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ABSTRACT 
This study aimed to assess the performance of the MALDI-TOF MS short incubation meth-
od for bacterial identification at short-term incubation times to improve the reporting of 
blood cultures. MALDI-TOF MS analysis was conducted at intervals of 2, 4, and 6 hours 
during the development of microbial biomass on solid media until successful identification 
was achieved, with a final assessment at 24 hours for conventional identification.  Species-
level identification rates at the 2nd, 4th, 6th, and 24th hours were 57.5%, 83.6%, 93.1%, and 
93.1% for Gram-negative bacilli; 12.5%, 42.7%, 76.1%, 97.8% for Gram-positive cocci and 0%, 
11.8%, 17.6%, 58.8% for Gram-positive bacilli, respectively. The species-level identification 
rate was 76.5% for all monomicrobial cultures at the 6th hour. Our results have led us to 
implement this method into our routine laboratory workflow, and we have started to report 
rapid identification results for Gram-negative bacteria on the day of blood culture positivity.  
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INTRODUCTION

Sepsis is a life-threatening infection with a mortality rate above 25%. Rapid iden-
tification of the microorganisms that cause bloodstream infections is important 
for choosing targeted and timely antimicrobial treatment (1). The implementation 

of matrix-assisted laser desorption ionization time-of-flight mass spectrometry (MAL-
DI-TOF MS) technology in laboratories has accelerated microbial diagnosis time (2). 

Nevertheless, according to the conventional algorithm, 16-24 hours are needed for 
pathogen identification and at least an additional 24 hr for antimicrobial susceptibili-
ty testing (AST) results. There are several rapid culture-independent techniques to de-
tect bloodstream pathogens, but these are expensive for most diagnostic laboratories 
in developing countries (3). Some in-house extraction methods and commercial kits 
have been developed to obtain bacterial pellets directly from positive blood cultures. 
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Identification can be carried out using MALDI-TOF 
MS, automated identification (ID)/AST systems, or 
biochemical tests via bacterial pellets. However, 
they require manual processing time for lysis and 
centrifugation steps, additional personnel, and cost 
(4). Therefore, despite technological developments, 
implementing these methods in routine laboratory 
workflows is challenging for many laboratories. 

In previous years, a novel method for the rap-
id identification of microorganisms from positive 
blood culture (BC) bottles based on MALDI-TOF MS 
analysis after decreased incubation time on a solid 
medium was introduced (5). In this study, we eval-
uated this mass spectrometry-based approach for 
the identification of bacteria from positive BCs and 
analyzed the method’s performance at short-term 
incubation times.

MATERIALS AND METHODS

Positive BC bottles (162 BACTEC™ Plus/F Aerobic 
and 81 BACTEC™ Lytic Anaerobic bottles; BD Diag-
nostics, USA) were examined over a period of five 
months (from January 01, 2021, to May 31, 2021) in 
this study. For positive BC bottles from the same pa-
tient, only the initial bottle flagged as positive was 
included in the study. The BC bottles were incubat-
ed in an automated BC system (BACTECTM FX; BD 
Diagnostics, USA). Following the positive signal, the 
Gram staining was performed, and all samples were 
inoculated onto the Columbia blood agar, chocolate 
agar, and MacConkey agar. Anaerobic bottles were 
also inoculated onto the Schaedler agar. The plates 
were incubated at 36±1 °C in the air with 5% CO2. 
Schaedler agars were incubated in the anaerobic 
jar (Oxoid Ltd., United Kingdom) containing GasPak 
(Thermo Fisher Scientific, USA). MALDI-TOF MS 
was performed at time points of 2 hr, 4 hr, and 6 hr 
from immature biomass grown on solid media until 
successful identification was achieved. 

The analysis was done using the Microflex LT sys-
tem (Bruker Daltonics, Germany) and MALDI BIO-
TYPER 3.3 (Bruker Daltonics) software. If the score 
was ≥2.0, the microorganism is identified at the spe-
cies level and ≥1.7 at the genus level. MALDI-TOF 
MS was conducted at 24th hr for the routine meth-
od for identification of microorganisms. The rapid 

identification results were compared with those 
obtained at 24 hr. Gram staining, colony morpho-
logy, agglutination with anti-Brucella  serum, and 
biochemical tests were used  for the routine iden-
tification of  Brucella  spp. For all microorganisms, 
when genus-level identification was not attained, 
the comparison was based on the Gram staining re-
sults. The plates were examined for the presence of 
polymicrobial growth at 24th hr.

