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Evaluation of an automatic gas
chromatographic system for the
identification of bacterial infective agents

C. Arcelloni, A. Griffini,* R. Paroni and P. A. Bonini
Istituto Scientijqco H. S. Raffaele, Via Olgettina 60, 20132 Milan, Italy

The potential clinical application of gas chromatography to
microbial identifcation was evaluated. A completely automated
system, the MIS (Microbial Identij3cation System; Hewlett-
Packard) can analyse and identify pure strains by comparison of
their cellular fatty acids patterns (C9-C2o) with the reference
parameters stored in a library. Three hundred and sixty-seven
strains were tested, comparing the gas chromatographic results
with those obtained by the traditional microbiological methods in
the bacteriology laboratory of our Institute. A standardized
extractive procedure wasfollowed to obtain thefatty acid methyl
esters (FAMEs), but some modifications to the recommended
procedure were introduced in the bacterial growth procedures:
colonies harvested not onlyfrom the recommendedgrowth media but
also from selective media routinely used in the bacteriology
laboratory were successfully examined. These modifications did not

influence the results but improved the ease for the user; good
agreement with the comparison method was observed as far as

identications ofgenus and species are concernedfor 238 cases.
The major advantages of this computerized system are a reduction
in the time required to obtain thejnal results, the elimination of
human errors by using the autosampler and a better inter-laboratory
comparability ofresults owing to a higher degree ofobjectivity. On
the other hand, the limited throughput ofMIS (only 40 samples in
24 h) prevents its use in a large routine laboratory; this technology
is appropriate in emergency cases, in taxonomic studies and as a

conjqrmatory method.

Introduction

Traditional techniques for the identification and classifi-
cation ofmicrobial infective agents are based on morpho-
logical, inmmuno-biochemical and physiological charac-
teristics. Sometimes these parameters are insufficient to

classify some strains and, according to Kreig ], some of
the routine methods so far used, especially for anaerobic
cultures, are expensive and time consuming. Further,
biochemical methods have a very variable discriminatory
power, giving poorly comparable results. Moss [2]
showed that the gas chromatographic analysis of meta-
bolic products or ofbacterial cell components offer a good
tool in clinical microbiological laboratories for identifying
the infective agents and for studying the taxonomic
classification of bacteria. Goodfellow and Minnikin [3]
and Brondz and Olsen [4] recently introduced new
criteria for classifying the microorganisms on the basis of
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the proteic, lipidic and saccharidic composition of the
bacterial cell.

The lipidic components of the bacterial envelope were

particularly studied as specific markers for many strains:
in Gram-positive bacteria, the cell lipids are concentrated
in the plasma membrane whereas in Gram-negative
bacteria lipoproteins and polar and non-polar lipids are
located in the plasma or in the outer membrane. The
chemotaxonomic classification of Gram-positive bacteria
could be based only on the cellular fatty acid pattern
because the metabolic products of these bacteria
(ketones, alcohols and amines) are not specific enough
[3]. However, Brondz and Olsen [4] and Drucker [5]
reported that short-chain (1-7 carbon atoms) and
non-hydroxylated fatty acids are specific components of
the structure of anaerobic bacteria.

According to Asselineau and Asselineau [6], the intro-
duction of fused-silica capillary columns with polar and
non-polar stationary phases in gas chromatographic
analysis has facilitated the identification of a large
number of fatty acids and improved the resolution of this
method for microbial identification.

The MIS (Microbial Identification System; Hewlett-
Packard, Avondale, PA, USA) is a computerized and
completely automated gas chromatographic apparatus
for the identification of aerobic and anaerobic bacteria
based on their cellular fatty acids composition (C9-C20).
A pattern recognition program compares the fatty acids
ofan unknown sample with those ofthe reference bacteria
stored in a computer library. The unknown strain is
identified only if its fatty acids pattern has characteristics
close to some of the patterns present in the library.

So far, the library contains the fatty acid patterns ofmany
Gram-positive cocci, Gram-positive rods, Gram-negative
cocci and Gram-negative fermenters and non-fermenters;
it is expected to be updated for other anaerobic bacteria,
yeasts, moulds and other fungi and nycobacteria.

In this paper, the potential application of the gas
chromatographic MIS in clinical laboratories as a

support for and/or alternative tool to traditional micro-
biological analyses is examined.

