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'ABSTRACT

A method 1s described whereby a transevaporator is used for samp]ing
60-100 ﬁ] of aqueous sample. Volatiles are stripped from the sample
either by a stream of helium and collection ona porous polymer, Tenax,
or by 0.8 mi of 2-chloropropane and co1iected on glass beads. The
volatiles are thermally desorbed into a precolumn which is connected to
a capillary gas chromatographic column for anaiysis. The technique is
shown to be reprpduciBfé and suitable for determining chromatographic
profiles for a wide variety of sample types.

Using a transevéporator sampling techniéue, the volatile profiles
from 70 ﬁi of serum were obtained by capillary column gas chromatography.
The coﬁp1ex chrqmatograms were interpreted~by a combination of manual and
computer techniéues and a two peak ratio method devised for the
classification of normal and virus infected sera. Using:the K-Nearest
Neighbor approach,'85.7% of. the unknown samples were classified correctly.
Some preliminary results indicate the possib]é use of the method for the

- assessment of virus susceptibility.



I. INTRODUCTION

Profile analysis has been the subject of considerable investigation,
with various degrees of success, in food quality evaﬁuation,(]']z) in

(13,78)

air pollution studies, in the characterization of automobile

(11)

exhaust gases, marine sediments,(la) engine nils,(]s) énd marine

0il spil]s.(]6'18) The object of gas chromatographic profile analysis

is to correlate a charaétéristfc."finger prfﬁt" pattern in a chromatogram
with the qualitative and ﬁuantitative properties of a sample.

In recent years, this approach has become increasingly important in
the biomedical field for the diagnosis of disease and the study of
metabolic disorders.(]g'sz)' A complete profi]e 6f all the constituents
of a biological fluid is at present impossible with available analytical
téchniques, The goal at which most wokkerszaim is the déve]opment of a

complete profile of a selected group of substances (eg. orgénic acids,(3o’ '

31,36,44,45) 22,39,46) (4C,41)

’ amino acids,(32) steroids,( carbohydrates,

etc.) or of compouhds with similar properties (eg. vO]axiTes)ﬂ]g'Z]’23’24’28’37’33)
A comparison is then made between the profilelobtained with "normal

samples"” and "pathological samples" to establish any quantitative

differences that ﬁ?ﬁht be of value for diagnostic purposes. A knowledge

of the chemical constitution of abnormal peaks or peaks of abnormal

concehtration may suggest a possible biochémica] reason for the disease

and lead to new methods of treatment. |

Except in a few cases in which a strong clue exists to implicate the

role of causative agents to a disease disorder most work still relies on



a serendipitious finding in a scfeening program involving the study of
many diseases. To maximize the chance of discovery as many substances
as possible are included in the profile. Capillary columns are generally
used for the analyses due to their superior resolving power.

Volatile metabolites excreted in urine héve been extensively’
studied by Zlatkis et al,{19247+50) jebicn et a1,(21237,51,52)

(48) and Novotny.(49) Abnormal excretion of C4—C5 alcohols,

Matsumoto
octano1s,,cyc]ohexanone, 2-heptanone and pyrazines occur in cases of
metabolic disorders of digbetes mellitus.

Clinical 1aboratofies depend to a great extent on blood as»opposed
to urine for diagnosti¢ purposes. Little data is available concerring
the occurrence and concentration of yolatile substances in blood.
Technical problems such as the availability of sufficiently large samples
and the pfotein content of blood serum have rendered their dua]itative

(53)

and quantitdtive determination more difficult. Dowty gg_gl used

Tenax GC to analyze volatiles in piasma of patiéntS'with chronic renal
failure. Stoner gg_gl}zé) extracted volatile substéﬁces from 15 mi df
plasma with ether. Liebich and w311(38)'ana1yzed 5'm1 of ‘serum by GC-MS'
and mass'fragmentography using a headspace sampling technique. 1In all
these stu&ies the sample size used for analysis ranged between 5 ml and
55 ml and the chromatograms produceﬂ contained relatively few volatile  ‘
components compared to urine. -
The components of interest are generally pfesent in Tow concentration
with the result that special techniques are necessaryito overcome the

problems associated with the small sample size, low sample capacity of



the capillary column and the need to introduce the sample as a con-
centrated plug. Two techniques that have been widely used for the
concentration of volatile substances from dilute aqueous solution are

(8,9,11,14-18,25,32,34,35,41)

salvent extraction and headspace analysis

using a suitable adsorbent.(9’10’12’13’21’23’37’38’54’55) The
techniques are complementary for samples that contain organics covering
a wide volatility range. A shortcoming of the extraction technique is
that some early peaks are masked by solvent whereas poor representation
of late peaks occurs with the headspace technique. The extraction may
: be performed using a micro-technique but the headspace method generally
yields unsatisfaétory }esﬁlts where only small volumes of saﬁp]e are
available.

Zlatkis and coworkers introduced a direct micro-extraction method
for profile analysis using only 25-100 ul of serum.(56'57) Zlatkis and
Kim have recently described an improved method of micro—extractidn
using a transevaporator.(sa) An aqueous sample is p]aéed oh a suitable
adsorbent packed in a small tube, the organics of ipterest are extracted
with a suitable solvent and traﬁéferred to a collection tube packed with
glass wool and excess solvent is evaporated. Thé vd]ati]es are then
transferred to a capillary column via thermal desorption into a precolumn.
The extraction procedure takes 1éss than 30 minutes and may be used with
as little as 25 ul of sample. The transévaporator extraction is about
three times more efficient than a direct extraction. Purified 2-chloro-
propane was found to be a satisfactory eXtractfng'soivent and Porasil E

was found to be the best adsorbent out of 6 possible candidates.



The volatiles are present af trace levels in biological fluids which
consist principally of water so that the sampling technique has to serve
as a concentration device capable of reproducibly stripping a diverse
range of compounds from a water matrix. The original "transevaporator”
method has several shortcomings. A small excess of moisture sometimes
causes plugging of the analytical capillary column, and the chromatogram
was lacking in headspace component.i. The recoVery and reproducibility
of standard compounds were also lower than expected. It was necessary
to modify and improve this "transevaporator"” sampling system for its
- general application to biological fluids. Good precision was required
and a more general pr&fi]e conféining "headspace" and "solvent
extraction" information from the same sample.

When one is dealing with the metabolic disorders that lead tovgross
metabolic changes, there is no need for computer aided evaluation.
However some clinical disorders may result in more subtle, yet perhaps
important, changes in the metabolic pattern. The very nature of this
approach leads to problems of an analytical nature. For the casé of the
analysis of volatiles, the current sampiing techniques generate very
complex chromatograms which only reveal a full picture of the{r complexity
when high resolving capiliary co]umns are used for the gas chromatogfaphic
separation. The amount of infofmation subsequently generated can no
longer be handled by empiricai ﬁeans and the uée of pattern recognition
teChniques and éomputer'sorting are ob1igatory.(7]) Although the
selected sampTe can‘bé characterized as "volatile" under that heading

is masked the chemical complexity of the mixture which covers the



complete spectrum of po]érity. fhe physical property shared by all
components is that they fit into a distinct boiling point range. The
successful use of such techniques as pattern recognition makes high
demands on the reproducibility of the profile; a feature which it is all
too easy to demonstrate is more often impaired by poor sampling techniques
than chromatographic error.(72)
Various pattern recognition techniques have been described to
correlate gas chromatographic profiles with the properties of a sample.
The purpose of pattern recognition is generally to categorize observed
- experimental data as being characteristic of a particular sample type.

Moskowitz(3) used'mulfi Tinear regression analysis to yield an overall

dissimilarity of odor quality difference in flavor assessment. dJurs

used a linear 1earning machine pattern classifier to analyze
Tow resolution mass spectra. The linear learning machine performs as a
binary pattern classifier - yes or no, plus or minus, or class I or
class II. A classification vector is computed by an interactive
training data set using known spectra that may overjap in any or all
4components. This technique has a disadvantage for the non-Tinear multi-
pattern data set compared to the K-Nearest Neighbor technique (KNN).

The K-NN classification method(63;67) js a multi-dimensional classifier
with no increase in comp]exity'and is computationa]]y and conéeptiona]?y
quite simple. An unknown pattern 1svc1as§ified according to the
majority vote of its K-Neare§t Neighbor (K = 1;3,5...etc.) in n-épace.
Computationa11y, all that is necessary is to calculate and scan a‘

distance matrix between an unknown point and points of a known group

established from the analysis of a training set.



Profile analysis of vo]ati1é compounds in body fluids could be a
significant part ofalarge-scale preventive medicine program provided
that an accurate and iong-term reproducible analytical system couid be
developed. Specimen collection, storage and transportation should be
controlled carefully in order to eliminate any artifacts. The combination
of high resolution capillary column gas chromatography and computer aided
pattern classification systems, opens up new possibilities not only for
the study of gross a]tera;ions but also for the detection of more subtle
changes in profiles.

In an effort to establish the methodology for the early diaénosis
of viral diseases, a series of bapi]]ary column chromatogrpahic profiles
were obtained using a modified "transevaporator" sampling iechnique.

The complex chromatographié profiles were analyzed by computer techniques
to develop a means of differentiation between normal and virus infected
sera us{ng a two peak ratio method. A training set was devéioped and

the K-Nearest Neighbor technique used to establish the predictability of
virus infected serum identification. Gas chromatography-mass spectro-
metry was used to identify the ‘most prominent serum components important

to this study.



IT.  EXPERIMENTAL

A. Adsorbents and Reagents

For trapping and concentrating the volatiles from biological fluids,
the adsorbent should provide adequate selectivity, thermal stability and
surface activity.

Porasil E (80-100 mesh) and glass beads (éO-]OO mesh) were obtained
from Analabs, North Haven, Connecticut. Porasil E is in the form of
perfectly spherical beads of porous silica with a specific surface area

(73) upon heating from

of 25 mz/g. According to Cadogan and Sawyer,
200°C to 500°C s{lica loses all hydrogen-bonded water which provides the
active sites for adsorption. Since Porasil E was conditioned at 300°C
-prior to use, water in serum was retained by Porasii E very effectively
after sample elution thrqugh this small column. |

Tenax GC (60-80 mesh), a porous polymer of 2,6-diphenyl-p-phenylene
oxide, was obtained from Applied Science, State College, Pennsylvania.
Tenax GC has been characterized as having undsual and deéirab]e

chromatographic properties.(74)

It has been shown to fulfill the
requirements of efficient adsorption and thermal desorption for higher
mq]ecu]ar weight compounds. The temperature stability of Tenax GC is
relatively high (up fo 409°C), and it is widely used for headspace
sample ana]ysis.(]9'21’37’38)
Glass wool (Pyrex brand) was obtained from Corning Glass Works,

Corning, New York.



A1l of the above wefe washea with distilled ether and conditioned
at 280°C in a stream of dry helium for 12 hours.

