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NEW OPPORTUNITIES TO IDENTIFY AND TYPE
STAPHYLOCOCCUS spp. BY USING MALDI-TOF
MASS SPECTROMETRY

A.S. Stepanov, N.V. Vasilyeva

North-Western State Medical University named after 1.1. Mechnikov, St. Petersburg, Russian Federation

Abstract. Mass spectrometry profiles of microorganisms obtained by time-of-flight matrix-associated laser desorp-
tion/ionization (MALDI-TOF) mass spectrometry are a source of information about peptide profiles can be used
for microbial identification and typing. A variety of technical and bioinformational solutions complicate developing
of a united mass-spectro-profile database. Staphylococcus spp. strains are good studied objects for identification by
MALDI-TOF mass spectrometry, frequently resulting in nosocomial infections, especially in immunocompromised
patients. Rapid differentiation of nosocomial, multiresistant and highly virulent isolates of Staphylococcus spp. allows
to reduce the lethality in weakened and immunocompromised patients. The study was aimed at assessing comparabil-
ity and reproducibility of identification and typing results for Staphylococcus spp by MALDI-TOF mass spectrom-
etry. Comparing 292 Staphylococcus spp. isolates in clinical specimens obtained fron the multidisciplinary hospital
at the NWSMU im. I.I. Mechnikov was carried out by using MALDI-TOF mass spectrometer BactoSCREEN 1D
(Litech, Russia) and Bruker Biotyper 3.1 (Bruker GmbH, Germany). Comparability of Staphylococcus spp. identifica-
tion showed that 95.9%; 12 isolates (4.1%) by “Bruker Biotyper 3.1” and 3 isolates (1.1%) by using “BactoSCREEN
ID” were incorrectly identified. Repeated identification leveled the differences between the systems used. In addition,
it was shown that the method of protein extraction did not affect reliability of Staphylococcus spp. species identifica-
tion by using databases (%%, p > 0.05) compared to intraspecific typing (%%, p < 0.0001). Using different extraction
protocols showed that Staphylococcus spp. mass-spectra differed by peak intensity level within the mass range up
to 4000 m/z, 5300+600 m/z and 6500£500 m/z, as well as higher than 7000 m/z. Peaks of low-molecular weight
peptides were detected under full protein extraction compared to sample preparation on plate extraction. To develop
a unified protocol for mass-spectrometry profile processing, a reliability of the basic statistical variables (mode, me-
dian, maximum, minimum and arithmetic mean) was evaluated. Analysis of the median mass spectrometry profiles
is recommended for Staphylococcus spp. intraspecific typing by using MALDI-TOF mass spectrometry as the most
reproducible and consistent approach. As a result, two systems for MALDI-TOF mass spectrometry reliably identify
Staphylococcus spp., but standardization of sample preparation and bioinformation analysis is required for Staphylo-
coccus spp. typing.
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HOBbIE BOBMOXHOCTU AN UAEHTUDUKALIUUN U TUNMNPOBAHWUA STAPHYLOCOCCUS spp.
METOAOM MALDI-TOF MACC-CMNEKTPOMETPUU

Crenanos A.C., BacuabeBa H.B.

Cegepo-3anadnwiii cocydapcmeennviii meouyunckuil ynusepcumem um. M. U. Meunuxosa, Cankm-Ilemep6ype, Poccus