Abbreviations

BA blood agar; BHI brain heart infusion agar; ECL
equivalent chain length; FAME fatty acid tnethyl

ester; FID flame-ionization detector; GC gas
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chromatography; HPLC high-performance liquid
chromatography; MCK MacConkey agar; MIS
Microbial Identification System; MH Miiller-Hinton;
MSA mannitol salt agar; PEA phenyl ethyl agar; RT

retention time; SI similarity index; KV Schdler-
KV agar; TSB trypticase soy broth; TSBA
trypticase soy broth agar.

Materials and methods

Description of the microbial identification system

The MIS consists of the following: HP 5890A gas
chromatograph (Hewlett-Packard), with methylphenyl-
silicone fused-silica capillary column (25 m 0"2
mm i.d.); flame ionization detector (FID); HP 3392A
integrator; HP 9816S computer equipped with a 9133H
disk drive; HP 2225A printer; and HP 7673A automated
injector with sampler controller and sample tray for 100
vials.

Operating conditions

Ultra-high purity hydrogen (SIO-ALPHAGAZ) was
utilized as the carrier gas. The column head pressure was
10 lb in-2, the injector temperature was 250C and the
detector temperature was 300C. Other operating
parameters were: FID air, 400 ml min-1; FID H2, 30
ml min-1; FID N2, 30 ml min-1; trap purge,
40 ml min-1; septum purge, 5 ml min; splitting ratio,
100:1; and splitter, 50 ml min-1.

At an initial oven temperature of 170 C, a temperature
program of 50 C min-1 was activated at injection and
continued to a final temperature of 270C, which was
held isothermal for 2 min. The time required for each run
was 22 min and the re-equilibration of the column
required 3 min.

Extraction procedure

All the reagents were of HPLC grade. The cellular fatty
acids were extracted and derivatized following a stan-
dardized procedure. Reagent was 45 g of sodium
hydroxide (Merck, Darmstadt, FRG), 150 ml of
methanol (Fluka, Buchs, Switzerland) and 150 ml of
doubly distilled water. Reagent 2 was 325 ml of 6 M

hydrochloric acid (Carlo Erba, Milan, Italy) and 275 ml
of methanol. Reagent 3 was 200 ml of hexane (Merck)
and 200 ml of diethyl ether stabilized with 2% ethanol
(Merck). Reagent 4 was 10"8 g of sodium hydroxide in
900 ml of doubly distilled water.

Bacterial colonies were harvested with a 4-mm inoculat-
ing loop and coated at the bottom of the glass tubes
(Pyrex, 14 x 100 mm) provided with Teflon-lined
screw-caps. The amount of bacteria harvested with a
double collection was sufficient for processing. A 1-ml
volume of reagent was pipetted into each tube, mixed
for 5-10 s, heated at 100C in a block heater (Supelco,
Bellefonte, PA, USA) for 5 min, mixed again and kept at
100 C for 25 min.

The methylation of fatty acids was achieved by adding 2
ml of reagent 2 to the cooled uncapped tubes, which were

192

then mixed for 5-10 s and heated at 80 C for 10 min. The
fatty acid methyl esters (FAMEs) were extracted by
adding 1-25 ml ofreagent 3 and shaking gently for 10 min
on a laboratory rotator. The lower aqueous phase was
removed with a Pasteur pipette and discarded. The upper
phase was washed with 3 ml of reagent 4 and shaken
gently for 10 min. Two thirds ofeach organic extract were
transferred with a Pasteur pipette to the autosampler
vials (Teflon caps) for the gas chromatographic analysis.

Cultures

In the bacteriology laboratory of our Institute, different
aliquots of the same biological specimen were streaked as
usual on four different media: blood agar (a non-specific
medium for a quantitative evaluation of the bacteria),
mannitol salt agar (MSA) (specific for the growth of
Staphylococci, MacConkey Agar (MCK) for the identifi-
cation of Gram-negative bacteria and Sabouraud
medium for growth offungi. These plates were incubated
at 37 C for 24 h. To detect anaerobic bacteria, specimens
were streaked both on Schidler’s medium, for quantita-
tive evaluation, on Sch/idlar-KV agar (KV) for identifi-
cation of Bacteriodes and on phenyl ethyl agar (PEA)
Gram-negative cocci growth. The plates were then
incubated at 37C in an anaerobic atmosphere until a
suitable growth was obtained (2-5 days). After the
primary isolation, both the aerobic and anaerobic strains
were further characterized with microscopic, biochemical
and serological tests. For the biochemical analyses API
(Ayerst) and Enterotube (Roche) strips were used. The
pure strains were subsequently transplanted on Mtiller-
Hinton (MH) medium for the antibodies sensitivity test,
according to Bauer et al. [7]. For our gas chromatographic
study, the aerobic colonies were harvested directly from
the specific media or from Miiller-Hinton medium. For
some aerobic strains, we used, according to the MIS
recommendation, trypticase soy broth agar (TSBA) as a