2-chloropropane (Eastman-Kodak, Rochester, Hew York) and n-pentane
(J. T. Baker, Phillipsburg, New Jersey) were disti]}ed from phosphorous
pentoxide (J. T. Baker, Phillipsburg, New Jersey). Diethyl ether
anhydrous (Mallinckrodt, St. Louis, Missouri) was distilled from lithium
aluminum hydride (Alfa Products, Danvers, Massachusetts) and water was
distilled from potassium permanganate (Fisher Scientific, Pittsburgh,

Pennsylvania).

B. Serum Samples

A total of thirty-six serum,samp]es from twelve male volunteers who
had been exposed to either "England" or "Rhinovirus" were supplied by
Dr. H. J. Schneider (NASA, Houston, Texas, U.S.A.). These samples
form part of a study of immune response to respiratory virus infection
conducted by Dr. R. Couch, Dr. V. Knight and Dr. S. Criswell of the
Influenza Research Center (Houston, Texas). Serum samples (200-800 ul)
were stored in g]aés‘vials at -20°C prior to analys%s.

The serum samples fall into two categories. The first (Nos. 1 > 6)
were obta%ned from volunteers who develeped clinical ;ymptoms-of influenza
after virus infection. The second Qroup (Nos. 7 -+ 12) were obtained
from volunteers who did n6t deve1op clinical symptoms after virus
infection. Each vo]unfeer provided three serum samples corresponding to |
a baseline sample taken pridr to Vfrus infection (Group I), a serum

sample taken one day after exposure to the virus (Group II) and a final



sample taken 14-21 days after virus infection (Group III). Group (I)
represents normal serum samples, Group (II) virus jnfected serum samples
(irrespective of whether clinical symptoms developed after exposure) and
Group (IIi) virus infected serum samples from which all volunteers had

recovered clinically from the infection.

C. Transevaporator Sampling Method

1. Sampling Apparatus

The transevaporator used is shown in Figure 1 and is essentially of

(58) Significant differehces

the same design described by Zlatkis and Kim.
are that the dimension of the Porasil E tube is changed to smaller size
(70 mm x 2 mm I.D.) and that a water condenser is included. _

The micro elution column was a glass tube containing 0.3 ml of
Porasil E with a plug of glass wool at both gnds. Prior to packing,
Porasil E was conditioned again at 300°C by purgiﬁg with nitrogen at
20 ml/min for 3 min. The glass bead trap (3.4 m1 of glass beads) and
‘ Tenax trap (1.8 ml of Tenax GC) sérve as a conceniyating'co]dmn, in a
glass tube (110 mm x 10 mm 0.D., é-mm I.D.), tightly packed with glass
wool. The elution apparatus consists basically of a custom made |

“transevaporator" and a conical tip centrifuge tube with a glass stopper

($ 10/18) as shown in Figure 1. R

2. Sampling Procedure

Figure 2 ié a schematic diagram ot a combined headspace and

extraction sampling procedure. The,Samp]ing procedure is performed in
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FIGURE 1. MODIFIED "TRANSEVAPORATOR" SAMPLING
APPARATUS
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FIGURE 2.

SCHEMATIC DIAGRAM OF A COMBINED HEADSPACE
AND EXTRACTION SAMPLING PROCEDURE
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two steps, the first being collection of Tow molecular weight volatiles
on a Tenax tube, the second being the solvent extraction of volatiies
coupled with collection on glass beads.

In the first step the sample (25 to 200 ul) is introduced to the

inner tube which contains 0.3 ml of Porasil E,‘a strongly hydrophilic
porous silica adsorbent. The upper tube contains 1.8 ml of Tenax, a
2,6-diphenyl-p-phenylene oxide porous polymer, which is an excellent
trapping material for headspace analysis. A condenser is included in
the apparatus to prevent excess water vapor from reaching the Tenax trap.
A stream of helium gas (16 ml/min) is passed thrbugh the apparatus for
5 to 10 minutes to trénsfer thé volatile compounds from the porasil o
tube to the Tenax tube whiqh is then removed from the apparatus. Helium
(16 ml/min) is passed through the tube for about 3 minutes to remove
traces of water which would block the preco]umn during desorption. There
is no apparent change jn.the resu]tént profi]e due to this procedure.
The Tenax tube is removed from the apparatus and placed in a desorber at
280°C for 10 minutes. A stream of he]iuﬁ (7 ml/min) desorbs the volatiles
into a precolumn, cooled in liquid nitrogeh, which is then connected to
an analytical capillary column for chromatography. o

In the second step the apparatuslis‘converted to the form described %

by Zlatkis and Kim(®8)

by removing the condenser. The Tenax tube is
exchanged for a tube of identical dimensions cbntajning glass beads.

0.8 ml of 2—ch10rbpropahe is introduced into the tube and is swept through.
the porasil tube into the upper tube by applying gas pressure, Soluble

organics are extracted and transferred to the glass beads while most of
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the water and high molecular we{ght material is retained by the Porasil

E. The Porasil E tube is removed, the apparatus is reassembled and the
outer tube is placed in an air bath maintained at 50°C to heat incoming
helium which is passed through the apparatus at a rate of 16 ml/min for

10 minutes to remove excess 2-chloropropane and traces of water. As in

the case with the Tenax tube tﬁere is no apparent change in the resultant
profile due to this procedure. The organics are transferred from the glass
bead trap to the cébi11ary column by the same techrique as is used for

the Tenax tube.

3. Transference of Sample from Trapping Tube to Analytical Column

The trapping tube was placed in a desorption'chamber maintaihed at
280°C, connected to a stainless steel precolumn (30 cm x 1 mm I.D., coated
with SF-96) and cooled in Tiquid nitrogen. The volatiles werevtransfefred
to the precolumn by passing helium through the system at 7 mi/min for 10
minutes. The precolumnwas thenconnected to the analytical capillary
column, the first 30 cm of which was cooled in liquid nitrogen. The
sample was transferred from the preéb]umn to'the aﬁalytica] column by
heating the former to 180°C with an air heating gun for-1 minute while

‘passing helium through the system at a rate of 1.5 ml/min.

D. Capillary Column Gas Chromatography

1. Analytical Capillary Column

In this study, all analyses were carried out on stainless steel

‘capillary columns (100 m x 0.25 mm, I.D.) which were purchased from
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Hdndy and Harman Tube Co., Norristown, Pennsy]vania; New]y‘acquired
columns were first checked for leaks and then modified at both ends by
slipping short pieces of stainiess steel tubing (40 mm x 1.0 mm I.D. and
1.6 mm 0.D.) over the end, after silver soldering, the sleeve was fitted
with 1/16 in. ferrule and nut.

Cleaning of the new columns was done by washgng with several 25 ml
portions of acetone, n-pentane, chloroform, alcohol, waterandacetone

at 500 psi. After drying‘the cb]umn af 150°C for one hour, the qua1ity

of the empty column was tested by injecting a series of test substances

" (cyclohexane, benzene, diethyl ketorne and etﬁanoi) individua11y at 80°C.
A1l test substancés shguld be f%ee of significant tailing. To improve the
quality of empty columns which show severe tailing, the column was filled
with etching solution (5 g ferric chloride, 15 ml conc. HC1 and 60 ml
distilled water) for 2 hrs and washed .with distilled water several times,
followed by solvent washing.

. The 1iquid phase used in this study was 5% Witconol LA-23 (Witco,
Houston, Texas), an a1ky]-ary1 polyether alcohol, in,CHéCiz,goiutiOn
(W/W). A post column of identical I1.D. is attached at one end of f%e
analytical column and the other end is immersed inva beaker filled with
water. The flow rate throughout the coating process'was controlled at
one bubble per second. After drying overnight at room temperature by ‘
passing nitrogen carrier gas the coated column was conditioned in the‘
gas chromatograph at a 1bw flow rate and temperature4progfammed at a

rate of 0.5°C/min from 40°C to 160°C.
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The efficiency of a coated.co1umn was checked with a decalin mixture
(decalin:diamyl ether = 1:1, V/V) at 120°C, isothermally. The resolving
power was also tested with an aromatic mixture (cyclohexane,‘benzene,
ethylbenzene, meta- and para-xylene) at 80°C, isothermally. Most of the
columns which were coated with this method gave 250,000 theoretical plates

and provided base 1ine separation between meta- and para-xylene.

2. Gas Chromatographic 7onditions

A Hewlett-Packard 5830 A gas chromatograph (Hewiett-Packakd,

~ Avondale, Pennsylvania) equipped with flame jonization detectors and
connected to a Hewlett-Packard-18850 gas chromatography terminal was

used. The serum volatiles were separated on a stainless steel (100 m
x 0.25 mm I.D.) capillary column coaﬁed with Witconol LA-23. Uith a

], the column was held iso-

1

helium carrier gas flow rate of 1.5 ml min~
thermally at 50°C for ten minutes and then programmed at 1.5°C min~

to 160°C and maintained at this temperature for eighty minutes.

3. Gas Chromatography-Mass Spectrometry (GC-MS)

Gas chromatography-mass spectrométry (GC—MS) was performed on an
LKB 9000 instrument (LKB-Prodkter AB, S-161, 25 Bromma 1, Sweden) with
a single jet separator and a Perkin-Elmer;900 gas chromatograph. The
jonization voltage was 70 eV and the scan time for a mass range of 20 to
300 atomic mass units was 4 seconds. The temperature of the separator |
and ionic source were set 220°C and 250°C respectively. Analytical
proéedures and chromatographic conditions were the same as described in

the previous section. When possible identification was confirmed by
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comparison with standard compounds available in the laboratory, otherwise

(75,76)

manual interpretation and comparison to library spectra was used.

E. Data Handling and Computer Interpretation

The operations which constitute the interpretative procedure are
summarized in Figure 3. Visual inspection was used to identify those
peaks common to all chromatograms. The peaks were normalized and this
formed the data set for calculation of system-variatﬁbns and variation
between individUais wfthih each group. A second data set selected on
~ the basis of the magnitude of their differencg between groups was used
to calculate:all possible peak ‘ratio combinations and diagnbstié ratios
selected. These ratios were autoscaled and used as input for K-nearest
neighbor classification

1. Autoscaling‘32’67)

In autoscaling, each dimension was adjusted to a mean of zero with

~unit standard deviation. Hence:i

Xim - X

in

.
Xim

where"fh is the mean and o

for the ith feature. X{m is the new autoscaled value. This preprocessing

is the‘standard deviation of the value Xim

minimizes the effect of differing data magnitude. It was known that

autoscaled ‘data gives h%gh rates of correct classification in K-NN method.

(32,63-67)

This pattern classification technique is based upon the assumption



FIGURE 3. SCHEMATIC DIAGRAM OF DATA PROCESSING OF
CHROMATOGRAPHIC INFORMATION
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that "the closer together" patterns are, the more closely related are the
sets of data. Closeness was defined as the distance between an unknown '
data point and points of a known group (training set). The distance
between point 1 and m is defined in this case as a Euclidian distance:
241/2

] /

d]m = [

<MD

= ] (X]k - xmk)

where k is the number of dimensions in factor space. In the case of the
single (k = 1) nearest neighbor (1-NN), the unknown point is classified
" as the group which givgs the smallest distance from the points used for

the training set.

