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Abstract: Subtyping of bacterial isolates of the same genus and species is an important tool in
epidemiological investigations. A number of phenotypic and genotypic subtyping methods are
available; however, most of these methods are labor-intensive and time-consuming and require
considerable operator skill and a wealth of reagents. Matrix-Assisted Laser Desorption–Ionization
Time-of-Flight Mass Spectrometry (MALDI-TOF), an alternative to conventional subtyping methods,
offers a rapid, reproducible method for bacterial identification with a high sensitivity and specificity
and at minimal cost. The purpose of this study was to determine the feasibility of using MALDI-TOF
to differentiate between six Salmonella serovars recovered from experimental microcosms inoculated
with known strains of Salmonella. Following the establishment of a MALDI-TOF reference library
for this project, the identity of 843 Salmonella isolates recovered from these microcosms was assessed
using both MALDI-TOF and conventional methods (serotyping/PCR). All 843 isolates were identified
as being Salmonella species. Overall, 803/843 (95%) of these isolates were identified similarly using
the two different methods. Positive percent agreement at the serovar level ranged from 79 to 100%,
and negative percent agreement for all serovars was greater than 98%. Cohen’s kappa ranged from
0.85 to 0.98 for the different serovars. This study demonstrates that MALDI-TOF is a viable alternative
for the rapid identification and differentiation of Salmonella serovars.

Keywords: mass spectrometry; matrix-assisted laser desorption–ionization; Salmonella; subtyping;
serology; MALDI-TOF
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1. Introduction

Salmonella enterica serovars have been associated with foodborne disease globally for
over 100 years [1]. While the global incidence is unknown, within the United States the
disease burden is estimated to be over one million cases annually, with 16,000 hospital-
izations and almost 500 deaths [2]. Most human cases are self-limiting; however, young
children under five years, the elderly, and the immunocompromised are at the highest risk
of becoming infected and developing complications [3]. Humans can be infected through
the consumption of contaminated food and water, direct contact with infected animals
and their environment, or via person-to-person transmission. A necessity in the successful
treatment, prevention, and control of foodborne disease outbreaks is the rapid and accurate
identification of the offending pathogen [4].

Bacterial subtyping of isolates of the same genus and species is an important tool in
disease surveillance, outbreak investigations, and epidemiological research. A number of
phenotypic and genotypic subtyping methods are available [5]; however, for foodborne
pathogens, such as Salmonella enterica subsp. enterica, serotyping is often among the most
widely used initial characterizations performed on isolates. Salmonella serotyping is a
phenotypic subtyping method that has been in existence for over 80 years and is still the
primary screening method in many laboratories [6]. The basis of this method of subtyping
is observation for agglutination reactions occurring between specific antisera and somatic
(O) and flagellar (H) antigens of the Salmonella isolate. The Salmonella isolate is then
classified using the Kauffman–White–LeMinor scheme [7]. However, since there are over
2500 serovars of Salmonella enterica, with 46 O antigens and 114 H variations [8], serotyping
can be quite exhausting and time-consuming and require a vast number of antisera [9].
Additionally, the possibility exists for inaccurate classification as a result of observer’s error,
nonspecific agglutination, auto-agglutination, or loss of antigenic expression [6,10].

In comparison, Matrix Laser Desorption–Ionization Time of Flight (MALDI–TOF), a
library-based approach to bacterial identification, offers a rapid, reproducible method for
bacterial identification with a high sensitivity and specificity and at minimal cost [11,12].
MALDI-TOF uses the mass-to-charge ratio profile of bacterial microbial proteins and
peptides for bacterial identification [13]. This mass-to-charge ratio profile or mass spectral
profile analysis is usually confined to the 2–20 kDA range, since the majority of peaks in
this range are representative of ribosomal proteins which are less influenced by variability
in cultivation conditions [14]. Bacterial isolates can be characterized at the genus and
species level via the identification of a unique biomarker ion peak(s) or by matching the
mass spectral profile or “fingerprint” of query bacteria with the spectral profiles of known
bacterial species within the established MALDI-TOF library using pattern recognition
algorithms [5,9,11,15]. Identification at the subspecies level can be more difficult due to
the lack of unique ion peaks between serotypes and also due to poor differentiation of
mass spectral profiles between serotypes [13]. Although MALDI-TOF use has been well
validated for bacterial identification at the species level, differentiation at the subspecies
level is less well described.