secondary medium, onto which the previously isolated
colonies were transferred. This medium consists of30 g of
trypticase soy broth (BBL, Becton Dickinson), 15 g of
Bacto agar (Difco, Detroit, MI, USA) and of distilled
water. The ingredients were combined, boiled until the
agar melted, autoclaved for 15 min at 121 C (15 lb in-)
and cooled to 60C, then dispensed into sterile Petri
dishes. The cultures were incubated for 24 h at 28 C. All
the anaerobic bacteria examined in this study were
harvested directly from KV or from PEA, without a

secondary isolation on the media suggested by Hewlett-
Packard.

Samples analysed

We studied 367 strains isolated ti’om routine specimens of
the bacteriology laboratory of our Institute. Biological
specimens were represented by blood, catheter points,
pus from deep wounds, swabs (from pharynx, rectum,
vagina) and urine. All the samples were analysed both by
the gas chromatographic technique and by classical
microbiological procedures used as a reference method
and the results were compared.

Calibration for MIS
For quantitative calibration, the FAMEs mixture for a
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Figure 1. Gas chromatographic projqle of a
quantitative standard calibration mixture con-
taining 17fatty acid methyl esters (FAMEs).
The upper part shows the GC profile and in
the lower part the printed report is shown.
Section A: Bottle, position ofthe sample in the
sample-tray; ID, identification number of the
various samples programmed in the Sample
Table; Name, name of the sample
programmed in the Sample Table. Section B:
RT, peak retention time (in minutes); Area,
peak absolute area; Ar/Ht, peak width at
half-height; Respon, correction factor of the
peak absolute areas obtainedfrom the compari-
son with the peak area of an ideal standard
mixture; ECL, equivalent chain length of the
ideal standard calibration mixture (see text);
Name, name of thefatty acid identifed by the
system; Area %, peak area as a percentage of
the NamedArea (see below); Comment 1, this
section shows if the eluted peak has an RT in
the range C9-Co (peak match) or not (>RT
or <RT); in the latter case the peak is not
identife& the number reported on the right
side of Peak match +... indicates the
shifting of the ECL obtained from the ideal
one stored in the computer memory. Section C:
Solvent Area, area of the hexane/ether peak;
Total Area, amount of the peak areas eluted
between C9 and Co; Named Area, size of the
identiofiedpeak area, % Named, percentage of
the total area; Total Amnt, product between
the Area Named and the Respon factor; Nbr
Ref, number of the peaks assumed as refer-
ences; if present, these peaks are listed in
Comment 2; obviously, this indication is used
only for the unknown samples and not for
standards.

capillary column (Supelco) contains 12 straight-chain
fatty acids (C9 0-C20 0) and 5 hydroxy acids (C 10 0
20H, C 10 0 30H, C 14 0 20H, C 14 0 30H, C 16 0 30H).
The straight-chain fatty acids are used as references for
the identification of the FAMEs in the bacterial samples,
while the hydroxy acids are added to detect the column
degradation, which is evident from tailed peaks. The
injection of the quantitative calibration mixture was
programmed in the Sequence Table ofthe M|S computer
at the beginning of each batch of samples and after every
15 analyses.

Every 350 samples, three different qualitative calibration
mixtures were injected. These mixtures are combined
extracts of selected bacteria containing a different assort-

ment of fatty acids (about 80 in each mixture). Some of
these fatty acids are not available commercially and are
specific for particular microorganisms only. The pattern
recognition program could identify up to 150 different
fatty acids.

System programming
After identification by the reference method, the samples
chosen for the extraction, methylation and subsequent
GC analysis were programmed by the user in a ’Sample
Table,’ according to the MIS computer software, and
then analysed.

