BOSNIAN JOURNAL
OF BASIC MEDICAL SCIENCES

RESEARCH ARTICLE WWW.B]BMS.ORG

The use of matrix-assisted laser desorption
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ABSTRACT

Francisella tularensis is the cause of the zoonotic disease tularemia and is classified among highly pathogenic bacteria (HPB) due to its low
infection dose and potential for airborne transmission. In the case of HBD, there is a pressing need for rapid, accurate and reliable identification.
Phenotypic identification of Francisella species is inappropriate for clinical microbiology laboratories because it is time-consuming, hazardous
and subject to variable interpretation. Matrix-assisted laser desorption ionization-time of flight mass spectrometry (MALDI-TOF MS) was
recently evaluated as a useful tool for the rapid identification of a variety of microorganisms. In this study, we evaluated the use of MALDI-TOF
MS for the rapid identification of Francisella tularensis and differentiation of its subspecies. Using national collection of Francisella isolates from
the National Tularemia Reference Laboratory (Public Health Institution of Turkey, Ankara), a total of 75 clinical isolates were investigated by
species and subspecies-specific polymerase chain reaction (PCR) test and MALDI-TOF MS. All isolates were originally identified as E tularen-
sis subsp. siolarctica according to region of difterence 1 (RD1) subspecies-specific PCR results. For all isolates MALDI-TOF MS provided results
in concordance with subspecies-specific PCR analysis. Although PCR-based methods are effective in identifying Francisella species, they are
labor-intensive and take longer periods of time to obtain the results when compared with MALDI-TOF MS. MALDI-TOF MS appeared to be

arapid, reliable and cost-effective identification technique for Francisella spp. Shorter analysis time and low cost make this an appealing new

option in microbiology laboratories.
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INTRODUCTION

Tularemia caused by Francisella tularensis, an intracellu-
lar obligate aerobic gram-negative coccobacillus, is a zoono-
sis with natural focality distributed in geographical regions of
the Northern hemisphere. Its actual medical and veterinarian
importance has been stressed over the last decade by a pro-
nounced activation of natural foci, accompanied by epidemic
occurrence of the disease in humans, as well as by fear of bio-
terrorism and misuse of £ tularensis as a potential biological
weapon [1,2].

Tularemia in humans manifests in different ways depend-
ing to a large extent on the mode of transmission: arthropod
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bite, direct contact, ingestion or inhalation of the infectious
agent. The clinical presentations of tularemia have been clas-
sically divided into six classic forms: ulceroglandular, glandu-
lar, oculoglandular, oropharyngeal, respiratory, and typhoidal
tularemia [2-4]. However, overlapping of the different symp-
toms is frequently observed. The occurrence of several dif-
ferent clinical forms of tularemia that often initially presents
with non-specific symptoms resembling influenza or other
respiratory tract infections makes clinical diagnosis very ditfi-
cult. Laboratory diagnosis is essential for optimum treatment.
Since the mortality rate is high in most severe cases, early diag-
nosis of tularemia is crucial [3-6].

In Turkey, tularemia outbreaks have been described as
early as 1936-1938, but tularemia was not reportable until
2004. Recently, multiple tularemia outbreaks in Turkey have
been reported as it is now considered a re-emerging zoonotic
disease in Turkey [7-9]. The only £ tularensis subspecies found
in most of Eurasia, including Turkey, is /iolarctica. Genetic
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diversity is low, probably because its a recently emerging
pathogen [10]. Laboratory diagnosis is usually based on the
detection of bacteria either by culture or by nucleic acid
amplification techniques and serology. Despite the fastidious
characteristics of £ tularensis which requires sulthydral com-
pounds (cysteine or cystine) for optimal growth and its highly
infectious nature causing laboratory-acquired infections, cul-
ture recovery and characterization remains the “gold standard”
for laboratory confirmation of tularemia infections [4,5,11].
Conventional culture and biochemical tests, as well as molec-
ular methods, have been used in clinical microbiology labora-
tories for the identification of Francisella spp. [2,4-6]. Species
and subspecies are subsequently determined by testing bio-
chemical reactions/tests such as production of acid from car-
bohydrates (maltose, d-glucose, lactose, sucrose, and glycerol),
citrulline ureidase activity, H S production in cysteine-supple-
mented medium, and B-lactamase production. These proce-
dures are inappropriate for clinical microbiology laboratories
because they are time-consuming, difficult to perform, and
hazardous [11,12]. In the last decade, to decrease the possibility
of misidentification and obtain more rapid identification and
confirmation, molecular methods such as polymerase chain
reaction (PCR)-based diagnostics and 16/23S ribosomal RNA
sequencing have been considered as alternative approaches to
the phenotypic methods [2,11].