The purpose of this study was to determine the feasibility of using MALDI-TOF
technology to differentiate six known Salmonella serovars recovered from a long-term fecal
survival study. To achieve this, we (1) constructed and validates reference spectra for the
six Salmonella serovars and (2) compared the results obtained from MALDI-TOF subtyping
with those from conventional subtyping of Salmonella isolates recovered from experimental
microcosms inoculated with these same strains of Salmonella enterica serovars.

2. Materials and Methods

Bacterial strains: The Salmonella enterica serovars used in this study were S. Anatum
(K2669 CDC clinical isolate), S. Braenderup (04E61556), S. Javiana (ATCC® BAA-1593TM),
S. Montevideo (Human–tomato linked), S. Newport (Environmental isolate), and S. Ty-
phimurium (ATCC® 700720TM). The serovars and their epidemiological history were kindly
provided by Dr. Michelle Danyluk, Citrus Research and Education Center, University of
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Florida. The six Salmonella serovars were transformed to exhibit Rifampicin resistance at
80 µg/mL in order to distinguish the inoculated serovars from background microflora in
feces. Rifampicin resistance was achieved by serial passage of the parent salmonella isolates
in increasing concentrations (10, 20, 30, 40, 50, 60, 70, 80, 90, 100 µg/mL) of Rifampicin
(Fischer Scientific, Fair lawn, NJ, USA). The final broth culture was plated on LB agar
with rifampicin (80 µg/mL) and incubated overnight at 37 ◦C. The next day, three isolates
were selected and grown overnight in BHI broth and stored at −80 ◦C with 30% buffered
glycerol for use at a later time. Rifampicin resistance is conferred as a result of mutation
in the beta subunit of RNA polymerase. Previous studies comparing the use of plasmids
versus chromosomal mutations for bacterial identification in long-term survival studies
indicated that bacteria with chromosomal mutations accurately represented the bacterial
population, and this method was much more reliable than using plasmids [16].

Experimental microcosm: The fecal survival study was conducted at four different
laboratories in California, Delaware, Florida, and Ohio as described in Topalcengiz et al.
(2020) [15]. Briefly, the rifampicin-resistant serovars were cultured separately overnight
at 37 ◦C in Buffered Peptone Water (BPW, Acumedia, East Lansing, MI, USA). Following
incubation, 45 mL samples of each Salmonella broth culture was placed in 50 mL centrifuge
tubes and centrifuged at 4600× g for 20 min. The supernatant was decanted, and the bacte-
rial pellet was resuspended in 45 mL of 1× phosphate-buffered saline (PBS, AMRESCO,
Salon, OH, USA). This ‘washing’ procedure was repeated two more times to ensure the
removal of any nutrient content or antibiotic selective pressure. After the third washing and
re-suspension of the bacterial pellet, the optical densities of the resuspended solutions were
measured to attain an inoculation dose between 104 and 105 CFU/gram feces, and the feces
were inoculated. The inoculated fecal microcosms were left at room temperature (22± 3 ◦C)
until the day of sampling. The population of Salmonella in each fecal sample (cattle, deer,
raccoon, wild hog, and waterfowl) was enumerated at days 1, 3, 5, 7, 14 and monthly by
surface plating 1 mL dilutions (10−1–10−6) of each fecal sample on LB agar, Lennox (LB,
Acumedia, East Lansing, MI, USA) plates containing 80 µg/mL of rifampicin and 50 µg/mL
of cycloheximide (Sigma–Aldrich, St. Louis, MO, USA).Up to 10 (if present) Salmonella
colonies recovered from each fecal sample on every sampling day were transferred from
the LB agar plates to 2.0 mL centrifuge tubes containing 1.0 mL of brain heart infusion
(BHI, Acumedia, East Lansing, MI, USA) and cultured overnight at 37 ◦C. The next day,
300 µL of buffered glycerol (VWR International, Radnor, PA, USA) was added to each tube,
and the content mixed. These cultures were then stored at −80 ◦C until identification. The
recovered Salmonella isolates from California, Florida, and Delaware were shipped to the
Ohio Agriculture Research and Development Center (OARDC) for identification.

