold; and, initiating a foll owup protocol based on followup criteria
utilizing said mean values or said priority nean values for diagnostic

pur poses provided either said subsequent re- analysis or said i medi ate
re-analysis is performed; reporting said data to a phy5|0|an1%3 éﬁiﬁ in
sai d di agnosis of propionic acidema. 2. The nethod of C ai

said C3 flag threshold, said CG3nrm C2 flag threshold, and said C3/Cl6 flag
t hr e PRONY ragan Vﬁ*%f%@!ﬂ@@@ﬁiﬁ pwpgsegMrogde either satd subgequUEB! reRnalysiSd spisk

assi %h@g,at&eaargqy@gqgﬁéﬁorg%dlwal eric acidema by interpreting data

produced after a spot on filter paper is derivatized and scanned
by ar%m%§§a§®é@hYW @raSSfSétS‘rﬁﬁ'd dignpstsf ispvalgsic seidemigqui ri ng sai d
data, wherein said data includes values conprised of an isovaleryl camtine
concent rat| on (C5) and a propionyl camtine concentration (C3); applying
sai d 4 S Biethog of t3 M’ée@@h%%%p%aﬂagéfﬂfe?w ist®B uM. i soval eryl carnitine (C5)
deci si on tree, wherein said decision tree further conprises a C5 flag
threshold as diagnostic limt to said isovaleryl carnitine concentration

(C5) 5 Bamphed fog assisting dm adipgnasia of hyrprntlicarmiacky intespreting datg Pigtbcadefltelr not
therg dy lﬂ’ébdeé;ﬁ)\(%h'ﬁ?t@r Bﬁp&ﬁs %ﬂVﬁuzé&'éﬁdfécﬁﬁnéd‘B?%h@héem'rﬁé&r :E’pgé%&h:ﬂgte? ai d

sanpl e as being normal for said isovaleryl carnitine, provid ere’is no
sai dcompusing thesteps ofai d C5; perforning a subsequent re-analysis to obtain a

nMean a¥alisiey Sdid Rt vhereiR'sald 489 isdidbsGralkes c@fs%ﬂﬁ?%s&é]ﬁ@!lﬁbf 8Hathichesai d

C5 flag threshold;, performng an immedi ate re-analysis wth a prelimnary

f ol | B9GP trafiprdpieki awda? metapratiow! metfrioninapnkrhenylalaninedmetipheli ded any of the
foll Qﬁblﬁﬁg%ﬁﬂlfaﬂued to §3th9thgﬁlries(n%t?%&§toﬁ hRR, %@Hstln Zafd gé&sbﬁ *tre@"j1‘l||"7lihé1:5 i's

gr eater an about . M and sai d reat er han a

i ni t PAPHRGS R msth!%wstﬂ@gdh@tsbélmanﬁ@s@qﬂm Iﬂ"@ﬁh@ﬁ agrg @I@gn%ﬂgﬂlmﬂﬂq sl said
Meanméistind®Eort@hfation (met);

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

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

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

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

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

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

threshold;

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

provided any of the following occur:

i said met is greater than about 150 uM;
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21 13 June 2005 priority mean value for diagnostic purposes provided

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

di agnosis of isovaleric acidema. 4. The method of Caim3, wherein said
C5 flag threshold is 0.8 uM 5. A nethod for assisting in a 353@@0 ig of
hypernmetlionem a by interpreting data produced after a dry bl ?8 ?
filter paper is derivatized and scanned by a tandem mass spectroneter,

‘conpril-si ncfaith&el i geeatar: thar gbpvti 125 yMi andyseid melrheck roreatpdtheat abauh dlAfdes
. val usitigfiys b%sumuﬁﬁﬁsﬁwaéés&d% UBRLUY efteRs utlﬁﬁﬁ%%afdr ﬁnbéﬁ%ﬁfé%tar &nd a

nolar ratio of i'oni ne and phenyl al ani ne ( ppl yi ng said val ues
t o a RFOrE HARMKAleRioy dideresiic AHRoseRproxided @nthersw@s@émer@ Fe-enal¥sis OF saidr

