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Listeria monocytogenes is a pathogen responsible for listeriosis, a foodborne disease with high mortality rates
(20-30%). It mainly affects the elderly, pregnant women, and immunocompromised people. Although not
pathogenic, the isolation and identification of Listeria innocua are critical since they can indicate L. mono-
cytogenes’ presence as they are closely related and widely distributed in the environment and food processing
plants. The objective of this study was to evaluate the effectiveness of the automated methods VITEK® 2 and
MALDI-TOF/MS in identifying 94 strains of the genus Listeria with atypical identification profile. The resulting
identification by Polymerase Chain Reaction (PCR), using specific primers for the most common species of Lis-
teria, was considered the correct identification and presented a total of 31 strains identified as Listeria innocua
(LI), 54 as L. monocytogenes (LM), 8 as Listeria welshimeri (LW) and 1 as Listeria grayi (LG). The VITEK® 2
automated system correctly identified, on average, 79% of the LI strains, 16% of the LM strains, and 88.0% of the
LW strains. In the analysis by MALDI-TOF/MS, on average, 73% of LM strains were correctly identified, few LW
strains were correctly identified, and all LI strains were incorrectly identified. Both VITEK® 2 and MALDI-TOF/
MS correctly identified the LG strain in both analyzes. The results demonstrate that automated methodologies
could not discriminate atypical strains of the Listeria genus and point to the need for the use of complementary

tests, such as PCR and chromogenic media, for the correct identification of these strains.

1. Introduction

L. monocytogenes is the etiologic agent of listeriosis, a predominantly
foodborne disease that results in main clinical conditions: meningitis,
sepsis and abortion. Gastrointestinal symptoms, such as nausea, vomit-
ing, and diarrhea, precede or accompany the more severe manifestations
of the disease. The main risk groups are represented by pregnant
women, newborns, children, older adults with or without chronic
degenerative processes, and immunosuppressed individuals, showing a
high mortality rate (Gray et al., 2021). The species is recognized
worldwide as one of the five main foodborne agents, however, listeriosis
is a rare disease with a low incidence (CDC, 2019).

L. monocytogenes is able to grow under wide environmental condi-
tions, such as wide ranges of pH (4.1-9.6), temperature (1-45 °C) and
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high salt concentrations (McLauchlin et al., 2013). L. monocytogenes
escapes from the vacuole or phagosome under the action of a pore-
forming hemolysin (listeriolysin O), encoded by the hly gene and two
phospholipases. Once free in the cytoplasm, the bacterium multiplies
and moves with the aid of the ActA protein, responsible for the poly-
merization of actin-rich structures and ActA gene products. The Listeria
genus has specific surface proteins (invasins) called internalins A (InlA)
and internalins B (InlB), which are responsible for the adhesion of L.
monocytogenes on the surface of intestinal epithelial cells (Pizarro-Cerda
and Cossart, 2006; Vazquez-Boland et al., 2001).

From a bacteriological point of view, L. monocytogenes has a
phenotypic profile similar to L. innocua, differing mainly by the presence
of hemolysin, which is one of the main virulence factors in L. mono-
cytogenes (Moreno et al., 2014). L. innocua is not pathogenic to humans,
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but its isolation and identification are critical. The species has the same
habitat as L. monocytogenes and can be considered a risk of cross-
contamination. Although non-pathogenic, rare cases of L. innocua
septicemia and meningitis have been reported in humans.(Murray,
1995) Moura et al. (2019) cite the first report of atypical L. innocua and
describe isolates of the species from seafood in Asia, swine in North
America, and birds in Europe, suggesting a worldwide spread. In recent
years, strains of L. innocua and L. monocytogenes with an atypical profile
have been detected in food and the environment (Moreno et al., 2014).
The existence of these atypical strains indicates that traditional methods
of phenotypic characterization should be associated with genotypic
methods to improve the identification of Listeria spp. The current trend is
that new molecular and spectrometric methodologies are gradually
introduced and propagated due to precision, sensitivity, and specificity
criteria (Tsukimoto and Rossi, 2018).

The VITEK 2 Compact® is a fully automated microbial identification
system that operates with barcode cards, ensuring complete traceability
and a lower risk of transcription errors. The preparation time and the
final result can be obtained in a range of 2 to 18 h, depending on the
bacteria’s metabolism and the card used. In the case of Listeria sp.
identification, the GP card, used for Gram-positive bacteria, is based on
biochemical methods that measure carbon utilization, resistance and
enzymatic activity, totaling 43 biochemical tests (Moehario et al., 2021;
Crowley et al., 2012). Although usually very precise, this equipment
showed difficult in identifying Listeria strains with atypical phenotypic
profile (De Lappe et al., 2014).

Currently, the use of Matrix-Assisted Laser Desorption Ionization
technology — Time of Flight/Mass Spectrometry (MALDI-TOF/MS) has
been gaining ground in the identification of bacterial species of clinical
importance, considering the ease of execution, the immediate release of
results, and the low cost per analysis. The technique consists of mixing
the culture with a polymeric matrix that absorbs light and allows the
ionization of proteins by excitation through a laser beam. Then, electric
fields guide the generated ions inside a vacuum tube, where separation
by mass/charge occurs according to the time spent through the tube to
the detector. Each ionized particle generates a peak and the set of
detected particles is converted into a spectral profile, which is compared
with the profile of several species present in the database and inter-
preted as an identification result, associated with a confidence level. The
relatively limited content of the database appears to be a limitation of
the technique (Celandroni et al., 2016; Angeletti, 2017; Hou et al.,
2019).