Pesiome. Macc-crekTpo-npoduan MUKPOOPraHU3MOB, MOJyYaeMble ¢ TIOMOIIbIO BPEMSIIPOJIETHON MaTpulie-ac-
COLMMPOBaHHOU sa3zepHoil pecoporuu/monusanuuu (MALDI-TOF) macc-cieKTpoMeTpun SIBISIOTCSI MICTOYHU-
KOM MH(MOPMALINU O MENTUAHBIX TPOGUIISIX, KOTOpast MOXET OBITh MCIOAb30BaHa JUIST UACHTU(DUKAIIUKA U TUIIH-
poBaHusi. Pa3zHooOpa3ue TeXHMYECKUX UM OMOMH(OPMALIMOHHBIX peIIeHU 3aTpyaHseT (GopMHUpOBaAHUE €IUMHON
0a3sl Macc-crekTpo-mpoduneii. bakrepun poma Staphylococcus IBISIOTCS ONHUMU U3 Hanbosiee M3yIEHHBIX 00b-
ekToB 1J1d uaeHTudukanuu ¢ nomouiblo MALDI-TOF macc-cneKTpoMeTpuu, a TaKXe SBISIOTCS YaCTBIMU BO3-
OyIMTEISIMU BHYTPUOOTbHUYHBIX MHGEKINA, B 0COOCHHOCTH CpelIy MMMYHOKOMITPOMETPUPOBAHHBIX MallMeH-
TOB. MeTtonbl OBICTPON IUGBGEPSHINPOBKN HO30KOMMATBHBIX, IMOJUPE3UCTCHTHBIX W BHICOKOBUPYJICHTHBIX
n30JTOB Staphylococcus Spp. TIO3BOJST CHU3UTh JICTAIBHOCTD CPEIN OCIa0JeHHBIX 1 UMMYHOKOMIIPOMETHUPOBaH-
HBIX ManueHToB. Lleabio uccaenoBaHus Obla OLeHKa COMMOCTABUMOCTHU M BOCIIPOM3BOAMMOCTHU PE3YJIbTaTOB UACH-
TUbUKAIKUKU U TUNMpoBaHus Staphylococcus spp. ¢ momoibio MALDI-TOF macc-cnektpomeTpuu. CpaBHUTEIbHBIE
uccaenoBaHus 292 u3onsitoB Staphylococcus spp., BbIACASHHBIX U3 KIMHUYECKHMX 00pa31i0B Ha 0a3¢ MHOTONPOGhUIIb-
Horo cranmoHapa C3IMY um. .M. MeunukoBa npoBoauiu ¢ momonisio MALDI-TOF macc-crnekTpoMeTpoMeTpoB
«BactoSCREEN ID» (OO0 «JIutex», Poccust) u Bruker Biotyper 3.1 (Bruker GmBH, I'epmanust). ComoctaBUMOCTh
pe3yJIbTaTOB BUAOBOI uaeHTUdDUKauu Staphylococcus spp. coctasisiiaa 95,9%; npruueM cpeayu HepaBUIbHO UICH-
TUGULIUPOBAHHBIX M30JIITOB U3014TOB 12 (4,1%) cocTaBiasin uAeHTU(LMPOBaHHbIE ¢ ToMolibio Bruker Biotyper 3.1
u 3 uzonsara (1,1%) Staphylococcus spp. ¢ momoinbto BactoSCREEN ID. IMopropHas naeHTHdKALMS HUBETUpPOBaa
pa3nIuuus MEXIY MCIIONb3YeMbIMU CUCTEMaMU. BBISBUIIN, UTO CMTOCOO 3KCTPAKIINU OETKOB HE BIUWSI HA HAIEXK-
HOCTb BUIOBOU UAeHTUGUKALIUU Staphylococcus spp. ¢ UCTIONB30BaAHIEM CPaBHUBAEMBIX OMOJINOTEK JAaHHBIX (), p >
0,05) B oToTiume oT BHYTpUBUIOBOTO TUTIMpOBaHU (), p < 0,0001). Macc-crextpsl Staphylococcus spp. TPy UCTIONb-
30BaHUM PA3TUYHBIX TTPOTOKOJIOB 3KCTPAKIIMHU Pa3IMIaINCh IO YPOBHIO MHTEHCMBHOCTY ITMKOB TMAITa30HOB Macc
10 4000 m/z, 5300600 m/z 1 6500+£500 m/z 1 60:1ee 7000 m/z. [ITMKKU HU3KOMOJIEKYJISIPHBIX ITENTHUI0B BHISBIISIN
MPU TIOJTHOM 3KCTpaKIMK Oesika B OTAMYUU OT TPOOOMOATOTOBKY HA TOBEPXHOCTU MUleHU. 7151 hopmupoBaHust
YHUPULIMPOBAHHOTO MPOTOKOJa 00pabOTKM Macc-CIeKTpo-Npoduiieii TpoBOAMIMN OLIEHKY HaJAeXKHOCTH 0a30BbIX
CTAaTUCTUYECKMX BEJIMYMH (MoJa, MeAMaHa, MAKCUMYM, MUHUMYM U cpenHee apudmeTrndyeckoe). AHaIn3 MeIHaHbI
Macc-CreKTpo-npoduieit peKOMEHIyeTcsl UCTIONb30BaTh JJIs1 BOCTIPOM3BOAUMOCTY U CTAOUIBHOCTHU PE3YJbTATOB
BHYTPUBUIOBOTO TUTIMpOBaHUS Staphylococcus spp. ¢ momoribio MALDI-TOF macc-cnektpomerpuu. B pesynbra-
Te CPaBHUTEJIBHBIX UCCACIOBAHUN BRISIBUIN, 4TO ABe cucTeMbl 111 MALDI-TOF macc-criekTpoMeTpust HalIeskHO
UIeHTUGUIUPYIOT Staphylococcus spp., a IS THITUPOBAHUS TpeOyeTcss YHUPUKALIMS TTPOOOIIOATOTOBKY ¥ OMOWH-
(opMallMOHHOTO aHANU3A.