CONPrimpRsiidle pgag,lqmggﬂg ;g%eﬁb@,ged Qﬁ§8h0| d and a net/phe fl ag threshold as a
di agnostic limt to said hi'oni ne concentration (met); conparing said

val ué§P°’F'B%5@€1dﬁ‘{?etP>ﬁ phygIC@aéchagsaﬁt@p $ﬂ'€16'39ﬁ9%%ﬁ6m)tﬁ’e"ﬂ%fbﬁﬂ¢m% ng whet her or
not there is an elevation of any of said values above any of sal d flag
t hreshol ds; |nter retlng said sanple as being nornmal for sai

e

hyperGreth S1RbIRd O GHalm BeWherein éa'ldsmﬁ@"%%l flag | thregheld ransk saﬁw@vpf@aﬂag

- val uqﬁ,;esﬁgafagg %g]ﬁcﬁvewjgggm1oe anal ysis to obtain mean val ues, provided
any of the following occur 1. said net is greater than said net flag

threshold; ii. said net is greater than about 50 uM and said net/phe is

gr eate i\ H8thod ﬂir%sQ?ﬁr{g‘lH% Jlég%ﬂsusfohf;lﬁﬁéﬁe ladideRfs BanEEr&%ttﬁé‘détH‘E%&ﬁé@ after a

re-analysis with relimnar OW-u to obtain I’IOI’Ity nmean values
pr ovidie dlogdysret qnh@ cnqpex/viISngeraf@H%ﬁd apd S§ann9dnar 8 sang?raem@s BPRAYORRIRL 150

UM 28mbdasing it A86Pof;

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

~ there is an elevation of any of said values above any of said flag thresholds;
interpreting said sample as being normal for said glutaric acidemia, provided there is no said
elevation of any of said values; ‘
performing & subsequent re-analysis to obtain mean values, provided any of the
following occur:
i. said C5DC is greater than said C5DC flag threshold;

23




ii. said net is greater than about 125 uM and said net/phe is greater than
about 1.25; initiating a follow up protocol based on followup criteria
utilizing said mean values or said priority nean values for diagnostic
pur poses provided either said subsequent re-analysis or said innediate
re-analysis is perforned; and, reporting said data to a phys %%o assi st
in said diagnosis of hypernethionema. 6. The nethod of C ai é““ 9% n
said nethionine flag threshold and said net/phe flag threshold are,
r espdicsaig &150C:606 invgraater thap said CEDGE 1edthgf bresheldiandisaiy CHDEG islgeegitasdhan of
glutgbbgmﬁgag@nla by interpreting data produced after .a dry blood spot on
ilter paper 1§ derivatized and scanned by a tandem mass spectroneter,
conp rpeﬁpmgn@ B8 inmediaterte-analysisi withng praliminana fallowwipclo iblains afierity meani vallegdes

val u rl PRy yl camtine concentration (Co5DC) and a nol ar
[y%ﬁ‘ﬂ] car I’:Igé Pé\%{randwal mtoyl carnitine (C5DC.Cl 6); applying

rati

sai dHﬁ@lQé%D@dﬁg{egleﬂﬂ‘@mﬂbO@fd}ﬁu ne (C5DC) decision tree, wherein said

deci § Ofid bSBR sgwa&é}%ﬁarp f 0.2 anééég&q‘ @rseg?gﬁéﬂm aRdbsut@PCL6 flag
hol' d utar

t hres nostic m ts to sal carnitine concent ration

( CsDWyitiating ag'aﬂmw-(lm:smcmb@)ed qne‘gllmwn oretelye uw@rmaaidme@avajueﬁaq’rwﬁ priority
resp v I i not
o SrGeD Tlleq 16 BaGockr Mitbisep BiGviges SRR SHiu, SARERUCA Rlaldifly'Sl <ald

t hr e¥nordigte reranalygisds perfpraicBnsanpl e as being normal for sal d glutaric

