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Abstract:

Introduction: Infections caused by Salmonella are an ongoing worldwide public health problem, often found as a source of
nosocomial infections, which cause significant socio-economic burdens. Salmonella is a major food-borne pathogen causing
primarily gastrointestinal diseases as well as other localized and systemic infections and extraintestinal complications. MALDI-
TOF MS is a new method used by clinical laboratories for rapid, reliable, cost-effective and user-friendly diagnosis of many
medical important bacteria of public health interest. The use of this technique improves early identification of genus Salmonella
on the species, subspecies and even serovar level, which has a positive impact on public health.

Objectives: The aim of the study was to evaluate the importance of MALDI-TOF mass spectrometry for rapid identification of
epidemiologically important Salmonella serovars. Based on the latest knowledge about specific biomarker molecules the
possibility to identify Salmonella enterica subsp. enterica serovar Enteritidis was verified, which is one of the most common
serovars present in Europe associated with gastrointestinal diseases. For serovar Enteritidis a unique mass peak at m/z 6,036
was used.

Methods: 140 clinical Salmonella isolates were collected from January to October 2017. Serotyping of Salmonella species,
subspecies and serovars was performed by slide agglutination technique: 139 isolates were identified as Salmonella enterica
subsp. enterica and one isolate as Salmonella enterica subsp. diarizonae (I11b). From 139 isolates of Salmonella enterica subsp.
enterica the following serovars were detected: 108 Enteritidis, 12 Typhimurium, 6 Infantis, 3 Agona, 3 Derby, 7 others. All
isolates were identified also by MALDI-TOF MS as Salmonella spp. For all isolates a unique mass peak at m/z 6.036 was used,
which is considered to be relevant for serovar Enteritidis according to the most recent known data.

Results: 103 isolates from a total of 108 slide agglutination positive isolates for serovar Enteritidis showed a specific mass
signal at m/z 6,036 (+/-). 5 isolates did not contain this specific protein. After repeated analysis from re-culture, the specific
protein was found also in the remaining 5 isolates. 32 serovars other than Enteritidis did not contain this specific biomarker
molecule.

Conclusion: We can confirm that MALDI-TOF MS is a rapid and reliable method to identify of the most common serovar
Salmonella Enteritidis based on the diagnostic marker peak at m/z 6,036 identified by recent studies. This unique mass signal
showed 100% specificity and 95% sensitivity for Enteritidis serovar in our study. We can conclude that the determination of
this frequently present serovar is significantly accelerated by MALDI-TOF MS. The rapid and reliable diagnosis is important
for the early treatment and prevention of the spread of salmonellosis with a positive impact on public health.
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|
Introduction

Infections caused by Salmonella are an ongoing worldwide public health problem, often found as a
source of nosocomial infections, which cause significant socio-economic burdens (Kuhns et al., 2012;
Hiller et al., 2019). In terms of distribution, Salmonella are extensively represented within the
environment as major zoonotic food-borne pathogens, causing outbreaks (Dieckmann & Malorny,
2011). As Besser (2018) writes, Salmonella epidemiology is facing important challenges and new
opportunities due to the rapid adoption of culture independent diagnostic test panels by clinical
laboratories.

Salmonella identification

The genus Salmonella consists of two species, Salmonella enterica and Salmonella bongori. The
different S. enterica subspecies are indicated by symbols and six subspecies are known: S. enterica
subsp. enterica (1), S. enterica subsp. salamae (1), S. enterica subsp. arizonae (111a), S. enterica subsp.
diarizonae (l11b), S. enterica subsp. houtenae (1V), and S. enterica subsp. indica (V1). This nomenclature
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reflects the present understanding of Salmonella taxonomy (Issenhuth-Jeanjean et al., 2014; Ryan et al.,
2017).

Serotyping of Salmonella

Currently, 2,610 different Salmonella serovars have been recognized according to the White-
Kauffmann-Le Minor classification scheme (Dieckmann & Malorny, 2011). As Guibourdenche et al.
(2010) write, this serotyping scheme is a gold standard for the identification of Salmonella below the
subspecies level. This method is based on a serotyping of the somatic O antigens (lipopolysaccharid),
flagellar H1 and H2 antigens (flagellar proteins) and capsular Vi antigens (capsular polysaccharid) by
slide agglutination (Grimont & Weill, 2007; Guibourdenche et al., 2010; Issenhuth-Jeanjean et al., 2014;
Ryan et al., 2017). Traditional serology and the White-Kauffmann scheme have been accepted
worldwide for Salmonella serotyping (Ibrahim & Morin, 2018).