Over the last few years, matrix-assisted laser desorption
ionization-time of flight mass spectrometry (MALDI-TOF
MS) which enables identification of bacteria by comparing the
mass spectra that correspond to protein profiles of bacterial
cells to reference spectra stored in the database has been intro-
duced asa fast, reliable and cost-effective technique for routine
application in clinical microbiology laboratories [13-15]. Even
though the performance of MALDI-TOF MS and phenotypic
systems in identifying Francisella isolates have previously been
reported [11], information on the performance of the modern
methods is scarce in identifying clinical isolates of Francisella
species. Furthermore, challenging the MALDI-TOF MS with
isolates from different geographical origins is needed to assess
its usefulness as a universal method.

The aim of this study was to compare the performance of
MALDI-TOF MS with subspecies-specific PCR method for
the identification of Francisella species from Turkey.

MATERIALS AND METHODS

Bacterial isolates and reference strains

A total of 75 clinical Francisella strainsisolated from humans
were enrolled into the study. £ tularensis subsp. holarctica LN'S
(NCTC 10857) and £ tularensis subsp. tularensis SCHU S4
(FSC237) were included as reference strains. The isolates were
carefully selected to ensure geographical diversity among the

isolates and collected from different regions of Turkey during
the period October 2009 and March 2012. All isolates were
stored at -86°C and were subcultured on cysteine heart agar
supplemented with 9% heated (chocolatised) sheep blood
(CHAB) plates.

PCR method

DNA was extracted from pure cultures of £ tularensis
strains grown on CHAB plates by using a commercial kit
based on silica-gel-membrane technology (QIAamp DNA
mini kit; QIAGEN GmbH, Hilden, Germany). Briefly, a loop-
ful of bacteria were harvested and transferred to a 1.5 mL
microcentrifuge tube, bacterial suspension was prepared by
adding phosphate-buffered saline to a final volume of 200
uL and 20 uL QIAGEN protease was added to the suspen-
sion. The sample was mixed with 200 UL of buffer solution,
pulse-vortexed for 15 s and left for incubation in water bath at
56°C for 10 min. After incubation 200 UL ethanol was added
and the tube was pulse-vortexed for another 15 s. The mixture
was carefully transferred to the QIAamp Mini spin column
and centrifuged at 6000 x ¢ for one min. The column was
then washed two times with buffers to remove the filtrates.
After addition of 200 uL of the elution buffer, the column was
incubated at room temperature for five min and then centri-
fuged at 6000 x g for one min. The eluate obtained in this last
step was stored at ~20°C until PCR analysis. Affiliation to the
species Francisella tularensis was confirmed by amplification
of the 17 kDa outer membrane lipoprotein gene fragment
(species-specific tuls gene) as described previously [16]. For
amplification of the tul4 gene the reaction mixture consisted
of 5 uL of 10x PCR buffer, 5 ul. MgCL , 1 uL. of ANTP mix
(2 mM of each AN'TP), 0.1 uL. of each of forward and reverse
primers (100 pmol/uL), 0.25 UL of Tag DNA polymerase,
1 uL BSA (1 mg/mL), 5 uL bacterial DNA template, and dou-
ble-distilled water (32.55 UL) to a total reaction mixture vol-
ume of 50 uL. The primers used are shown in Table 1. After
denaturation at 94°C for 4 min, 30 cycles of amplification were
performed according to the following programme: denatur-
ation at 94°C for 40 s, primer annealing at 64°C for 30 s, and
primer extension at 72°C for 45 s. After the final extension
step at 72°C for 5 min, each reaction mixture was subjected
to gel electrophoresis in a 2% agarose gel for 5o min at 110V,
stained with ethidium bromide and the 428 bp fragment
corresponding to tuls gene was visualised by UV light. After
confirmation of the isolates as £ tularensis by PCR with ful4
primers, another conventional PCR assay targeting the region
of differentiation 1 (RD1) was performed in order to deter-
mine subspecies identification [17,18]. For amplification of the
RD1 target, the same composition of the reaction mixture was

