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HIGHLIGHTS
e MALDI-TOF is a feasible technique and presents a low cost of reagents.
e It can be used for the reliable differentiation of B. cenocepacia from other Bcc.
e Molecular techniques require a highly qualified workforce and demand time.

¢ MALDI-TOF identified all specimens at genus level and 96.2% to species level.

Abstract: To evaluate the performance of MALDI-TOF MS system as a tool for identification and
differentiation of Burkholderia cenocepacia from other species of Burkholderia cepacia complex (Bcc). Fifty-
three suggestive colonies were submitted to the MALDI-TOF Microflex LT 4.0® (Bruker Daltonik, Bremen,
Germany) system for identification. We compared two protocols of protein extraction: (A) Direct Method and
(B) Tube Extraction. In parallel, all isolates were subjected to molecular diagnosis (primers for recA gene) to
identify species belonging to Bcc and to differentiate B. cenocepacia in genomovar 1A or 11IB. MALDI-TOF
was able to identify all isolates to the genus level and 94.3% (50/53) to species using both methods. The
MALDI-TOF system was able to identify 38 out of the 40 isolates identified as B. cenocepacia by molecular
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techniques. In conclusion, MALDI-TOF Microflex LT 4.0® is a feasible technique and presents a low cost of
reagents; it can be used for the reliable differentiation of B. cenocepacia from other species of Bcc.

Keywords: Burkholderia cepacia complex; Burkholderia cenocepacia; MALDI-TOF MS; Polymerase Chain
Reaction.

INTRODUCTION

Cystic fibrosis (CF) is an autosomal recessive genetic disease that affects several organs, and is mainly
associated with chronic airway infection which can lead to intermittent pulmonary exacerbations. It is
estimated that 80-95% of CF patients will develop respiratory failure due to chronic bacterial infections [1].
The microorganisms commonly associated with this pathology in the respiratory system are Pseudomonas
aeruginosa, Staphylococcus aureus, Haemophilus influenzae, Burkholderia cepacia complex (Bcc) species,
Stenotrophomonas maltophilia, and Achromobacter xylosoxidans, among other pathogens. Despite
advances in the treatment of CF, infections due to bacteria belonging to Bcc still play an important role in the
morbidity and mortality of these patients [2]. Airway infections due to Bcc are usually chronic, refractory to
therapy due to resistance rates of Bcc isolates and related to a poor prognosis [3,4].

In 1992, a bacterium previously called Pseudomonas cepacia was reclassified as Burkholderia cepacia
and a new genus was established [5]. Afterwards, with the improvement of molecular techniques, more
species were included in this group of non-fermenters. Therefore, bacteria biochemically identified as B.
cepacia consisted of at least five different genetically distinct species, named genomovars [5, 6]. Several
species of this genus were grouped and identified as members of the Bcc, a very heterogeneous group of
Gram negatives rods which is composed of 23 species. However, new members are often included in the
complex [6, 7, 8].

Within the Bcc, the species Burkholderia cenocepacia stands out, due to its intraspecific diversity which
leads to distinct genomovars: lIIA; 1lIIB; [IIC; I1ID [2]. The interest in differentiating B. cenocepacia genomovars
is associated with the clinical status of infected CF patients, as it can cause a necrotizing pulmonary infection,
known as “cepacia syndrome”, with a high mortality rate [9]. Moreover, some strains of Bcc may present a
high degree of transmissibility among CF patients [10, 11]. Thus, a few reference centers for the treatment
of CF patients have established a physical barrier to preventing contagion among CF patients who are not
colonized. Hence, the laboratories that attend CF centers must be able to identify the Bcc isolates using
reliable techniques.

The differentiation of species of the Bcc cannot be achieved using traditional phenotypic methods in
clinical microbiology laboratories. The main most sensitive discriminatory methodologies include molecular
techniques such as the Polymerase Chain Reaction (PCR) with primers for the rec-A gene locus [12] or
sequencing of the 16S rDNA. Although these methods are more accurate than phenotypic identification, they
are expensive and require specialized professionals as well as proper equipment [13].

