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Summary:

This presentation advocates for the use of volatilomics as an alternative rapid microbiological testing
method. A critical bottleneck is the reliable and controlled sampling of volatile biomarkers in the head-
space of bacterial species. We will show exemplarily volatiiome measurement with an online headspace
sampling setup to track metabolic activity via headspace microbial volatile compound (mVOC) concen-
trations by mass spectrometry. We identify key translational gaps impending clinical adoption.
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Background, Motivation and Objective

Detection and identification of bacteria based on
their mVOC emissions is a promising approach
for rapid diagnostics [1,2]. Although some bacte-
rial odors have been utilized in infection diagnos-
tics since early modern times[3], the advent of
high-resolution analytical techniques, like mass
spectrometry, has enabled accurate mVOC
quantification, paving the way for targeted bi-
omarker analysis to reduce the time-to-result for
AST from 48 hours to just a few hours (Figure 1)
using compact, selective, and sensitive sensors
[4-6]. Rapid point-of-care testing can drastically
improve the disease prognosis and significantly
contribute to the antibiotic stewardship efforts.
Such clinical devices for fast pathogen discrimi-
nation can only be realizable with representative
and reproducible sampling of the headspace to
extract the volatilome at different timepoints.
However, the critical role of sampling has been
overlooked, and the variability in sampling meth-
odologies has hindered direct comparability
across studies. To date, no approach has estab-
lished a standardized, robust method for longitu-
dinal volatilome monitoring. This inconsistency
undermines reproducibility and has left the rela-
tionship between volatilome composition and mi-
crobial metabolism insufficiently understood.
The presented system aims to close the critical
gap between mVOCs and microbial functions by
proposing a reliable way of controlled volatilome
extraction for both mass spectrometric and
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chemoresistive sensor measurements. The
presentation starts with the outline of the envi-
sioned workflow for an alternative microbiologi-
cal diagnostic test. Individual steps for a suc-
cessful test are discussed with an emphasis on
the sampling approach. The recent advance-
ments in the field are discussed with a future out-
look.

Description of the Approach

We start with the proposed rapid volatilomics
pathway as an diagnostic alternative. Sampling
is the first step of the analysis: the extracted
headspace volume must be a representative
part of the bacterial volatilome. To ensure accu-
racy, we present the online headspace sampling
setup for reliable and reproducible controlled vol-
ume extraction. As a crucial part of the system,
parametric sweep of the dilution ratio was per-
formed to meet the dynamic range limits of the
analytical tool. The sampling accuracy is vali-
dated with mass spectrometry and analyte gas
standards. Headspace mVOC concentrations
are obtained from preliminary bacteria measure-
ments for biomarker identification, which are par-
ticularly important for onsite testing, as target bi-
omarker information must be available for selec-
tive detection of volatiles using compact sen-
sors. The resulting multidimensional sensor data
can be processed with machine learning algo-
rithms to create a diagnostic report.
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Results

The proposed setup is validated with acetone,
ethanol, benzene, and acetaldehyde gas stand-
ards for reliable volume extraction down to ppb-
level concentrations. Escherichia coli metabolic
changes across different stages of incubation,
and these changes are reflected in the prelimi-
nary headspace concentrations (Figure 2). Alt-
hough the acetaldehyde concentrations serve as
the main indicator of the growth phase, the re-
sults show that tracking similar volatiles with
mass spectrometry and sensors can yield bacte-
rial metabolic information for pathogen charac-
terization. Finally, we emphasize the role of ma-
chine learning for the interpretation of such com-
plex data for diagnostics.

Conclusion:

Volatilomics holds exceptional promise for rapid
microbiological diagnostics, particularly in rapid
antibiotic susceptibility testing. By establishing a
standardized, reproducible headspace sampling
platform compatible with both analytics and
point-of-care sensors, our work bridges a critical
gap between volatilome dynamics and microbial
physiology. Combining the presented system
with compact, sensitive, and selective sensor to
unlock complex volatile data using machine
learning algorithms, we envision volatilomics as
an enabler for same-hour clinical diagnostics,
antimicrobial stewardship enhancement, and a
significant improvement of clinical infection man-
agement.
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Fig. 1. Envisioned volatilomics and current workflows
in medical microbiological pathogen and AST diag-
nostics [6]
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Fig. 2. Temporal profiles of the headspace concentra-
tions of selected molecules from Escherichia coli cul-
ture
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