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I, INITRODUCTION

This is the first annual progzress report on a research program en-
titled, "MASS SPECTROMETRIC RAPID DIAGNOSIS OF INFECTIOUS DISEASES", under
Contract No. DAMD177808035, sponsored by the Department of the Army, U.S.
Army Medical Research and Development Command, Fort Detrick, Maryland.
This first progress report covers just the period from June 1, 1978 -

January 31, 1979 and is, therefore, rather limited in scope.

Tae capability of waking a rapid and reliable diagnosis of infecticus
diseases et an early stage and at low cost would be of especially great value
to the military whqrc large numbers of soldiers arxe often stationed in con-
fined areas and their continuing health is crucial to carrying out their ob-
jectives. Early and rcliayle diagnosis of an infectious disease could pre-~
.vent the sprcad of diseazse to large groups of soldiers end civilians on the
post.

Multicomponent. analysis may be used to identify in the host's reactfion

a characteristic metabolic pattern associated with general inféction, with
bacterial or‘viral infection, or with specific infections. The wmultiscan
mass spectrometric metﬁod offers thr;e types of uses in the diagnosis of in-
fectious diseases. TFirst, multicohﬁonent analysis by mass spectrometry wmay
be used as such a diagnostic tool. Sccond, the characteristic components
fdentified by the pattern recognition approach, can be chemically characteri-
zed by the fI—CID technique leading to an uhdcrstanding o} tﬁ;-biochemical
nature of the host's reaction. Third, the qu;ntitative determination of a
srall number of identified metabolites by noﬁ*mass spectrometric analytical
techniques (e.g., glc, hplé or specific fluor;mctric determinants) may prove
advantageous for routine diagnosis from the standpoint of cost per analysis,

puring the first 7 months of this sccond phase, we have achieved a num-

ber of critical objectives. All of the mass spectrometric systems to be
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used in this project have been put into routine operation and a new dedicated
computer system, acquired by SURY/AB, has been interfaced with each of the

mass spectrometers and is now being used with the multiscanning mass spectro-

meter, thus significantly augmenting our data handling capabilities. This com-

puter system has also been interfaced with the SUNY central computer, which

carries out our diagnostic data analysis. A new field fonization source has

been developed which 1s significantly sturdier and also less expensive than

our previous source. The sumple preparation techniques have been retestced
-and rccvaln&tcd by the new personnel and, with slight wodifications, found
adequate for routine analysis. A series of dihgnostic-tests of the analytical
procedures has been carricd out to ascertain the reproducibility aud to deter-
mine the rcliabiii¥y of the methodology. Finally, examination of clinical
samples has been started and will continue in the folloving months. If we
obtain vorthwhile clinical findings within the coming few weeks, we shall
submit them as a supplement to this propozal. Ve have delayed the start of 1
clinical analysis to.allow us to interface the new comyutér system, whicg is
going to be used routinely on this project. To.analyze clinical samplcs.
without the céﬁputér would have rcqui;cd a najor effort to translate and
debug CYEER programs to reduce accusulated data f;om a marginally ndcquaté
1024 channel analyser system. Althoﬁﬁh in our oriéingl proposal we planned

to start using the dedicated computer in the second year of the project,

we are now about 9 months ahead of schedule in this respect.

IX. SUXMARY OF ACHIFEVEMENTS

puring the first phase of this program we have accomplished the following

tasks: (documented in the Final Report of 1977)

.
-

1. Sclectfon and development of mass apectrometric instrumentation

capable of rapid and relinrble multicomponent analyuis, A
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3.

e
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6.

7.

8.

9.

10.

“3-

pevelopment of r;pid‘and rcproducible §amp1c extractions gnd con;
centration techniques which enable ro;tinc urine multicomponent
analysis.

bPevelopment (in a pa;allel;cffort) of ingtrumentation which allowa
the chcmical charactcrizdcion of components of interest ~ those
that comprise a charactcri,tic metabolic pathological pattern.
Development of apprOpriate statistical data—handling techniques
which facilitatc the extraction of diagnostic infoxwation from

metabolic profilcs.

Preliminaxy démon yation of dxffcrcutiuLLOﬁ between bacteric throush
the metebolic profile of their homogenates.