A technology that allows the culture-dependent identification of microorganisms with its speed, accuracy,
practicality and low-cost of reagents is MALDI-TOF MS (Matrix-Assisted Laser Desorption-lonization Time of
Flight - Mass Spectrometry). This technology is based on evaluation of the protein profile (generated by the
ionization of molecules) of a bacterium which is compared with a database of a standard proteins of bacterial
profiles. MALDI-TOF is a very robust technique which allows the identification of bacteria, such as non-
fermenters, with high accuracy; however, the ability to identify Bcc species using MALDI-TOF is variable. In
fact, MALDI-TOF MS may not be able to identify intraspecific differences, such as Burkholderia cenocepacia
and its genomovars [6]. In order to reduce the time for identification of Burkholderia species, the objective of
this study was to evaluate the performance of the MALDI-TOF Microflex LT 4.0® system as a tool for the
identification and differentiation of Burkholderia cenocepacia from other species of the Burkholderia cepacia
complex.

MATERIAL AND METHODS

Bacterial specimens

A total of 53 colonies suggestive of Bcc obtained from routine sputum cultures of CF patients attending
“Hospital de Clinicas de Porto Alegre (HCPA)” in Southern Brazil were collected from July 2020 to March
2021. All colonies were obtained from the Burkholderia cepacia Selective Agar (BCSA - Remel®, KS, USA)
incubated for 24h-72h at 32°C + 2°C. MALDI-TOF and PCR techniques were performed at “Laboratério de
Pesquisa em Resisténcia Bacteriana (LABRESIS)” of HCPA. This cross-sectional and prospective study was
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approved by the Comité de Etica em Pesquisa of Hospital de Clinicas de Porto Alegre (CAAE
23417419.7.0000.5327).

MALDI-TOF MS

Prior to the identification in MALDI-TOF, two different methods of protein extraction were performed in
duplicate with colonies grown on BCSA agar: (A) Direct Method and (B) Tube Extraction method. In method
(A), 1uL of 70% formic acid was added later to the fixation of colonies in each target. After evaporation of the
formic acid, 1uL of HCCA (a-cyano-4-hydroxycinnamic acid, Bruker Daltonik, Bremen, Germany) was
pipetted and the sample was submitted to identification in MALDI-TOF Microflex LT 4.0® (Bruker Daltonik,
Bremen, Germany). In method (B), the bacterial mass was transferred to a microtube to which 900puL of 100%
ethanol was added. Afterwards, this microtube was centrifuged and the bacterial pellet was added to 25 pL
of 70% formic acid and 25 pL acetonitrile. A volume of 1 uL of the extraction supernatant was placed on the
target plate and, after evaporation, 1 yL of HCCA was added before it was submitted to MALDI-TOF using
the same equipment as above. Before the identification of each isolate batch, the calibration process was
performed with 1 uL of IVD Bacteria Test Standard (Bruker Daltonik, Bremen, Germany) and 1 uL of HCCA,
followed by MALDI-TOF. Identification to species and genus levels were considered satisfactory for score of
22.0 and <1.99 to 1.70, respectively. All unsatisfactory results, which is defined as a score <1.69, were re-
analyzed.

Extraction of DNA

All 53 colonies were submitted to a molecular techniqgue (PCR) which was considered the reference
method for the identification of Bcc species. The DNA of bacterial colonies was extracted by thermal lysis as
follows: two or three colonies were suspended in 600uL of TE buffer (10 mM Tris-HCI (pH 8.0); 0.1 mM
EDTA) and subjected to heat for 10 min at 100°C followed by cooling to -20°C for 20 min. The aliquots were
centrifuged (Hermle Z 216MK, Hermle Labortechnik GmbH, Wehingen, Germany) for three minutes at 14,000
g and the supernatant (DNA) was stored at -20°C in a microtube.

Polymerase Chain Reaction (PCR)

The PCR techniques were performed in duplicate. Initially, a PCR with BCR1 and BCR2 primers was
used to generate amplicons which confirmed that the isolates were members of the Burkholderia genus. In
order to confirm that the isolates belonged to the Bcc, a second PCR using the primers REC-IN5
(5'CATGATCGTCATCGACTCGGTC) and BCRBM2 (5 TCCATCGCCTCGGCTTCGT) was performed using
the amplicons of the BCR1 (5’ TGACCGCCGAGAAGAGCAA) and BCR2 (5’CTCTTCTTCGTCCATCGCCTC)
[12]. Finally, a third PCR, also using the BCR1 and BCR2 amplicons, was performed with the primers
BCRG3A1 (5’GCTCGACGTTCAATATGCC) and BCRG3A2 (5 TCGAGACGCACCGACGAG) for genomovar
IIA and BCRG3B1 (5GCTGCAAGTCATCGCTGAA) and BCRG3B2 (5TACGCCATCGGGCATGCT) for
genomovar IIB [12].