3. Computer Programs for Profile Analysis

A1 prograﬁs were written in Fortrah IV and run on the University
of Houston computing center's Honeywell 66/60. These computér programs
consisted of a short mafn érqgram which inputs a set of data, initia]izeé
a number of parameters,'and calls the sévera] subroutine Ehbptograms;
percent normalization, calculation of relative standard deviation,
writing, calculation of all possib]e‘combinations of two peak ratios,
autoscaling, sorting in ascending Qrder and classification by K-nearestu
neighbor methods.

The array A contains the raw integrated peak area. It is dimensioned
for up to 36 chromatogréms (N}‘of up to 37 se]écted peak areas (M)’per

chromatogram. The fo]lowfng is an example of an actual computer program

used in this study.
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KRAAVNFTARAN I AN A L AN AV L AR N RN A RN R T AAL T IR AL XINND 4 &tk
R R S R R R R R R R R R L R R D S W N RUR RN I R R R R P SR s
PROFTLE &4nNALYSIS OF VIRUS INFECTED SERUM

DATA, NORMALTIZED DATA,PEAK RATIN, CALCULATION DF

MEAN, 80,4 PT. COEF., VAR,, AND AUTCGSCALING

AR T AR AR AT A AR AN F T AR NRA L RN LA AT RN A RA K TR R R RK R LRk k¥
R K R A R A AR R A A RN L AN ARk H R S h A AR AT A I N Rk T AR KRR A XK AR

AUG. 107 ’.973 K.Y.{.Eﬁ

PROFILE ANALYSIS OF 8IOLOGICAL FLUID

N 5 NUMBER 1F COLUMNS (SaMPLE NUMHERS)

M o= NUMEER OF RNDWS (SELECTED PEFAKYG OR PEAX RATIO)
h o= DATA POINTS ABRKAYS A(MGN) '
8§ = PERCENT AORMALI 7ED DATA POINTS; S{M,N)

R = PEAR RATIOS REM,N) ;

CASLE = AUTOSCALED POINTS 3 ASLEB(M,N).

AOOCOODOOOMOOO0ONOOO0N00

DOURLE PRECIZSION B AGLB MEANRB,SDB.PTCY,R
DIMENSTON A(27436),8(37,36)ASLB(37,36) HEANB(3T),
i SRB(37),PTCV(3T)R(T7 4357

READ(S5,100) Ny

v INITIALIZE DATA POINYS
DO 10 I = 1M

v0 ;V J o= i' N

A(l,J)=0,0

BCIJ)=0.0 i 2 1S
gczlﬁs ¢ | GRIGINAL PAGE IS

ASLB (1, J) o OF POOR QUALITY
MEANB(I)z : ,
SPE(1) o ST
cvczo o
10 CONTINUE

~
A%

WRITE (6,118)

WRITE (&6,119)

DG 1S I = {,M

READ (8, 01) (5CI4d), J:I;NJ
19 CONTINUE

NORMALIZATION(PERCENT) OF DATA
CALL NORM (A, N,M.8)
CALL WRITE (B4N,»)
C CALCULATION (OF KEFRODUCIBILITY
CWRITE (64350)
L=}
NN S 12

e Xy]
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-

«l. = 3
»LL CALC (B, LN NN KL M “EANB,SDB,PTCV )
TE (4,4340)
L = 2
CALL CALC (B,LsNyNNyKL M MELNE,SDH,PTCV )
WRITE (6,350)
L =3 ‘
Catll CALC (B L eNgNNKL M MEANBSUB4PTCY 3
100 FORMAT(2110)
108 FORMAT ( 2(9F8.04,/),9F8,0 )
118 F(‘IQ"AT (LB /77 Mexexawkn DATA POINTS wxhkakkevvmxuxs
1**********s’:***p‘:***ﬂ*’k*‘k****i****:‘r;’::k?'}::ﬁf::k*a'c*ir#““"/'\
119 FORMAT {7/, WPE&KD,2X)"1=17, R ETI PRI LI P
"ENL"‘UX,NZ-OE". na "u u)‘/vu'smlncu\;'u".;uan :
13‘»\',"3“3",“}(‘"11“1',[})( "U-E"¢1<’X,"Q~.">".~H'x.
"Sﬁl",/-!X‘"5'-2"‘11)\'«;"‘5“3",4\',"6-}“,QX,“:’)-"E“.
BX 5603 UX /) bRy Tl g 4R VT X T eI,
X MBe M 4% MR AU AW 0L MmUY,
PQup™ X, 7Gm3" 4X M 10ml " (3X,"102" 35X,
Ilzo_anzx'
BgQwiM, 30, M 11=20 3%, "1 1=3", 32X, " 12=1% %X,
: W 2w IX,M12=3", /7 )
R4 FCRMAT (13, 18F7,0,/43%, 1BFT7,0, // 3
330 FORMAT(IML /7 "**BEFORE INFECTIONW 12 SAMPLES®w!,//}
340 FORMAT(INL// "%*aFTER INFECTION 12 SaMPLES*x",//)
250 rUHMATxidl,//,"** FTER CURE " {2 SAMPLES=%»V,//)
STOP
END

1]

8 pb =3 A peA jub -3 A g

. 518
omeAL PAG
OF POOR QUALITY

20
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%********w***k*&kk*iwﬂ«**www*****#***w*wt*ﬁi*i**k****h*
**kk*****%**x***ﬁ**i**t******i******t**k***n***i2*ﬂ**ﬁ*
POOLED VIRUS SAMPLE, REFRODUCIBILITY

NORMALIZATION, & SAMPLES :

PEAK RATIO, AND MeaAN , 8D, PT,. CGEF. VAR,

[ E R FEEATEARBELIERLTEEEIEEEESELEEEEAEEEESEEESEREENET ST IR TEEE
RS2 RS A SRR AESE IS RELTEEIEEEETEELAETEETEIEELTE S IR T ES £ 2

AUG, 10, 1978 K.YJ.LEE
PROFILE ANALYSIS OF SIOLOGICAL FLUID

NUMBER OF €O LUM\@Q (,,;MPL_; NUMBERS)

N o=

M = NUMRER OQF RUOWS (SEZLECTED PEAKS)

A DATA POINTS ARRAY: aiM,N)

B = FERCENT NORMALIZED DATA POINTS: B(M,N)

ASLY = AUTCSCALED PDLNY& ¢ ASLB{M NI
R = PEAK RATIO

DOUBLE PRECISZDH B,ASLE MEANB ,SD8 PTICY,R
DIMENSIUN, ACS747)eBC3T¢7) ASLA(RT,T) JMEANB(ZT),
1 SDBCIT) ,PTCV(37) 4R(2,7)

EADCS,100) Ny
c INTTIALIZE DATA POINTS
0O 1¢ I = 1,M

0o 10 J i1y N
A(T,J3=0,0
SCI'J}:0.0
R{1,J) = G,0
ASLB(ILWJ)=0,0
MWEANB{I)=0,0
SPALII=U. G ) . :
FICV(INI=0.0 - !
190 CONTINUE
c
HWRITE (&64120)
DD a0 I = 4, M
AD (S, 101) (AT J), Jd=1,N)
HHITC 641213 T,(A(TI %) K=, N)
. e CONTINUE
c
€ NGRM& T N(PtPCCMY) OF DATA

CALL NORM { A NyMeB ) ' -

C  CALCULATION QF MEAN, 3,0.9 PERCENT COEFF. VAR,

L= 1

NN = &

Ki=1

CALL CALC (B L N NN,KL,M,MEANR,SDR,PTCY )
C TALCULATION OF FEAK RATIO OF POOL&D SNRUM

WRITE (quC‘)

21



00 23 1 = 1,2
00 2% J = 1, N
I ( J ,eQ, &) GO TO 2%
IF (1 JEQ, 1 )} GO 7O 28

IF (I EQ, 2 ) GO TG 29
28 R(IJ)=8(164Jd) / B(25,J)
GO TO 25
29 R{I J) = B(29.J) / B(34,J)
25 CONTINUE
ARITE (H4123) 1, (REX,L), L=t NJ
23 CONTINUE ) )
CALCULATION OF MEAN, S,D., PEFCENT COEFF, VAR, OF RATIO
Ma2
CALL CALZT(R L ¢NgHM KL M MEANBSDBR,PTCV 3}
AUTGSCALLING TOF PEAK RATIU
‘ CALL AUTS (R N,M MEANE,SDBASLA )
CALCULATION OF MEAN,SO, PT,C0EF.VAR, OF AUTOSCALED POINT
CALL CALCT (AaSLB, L yNyNN KL MyMEANBSDB,PTLY)
100 FORMAT(2I10)
101 FUFRMAT ( 7F10.0 )
120 FORMATY ('1', 6% "xxxDATA POINMTS® %Y/ 11%,"FEAK NQ",

{ Y WSAMP (" 8X MSARMP 2%, 8%, FSEMP 38X,
4 O NSAMP 4", 33X, "SAaMP SN 8Y,NSAMP 6?,5X,"SA“P'7"v
)| /7 )

121 FORMAT (/410X IS,7F14,0)
122 FORMATY {4H1 /776X "#xPELK RATIO OF {/&, S5/7 »wxx¥%
{ RARKRWRR AR EF kb wk ek 2dwdwrku o/ 11X GYPEAYL NOY,

1 NSAMP UM AX,"SAMP BU BX NSAMP LM, BX,"SAMP TV,
) SX,"SAMP 1" ,BX,"SAMP 2" ,8¥,"SAMP 3",8X,
1 /7 )

§23 FORMAT ( 10X,IS5, 7F18,2, // )
sTap

END

22
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T 10 DONTINUE
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*)‘r:‘(s‘:&l’n{*f:******i‘**izt***iz;{'kii**'}:****»‘:******fr******s‘c;‘x*t*)‘4
'.tkﬁ’*‘k****‘kﬁ*'*s‘ri7‘-‘#1“*‘;‘:****#***#»‘.**#**:&k*******r\'*i{ﬂ'*'}:*w‘('o\'kﬂ
PROFILE AMALYSIS OF BEFORE JAFTER AND CURE VIRUS SAMPLE
SELECTED 7 PEARS(NORMALTIZED) Pro={, Pl1y=2,
Pco=3, P25=4, F29=5, Pii=b, Pid=7,
RESPECTIVELY anD  CALCULATION OF PEAK RATIO
REPRUDUCIRILYITY OF PEAK RATIO WITHIN GROP
PR S RS RS REFEESEFELTEFE ST LR EEEETEZE R R IR L TR R E R IR I XL 3
**:&***'}:*i‘tts‘:*‘k*'A'ﬂt**'h»’:**:\'***;‘a*’:-':**'kﬂ**k******tt**r\'*****u’it*ﬁk

>

'U'S- 1001978 K.Y'LEE

Ral
e
o
™
"—
r
m

ANALYSIS OF BIOLOGICAL FLUID

NUMBER OF COLUMMNS (SAMPLE NUMRERS)