This study aimed to evaluate the potential of traditional, automated,
and molecular techniques in identifying atypical Listeria species isolated
from different food sources and different regions of Brazil.

2. Material and methods
2.1. Strains

Ninety-four strains of the genus Listeria with an atypical profile
(negative hemolysis and serotyping for L. innocua), previously classified
as non-typeable L. innocua, were selected for the study. All strains were
of food origin (about 70% isolated from meat products) and come
mainly from Brazil’s south, southeast, and central-west regions. The
selection criteria for these strains were the atypical profile and the dif-
ficulty of identification. The strains are deposited in the Listeria
Collection (CLIST) of the Laboratory of Bacterial Zoonoses (I0C/Fioc-
ruz), kept cryopreserved in Brain Heart Infusion broth (Oxoid) plus 20%
glycerol and held at —20 °C. The strains were thawed and inoculated in
Tryptone Broth (Oxoid) for 24 h at 37 °C. For isolation and verification
of viability, 5% Blood Agar and Tryptone Agar (Oxoid) with the same
incubation period and temperature were used.
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2.2. Biochemical identification and antigenic characterization

The biochemical identification was carried out from the fermenta-
tion of carbohydrates (p-glucose, D-xylose, p-mannitol, D-rhamnose, and
alpha D-Mannoside) (BD Difco, USA), motility at 25 °C (BD Difco, USA),
catalase test, and hemolysis in Sheep Blood Agar at 5% (Merck, USA),
according to the methodology described by Rocourt et al. (1983)
(Table S1). Antigenic analysis to identify serogroups/serotypes was
performed using the rapid agglutination slide technique, using somatic
and flagellar polyclonal antisera, polyvalent and monovalent, according
to the recommendations of Seeliger and Honne (1979).

2.3. Assessment of phospholipase production C (PI-PLC)

The strains were inoculated on Listeria acc. Ottaviani & Agosti® -
ALOA (Sigma-Aldrich, USA) and incubated for 24-72 h/37 °C (ISO
11290-1:2017, 2017) to evaluate the activity of phospholipase C (PI-
PLC) production.

2.4. Automated biochemical identification (VITEK 2 Compact®)

Each tube with the prepared suspension was submitted to identifi-
cation by the VITEK 2 Compact® equipment, VITEK® GP ID cards and
VITEK 2 SYSTEM software (bioMérieux, France), according to the pro-
cedure indicated by the manufacturer, with variable incubation periods
for each analyzed strain (up to 24 h).

The standard strains L. monocytogenes 1/2a (ATCC 15313, CDC
F4561, 10403S), L. monocytogenes 1/2b (ATCC BAA-751),
L. monocytogenes 3b (CDC F4540), L. monocytogenes 3c (CDC F6238),
L. monocytogenes 4a (ATCC 19114), L. monocytogenes 4ab (CDC F1067),
L. monocytogenes 4b (ATCC 7644, Scott A), L. monocytogenes 4c (ATCC
19116), L. monocytogenes 4d (ATCC 19117), L. monocytogenes 4e (ATCC
19118), Listeria seeligeri (CLIP 9529), Listeria welshimeri (CDC F4082),
L. innocua (CLIP 12570, CLIP 12595, CLIP 12612, CLIP 12624, CDC
F4078) e L. grayi (CDC F4076) were used as controls.

Two independent tests were made and the strains were analyzed in
triplicate (three cards per strain), where only the result repeated in two
of the three cards was considered.

2.5. Identification by MALDI-TOF/MS

Isolates previously cultivated in Blood Agar at 37 °C for 24/48 h were
transferred to a spot on the Flexi-Mass-DS TO-430 model (bioMérieux,
France) slide. With the aid of a micropipette, 0.5 pL of formic acid (70%)
was applied to each smear, dried at room temperature, followed by the
addition of 1 pL of alpha-cyano-4-hydroxycinnamic acid matrix solution
(CHCA, bioMérieux, France). Formic acid was added to the strains for
better results (SUWANTARAT, N., et al., 2016; Costa et al., 2022) Two
replicates were performed per sample, and streaks of the strain of
Escherichia coli ATCC 8739 (control strain and equipment calibrator)
were performed in the central spots of each slide used. A spot without
sample with CHCA matrix was included for the negative control, and the
reference strains Candida glabrata (ATCC 2001), Staphylococcus aureus
(ATCC 6538), and Enterococcus faecalis (ATCC 19433) were used for
positive control of the test and evaluation of fine adjustment of the
equipment. After matrix crystallization, the slides were introduced into
the VITEK MS RUO equipment (MALDI-TOF/MS, model AXIMA) (Kra-
tos/Shimadzu, USA), equipped with a nitrogen laser operating at 337
nm (nm). The results obtained were analyzed by the SARAMIS Premium
software (Database version 4.10 and System version 4.0.0.4, 2010) and
expressed through spectra generation. As method control, standard
samples of the Listeria genus described in Section 2.3 were used. Two
independent tests were made and the strains were analyzed in triplicate
(three wells per strain), where only the result repeated in two of the
three wells was considered.
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2.6. Identification and molecular characterization — Polymerase chain
reaction (PCR)

A bacterial suspension in 0.85% saline solution was subsequently
centrifuged at 25,000g for DNA extraction for 5 min. According to the
manufacturer’s instructions, total DNA was extracted using the DNeasy
Blood & Tissue® Kit (QIAGEN, USA) and stored at —20 °C.