Construction of Reference Spectra: The reference Salmonella strains were streaked
onto XLT-4 agar (Acumedia, East Lansing, MI, USA) plates and incubated at 37 ◦C for
18–24 h. Following incubation, one colony from each plate was selected and streaked
onto LB agar plates supplemented with rifampicin (80 µg/mL) and incubated at 37 ◦C for
18–24 h. Following incubation, 15 colonies were selected from each serotype and subjected
to protein extraction procedures as described by the manufacturer [16]. Briefly, each colony
was transferred from the agar plate to a 1.7 mL microcentrifuge tube containing 300 µL
of HPLC-grade water (EMD Chemicals–Gibbstown, NJ, USA). The contents of the tube
were mixed thoroughly by vortexing for approximately 1 min. Following thorough mixing,
900 µL of HPLC grade Ethanol (ACROS Organics, Fischer Scientific, Fair Lawn, NJ, USA)
was added to each tube, and the contents were mixed via vortexing for one minute. Each
tube was then centrifuged (Microfuge 2, Beckman Coulter, CA, USA) at 18,000× g for
2 min at 4 ◦C. After centrifugation, the supernatant was carefully decanted, and the tubes
centrifuged again at 18,000× g for 2 min at 4 ◦C. Following this second centrifugation
procedure, the residual supernatant was carefully removed by pipetting, ensuring the
bacterial pellet was not disturbed. The tubes containing the bacterial pellet were then left
uncovered and allowed to air-dry at room temperature.
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Following air-drying, 10 µL of 70% of Formic Acid (Fluka, Sigma Aldrich, St. Louis,
MO, USA) was added to each tube, and the contents were agitated via vortexing for 1 min
to ensure the resuspension of the bacterial pellets. The suspensions were then left to stand
for 5 min, after which, 10 µL of HPLC-grade acetonitrile (Fischer Scientific, Fair lawn,
NJ) was added to each tube and mixed thoroughly via vortexing. The tubes were then
centrifuged at 18,000× g for 2 min at 4 ◦C.

After centrifugation, 1 µL of the supernatant was pipetted without disturbing the
pellet and transferred to one well on the MSP 96 polished-steel target (Bruker Daltonics,
Billerica, MA, USA). This was done in triplicate for each sample. The 1 µL aliquots of
supernatant on the target were allowed to air-dry at room temperature, following which
each well was overlayed with 1 µL of Bruker Matrix HCCA (10 mg/mL) solution (α-
Cyano-4-hydroxycinnamic acid, Bruker Daltonics, Billerica, MA, USA), which had been
reconstituted in 250 µL of organic solvent (comprising acetonitrile, trifluoracetic acid, and
water). The steel target was then allowed to air-dry. The mass spectrum of each protein
extract was then assessed using Bruker Microflex LT (Bruker Daltonics, Billerica, MA, USA),
and a reference Mass Spectral Profile (MSP) was created as described below.

Mass Spectral Profile Creation: Prior to analyzing the mass spectra of protein extracts,
each target was calibrated to ensure the accuracy of the measurements. Calibration was
achieved by placing 1 µL of Bacterial Test Standard (BTS; Bruker Daltonics, Billerica,
MA, USA) in one empty well of the target containing the protein extract samples. Once
dried, this well was then overlayed with HCCA matrix as described above, and the auto-
calibration option in the flexControl software (Bruker Daltonics, Billerica, MA, USA) was
used to facilitate calibration. Once calibrated, spectra were acquired using the AutoXecute
function within flexControl. Three spectra were recorded from each sample well, and there
were 15 replicates of each serovar; thus, each reference spectrum was constructed using
45 spectra. The spectra were obtained using the recommended setting for bacterial species
identification (linear positive mode, 20 Hz laser frequency, 20 kV acceleration voltage,
18.5 kV IS2 voltage, 250 ns extraction delay).

Following acquisition, all spectra for each serotype were then imported into flex-
Analysis (Bruker Daltonics, Billerica, MA, USA). The spectra were subjected to baseline
subtraction and mass spectrum smoothing for evaluation of their uniformity and detection
of abnormal peaks, flatlines, or other anomalies. The identity of any discrepant spectra was
recorded, and these spectra were removed from further analysis. All spectra passing the
previous quality control screening were then imported into MALDI Biotyper 3.0 (Bruker
Daltonics, Billerica, MA, USA), and the new MSP for each serotype was created. Addi-
tionally, the peak list was evaluated to ensure there were a minimum of 70 peaks per MSP
and these peaks were in 90% or greater of the constituting spectra. All six MSPs were then
added to create a new reference library.

