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Abstract

Matrix-Assisted Laser Desorption/lonization Time-of-Flight Mass Spectrometry (MALDI-TOF MS) has
become a cornerstone technology in modern microbiology. Its implementation within veterinary diagnostics,
specifically through the Bruker MALDI Biotyper Sirius One system at the ROVETEMERG platform, provides
a rapid, high-throughput, and cost-effective method for identifying a wide spectrum of bacterial and fungal
pathogens. This article delineates the analytical workflow—from sample preparation and matrix co-
crystallization to spectral acquisition and bioinformatic interpretation—and evaluates its performance in a
veterinary context. The technique's reliance on conserved ribosomal protein profiles generates species-specific
molecular fingerprints, enabling reliable taxonomic identification. The integration of proprietary Bruker
libraries with public health databases like CDC MicrobeNet significantly enhances the detection of rare,
emerging, and zoonotic pathogens. Furthermore, an analysis of identification data from 2024-2025 reveals a
microbial prevalence profile dominated by Escherichia coli (3249 identifications), followed by other
significant veterinary pathogens such as Proteus mirabilis and Staphylococcus aureus. The platform's
demonstrated efficacy in routine diagnostics, outbreak investigation, and antimicrobial stewardship
underscores its pivotal role in advancing veterinary medicine and strengthening One Health surveillance
systems.
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INTRODUCTION wildlife to opportunistic environmental molds. The

ability to identify this diverse array of organisms

Mass spectrometry (MS) represents a
paradigm shift in microbiological diagnostics,
enabling pathogen identification based on intrinsic
molecular signatures rather than phenotypic
characteristics or nucleic acid amplification.
Among MS techniques, Matrix-Assisted Laser
Desorption/Ionization = Time-of-Flight Mass
Spectrometry (MALDI-TOF MS) has emerged as
a leading proteomic technology, capable of
generating highly reproducible protein mass spectra
that serve as species-specific molecular fingerprints
(Singhal et al., 2015).

The diagnostic challenges in veterinary
medicine are characterized by exceptional pathogen
heterogeneity, ranging from Streptococcus spp. in
bovine mastitis to dermatophytes in companion
animals, and
from Nocardia and Rhodococcus species in

through conserved proteomic patterns offers
decisive clinical and epidemiological advantages
(Bizzini & Greub, 2010).

At the ROVETEMERG research platform,
MALDI-TOF MS diagnostics are performed using
the Bruker MALDI Biotyper Sirius One system.
This implementation supports high-throughput
identification of bacterial and fungal isolates,
facilitating rapid diagnostics, surveillance of
emerging pathogens, and research activities aligned
with the One Health initiative.

ANALYTICAL WORKFLOW

Sample Preparation and Matrix Co-

crystallization
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The analytical procedure begins with
depositing minimal microbial biomass, typically a
single colony from a pure culture, onto a polished
steel target plate. The sample is overlaid with a
saturated solution of a low-molecular-weight,

ultraviolet-absorbing  organic  matrix, most
frequently  a-cyano-4-hydroxycinnamic  acid
(HCCA). Ambient air-drying prompts a co-

crystallization process, entrapping intact microbial
proteins within the crystalline matrix lattice.

This co-crystallization 1is a critical
prerequisite. The matrix serves a dual function:
absorbing laser energy to prevent thermal
degradation of labile biomolecules, and facilitating
analyte vaporization and ionization. This protective
role is particularly vital for microorganisms with
complex cell wall structures, such as Gram-positive
bacteria, actinomycetes, and filamentous fungi—
pathogen groups highly relevant to veterinary
diagnostics (Topi¢ Popovic et al., 2023).

Laser Desorption/Ionization

The prepared target plate is introduced into
the high-vacuum ion source chamber. A pulsed
nitrogen laser (337 nm) is fired at the matrix-analyte
co-crystals. The absorbed energy induces rapid
matrix sublimation, resulting in the co-desorption of
embedded microbial proteins into the gas phase.
Proton transfer reactions during this phase transition
generate predominantly singly protonated [M+H]"
ions.

The resulting spectral profile is dominated
by signals from highly abundant, constitutively
expressed  housekeeping  proteins, notably
ribosomal proteins. Their conserved nature and high
expression levels provide a robust and reproducible
taxonomic signal, forming the basis for reliable
microbial identification (Clark et al., 2013).

Mass Analysis by Time-of-Flight (TOF)

The generated ions are accelerated into a
field-free, evacuated flight tube by a strong
electrostatic potential (typically 20 kV). Ions are
separated by their mass-to-charge (m/z) ratios based
on the time-of-flight (TOF) principle. The flight
time (t) is directly related to the m/z value, as
described by the equation:

m/z = kt?
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where *k* is an instrument-specific calibration
constant. The detector records ion arrival times,
which the integrated Bruker Biotyper software
converts into a mass spectrum—a plot of signal
intensity versus m/z.