For the first PCR, the mix was composed of 5uL of 10x buffer, 2.5uL of MgCI2 and 5uL of dNTPs at a
concentration of 2.5 mM. A volume of 20 picomoles of each primer (BCR1 and BCR2) was added in a final
volume of 1.4uL with 25.7uL of water for PCR and 0.4puL of Taq Platinum DNA polymerase. The amplification
program used an initial denaturation for 5 min at 95°C, 35 cycles of 45 seconds at 95°C, 45 seconds at 58°C
and 90 seconds at 72°C, and a final extension of 10 minutes at 72°C at the end of the cycles.

The amplicons from the first PCR reaction were subjected to two other PCR reactions, as mentioned
above. The second PCR reaction (for identification of species of the Bcc) used 5.0uL of 10x buffer solution,
1.5puL of 50 mM MgCI2 and 4.0pL of dNTP mixture at a concentration of 2.5mM. The primers REC-IN5 and
BCRBM2 were added at a concentration of 10uM with 37.3pL of water for PCR, 0.2uL of Platinum Tag DNA
polymerase and 2.0uL of the product of the first reaction. The program on the thermal cycler comprised
theses stages: Stage 1 was 5 cycles of 30 seconds at 94°C, 45 seconds at 67°C, and 1 minute at 72°C;
Stage 2 involved 5 cycles of 30 seconds at 94°C, 45 seconds at 65°C, and 1 minute at 72°C; Stage 3 was
15 cycles of 30 seconds at 94°C, 45 seconds at 63°C, and 1 minute at 72°C; all had a final extension of 5
minutes at 72°C.

The third PCR reaction (for Burkholderia cenocepacia genomovars IlIA and I1IB) used 2.5uL of the 10x
buffer solution, 0.75uL of the 50mM MgCI2 and 2.0uL of the dNTP mixture. A volume of 1.0pL of each set of
BCRG3A1 and BCRG3A2 primers was added at a concentration of 10uM, with 14.65uL of water for PCR,
0.1uL of Platinum Tag DNA polymerase and 3.0uL of the product of the first reaction. The thermocycler
program was the same as in the second reaction.
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The detection of the PCR reaction products was performed by visual inspection in an electrophoresis
agarose gel. The amplicon of the second reaction (primers REC-IN5 and BCRBM2) was a 620bp DNA
fragment which confirmed that the species belonged to the Burkholderia cepacia complex. The amplicon of
the third reaction (primers BCRG3A1 and BCRG3A2) was a DNA fragment of 380bp corresponding to
Burkholderia cenocepacia genomovar Il1A and a DNA fragment of 780bp corresponding to B. cenocepacia
genomovar IlIB.

RESULTS

Identification by MALDI-TOF MS: comparison of the two extraction protocols

A total of 53 colonies suggestive of Bcc in the BCSA medium were submitted to identification by the
MALDI-TOF system.

Regarding the protocols of protein exposure, both extractions, (A) and (B), presented excellent results
to distinguish the isolates either to the genus level or to species level, as the two methods identified 100%
(53/53) to genus level and 96.2% (51/53) to species level. In fact, 98.1% (52/53) of the results achieved an
identification score using MALDI-TOF greater than 2.0 in at least one of the protocols of extraction. Only one
isolate presented a score <2.0 for both protocols (score of 1.94 using protocol A and 1.72 using protocol B);
this isolate, according to MALDI-TOF, was identified only to the “Burkholderia genus level” (Table 1).

When considering the efficiency of identification according to scores of MALDI-TOF, the tube extraction
(protocol B) was shown to present better results than the direct method of extraction (protocol A). In fact, the
extraction protocol B presented 50.9% (27/53) of scores =2.3, while extraction protocol A presented only
30.2% (16/53) of scores 22.3 (Table 1). The average score of identification was 2.23 for the direct method
(A) and 2.27 for the tube extraction (B). In addition, one isolate (1.9% - 1/53) was not discriminated at the
species level by the direct extraction and presented divergent results using the tube extraction. This isolate
was sent for Sanger sequencing in order to confirm the species identification (result below).