Karouesnie caosa: Staphylococcus spp., MALDI-TOF macc-cnekmpomempus, munuposanue, Macc-cheKmp, KAACmepHblil AHalu3,
udenmuuxayus.

Introduction

Staphylococcus spp. are important causative
agents of human infections especially in intensive
care units (ICU) [2]. The spread of methicillin-re-
sistant isolates of Staphylococcus spp. is the cause
of the patients condition burden in hospital media
[1, 6].

MALDI-TOF mass spectrometry is an effec-
tive method for identifying Staphylococcus spp.
Nevertheless, increasing of the number of nosocom-
ial infections associated with Staphylococcus spp. re-
quires rapid and reliable identification and obtaining
additional information about resistance potential
and epidemiological significance [10, 18]. The prob-
lem solution is impossible without unified typing
protocol development and a multicentral compari-

son of a MALDI-TOF mass spectrometry results,
but to the date MALDI-TOF mass spectrometers are
represented by several independent technical solu-
tions with independent mass spectrometry libraries
[18]. Methods of sample preparation, technological
features of devices and approaches to bioinform-
atic analysis among manufacturing companies are
different, which interfere obtaining of a multicen-
tral data analysis. Moreover, the proposed methods
for typing Staphylococcus spp., in particular MRSA,
do not have united approaches [14, 19]. Data about
reproducibility of MALDI-TOF mass spectrometry
as a method of typing are contradictory [3, 5, 17].
Thus, to form a unified system for identification
and typing of Staphylococcus spp. where is neces-
sary to evaluate the reliability, reproducibility and
comparability of the results of identification and
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typing conducted using various technical solutions
and data libraries.

Atpresent, MALDI-TOF mass spectrometers are
presented as technical solutions from manufactu-
rers: “Bruker” (Germany), “bioMerieux” (France),
“Shimadzu” (Japan), “Litech” (Russia). “Bruker”,
“bioMericux” and “Shimadzu” use mass-spectra
databases “Saramis” and “MS RUO” for identifi-
cation each are very close [11], but “Litech” uses an
original database, different from previously noted.
For the identification of microorganisms cultures,
manufacturers sugest different methods of samp-
le preparation, which is due to the features of ob-
taining mass-spectro-profiles included in the data
libraries [11]. Due to the libraries of MALDI-TOF
mass spectrometers are separated, where is difficult
to compare the effectiveness of MALDI-TOF mass
spectrometry for the typing of Staphylococcus spp.
and screening for methicillin resistance [11].

Thus, the study purpose was a comparative as-
sessment of the comparability of the results of spe-
cies identification and typing of Staphylococcus spp.
using various libraries, sample preparation proto-
cols and technical solutions in the field of MALDI-
TOF mass spectrometry.

Materials and Methods

Staphylococcus spp. isolates (n = 292) were ob-
tained from samples of patients from a multidisci-
plinary hospital in St. Petersburg. First inoculation
was carried out on a set of media: Colombia agar
with 5% sheep erythrocytes (Biomedia, Russia),
yolk-salt agar (NITF, Russia). Plates were incuba-
ted for 24 hours at 37°C.

MALDI-TOF mass spectrometry was performed
using Bruker AutoFleX Speed mass spectrometers
(Bruker GmBH, Germany) and BactoSCREEN ID
(Litech, Russia). Incubation of Staphylococcus spp.
on Colombia agar with 5% sheep erythrocytes
for 24 hours at 37°C. Extraction of peptides was
carried out by the following methods:

1. Direct extraction on the target using

a 70% solution of formic acid, drying in air
for 2 minutes [4].

2. Total extraction by alcohol-acid method [15]
with purification by acetonitrile solution.

3. Short protocol of alcohol-acid extraction
without precipitation of cells components and
acetonitrile purification [13].