Pemonstration of diagunos i, of infcetious . hepatitis through multi-
component analysis of the acidic as ﬁcll 25 fhe ncutfnl_mctabolitcs
in urine,

Dewonstration of diaonosis of urinary andAof pulmonary infectiocns
through multicompénent analysis of ncutral metabolites in urine.
Demonstretion of a general diannoscic pattern associafcd vith infections.
Deronstration of differcntial diagnosis of the patlentu uufferJng
from the 3 types of infections (hepaL1c, pulwonar; and urinary)
Denionstration of the ability of the‘mcthodology to differcentiate

in the same urine between two superimposed pathological patterns.

buring the first 7 months of the current phase of the program we have

acconplished the following:

1.
2,

Recruited and trained adequate project pcrsonnel.
Cot the equipment transferred from California fully npc1ationa1
(This involved complete rcassembly of two of the Instruments plus

extensive laboratory renovation to provide essentfal utilities).

4
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"3, Developed a simpler, more rugged and much less expeunsive field ioniza-

tion source, adequate for routine multicorponent analysis.

4. ‘Translated the computer prograns developed at SRL into languages

-

supported by the CYBER SUNY computer system.'--

5. Adapted and rechecked the sample preparation procedures for urine

samples.

6. Developed an adequate sauple preparation procedure for plasma samples,

7. Interfaced the FI multiscanning mass spectrometric sy;tem with the
INCOS NOVA computer system.

8. Interfaccd th; INéOS computer with the CYBER system.

9, Tested the new systems including the sample prepération procedures
for reproducibility and potential sources of variances.

16, Collected urine samples from patients (children and adults) with a
varict} of infectiovs diseasecs which will be examined in the coming wonths,

In the following sections we shall describe in some detail a number of

these acconplishments.

A. Jon Sourcec Improvements

A new type of field fonization source has been developed that has a num-
vber qf advantages for analysis of physiological samples. The activated foil
of our previously described source has been rgplnccd with a brush of~s 20-50
graphite fibers of § micron diameter (Union Carbpide “"Thorrel") mounted on a
stainlcess stcél foil with silver conQucting pajint. A narrow sample feced path
past the evenly cut cndg of the multiplé fibers is defined by a sccond foil on
the opposite side of the source wedgé ag in the aééivatcd foil source. (Sce
1977 chért). A counterxeclectrode consiating of a slit 0.25 mm wide or an

80 linc per inch nickel grid is placed 250 microns above the ends of the fibers.

This 1s a vider spacing than previously used with the multipoint or aectivated

| I
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foil sources and an ionizing potential of 5 kV is required to obtain optimum
{onfizatioa efficiency. The larger spacing is necessary to prcven£ shortinyg
due to broken fibers lodginé b;twéen:thc brush #nd counterelectrode.

An entire source can be agssembled in one-half hour and no activation is
required for operation. ‘The sensitivity of the source is in the range of

10-12

coulombqﬁﬁ% which is approximately 10 - 20 times less than the maximum
obtained for activated foil orx mulgipoint sources. Since some of the Jatter
sources lost their efficiency during continucd Ppeiation,rcquiring repeated
activations, the new stable source i{s superior in spitc of its rclativeiy
lower sensitivity. Analyses of over 100 samples of plasma and urine cxtracts,
fncluding some samples of unextracted dficd plasma and urine have been per-

formed on a single source with no deterforation in sensitivity,

B. Cowputerized Data Acguisiticn Systom

within the last wonth we have adapted our rp"ctronntc1 for use with a

¥innigan Model 2400 data acquisition system. An analog scan signal is uscd
dircctly to dl-ve a hall probc controlled magnet power supply. A ccan of

15 sec up and 3 sec down between 1 and 450 amu wlth a 1l scc hold time at the

upper and lower ends, haé resulted in good long-term mass assignment stabilicy.

Statistical analysis can be applied over the extended maés range, making
use of any additional di#gnostic peaks not found in the 50 - 350 amu range
previously used. In order to allow reliable mass assignment for field ioﬁiza-
tion spectra ;; use a seven cdmpound calibration mixture, volatile at r;om
tcmperature,.covering a mass range from 73 to 298 amu., These FI calibrations,
taken at the end of every profile analyﬁis, are ;scd to a;sign masces to the’

most rccent nmulticomponent sample, and to monitor any instrument drift between
samples.
To allow for more cfficient recalibration and change of scan parameters,

we plan to inatall a combined EX/FI source so that recalibration over the
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full rarge using PFK (perflurokerosene) can be performed when desired.