aci dedhofin 4418% LA s‘?cér?to%sé?‘i!n%a:oe&l rﬂ;sisq;r‘ tarﬂ:’%ud%fm gai d val ues;
nefird i

performn sequ re-analysis to tal n an val ues, provided any of
the following occur: i. said C5DC i s greater than said C5DC fl ag

thre #:ﬁ]%:s

%mggglgéirqeﬂ%a %?;é%ﬁnﬁd% %Zn g%t'?c? 5gth: S grhg!?? ae¢os?%%§%bg'{b%tét1ﬁ%; ?ﬁéé&old
perfémfﬁ'ﬁ@eawebfnﬁéaw&/l and@1gnal ysis with a prelinminary foll owup to obtain
priority mean val ues,

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

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

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

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

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

comparing said values, respectively, to each of said flag thresholds;
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provi ded any of the followi ng occur. i. said C5DC is greater than about 0.4
uM ii. said CoDC is greater than about 0.2 uMand said C5DC. Cl6 is greater
than about 0.2 uM initiating a foll owup protocol based on follow up
criteria utilizing said nean values or said priority nean values for

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

i mredi ate re-analysis is perforned; and, reporting said datal8duge g5 ci an
to assist in said diagnosis of glutaric acidema. 8 The nmethod of Claim?7,
wher ddemtiyingdwiGSDE o val therecishan diesatibnsefi ahyCoD&ICMAlUEE adpoivd ey fod sdid Bage,
resp%ég%%sy, 0.17 uMand 0.12. 9. A nethod for assisting in a diagnosis of
Mapl € "Syrup’Uri ne Di sease (MSUD) by interpreting data produced after a dry
bl oodihtenpodting isaidi damgle papeingi rormiel fiow aid MElUBNprosided thedle isogo aait atelatiomat s
SpeCtaBﬂgféag& valS rising the steps of: acquiring said data, wherein said
data i hcl udes values conprised of a | eucine+isol eucine concentration

(1 euprtienminga salhsequentoacaalysiatd obtainvadédn vaduasp panvided any obthelfellowiingeo@od

phenyl i ne ) Jar ratio of |eucine and al ani ne

(1 eu%gggghngﬁéb%ﬁg@éﬁaﬁ\gg?@oeémt 0 a leucine (leu) decision tree, wherein
sai diidsaid Butite it gesatérdharmabout 36H uMsasl said Vat istgrieatef thag sali et fiag @hresholdal f 1 ag
t hreghgl. . . nat . r la nolar ratio
f1aght il seufie Rrb ?B’gﬁhgg’ﬁdég}‘%“%ﬂ%éﬂ?%é@é‘ie ahe éeaﬂqrﬁ%én‘“ﬁa B driiter ., said

| eu/ pen, saithltubda tlag theeshwidy or eaiddet/phelis/greatembizan srid dai/phevi@dguibegshold and

resp i ch.: I thresholds; 24 13 June 2005
iden?%by?éﬁé%\r/ﬁ?&%ﬁ@% %r'&)%%?% g'g%%f?qq% an el evation of any of said val ues

abov pedonningf ars mirdediitage-anklyeis wolhds preliminanpfotitw-uig te abthirs priguite mean veluag,

nor }ovfﬁﬁaﬁgbﬂhwmwirﬁ)@é@uped there is no said elevation of any of said
val UES; pertormng a subsSequent re-analysis to obtain nean val ues, provided
any bfRaidHeutfilelid greategthacamout 560 uMai d | eu+ile is greater than about 400 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 leu/ala flag threshold;
initiating a follow-up protocol based on follow-up criteria utilizing said mean values or said
priority mean values for diagnostic purposes provided either said subsequent re-analysis or said
immediate re-analysis is performed; and,