The confirmation of genus and species was performed with two
primers, one for the 23S ribosomal RNA subunit gene and the other for
the hly gene, which encodes listeriolysin O (LLO) according to Hudson
et al. (2001). To confirm the species L. innocua and L. grayi, primers in9
and lgr were used, respectively (Tao et al., 2017). And, according to Liu
et al. (2004), the primer lwe7-571 was used to confirm the species L.
welshimeri. Molecular serotyping of L. monocytogenes samples was per-
formed using the primers according to Doumith et al. (2004). Table 1
shows the used primers. Standard samples of L. monocytogenes ATCC
19111 (serovar 1/2a), CDC F4976 (1/2b), CDC F6254 (1/2c), CDC
F4555 (4b), CDC F4076 (L. grayi), CLIP 12612 (L. innocua) and CDC
F4082 (L. welshimeri) were included as controls for all PCR reactions,
according to species.

To each sample tube were added reaction buffer (1x), 2 mM mag-
nesium chloride solution, dNTPs solution (0.2 mM of each nucleotide),
primers (10 pmol/pL for 23S and hly; 1 pmol/uL for serotypes), 1 U/LI of
Taq DNA Polymerase and sterile deionized water to complete the final
volume of 24 pL. After homogenizing, the reagent mix was poured into
200 pL tubes, and 1 pL of genomic DNA from each sample was added,
totaling a final volume of 25 pL. All amplification reactions were per-
formed in a model MG96G thermocycler (Long Gene, China).

The multiplex reaction with 23S and hly primers used a program
with 35 cycles consisting of a denaturation step of 95 °C for 1 min, an
annealing step of 62 °C for 1 min, and an extension step of 72 °C for 1
min, followed by a final step of 72 °C for 8 min (Hudson et al., 2001).
This same cycle was used for multiplex reaction with primers in9, lgr,
and lwe7-571 (Tao et al., 2017; Liu et al., 2004). For the molecular
serotyping multiplex, 35 cycles were used, consisting of a 94 °C dena-
turation step for 40 s, an annealing step of 53 °C for 1 min and 15 s, an
extension step of 72 °C for 1 min and 15 s, followed by a final step at
72 °C for 7 min (Doumith et al., 2004).

The PCR products were electrophoresed on a 1% agarose gel for 23S,
hly, in9, 1gr, and lwe7-571 for 50 min at 100 V and 2% for 80 min at 100
V for the serotyping multiplex, with buffer 0.5x TBE run (Tris-base (45
mM), boric acid (45 mM) and EDTA (1 mM), pH 8 - Bio-Rad, USA). In
addition, the gels were stained with ethidium bromide solution (500 mL
of deionized water +50 pL EtBr 10 pg/pL) for 15 min and visualized in a
UV transilluminator coupled to a digital gel imaging system.
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All PCR reagents were from Promega (USA). The primers were syn-
thesized by IDT (USA).

2.7. Statistical analysis

Statistical analysis was performed by evaluating the sensitivity,
specificity, and accuracy of the identification systems used in this study,
calculated according to Greenhalgh (1997). They were determined by
comparing the results obtained in the semi-automated system Vitek® 2,
and MALDI-TOF/MS with the results obtained by the PCR technique
(Doumith et al., 2004) considered the gold standard. The accuracy of a
diagnostic test responds to how this test correctly discriminates a species
(Borges, 2016). This discriminative ability can be quantified through
sensitivity and specificity. According to Borges (2016), sensitivity is the
ability of the diagnostic test to detect the genuinely positive, and spec-
ificity is the ability to detect true negatives.

3. Results

3.1. Conventional biochemical identification and molecular
characterization

All strains negative in the hemolysis test had the same biochemical
profile, characteristic of L. monocytogenes or L. innocua, except for one
strain, positive for p-mannitol and identified as L. grayi. All strains were
a positive for the 23S gene, confirming that all strains belonged to the
Listeria genus.

Conventional biochemical tests, considered by ISO 11290-1:2017 as
a standardized methodology, were combined to the PCR result and
designated the “gold standard.” Thus, 54 samples positive for the hly
gene were identified as L. monocytogenes. Of the 40 negative samples for
the hly gene, 31 were identified as L. innocua, eight as L. welshimeri, and
one as L. grayi.

PCR for L. monocytogenes identified serovar 1/2a as predominant (44
strains), followed by serovar 1/2c and 4b (4 strains) and serovar 1/2b (2
strains). A compilation of the results, for each strain, is presented in
Table S2, as supplementary data.

3.2. Proteomic identification and automated biochemical identification of
standard strains

VITEK® 2 identified the samples L. innocua, L. grayi, L. welshimeri,
and L. seeligeri with percentages above 90%. However, as for the L.
monocytogenes species, the equipment was not able to correctly identify
the serovars 3b (L. monocytogenes 3b CDC F4540), 4a (L. monocytogenes

Table 1
Nucleotide sequence of primers.