prepared, except RD1 primers were included instead of fuls
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TABLE 1. Oligunucleotide sequences used for the PCR amplification of tul4 and RD1 targets

Target Primer Oligonucleotide sequence (5" to 3') Fragment size (bp)

tuld TUL4-435 GCTGTATCATCATTTAATAAACTGCTG 428
TULA4-863 TTGGGAAGCTTGTATCATGGCACT

RD1 RDI-F TTTATATAGGTAAATGTTTTACCTGTACCA 924 (E tularensis subsp. holarctica)
RDI1-R GCCGAGTTTGATGCTGAAAA 1522 (E tularensis subsp. tularensis)

primers. The primers used for the amplification of RD1 are
shown in Table 1. The PCR steps included denaturation at 95°C
for 5 min, followed by 40 cycles of denaturation at 95°C for 50
s, primer annealing at 60°C for 40 s, and primer extension at
72°C for 8o s. After the final extension step at 72°C for 7 min,
each reaction mixture was subjected to gel electrophoresis
in a 1.5% agarose gel for 1 h at 8o V, and the DNA fragments
were detected with ethidium bromide staining. In this PCR
assay E tularensis subsp. holarctica strains yield fragments of
924 bp, whereas E tularensis subsp. tularensis strains yield
fragments of 1522 bp which allowed differentiation at the sub-
species level. In each PCR assay £ tularensis subsp. holarctica
LVS (NCTC 10857) and £ tularensis subsp. tularensis SCHU
S4 (FSCa237) reference strains were used as positive controls
and a mixture containing water instead of bacterial DNA was
used as negative control.

MALDI-TOF MS analysis

MALDI-TOF MS analyses in this study followed the pro-
tocols described previously [19]. The strains which were incu-
bated for 48 hours at 35°C on CHAB were transferred into
1.5 mL screw cap tubes, suspended with 75% ethanol and incu-
bated for 30 min at room temperature. After vortexing they
were centrifuged at 13,000 x g for 5 min. The supernatant was
discarded and the pellet was left at room temperature for dry-
ing. Afterwards, the pellet was mixed thoroughly with 5o pL of
70% aqueous formic acid. After addition of 50 pL of acetonitrile
the mixture was centrifuged at 13,000 x g for 5 min and 1 pL
of the microorganism extract supernatant was placed onto the
polished steel MALDI target plate (Bruker Daltonics, Bremen,
Germany) in duplicate and allowed to dry at room tempera-
ture. Each sample was overlaid with 1 pL of matrix solution
which consisted of saturated oi-cyano-4-hydroxycinnamic
acid in 50% acetonitrile-2.5% trifluoroacetic acid and the plate
was air dried at room temperature. The plate was then loaded
into a Bruker Autoflex [II MALDI-TOF mass spectrometer
(Bruker Daltonics, Bremen, Germany) and analysis was per-
formed. The spectra were automatically recorded in the linear
positive ion mode with delayed extraction at a laser frequency
of 20 Hz within a mass range from 2.000 to 20.000 Da. For
each spectrum 600 satisfactory shots in 100-shot steps from
the sampling area of the target spot were obtained. Spectra
were eligible for further analysis when the peaks had a reso-

lution better than 400 intensity a.u. (arbitrary units). Each run

included a bacterial test standard with a characteristic pep-
tide and protein profile, provided by Bruker for calibration, a
negative extraction control (sterile water) and the reference
QC strains (Escherichia coli ATCC 25922 and Staphylococcus
aureus ATCC 29213). In case of failures the analyses were
repeated using fresh colonies with the same method.