RESULTS 

During the study period, a total of 243 positive BCs 
were analyzed. Overall, a single microorganism 
grew in 230 BC bottles with a species distribution 
of 60.0% Gram-positive cocci (GPC), 31.7% Gram- 
negative bacilli (GNB), 7.4% Gram-positive bacilli 
(GPB), 0.9% Gram-negative coccobacilli (GNCB). In 
addition, 27 pathogens were isolated from polymi-
crobial BCs (n=13). Two different GNBs were detect-
ed in four of the polymicrobial growths, two differ-
ent GPCs in five, one GNB and one GPC in three, and 
two GNB and one GPC in one.

Identification rates for monomicrobial cultures 
are presented in Table 1. In the case of GNB, 57.5%, 
83.6%, 93.1%, and 93.1% of the samples were iden-
tified at the species level at the 2nd, 4th, 6th, and 
24th hours, respectively; these rates were 12.5%, 
42.7%, 76.1%, 97.8% for Gram-positive cocci. All 
Staphylococcus aureus isolates were identified at the 
species level at the 4th hr. Species-level identifi-
cation rates were low in Gram-positive bacilli and 
were 0%, 11.8%, 17.6%, and 58.8%, respectively. Spe-
cies-level identification was achieved in 76.5% of 
all monomicrobial cultures at the 6th hour. Brucella 

HIGHLIGHTS

• MALDI-TOF MS analysis after a short period of 
incubation on solid media is a simple, fast, and 
reliable method for the same-day identification 
of pathogens causing sepsis.

• Species-level identification was achieved in 76.5% 
of all monomicrobial cultures at the 6th hour. 

• Identification rates were highest for Gram-nega-
tive bacilli and Staphylococcus aureus.
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Bacteria

Correct identification rates at different incubation times, n (%)

n
2nd 4th 6th 24th

Genus Species Genus Species Genus Species Genus Species

All GPC 138 31 (22.5) 17 (12.3) 102 (73.9) 59 (42.7) 129 (93.5) 105 (76.1) 135 (97.8) 135 (97.8)

Staphylococcus aureus 14 11 (78.6) 11 (78.6) 14 (100) 14 (100) 14 (100) 14 (100) 14 (100) 14 (100)

GPC other than S. aureus 124 20 (16.1) 6 (4.8) 88 (71) 45 (36.3) 115 (92.7) 91 (73.4) 121 (97.6) 121 (97.6)

Staphylococcus epidermidis 55 5 (9.1) 0 (0) 41 (74.5) 16 (29.1) 54 (98.2) 44 (80) 55 (100) 55 (100)

Staphylococcus hominis 29 3 (10.3) 2 (6.9) 21(72.4) 13 (44.8) 25 (86.2) 22 (75.9) 29 (100) 29 (100)

Staphylococcus haemolyticus 12 3 (25) 0 (0) 7 (58.3) 3 (25) 12 (100) 6 (50) 12 (100) 12 (100)

Staphylococcus capitis 5 1 0 4 2 5 3 5 5

Staphylococcus cohnii 2 0 0 0 0 1 0 2 2

Staphylococcus simulans 1 0 0 1 1 1 1 1 1

Enterococcus faecalis 5 3 2 4 4 5 4 5 5

Enterococcus faecium 1 1 0 1 1 1 1 1 1

Enterococcus malodoratus 1 0 0 1 0 1 1 1 1

Facklamia hominis 1 0 0 1 0 1 1 1 1

Micrococcus luteus 3 0 0 2 1 3 3 3 3

Rothia mucilaginosa 1 0 0 0 0 1 0 1 1

Streptococcus agalactiae 1 1 1 1 1 1 1 1 1

Streptococcus oralis 2 2 1 2 2 2 2 2 2

Streptococcus pneumoniae 1 0 0 1 0 1 1 1 1

Streptococcus salivarius 1 1 0 1 1 1 1 1 1

Streptococcus constellatus* 1 0 0 0 0 0 0 0 0

Staphylococcus saccharolyticus* 1 0 0 0 0 0 0 0 0

Unidentified anaerobic GPC 1 0 0 0 0 0 0 0 0

GPB 17 0 (0) 0 (0) 3 (17.6) 2 (11.8) 6 (35.3) 3 (17.6) 14 (82.3) 10 (58.8)