N =

Moo= NUMBER OF ROWS (SELECTED PEAKS)

B = PERCENT NORMAGLTIZED DATA POINTS: B(MN)
ASLB = AUTOSCALED POINTS; ASLBIMGN)

R o= PEAR RATIO 3 R(MN)

DOUBLE PRECISICN BGASLB,R,MEANB,S08,PTCV
CIMENSION B(738),A3LEB(7,36)4R(7,36],
i MEANB(T7),3D8(7),PTCV(7)

READ(S,100) NM
INITIALTZE DATA POINTS
GO JO0 I = fm
00 10 J = 1,
8(I,J)=0.0
R{T¢J)=0.0
ABLE{T,J)=0,0
MEANK(T)=0,0
30{1)=0,.,0
PTCV(I3=0,0

N

WRITE (6.4120)

PO 15 T = .M

READ (5,104) (B(T,J), J=i,N)
O OWRITE (841213 I, (8(I,K)y K=1,N)
1S CONTINUE o

WRITE (6,220)

; CALL WRITE (3.,N M) ,

CALCULATION UF PEAX RATIGINORMALTZED)
Call HATO(B N R)

100 FORMAY(2I:10)

101 FORMAT ( 2{10FB,2,/), 6F8,2 )

120 FORMAT (IH14// 68X "»%SELECTED 7 PEAKS, NOFMALIZED
| AAAURN AN AR NG RR O R R A RN NIk a bk ke kA aRdx? /S,
1 nPEAK"QEX»“i"‘i", X‘."l"?",ux."l":s".‘#)(.
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H f
A PA Gk beh A bA 64 38 -4

"2“1", X’n’a"eu‘u\‘('lta_'_‘il‘ux’ﬂ.‘s_iu'qX.lus-en
a‘,y‘.n‘}“sn‘ux'uuwlu.ux.ll/l,.eﬂiux'ltﬂ,,_?)ﬂ’”X‘
"'5~1".CX.”5~2”,’-')«","S-=3",GX,"&-i“,ﬂX,"FJ-Z".
X Mem3M G UX /g 6X T X T2 U X T3,
UX  MBm 1M dX,"8m20 (AKX 23" UX "Gt R UX,
MGut LY MGmB AN U1 3, 102" 3K,
"10“3".3X,

Helea W 23X, M11m2", 3X " 11=3%,3X,"12=]" 3%,
MiRe2" 32X M12-3", //7 ) ' ’

121 FORMAT (I3, 18F7.24/43X, 18F7424 //7)
220 FOPMAT (LH{ /74" %xx*#NORMALIZED DATA, 7 SAMPLES sk«
L ERRAARKAREFRRRERE KRR KRNI R RR R AR AR ARk AR R (/) /)

STOP
END

. Y [& ., ey
oa&%“éé‘%’ QUL

24
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PROFILE ANALYSIS

AUTOSCALING OF SELECTED 2 PEAK RATIO, . 1/4 AND S/7

A*7'{*7\'*****************7’.‘*****‘k"‘\'***‘k’rﬂ\'(***'}'«'*****ﬂ*f{*****ﬂ**

13228 R SRR NS SR SRS EER RS ERERERRL R Al AN RS SRR RRT NI

AUG, 10, 1978 K,Y,LEE

PROFILE ANLLYSIS OF BIOLOGICAL FLUID

N = NUMBER OF CCLUMNS (SAMPLE NUMBFERS) :
M = NUMBER OF ROWS (SELECTED PEAKS UR PEAK RATIN)
R = PEAK RATIQ DaTAY R(M N) ‘

ASLE = AUTOSCALED POINTS 3 ASLB(MyN)

DCUBLE PRECISION RyASLB,MEANE,SGB,PTCV
DIMENSION R{2,36) ABLE(2e¢36) MEANB(2),SDB(2),PTLCV(2)

READ(S,100) N,
INITIALIZE DATA PDINTS

DO 10 I = 1,#
00 10 J = 1y N
R(I,J)= :

0'0
ASLH(I:J)=0,0
MEANB(I)=0,.0
SDB8(I)=y,0
PTCV(I)=0,0
10 CONTINUE

WRITE (64120)
DO 15 1 = .M
READ (54101) (R(I J)s J=1,4N)
MRITE (64121) I4 (R{IIWK)y K=14N)
15 CONTINUE

WRITE PEAK RATIQ GOF £4aCH GROUP

WRITE (6,154)

CaALL WRITE (RyNyM) . S .
CALCULATION OF MEAN, §.,0,, PERZENT CQEFF, VAR,

L =1 :

NN =
Ki. = ,

 CALL CALC (RGL NGNNGKL,M(MEAND,SDE,PTCY 2

AUTUSCALING OF PEAr RATIO3 MEAN=0,0, S.0s31.0

CALL AUTS (RN M MEaNE SOB,A3LE )

ARITE (6,126

CALi WRITE (AELBNJM )

36
i

100 FORMAT(2I10)

25
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101 FORMAT ( 3(1CF3,2,/)4 6FB8.2 )
120 FORMAT (1H1,//,8X," =% SELFCTED 2 PEAK RATIO*%",
Mi/70 AND 5/7, fhdkusmaxawndiwxrarkns /7,
"pK ORTOY ,"1"1",5‘(."1-2".fif,"l'-}",ax,
"2-1"‘d‘»’,"2~2",ﬂXq"2-3",/lx."S-l".UX,"ZS-Z“
[;X‘ll:S”Sll‘(JX.t:”"ill‘ax'tlu“all.ux“fu":z}v!’ux‘
"S"l",QX."S—E".UX."S“S"qQX,“ﬁ'-i".llx,"é)"Z".
QXQI'IC".S“,UXg//,(:X.“7“1"'UXg".}"‘Zu‘QXg"'?"B“ '
B g HBo ™ 4y MRw2™ AX MBn3" 4%, TGt LY,
”9-2",UJIQ“‘?"S",MX."10-1".3X,"10-2"¢5X,
‘"10“3";35(; .
"11_1!!,3qu!"“211’3x.l|11-3"‘3x’73:12-1n'3xc
' R - P ARE Y TR U A
U FORMAT (13, 18F7.2¢/43% VBFT7,.2¢ /77777 )
6 FORMAT ("1 66X "x*xdUTOSCALING UF PEAK RATIO*x%%xx
] RN XEXRN AR ARLAE N Lk R AR P h kTN T Xk r kR kR dr gk korw /5
151 FORMAT (IH1,//, "*% SELECTED 2 PEAK RATIO #hxxxyiux
ARR R AEAKRE IR R A AR RN AR RRR A AR YN TRk kkkkx kR rekx! /7 /)
STGP
END

A G B feal Pl e Gt Bl B ot

-

id
12
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R R L g T T R R R B R R R R
#***kk\&*kiA*x*wkwk*****k*xk*k*x*kA**w***A*i**k*xtkxw*i
Kot PATTERN RECOGNITION

NCRMAL OK VIRUS IMFECTED SERUM ]
R R R R T SR P PR R R T RRE R R PR TIL R T VR R
B KRR R R R kR R AR N AR E A XA Lk A I kAR A ARk kA RARK AN A AR A X

'AUG. 10 1978 K.YJLEE

27

PROFILE AMNALYSIS OF BIOLOGICAL FLUID ,K=NN CLASSIFICATION.

NOy OF UNKNDWN SAMPLES(ROVW): M(I)

NO, OF TRAIMING SET(ROW) 3 L(J)

NO, OF FACTOR SPACE (COLUMNY ¢ N(K), K=z=2

UNKNOWN SAMPLE SET) X(I,K)

KNOWN TRATMING SET ¢ YCJ,K) .
EUCLIDEAN DISTANCE IN N(K) SPACE BET&EEN POINTI,J

e g nn

O <<XzZr

LOUBLE PRECISION X,7,D .
DIMENSION X(2642)y Y(1042)s D{26,10G),JJC10)

READ (S5.100) L;” N
INITIALIZE DATA POINTv

0O 101 = 1M
00 1t J = t.L
00 12 K = 1N
X(T4K)=0,0

YT K)=0,0

D(I,J)=0,0
12 CONTINUE
11 CONYINUE
10 COMTINUE

WRITE (6,1102

DO {5 1 = 1M

READ {5,108) (X{I4K)y Kz1,4N)
18 COMTINUE B

CARITE (6,1T3)

DO 17 J = {,L .

READ (5,1006) (YUJWK)y KEi3N)

WRITE. (641123 Jy (Y{J4K)y K21 ,N)
17 CONTINIJE -

CALCULATION OF EUCLIDEAN DISTANCE IN 2 FACTOR SPACE
WRITE (6,220) : e
DO 20 1 = 1M
00 30 J 140
JJ(Ji=J

0CI ) =SORTCIXCT 1) aY (Jed) ) kk2 (XCI 2)mYCJo2))wu2)

30 CONTINUE
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WRITE (6,114) I, (DCI,K), K=1,L )
20 CONTINUE 3
DO 31 I =1,M
WRITE (6,221) I
_ DO 32 J=i,L ,
32 WRITE (6,222) JJ(J34 DCI,J3
21 CONTINUE
SORTING aND CLASSIFICATION RY: K=NN METHOD
CALL SORT (JJ.D ML)
100 FORMAT (3112 )

105 FORMAT ( 2F10.2 )

S 106 FORMAT ( 2F8,2 )

110 FORMAT (4H1 /7 W*x kUNKNOWN SAMPLE SET *xaxakkhxkkw
T L S E T S L TS T T 2L L L N
i MSAMOLE NOYSY "XLT 1), a0, "X(I,2)",//)
132 FORMAY ( 110, 2F10,2:// )

“1;3 FORMAY g1ﬁ1,//,'**krhuldzuu SET FOR KeNN *xddxkddxxk

' BEFORE AND AFTER INFECTION xextxiakwxxkkrxxxx? //,
1 PTRATINING ST"qaX "Y{I 1) 4R, "Y(J4220//)
1U FORMAT (17 SF9.3.TL5F9,3, //)
220 FURPNMAT (1HL// Mk KwNN CLASSIFICATION wdkuktxkkuw!,
/yMaxrxkxEUCLIDEAN DISTANCE O(I,J) IN 2 FACTOR wx
***ﬁ***u**+i*k***w*w**************i*****" /717X,

**"'./,"SAMP ND",7Y,"31"'7X,"90",6X,"B7",OX|"RXO".
6}’..“812“,15)1,"s\1"‘,‘/}:,"AZ".,’:’X,“AB"ebX,"A7";6X,“A8“,
/7 )

221 FORMAT (/// " x¥*+SAMPSN (13 % wxkxx, / )

222 FORMAY (10X, 10(I4, F8.3 34 // )

STOP

END

f
b bt A pa G Bab

Hax TRATNING SETINORMAL I %% 20X "TRAINING SET(INFECT)