The qualitative and quantitative calibration mixtures
injections were also programmed in the Sequence Table.
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Figure 2. Gas chromatographic profile and
analysis report of a qualitative calibration
mixture. For the description of the analysis
report, see legend ofjgure 1. In addition:
Section B: in Comment 1 column, ECL
Deviates, shifting of the obtained ECLfrom
the ideal one; in Comment 2 column, Reference
+ peaks used as reference to adjust the
RT of the other peaks. The value (+_) shows
the direction of the adjustment given by the
system. Section C: RefECL Shift, root mean
square (RMS) ofthe adjustments made on the
RT of the peaks listed in Comment 2;
Deviation, standard deviation of the mean of
the ECL shift listed in Comment 1.
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Results

In figures and 2 examples of chromatograms and
analysis reports of the standard mixtures used for
quantitative and qualitative calibration are shown. The
GC profile is given during the run, while the analysis
report is printed at the end. For an explanation of all the
GC parameters reported, see the legends of the figures.
The equivalent chain length (ECL) is a mathematical

parameter calculated by the MIS software, which is very
important for the interpretation of an unknown peak.
This value corresponds to the number ofcarbon atoms in
the fatty acid chain and allows the determination of the
chemical structure of the unknown fatty acids eluting in
the analysis. By convention, the C-C0 straight-chain
fatty acids were taken as reference points in the calcula-
tion of the ECLs of all the other fatty acids contained in
the sample. The ECLs of the C-C0 straight-chain acids
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Figure 3. Example ofchromatograph, analy-
sis report and comparison chart ofpure strain
0fStaphylococcus aureus analysis. For the
report see legends of jqgures 1 and 2. In
addition: TSBA [Rev 2.0], identification
name of the library in which the sample was
searched; Staphylococcus, genus; aureus,
species; aureus GC subgroup A, sub-species;
0"225 SI, the similarity index in this example
is 0"225 (see text). The comparison chart gives
thefollowing information: on the left side all
fatty acidsfound in both the unknown sample
and in a library entry are listed in the elution
order while a scale of% is printed across the
top of the chart. Symbols: x percentage of
the fatty acid found in the sample;

’.
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Figure 4. In the upperpart a chromatogram of
one strain of Escherichia coli (A) and
Kluyvera cryocrescens (B) obtained in our
laboratory is reported. In the lower part, the
"ideal’ (reported in the library) pattern ofthese
microorganisms is reported.
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Table 1. Comparison between two different preparative methods.

Similarity index

Hewlett-Packard
Organism Our method method

Enterobacter cloacae 0"807 0’547
Hafnia 0- 760 0-513
Proteus mirabilis 0"316 0" 159
Providentia stuartii 0"493 0"217
Pseudomonas aeruginosa 0"621 0" 786
Salmonella choleraesuis 0"345 0"300
Staphylococcus aureus 0" 120 0" 190

The similarity indices of the same strains analysed both after
additional cultivation on TSBA of the previously isolated
colonies (Hewlett-Packard method) and directly from the
routine isolation media (our method) were compared to

quantify the influence of the growth media on the FAME
pattern and consequently on the MIS identification.

were assumed to be whole numbers between 9000 and
20000. The relationship between the ECL and the
retention time of an unknown peak is expressed by the
equation

(Rtx- Rt)
ECL

(Rtn + Rtn)

where Rtx is the retention time of the FAME x, Rtn is the
retention time of the C(n:0), i.e. the straight-chain fatty
acid that elutes before the FAME x and Rt + is the

retention time ofC(n + 1)"0, i.e. the straight-chain fatty
acid eluting just after the FAME x.

The identification of the fatty acid structure is performed
using the ECL in a ’family plot’ in which various fatty
acid families are represented in relation to the straight-
chain length (x axes) and the retention time (y axes). The
ECL reported in the qualitative and quantitative stan-
dard mixture reports are those calculated under the
optimum analytical conditions. The identification of the
unknown peaks during the sample analysis is performed
on the basis of these ideal parameters. In figure 3 the
chromatogram, the analysis report and the comparison
chart for the analysis of a pure strain of Staphylococcus
aureus are shown. At the bottom of the report, in addition
to the parameters reported for the calibration mixture,
the genus and species and sub-species of the identified
bacteria and the similarity index (SI) are given. The SI is
a parameter that quantifies the reliability of MIS
identification by measuring the overlapping ofthe FAME
patterns ofthe sample and one ofthe various microorgan-
isms stored in the computer library. The SI is a number
which indicates how closely the FAME composition ofan
unknown sample compares with that of the library
reference bacteria selected by the MIS. A value ofSI
means perfect overlapping and values less than indicate
that the patterns are not identical with a consequent
higher inaccuracy of the result. The unknown strain is
usually identified with the reference bacteria which gives
the higher SI.