Isolate identification using MALDI-TOF: The unknown Salmonella isolates recovered
from the survival studies at each location were shipped to the OARDC, where they were
cultured and processed for Intact Cell Mass Spectrometry (ICMS). Briefly, one loopful
of the previously frozen culture broth was streaked for colony isolation onto LB agar
plates supplemented with rifampicin (80 µg/mL) and incubated at 37 ◦C overnight. The
following day, one individual colony was selected and smeared onto two separate wells of
the MALDI-TOF target. The wells were then overlayed with 1 µL of HCCA matrix, allowed
to air-dry at room temperature, and analyzed using Bruker Microflex LT (Bruker Daltonics,
Billerica, MA, USA), with the instrument settings described earlier. Identification of the
samples was done automatically using Bruker Realtime Classification software (Bruker
Daltonics, Billerica, MA, USA) by comparing the isolate MSP with the 6 newly created
reference MSP.

Isolate identification using Serology and PCR: The identities of the isolates were
confirmed via a combination of serotyping of somatic antigens and a PCR-based as-
say. This was done independently of the MALDI-TOF analysis to ensure there was no
perceived bias. The unknown isolates were streaked for colony isolation onto LB agar
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plates supplemented with rifampicin (80 µg/mL) and incubated at 37 ◦C overnight. The
next day, one individual colony was selected from each plate and mixed with 10 µL of
Salmonella antiserak for somatic groups B, C1, C2, D, and E1 and observed for aggluti-
nation. Two of the serotypes, S. Montevideo and S. Braenderup, belong to Group C1
and agglutinated equally when mixed with C1 antisera. The differentiation of these two
serotypes was accomplished via a PCR-based assay adapted from J. Jean-Gilles Beaubrun
et al. (2012) [17]. Briefly, individual colonies from samples agglutinating with C1 were
placed in 1.7 mL microcentrifuge tubes containing 100 µL of sterile DNAase-free wa-
ter. The tubes were then placed in a water bath at 100 ◦C for 10 min. The cell lysates
were then used as DNA templates for PCR screening for the detection of stm1350 (171
bp) and sty0346 and sty0347 (262 bp) [17]. The primer sequences used were stm1350F:
5′TCAAAATTACCGGGCGCA3′; stm1350R: 5′TTTTAAGACTACATACGCGCATGAA3′;
STY0346: 5′GGCTGGAGCAGCCTTACAAAA3′; and sty0347 5′AAGAGTTGCCTGGCTGG
TAAAA3′. Amplifications were performed in a 50 µL reaction mixture containing 25 µL
GoTaq Green Mastermix (Fischer Scientific, Fair lawn, NJ, USA), 2 µL sty0346 (5 µM/µL),
2 µL sty0347 (5 µM/µL), 2 µL stm1350 F (5 µM/µL), 2 µL stm1350 R (5 µM/µL), 14 µL H2O,
and 3 µL DNA template. The reaction mixture was heated to initial denaturation at 94 ◦C
for 5 min, followed by 35 cycles at 94 ◦C for 30 s, 52 ◦C for 1 min, 72 ◦C for 1 min, and final
extension at 72 ◦C for 5 min. The PCR products were separated on 2% agarose gels stained
with ethidium bromide and visualized using UV light.

Data Analysis: The results were tabulated using 2 × 2 contingency tables for each
serotype to reflect the agreement between the results obtained from MALDI-TOF and those
from serotyping/PCR. The overall percent agreement (overall number of isolates positively
and negatively identified as a particular by both MALDI TOF and Serology/Number of
isolates tested), positive percent agreement (Number Samples positively identified as a
particular serotype by both MALDI-TOF and Conventional Serology/Number of Sam-
ples identified as the serotype using conventional serology), negative percent agreement
(Number Samples identified as not being a particular serotype by both MALDI-TOF and
Conventional Serology/Number of Samples identified as the serotype using conventional
serology), and Cohen’s kappa were calculated to evaluate the agreement between the meth-
ods. Cohen’s Kappa provided a measure of the degree to which the two methods concurred
in their respective classification of the different serovars [18,19]. Statistical calculations
were done using VassarStats [20].