SPECTRAL INTERPRETATION AND
TAXONOMIC IDENTIFICATION

On the ROVETEMERG platform,
microbial  identification is  achieved by
computationally comparing the acquired mass
spectrum against curated Main Spectrum Profile
(MSP) reference libraries. Proprietary pattern-
matching algorithms calculate a similarity score,
interpreted according to standardized confidence
thresholds (Bruker Daltonics, 2023):

Score )

Value Interpretation

>2.000 _nghb’ .rehable species-level
identification

1.700 - _ ' '

1.999 Secure genus-level identification

<1.700 NO‘F reliable; repeat  analysig
indicated

The diagnostic power is significantly

enhanced by integrating the proprietary Bruker
MSP library with supplementary, publicly curated
taxonomic references like CDC MicrobeNet. This
dual-database strategy is instrumental for expanding
diagnostic coverage, particularly for rare, emerging,
and zoonotic microorganisms (Lasch et al., 2025).

DOMINANT MICROBIOTA AND
ECOLOGICAL SIGNIFICANCE AT
ROVETEMERG

An analysis of identification data from
2024-2025 provides a quantitative overview of the
microbial ecology encountered by the platform,
revealing a clear hierarchy of prevalence (Fig. 1).
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Fig. 1. Most frequently identified species by MALDI-TOF MS analysis at the ROVETEMERG platform

(2024-2025).

High-Prevalence Pathogens: The dataset
is overwhelmingly dominated by Gram-negative
bacilli, with Escherichia coli (3249 identifications)
standing out as a hyper-dominant isolate,
warranting further epidemiological investigation.
This is followed by other significant pathogens such
as Proteus mirabilis (754), Staphylococcus
aureus (471), and Klebsiella pneumoniae (313).
The high prevalence of these species suggests
widespread issues including enteric and urinary
tract infections, bovine mastitis, and opportunistic
systemic infections.

Common  Bacterial and  Fungal
Genera: Identifications in the 200-400
range include significant nosocomial pathogens
like Pseudomonas aeruginosa (272)
and Acinetobacter baumannii (267), alongside
important veterinary agents such as Staphylococcus
pseudintermedius (243). Notably, this segment
features the most prevalent fungal species, Candida
parapsilosis (268), highlighting the platform's
capacity for mycotic diagnostics.

Environmental and  Opportunistic
Microbiota: The "long tail" of the distribution,
comprising species with fewer than 200
identifications, illustrates remarkable microbial
diversity. This segment includes:

e Less common animal

pathogens (e.g., Campylobacter species, V

ibrio alginolyticus)

e Environmental
bacteria (e.g., Pseudomonas
putida, Alcaligenes faecalis)

¢ Food-related microbes, including spoilage
organisms and species with probiotic
applications
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e A diverse array of fungal species,
indicating a significant focus on
environmental mycology

DISCUSSION

The implementation of MALDI-TOF MS at
ROVETEMERG demonstrates several key
advantages for veterinary diagnostics. The
technique's taxonomic robustness stems from its
direct targeting of conserved ribosomal proteins,
providing reliable identification independent of
metabolic state or growth rate—a particular
advantage for fastidious or slow-growing organisms
(Haider et al., 2023).

The platform's high analytical throughput is
indispensable for herd-level diagnostics and
outbreak investigations. The strategic augmentation
of commercial libraries with resources like CDC
MicrobeNet is paramount for recognizing rare and
emerging zoonotic agents often underrepresented in
standard databases.

From a practical standpoint, the minimal
biomass requirement (~10>-10* cells) enables same-
day results, drastically reducing diagnostic
turnaround time. In veterinary contexts, where
treatment delays can exacerbate morbidity and
economic losses, this efficiency directly enhances
clinical decision-making and antimicrobial
stewardship (Astrup et al., 2022).

Nevertheless, methodological limitations
warrant acknowledgment. Spectral quality remains
contingent on standardized sample preparation, and
organisms with complex cell walls may require
supplementary extraction protocols. Borderline
confidence values necessitate confirmatory analysis
to preclude misclassification of novel strains.

Future developments should focus on
integrating high-resolution proteomic approaches

for antimicrobial resistance detection and
expanding local MSP libraries with regionally
relevant veterinary isolates. For the
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ROVETEMERG platform, such advancements are
essential for fortifying national and regional One
Health preparedness.

CONCLUSIONS

The deployment of the Bruker MALDI
Biotyper Sirius One system at ROVETEMERG
establishes MALDI-TOF MS as a cornerstone
technology in modern veterinary microbiology.
This platform delivers:

e Rapid and reliable identification of

bacterial and fungal isolates

e High analytical throughput for clinical
diagnostics and surveillance

e Unparalleled taxonomic
robustness based on conserved ribosomal
protein fingerprints

e Operational efficiency through cost-

effective, minimal-input workflows

e Expanded diagnostic coverage via
synergistic use of proprietary and public
databases

In summary, MALDI-TOF MS has transitioned
from an innovative tool to a foundational diagnostic
pillar within veterinary science. Its implementation
at ROVETEMERG underscores its critical role in
enabling the rapid, accurate, and scalable pathogen
identification indispensable for advancing animal
health, ensuring food safety, and strengthening
global health security.
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