When the GC analysis is not good enough or the sample is
too dilute, concentrated or contaminated, the identifica-
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Table 2. Day-to-@ precision of the gas chromatic analysis.

Day 4 5 6 8

MIS identification Similarity index M + SD CV%

Pseudomonasaeruginosa 0"012 0"010 0"009 0"010 0"010 0"012 0"006 0"006 0"010 + 0"001 10"0
Staphylococcushominis 0"010 0"010 0"009 0"012 0"010 0"009 0"010 0"010 0"010 + 0"0009 9"0
Kluyveracryocrescens 0"446 0"335 0"402 0"387 0"381 0"401 0"392 0"386 0"391 + 0"030 7-3
Proteusmirabilis 0"407 0"402 0"416 0"339 0"409 0"396 0"410 0"398 0"397 + 0"022 5"7
Shigelladysenteriae 0"498 0"425 0"433 0’492 0"523 0"489 0’421 0"428 0"458 + 0"037 8"0
Streptococcusepidermidis 0.156 0"182 0"203 0"187 0"198 0"189 0’204 0"210 0"191 +_ 0"016 8"3
Klebsiellaozenae 0"483 0"492 0"482 0"473 0"480 0"462 0"478 0"475 0"478_+ 0"008 1"7

Table 3. Bacterial identcation obtained by reference method (microbiological identifica-
tion) and gas chromatographic analyses.

Bacteriology laboratory
identification MIS identification Tribe Family

GRAM NEGATIVE AEROBES

Acinetobacter
calcoaceticus (n 7)
Citrobacterfreundii
(n=9)

Escherichia coli
(n 63)

Enterobacter cloacae
(n 8)

Klebsiella ozaenae
(n 16)

Morganella morganii
(n= 4)

Proteus mirabilis
(n 23)

Providentia stuartii

(n 3)
Salmonella choleraesuis
(n= 7)
Pseudomonas aeruginosa
(n 45)
Serratia liquefaciens
(n= l)

GRAM POSITIVE AEROBES

Staphylococcus aureus
(n=83)

Staphylococcus hominis
(n 46)

Staphylococcus epidermidis
(n=9)

Streptococcuspyogenes
(n= 7)
Streptococcus agalactiae
(n=9)

Acinetobacter calcoac. (7)

Citrobacterfreundii (5) Salmonelleae
Enterobacter cloacae (2) Klebsielleae
Erwinia herbicola (1) Erwinieae
Shigella dysenteriae (1) Escherichieae
Escherichia coli (21) Escherichieae
Shigella dysenteriae (4) Escherichieae
Kluivera cryocrescens (19)
Citrobacterfreundii (12) Salrnonelleae
Morganella rnorganii (5) Proteeae
Enterobacter cloacae (2) Klebsielleae

Enterobacter cloacae (2) Klebsielleae
Serratia (1) Klebsielleae
Escherichia coli (2) Escherichieae
Kluyvera cryocrescens (1)
Proteus rnirabilis (1) Proteeae
Morganella rnorganii (1) Proteeae

Klebsiella ozaenae (6) Klebsielleae
Enterobacter cloacae (1) Klebsielleae
Serratia (2) Klebsielleae
Kluyvera cryocrescens (2)
Shigella dysenteriae (2) Escherichieae
Morganella rnorganii (1) Proteeae
Salmonella choleraesuis (2) Salrnonelleae

Morganella morganii (1) Proteeae
Serratia (2) Klebsielleae

Hafnia alvei (1) Klebsielleae

Proteus mirabilis (20) Proteeae
Kluyvera cryocrescens (1)
Enterobacter cloacae (2) Klebsielleae

Providentia stuartii (3) Proteeae

Salmonella choleraesuis (6) Salmonelleae
Erwinia herbicola (1) Erwinieae

Pseudomonas aeruginosa (45)

Acinetobacter calcoac. (1)

Staphylococcus aureus (75)
Staphylococcus horninis (8)

Staphylococcus hominis (16)
Staphylococcus kloosii (15)
Staphylococcus (14)
Acinetobacter calcoac. (1)

Staphylococcus epidermidis (5)
Staphylococcus (2)
Staphilococcus kloosii (2)
Streptococcuspyogenes (7)

Streptococcus agalactiae (2)
Streptococcuspyogenes (4)
Streptococcusjaecalis (3)

Klebsielleae

Neisseriaceae

Enterobacteriaceae

P eudomonadaceae

Enterobacteriaceae
Neisseriaceae

Micrococcaceae

Neisseriaceae

Streptococcaceae
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Table 3- continued.