3. Results

Spectra Validation: To validate the accuracy of the created MSPs, 40 samples of each
serotype whose identity was known were run against the newly created MSP library. All
correctly identified reference isolates had an overall mean score for all serotypes of 2.54
(95% CI: 2.52–2.56). For the identification and subtyping of the isolates, we conservatively
used the lower limit of 2.52 as our cut-off. If an unknown isolate achieved a biotyper score
of less than 2.52 for the best match when analyzed, the isolates were restreaked, and fresh
colonies were reanalyzed.

Salmonella subtyping: MALDI-TOF subtyped 95% (803/845) of Salmonella isolates
the same as the conventional serotyping and PCR combination. The majority of isolates
recovered, 430, belonged to the serovar S. Javiana, while the least number of recovered
isolates, 17, belonged to the S. Newport serovar (Table 1). The positive percent agreement,
which is a measure of MALDI-TOF ability to identify a serovar compared to the conven-
tional methods, was lowest for S. Montevideo (79%) and highest for S. Typhimurium and S.
Newport, where 100% of isolates were correctly matched. The negative percent agreement,
which is a measure of MALDI-TOF ability to correctly classify a sample as not being a
particular serotype, was above 98% for all serotypes.
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Table 1. Comparison of the results obtain from MALDI-TOF and conventional subtyping methods.

Salmonella
Serotype *

Number ** of
Isolates

MALDI–TOF ***
OPA § PPA † NPA ‡ Cohen’s

Kappa #S.T S.M S.A S.J S.B S.N

S.T 38 38 98.6% 100% 98.5% 0.86
S.M 48 5 38 4 1 98.7% 79.1% 99.8% 0.87
S.A 156 5 144 2 5 96.8% 92.3% 97.8% 0.89
S.J 430 1 429 99.0% 98.8% 99.0% 0.98
S.B 154 11 3 137 1 97.7% 89.0% 99.7% 0.92
S.N 17 17 99.3% 100% 99.3% 0.85

* S.T—Salmonella Typhimurium, S.M—Salmonella Montevideo, S.A—Salmonella Anatum, S.J—Salmonella Javiana,
S.B.—Salmonella Braenderup, S.N—Salmonella Newport; ** Number of isolates identified using conventional
serology/PCR; *** Number of isolates identified using MALDI-TOF; I§ OPA—Overall Percent Agreement;
† PPA—Positive Percent Agreement; ‡ NPA—Negative Percent Agreement; # Kappa scores greater than 0.81 are
considered to indicate an almost perfect agreement between the testing methods [18,19].

We also calculated Cohen’s Kappa as another measure to evaluate the agreement
between the subtyping results obtained by MALDI-TOF and by the conventional serotyp-
ing/PCR method. The subtyping of S. Newport received the lowest Cohen’s Kappa score
(0.85), while the subtyping of S. Javiana received the highest score (0.98) (Table 1).

4. Discussion

Herein, we report that MALDI-TOF is capable of subtyping Salmonella using mass
spectral profile analysis equally as well as conventional methods (serotyping + PCR), while
at the same time allowing a rapid identification at a reduced cost. We can thus propose that
MALDI-TOF can be used as an alternative method for the rapid identification of Salmonella
serovars used in epidemiological studies such as this one.

Surprisingly, although MALDI-TOF technology has been in existence for over 20 years,
there is a paucity of published literature describing its ability and use to identify Salmonella
serovars. At the species level, Salmonella enterica subspecies enterica was first differentiated
from other Salmonella enterica subspecies using mass spectrometry in 2008 [21]. Serovar
differentiation capability was also first reported by Dieckmann et al. in 2011, when he
reported successful ICMS differentiation of S. Enteriditis, S. Typhimurium, S. Virchow,
S. Infantis, and S. Hadar [9]. The authors further postulated the existence of potential
discriminatory biomarker ions in Salmonella enterica serotypes, but these have not been
extensively evaluated. Discrimination at this phylogenic level was later demonstrated by
Kuhns et al., (2012), who were able to differentiate Salmonella Typhi from other serovars, but
not to differentiate between the other 11 serovars of Salmonella enterica subspecies enterica
tested [22]. Discrimination between bacterial serovar strains may be required in disease
outbreaks, especially foodborne disease outbreaks. While this strain discrimination is
possible for certain bacterial species, this has not been the case for Salmonella species using
conventional MALDI-TOF [23]. Additional research is required to evaluate to potential for
MALDI-TOF MS combined with principal component analysis or MALDI-TOF MS–MS
to provide this level of discriminatory power, especially if MALDI-TOF is to be used in
foodborne disease outbreak investigations [13,24]. With conventional MALDI-TOF analysis,
the reproducibility of unique strain specific biomarker peaks necessary for Salmonella spp.
strain identification has historically posed a problem, but recent studies have postulated
the reproducibility of these peaks may be increased by controlling bacterial concentration,
using the supernatant obtained after centrifuging the colony suspension, and including
various matrix additives [25]. The potential to identify both serovar- and strain-specific
biomarker peaks will undoubtedly increase the usefulness and precision of MALDI-TOF in
clinical and epidemiological investigations.