Comparison of the MALDI-TOF identification with the molecular reference method (PCR)

The PCR technigues were able to classify 98.1% (52/53) of the isolates to the Bcc complex, with B.
cenocepacia being the most common species (75.5%; 40/53). Only one isolate (1.9%; 1/53) was negative
for Bcc according to molecular techniques (Table 2). One of the species identified by MALDI-TOF and which
does not belong to Bcc was B. gladioli, which did not show amplification by the molecular method (Table 2).

One isolate classified as a member of the Bcc by PCR had its amplicon submitted to Sanger sequencing
in order to confirm the species identification. This isolate presented an unsatisfactory identification by MALDI-
TOF to the species level as follows: according to extraction protocol A, it was “B. pyrrocinia” (score 1.99),
while according to protocol B, it was a “Member of the Burkholderia cepacia complex” (score 2.03). The
results obtained by sequencing were compared with the GenBank database using the “National Center for
Biotechnology Information Computer Blast” program (https://blast.ncbi.nlm.nih.gov/Blast.cgi). The closer
match observed with 100% identity in an overlap of 604 nucleotides occurred with the registration under the
name "B. contaminans strain UFLA02-28 RecA (recA) gene, partial cds". Thus, the isolate was considered
to be the species B. contaminans (isolated member of the Bcc).

The PCR for the differentiation of B. cenocepacia genomovars indicated that 56.6% (30/53) of the
isolates corresponded to the IlIB genomovar and 18.9% (10/53) to the IIIA genomovar.

One isolate previously identified as B. cepacia (score according to protocols A and B were 2.36 and 2.30,
respectively) in the MALDI-TOF system was identified as B. cenocepacia IlIB by the PCR. In addition, all
species previously classified as belonging to Bcc and which were not B. cenocepacia did not present any
amplification product in the specific PCR for genomovar differentiation.
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Table 1. Comparison of protein extraction protocols using the numerical score for identification of species of
Burkholderia genus by MALDI-TOF (classification at the species level and genus level was considered for score of 2
2.0 and = 1.7<1.99, respectively).

Score of Direct Method Score of Tube Extraction
(Protocol A) (Protocol B)
Species (n) 1.94-1.99 2.0-2.29 2.3-2.38 1.74-1.99 2.0-2.29 2.3-2.44
B. cenocepacia (39) 2 22 15 1 13 25
B. cepacia (6) 0 4 2 1 3 2
B. vietnamiensis (5) 0 4 1 0 2 3
B. gladioli (1) 0 0 1 0 0 1
B. multivorans (1) 0 1 0 0 0 1
B. lata (1) 0 1 0 0 1 0
Unsatisfactory identification (1)* 1 0 0 0 1 0

* This isolate presented an unsatisfactory identification by MALDI-TOF to specie level as follows: according to extraction
protocol A as “B. pyrrocinia” (score 1.99) and according to protocol B as “Member of the Burkholderia cepacia Complex”
(score 2.03).

Table 2. Comparison of identification by MALDI-TOF and the molecular technique (PCR) — (classification at the species
level was considered for a score = 2.0).

Identification by PCR (n) Identification by MALDI-TOF MS* (n) Agreement gggggacing
Positive for Bec
B. cenocepacia (39) 97.5% (39/40) -
B. cenocepacia IlIA (10)
B. cenocepacia IlIB (30) -
Non- B. cenocepacia (12) B. cepacia (4) 100% (4/4) i
B. vietnamiensis (5) 100% (5/5) -
B. multivorans (1) 100% (1/1) -
B. lata (1) 100% (1/1) -
Unsatisfactory identification (1) * 100% (1/1) B. contaminans
Negative for Bec
B. gladioli (1) ND* -

ND = Not determined;_* This isolate presented an unsatisfactory identification by MALDI-TOF to specie level
as folows: according to extraction protocol A as “B. pyrrocinia” (score 1.99) and according to protocol B as
“Member of the Burkholderia cepacia Complex” (score 2.03).