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

10. The method Claim 9, wherein said leu+ile flag threshold, said val flag threshold, said leu/phe
flag threshold, and said leu/ala flag threshold are, respectively, 325 uM, 300 uM, 8.0, and 2.25.
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ii. said leut+tile is greater than about 350 uM and said val is greater than
said val flag threshold; iii. said leu+ile is greater nman said |leutile
flag threshold and said leu/ala is greater than said leu/ala flag
threshold, or said | eu/phe is greater than said |eu/phe flag threshold and
said val is greater than said val flag threshold; perform ng i late
re-analysis with a prelimnary followup to obtain priority ﬂganggﬁﬂis,
provi ded an% of the followng occur; i. said leutile is greater than about
500 ui Aimethadifon apesting) ie ajdiaghpais obeitrulkngmia by interpnelingidaimerodused aftensshe | s
gr eatypdodt Bpat SR fiker | pipePhe deiogtizbl" Sihabshrad b?aé dahdith dhdsd SpédtRictdr, t han
said leu/ala flag threshold; initiating a follow up protocol based on

fol | SAMPHSIEY theHERS @t i | i zi ng said mean values or said priority mean val ues

for dicaGinagshid duts, PRRREINPSARY HERANALELEaleY SorApERILitd:find RBhoETratiGH Sai d
i mredi ate re-analysis is perforned; and, reporting said data to a physician

. . P !
to addhandiafitiding cangeiedion afier apnim sean (ChlfE™MEt hod O aim 9, wherein said

| eu+igpplyfnigagaill Wahsdotdl.a siiulling alcitf WasisibAT s OlvBeremPisdid! 8etidibie trek! ABther
threshol d, and, gal d leu/ reshol d are, respectively, 325 uM 300

ala flag th r 325 ul
UM BOmPrisgRR it Jeg throshoiband,ipwon fleg ieshole ah slonBRUCaitsisell willne
di agreatehtratiors | (Eif)Ulahi NS4l acipnmh Nic@hBsfiatiog 1d3pactinelpd WeRtbarhd Sdaid valugs, b! ood
spot on fjlter paper is derivatized and scanned by a tandem nass
speclTHFEVEY, tOQ?ﬁ%d?fiSE'idrfﬁgtﬂPfés'%qI%s of : acquiring said data, wherein said

dat a idenglyindemhethéruesnGiofBrd Bosh Blvationl éff aly bM&nid VARRE tdbdlé @Ry of %iafd)ﬂa?‘d a
citrulli n? concentration after an nrmscan (cit [nmrn]); applying sai

val ud¥esh9lds: it rul 1i ne (cit) decision tree, wherein said decision tree

f ur t fRérpretiRgPEdic ampleCiab Bdig rohhAIstep! iR Rfruflineinid, "Brodidéd alerkNsesd @bl as
di agnostjc lim tz t,& said citrulline concentration (cit) and said cit(nmm
conc ERVAURN fany OL3RIE ¥a8Sy: conparing said val ues, respectively, to each

of spkforlifga iRGIMIE-anbR&B td bthiRdnadralalRss, Sroviael ah? 8f thelfSllodhgRdcuat i on
of aEysgi]::l cs:iifjl |0cri sva?(!l uc?t?mr?r%()\i/se g?eré eroi]:chagaégd ftlita%ag ttmees?lgl(gl grs 'said cit(mrm) flag
threshold;
performing an immediate re-analysis with a preliminary follow-up to obtain priority mean values,
provided any of the following occur:
i. said cit is greater than about 100 uM;
initiafing a follow-up protocol based on follow up criteria utilizing said mean values or said priority
mean values for diagnostic purposes provided either said subsequent re-analysis or said
immediate re-analysis is performed; and,