Since the time-temperature profile of ea;h peak is preserved by the data
system, we will develop'proéedurcs to test the éiagnostig value of multiple
components at single nominal masses resolved in time by their volatility dif-
-ferences, Using the above scan parameters, a single pure component is now
being assayed in less than 10 scans, and 80 s;;ns are used to obéain a full
multiconponent molecular weight profile; therefore, several components con-

tributing to the same nowminal mass peak way be resolved, each carrying poten-

tial diagnostic information.

C. Jmplementation of Data Analysis Procedures

The objective in processing the experimental data is to determine the
degréc of validity of the null hypothesis that any observed differences in
ﬁass #pectré of samples obtained from the patholegical and contyol groups are
dué to chance, Although it can mever bq proven that this hypothesis is in-
corrcct, it is possible to dctermine the cdds’ that this hypochcsig is wrong
and that, conscquéntly,'the wass spectral differences are due to real metabolic
differences.

9he validity determination requires that (1) raw spectral scans be com-
bined; (2) their masses and areas coaverted to nominal and normalized valgcs
respectively; (3) these data be sultably reformatted for statistical pro;
cessing; and (4 the Wilcoxon P-valucs and WNI (weighted non-correlation index)
valuecs be obtained. (Sce the 1977 chort). Below is a brief description of
the progress nade over ghc last 6 months in éatiﬁfying these four requirements,

iequircments (1) through (3) can all be met b& use of our newly-acquired
Finnigan-INCOS model 2400 Mass Spectrometer Data Systéa. Although ordered
early in the current coatract year, delivery and pre-accegtange servicing and

adjustment by Finnigan staff were completed by the beginning of January. Ex-
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. perience in using the system to edit, combine and convert the individugl scans
has been developing over the past weeks, and will so continue as project per-

gonnel lcarn to employ more of its subtle and ifmpartant capabilities.

Our dedicated system also is being used to reformat our norralized, FORTRAN-

yeadable data into the sequential form requivred by our PASCAL-based Wilcoxon
statistical program recently developed to substitute for the SRI program, No
utility program for this "laundering” of FORTRAN-to-PASCAL format is available
on the Finnigan 2400, so the NOVA minicomputer resident in the data system was
prograrmed to accomplish tﬁis. In addition, other programmiiig, circuit
changes, RS5-232 data interfacing and rmodem installation were completed during
this pericd.

Considerable prograzming effort has been expended in converting thé ALGOL
wilcoxon program (brought from Stanford Resecavch Institute) to a PASCAL-based

program guitable for use on the University's CYC CYRER 170 computer. The pro-

gram has been completed and initial tests Indicate successful implementation,
based on correct P-valqu obtained from test sample input data.

Plans for the next period include the rcfincment of prograuming to allow
redundancy-chezk data transmis;ion from the dedicsted system to the CYDER com-
putexr using more extensive count and chlicck-sum information. Also to be de-
veloped is a FORTRAN version of the weighted non-correlation index algorithm
that will be suitable to carry out an optimizntion study of wefghting func-
tions for the UNI. " It is expected that some effort glsé will be devoted.to
interfacing the data system with a high-speed multiplex data link to the
CYBER, when this fcature is made available in the next few months by Univer-
sity Computer Services Department. On the other.hand, 1f the INCOS system
will §rovc to be capable of carrying‘out the wholé.pattcrn recognition pro-

cedure, the nced for the CYRER use may become superfluous.




P. Preparations of Urine Samples

The method used for separating the organic components from human urire
is similar.to the one used in our 1977 report. “The method makes use of a
chromosorb P column to retain the highly polar inorganic portions of the urine
while allowing the organic EOmsonént; to pass through the ;olumn with the
eluting dichloromethane. (See 1977 Report). NaCl saturated urine (1.5 ml) is

loaded onto the chroﬁosoib column with nitrogen pressure. A 5wl volure ;f
dichloromethane (DCM) is then eluted through tﬂq column, also under nitrogen
pressure, Tne DCH is collected in a separate vegsscl a2nd most of the solvent
is removed under a stream of Ny. The ovganic residue is dissolved in

about 10041 of DCH and is blaccd on a much smaller chromosorb capillary
column for intreduction into_thc ﬁass spectrometer. The entire process,
aside {rom column preparation, takes 25 minutes. - This procedurc offers
greater speed than ecarlicer techniques and greater reproducibility than simple
extractions,

Since Fhe'last report we have made slight changes in the design of our
chromosorb column to assure reproducibility, A smaller volume of glass wool
is now uscd at the beginning of the column to rctain the chromosorb, The
column (135.0 rm x 8.0 mm O0.D. % 6.2 mm I.D.) is packed tightly with a laxger
volume of chromosgrb (2.4 gramss. Oac gram of anhydrous HapS0, 15 now packed on
top of the chromosorb and the end of the column is tamped with anothcr m;11
glass wool plug. The column, are then carefully washed with several volumes
of methianol and DCM and baked at 200°C for 24 hours.