Actinomyces sp. 1 0 0 1 0 1 0 1 0

Corynebacterium afermentans 4 0 0 0 0 0 0 1 1

Corynebacterium jeikeum 1 0 0 0 0 0 0 4 4

Corynebacterium sp. 1 0 0 0 0 0 0 1 0

Helcobacillus massiliensis 1 0 0 0 0 1 1 1 1

Microbacterium lacticum 1 0 0 0 0 1 0 1 1

Microbacterium laevaniformans 1 0 0 0 0 0 0 1 1

Microbacterium sp. 1 0 0 0 0 0 0 1 0

Paenibacillus urinalis 2 0 0 2 2 2 2 2 2

Table 1. MALDI-TOF MS identification results of the monomicrobial cultures.
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spp. (n=2) could only be identified by conventional 
methods at 24 hours because it was not included in 
the MALDI-TOF MS database. We isolated five anaer-
obic bacteria, including Bacteroides fragilis, Bacteroides 
faecis, Staphylococcus saccharolyticus, Flavonifractor plau-
tii and an unidentified GPC. Only the B. fragilis isolate 
was identified by rapid ID at 2nd hr from Columbia 
blood agar. Three anaerobic isolates were identified 
at the 48th hour from Schaedler agar incubated un-
der anaerobic conditions. One anaerobic GPC could 

not be identified by the methods used in our labo-
ratory. In polymicrobial cultures, only one of the 
pathogens could identified at the species level at the 
rate of 46.1%, 69.2%, and 84.6% at the 2nd, 4th, and 
6th hours, respectively. 

DISCUSSION

The installation cost of a MALDI-TOF MS system is 
relatively high and often unaffordable, particular-

Pseudoglutamicibacter sp. 1 0 0 0 0 1 0 1 0

Flavonifractor plautii* 1 0 0 0 0 0 0 0 0

Unidentified GPB 2 0 0 0 0 0 0 0 0

GNB 73 52 (71.2) 42 (57.5) 70 (95.9) 61 (83.6) 70 (95.9) 68 (93.1) 71 (97.3) 68 (93.1)

Escherichia coli 23 20 (86.9) 20 (86.9) 23 (100) 23 (100) 23 (100) 23 (100) 23 (100) 23 (100)

Klebsiella pneumoniae 20 16 (80) 11 (55) 20 (100) 20 (100) 20 (100) 20 (100) 20 (100) 20 (100)

Klebsiella oxytoca 2 2 2 2 2 2 2 2 2

Acinetobacter baumannii/ 
calcoaceticus complex 4 2 0 4 3 4 4 4 4

Acinetobacter johnsonii

Pseudomonas aeruginosa 1 0 0 1 0 1 1 1 1

Pseudomonas stutzeri 4 3 1 4 2 4 4 4 4

Stenotrophomonas maltophilia 1 0 0 1 0 1 1 1 1

Aeromonas caviae 4 0 0 4 3 4 4 4 4

Aeromonas hydrophilia 1 1 1 1 1 1 1 1 1

Brevimundas sp. 1 1 1 1 1 1 1 1 1

Delftia acidovorans 1 0 0 0 0 0 0 1 0

Enterobacter cloacae complex 1 0 0 1 0 1 1 1 1

Morganella morganii 2 2 2 2 2 2 2 2 2

Proteus mirabilis 1 1 1 1 1 1 1 1 1

Serratia marcescens 1 1 1 1 1 1 1 1 1

Salmonella sp. 1 1 1 1 1 1 1 1 1

Bacteroides fragilis 2 1 0 2 0 2 0 2 0

Bacteroides faecis* 1 1 1 1 1 1 1 1 1

Unidentified GNB 1 0 0 0 0 0 0 0 0

GNCB (Brucella spp.) 2 0 0 0 0 0 0 0 0

Total 230 83 (36.1) 59 (25.6) 175 (76.1) 122 (53) 205 (89.1) 176 (76.5) 220 (95.6) 213 (92.6)

GPC: Gram-positive cocci, GPB: Gram-positive bacilli, GNB: Gram-negative bacilli, GNCB: Gram-negative coccobacilli.
*It is identified at 48th hr from the Schaedler agar incubated under anaerobic conditions.