Primer Sequence (5'- 3') Size (bp*") Target Reference

23S rRNA F: GGGGAACCCACTATCTTTAGTC 239 Listeria Hudson et al., 2001
R: GGGCCTTTCCAGACCGCTTCA

hly F:GCCTGCAAGTCCTAAGACGCCAAC 706 Listeriolisina O Hudson et al., 2001
R:CTTGCAACTGCTCTTTAGTAACAC

Lgr F: GCGGATAAAGGTGTTCGGGTCAA 201 L. grayi Tao et al., 2017
R: ATTTGCTATCGTCCGAGGCTAGG

In9 F: GGCTTCAGCGATTCTTCCG 421 L. innocua Tao et al., 2017
R: GCCCGATTTCCTCACTGTCTAA

lwe7-571 F: TCCCACCATTGGTGCTACTCA 608 Listeria welshimeri Liu et al., 2004
R: TTGGCGTACCAAAGAAATACG

Imo0737 F: AGGGCTTCAAGGACTTACCC 691 Listeria monocytogenes serovars 1/2a, 1/2c,3a, and 3c Doumith et al., 2004
R: ACGATTTCTGCTTGCCCATTC

Imo1118 F: AGGGGTCTTAAATCCTGGAA 906 L. monocytogenes serovars 1/2c and 3c Doumith et al., 2004
R: CGGCTTGTTCGGCATACTTA

ORF2819 F: AGCAAAATGCCAAAACTCGT 471 L. monocytogenes serovars 1/2b, 3b, 4b,4d, and 4e Doumith et al., 2004
R: CATCACTAAAGCCTCCCATTG

ORF2110 F: AGTGGACAATTGATTGGTGAA 597 L. monocytogenes serovars 4b, 4d, and 4e Doumith et al., 2004

R: CATCCATCCCTTACTTTGGAC

" bp: base pairs. F: forward. R: reverse.
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4a ATCC 19114), 4b (L. monocytogenes 4b ATCC 7644) e 4d
(L. monocytogenes 4d ATCC 19117).

Regarding MALDI-TOF/MS, the method correctly identified all
serovars of L. monocytogenes and the species L. grayi. On the other hand,
the equipment could not identify any strain of L. innocua, L. seeligeri, and
L. welshimeri, classifying them as Listeria sp. (Table 2).

3.3. Automated biochemical identification (VITEK 2 Compact®)

Automated biochemical identification was performed at two
different times (Table 3). The equipment could not identify, at the
species level, 11 samples in the first analysis and eight samples in the
second analysis, classifying them as low discrimination and showing a
doubtful result between two species, maintaining the identification of
the genus.

3.4. Assessment of phospholipase C production (PI-PLC)

The 94 strains were tested for phospholipase C production and only
54 samples showed positive activity for PI-PLC, requiring up to 72 h for
the final result. After this period, 40 samples remained negative for PI-
PLC.

3.5. Proteomic identification (MALDI-TOF/MS)

As well as automated biochemical identification, proteomic identi-
fication was performed at two different times (Table 4). As a result, some
strains were incorrectly identified as L. monocytogenes (1st analysis: 16
and 2nd analysis: 21). Others identified only at the genus level (1st
analysis: 15 and 2nd analysis: 10), classified as Listeria sp. by the

Table 2
Proteomic identification (MALDI-TOF/MS) and automated biochemical identi-
fication (VITEK® 2) of standard strains.

Strain VITEK® 2 MALDI-TOF/MS

L. grayi CDC F4076 L. grayi 95% Listeria grayi 99.90%
L. innocua CLIP 12570 L. innocua 99% Listeria sp. 99.90%
L. innocua CLIP 12595 L. innocua 99% Listeria sp. 99.90%
L. innocua CLIP 12612 L. innocua 98% Listeria sp. 99.90%
L. innocua CLIP 12624 L. innocua 98% Listeria sp. 99.90%
L. innocua CDC F4078 L. innocua 98% Listeria sp. 99.90%
Listeria ivanovii CLIP 7842 L. ivanovii 98% Listeria sp. 99.90%
Listeria monocytogenes 1/2a L. monocytogenes 96% L. monocytogenes

CDC F4561 84.20%

L. monocytogenes 1/2a ATCC L. monocytogenes 99% Listeria sp. 99.90%
15313

L. monocytogenes 1/2a L. monocytogenes 99% L. monocytogenes
10403s 90%

L. monocytogenes 1/2b ATCC L. monocytogenes 91% L. monocytogenes
BAA-751 99.90%

L. monocytogenes 3b CDC L innocua 49%/L. L. monocytogenes
F4540 monocytogenes 51% 91.30%

L. monocytogenes 3c CDC L. monocytogenes 94% L. monocytogenes
F6238 82.80%

L. monocytogenes 4a ATCC L innocua 49%/L. L. monocytogenes
19114 monocytogenes 51% 90%

L. monocytogenes 4ab CDC L. monocytogenes 99% L. monocytogenes
F1067 93.60%

L. monocytogenes 4b ATCC L innocua 50%/L. L. monocytogenes
7644 monocytogenes 50% 86.40%

L. monocytogenes 4b Scott A L. monocytogenes 99% L. monocytogenes

93.60%

L. monocytogenes 4c ATCC L. monocytogenes 99% L. monocytogenes
19116 93.60%

L. monocytogenes 4d ATCC L innocua 49%/L. L. monocytogenes
19117 monocytogenes 51% 97.20%

=~

monocytogenes 4e ATCC
19118

Listeria seeligeri CLIP 9529
Listeria welshimeri CDC
F4082

L. monocytogenes 88%

L. seeligeri 98%
L. welshimeri 95%

L. monocytogenes
90%

Listeria sp. 99.90%
Listeria sp. 99.90%
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Table 3
Identification of strains by VITEK® 2.*1, *2

Species (identified by Number of Identification by VITEK® 2
PCR) strains .

