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Riebsiellu, an opportunistic pathogen, is found in cases of burns, pneumonia 
[1, 21, urinary tract infections [3] and a variety of other infections in man 
and animals [4] _ Recently, a primary Klebsiella identification method has 
been reported [5] employing MacConkey inositol carbenicillin agar, which 
takes 24 h for identification. A quicker method wouki help in the early diag- 
nosis and therapy of these infections. A possible application of gas chromato- 
graphy (GC) in diagnostic microbiology has been reported by many workers 
[S-9]. The GC identification of Klebsielfa based on its characteristic products 
is done by the analysis of glycoprotein components in liver samples of in- 
fected rats [lo] _ GC analysis of acids and amines produced by KZebsieZZa in 
a chemically defined medium has also been made use of [11,12]_ Derivatisa- 
tion of the sample is required in these procedures. 

We report here a simple GC method for rapid identification of Klebsiefla. 
Adonitol, a sugar alcohol, is fermented by all the strains of Klebsiefla [13], 
yieIding ethanol 1141 which can be detected by GC. 

MATERIALS AND METHODS 

The bacteria used in this study were isolated from the natural water sonrces 
and urine samples of patients sufferin g from urinary tract infections. The 
identity of the culture specimens was confirmed using the procedure reported 
in ref_ 13. The bacteria were cultured in M-9 salt mixture medium as described 
earlier [E5], the lactose being replaced by adonitol (Difco). Carbenicillin, 
50 pg/ml, was also incorporated in the medium_ Organisms, f-105, of 62 strains 
comprising Klebsieila, Salmonella, Escherichia coli, Citrobactor and Arizona 
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were inoculated to the modified M-9 salt mixture medium and incubated at 
37°C for 5 h. Six strains of KZ&SieZla were incubated with the medium for 18 
and 24 h. 

Gas chromatogmphy 
A Toshniwal gas chromatograph Model ROL 4 with a flame-ionisation 

detector was used. Stainless-steel tubing (180 cm X 0.31 cm I.D.) was packed 
with 15% EGS on Chromosorb W HP SO-100 mesh. Nitrogen at a flow-rate 
of 40 ml/min was the carrier gas. The operating temperatures of the column, 
injection port and detector were 110, 150 and 17O”C, respectively. The elec- 
trometer amplifier was operated at l- 10m9 A. A Heath-kit multispeed servo 
chart recorder was operated at 1 mV sensitivity and a chart speed of 7.5 cm/ 
min. Five microlitres of 62 5-h old strains of various cultures of bacteria, and 
of 18- and 24-h old cultures of six strains of Klebsiella were directly injected 
into the chromatograph. The peak height recorded for ethanol in the medium 
was measured. Twelve lots of culture media were injected into the GC system 
to determine if there were any background peaks produced by the medium. 
Standard peaks were also recorded for ethanol of various concentrations, 
ranging from 50 to 900 ppm in the medium (Fig. 1). 

CONCENTRATION OF ETHANOL <LN ppm) 

Fig. 1. GC response of various concentrations of ethanol. 

RESULTS 

Fig. 2 shows the GC peak for ethanol produced by KZebsielZa in the medium 
and the absence of the ethanol peak in other bacterial cuhures. The results are 
presented in Table I. The GC peak for ethanol was very sharp, making it 
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Fig_ 2. GC profiles of culture media. 

TABLE I 

RESULTS OF GC ANALYSIS OF VARIOUS BACTERIA IN mONITOL MEDIUM 

Bacteria screened No_ of No of strains Peak height 
stmin.5 givingpea!s (mm) 

for ethanol 

Klebsieh 30 30 x3* 
E. coli 15 - <5 
Citrobacfor 10 - <5 
Salmonella 5 - <5 
A&OM 2 - <5 
Control mediumlots 12 - <5 

TABLE II 

PRODUCTION OF ETHANOL BY KLEBSLELLA 

Klebsielih strains Peak height (mm) 

5h 18 h 24h 

MB11-4 65 475 525 

MB/19 73 500 500 
MB/20 87 500 538 
MB/21 100 500 500 
MB122 85 475 535 
MB/23 70 500 535 
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difficult to measure the peak area; the peak height was found to be directly 
proportional to the amount of ethanol produced in the medium. KZebsieZZu 
produced sufficient ethanol to give a peak height of 78 mm in 5 h, correspond- 
ing approximately to 100 ppm ethanol. The amount of ethanol in the medium 
increased to 900 ppm when cultures were incubated for 18 h, but not beyond 
that time (Table II)_ None of the other bacteria produced ethanol from 
adonitol (Fig, 2)_ Twelve lots of culture media and cultures of other bacteria 
gave no significant peak for ethanol_ 

DISCUSSION 

Virtually all Klebsielh strains ferment adonitol 1131, and ethanol in the 
adonitol-based medium in which bacteria are grown indicates the presence 
of KZebsielZa_ Further, carbenicillin in the medium selectively suppresses the 
growth of other bacteria and permits the multiplication of KZebsieZZa [5] _ 
In the conventional method for primary identification of KZebsieZZa, inositol 
is used by many workers 15, 16, 171. A few strains of Salmonella and Citro- 
bactor also ferment inositol but they do not attack adonitol [ 13]_ Hence 
adonitol as substrate for KlebsielZa is superior to inositol. 

The GC procedure described above could help as a rapid identification 
method for Kfebsiella. Another advantage of the method is that only O-5 ml 
of culture medium is required as compared to 15 ml in the conventional 
method_ We injected 1500 samples directly without the gas chromatograph 
losing any analytical efficacy_ 

In this study we used lo5 organisms as the initial inoculum. A typical urinary 
tract infection as described by Kass [lS] is the presence of bacteriurea in a 
concentration of 10s or more organisms per ml of urine_ It is evident that 
bacteriurea caused by Klebsiella can be diagnosed by the GC method in 5 h. 
We are investigating on these lines and the results will be reported later. 
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