reporting said data to a physician to assist in said diagnosis of citrullinemia.
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interpreting said sanple as being normal for said citrullinema, provided
there is no said elevation of any of said values; performng a subsequent
re-anal ysis to obtain nean val ues, provided any of the follow ng occur: i.
said cit or said cit(nrn) is greater than said cit flag threshold or said
cit(mm flag threshold; perform ng an imedi ate re-analysis with a
prelimnary followup to obtain priority nean val ues, provi d8duagg0@s the
following occur: i. said cit is greater than about 100 uM initiating a
fol I ag: TRephéthed of Camett, ihekdih saitl ¢ipDflgg tireshold Whd Iskiti £iimem) dagri@eshol ues
or said iority nmean values for diagnostic purposes provided either said
subséﬂ%@ﬁﬁ‘éﬁﬁ- nal ysis or said inmediate re-analysis is performed; and,
reporting said data to a physician to assist in said diagnosis of
citryllinem.a,. 26 13. June 2005 .12  The nmethod of Caim 11 erein said
cit fiPag P‘%}*@QHBT Hs%ﬁl?gﬂiada@ﬁiﬁ?ﬁﬁ 9 "ﬁ%&ﬁf‘?’?ﬁ"és”‘t‘?ﬁr‘i&’e"%‘a é‘bi’?ﬁ%&"%}?sﬁs. A
‘et hgriCAD) deficiesdyl bydnterprétingi agnpiddacef aftise didiyblobd spotanflitecpsper jgre A

dehydr qgenase MCAD), . def.i ci ency by interpreting. dat oduced after a dry
b1 0 eCTHIRER And BTSN R BRI ess HasstoTiotbresRmaitoHBn S 2F1 anaerm macs
Zpecfa!t:qmtlﬂn%rsaidcdatar wieredn tsarl aate!comcluaes Falyes lrdong:risea cbf ceat actamhﬁrcsinmtiusai( Oc|:8 )
ata-lI nc S V ues C rp..se 0 an, oct ano am¢tlin conce on ,
o rocafCarefn (EbLa ST TR o SoARA TG PRD AT RGeS B,
?gxglhexéncya?airﬁﬁngecmlaauonam@p 4 @epenayl daerdtirey Icz(:geagi)trhﬁme (F@&dﬁnhm@;{jﬁi on
10:.1 a a,. decenoyl,. c LLine concentration 10); a i ng sai
val ué’?@@y{;??rﬂ'g?%ﬁwn%ﬂpﬁﬂhqhg (C8) decision tree, \/\heregolr[]) gai g deci si on
t [1 ee aEpi?/mbsaid%tGatielsitces oetaﬁﬁﬁfcfn?ginteMgg}sMisibn meeﬁiﬁlhﬁﬂéin F?Uaedgiahi (c): fl alg
thresho a a res . ag.tnres an ag
e cURBIeE ot B i Rusings a dlgle Slhay B8 ReSnraRPH’ s Lo tnd)
C10: mrem,wacm:mag tigeghad, i@ﬁlayﬂ@ﬂﬂ@ﬁifés‘h@lcﬁ@d diayr@dstie imits &5 pHid 1086adaid t o
each Qe iisSia d @ Lol B3 Snd 2hid €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 MCAD deficiency, provided there is no said
elevation of any of said values;

performing a subsequent re-analysis to obtain mean values, provided any of thefollowing occur:
i. said C8 is greater than or equal to about 0.4 uM;

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

iii.said C8 is greater than about 0.3 uM and said C6 is greater than about 0.2 uM, or said C10:1
is greater than about 0.2 uM and said C10 is greater than about 0.3 uM with a low acetyi flag;
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identifying whether or not there is an elevation of any of said val ues
above any of said flag thresholds; interpreting said sanple as being
normal for said MCAD deficiency, provided there is no said elevation of
any of said values; perform ng a subsequent re-analysis to obtain nmean

" val ues, provided any of thefollow ng occur: i. said C8 is g ter Zécg,ian or
equal to about 0.4 uM ii.said C8 is greater than about 0.3 Hﬂ‘a
C8/Cl6 is greater than about 0.15; iii.said C8 is greater than about 0.3 uM

and erfarndeg ey igmediats reranalysisvith a oreliminary &llowaipdohtain Pripity gReas: @ueshan
about r&é%ed%yad?%egﬂkﬂmﬁa-gcé greater than about 0.3 uMw th a | ow acetyl

