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Abstract

Septicemia is a life-threatening condition. Accurate and rapid pathogen diagnosis is
essential for providing appropriate and expedient care to patients, thereby reducing the severity and
complications of the disease. The study aimed to evaluate the sample preparation method for direct
bacterial identification by the matrix-assisted laser desorption/ionization-time-of-flight mass
spectrometry (MALDI-TOF MS) technique. One hundred fifty-seven positive blood culture samples
from the BACTEX FX automated culture system were prepared for direct identification by MALDI-
TOF MS. The preparation was done by using 10% sodium dodecyl sulfate (SDS) as a lysis buffer
and 70% formic acid and acetonitrile for protein extraction. Then, the samples were determined by
MALDI-TOF MS and the results were compared to results from the standard method using colony
from solid media. The results showed that by using the direct method, the identification results were
correctly identified at species and genus levels at 81.53% (128/157) and 14.01% (22/157),
respectively. There were unreliable identification results at 4.46% (7/157). Those that were identified
consistently but the score represented lower than 1.70 were 3.82% (6/157) and no peak 0.64%
(1/157). There was no misidentification by using the direct identification method. The direct
identification results correctly identified at species levels were 75.68% (56/74), 88.24% (60/68) and
80.00% (12/15) for gram negative bacteria, gram positive bacteria and others (yeast and
mycobacteria), respectively and at genus levels were 17.58% (13/74), 10.29% (7/68), and 13.33%
(2/15), respectively. There was no difference of the spectral score level obtained from the direct
identification compared to using colonies with the Wilcoxon Signed Rank test at a confidence level
of 95% in the gram-negative bacteria (p = 0.142) and the others (yeast and mycobacteria) (p = 0.530).
However, using the standard method with MALDI-TOF in the gram-positive bacteria yielded
higher score compared to using the direct method, which are statistically significant (p < 0.05). This

study revealed that the preparation of positive blood cultures with 10% SDS for direct identification
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by MALDI-TOF MS showed excellent performance for pathogenic identification and shorter
turn-around time by several hours or even days (< 30 minutes to 2 hours). This rapid direct
identification allows a much faster optimization of antibiotic therapy in patients with sepsis compared
to conventional workflows (only the gram stain result was known), for effective treatment thus

reduced mortality and preventing drug resistance.
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Study design for rapid direct Identification and standard colony identification

Hemoculture positive |

Gram stain Rapid direct identification ‘ Sub culture on solid media
smear & staining sample preparation (10 min)

Gram stain MALDI-TOF MS
TAT: 2 hrs. Report : gram stain result Report : identification result
TAT: 1day

Growth : colony
MALDI-TOF
Report : identification result
TAT : 2 days [
v

Data analysis
- Descriptive : identification results
- Wilcoxon Signed Ranks test : Score result

Fig. 1 Flowchart of the study design for direct Identification and standard colony identification.

MALDI-TOF MS; Matrix-Assisted Laser Desorption/lonization Time-of-Flight mass spectrometry,

TAT; turn-around time.
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Tiwamanageuiigndedluszdy species uas
genus Anilu¥ewaz 81.53 (128/157) uaziewas
14.01 (22/157) suady mﬁﬁi’muﬂ%ﬁmau%a
Nnfedalagasanubidnsansnunaliag
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(Table 1)

Table 1 Direct identification results by MALDI-TOF MS from 157 blood culture samples compared

to standard method.

Direct Identification by using 10% SDS as lysis buffer, n (%)

Organ]sm Correct

No reliable
|dentification Identified to Identified to identified Mis-
No-peak
by using colony (n) species level genus level identified
(score > 2.00) (score 1.70-1.99) (score <1.70)

Gram negative

56 (75.68) 13 (17.58) 4 (5.41) 0 1(1.35)
bacteria (74)
Gram positive bacteria (68) 60 (88.24) 7 (10.29) 1(1.47) 0 0
Other organisms (15) 12 (80.00) 2 (18.33) 1(6.67) 0 0
Total (157) 128 (81.53) 22 (14.01) 6 (3.82) 0 1 (0.64)

SDS; Sodium dodecyl sulfate, n; number of samples tested
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Table 2 Direct identification results of gram-negative bacteria by MALDI-TOF MS from positive blood

culture samples compared to the standard method.