Correct Only Listeria Incorrect

sp.2x2

1st test*'*!
Listeria monocytogenes 54 8 4 42
L. innocua 31 23 7 1
Listeria welshimeri 8 6 0 2
L. grayi 1 1 0 0
Total 94 38 11 45
2nd test*!*!
L. monocytogenes 54 10 3 41
L. innocua 31 26 5 0
L. welshimeri 8 8 0 0
L. grayi 1 1 0 0
Total 94 45 8 41

"I Two independent analyses were performed.
"2 Number of strains that the equipment identified only at the genus level.

equipment.

3.6. Assessment of sensitivity, specificity, and accuracy of identification
systems

The results obtained in the PCR were considered the gold standard in
this evaluation, and the results of sensitivity, specificity, and accuracy
(Greenhalgh, 1997) of the tests are presented in Table 5.

4. Discussion

Although L. innocua is not pathogenic to humans, Perrin et al. (2003)
reported the first case of bacteremia involving the species and defined as
a risk the distinction between L. monocytogenes and L. innocua based on
hemolytic activity. This study’s hemolytic profile of some strains
became evident, probably due to the cryopreservation period (Alves
et al., 2020). Thus, 35 strains were identified as L. monocytogenes, and
the other 59 remained without hemolysin expression. The existence of
atypical strains indicates that traditional phenotypic and genotypic
methods should be used with caution. More studies and methodologies
are needed to correctly identify the Listeria genus (Moreno et al., 2014).

Automated biochemical identification by VITEK® 2 Compact did not
correctly identify L. monocytogenes samples. This fact can be explained
by the slow phospholipase C activity. The equipment performs the
reading within 24 h, and some samples took up to 72 h for phospholipase
expression. All L. monocytogenes samples (hly positives) that showed late
phospholipase activity in ALOA Agar were mistakenly identified as L.
innocua by the equipment. In the two analyses performed by VITEK® 2,
only the identification of the species L. grayi was maintained and
considered correct compared to the gold standard. It is believed that the
difference found in the characterization of the species in the two ana-
lyses, once again, is due to the reading time of the equipment and the
fact that the strains have different metabolisms.

The strains in this study were considered atypical for not expressing
hemolysin, the main virulence factor of the Listeria genus. The hly gene
was detected through PCR and, for this reason, the samples were iden-
tified as L. monocytogenes. Rosimin et al. (2016), in studies carried out
with food, described atypical strains of L. innocua for presenting viru-
lence genes, agreeing with the hypothesis of Moreno et al. (2014), who
cites the presence of the virulence gene in L. innocua as a stage in the
evolution of a common ancestor of L. monocytogenes. In agreement with
our results, De Lappe et al. (2014) cite VITEK® 2 as a limiting meth-
odology for identifying the genus Listeria, as the method erroneously
identified clinical and food samples of L. monocytogenes as L. innocua.
The authors emphasize the negative phospholipase test for these
samples.
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Table 4
Identification of strains by MALDI-TOF/MS.*1, *2, *3
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Species (identified by PCR) Number of strains

Identification by MALDI-TOF/MS

252

Correct Only Listeria sp.* Incorrect No identification***>

1st test™ !

Listeria monocytogenes 54 40 14 0 0
L. innocua 31 0 15 16 0
Listeria welshimeri 8 0 4 0 4
L. grayi 1 1 0 0 0
Total 94 41 33 16 4
2nd test***

L. monocytogenes 54 39 15 0 0
L. innocua 31 0 10 21 0
L. welshimeri 8 2 6 0 0
L. grayi 1 1 0 0 0
Total 94 42 31 21 0

"1 Two independent analyses were performed.

"2 Number of strains that the equipment identified only at the genus level (could not distinguish between two or more Listeria species).
"3 Few strains could not be identified even at the genus level, returning the “no identification” result.

Table 5
Sensitivity, specificity and accuracy of the analyses performed by VITEK® 2 and
MALDI-TOF/MS, according to species.

Species (identified by Parameter VITEK® 27! MALDI-TOF/
PCR) (%) Ms* 't
Ist 2nd 1st 2nd
test test test test
Listeria monocytogenes Sensitivity 14.8 18.5 24.1 59.3
(n=54) Specificity 100.0 97.5 85.0 70.0
Accuracy 51.1 52.1 50.0 63.8
L. innocua (n = 31) Sensitivity 74.2 83.9 0.0 0.0
Specificity 30.2 34.9 100.0 100.0
Accuracy 44.7 51.1 67.0 67.0
Listeria welshimeri (n = Sensitivity 75.0 100.0 0.0 12.5
8) Specificity 98.8 100.0 100.0 100.0
Accuracy 96.8 100.0 91.5 92.6
L grayi(n=1) Sensitivity 100.0 100.0 100.0 100.0
Specificity 100.0 100.0 100.0 100.0
Accuracy 100.0 100.0 100.0 100.0

"I Two independent analyses were performed.