Data analysis

The mass spectra were evaluated with the MALDI
Biotyper software version 3.0 (Bruker Daltonik, Bremen,
Germany). The list of the best peaks of the spectrum are cre-
ated automatically by the software after smoothing, normal-
ization and baseline subtraction. The obtained spectra are
analyzed by standard pattern matching algorithm, which com-
pares the raw spectra with the spectra of the MALDI Biotyper
Library (MBL) by using the standard settings. The results of
MALDI Biotyper analysis are listed in a ranking table where
the best match gives the identification result depending on
its value. The results are expressed as log(score) values, which
range from o (no spectra) to 3 (perfect match). Log(score) val-
ues were interpreted as recommended by the manufacturer:
score values of >1.7 generally indicate a relationship at the
genus level, and values of >2.0 generally indicate relationships
at the species level. The highest score is used for species iden-
tification. However, at the time the study was performed there
were no recorded reference E tularensis strains in the standard
MBL but only in a special “SR database” (security relevant
database) which was not available in our laboratory. Therefore
in-house generated spectral profiles of reference E tularensis
strains, £ tularensis subsp. holarctica LVS (NCTC 10857) and
E tularensis subsp. tularensis SCHU S4. (FSC237), were added
to the MALDI Biotyper Support Library (MBSL) and used for
the identification of 75 clinical Francisella tularensis isolates.

RESULTS

The PCR test targeting the tuls gene which is common in
Francisella tularensis species was found positive in all isolates
investigated in this study (Figure 1). For the determination of
the subspecies of Francisella tularensis strains, the region of
difference 1 (RD1) subspecies-specific PCR test was employed
(Figure 2). All study isolates (n=75) yielded RD1 fragments of
924 bp that corresponds to the RD1 size of £ tularensis subsp.
holarctica. The mass spectra obtained by MALDI-TOF MS
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for the test strains yielded log(score) values ranging between
1.704 and 2.357 (mean 1.897) for matching against the refer-
ence strain £ tularensis subsp. holarctica LVS. Whereas the
scores obtained for matching against the reference strain
E tularensis subsp. tularensis SCHU S4 were found to be sub-
stantially lower, ranging between 1.272 and 1.951 (mean 1.655).
For all study isolates the Maldi Biotyper software yielded
results for E tularensis subsp. holarctica LVS as the first match
organism which was followed by a second match with E tula-
rensis subsp. tularensis SCHU S4 with lower scores. Even
though the obtained spectra visually looked very similar, the
MALDI Biotyper software could correctly identify the study
isolates as £ tularensis subsp. holarctica (sample spectral pro-
files for the study isolate £ tularensis subsp. holarctica TUL
S-013 and the two reference strains are shown in Figure 3).
Even though the first match organism was £ tularensis subsp.
holarctica for all organisms, only 19 (25.3%) isolates received a
score of >2.000 indicating reliable identification at the species
level, the remaining 56 isolates (74.7%) received scores in the
range 1.700 - 2.000 which translates as reliable identification
at the genus level. Thus, using the cutoffs established by the
manufacturer, MALDI-TOF MS-based identification of clini-
cal £ tularensis isolates exhibited 100% concordance with the
species-specific tul4 PCR assay, and 25.3% concordance with
the RD1 PCR assay. The general performance of MALDI-TOF
MS-based identification of clinical £ tularensis isolates is sum-
marized in Table 2.