Direct Identification by using 10% SDS as lysis buffer, n (%)

Organism Correct No reliable
|dentification |dentified to Identified to identified Mis- No-peak
by using colony (n) species level genus level identified

(score =2 2.00) (score 1.70-1.99)  (score <1.70)
A. baumannii (7) 3 (42.86) 2 (28.57) 2 (28.57) 0 0
B. pseudomallei (11) 2 (18.18) 8 (72.73) 1 (9.09) 0 0
E. cloacae (3) 3 (100) 0 0 0 0
E. coli (20) 20 (100) 0 0 0 0
K. pneumoniae (6) 6 (100) 0 0 0 0
M. morganii (2) 2 (100) 0 0 0 0
P. mirabilis (4) 4 (100) 0 0 0 0
P. aeruginosa (5) 4 (80) 1 (20.00) 0 0 0
Salmonella species (4) 4 (100) 0 0 0 0
V. wuinificus (3) 1 (33.33) 2 (66.67) 0 0 0
Achromobacter xylosoxidans (2) 2 (100) 0 0 0 0
Aeromonas caviae (2) 2 (100) 0 0 0 0
Aeromonas hydrophila (1) 0 0 1 (100) 0 0
Aeromonas veronii (1) 1 (100) 0 0 0 0
B. cepacia (1) 1 (100) 0 0 0 0
B. vietnamiensis (1) 1 (100) 0 0 0 0
S. maltophilia (1) 0 0 0 0 1 (100)
Total gram negative (74) 56 (75.68) 13 (17.58) 4 (5.41) 0 1(1.35)

Wilcoxon Signed Rank test p =0.142

SDS; Sodium dodecyl sulfate, n; number of samples tested, p; p-value (statistically significant < 0.05)
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Table 3 Direct identification results of gram-positive bacteria by MALDI-TOF MS from positive blood

culture samples compared to the standard method.

Organism identified

Direct Identification by using 10% SDS as lysis buffer, n (%)

Correctly identified

Unreliable Mis-
by using colony (n) at species level at genus level No-peak
identified
(score > 2.00) (score 1.70-1.99) (score <1.70)

E. faecalis (6) 4 (66.67) 2 (33.33) 0 0 0
E. faecium (8) 8 (100) 0 0 0 0
S. agalactiae (2) 2 (100) 0 0 0 0
S. aureus (18) 18 (100) 0 0 0 0
S. dysgalactiae (5) 5 (100) 0 0 0 0
S. haemolyticus (4) 2 (50) 2 (50.00) 0 0 0
S. pneumoniae (2) 2 (100) 0 0 0 0
S. pyogenes (10) 7 (70) 3 (30.00) 0 0 0
S. suis (6) 6 (100) 0 0 0 0
E. rhusiopathiae (1) 1 (100) 0 0 0 0
Lactococcus lactis (1) 1 (100) 0 0 0 0
S. gallolyticus (1) 1 (00) 0 0 0 0
S. sanguinis (1) 1 (100) 0 0 0 0
S. saprophyticus (1) 1 (100) 0 0 0 0
S. epidermidis (2) 1 (50) 0 1 (50) 0 0
Total gram positive (68) 60 (88.24) 7 (10.29) 1(1.47) 0 0
Wilcoxon Signed Rank test p = 0.003

SDS; Sodium dodecyl sulfate, n; number of samples tested, p; p-value (statistically significant

< 0.05)
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Table 4 Direct identification results of other organism (Yeast, Mycobacteria) by MALDI-TOF MS

from positive blood culture samples compared to the standard method.

Organism identified

Direct Identification by using 10% SDS as lysis buffer, n (%)

Correctly identified

Unreliable Mis-
by using colony (n) at species level at genus level No-peak
identified
(score = 2.00) (score 1.70-1.99)  (score <1.70)
Other organisms
C. albicans (3) 3 (100) 0 0 0 0
C. glabata (1) 1 (100) 0 0 0 0
C. neoformans (5) 4 (80) 0 1 (20.00) 0 0
C. tropicalis (2) 2 (100) 0 0 0 0
M. kansasii (1) 0 1 (100) 0 0 0
M. tuberculosis (1) 0 1 (100) 0 0 0
Rhodococcus hoagii (1) 1 (100) 0 0 0 0
Clostridium perfringens (1) 1 (100) 0 0 0 0
Total other organisms (15) 12 (80.00) 2(13.39) 1(6.67) 0 0
Wilcoxon Signed Rank test p = 0.530

SDS; Sodium dodecyl sulfate, n; number of samples tested, p; p-value (statistically significant

< 0.05)
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