13 June 2005 erformng an i medi ate re-analysis with a
preI i m&ﬁﬁ’r?&&ﬂfﬁﬁiﬁf-iﬁﬁnﬁbméﬂt(aﬂﬂﬂ priority mean values, provided any of the

fol | gquigng @%Cférgreéter ?@@a%t'@S%lﬁa&ﬂ 35193@8@'?9% g]rtheH%ari 'abo@tab @5 Cé,— i's

greater than about . M and sal IS greater han about . or

sai d sel ¢8 lsgﬂféétﬁéﬁha'ﬂ aheut Ssbui 30d§al§ﬂ\ﬁ315{h|ds gegatpr than qbquéoérl@'&t er -t han about
0.3 Wlatlnﬁ' é'f@ﬂdmﬁ&b arcttatdu VsblP oarfatuaﬁsab &ﬁé%duﬂﬁnﬁgoééna%% GhlykS dr Said

utilizing said nean values or said priority nmean values for diagnostic
pur p@gleatygmaﬁn \giuesdor diagnostic BurpasercRigMided pithes saidyssbseqient eg-analysierFaid e

re-a 2% feSa fng%io ] eporting said data to a physician to assist
in sgﬁh&gg ag nosrﬁgfsg rn%e??rgzl{ ency. 14. The nmethod of Claim 13, wherein

sai d r@mvrmga@@ fatadmaphysician to @érstmaid digonasiscaf INPAD defigionags 11 ag

t hreshol d, said ClO 1 flag threshol d, and sai d ClO flag t hreshol d are,
respecti veI y, O. 0.16 uM 0.32 uM uM 15. A nethod
for d4sThe mathod r?f Qleam éénwwgmcﬁalcw@ﬂu Huesholds said CE?}‘CWII"@Q fresholgy said (P

pf od tﬂsgth eSHdi® 'safd @kcw RAP@FeshBRL aRd sé.uléﬁrﬂaaq%&haé aﬂ@rréyp%tct.@p cegwuscanned

em ness_spectrometer, ~conprising the steps of: acquiring said
dataoaﬁh@r“@lw‘ $32uMeand 0-f2uMdes val ues conprised of a saturated myristoyl
carnitine concentration (Cl4), an unsaturated nyristoyl carnitine

concentration (Cl4:1), and a
15. A method for ass;stmg in a diagnosis of VLCAD deficiency by interpreting data produced

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

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

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

identifying whether or not there is an elevation of any of said values above any of said flag
thresholds;
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nolar ratio of Cl4:1 and palmtoyl carnitine (Cl16); applying said values to
a nyristoyl camtine (Cl4) decision tree, wherein said decision tree
further conprises a Cl4 flag threshold, a Cl4:1 flag threshold, and a
Cl4:1/Cl6 flag threshold as diagnostic |imts to said Cl4, said Cl4:1, and
said Cl14: 1/ C16 respectively; conmparing said values, respectively, to each
of said flag thresholds; identifying whether or not there is1adueg28Cf i on
of any of said values above any of said flag thresholds; 28 13 June 2005

i nt eﬁrne@réting saii shnyglepk deing ripemalgfon eaidISUD] pregiddd iee®is o exid dbelatitvedl | S
no said a“ on of any of said values; perform ng a subsequent

re- aﬁ&ygg Y348bt ai n mean val ues, provi ded any of the follow ng occur: i.
sai d pedfdrmisg glsabseememthamnatyisid t&Chtail ragart valwsh ptodided aaaioﬂth@ldﬂoiunigsocg;ueat er

h fl d d b 7 M
o ST dablebr BHERPE Bt 650 Sl A M R o
thanttabshdldo 24; perform' ng an i mredi ate re-anal )(;SIS with a pre:clln‘:(r;arﬁ
foll | a 0
occustielE1d B R ReRibBls 8o TRER s K Past (PGt Siary et s Vi Bp B
1 han‘(}jlédllmmls@rembrmanabmt@za14 is greater than about 1.5 uM and said C14 1

Cl6 .is,qgreater. than apout O.