DISCUSSION

This study aimed to evaluate the performance of the MALDI-TOF system as a toll for the identification
and differentiation of Burkholderia cenocepacia species from the other Bcc members. We also compared
different protein extraction protocols to be used prior to MALDI-TOF analysis. The average score of MALDI-
TOF identification using the direct method (protocol A) and tube extractions (protocol B) was 2.23 and 2.27,
respectively, which indicated that both extraction methods presented an excellent performance to distinguish
the Burkholderia isolates to species level.

Although the identification based on extraction B presented higher scores when compared to extraction
A, despite of that the latter protocol can properly be used as an extraction method with security of identification
and without loss of quality [14]. In fact, the direct protocol (using only acid formic direct in plate) presents
faster results and reduced costs when compared to the tube extraction technique [15, 14, 16]. Other authors
have also reported the efficiency of the direct extraction for other non-fermenting bacteria [13, 17, 18, 19, 20,
21]. We would suggest using the direct method (A) in the routine of MALDI-TOF identification and the tube
extraction only when there results of the direct methods present low scores as the tube extraction protocol
allows the greater exposure of proteins and a better yield of identification.

The cut-off point for the precise species identification by MALDI-TOF is a widely discussed topic. Some
authors suggest that a score 22.3 is more reliable for species identification [22, 23, 24]. In this study, 50.9%
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(27/53) of the isolates presented a score 22.3 by method B, which is directly associated with a higher protein
exposure than method A. Other authors have suggested a different cutoff point for identification, as Gautam
and collaborators suggested in 2017 that a score 21.9 is sufficient to discriminate Bcc species. When
considering the cutoff point of Gautam and coauthors [21], the use of MALDI-TOF system in our study
presented 96.2% (51/53) of its identifications compatible with PCR results.

One isolate presented the following result for protocol (A) and (B), respectively: “B. pyrrocinia” (score
1.99) and “Member of the Burkholderia cepacia Complex” (score 2.03). Due to the discrepancy in this
identification, the products of PCR amplification were subjected to Sanger sequencing. The results of the
sequencing were blasted in GenBank, which indicated that the isolate was closely related to B. contaminans.
Another discrepant identification by MALDI-TOF technology is the identification of B. cepacia, with a higher
score for both protocol extractions; in a molecular assay, this isolate was confirmed as B. cenocepacia IIIB.

According to the literature, some species may present higher rates of incorrect identification by MALDI-
TOF, such as B. contaminans and B. cepacia [25, 19]. The incorrect identifications are due to the formation
of similar or almost equal spectra, due to the high phenotypic and genotypic similarity between Bcc species
[6, 8]. Furthermore, some of these failures may be associated with a lack of spectra such as the case of newly
cataloged bacteria. Therefore, the constant updating and expansion of databases and software can minimize
problems with the identification of some microorganisms using MALDI-TOF [26, 27, 19, 28]. Fehlberg and
coauthors [19] reported that MALDI-TOF was not able to differentiate any B. contaminans isolates tested, in
addition to presenting the unsatisfactory identification of B. cepacia (77.7%). Wong and coauthors [28] also
found no agreement in the identification of these isolates. Although works in the literature were shown to be
successful with an in-house database for the identification of B. contaminans in MALDI-TOF, it cannot be
used yet in a database of clinical diagnosis [29].

It is estimated that about 30% of CF patients will be colonized by Bcc and most infections are caused by
B. cenocepacia and B. multivorans [30]. Those two species together account for 85-97% of cases of CF
airway infection with Bcc, although other members of Bcc may also be associated with chronic infections [2].
Our epidemiological data are similar to those of another study conducted previously in the same institution
[30], which indicated that 73.6% (39/53) of the isolates of Bcc corresponded to B. cenocepacia. In the same
way as Lutz and coauthors [30], we found a prevalence of B. cenocepacia IlIB species when compared of B.
cenocepacia lllIA. Notwithstanding the fact that there are no recent studies of epidemiology of genomovar of
B. cenocepacia species, we believe that this prevalence remains the same today.