The MALDI-TOF/MS was assertive in identifying 40 strains of L.
monocytogenes in the first analysis and 39 in the second analysis. How-
ever, it was not able to identify any strain of L. innocua. This fact is
probably due to only one reference spectrum of the species in the
equipment’s database (Rahi et al., 2016). In a previous study, using
another MALDITOF/MS equipment (Brunker, USA), we noticed that the
inclusion of more spectra in the database improved the precision of the
equipment (Aratjo et al., 2020). Unfortunately, the equipment used in
this study does not allow editing of its database by the user. The only
species that maintained the exact identification in both analyzes was L.
grayi. It is noteworthy that the same behavior was also observed in the
Vitek® 2 identification. Guo et al. (2014) obtained better performance
in the MALDI-TOF/MS technique when compared to Vitek® 2 in iden-
tifying bacteria of clinical origin. The authors described the method as
fast and inexpensive and classified it as having the potential to replace
conventional phenotypic methods in identifying common bacterial iso-
lates in clinical microbiology laboratories.

Febbraro et al. (2016) obtained better results with Vitek® 2 when
compared to MALDI-TOF/MS in identifying bacteria of clinical origin.
The authors highlighted favorable results only for Gram-negative strains
and suggested inserting reference spectra in the MALDI-TOF/MS data-
base for Gram-positive strains. In agreement with these results, Silva
et al. (2017) analyzed Gram-positive samples of clinical origin. They
obtained satisfactory results by VITEK® 2, while MALDI-TOF/MS could
not identify all strains. Comparing the VITEK® 2 and MALDI-TOF/MS
methodologies in identifying anaerobic microorganisms of clinical

origin, Tsukimoto and Rossi (2018) described both methodologies with
excellent performance in identifying isolates. The authors highlighted
significant differences in terms of cost-effectiveness. MALDI-TOF/MS
allowed significant savings beyond result release five days before
VITEK® 2, contributing to successful clinical resolution. On the other
hand, the spectrometric technique requires highly qualified labor and
the investment cost to obtain the equipment is much higher.

In this study, MALDI-TOF/MS showed 100% specificity for L. inno-
cua. However, the method had low sensitivity, representing false-
negative results and causing harm to public health when misidentify-
ing a pathogen. On the other hand, VITEK® 2 showed high sensitivity in
identifying this species. Regarding L. monocytogenes, Vitek® 2 showed
low sensitivity, with false-negative results for the pathogen.MALDI-
TOF/MS showed greater sensitivity to the species but showed repeat-
ability problems, probably because the method does not have a standard
inoculum. The low accuracy demonstrated by the methods is because
when the test sensitivity was high for a species, the specificity was down
and vice versa. It is essential to emphasize the low number of strains used
in this study in interpreting the statistical results.

Despite the successful results reported using MALDI-TOF/MS and the
wide range of scenarios in which the equipment can be used, more
studies are needed to standardize the applied procedures and confirm
the reproducibility of the results (Rodriguez-Sanchez et al., 2019).

5. Conclusion

VITEK® 2 presented as one of the limiting factors in identifying only
6 species of the genus Listeria, as currently, the genus comprises 19
species and 4 subspecies. In addition, the equipment reads the
biochemical and enzymatic tests within an interval of 8 to 24 h,
depending on the card used, while the atypical strains present a late
metabolism for some phenotypic characteristics evaluated. MALDI-
TOF/MS limited database hinder its ability to correctly identify atyp-
ical Listeria strains. The addition of spectra from local sources could
improve its performance. As a future perspective, it becomes interesting
to evaluate the effectiveness of other popular systems, such as the Biolog
OmniLog® or BD Phoenix®. Listeria sp., especially atypical ones, in the
food industry is a significant concern. It requires rigorous detection and
identification methods to prevent the transmission of listeriosis through
food.
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Supplementary data to this article can be found online at https://doi.

org/10.1016/j.mimet.2022.106434.

References

Alves, A., Magalhaes, R., Brandao, T.R., Pimentel, L., Rodriguez-Alcald, L.M.,

Teixeira, P., Ferreira, V., 2020. Impact of exposure to cold and cold-osmotic stresses
on virulence-associated characteristics of Listeria monocytogenes strains. Food
Microbiol. 87, 103351.

Angeletti, S., 2017. Matrix assisted laser desorption time of flight mass spectrometry
(MALDI-TOF MS) in clinical microbiology. J. Microbiol. Methods 138, 20-29.

Aratijo, T.M.C., Pereira, R.C.L., Freitag, I.G.R., Rusak, L.A., Botelho, L.A.B., Hofer, E.,
Hofer, C.B., Vallim, D.C., 2020. Evaluation of MALDI-TOF MS as a tool for detection
of Listeria spp. directly from selective enrichment broth from food and stool samples.
J. Microbiol. Methods 173, 105936. https://doi.org/10.1016/j.mimet.2020.105936.

Borges, L.S., 2016. Medidas de Acuracia diagnostica na pesquisa cardiovascular. Int. J.
Cardiovasc. Sci. 29 (3), 218-222.