Continue to Table 1
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ly in developing countries. However, if there is al-
ready a MALDI-TOF MS in the laboratory used for 
conventional (24-hour) diagnosis, the short incuba-
tion method does not require additional processes 
and costs. According to our work and the reports in 
the literature, MALDI-TOF MS, after a short period 
of incubation on solid media, is a simple, fast, and 
reliable method for the same-day identification of 
pathogens causing sepsis. 

This study demonstrated that identification rates 
were higher and the time required for identifica-
tion was shorter in Gram-negative bacteria and 
S. aureus. Identification rates were lower in oth-
er GPC compared to S. aureus and were lowest in 
GPB. Among the five anaerobic isolates, only one B. 
fragilis was identified by rapid ID. The slow growth 
rate of anaerobes can explain this. Previous stud-
ies reported that identification rates vary between 
51.9%-96.8% and 85.8%-100% for Gram-positive 
and Gram-negative bacteria, respectively (6). A 
major reason for this is that Gram-positive bacte-
ria have slower cell division and growth rates and 
form smaller biomass in a short duration. In par-
ticular, Gram-positive bacilli showed weak protein 
signals and identification rates were notably lower 
than those of other bacteria groups. The thick pep-
tidoglycan cell walls of Gram-positive bacteria may 
lead to suboptimal MALDI-TOF MS spectra (7). Also, 
species of the bacteria, the culture media, and in-
cubation time may affect the results. Froböse et al. 
reported that median time to species identification 
was shortest on MacConkey agar for Gram-nega-
tive rods (2.0 h; range:1.9 to 4.2 h) and on Columbia 
blood agar for Gram-positive cocci (4.0 h; range:1.9 
to 25.0 h) (8). However, chocolate agar should be 
used if fastidious species are expected. Polymicro-
bial cultures are challenging for all rapid diagnos-
tic methods. There was a mixed growth in 5.3% of 
our BCs. This highlights the importance of checking 
cultures at 24th hr for purity.

Our study has limitations as it used data from a 
single institution and was unable to compare this 
method with other protocols for the direct identifi-
cation of microorganisms from positive BC bottles. 
The number of isolates included in the study was 
relatively low, and the interpretation of the results 
was limited. The constrained number of anaerobic 
samples represents another limitation in our study. 
Also, this study did not examine the clinical sig-
nificance of ID from short-term cultures in deter-
mining effective antimicrobial treatment. Delport 
et al. reported that using a short-term incubation 
method by MALDI-TOF MS for identification from 
BCs is correlated with a decrease in the length of 
hospitalization and a reduction in mortality associ-
ated with bacteremia (9). Providing rapid ID results 
using MALDI-TOF MS without a rapid method for 
AST may have limited effect on directed appropri-
ate antimicrobial therapy. However, rapid identifi-
cation of the infectious agents causing bloodstream 
infection could be helpful for the clinician to estab-
lish an effective empirical antimicrobial therapy for 
patients who are in particularly critical conditions. 
Besides that, it is possible to combine this rapid 
identification method with rapid AST methods (10). 
Future studies should aim to combine this method 
with a rapid AST method and analyze whether such 
identification with MALDI-TOF MS leads to better 
clinical outcomes.

In conclusion, the application of MALDI-TOF MS fol-
lowing a short culture period is easy and provides 
same-day results. We observed a high percentage 
of categorical agreement with the standard identi-
fication algorithm used in our laboratory for GNB 
(>93.1%, 6th hr). As an outcome of our study, we have 
started to use the short incubation method at the 6th 
hour for the same-day identification of Gram-nega-
tive pathogens from positive BCs in our laboratory. 
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