Molecular techniques have been used as reference methods for bacteria identification, but these
techniques require a highly qualified workforce and demand time to perform. Despite the high cost required
for the acquisition of the MALDI-TOF equipment, the reagents needed for identification using this system are
usually of very low cost (approximately USD 0.2 per isolate). Moreover, MALDI-TOF allows the rapid
identification (approximately 3 minutes) of bacteria and presents high accuracy.

CONCLUSION

MALDI-TOF proved to be very efficient to differentiation of B. cenocepacia from other species of
Burkholderia cepacia complex. Therefore, we suggest that MALDI-TOF can be use in routine laboratories to
identify the main species of Bcc, as this technique is a feasible and presents low cost of reagents.

Funding: “Fundacdo de Apoio a Pesquisa e Ensino do Rio Grande do Sul (FAPERGS)” (#17/2551-0000514- 9);
“Instituto Nacional de Pesquisa em Resiténcia Antimicrobiana (INPRA/INCT) -(#465718/2014-0)” as well as “Fundo de
Incentivo a Pesquisa e Eventos do Hospital de Clinicas de Porto Alegre (FIPE/HCPA) — (#2019-0660)".
Acknowledgments: This study received a grant of “Fundagdo de Amparo a Pesquisa do Estado do Rio Grande do Sul
(FAPERGS)” (No. Project: 17/2551-0000514- 9) and “Instituto Nacional de Pesquisa em Resiténcia Antimicrobiana -
INPRA/INCT — (No. Project: 465718/2014-0)" as well as of “Fundo de Incentivo a Pesquisa e Eventos do Hospital de
Clinicas de Porto Alegre (FIPE/HCPA) — (No. Project: 2019-0660).

Conflicts of Interest: The authors declare no conflict of interest

REFERENCES

1. Lycsak JB, Cannon CL, Pier GB. Lung Infections Associated with Cystic Fibrosis. Clin Microbiol Rev.
2002;15(2):194-222. doi: 10.1128/CMR.15.2.194-222.2002

2. Drevineck P, Mahenthiralingam E. Burkholderia cenocepacia in cystic fibrosis: epidemiology and molecular
mechanisms of virulence. Clin Microbiol Infect. 2010;16:821-30. doi: 10.1111/j.1469-0691.2010.03237.x

3. Lipuma JJ, Spilker T, Gill LH, Campbell PW, Liu L, Mahenthiralingam E. Disproportionate Distribution of
Burkholderia cepacia Complex species and transmissibility markers in Cystic Fibrosis. Am J Respir Crit Care Med.
2001;64:92-6. doi: 10.1164/ajrccm.164.1.2011153.

Brazilian Archives of Biology and Technology. Vol.65: €22210572, 2022 www.scielo.br/babt


https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwjY_IyMpJjfAhXBqZAKHdazDawQFjAAegQIAxAC&url=http%3A%2F%2Fwww.scielo.br%2Fbabt&usg=AOvVaw08BojU0LuZNEI4C434jTD4

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

Hernandez, M.K; et al. 7

Rhodes KA, Schweizer HP. Antibiotic Resistance In Burkholderia Species. Drug Resist Updat. 2016;28:82-90. doi:
10.1016/j.drup.2016.07.003

Yabuuchi E, Kosako Y, Oyaizu H, Yano |, Hotta H, Hashimoto Y, et al. Proposal of Burkholderia Gen. Nov. And
Transfer of Seven Species of the Genus Pseudomonas Homology Group Il To The New Genus, With The Type
Species Burkholderia Cepacia (Palleroni And Holmes 1981) Comb. Nov. Microbiol. Immunol. 1992;36(12):1251-
75. doi: 10.1111/j.1348-0421.1992.tb02129.x

Vandamme P, Dawyndt P. Classification and identification of the Burkholderia cepacia complex: Past, present and
future. Systematic and Applied Microbiol. 2011;34(2):87-95. doi: 10.1016/j.syapm.2010.10.002.