MALDI-TOF biotyper scores are assigned based on the similarity of an organism’s
mass spectrum to the reference spectra [14]. The quality of the spectra can be dependent
on a number of factors including age of culture, sample preparation, thickness of colony
smear on target, and matrix used [26–28]. The difference between the methods used
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for the creation of the reference MSP and the analysis of unknown isolates, i.e., protein
extraction vs. intact cell mass spectrometry (ICMS), can potentially affect the identification
of organisms [29]. This effect is more pronounced with Gram-positive organisms and yeast
cells, whose the thicker cell wall may affect identification when the direct smear method is
used [30,31]. For Gram-negative bacteria, such as Salmonella spp., this is less pronounced
and may only lead to discordant results in a small number of isolates; consequently, the
direct smear approach for the analysis of these isolates, which is faster and more economical,
is suitable [30,32]. However, in cases where strain identification is necessary, for example
in foodborne disease outbreaks, it may be necessary to use the protein extraction technique
to enhance the expression of biomarker peaks in the analyte and thus improve the accuracy
of the identification. Ford et al. (2013) also reported that rate of identification dropped
as the culture age increased, and Veelo et al., (2014) further reported that thickness of the
smear on the target can affect the identification of organisms [27,33]. It is for these reasons,
if isolates obtained low scores below our cut-off values, that we repeated the culture and
smear preparation one more time and reanalyzed the isolates with reference strains to
validate the preparation procedures.

Biotyper scores are logarithmic, ranging between 0 and 3, and high values in this
score represent a high similarity with the database entry [34]. Currently, MALDI-TOF
scores greater than 2.3 are suggested by the manufacturers to indicate a high probability
of species identification. However, for this experiment, a higher discriminatory power
for serovar identification is required, and no MALDI-TOF scores are suggested for this
level of discrimination. Consequently, since we required an increased similarity match for
serovars versus that normally required for species identification, we increased our serovar
classification score above the value of 2.3 suggested for species identification and used
a score based on screening of the reference spectra against the newly created Salmonella
library as our cut-off. Adjustment to biotyper cut-off scores is not unique, and other authors
have also proposed adjustments to biotyper classification cut-off scores to optimize the
classification of organisms, but these studies were confined to improve genus and species
classification [35–37] and not serovar classification, as we showed.

Although the initial cost of MALDI-TOF machines can be high, the money saved from
the cost of diagnostic reagents and decreased labor requirements, coupled with the rapid
identification time, makes MALDI-TOF identification of bacteria a suitable alternative to
conventional organism identification methods [14]. These benefits are most pronounced
in epidemiological studies like this one, where large numbers of samples are processed.
For example, the average cost of consumables used for serotyping a Salmonella isolate is
estimated to be USD 8.00 [38], while consumables used in MALDI-TOF costs an estimated
USD 0.50 [14,39]. The difference in processing time was also very apparent, since the
identification of a Salmonella isolates using the combination of serotyping and PCR took
at most 3 h for some isolates, while MALDI-TOF identification took as little as 3 min per
isolate, including the time necessary for sample preparation and MALDI-TOF analysis.

In conclusion, the MALDI-TOF method proposed here as a rapid, cost-effective method
for the identification of Salmonella serovars was proven to have equal diagnostic capabilities
as conventional subtyping methods. Consequently, this method can be used to complement
conventional methods of serovar identification; however, if definitive serovar identification
and strain discrimination are required, as in the case of outbreak scenarios, the identification
of isolates will still rely on molecular confirmatory tests.
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