28
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IO

(@ N

o0

SUHROQUTINE PRUOGRAM FOR WRITING
SUSROUTINE ARITE (RyNem )

DOUBLE PRECISION R
DIMENSION R(2,36)

BEFORE INFECTION,AFTER INFECTICON AND AFTER CUKE
SAMBLE NO FROM 1 TO 12,
WRITE (6,130)
00 35 T = t M
35 ARTIE (6,;131) T4(R(ITI L)y L=1436,3 )
WRITE (6,140)
DU 40T = {4M _ v
40 WRITE (6,131) I, (R{I4L);, L=2.36.3')
WRITE (H,150)
DO S0 I = 1,¥M . :
S5 WRITE (64133) I, ( ®(I,L), L=3, 36, 3 )

SAMPLE NO FROM § TO 6 ,ILL VIRUS SAMPLE
WRITE (61160') -
D0 66 1T = {4M

60 VYRITE (fl)olbl) I, { R(IQL-Jy L=iqq )
WRITE €6,170)
DO 70 I = M ‘

70 WRITE (64161) I, ( R(I L) L=10,18 2

SAMPLE NO FROM-7 TO 12, NOY ILL - VIRUS SAMPALE
WRITE (6,260) E
DO B2 1 = 1M

62 WRITE (641613 I, ( RCIGL), L=19,272
WRITE (6,270)
DO 72 1 = 1.4 :

72 WRITE (6,161) I, C R({I,L), L=28,36) .

130 FORMAT (  ////438¥%"%xREFORE IMFECTION, 12 SAMPLES

4**“,//.”p'r'?r;ik«".SX,”i"‘l"qbX"‘?"‘" ()1 ltj_.-
6X, Ml EX  Enl T, X Mewify 6XoMTwl", bX,
MEw1f, 6, M9-1M, SX,M10~1", 5X,%11=1",

: SX,"12=1",// )

1731 FORMAT (I3, 12F9,2 // ) :

140 FORMAT (/777 BX "%*AFTER INFECTION, 12 SaMPLES

'*?“"g//Q"PEAV\",5)\’."1"2".6)"‘"2 )"‘oX "‘.an’
6x.lla_,2ﬂ'6x’!l5_an‘ 61\‘/7"6“2"' )\ ”I“E", 6:‘1

,",8"2", 6!1"9“'2”, 5)‘,"10"2", 5(‘“11 d"|
SXMi2=2", /7 )

150 FORMAT ( ////.8X,"»x&FTER CUKRE y 12 SAMPLES
®AM /G TPEAKT (SX, M1 e3 Y 6% PR X "InEY,
EXyHUa3"  BY, MGa3h, BX, UAu3, 6X M Te3N, bY,

"ﬂn'_g"' ()3\1“(’ 3|o sx “11,, g"" Sx'ui’ln:su'

SXy"i2=3"y// ) ' :

160 FORMATY (LH] /7 8% M dewawaw TLi & SAMPLES txxnrwnyw
1kk**tvt**ﬁ*t******ﬁt*tuk****gkktak*ﬁk***a*kiﬁ".//.

A A s

o pb po -a

'JMH‘-A

29



&.,422 UBROUTINE PRQOGFAM FOR WRITING

TPEAKM G GX g M1t My 65X " 1wt 65U " 1=3" (16X
”2“1"‘6X‘"? 2" x now 5",16X,"3 1:1’ 6‘["
M3u20, 6%, 33N, /)

161 FORMAT ( I3, 3F9.2 10X ,3F9,2.10X3F9,2 /7))

A S s

170 FORMAT ( ////7,8%X¢" %% xsx ILL , o SAMPLES LAV

1 ”PEAK".SX,"U"I" X Nu 2" ila_sn’lbx‘
s CRS=1M 68X "SR, 6% ("S- 3“.16x "e6-1", 6X,
s Hhe2", 68Xy M6=30 /7 )

280 FORMAT(////7/7 8% "=%NOT ILL,6S8MPLES", /7, PEAKN
SX,"‘7~1".6X."7-?".6X."7-3".be "8 1“,6

1
1 "8,.2" 'bx'ng_su'be'ug_lu’bx’uq,,au ,63(,f"!-_3",

i /7 )
270 FORMAT(////BXy"*%xNOT JLL 6 SAMPLESx%",// "PEsK™,

1 ‘OX "10 1".5XQ"10 2".‘5:«,”1'\-3".15X,“11-1"
1 " |111 2" SX Olcl-bn’lsx’nxa 1"g5x’"’.2 alt
s .X."12-3"s// )

RETURN

END

30



UBROUTINE PROGRAM FOR NORMALIZATION

SUBROUTINE PRIGRAM FOR NORMALIZATION
SUBROUTINEG NOi™M™ (AN M8 )

DOUBLE PRECISION B,3UMA »
DIMENSTON A(37,36) ,8B(37,36),8UMA(36)

INITIALIZE DATA POINTS

16,422
c
_¢C.
c
0
C
50
40
c
70
60
c

00 10 J

SUMA(J)=0,0
CONMTINMUE

=1, N
WRITE (6,120) ' ,
DO uo Ij = 1' N
00 5¢ I = {, M
SUMACJ) = SUMA(J) + A(I,J)

CONTINUE

WRITE (6,121) J, SUMAL(JI)

CONTINUE

WRITE (6,122)

DG 60 I = 1, M

DO70J=1QN .
BUI4WJ) = ( AL J) * 3100 ) / SUMA(J)
CONTINUE

WRITE (64,1233 T+ (BCT,KY, Kai N )

- CONTINUE

120 FORMAT (LH1,///7"%% TOTAL PEAK ARKEA wmokkkkawidkskhdkns
PAF R Ak kAR Xk Rk d kv kavh kX vk anwxaknx /3%,

1

TSAMP NQO"S5X"TOTAL AREAM,/// )

121 FORMAT € I10, SX, F10.0, // ) o
122 FURMAT (1H1 // BX,"4*xPERCENT NOHMALTZED DATAX & *xwkk
IS SRSl L R E T ST TR R TR T AN

1

/7 "PEAK",2X."1“1".Q>’.,“1"‘2".L‘X‘"I"B"’QX.
na.‘lu?ux'ne"?_n‘gana_Bu‘Ux’nsnln.a\/qns_an
R R - S P Y Tk LRV P
"5-1",ﬂXq“5-2",JJX."5-3".UX,“b*-i".GX,"é:-E".
UX M em3 7 g lX g/ oX Tl UX W Tm2 " UX M T3
UX."B'I"gL‘X,”B"B",UX,"B"SN10)(."9"1”;““.
Qw2 (dX " Qw3 UX  "10=l" 3K "1 02", 3X,
"10.3",3X%,

Flim " IX M1 w2 30 113" 3%, "12=1",43X,
M12=2",3XM12=3", J/7 )

123 FORMAT (I3,18F742y /7y 3%y 18F7,25 /7 )

RETURN
END

31



16,423

1

32

UBROUTINE PROGRAM FOR MEAN,S,0,FERCENT COEF, VAR,

SUBROUTINE PROGRAM FUR MESN,S,D.,PERCENT CUEF. VAR,
SURRNUTINE CALC (HyL 3N NN KL M, MEANHE,SDR,PTCY )
DOUNLE PRECISION SUME ,SEE,MEANE PTCV,SSOH,BETR B
DIMENSTUN B(37,36) MEANA(ST) ,SOR(I7) PTILVI3T),

SUMB (373, SSGRE3TY BFTR(3T)

c INITIALIZE DATA POINTS

10

90

&0
124
1
i
i25

DO 0 I = 1.M

SUmMB(Il)=0,

SSNA(IX=0,

CONTINUE

KRITE (6,124)
DO 80 I = 1,M
£O 90 J = L NGKL
SUMB(I) = SUMB(I) ¢+ RB(I,J)
SSOB{IY = SSEB(IY + B(I,J) *=%x2
CONTINUE '

MEANB(I) = SUME(TI) / NN
BFTR(I) = SBRT (NNxSSGAR(I) = SUMB(I)*%x2
SOB(I) = BFTR(I) / NN
PTCVLIY) = ( SOB(I) » 100 ) / MEANBL(I)
WRITE (5,125) I, MEANB(I), SO5(CI), PYLV(I )y
CONTINUE
FOPMAT (///75%"*xREPRODUCIBILITY OF SELECTED PEAKS
xx",//, 51«,"PFAK NOY 06X "MEAN" (10X ,"S, u.v
BX "PT=C V" //) :
FORMAT ( tOX,IS, 3F1a 2. /7 )
RETURM
END . ;o



16,424 USROUTIME PRC
c SUBROUTINE PR
SUBROUTINE Ca
DOUBLE PRECIS
DIMENSION R (e
b S5AR ¢
C
C INITIALIZE DAT
o0 101 = 1,
SUMB(I)=0,0
SSRE(I)=0.0
A 10 COMTINUE
c
WRITE '
DO 80 =
DO 9¢ =
IF ( '
CIF | .
suMa( | =
S8z =
GO TQ
10 NN = .
90 CONTI
MEANB {13
BFTR(I) =
SDR({1) =
PTCV(I) =
WRITE
80 CONTINUE

IAM FOR MEAN,S.0,

AM FQOR MEANS,.D
(RGLGNGNN KL ¢My
SUMH , SDR ,ME AN
I GyMEANHB(2) 4808 (
IFTR(2)

L INTS

(64125) I,

124 FORMAT (1K1 ,//7/7,
1 ******k**#k***x*********x***i*w*?***************

1 ANy // LK MPESK MO 6%y "NEAN, 10
nPrC V ‘

b 8%,

GT, 168,00
J)  .6T., 9,0
SUMRCI) + R
§SNB(I) + R(

(Y

= SUMB(I) / NN
SORT
AFTR(IY /
( SDB(I)

Ml

TxxxRFPEONDUCIABILITY OF

"o//)

125 FORMAT (/.10X IS 3F14.3,/ )

RETURN
EnND

(MN*SSAB(T)

MEANB(I) 9

RCENY COEF. VAR,

IRCENT COEF.
Y SOBPTCY )
TV GSUTH ¢ BFTR 4R
YTCV2) ySUMB(2),

VAR,

J 70 36
GO TO 30

%k P

- SUMBL])xxZ2 )

* 100 ) / MEANB(I)

SOB(I), PTCV(IS

SLED, PELKS

x...uS.D.n'
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UBROUTINE PROGRAM FOR CALCULAYION QF PEAK RATIO

SUBROUTINE PROGRAM FOR CALCULATION OF PEAK RATID
SUBROUTINE RATO(H NyMyR)

COURLE PRECISION B¢R

DIMENSION B(T7436)4R{7436)

DO 10
00 20
00 30

R(T4J)

K 2 1,M
I = {4,
J & 1M

= B8(L4J) /7 BI(K,J)

30 CONTINUE
20 CONTINUE

SAMPLE NO

FROM 1 70 12, PEAK RATIO

BEFORE INFECTION,AFTER INFECTION AND AFTER CURE

WRITE
WRITE
pn 33
35 WR1TE
WRITE
WRITE
DD 40
49 WRITE
WRITE
WRITE
DO S0
S0 4RITE

SAMPLE NO

(64181) K

(6,130

I = 140 .