CDC - Center for Disease Control and Prevention, 2019. Learn about Listeria, a Germ that
can Contaminate Food and Cause an Infection Called Listeriosis. Retrieved from.
https://www.cdc.gov/listeria/index.html. Accessed April 19, 2019.

Celandroni, F., Salvetti, S., Gueye, S.A., Mazzantini, D., Lupetti, A., Senesi, S.,
Ghelardi, E., 2016. Identification and pathogenic potential of clinical Bacillus and
Paenibacillus isolates. PLoS One 11 (3), e0152831.

Costa, L.V., da Silva Lage, R.V., da Fonseca, E.L., Gongalves, N.P., Dos Reis, C.M.F.,
Frazao, A.M., Vieira, V.V., 2022. Assessment of VITEK® 2, MALDI-TOF MS and full
gene 16S rRNA sequencing for aerobic endospore-forming bacteria isolated from a
pharmaceutical facility. J. Microbiol. Methods 194, 106419.

Crowley, E., Bird, P., Fisher, K., Goetz, K., Boyle, M., Benzinger Jr., M.J., Johnson, R.L.,
2012. Evaluation of the VITEK 2 gram positive (GP) microbial identification test
card: collaborative study. J. AOAC Int. 95 (5), 1425-1432.

De Lappe, N., Lee, C., O’Connor, J., Cormican, M., 2014. Misidentification of Listeria
monocytogenes by the Vitek 2 System. J. Clin. Microbiol. 52 (9), 3494-3495.

Doumith, M., Buchrieser, C., Glaser, P., Jacquet, C., Martin, P., 2004. Differentiation of
the major Listeria monocytogenes serovars by multiplex PCR. J. Clin. Microbiol. 42
(8), 3819-3822.

Febbraro, F., Rodio, D.M., Puggioni, G., Antonelli, G., Pietropaolo, V., Trancassini, M.,
2016. MALDI-TOF MS versus VITEK® 2: comparison of systems for the identification
of microorganisms responsible for bacteremia. Curr. Microbiol. 73 (6), 843-850.

Gray, J.A., Chandry, P.S., Kaur, M., Kocharunchitt, C., Bowman, J.P., Fox, E.M., 2021.
Characterisation of Listeria monocytogenes food-associated isolates to assess
environmental fitness and virulence potential. Int. J. Food Microbiol. 350, 109247.

Greenhalgh, T., 1997. How to read a paper: papers that report diagnostic or screening
tests. Br. Med. J. 315 (7107), 540-543.

Guo, L., Ye, L., Zhao, Q., Ma, Y., Yang, J., Luo, Y., 2014. Comparative study of MALDI-
TOF MS and VITEK 2 in bacteria identification. J. Thoracic Disease 6 (5), 534.

Hou, T.Y., Chiang-Ni, C., Teng, S.H., 2019. Current status of MALDI-TOF mass
spectrometry in clinical microbiology. J. Food Drug Anal. 27 (2), 404-414.

Hudson, J.A., Lake, R.J., Savill, M.G., Scholes, P., McCormick, R.E., 2001. Rapid
detection of Listeria monocytogenes in ham samples using immunomagnetic
separation followed by polymerase chain reaction. J. Appl. Microbiol. 90 (4),
614-621.

Journal of Microbiological Methods 194 (2022) 106434

ISO - International Organization for Standardization, 2017. ISO 11290-1:2017:2017.
Microbiology of Food and Animal Feeding Stuffs — Horizontal Method for the
Detection and Enumeration of Listeria monocytogenes — Part 1: Detection Method.

Liu, D., Ainsworth, A.J., Austin, F.W., Lawrence, M.L., 2004. Identification of a gene
encoding a putative phosphotransferase system enzyme IIBC in Listeria welshimeri
and its application for diagnostic PCR. Lett. Appl. Microbiol. 38 (2), 151-157.

McLauchlin, J., Rees, C.E., Dodd, C.E., 2013. Listeria monocytogenes and the Genus
Listeria. In: The Prokaryotes: Firmicutes and Tenericutes. Springer-Verlag Berlin
Heidelberg.

Moehario, L.H., Tjoa, E., Putranata, H., Joon, S., Edbert, D., Robertus, T., 2021.
Performance of TDR-300B and VITEK® 2 for the identification of Pseudomonas
aeruginosa in comparison with VITEK®-MS. J. Int. Med. Res. 49 (2),
0300060521989893.

Moreno, L.Z., Paixao, R., Sena de Gobbi, D.D., Raimundo, D.C., Porfida Ferreira, T.S.,
Micke Moreno, A., Matté, M.H., 2014. Phenotypic and genotypic characterization of
atypical Listeria monocytogenes and Listeria innocua isolated from swine
slaughterhouses and meat markets. Biomed. Res. Int. 163 (4), 268-271.

Moura, A., Disson, O., Lavina, M., Thouvenot, P., Huang, L., Leclercq, A., Lecuit, M.,
2019. Atypical hemolytic Listeria innocua isolates are virulent, albeit less than Listeria
monocytogenes. Infect. Immun. 87 (4), e00758-18.

Murray, P.R., 1995. Manual of Clinical Microbiology, 6th ed. American Society for
Microbioogy Press.

Perrin, M., Bemer, M., Delamare, C., 2003. Fatal case of Listeria innocua bacteremia.