Bacteriology laboratory
identification MIS identification Tribe Family

Streptococcus equisimilis
(n 2) Streptococcuspyogenes (2)
Streptococcusfaecalis Streptococcusfaecalis (1 O)
(n tO)

Streptococcus Streptococcus
l-hemoliticus (n 2) [l-hemoliticus (2)

GRAM NEGATIVE ANAEROBES

Bacteroidesfragilis Bacteroidesfragilis (3)
(n 7) Bacteroides oris (3)

Fusobacterium necrosis (1)
Fusobacterium necrosis Fusobacterium necrosis (2)

RA.M eoslrlVE ANAEROBES

Clostridium difficile Clostridium difficile (1)
(n= 1)

Streptococcus intermedius
(n 2) Streptococcuspyogenes (2)

Propionibacterium acnes Propionibacterium acnes (I)
(n= I)

Bacteroidaceae

Bacillaceae

Streptococcaceae

Propionibacteriaceae

In the first column (on the left) the results of the microbiological identification (Genus
and species) and the number of the samples tested are reported. In the second column
the results of the MIS identification of the same strains are reported: results identical
with the reference method are reported in the first line for each group in bold, while
different results are listed below. The number of the respective cases is written in
brackets. Under ’Tribe’ and ’Family’ both the cases of agreement (in bold) and
disagreement between the two methods are indicated.

Table 4. Distribution of the percentage of disagreement between microbiological and GC
bacterial identification.

Family Genus Species

Gram negative aerobes

1/186

(0.5%)
70/186 70/186
(37%) (37%)

Gram positive aerobes

1/168
(0.6%)

1/168 51/168
(0.6%) (30.3%)

Gram positive anaerobes

0/4 0/4 2/4
(50%)

Gram negative anaerobes

0/9 1/9 4/9
(11%) (44.5%)

tion cannot be carried out and a comment is reported at
the bottom of the sample report. A graphical representa-
tion of the library search by means of the comparison
chart (figure 3) is printed if requested by the operator.
The computer program can compare the unknown
sample pattern with those of 1, 2, 3 or 4 bacteria stored in
the library and print the relative comparison chart

explaining the degree of similarity between the different
bacteria. In the comparison chart all the fatty acids found
in the unknown sample and the typical lipidic com-
ponents of the reference bacteria stored in the library are
listed. For each fatty acid listed, the percentage present in
the unknown extract is compared with that of the same
acid in the reference bacteria.
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The distance between each FAME percentage found in
the two compared bacteria is indicated visually in the
comparison chart and an asterisk is printed when the two
percentages are identical.

To verify the absence of interfering peaks, at the
beginning of this study, reagents 1, 2, 3 and 4 used for the
extraction and methylation were processed as microbial
samples and injected into the gas chromatograph. None
of them gave interfering peaks in the chromatogram.

In order to make the recommended standardized proce-
dure easier, we analysed some strains by harvesting the
pure colonies directly from MSA, MCK, MH, KV and
PEA (the selective media commonly used in a bacteriol-
ogy laboratory) and compared the results with those
obtained after an additional passage of the previously
isolated colonies on TSBA medium (as recommended by
Hewlett-Packard).

As shown in Table 1, with the recommended procedure
for some bacteria (Proteus mirabilis, Providencia stuartii) the
Sis were lower than those found with our method. For the
other strains the Sis were similar. In both cases the
identification obtained with MIS agreed well with the
reference method, so we decided to perform the extraction
directly from the selective media with obvious advan-
tages.

The day-to-day precision ofthe GC analysis was tested by
injecting daily, for 8 days, the extracts of 7 different
strains stored at +4C in tubes capped with a Teflon
septum. The coefficient of variation (CV) of the Sis
ranged from 1" 7 to 10%. The results are shown in Table 2.