An appropriatc.amounc of NaCl saturated urine (1.5 mlj'is then loaded
onto the column. This volume is sufficient to Just wet thé enfire chromo-
sorb. The fully wetted column reduces variaci;n caused b} reabsorption of
materials from the eluting DCM back 6nt9 the dry chromosorb. Such reabsorp-

tion, may have ecen respo sfble for pattern fluctuations sensitive to im flow




during ciution. We have found that a fully wetted coluan produces good re-
producible yields with less flow dependent fluctuation in the metabolites
isolatcd. The NapS0;4 added to the far end of the column i; u;cd to hold
back any vater that might otherwise accompany Ehc DCH lecaving the column.

The smaller volume of glass wool at the beginning of the column assures

that most of the urine 1? applied to the chrom&sorh before elution.

The pM of the urine can be adjusted before absorpticn onto the chromosorb,
At present, we are proceeding with the isolation products of neutral urines
which give both good yieclds and information-rich “fingerprints".

E. Preparation of Plasma Sanples

We have tried scveral procedures for preparing human plasma samples for
mass specivometric analysis.

The simplest and most direct method of plasma preparation consisted of

absorbing 50 £ of plasma onto a small capillary column filled w!th glass
beads. The column pro%idcs a large surface for absorbinpg precise amounts of
plasma. After absorption, the placma was dried with a gentle stream of nitro-

gen, and the sample was introduced to the mass spectrometer via a solid

probe spc;ially adapted to accept these 12 m x I ma 0.D, x 8 ran I.D, columns.
This straightforvard method may prove suitable for certain applications.

imié technique is not, howvever, without its limitations, for it is in-
discriminate in its presentation of plasma metabolites. We sought to xectify
this situation and gain a greater degree of control over the matnh&litcs
rcpréccntcd in the cample, by ésing a vaviety qf precipitation, extrcction.and
column techniques. We were particularly concerned with the contributfion of
cholesterol which contributed a group of large mectastable pcaks'in the 379~

335 amu region and which mightlobscurc some gmall pesks in the same mascs

reglon. After confirming the identity of the compound causing the inter-

: L
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ference, by the use of CID, we have developed a precipitation procedure to

remove the plasma cholesterol.

Cholesterol was removed by precipitation with digitonin, A 1% digitonin
(Baker) in absolute alcohol solution was prepared. Two mls of the 17 solu-
tion vere added to one ml of plaswma in a centxifuge tube and mixed on a
vortex mixer. The suspension was centrifuged for 10 minutes at 3500 xpm,

The cholesterol-free supernate was then poured off. The cthanol of the digi-
tonin soiution prccipitatcd.some of the plasma protciﬁ along with the choles~
terﬁl. The removal of the remaining protein was effected by the addi;lon of
8 mls of absolute alcohol. The supernatant and the additional ethanol were
nixed and centrifuged as above. This now chq}estcrol- and protein-free super-
natant was removed and concgntratcd under a stream of nitrogen. The concen-
trate was then loaded on gléss beads or chromosorb and intreduced into the
mass spectrometric solid probe for analysis.

‘ We have found this procedure effective for th reasons: (1) the choles-
terol peaks are sclectively removed from the spectrum; (2) the protein-frece
plasma makes possible a wide variety of further manipulation not previously

possible without the Interference of protein.

A wide variety of solvents and conditions are now being used in column
and cxtraction methodologies. We have procceded with further purification
.of the pinsma by chromosorb P and XAD resin columns as well as with extrac-
tion with organic solvents. We have zcquired considerable expertise with
these wmethods and are vell prepared to isolate particular classes of mcta-
bolites from plasma. Preliminary results indicate that (1) precipitation of
cholesterol: by digitonin as deseribed effectively removes the cholesterol
without the addition of artifacts; (2) protein precipitation docé not markedly

alter the mass spectral profile of the low molecular weight components in

a.

the sample.
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F. Evaluation of Reproduzfbjlity of Analyvtical Procedure

At this time we have analyzcd.rcplicatc samples from a single indivi-
dual to determine rcpro&ucibility of both the mass spectromnetric analysis
and the total expericental procedurce. Inftial tests of the Wilcoxon Test
and spectrum nermalization programs have been run on the CYLER using pre-
viously analyzed test data. The Wilcoxon Test and the weighted non-corrcla-
tion index (UIYN) programs will be used to analyze our current data as soon
as we accumulate a sufficient number of control énd pathological spectrg.