(54,1311 TL(R{T LYy LE143653 )
(6,43151) K ’
(6,100

I‘= 1’M

(501310 1T, (K{OI4,L3, L=2935Q3 )
(6,151) K : '
(64150

1 = 1|M g
(641310 I, C F(I LY, L=3, 364 3

FROM § 70O &6 (PEAK RATIOD

NOT ILL VIRUS SaMpPLES

WRITE
WRITE
DU &0
60 WRITE
WRITE
pa 70
7¢ WRITE

SAMPLE NO
ILL VIRUS
WRITE
WRITE
CO 62
62 WRITE
WRITE
bQ 72
72 WRITE
1

(6,151) K
(64160)

T o= 1.

(6y1&1) I, { RLILL)y L=51,9 ) o
Cby170) _ ‘

I = {M

(64101) I, ( REI L), L=10,88 )

FrEd 7 TO t2,PEAK RATIO
SaMELES

(6y151) K

(64,260

I = (™ ’ ’
(bo161) 1, C RIT L)y L=19:27)
(64270) . ‘

T a2 .M 0 _ e
(he1b61) 1, ( R(I,L), L=28,36)

0 CONTINUE

130 FOSMAT

[P S arars

C /777 ,8X,"*%xBEFORE INFECTION, 12 SAMPLES
**"q//.“pEAK".5)(."1“1",bX,"Z-l".éX.":S"l".
6.\’."‘-'-1".6X|"5"1"' 6x'n{=_1n' x_’u7.,1n. 6X|
fBufM,y HXy"0=1", SX,"10~1", SX,"il=1",



16,423

{
131 FORMAT
140 FORMAT

- s s b

150 FORNMAT

e pat s

1S1 FORMAT

IR R TR R R R R R L AR AR A

160 FORMAT
i
i
1
161 FORMAT
170 FORMAT
1
1
1
260 FORMAT

A A A

270 FDRPAT
i
)
i
RETILIRN
END

UBROUTINE PROGRAM FOR CALCULATION OF PEAK RATIO

5Xy"12«t" /7 )
(I3, 12F9.2 /7 )
C //777,8X "*%AFTER  INFECTION, ‘2 SAMPLES
**""//"'PEAK“‘SK ni 2"'&X9"- EI ’103,.2".
X MUm2M  6X S m2N, X MGm2Y, 6[,"7 2", 6X,
~"S.,2n‘ 6x.ng_2u' Sx’nlo,,gu‘ 5X"'11"2“,
SX,"12=2",// )

( /777 BX,"x%LFTER CURE s 12 SAMPLES
xS/ PES V".SX."i*S“ TR SR TR AN
OXMUe3" 6 "B, &), "6~"", 6X¢M"T~3", 6%,
“8-3"0 6X "(1..”". SX\“IO 3" SX‘"il"S"’ X

SX,"IEnS".// )

CIHT o //42% ¢ "Ka" ,T2,3% . "ax PEAK RATID <x%xkwns

W/ 7)

( /7 7/7.8%% %% NOT ILi , & SAMFLES =x%,//.
"PEAK“.:V."1"1".f’:X."1*2".6‘»('."1-3".163( .
"2"']",())(-")2“2"9 é?X,"Z":S".l&X,"Z"I", bx’
uz_an; bX,":S':B",//)

( I3, BF9,210%,3F2,2,10X,3F9,2 //)

(/77777 46X," %% NOT ILL
”PEAK".SX,"/J~1".6X."ﬂ-E".bX,"U—LS".ié-X,
Ns_in’éx‘us_auv 6,‘-(."5"3"@15)‘;"6-1“. 6x'
"6“2". 6X"‘6-3"g// )
C 277748X %% IL!. o SAMPLES®*Y (// "PEAKY
SX e BT 1", hX " T2 ) 6X "T7=230 148X, 81" 56X,
"3-'2".6)(,"8-3".1(3)(,"9-1".6}(,"9-2",(':X,"‘?-S",
/7 )
{/7777748X"xx TLL, 6 SAMPLES*%,// "PEAKY,
qx‘nlo 1".5X N{0w 2u.5 "10 3"',)‘_)}',"11 1"
SXg"11m2" SX "11e3n 15X 121", 5x, V122",
SXy"12= 3",// )

b SARPLES xx%,//,



c
C
95
93 -
c

UBPROGRAM FDR AUTCOSCALIMG

SUBPROGRAM FOR AUTOSCALING .
SURRQUTINME AUTS (B MN,* MEAND,SDR,ASLB )

DOUYLE

PRECISION MEANB,SOBJASLE 6

DIMENSIDN B8(2436),48L8(2,30),MEANB(2),SDB(2)

WRITE (&,120)
DO 93 I = t, M
DO 95 J = 1, N

CASLR(I,J)=(RCI,JI=MEANR(I)) / SDB(I)
CONTINUE

WRTTE (&,121) 1,CASLAEC(IK) K1 N)
CONTINUE :

120 FORMAT (1H1,//7¢8X,"*xAUTOSCALED PEAK RATID#k#rknk
e L L VN

121

i

Pt il A Pl Pt P b el (A D

FORMAT
RETURN
END

"PK RTO“ g"l"'l“.“X."1"_2".‘1)(,"1"3",Qx.
2w M X M2m2M JUX "2 Y ("3 4X PR
UX.":S-:S"‘QX,"Uﬁl",QX,“ﬂ—a”,ux."uﬂ_‘)",uxg
"Sni",U‘A,”S-E",UX."B-B".A%X'."&-U',tlx.“ﬁ-a".

ax;"b"BHQuX,//.()x.“Y"I"q“Xg”?"an‘u}\\"?“_—s". .

UX "Bl (LY " Bm2t G, NBmEN UYL,
quzﬂ .ux'ng-sll .ax’ltlnmlll .3X.",10°2",3X,
"'10‘"3” ’sxq

M 1wl 3% W i=2  3X,"11=3",3X"12=1"43X,
V122" (3X, "12=3"y /7 ) :

36
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SUBRDUTINE PROGRAM FOR SORTING: ASCENDING

AND CLASSIFICATION BRY Ks=lWN METHUDS

30
40

as

10
20
47
11

12
46

4a

50

SUBROUTIME SORT (JJ,0,M,L )
DOUBLE PRECISION 0

DIMENSION JJ(10), D(25,10)

LY = L ~ 1

DO 40 T =1, Lt

1Py = I+1.

PO 30 J = IPY, L

IF € D(X4I) LLE, D(K4JY ) GO TO 30
TEMP=D(K, 1)
D{K,II=D{X,Jd)"

DR JI=TEMP
TEMP=JI(T)
JJ(T)=3d0J)
JICJ Y= TREMP

CONTINUE

CONTINUE

WRITE (&4221) K

DO 45 J=1,L

WRITE (64222) JJ(J),
DO U6 KN =1,5,2
WRITE (6,223) KN
IF ( KN LEQR., 1 ) LL
IF ( KN (E0e 3 ) LL
IF ( KN LER, 5 ) LL
KNA=Q, :
KNB=0,
po 47 J =
IF (JJwJ)Y LLE.
IF (JJJi ,GE,
KMB=KHNE ¢+

GO TO 47
KNAZSKNA
CONTINUE .
IF ( KNAR ,GT, KNA ) GO TO 1
IF ( KnvB ,LT. «N& ) GO TO 12

D(KJ)

i
3
S

a3 n

t,LL
) GO TO ¢
) GO 7O 20

[+ N 4]

+ 1

WRITE (b64224)

GO TO 4&
“RITE (6,225)
CONTINUE
00 48 1 =
JI{T) = 1
COnTINUE

148

SEQUENCE

37
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220 FORMAT (1A ,// "*% KebN CLASSIFICATION, SORTING +#4x
i ***i*t***t#*#t****iﬁi*****wk*#*wb#a****ﬁ**k“‘///)
221 FORMAT (/77 P hxwSAMPZH (T3 " whake /)
222 FO=MAT (10X, 10(T0, FRA,L3 3, /7 )
224 FORMAT(S5X," CLASSIFIED &S wa)REFOKE INFECTIONt",//)
225 FURMAT(5X," CLASSIFIED A8 *x'AFTEF INFECTION'Y,//)
RETURN A
END
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ITI.  RESULTS AND DISCUSSION

A. Transevaporator Sampling System

. The modifications of the transevaporator technique described here,
result in better overall reproducibility and eliminates the problem
of the precolumn blocking during desorption due to the presence 6f excess
water vapor. .

The major modification is that a "headspace" trapping is performed
before the solvent extraction step. Minor modifications are the
substitution of glass beads for glass wool, theiremovaf'of thg Porasil
E tube and the wérming of the ﬁelium during thevevaporation of excess
2-chloropropane when the transevaporétor is used in the extraction mode.
Glass beads have been found to be a more efficient trapping’maferial
than glass wool. No differences have been found between silanized and
non-silanized beads. Heating the helium carrier reduces the evaporation
time for 2-chloropropane from about 20 minutes to 7 minutes. n-Pentane
was substituted for 2-chloropropane in a few runs.. Thfs,resulted in a
Tower extraction of volatiles without significantly changing the shape
of the profiles. | . - o

Due to the smaTiAvo1umes'invoived, the transevaporator technique
is faster than a macro Héadspace sémp}ing using a Tenax trap or a micro
extraction technique. Thus a complete transevaporator run with |
collection on both a Tenax and a glass bead tube takes about 30 minutes
which is about the same time aé required for a normal headspace sampling

of a large sample on Tenax.
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Figure 4 shows a typical ch}omatogram of a ten'standard component
mixture on 5% Witconol LA-23 stainless steel capillary column gas
chromatographic system (2.6 ppb each component in distilled water).

This mixture was used for testing the efficiency of the transevaporator
sampling procedure. |

For the technique of profile analysis to be useful, if is essential
that replicate runs of the same sample yield near identical thomatograms.
The reproducibility of the entire transevaporator/desorption/chromatography/
integration technique was investigated by performing replicate runs of a
© 100 ul aqueous sample consisting of 1.3 ppb of each of the following
components: n-prdpanoi,\n-butaﬁo], 2-heptanone,:benzaldehyde and 2-
decanone. The transevaporator was operated in the Z2-chloropropane
extraction/glass bead collection tube mode. Table I lists the standard
deviation and relative standard deviation for both retent{on time and
peak area. The standard deviation for retention time varies between 5
and 10 seconds and appears to be independent of retention time. Thus
retention time is an adequéte parameter”for defining the identity (in
the context of profile aﬁa]ysis) of all but the earliest peaks.