Lipuma J J, Currie B J, Peacook S, Vandamme P. Burkholderia, Stenotrophomonas, Ralstonia, Cupriavidus,
Pandorae, Brevundimonas, Comamonas, Delftia and Acidovorax. In: Manual of Clinical Microbiology 11th ed.
United States of America; ASM Press; 2015 p.791-812

Jin'Y, Zhou J, Zhou J, Hu M, Zhang Q, Konh N, et al. Genome-based classification of Burkholderia cepacia
complex provides new insight into its taxonomic status. Biol Dir. 2020;15:6. doi: 10.1186/s13062-020-0258-5
Loutet SA, Valvano MA. Minireview: A decade of Burkholderia cenocepacia virulence determinant research. Infect
Immun. 2010;78(10):4088-100. doi:10.1128/IA1.00212-10

Henry D A, Mahenthiralingam E, Vandamme P, Coenye T, Speert DP. Phenotypic methods for determining
genomovar status of the Burkholderia cepacia complex. J Clin Microbiol. 2001;39(3):1073-8. doi:
10.1128/JCM.39.3.1073-1078.2001

Graindorge A, Menard A, Neto M, Bouvet C, Miollan R, Galllard S, et al. Epidemiology and molecular
characterization of a clone of Burkholderia cenocepacia responsible for nosocomial pulmonary tract infections in a
French intensive care unit. Diagn Microbiol Infect Dis. 2010;66:29-40. doi:10.1016/j.diagmicrobio.2009.06.008
Mahenthiralingam E, Bischof J, Byrne SK, Radomski C, Davies JE, Av-Gay Y, et al. DNA-Based diagnostic
approaches for identification of Burkholderia cepacia complex, Burkholderia vietnamiensis, Burkholderia
multivorans, Burkholderia stabilis, and Burkholderia cepacia genomovars | and Ill. J Clin Microbiol.
2000;38(9):3165-73.

Lambiase A, Del Pezzo M, Cerbone D, Raia V, Rossano F, Catania MR. Rapid identification of Burkholderia
cepacia complex species recovered from cystic fibrosis patients using matrix-assisted laser desorption ionization
time-of-flight mass spectrometry. J Microbiol Methods. 2013;92(2):145-9. doi: 10.1016/j.mimet.2012.11.010

Khot P D, Couturier M R, Wilson A, Croft A, Fisher MA. Optimization of matrix-assisted laser desorption ionization-
time of flight mass spectrometry analysis for bacterial identification. J Clin Microbiol. 2012;50(12):3845-52. doi:
10.1128/JCM.00626-12

Bittar F, Rolain J M. Detection and accurate identification of new or emerging bacteria in cystic fibrosis patients.
Clin Microbiol Infect. 2010;16(7):809-20. doi: 0.1111/j.1469-0691.2010.03236.x

Florio W, Tavanti A, Barnini S, Ghelardi E, Lupetti A. Recent Advances and Ongoing Challenges in the Diagnosis
of Microbial Infections by MALDI-TOF Mass Spectrometry. Front Microbiol. 2018;9:1097. doi:
10.3389/fmich.2018.01097

Alby K, Gillingan P H, Miller M B. Comparison of Matrix-Assisted Laser Desorption lonization-Time of Flight
(MALDI-TOF) Mass Spectometry Platforms for the identification of Gram-negative rods from patients with Cystic
Fibrosis. J Clin Microbiol, 2013;51(11):3852-4. doi: 10.1128/JCM.01618-13

Ford BA, Burnham CA. Optimization of routine identification of clinically relevant Gram-negative bacteria by use of
matrix-assisted laser desorption ionization-time of flight mass spectrometry and the Bruker Biotyper. J Clin
Microbiol. 2013;51(5):1412-20. doi: 10.1128/JCM.01803-12

Fehlberg LCC, Andrade LHS, Assis DM. Performance of MALDI-TOF MS for species identification of Burkholderia
cepacia complex clinical isolates. Diagn Microbiol Infect Dis. 2013;77:126-8. doi:
10.1016/j.diagmicrobio.2013.06.011

Vicenzi FJ, Pillonetto M, De Souza HAPHM, Palmeiro JK, Riedi CA, Rosario-Filho NA, Dalla-Costa LB. Polyphasic
Characterisation Of Burkholderia Cepacia Complex Species Isolated From Children With Cystic Fibrosis. Mem
Inst Oswaldo Cruz. 2016;111(1)37-42. doi: 10.1590/0074-02760150314

Gautam V, Sharma M, Singhal L, Kumar S, Kaur P, Tiwari R et al. MALDI-TOF mass spectrometry: An emerging
tool for unequivocal identification of non-fermenting Gram-negative bacilli. Indian J Med Res. 2017;145(5):665-72.
doi: 10.4103/ijjmr.lIJMR_1105_15