After this, o-cyano-4-hydroxycinnamic acid

was added and dried in air.

Using a Bruker AutoFleX Speed mass spectrom-
eter, mass spectra were collected using a linear TOF
protocol with a laser frequency of 20 Hz and an
estimate in the mass range of 2000 to 20 000 m/z.
The voltage on the acceleration was 20 kV, the volt-

age IS2 was 18.6 kV. For total spectrum, 1200 sepa-
rate spectra were collected from the entire target
area. The identification of cultures was carried out
according to the protocol “Bruker Taxonomy”, in-
cluded in the software package “Bruker Real Time
Classification 3.1”. In the case of “Score” above 2.0,
the identification was considered good, for isolates
that had “Score” from 1.4 to 1.9 were re-identified.
To increase the reliability, this procedure was re-
peated twice for each isolate.

Sampling and analysis of mass spectra obtained
with the MALDI-TOF mass spectrometer “Bruker
AutoFleX Speed” was carried out using the “R 3.3.3”
software package with the MaldiQuantForeign ex-
tension package [7]. The Savitzky-Golay proto-
col was used to smoothing, and the baseline level
was performed using a statistically-dependent
non-linear cross-referenced algorithm (SNIP)
[12]. Noises were excluded using the “Friedman’s
Super Smoother” method included in the R 3.3.2
MaldiQuantForeign software package. Analysis
of variance was used to estimate the variability
of peak intensities on the obtained mass spectra
in the R-commander software package.

Using the BactoSCREEN ID mass spectro-
meter, identification of Staphylococcus spp. pro-
vided accordance with manufacturer recomenda-
tions. Identification was carried out twice for each
culture in order to improve reliability. ATCC 29213
S. aureus strain was used as a control sample. A pre-
liminary grouping of the results of MALDI-TOF
mass spectrometry using the mass spectrometer
data was carried out using software package R 3.3.3
by the original program code.
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Figure 1. Staphylococcus spp. identification results
using Bruker Autoflex Speed and BactoSCREEN ID
(Litech Ltd.)
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Figure 2. Reliability of Staphylococcus spp.
identification using “Bruker AutofleX Speed”
(Biotyper 3.1) library

Results

Identification of Staphylococcus spp. 292 isolates
using MALDI-TOF mass spectrometer “Bacto-
SCREEN ID” and “Bruker AutofleX Speed” have
revealed a high level of comparability (fig. 1).

Identification of 12 Staphylococcus spp. isolates
(4.1%) was unreliable using Bruker AutofleX Speed
(Biotyper 3.1): five S. epidermidis, one S. aureus, two
S. auricularis, one S. haemolythicus, three S. simu-
lans, but the differences have been eliminated by
repeated identification.

Using the database of the “BactoSCREEN ID” de-
vice, 3 isolates (1.1%) were not identified: two S. simu-
lans and one S. epidermidis, which were reliably identi-
fied by Bruker Biotyper 3.1. The isolates were identified
correctly after second round of identification.
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Figure 3. Reliability of Staphylococcus spp.
identification using the “BactoSCREEN ID” library

When using “Bruker AutofleX Speed” (Biotyper
3.1), the lowest reliability of identification was re-
vealed for S. simulans and S. haemolythicus (fig. 2).

Analyzing the stock of Staphylococcus spp. using
the database of the “BactoSCREEN ID”, the low
reliability of the . simulans species identification
and atypical spectra of S. hominis, S. epidermidis
and S. aureus was revealed, which were lay outside
the general population of values (fig. 3).

Evaluating the effect of extraction protocols
on the identification reliability, where was estimated
the level of reliability of identification using data-
bases “Bruker Biotyper 3.1” and “BactoSCREEN
ID” (fig. 4) did not depend on the extraction proto-
col (Fisher criterion, p > 0.05). Statistically signifi-
cant differences in the reliability of identification
were revealed between the databases during the on-
plate extraction (Fisher criterion, p < 0.001).