In the case of_peak‘aréas, it is more meaningful to compare relative
standard deviations, which,.for,the compounds considered, vary between
4.5% and 9.8% in a random manner. These values are acceptable for
compounds in the sub ppmvrange and may be considered surprisingly good,
,.if the degree of sample manipulation is considered. Our prime interest
is 4in the profile analysis of biological fluids where components in

"Norm319 samples are likely to vary over a range of 20% to 50%. Thus



FIGURE 4. CHROMATOGRAM OF A TEN STANDARD COMPONENT MIXTURE
ON 5% WITCONOL STAINLESS STEEL CAPILLARY COLUMN

1. Acetone 6. Cyclohexanone
2. Ethanol 7. 2-Methyl-2-

_ heptene-6-one

3. n-Propanol 8. Benzaldehyde
n-Butanol ' 9. 2-Decanone

5. 2-Heptanone . 10. 2-Undecanone
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TABLE I. STANDARD DEVIATIONS OF RETENTION TIME AND PEAK AREA

: Retention Time Peak Area
Sample Mean Value. Standard Relative Standard Mean Value Standard Relative Standard
(min) Deviation Deviation (%) (counts) Deviation Deviation (%)
n-Propanol 26.54 0.11 0.41 9401 916 9.7
n-Butanol 36.46 0.16 0.44 37320 3228 3.7
2~-Heptanone 41.81 0.08 0.19 65868 5559 8.4
Benzaldehyde 61.56 0.10 0.16 83330 3741 4.5
2-Decanone 67.40 0.08 0.12 63810 6255 9.3
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changes in concentration of less than 100% are not considered significant
and a relative standard deviation of 10% is more than adequate for the
combined sampling and chromatographic technique. No increase in
precision is obtained by considering either relative retention time or
relative peak area. The reproducibility of the the technique is further -
illustrated invFigure 5 which shows three replicate runs of 60 ul of the
same normal serum using the transevaporator in the 2-chloropropane/glass
bead mode. The reproducibility is excellent, and with the exception of
a few areas, the chromatograms are visually identical. The reproducibility
“is simi]ar'when the transevaporator is operated in the Tenax mode,

The 1ineafity of éverali résponse is good when the transevaporator
is operated in the 2-chloropropane/glass bead mode as is shown in
Figure 6 for a variety of aldehydes, alcohols and ketones. However the
actual recovery (comparing aqueous sample introduced into Porasil E
tube to equivalent amount of dry sample directly introduced to glass
bead tube) varies from about 20% to 80% for the five compounds 111ustrated
in Figure 7. The recovery varies slightly over a cqnceﬁtfation range of
0.3 ppb to 5 ppb but is remarkably consistent, considering that the
actual weight of each component is in the nanoéfam range. Because of
this consistéhéy, the non~identica1‘reCOVery for differeﬁt compounds 1is
of 1itt1e:coﬁsequence to;profiie:analysis which is a comparative rather
than an absolute technique,

The chromatogram obtained from a given sample when using the
transevaporator sampling technique depends on a number of factors such

as the nature and volume of the solvent used for extraction, the volume
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FIGURE 5.

THREE REPLICATE CHROMATOGRAMS OF VOLATILE
COMPOUNDS IN 6C ul OF NORMAL SERUM.
TRANSEVAPORATOR USED IN THE GLASS BEAD MODE.
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FIGURE 6. PLOT OF PEAK AREA VS CONCENTRATION OF

VARIOUS COMPOUNDS DISSOLVED IN 100 ul

.OF AQUEOUS SAMPLE

-

n-Propanol
‘n-Butanol
Cyclohexanone 7.
2-Undecanone 8.

2-Decanone
2-Heptanone

2-Methyl-2-heptene-
6-one , ' ’

Benzaldehyde
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FIGURE 7. PLOT SHOWING PERCENTAGE RECOVERY VS CONCENTRATION
FOR FIVE COMPOUNDS DISSOLVED IN 100 ul OF
AQUEQUS SAMPLE
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of adsorbents and the temperature and volume of gases flowing through
the apparatus during the trapping procedure. Thus.a standard set of
conditions must be chosen for the complete procedure when comparing
profiles. A blank should be run periodically to check foy contamination
of the system.

The transevaporator technique has been applied to a large number of
diverse samples in our laboratory. It is especially attractive for
biological samples due to the small sample size requirements.

Chromatograms of normal serum volatiles (Figure 5) collected using
the transevaporator in the g1a§s bead mode were referred to earlier in-
connection with réproducibi]it} studies. Figure 8 shows the corresponding
chromatogram for a serum sample collected from a diabetic patiént.

About 200 peaks are presént in each of the chromatograms. The heavy endg
of the chromatograms are visually different. In addition thére are
several quantitative differences between the two profiles that are
evident from inspection of an integrator print out; Figure 9 shows the
chromatograms obtained from a diabetic serum using the transevaporator
in the Tenax mode. In these profiles the relative size“qf the
arrowed peaks is reversed in normal and diabetic serum..wlt is
interestiﬁg that Figure 9 shows a very similar chromatogram‘to that of

Liebich et a1.(38)

The latter workers used 5 ml of serum.

Differences are also found between the prof?les (Figure 14) of-fhe
sera of inf]uenza'patiehts and the sera of controls. These differences
are manifested4by a greater overall conbentration of volatiles in the
infected sera and by ratios of peak areas that are characteristic of

either the infected or non-infected sera.
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" FIGURE 8.

A.

CHROMATOGRAM OF VOLATILE COMPOUNDS IN 60 ul
SERUM COLLECTED FROM A DIABETIC PATIENT.
TRANSEVAPORATOR USED IN THE GLASS BEAD MODE..
SYSTEM BLANK
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FIGURE 9.

A.

CHROMATOGRAM OF VOLATILE COMPOUNDS IN 60 wl
SERUM COLLECTED FROM A DIABETIC PATIENT.
TRANSEVAPORATOR USED IN THE TENAX MODE.

. SYSTEM BLANK
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The transevaporator'techniqﬁe is well suited to other'body fluids
apart from serum. Figure 10 shows the profile of 200 ul of saliva using
the transevaporator in the 2-chloropropane extraction mode. The late
peaks are small but their size could be increased four fold by increasing
sensitivity without introducing noticeable noise. This profile, while
not having as many volatiles as a serum profile, is of interest to
biomedical studies due to the ease of obtaining samples. A.profile'
(Figure 11) was also determined.for 50 ul of breast milk which, due to
its viscosity, was first‘diluted with an equal volume of distilled
. water. The profile is complex and the concentration of volatiles is
larger than in sérum. "It is estimated that an adequate profile may be
obtained with as 1ittle as 5 ul of breast milk. The profile has
virtually no resemblance to commercial cow milk which has a relatively
simple profile. The transevaporator technique is not suitable for urine
due to the low concentrafﬁon of volatiles.

Figures 12A and 12B show the different profiles obtained from
samples of cognac USing the transevaporator in the Tehax mode and also
in the 2-ch1oropane/g]ass bead modef Other samples that have been run by
this téchpidue include wihe;‘co1a;'pressed coffee 0il and brewed coffee
(Figure 13), all of which,give‘comp}ex profiles. Differences between

Robusta and Arabica coffee wéré:found for the latter two sample types.

B. Volatile Compounds in Virus Infected Serum

A typical chromatogram obtained from a pooled virus infected serum

sample is shown in Figure 14. Peaks identified in the chromatogram by



FIGURE 10.

CHROMATOGRAM OF VOLATILE COMPOUNDS IN 200
OF SALIVA. TRANSEVAPORATOR USED IN THE
'GLASS BEAD MODE.
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FIGURE 11. CHROMATOGRAM OF VOLATILE COMPOUNDS IN 50 wl
OF BREAST MILK. TRANSEVAPORATOR USED IN THE
GLASS BEAD MODE.
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FIGURE 12. CHROMATOGRAM OF VGLATILE COMPOUNDS IN 50 ul
'OF COGNAC.
A: TRANSEVARQRATOR USED IN THE TENAX MODE
B: TRANSEVAPORATOR USED IN THE GLASS BEAD MODE
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FIGURE 13. CHROMATOGRAM OF VOLATILE COMPQUNDS IN 100 wul
~OF HOT COFFEE. TRANSEVAPORATOR USED IN THE
GLASS BEAD MODE.
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GC-MS are summarized in Table If. The peak numbers in Table II correspond
to thosé marked in Figure 14. We have scanned about eighty peaks 1in the
chromatogram, but only about twenty four peaks could be identified. In
the chromatogram (Figure 14) peak number 17 appears as a well defined
single peak, but its mass spectrum, in Figure 15, indicates combination
of two peaks; cyclohexanone and 5-methyl-3-heptanone. Five of these
substances (peaks 5, 8, 10, 13, 28) have been identified previously in

normal serum.(38)

C. Profile Analysis of Virus Infected Serum

A total of thirty-six virus infected and normal serum samples as
well as six pooled serum samp]eé were studied. The processing of a 70 ul
serum sample including sampling by the transevaporator technique,
separatiorn by gas chromatograbhy and data input and computation can be
completed within a 2.5 hr period.

The profile of volatile substances in serum is complex with more
than 150 peaks in thé‘chromatogram. To simp]%fy data handling, a visual
comparison was made of all chromatograms, peaks due to background and |
stripping so]vent‘were ignored and 37 peaks Wﬁich appeared consistentiy
in a]] chromatograﬁg-were selected as the data base. e

It was known that the coefficient of variation for the excretion of
thé major and consistently excreted metabolites was large. Dietary
'a1£eration produced relatively small changes in patterns but large
individual within-subject variations were observed.(30’68’69) Six

replicate analyses of a pooled serum sample was used to establish the
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FICURE 14. PROFILE OF ORGANIC VOLATILES FROM A POOLED
VIRUS INFECTED SERUM BY CAPILLARY COLUMN
GAS CHROMATOGRAPHY.
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TABLE II. SUBSTANCES IDENTIFIED BY GAS CHROMATOGRAPHY/MASS

57

~ SPECTROMETRY IN VIRUS INFECTED SERUM. COMPONENTS
INDICATED BY NUMBERS IN FIGURE 14.

Peak Molecular
No. Compound m/e Weight
1  2-methyl-1-hexene 57,41,29,40,45,58,56,27 98
2 dimethylcyclopentane 56,41,55,70,42,69,39,57 98
5 2-propanol 45,43,59,31,27,29,44,46 60
7 2-hexanone 43,58,51,41,29,100,85,71 100
8 n-hexanal 44,41,43,29,45,55,72,82 100

10 n-butanol 56,31,43,41,26,27,42,57 74

12 2-heptanore 43,53,71,59,41,114,99,85 14

13 heptanal 44,70,43,55,57,42,29,41 14

14 4-heptanone - 71,43,41,27,39,42,114,29 114

15 4-octanone 43,71,57,58,85,41,86,128 128

16 6~meﬁhy1—2~heptanone 43,58,71,95,85,110,70,59' 98

17 cyclohexanone and  55,43,98,27,42,69,70,41 98

5-methy1-3-heptanone 43,57,71,72,99,29,128,41 128

19 2-octanone ~ 43,58,59,71,85,128,123,109 - 128
20 n-octanal 43,44 ,41,56,57 ,84,29,55 128
22 6-methyi-5-heptene-  43,44,108,55,69,58,67,111 126

2-one |

23  5-nonanone 51,85,58,41,142,43,42,100 142
25 2-ethylhexanal 128

57,72,41,43,29,56,71,55



TABLE II. (continued)
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Peak Molecular
No. Compound m/e Weight
27 2-octenol 57,56,44,43,41,29,70,82 128

28 benzaldehyde 106,105,77,41,42,46,78,43 106

29 2-ethyl-1-hexanol  57,55,41,43,46,70,83,69 130

30 .2-deCanone 58,43,59,71,29,57,41,55 156

32 éo-tofualdehydg 120,119,91,65,82,12i,51,59 120

33 acetopheﬁbne 105,77,120,51,43,78,106,50 120

34 trimethyl-2- 96,138,81,109,67,95,97,123 138

cyclohexanone
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FIGURE 15.