J. Clin. Microbiol. 41 (11), 5308-5309.

Pizarro-Cerda, J., Cossart, P., 2006. Subversion of cellular functions by Listeria
monocytogenes. J. Pathol. 208 (2), 215-223.

Rahi, P., Prakash, O., Shouche, Y.S., 2016. Matrix-assisted laser desorption/ionization
time-of-flight mass-spectrometry (MALDI-TOF MS) based microbial identifications:
challenges and scopes for microbial ecologists. Front. Microbiol. 7, 1359.

Rocourt, J., Alonso, J.M., Seeliger, H.P., 1983. Comparative virulence of the 5 genomic
groups of Listeria monocytogenes (sensu lato). Ann. Microbiol. 134 (3), 359-364.

Rodriguez-Sanchez, B., Cercenado, E., Coste, A.T., Greub, G., 2019. Review of the impact
of MALDI-TOF MS in public health and hospital hygiene, 2018. Eurosurveillance 24
(4), 1800193.

Rosimin, A.A., Kim, M.J., Joo, L.S., Suh, S.H., Kim, K.S., 2016. Simultaneous detection of
pathogenic Listeria including atypical Listeria innocua in vegetables by a quadruplex
PCR method. LWT-Food Sci. Technol. 69, 601-607.

Seeliger, H.P., Honne, K., 1979. Serotyping of Listeria monocytogenes and related species.
Methods Microbiol. 13, 31-49.

Silva, C.G.D., Tobouti, N.R., Zoccoli, C.M., Silveira, A.C.O., 2017. Evaluation of VITEK 2
Compact and VITEK MS in the identification of coagulase-negative staphylococci
isolated from blood cultures. J. Brasileiro de Patologia e Medicina Laboratorial 53,
293-297.

SUWANTARAT, N., et al., 2016. Practical utility and accuracy of matrix-assisted laser
desorption ionization-time of flight mass spectrometry for identification of
Corynebacterium species and other medically relevant coryneform-like bacteria. Am.
J. Clin. Pathol. 145 (1), 22-28.

Tao, T., Chen, Q., Bie, X., Lu, F., Lu, Z., 2017. Investigation on prevalence of Listeria spp.
and Listeria monocytogenes in animal-derived foods by multiplex PCR assay targeting
novel genes. Food Control 73, 704-711.

Tsukimoto, E.R., Rossi, F., 2018. Evaluation of MALDI-TOF mass spectrometry (VITEK-
MS) compared to the ANC card (VITEK 2) for the identification of clinically
significant anaerobes. J. Brasileiro de Patologia e Medicina Laboratorial 54,
206-212.

Vézquez-Boland, J.A., Kuhn, M., Berche, P., Chakraborty, T., Dominguez-Bernal, G.,
Goebel, W., Kreft, J., 2001. Listeria pathogenesis and molecular virulence
determinants. Clin. Microbiol. Rev. 14 (3), 584-640.


https://doi.org/10.1016/j.mimet.2022.106434
https://doi.org/10.1016/j.mimet.2022.106434
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0005
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0005
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0005
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0005
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0010
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0010
https://doi.org/10.1016/j.mimet.2020.105936
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0020
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0020
https://www.cdc.gov/listeria/index.html
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0030
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0030
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0030
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0035
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0035
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0035
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0035
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0040
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0040
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0040
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0045
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0045
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0050
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0050
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0050
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0055
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0055
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0055
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0060
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0060
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0060
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0065
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0065
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0070
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0070
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0075
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0075
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0080
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0080
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0080
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0080
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0085
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0085
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0085
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0090
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0090
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0090
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0095
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0095
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0095
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0100
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0100
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0100
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0100
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0105
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0105
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0105
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0105
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0110
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0110
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0110
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0115
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0115
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0120
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0120
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0125
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0125
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0130
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0130
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0130
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0135
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0135
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0140
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0140
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0140
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0145
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0145
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0145
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0150
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0150
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0155
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0155
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0155
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0155
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0160
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0160
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0160
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0160
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0165
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0165
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0165
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0170
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0170
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0170
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0170
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0175
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0175
http://refhub.elsevier.com/S0167-7012(22)00029-X/rf0175

	Evaluation of VITEK® 2 and MALDI-TOF/MS automated methodologies in the identification of atypical Listeria spp. isolated fr ...
	1 Introduction
	2 Material and methods
	2.1 Strains
	2.2 Biochemical identification and antigenic characterization
	2.3 Assessment of phospholipase production C (PI-PLC)
	2.4 Automated biochemical identification (VITEK 2 Compact®)
	2.5 Identification by MALDI-TOF/MS
	2.6 Identification and molecular characterization – Polymerase chain reaction (PCR)
	2.7 Statistical analysis

	3 Results
	3.1 Conventional biochemical identification and molecular characterization
	3.2 Proteomic identification and automated biochemical identification of standard strains
	3.3 Automated biochemical identification (VITEK 2 Compact®)
	3.4 Assessment of phospholipase C production (PI-PLC)
	3.5 Proteomic identification (MALDI-TOF/MS)
	3.6 Assessment of sensitivity, specificity, and accuracy of identification systems

	4 Discussion
	5 Conclusion
	Declaration of Competing Interest
	Appendix A Supplementary data
	References