A preliminary analysis of the recently analyzed clinical‘éamplcs has been
pexrformed using the library search programs of the mass speetrometer
data systenm. "

In order to test the pattern variance due to the mass spectrometric
procedure, an 18 ml urine sample from a single individval was prepared in
a scaled-up version of our extraction procedure. The 100 ml dichloro- .
methane extract w;s concentrated to approximatcly 4 nls. Twelve sawmple
capillaries werc loaded by gpplying approximhtcly 50 41s of the concentrated

extract to cach capillary. This is equivalent to about 15 - 257 of the

material extracted from a mormzl 1 to 1.5 ml urine sample. The total couats
for czch of these sanp!cs was approximately 105 and the smallest peak in any L
sample was greater than 100 counts. .
The arcas_of selected individual peaks, expressed as a percentage of
the total fon count, varied by 15 - 20%, with no apparent systematic ervor
related to the iass or intensity. Diagnostic programs are being developed
to compute the average vaxiation for the entire spnétrum and to accurately
test for systematic errors. In addition, this a2nalysis will be pexformed

on the data after removing the largest peaks from the total arca used for

normalization. (See the 1977 Final Report). This algorithm is currently

R —
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! imbedded in the program designad to process raw multichannel analyiér data
and is being rewritten for use with the reduced data fbrmat produced by the
Finufgan data acquiscition system. This correction is expected to reduce
the average coefficlent of variation by 6 - 7%, and make it poscible to
compare the performance of the present proccdurc and instrumentation with

that of the older system described in the 1977’rcport;

Jhe total spectral pattern frow the rcpliéatc samples was also analyzed
uging the librar;.search programs of éhe data acquisition.systcm. To do '
this a sub library was created using these replicate spectra. Library‘
entries are generated in the data system by 2 reduction algorithm that
saves up to 50 peaks from the ofiginal spectruﬁ using the }clativé peak
intcnsities t; celect the most significant peaks In a windou that is wmoved

across the entire spectrum. The reduction occurs in two steps, first sclec-

ting 40 peaks in a window i 50 amu wide and next selecting the six largest

peaks in a sliding + 7 amu vindow. As stated carlier, the library uses

the square yoot of the mass‘timcs the intensity in all of its operations.
Using the sub library, 15 pairs of replicate spectra were compared to

obtain the FIT parameter -(OSFITSE 1000) which is propoxrtional to the cosine

of the angle between the 50 dimensional veetors represented by each apcectrun,

The replicate samplés vere compared to a sccoud set of five samples of
the saue urine extracted and analyzed individually, in this set of ramples
the total intensities were above 500,000 counts per sample, Examining in-
dividual pcaks,.éithin the sct'of five, no increcase in averagé variation was
detected as compargd to the replicates. To obtain a2 more quantitaiive
measure qf the variation betwcen the two sample sets, we again used the
}ibrary comparison, using'lo pairs of the individual spectra compared to

each other, For the first set of 15 comparisons the average value of FIT

R —-
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was 909'f 29 and the sccond sct of 10 comparisaons gave an average FIT
of 949 t 29,

Although this provides only a semi-quantitative comparison, the re-
sulfs indicate that the individual ﬁamplcs are more gimilar to cach other
than the replicate analysis of a pooled sample. We believe this 1s primarily
due to the larger count rates obtained in the second snmp}e.sct.

Using these vector dot product measures gf similarity, we also examined
the match between pairs of the pooled samples‘and matches betwecn the pooled
samples and the individually extracted sampleé. For the pooled samples thc
average FIT wa; 509 + 29, Yet.12.p061ed-individu31 compa;isons gave a FIT
of 832 i_l&: a difference significant beyond the beyond’tbe‘79x confidence
level. 7his indicates a detectable difference in the p;ttcrns duez CO~
the large scale extraction procedure used for the poolcd‘snmplcs.