Regarding the duration of each method, the processing of
the isolates for MALDI-TOF MS analysis took approximately
1 to 2 h per isolate or per batch but analysis itself took less
than 10 min for a single isolate and around 0.5 to 1 h when
multiple isolates are processed. For the PCR assay however,
it took 4-6 h to complete the runs and analyse the PCR
products. When the required hands-on time and the risk of
contamination associated with PCR method are considered,
MALDI-TOF MS-based identification was found to be easier

to perform.
DISCUSSION

The current approach for the identification of Francisella
spp. is based mainly on standard slide agglutination and
methods,
PCR, sequencing and hybridization assays using specific

biochemical tests and molecular including
probes [4,5,11]. Conventional Francisella identification is both
very time-consuming and sometimes inaccurate. Rapid and
reliable identification of this agent is of major concern for opti-
mal patient management and especially for the implementa-
tion of effective measures for disease control [2,4].

In this study, the most relevant diagnostic methods avail-

able in the field of clinical microbiology were compared for

Base
pair (bp)

FIGURE 1. The PCR amplification results for the Francisella spe-
cies using tul4 primers. Lane 1 is positive control strain F. tularensis
subsp. holarctica LVS (NCTC 10857), lane 2 is negative control
(water), lanes 3-8 are clinical Francisella strains. Molecular sizes
in base pair (bp) are indicated at the right. (M: Molecular mass
standard). This PCR assay was used to amplify a 428 bp fragment
which is common in Francisella tularensis.
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FIGURE 2. The PCR amplification results for the Francisella spe-
cies using RD1 primers. Lane 1 and 2 are positive control strains
F. tularensis subsp. tularensis SCHU S4 (FSC237) and F. tularensis
subsp. holarctica LVS (NCTC 10857), respectively. Lane 3 is neg-
ative control (water), lanes 4-8 are clinical Francisella strains.
Molecular sizes in base pair (bp) are indicated at the left. (M:
Molecular mass standard) In this PCR assay F. tularensis subsp.
tularensis yielded a 1.522 bp amplicon, whereas the size of the
amplicon for F. tularensis subsp. holarctica was 924 bp which
allowed the discrimination of the two subspecies.

TABLE 2. Performance of Bruker MALDI Biotyper software
for the identification of F. tularensis subsp. holarctica clinical
isolates (n=75)

Matches against the reference

Maldi ) E. tularensis species in the library n (%)
. Level of . ; ; :
Biotyper S F tularensis subsp.  F tularensis subsp.
identification . .

log(score) holarctica tularensis

LVS SCHU S4
<1.700 No identification 0 42 (56.0)
1.700-2.000  Genus only 56 (74.7) 33 (44.0)
>2.000 Genus and species 19(25.3) 0

the identification of Francisella. All isolates were identified
correctly with both PCR and MALDI-TOF MS system.
Species-specific PCR and Bruker MALDI-TOF MS identified
all isolates belonging to E tularensis correctly. This result is in
accordance with the findings of Seibold et al., who reported
a correct identification rate of 100% for Francisella spp. by
MALDI-TOF MS [11].

E tularensis subsp. holarctica is the only Francisella
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FIGURE 3. Spectral profiles obtained by Bruker MALDI-TOF MS for the clinical F. tularensis subsp. holarctica isolate TUL S-013 (top) and
the reference strains F. tularensis subsp. holarctica LVS (middle) and F. tularensis subsp. tularensis SCHU S4 (bottom). All mass spectra were

smoothed, baseline corrected and intensity normalized.

subspecies which has been reported in the Eurasia region,
including Turkey [8,9,20,21]. This has been linked to the low
genetic diversity and relatively recent emergence of the patho-
gen in the region [10]. The findings of our study, together with
the other reports from Turkey [9,21] have identified £ tularen-
sis subsp. holarctica as the only subspecies present in Turkey.