Identification of Salmonella by MALDI-TOF MS

Matrix-assisted laser desorption ionization-time of flight mass spectrometry (MALDI-TOF MS) is a
new method used for rapid and reliable diagnosis of many medical important bacteria of public health
interest. As Kostrzewa (2018) writes, the MALDI Biotyper has significantly improved clinical
microbiology in the area of microorganism identification. The introduction of the MALDI Biotyper in
laboratories substantially changed microbiology practice. This has been called revolutionary, because
rapid microbiological diagnostics have been shown to have a positive effect on patient management
(Kostrzewa, 2018, Idelevich et al., 2018). A mass spectrometer is composed of an ion source to ionize
and transfer sample molecules ions into a gas phase, a mass analyzer that separate ions according to
their mass-to-charge ratio (m/z) and a detection device to monitor the separated ions. Samples are
prepared by mixing with a matrix which results in the crystallization of the sample within the matrix
(Croxatto et al., 2012). MALDI-TOF MS analysis identifies bacteria on the basis of their protein profile.
The identification is based on a comparison of the mass spectra of bacterial proteins with the known
protein reference spectra in the database (Croxatto et al., 2012; Neuschlova et al., 2017).

Modern methods in clinical microbiology

Nowadays, several modern methods are used in clinical microbiological laboratories, that present a cost-
effective, rapid and reliable way of identifying of a broad spectrum of pathogens causing many local
and systematic infections in gastrointestinal, urogenital, respiratory tract and other areas of the body
(Kompanikova et al., 2017). New methods based on microarrays as well as on the detection of protein
spectra by MALDI-TOF mass spectrophotometry (MS) are suitable for routine clinical use (Neuschlova
et al, 2017; Kompanikova et al., 2017). Automated analysis of protein spectra from different microbial
populations is an important tool for epidemiological studies and may have an impact on public health
(Rodriguez-Sanchez et al., 2019). Rapid and reliable identification of pathogens, including Salmonella
sp., is important for surveillance, prevention, and control of food-borne diseases (Dieckmann et al.,
2008).

In routine diagnosis by MALDI-TOF MS Salmonella can be identified on a genus level only. Lower
level identification is not possible with conventional identification because of the close proximity of
protein spectra (Bilecent et al., 2015). The prevailing approach for bacterial identification in MALDI-
TOF MS is the fingerprinting method, which compares the mass spectra of target isolates with those of
well characterized reference strains in commercially available protein spectra databases (Fothergill et
al., 2013; Singhal et al., 2015). Using whole cells, up to 30 constant peaks whose molecular weight is
in the range of 4,000-13,000 Da are detected in mass spectra. Salmonella is one of the epidemiologically
important and clinically relevant pathogens for which the number of these peaks is sufficient to identify
at the genus and species level only (Dieckmann et al., 2008; Dieckmann & Malorna, 2011). Using a
decision tree based on the presence/absence of specific peaks, corresponding mainly to ribosomal
proteins, the authors achieved correct identification of the most commonly encountered S. enterica
subsp. enterica serovars with 100% sensitivity and specificity. More recently, a study using similar
peaks allowed correct identification of 94% S. enterica subsp. enterica serovars assignment using a set
of 12 species-specific peaks (Ojima-Kato et al., 2017; Rodriguez-Sanchez et al., 2019).

Objectives

The aim of the study was to evaluate the importance of MALDI-TOF MS for rapid identification of
epidemiologically important Salmonella serovars, based on serovar specific biomarker molecules and
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point out of this rapid identification with public health importance. Salmonella enterica subsp. enterica
serovar Enteritidis is the most common serovar in Europe associated with gastrointestinal diseases. Our
study was based on the study by Dieckmann and Malorna (2011), who selected serovar specific
biomarker molecules for the rapid identification and classification of the most frequently occurring
Salmonella enterica serovars. For serovar Enteritidis a unique mass peak at mass-to-charge ratio m/z
6,036 was used, which responds to a not yet characterized protein. The presence of the same protein at
m/z 6,009 indicates another serovar (Dieckmann et al., 2008; Dieckmann & Malorny, 2011).