is gt t han ab Cl4.
i £ PERRd, 86 BrReE % nab e S Bl toiodip b St Boly MeRRBRRY o o
mean praadded sang rof thaifdliowing acaut:y nmean val ues for di agnostic purposes provided
ei t he .S nt_re Si s I diate re-apalysis is
per { GrAR G SRR HER ok 20 BifCLAD CorpnBETan BEuLERPUE 15 Sl &
di agitosaid Coé is/greaier trefn atiomh ¢)p. UM @nd Ehid Obt: hisdgrebteCitainnatibht 1:0heM @nd saili d Cl4
flag I fJ.ag threshold, and said Cl4:1/Cl16 flag
t hr eghgﬂgé 3%“?"’2% g"‘é‘l %‘?Pé‘l*?é 0.85 uM 0.70 uM and 0.24. 17. A nethod for
assi itiating mfdiommgmmcsl béseal Gn dbllww-lip woitefiacatilibing ydaid enedmf valu@n oy said

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

immediate re-analysis is performed; and,

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

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

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

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

acquiring said data, wherein said data includes values comprised of a C5-OH and C5:1;
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el evation by interpreting data produced after a dry blood spot on filter
paper is derivatized and scanned by a tandem nass spectroneter, conprising
the steps of: acquiring said data, wherein said data includes val ues
conprised of a CS-OH and C5:1; 29 13 June 2005 applying said values to a
hydr oxy-C5 (C5-0OH) decision tree, wherein said decision tree1§whhggb 5
conprises a C50H flag threshold and a C5:1 flag threshold as diagnostic

limts o sai OH,_ and, sai 1. respectiyely; conmparjng.said val yes,

r copdbphie e yieR i A Dot R RN IEIY fige MR e b Fed Rt ot

t her eorprisss el GA0H flag thoéshehlyamf a C: U fldg threshad) ag lisympstd lifid @& $§di@C50H

thres |S§S;C%it eszqorﬁt iI ng said sanple as being nornmal for said crotonyl co-A
car b&YI E’e {7H%E "&X provided there is no said elevation of any of said
val uesmppeng saidivalges, resfizstle 16 esch afisaldyfRigthteghelbs;ai n mean val ues, provi ded

any he fol |l ow n ur:. sai OH s greater than. or equal to said
5o ennd, Paehét AP ndCaFeis. &7 bovaitat ol inf hERkE vebiaRhobs SBies et B8y g
t hr edtmeshbldger f ormi ng an i nmedi ate re-analysis with a prelimnary foll ow up
to o in . oriorit an,val ues rovided a f the foll ow ng occur: i.
o o T8 EFetG Bl sefrul® AR o5 P 5that 834 Frofori Saufcatmesyiads achiienfy o
abouthere & ndbaid elevaiidn ofging of sdid esluey) pr ot ocol based on followup criteria
utilizj .Saj r.said priority nmean values, faqr, di.agnostic
ur pEBUBREL Sy B el ety 25 13 Ao e Varkes, MR et any BF b e RERGRE, ¢
r e- asaidyGiQGH isygrpatef thanmed equah &b said $50HIiflag tireshbldlat a t o a physician to assi st
in sgj i, ] f onyl cozA .car hox e deficiency. 18. The net hod
of Oggﬁrggl?%nﬁg%éreﬁ'ﬁng’é?@"%ﬁ%ﬁ@?ﬁ&%ﬁ?&ﬁ%b&a and said C5:1 flag threshold
ar e, perferspeg on ireingdiatd BEanalysiawithCa Bielimiiansfbliow-up to obtain priority mean values,
provided any of the following occur:
i. said C50H is greater than about 3.0 uM;
ii. said C5:1 is greater than about 1.0 uM;
initiatin_g a follow-up protocol based on follow-up criteria utilizing said mean values or said
priority mean values for diagnostic purposes provided either said subsequent re-analysis or said
immediate re-analysis is performed; and,
reporting said data to a physician to assist in said diagnosis of crotonyl co-A carboxylase
deficiency.

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