The results obtained from the GC analyses of367 samples
and the comparison with the reference method are
summarized in Table 3.

According to Lennette et al. [8], the bacteria were
classified into family, tribe, genus and species. Tribe is
also considered for the Enterobacteriaceae family as a
group including genus and species. All the bacteria tested
were divided into four groups (aerobe Gram positive,
aerobe Gram negative, anaerobe Gram positive and
anaerobe Gram negative). As can be seen in Table 3, we
obtained identical results in 65% of cases; all the
microorganisms belonging to the families ofNesseriaceae,
Pseudomonadaceae, Bacillaceae and Propionibac
teriaceae were identified with the two methods. A lower
percentage of agreement was obtained in the other
families.

In Table 4 a detailed distribution of the percentage of
disagreement in the bacterial identification is shown. The
highest number of.disagreements was found in the group
of the aerobe Gram negative, especially within the
Enterobacteriaceae family. Seventy cases (37%) of the
total aerobe Gram negative tested (186) showed a
different genus and species identification and conse-
quently a different tribe attribution. Only one case was
ascribed to a different family. In the aerobe Gram positive
group, a very low percentage of disagreement was found

for the family and genus classification (0"6%) whereas
30% of the identified samples disagreed for the species.
For the anaerobe (Gram positive and Gram negative) the
results are also reported even though the number of
samples tested was low.

The greater disagreement in the identification of the
Enterobacteriaceae family is probably due to the very
similar lipidic compositions of the bacterial cell walls and
to the similar metabolic behaviour of the bacteria
included in this family. It must be emphasized that, for
some bacteria, the MIS has a higher discriminatory
power than the reference method; for example, the
differentiation between Kluyvera cryocrescens and Escherichia
coli is only possible with MIS, whereas with our reference
method they are both classified as Escherichia coli.

Discussion and Conclusion

The following points need some discussion: (1) the
agreement between the MIS and the reference method;
(2) the reproductibility of the MIS; (3) the need of an
additional transplate of isolated colonies; and (4) some
practical aspects concerning routine applications ofMIS.

It is evident from our results that there is a certain degree
ofdisagreement between the MIS and reference methods.
This is variable within the different families studied. As
expected, the highest degree ofdisagreement concerns the
species identification, whereas it is lower for genus
identification and almost absent for families identifica-
tion. Even if chemical identification tests for bacteria are.
widely accepted, it is well known that most of them are
based on very questionable chemical reactions (subjec-
tive detection, low sensitivity, etc.); in addition, the
biological variability of bacteria accounts for the low
reproducibility and accuracy. In some cases they have a

discriminatory power much lower than MIS.

Hence the disagreement observed in our research is not
surprising; more sensitive, reproducible and standar-
dized methods for identification of bacteria are needed as
standards or reference methods, with which new proce-
dures should be compared. It must be stressed that the
high discriminatory power of MIS, which is able to
identify 150 different fatty acids, makes this system useful
in taxonomic studies.

The following conclusions are suggested:

1. The reproducibility of the MIS is very good.

2. There is no need for an additional culture of isolated
strains before injecting them into the gas chromato-
graph.

3. The system is easy to use because sample handling in
the preparation of the extracts is minimized.

4. To obtain the final results and the identification of the
bacterium, a shorter time is required when compared
with traditional methods, which makes this system
very suitable for emergencies. The total analysis time
is about 2 h, including extraction, methylation and the
gas chromatographic analysis, whereas with tradi-
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tional tests 24-48 h are needed to contirm the
identification of a pure strain.

5. The current methods require human interpretation,
while the automated analysis improves the objectivity
ofthe results and allows an easier comparison between
different laboratories.
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6. The autosampler allows the elimination of analyst
errors, and thus reduces the waiting time between
injections.

7. The cost of a gas chromatographic analysis (about $3
in Italy) is lower than that one for Enterotube II
(Roche) or API (Ayerst) (about $5, $4 or $8"5)
although the capital cost of the instrument is high.

8. The major practical disadvantage of this technique is
its limited throughput (not more than 40 samples per
24 h), which prevents its use in a large routine
laboratory, unless two or more instruments are
installed.

Methodological and instrumental improvements to this
technique will hopefully improve the quality ofmicrobio-
logical tests in routine laboratories and the classification
of bacteria.
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