Material and methods

A total of 140 clinical Salmonella isolates were collected from January to October 2017, on Clinical
Biochemistry, JSC, in Slovakia. All of these isolates were identified by MALDI-TOF MS as Salmonella
spp. Serotyping of Salmonella species, subspecies and serovars was performed by the slide agglutination
technique. 139 isolates were identified as Salmonella enterica subsp. enterica (I) and one isolate as
Salmonella enterica subsp. diarizonae (111b). From 139 isolates of Salmonella enterica subsp. enterica
the following serovars were detected: 108 Enteritidis, 12 Typhimurium, 6 Infantis, 3 Agona, 3 Derby,
and 7 others. All isolates were identified also by MALDI-TOF MS as Salmonella spp. For all isolates a
unique mass peak at m/z 6,036 was used, which is considered to be relevant for serovar Enteritidis
according to the most recent known data. All Salmonella came from clinical material. Patient’s rectal
swabs were inoculated directly on MacConkey agar and selenite cystine broth. The strains were grown
for 24 hours at 37°C. The swab was then propagated in 24h selenite at 37°C. After 24 hours of cultivation
in the broth, the swab was inoculated on deoxycholate agar, where the strains were grown at 37°C for
24 hours. Salmonella identification was performed routinely, and whole cell identification was
performed directly from the plate by MALDI-TOF MS without extraction. The samples were mixed
with matrix a-Cyano-4-hydroxycinnamic acid, as recommended by the manufacturer Bruker Daltonics,
Bremen, Germany. Samples with a matrix resulted in the crystallization of the sample within the matrix.
MALDI-TOF MS identification of isolates was performed on a Microflex LT linear spectrometer with
a Bruker microSCOUT ion source and a TOF flight time analyzer. The setup proposed by the
manufacturer for routine identification was used. A nitrogen laser (A = 337 nm), a positive linear mode
(20kV, m/z 2000-20,000) under the control of FlexControl software 3.3 was used to obtain ions at 2-20
kDa. Each spectrum was obtained by averaging up to 240 laser shots. Automated analysis of the protein
spectrum was performed by MALDI BioTyper version 3.0, comparing the unknown spectrum with the
database. In order to find a unique peak, it was necessary to regain the protein profile, which was then
analyzed in the Flexanalysis (Bruker) program to determine the presence of the peak. After identifying
isolates as Salmonella spp. the isolates were inoculated on TSI agar and cultivated for 24 hours 37°C.
The next day they were agglutinated according to the White-Kauffmann-Le Minor scheme, using
agglutination sera (Oxoid).

Results

A total of 140 clinical Salmonella isolates were identified by MALDI-TOF MS as Salmonella spp.
Serotyping of Salmonella was performed by slide agglutination technique. 139 isolates were identified
(Table 1) as Salmonella enterica subsp. enterica (I) and one isolate as Salmonella enterica subsp.
diarizonae (111b). From 139 isolates of Salmonella enterica subsp. enterica the following serovars were
detected: 108 Enteritidis, 12 Typhimurium, 6 Infantis, 3 Agona, 3 Derby, and 7 others (Table 2, Figure
1). All isolates were identified also by MALDI-TOF MS as Salmonella spp. For all isolates a unique
mass peak at m/z 6,036 was used, which is considered to be relevant for serovar Enteritidis according
to the most recent known data.

Data of mass spectra were exported into Microsoft Excel and were sorted by weight of peaks (m/z). 103
isolates from a total of 108 slide agglutination positive isolates for serovar Enteritidis showed a specific
mass signal at m/z 6,036 (+6 Da/-8 Da). 5 isolates did not contain this specific protein. After repeated
analysis from re-culture, the specific protein was found also in the remaining 5 isolates. 32 serovars
other than Enteritidis did not contain this specific biomarker molecule. Mass peaks (m/z) by whole cell
MALDI-TOF MS of Salmonella enterica subsp. enterica detected by serovar Enteritidis varied in our
study from 6,026 to 6,040 (Table 3, Figure 2). Median of the mass values was at m/z 6,034. Mass values
for peaks observed in spectra of tested strains were within a mass tolerance window (+6 Da/-8 Da). A
precision of the mass/charge (m/z) value was 0.13% in the downward direction and 0.10% in the upward
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direction. 100% specificity and 95% sensitivity showed this unique mass signal for Enteritidis serovar
in our study.