The ability of MALDI-TOF MS to correctly identify
proteomic differences was shown by carrying out compara-
tive proteome analysis of cellular extracts obtained from the
Francisella subsp. tularensis, mediaasiatica and holarctica
successfully and diagnostic markers and putative factors of
virulence were identified [22]. The same concept was further
proven by using whole-cell MALDI-TOF MS spectra which
identified three specific biomarkers, namely the histone-like
protein HU form B, the 10 kDa chaperonin Cpnio, and the
50S ribosomal protein L24 that were found to be relatively
conserved amongst the Francisella genus but enabling the
distinction of subspecies owing to slight differences in their
sequences [23].

Regarding the duration of analysis of both methods,
MALDI-TOF MS was found to be more rapid and practical.
In our study, analysis procedure of MALDI-TOF MS was
completed approximately in one and a half hours with the
routinely used extraction method including the preparation
step for a single isolate.

On the aspect of costs, the cost of MALDI-TOF MS-based
identification is roughly one-eighth of that of phenotypic iden-
tification and one-fifth of in-house PCR assay. In our labora-
tory setting, we calculated the cost of each method as $ 2.0
with MALDI-TOF MS, $ 9.5 with PCR assay including tests for
tulg and RD1, and $ 14-16 when following a conventional iden-
tification algorithm. The PCR assay does not require expen-
sive equipment and therefore, in those laboratories where
advanced instruments such as MALDI-TOF MS are not yet

available and laboratories with small amounts of samples, the
PCR assay used in the present study might still be a cost-effec-
tive method in the rapid identification of £ tularensis.

The main disadvantage of MALDI-TOF MS-based iden-
tification is that the lower limit of detection, when compared
to PCR-based identification, is relatively high which requires
using pure cultures grown on solid media. The analytical per-
formance of the Bruker system was found to yield a detection
limit of 9.0 x 10° to 1.3 x 10° bacteria per uL [24]. This high limit
of detection renders direct testing of clinical samples generally
not feasible. Among clinical specimens tested for feasibility,
promising results were obtained by testing of positive blood
cultures [25] and urine [26] owing to the high numbers of bac-
teria present in these clinical specimens. For monomicrobial
urine samples, bacterial counts =1 x 107 bacteria/mL yielded
successful results to allow direct identification from urine with
87.5% sensitivity [26]. Our study was conducted on isolates
that were previously isolated from humans and stored in deep
freezers, thus direct testing of clinical specimens by MALDI-
TOF MS for the presence of Francisella spp. was not feasible
in our set up. The evaluation study performed for the in-house
PCR assay used in this study, however, revealed 100% sensi-
tivity and specificity for human clinical specimens at a lower
detection limit of 100 genomic equivalent [27].

Even though the studies conducted at single laborato-
ries provide very promising results for the identification of
Francisella spp. by MALDI-TOF MS, the results of an inter-
laboratory ring trial carried out with eleven laboratories
in nine countries pointed out the need for a complete and
comprehensive database with spectra from a broad strain col-
lection for the accurate microbial identification [28]. In this
trial £ tularensis subsp. holarctica along with 15 other bacte-
ria were sent out to laboratories under blinded conditions.
The initial MALDI-TOF MS analysis results obtained for the
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Francisella challenge strain yielded a score of 70% between
the participating laboratories but when the mass spectra were
collected at the study center (Robert Koch Institute, Berlin,
Germany) and subsequently analysed using the own database
of the institute, a score of 95% was obtained. The findings of
the study indicate that for laboratories which are processing
highly pathogenic bacteria on a regular basis, MALDI-TOF
MS can serve as a rapid and reliable identification method,
however the spectral databases should be supported with
additional high-quality spectral entries to enable improved
accuracy in identification.

CONCLUSION

In conclusion, identification of £ tularensis by MALDI-
TOF MS exhibited good correlation with identification
obtained by molecular methods. The PCR methods used in
the present study are effective in identifying this fastidous
microorganism. However, MALDI-TOF MS represents a
rapid and reliable system that allows the identification of
bacteria from colonies grown on agar culture plates in just a
few minutes, with a very simple methodology and hardly any
consumable costs. These advantages make MALDI-TOF MS
a good candidate method for the identification of £ tularensis
and its subspecies.
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