MASS SPECTRA OF PEAK NUMBER 17 IN VIRUS

INFECTED SERUM CHROMATOGRAM (FI1G. 14),

STANDARD CYCLOHEXANGNE AND STANDARD
5-METHYL-3-HEPTANONE.
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magnitude of system variation w%thin the data base (i.e. the effect of
experimental variables on reproducibility). A1l peaks were normalized
and the percentage re]ative’standard deviation calculated. Reproduci-
bility depended very much on the compound itself and consequently a

wide variation was found between individual peaks reflecting their
different chemical properties. The smallest variation was 6.5% (peak 20),
a median value 18.3%‘(peak 5) and the largest 51.1% (peak 21) relative
standard deviation.

Another source of variance is the variability between individuals
in any one group. ‘This was calculated for each ‘group in turn for the
37 peaks. A1l peaxs were normalized and their variance calcuiated. For
example, the 12 serum samples of Group I (normal serum) had a.lowest
value of 17.1% (peak 1), a median value 32.9% (peak '32) and a highest
value of 87.5% (peak 4) relative standard deviation. Résults for
Group (III) were similar but Group (II) showed faf less variation.

A second data set wagiselected based on the magnitudé,of.the
difference between the‘averaged normalized peak“argas for the different
groups. The criteria fbr selection was that the relative standard
deviatqu‘of the selected peaks muét be greater than the Variation
between individuals in any one group. Seven peaks were found to meet

“this requirement (peaks 16, 19, 20, 25, 29, 31, 34).

Thé ﬁorma]ized peak areas in the second data set can show both

negative and positive variation between groups. Under these conditions |
.a ratio of two peaks should prove more sensitive to inter-group differences.

Also, if there is an interaction between peaks in each group then peak
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ratios will be more reliable for.classification purpéses. The seven
normalized peak areas were arranged in ascending order and all possible
peak ratios calculated for Groups I and II. The two peak ratios 16/25
and 29/34 were found to be most suitable for sample identification.

The reproducibility of retention time and normalized peak areas
for the four selected diagnostic peaks in the pooled serum sample (six
replicate analysis) is shown in Table III. Retention times can be
reproduced very accurately in the analytical system and this forms an
adequate parameter for peak identification. The relative standard
- deviation of the normalized peak areas between individuals for the four
selected peaks is‘giveﬁ in Tab]é IV for Groups I through III. The
variation in peak area for infected ;erum (Grodp I1) is much‘less than
normal serum (Groub I) and can be more correctly defined. Peak 25 in
Group I shows a greatey variation than the others due to the inclusion

of one estraordinary 1argé peak in the data set.

1. Differentiation Between Normal Serum and Virus Infected Serum

To differentiate between‘nofmal serﬁm (Group I) and infected serum
(Group II) the two peak ratioé 16/25 and 29/34 ére'ca]culated in Table
V. Visual inspect{an shows -that generally the peak fatio 16/25 usua]]y:
décseased upon virus infection (éxcéét samp]és 7, 8, 9) and that the
peak ratio 29/34 increased by vikus infection (except samples 2, 3, 5).

‘However, the use of either peak ratio does not in'itse}f provide ;’

sufficient classification between the two groups. The autoscaled data

set of Groups I through III is plotted in two peak ratio dimensions in
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TABLE III. REPRODUCIBILITY OF.NORMALIZED PEAK AREA AND RETENTION TIME
WITHIi{ A POOLED SERUM SAMPLE (6 REPLICATIONS)

% Normalized Peak Area Retention time {min)

Peak * *
Number mean S.D. % C.V. mean S.D. % C.V.
16 5.36 1.44 26.9 53.75 0.57 1.0

25 1.34 0.25 18.8 65.82  0.63 0.9

29 405 - 1.37 1.7 6.5 0.62 0.8
34 1.42 0.29  21.0 89.77 0.80 0.9

*
percent relative standard deviation



TABLE IV. VARIATION OF NORMALIZED PEAK AREAS FOR THE SELECTED
FOUR PEAKS IN ALL SERUM SAMPLES

63

% Relative Standard Deviation

One Day After 14-21 Days After
Peak Before Infection Infection Infection
Number (Group I) (Group II) . (Group III)
16 48.9 32.6 44.2
25 89.9 - 20.4 : 47.4
29 . 36.3 32.7 30.5

34 : 53.8 30.3 ' 62.9
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TABLE V. SELECTED TWO PEAK RATIO DATA AT DIFFERENT VIRUS INFECTED CONDITIONS

Peak Ratio (16/25) ’ Peak Ratio (29/34)

Sample Before One Day After 14-21 Days After Before - One Day After 14-21 Days After
Number  Infection Infection Infection Infection - Infection Infection

Serum Samples with Clinical Symptoms AfteF Exposure

] 17.73 4.1% 8.73 3.53 7.30 5.54
2 17.93 8.90 9.65 3.85 2.56 3.1
3 24.28 - 4.77 3.71 44,00 3.24 6.17
4 3.32 2.80 3.67 3.57 4.65 1.88
5 15.78 2.6% 5.77 4.15 3.70 3.55
5 17.48 9.51 12.97 0.69 2.43 1.82
Serum Samples with no Clinical Symptoms After Exposure ;
7 - 3.38 9.03 8.97 0.99 4.13 1.35
8 6.58 5.05 31.51 . 0.66 4,40 o 5.21
9 1.35 1.44 ' 7.56 6.13 7.23 23.22
10 9.24 4.95 2.75 1.94 11.89. 1.75
n 33.69 5.59 4.59 1.54 2.52 4.00

12 17.59 8.24 A 23.15 1.99 8.43 2.22
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Figure 16. It can be seen that.two separate clusters are formed for
Groups I and II and thus the two peak ratios selected are adequate
for the identification of normal and infected serum.

In ordér to test the predictability of the proposed method the K-
nearest neighbor approacii was used. A randomly chosen training set of
ten serum samples (5 normal and‘S infected) was used té assess the
predictive accuracy of the two peak katio technique using the remaining
14 samples as unknowns. Figure 17 shows a computer print ou. of
Euclidean distance in two factor space (16/25'peak ratio and 29/34 peak
ratio). Five normal sera training set is designated as 1 + 5 (B] - 812)
and the other fiVe>in%ected sera training set as 6 -~ 10 (A] - A8). In
2 given samp]é, the Euclidean distance between sample point and ten
known points of the traihing set were rearranged by ‘a sorting process.
Figure 18 is a final print out for K-NN classification "before
infection (normal)" and "after infection". This can be dohé simply by
reading the first co]umné in Figure 18, according to already fixed K
values (k = 1, 3, 5 ...etc.). | ‘ |

Predictive ability was calculated as the peréentage of the 14 .
unknowns correctly classified. The three héarest neighbor (3-NN)
computation aésigned 85.7% of the samples cofrect1y (T=NN, 71.4%; 5-NN, |
78.5%). C]early the proposed method has excellent selectivity for the
differentiation of normal and virus infected serum. |

After 14-21 days (Group III) complete recovery from infection is
observed clinically. However, the two peak ratio classification places

approximately nalf the serum samples in the virus infected category.
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FIGURE 16. AUTOSCALED TWO PEAK RATIO DIAGRAM.
I. Normal Serum before infection;

I1. Infected sera (24 hr);

0, Recovered sera (14-21 days after
infection).
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FIGURE 17.

COMPUTER PRINT OUT FOR EUCLIDEAN DISTANCE OF
26 SAMPLES USING 10 KNOWN SAMPLES AS A
TRAINING SET IN TWO PEAK RATIO FACTOR SPACE.
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FIGURE 18.

FINAL COMPUTER PRINT OUT OF K-NM METHOD TO
DIFFERENTIATE BEFORE AND AFTER INFECTION GROUPS.

-
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Tne implications of this finding can only be speculated on at the moment,

especially as normal samples are correctly classified by this technique.

2. Differentiation Between Normal Serum with Clinical Symptoms
After Exposure and Normal Serum with no Clinical Symptoms
After Exposure

The general usefulness of this profiling technique would be enhanced
if it could be used to predict susceptibility to virus infection. 3Thé
normalized two peak natio data for Group I (normal serum) samples is
shown in Figure 19. Samples I1 through 16 were normal serum samples
from volunteers who upon exposure to virus infection developed clinical
symptoms of the dlsease and samples I7 through I12 did not develop
clinical symptoms upon infection. Again two well defined clusters (with
two exceptions 16, 19) are formed and demonstrate the possible use of
the method for‘the diagnosis of virus susceptibility. However, the
twelve samples available are too small a data base to provide a training
set and sufficient unknowns to test the pred1ctab1]1ty of the method. A
much larger samp11ng program will be required to assess the accuracy of

this method for the determination of susceptibility to virus infection.
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FIGURE 19. TWO PEAK RATIO DIAGRAM. SAMPLE Il THROUGH
I6 ARE NORMAF SAMPLES FROM VOLUNTEERS WHO
CONTRACTED VIRUS INFECTION AFTER EXPOSURE.
17 THROUGH I12, AS ABOVE EXCEPT NO CLINICAL
SYMPTOMS DEVELOPED AFTER EXPOSURE.

0, Recovered sera (14-21 days aftei' infection).
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IV. CONCLUSIONS

Complex profiles may be obtained from aqueous samples in the volume
range from about 5 ul (for very concentrated samples) to about 200 ul
by the transevaporator technique for a wide variety of biological and
other sample types. Both a "headspace" and an extraction profile may be
obtained from the same sample. These methods are complementary as
each emphasizes different parts of the profile. The precfsion of the
method is good considering the small sample and the trace quantities of
volatiles present.

The transevéporaéor sampling technique is shown to be useful for
the volatile profile analysis of 70 ul of influenza virus infected seré.
A two peak ratio method has been developed for the characterization of
normal and virus infected sera with a percentage predictability of 85.7%
of correctly classified dhknowns. A similar two peak ratio method is

indicative as a possible means for the assessment of virus susceptibility.
. The technique may be used to show differenceslbetween normal and
diabetic sera, and between Arabica and. Robusta coffee for both pressed

coffee 01l ahd brewed coffee.
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