Table 1: Present number of serovars in species and subspecies of Salmonella

Salmonella enterica number of isolates
subsp. enterica () 139
subsp. diarizonae (l111b) 1

Total number 140

Source: Authors

Table 2: Present number of serovars in species and subspecies of Salmonella enterica subsp. enterica

Salmonella enterica subsp. enterica | number of isolates
serovar Enteritidis 108
serovar Typhimurium 12

serovar Infantis 6

serovar Agona 3

serovar Derby 3

others 7

Total number 139

Source: Authors

Figure 1: Identified serovars of Salmonella enterica subsp. enterica

serovar Enteritidis 108

serovar Typhimurium 2 12
serovar Infantis 7@ 6
serovar Agona @ 3
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others i 7
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number of serovar

Source: Authors

Table 3: Mass peaks (m/z) by whole cell MALDI-TOF MS of Salmonella enterica subsp. enterica
detected by serovar Enteritidis

Mass/charge (m/z) | number of isolates
6,026 2
6,027 2
6,028 1
6,029 2
6,030 3
6,031 3
6,032 11
6,033 13
6,034 18
6,035 21
6,036 12
6,037 7
6,038 8
6,039 4
6,040 1
Total number 108

Source: Authors
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Figure 2: Mass peaks (m/z) by whole cell MALDI-TOF MS of Salmonella enterica subsp. enterica
serovar Enteritidis
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Discussion

Salmonella is a major food-borne pathogen causing primarily gastrointestinal diseases as well as other
localized and systemic infections and extraintestinal complications (Kompanikova et al., 2016).
MALDI-TOF MS is a revolutionary method used by clinical laboratories for rapid, reliable, cost-
effective and user-friendly diagnosis of many medical important bacteria of public health interest. The
use of this technique improves early identification of genus Salmonella on the species, subspecies and
even serovar level, which has a positive impact on public health.

Several studies confirm, that MALDI-TOF MS is a method appropriate for monitoring the
epidemiological situation with regard to virulent and highly resistant pathogens among which
Salmonella belongs (Rodriguez-Sanchez et al., 2019). Identification and diagnosis of affected patients
as well as implementation of isolation measures would be greatly facilitated in the case of routine
introduction of rapid protein acquisition and analysis, which has a positive impact on patient
management and public health (Idelevich et al., 2018; Rodriguez-Sanchez et al., 2019). Preventing the
spreading of infection and increasing the curative ratio is very important for the rapid detection, timely
treatment and modern disease management of Salmonellosis (Tae-Hoon Kim et al., 2017; Schubert &
Kostrzewa, 2017).

According to Dieckmann and Malorny (2011), MALDI-TOF MS is the recommended method for
clinical practice, based on its reliability, speed and affordability. In their study they analyzed 913
Salmonella isolates, 89 different serovars, 53 of which were identified as Salmonella Enteritidis. The
unique protein was found in the m/z region 6,036 and presented its 100% exclusivity. Sensitivity was
86.5% for this serovar. Larger mass tolerance window (+5 Da) were preliminarily assigned larger and
low-intensity protein peaks (Dieckmann et al., 2008).

Kang (2017) found in his study that MALDI-TOF provides high accuracy in species-level identification,
but their results show that it was limited to the type or subtype of Salmonella serovars.

As Leuschner et al. (2003) write, they analyzed 5 S. Enteritidis isolates and found a specific peak at m/z
6,030. The authors analyzed the peaks manually, with a tolerance of 0.2% in both directions. This peak
is probably identical to the peak m/z 6,036 of Dieckmann and Malorny (2011). In our study a tolerance
of the m/z 0.13% was detected in the downward direction and 0.10% in the upward direction.

In our study we found a unique peak in 108 clinical isolates of Salmonella Enteritidis and confirmed its
100% specificity. Repeated culture and identification were performed in 5 isolates of 108. The peak was
found in all 5 cases after re-measurement. The sensitivity of the identification method was 95% in our
study. Dieckmann and Malorny (2011) report sensitivity of 86.5%. This number also confirms their
findings that from fresh clinical material, the sensitivity of the biomarker is higher.
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Many researchers confirm that MALDI-TOF MS makes an excellent tool for monitoring the
epidemiology of highly resistant or virulent pathogens as well as for outbreak detection and for screening
of isolates within an outbreak or for the detection of slow-growing bacteria (Neuschlova et al., 2017,
Akyar et al, 2018; Cenci et al., 2018; Rodriguez-Sanchez et al., 2019).

One of the major advantages of MALDI-TOF MS technology for identification of pathogens is the time-
to-result, which is reduced from 24-48 h to less than an hour (Croxato et al., 2012).

Conclusions

We can confirm that MALDI-TOF MS is a rapid and reliable method to identify the most common
serovar Salmonella Enteritidis based on the diagnostic marker peak at m/z 6,036 identified by recent
studies. This unique mass signal showed 100% specificity and 95% sensitivity for Enteritidis serovar in
our study. We can conclude that the determination of this frequently present serovar is significantly
accelerated by MALDI-TOF MS. The rapid and reliable diagnosis is important for the early treatment
and prevention of the spread of salmonellosis with a positive impact on public health.
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