Clark AE, Kaleta EJ, Arora A, Wolk DM. Matrix-Assisted Laser Desorption lonization—Time of Flight Mass
Spectrometry: a Fundamental Shift in the Routine Practice of Clinical Microbiology. Clin Microbiol Rev.
2013;26(3):547- 603. doi: 10.1128/CMR.00072-12

Suttisunhakul V, Pumpuang A, Ekchariyawat P, Wuthiekanum V, Elrod MG, Turner P, et al. Matrix-Assisted Laser
Desorption/ lonization Time-Of-Flight Mass Spectrometry For The Identification Of Burkholderia pseudomallei
From Asia And Australia And Differentiation Between Burkholderia Species. Plos One. 2017;12(4): E0175294. doi:
10.1371/journal.pone.0175294

Kenna DTD, Lilley D, Coward A, Martin K, Perry C, Pike R, et al. Prevalence of Burkholderia species, including
members of Burkholderia cepacia complex, among UK cystic and non-cystic fibrosis patients. J Med Microbiol.
2017;66(4):490-501. doi: 10.1099/jmm.0.000458

Brazilian Archives of Biology and Technology. Vol.65: €22210572, 2022 www.scielo.br/babt


https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwjY_IyMpJjfAhXBqZAKHdazDawQFjAAegQIAxAC&url=http%3A%2F%2Fwww.scielo.br%2Fbabt&usg=AOvVaw08BojU0LuZNEI4C434jTD4

25.

26.

27.

28.

29.

30.

Hernandez, M.K.; et al. 8

Desai AP, Stanley T, Atuan M, McKey J, Lipuma JJ, Rogers B, et al. Use of matrix assisted laser desorption
ionisation time of flight mass spectrometry in a pediatric clinical laboratory for identification of bacteria commonly
isolated from cystic fibrosis patients. J Clin Pathol. 2012;65:835-8. doi: 10.1136/jclinpath-2012-200772
Fernandez-Olmos A, Garcia-Castillo M, Morosini MI, Lamas A, Maiz L, Cantén R. MALDI-TOF MS improves
routine identification of non-fermenting Gram negative isolates from cystic fibrosis patients. J Cyst Fibros.
2012;11(1):59-62. doi: 10.1016/j.jcf.2011.09.001

Lau SK, Tang BS, Curreem SO, Chan TM, Martelli P, Tse CWS, et al. Matrix-assisted laser desorption ionization—
time of flight mass spectrometry for rapid identification of Burkholderia pseudomallei: importance of expanding
databases with pathogens endemic to different localities. J Clin Microbiol. 2012;50(9):3142-3. doi:
10.1128/JCM.01349-12

Wong KSK, Dhaliwal S, Bilawka, Srigley JA, Champagne S, Romney MG, et al. Matrix-assisted laser
desorption/ionization time-of-flight MS for the accurate identification of Burkholderia cepacia complex and
Burkholderia gladioli in the clinical microbiology laboratory. J Med Microbiol. 2020;69(8):1105-13. doi:
10.1099/jmm.0.001223

Cipolla L, Rocca F, Armitano RI, Martinez C, Alimuzara M, Faccone D, et al. Desarrollo y evaluacion de una base
de datos in house para la identificacion rapida de Burkholderia contaminans por EM MALDI-TOF. Rev Argent
Microbiol. 2019;51(3):255-8. doi: 10.1016/j.ijantimicag.2019.11.014

Lutz L, De-Paris F, Vieira M, Marques EA, Barth AL. Bacteriologia Da Fibrose Cistica. Rev HCPA. 2011;
31(2):168-84.

@ @ © 2022 by the authors. Submitted for possible open access publication under the terms and
@ conditions of the Creative Commons Attribution (CC BY NC) license

(https://creativecommons.org/licenses/by-nc/4.0/).

Brazilian Archives of Biology and Technology. Vol.65: €22210572, 2022 www.scielo.br/babt


https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwjY_IyMpJjfAhXBqZAKHdazDawQFjAAegQIAxAC&url=http%3A%2F%2Fwww.scielo.br%2Fbabt&usg=AOvVaw08BojU0LuZNEI4C434jTD4