G. Preliminary Tests of Clinical Samples

Preliminary tests were also carried out using a linmited set of sauples
obtained from Children's Nospital of Buffalo. This initfal set of samples
included 7 individuals with pneumonia, 1 with bronchitis and 6 individuals
hospitalised with traumatic injury or for tonsilcctémy; This latter group,
used as control samples, may not be completely freé of infections‘in the case

of the tonsilectomy paticnts.

Each sample was analyzed in duplicate by the procedures described
above, For cach sample the BO scans were converted to nowinal masses anrd
gurmed to oﬁtain the cémpositc integrated spectrun.  This reduced spectrum
1s equivalent to the output of our earlier data reduction programs designed
to handle the raw counts and channel numbers acquired by the multichannel
analyzer. (Sce the 1977 Final Report). An approximate average spectrum

was obtained for cach class of samples by summing the individual conposite
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spectra together. Each individual spectrum was included in the sum as

many times as necessary to obtain approxim;tely_equal total intensity for

each sanple in the < lass average sum spectrum.  (When our CYZER normalization
proccéure becomes operative, we will sum the normalized spectra and the
above described procedure-will be superfluous). In this manner we computed
4 scparate class averages taking culy one of the duplicatc spectra for

cach individual, thus gencrating.two control averages (designated CA and
EE), and two pathologicai averages (EX and Fﬁ). We also computed a com-
bined control average using all the control anhlysés anq a similar patholo-
gical average deleting the bronchitis sample a;d one additional pneumonia
sample wvhich ga;é-an ambiguous diagnosis in one of our préliminary pattern
analysis tests. In order to evaluate these patterns we uscd the library
search programs described previously. For cach possiblc'pair of average
spectra CA, PA; CA, PB, etc., wé obtained the FIT paramcter for the other
otéer pair of averages relative to these to reference vec£ors. In this
test a control average should give & higher f£it value when compared to a
control then when compared to a pathological average. Tiis test is equiva-
lent to a projection of the-SO dime#sinnal unknown vector on to 2 reference
vectors. The two reference vectors are not necessarily "orthogonal in

the original 50 dimensional space but may be conveniently uscd to dispiay
their relationship to the unknown vector in 2 dimensfons, Fig. 1 shows

the result of this type of analysis for cach of the possible comparisons
made, In this representation, the 459 line representy the expected deci-
sion surface indicating an equal sinilarity to both pathological and control
spectra. For the rcp;icatc average spectra all test points fcli oa the
expected gside of this decision surfacc although the graph shous that there
is a high sinilarity to both refercnce spectra for either sample type.

Thig is to be expected since the bulk of the metabolic profile does not
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Figure 2. Comparison of Individual Average Spcctra to Class Average
" Spectra




-16-

3 change but is only modified by the disease. 7The Wilcoion Test that will

be used for larger classes of normal and pathological samples will select
e

the peaks with the higher significant diffcrences and therefore amplify the

et o aadd

Jreipy

difference between the pathological samples and controls.

A similar comparison was made by comparing the average of cach sct of

duplicate individual samples to the total class averages., 7These results,

shown on Fig. 2, while highly preliminary, show a significant separation

between the two classes. In the traditional supervised learning approach
to pattern recognition the expected decision surface would be altered to
achicve the best separatiion.

This graph reveals some. other features of th; data sct that deserve
furtﬂcr consideration. First, the point indicated as B oh the figure, re-
presenting the individual with bronchitis, appears to be éorc sinilar to
the control group than to the pathological gfoup. When this sample vas in-
cluécd in the pnecumonia average some of the points representing the control
samples moved below the 45° decision surface. One additional sample (A on
Fig. 2) analyzed later than the first group of samples, also fell on the
decision line vhe; the broanchitis sa&plc was included in the pneumonia
average. In Figure 2 these two samples were excluded from the pathological

average. The sccond feature worth noting is that the pncumonia samples

appecar to cluster in two distinct groups. This may be due to differences
in medication, the naturc of the infection, (viral or bacterial) or the
stage of the illness. At the present time we camunot be certain that this
difference is rcal although use of a number of diffcreat individual samples
as reference vectors preserved the grouping of these two sets of sawmples

4nto two distinct clusters.

4
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Fighrc 1. Comparison of Duplicate Class Average Speetra
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The successful sepavration between the two very small sets of patholo-
gical and normal sawples using all measured peaks (rather than those sclected

by a WElconxén Test) is extremely encouraging. - It indicates real differences

between the two sets vhich were not obscured by the majority of metabolites

unaffected by the disecase.