To assess the differences in mass spectra profiles
obtained with different extraction protocols, the dif-
ferences in the structure of the mass spectrometry
profiles of S. epidermidis (n = 82) were compared;
linear and diagonal discriminatory analysis were
used. Total extraction is characterized by a rather low
intensity of peaks in the regions: 5300+600 m/z and
6500£500 m/z and higher than 7000 m/z. On the
other hand, the intensity of signals of low molecular
weight peptides (3500+100 m/z) was higher at com-
plete extraction (fig. 5). The combined extraction
method was characterized as an intermediate, in-
cluding the positive sides of both full extraction and
direct application.
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of extraction of peptides
The structure of the mass spectrometry profiles Intraspecific structure of other Staphylo-

of other Staphylococcus spp. species also differed de-
pending on the method of protein extraction: the in-
tensity of the median mass range peak peptides was
the most intensive at direct application and ex-
traction on the target, while the use of a complete
extraction protocol allows more effective detec-
tion of peaks of low molecular weight proteins (up
to 4000 m/z) .

To estimate the effect of peptide extraction
on the identification result, the possibilities of har-
monizing the sample of mass spectra based on main
statistical parameters of the mass spectrometer pro-
file were evaluated. In contrast to the previously
proposed harmonization methods for high-intensi-
ty stable sites, median harmonization was used [18].
Since the scatter of the peaks in the 6800—9500 m/z
ranges was significant and the harmonization was
not universal for all species (fig. 6).

Comparing the structure of the S. epidermidis
population by analysis of harmonized and un-
harmonized mass-spectrometry profiles, revealed
statistically significant differences in the intras-
pecific clusters structure (fig. 7).

The discrimination of S. epidermidis into clus-
ters was characterized by high stability: only 10%
of the isolates were assigned to different clusters at
the re-identification and mass spectrometer profile
evaluation.

coccus spp. also differed depending on using of mass
spectra harmonization protocols. Based on boot-
strap analysis, where was obtained the harmoniza-
tion allow to discriminate only two general clusters
in all Staphylococcus spp. with stapility during 100-
fold repetitions (alpha > 0.95). Nevertheless, the pro-
tein extraction method had a statistically significant
effect on the intraspecific Staphylococcus spp. dif-
ferentiation despite the harmonization using (2,
p <0.0001).
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Figure 6. Evaluation of the stability
Staphylococcus spp. mass-spectra profiles
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Discussion

The comparison of the identification results
292 Staphylococcus spp. isolates revealed 95.9%
of the coincidence of species identification using
both the Bruker “Biotyper 3.1” databases and
the “BactoSCREEN ID” devices. The lowest rating
of identification reliability was revealed for S. simu-
lans using both instrument solutions.

Reliability of species identification, expressed
as “Score” (Bruker Biotyper 3.1) and “lIdentity
Reliability” (BactoSCREEN ID), did not differ
significantly depending on the protocol of protein
extraction, but statistically significant differences
in the intensity of individual peaks of mass spectra
were found. Moreover, when using extraction on the
target, some peaks of low molecular weight proteins

99 | 94

were not detected, which can be used for typing or
evaluating resistance [16]. Similar results of bac-
terial identification were obtained by comparing
the instruments of Vitek MS (bioMerieux, France)
and Bruker Microflex: for gram-positive bacteria,
the comparability of identification results between
instruments was 97.4% [9], for Gram-negative bac-
teria — 99.4% [8]. Thus, despite the differences
in bioinformation and technical solutions, the spe-
cies identification using MALDI-TOF mass spec-
trometry is reliable, and the results are comparable.
The differences obtained by comparing the iden-
tification results can be explained by the library
structure features of mass-spectrometer, which
are formed on the basis of the complete extraction
protocols of the protein (Bruker Biotyper 3.1) and
extraction on-plate extraction (BactoSCREEN ID).
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The results of our research show that to compare
the results of typing on different systems for MALDI-
TOF mass spectrometry, where is necessary to carry
out mass-spectrometry harmonization based on the
mass-spectrum median estimate similary to the
Savitzky—Golay protocols [7]. Using of previously
proposed calibrations of peaks intensity on the range
6800+300 m/z [14] is less reliable due to the high
variability of the absolute intensity of these peaks.

The structure of the obtained clusters in the case
of S. epidermidis was stable for 90% isolates du-
ring MALDI-TOF mass-spectrometry repitition.

However, statistically significant effect of used ex-
traction protocol on the results of intraspecific typ-
ing of all Staphylococcus spp. was observed.

Thus, the use of MALDI-TOF mass spectro-
metry for Staphylococcus spp. identification was cha-
racterized by high reproducibility of results using
various technical solutions in the field of mass spec-
trometry, extraction protocols and various data lib-
raries. However, quantitative analysis of peaks for
intraspecific typing requires not only a single bioin-
formational approach, but also unification of sample
preparation protocols.
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