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ABSTRACT
Background: A bloodstream infection is a life-threatening medical emergency, with a 
mortality rate of up to 30%. Matrix-assisted laser desorption/ionization time-of-flight mass 
spectrometry (MALDI-TOF MS) can be used to identify pathogens directly from positive blood 
cultures. Two commercial preparation kits, SepsiTyper (Bruker Daltonics, Germany) and 
SepsiPrep (ASTA Corp., Korea), and two MALDI-TOF MS systems, MALDI Biotyper Sirius (Bruker 
Daltonics, Germany) and VITEK MS PRIME (bioMérieux, France), are available in Korea. We 
examined these kits and MALDI-TOF MS systems to analyze their performance.
Methods: We assessed the effectiveness of direct identification using 47 blood cultures and 
3 bile cultures positive for microbial growth. The VIRTUO system (bioMérieux, France) was 
used to incubate the samples after they were collected in Bact/ALERT aerobic and anaerobic 
bottles. The manufacturers’ protocols were followed for both the SepsiTyper and SepsiPrep 
kits.
Results: The SepsiTyper yielded considerably more accurate identifications than did the 
SepsiPrep, when utilized in MALDI-TOF MS systems (P = 0.0044). However, the SepsiPrep was 
easier to use and the results more quickly obtained than with the SepsiTyper. The MALDI 
Biotyper Sirius produced more accurate identifications with the SepsiTyper than did the 
VITEK MS PRIME (P = 0.0736). The SepsiTyper enabled the accurate identification of five of six 
polymicrobial cases, utilizing either the MALDI-TOF MS systems.
Conclusions: Among the pathogen ID kits tested in this study, the SepsiTyper with MALDI 
Biotyper Sirius performed the best. In clinical laboratories utilizing VITEK MS PRIME, it is 
recommended that the either the SepsiTyper or SepsiPrep kit be used for direct identification, 
while considering certain limitations in terms of performance.
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INTRODUCTION
A bloodstream infection (BSI) is a life-threatening medical emergency with a mortality rate of up to 

30%, even when treated with empirical antibiotics [1]. Rapid empirical antibiotic treatment is crucial for 

the treatment of sepsis. Rapid pathogen identification can prevent inappropriate antibiotic treatment, which 

can improve the emergence of antibiotic resistance [2]. The types of causative bacteria also influence the 

mortality rate of BSIs. In Korea, the 30-day mortality rates of BSIs caused by Escherichia coli and Klebsiella 

pneumoniae are 10% and 16.9%, respectively, like in other countries [3]. As a result, accurate and rapid 

identification of pathogens is crucial not only for proper BSI therapy, but also for predicting prognosis.

Microorganisms can be identified directly from positive blood culture bottles by matrix-assisted laser 

desorption/ionization time-of-flight mass spectrometry (MALDI-TOF MS) with commercial kits [4–7] or 

laboratory developed test protocols [8–10]. In Korea, two commercial identification kits are available, the 

SepsiTyper kit (Bruker Daltonics, Bremen, Germany) and SepsiPrep kit (ASTA Corp., Suwon, Korea), 

and two MALDI-TOF MS systems, MALDI Biotyper Sirius (Bruker Daltonics, Bremen, Germany) and 

VITEK MS PRIME (bioMérieux, Marcy l'Etoile, France), are available. Although these MALDI-TOF MS 

systems have been analyzed using kits from the same manufacturers, their performance with kits from other 

manufacturers is unknown. There is no straightforward kit for the VITEK MS PRIME (bioMérieux) that 

includes a lysis buffer and washing solution. In this research, we evaluated the two preparation kits with the 

two MALDI-TOF MS systems to assess their performance for direct microbial identification.

MATERIALS AND METHODS

Sample collection
We examined direct identification procedures for positive blood culture bottles using 50 samples that 

were positive for microbial growth from September to October 2022. In total, 47 blood samples expected to 

be monomicrobial and three bile samples expected to be polymicrobial were obtained in Bact/ALERT FA/

FN Plus (bioMérieux, Marcy l'Etoile, France) and incubated using the Bact/ALERT VIRTUO Microbial 

Detection System (bioMérieux, Marcy l'Etoile, France). When microbial growth was identified by the 

automatic blood culture system, Gram staining was conducted; monomicrobial cases were defined as those 

with one, and polymicrobial cases as those with two types of Gram reaction. This study was approved by 

the Institutional Review Board of Dongsan Medical Center (IRB No. 2022-11-080).

Direct identification with the SepsiTyper kit
The standard SepsiTyper protocol was employed in this study [6]. One milliliter of culture medium from 

positive blood culture bottles was transferred to an Eppendorf tube and 200 μL of lysis buffer was added. 

Samples were vortexed for 10–15 seconds, centrifuged at 13,000 rpm for 2 minutes, and the supernatant was 

discarded. The pellet was centrifuged for 2 minutes at 13,000 rpm, twice, with 1 mL of washing buffe. The 

supernatant was discarded, and the pellet was washed with 300 μL of distilled water and 900 μL of absolute 
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ethanol by vortexing followed by centrifugation for 2 minutes at 13,000 rpm. The pellet was resuspended in 

20 μL of 70% formic acid and 20 μL of acetonitrile, vortexed, then centrifuged for 2 minutes at 13,000 rpm 

after the supernatant was removed. Next, 1 μL of supernatant was spotted on a MALDI-TOF MS plate, dried 

for 5 minutes, and 1 μL of the matrix was added. For the MALDI Biotyper Sirius, an identification score ≥ 

1.800 indicated species-level identification and scores of 1.600–1.799 indicated genus-level identification. For 

the VITEK MS PRIME, if the confidence level was ≥ 75% and there was no identification issue, the result 

was accepted.

Direct identification with the SepsiPrep kit
One milliliter of culture medium from positive blood culture bottles was transferred to a lysis tube. After 

vortexing samples for 30 seconds and centrifuging them at 13,000 rpm for 2 minutes, the supernatant was 

removed. The pellet was washed twice with 1 mL of washing buffer by centrifugation for 2 minutes at 

13,000 rpm. After discarding the supernatant and placing the pellet on a MALDI-TOF MS plate, which 

was then dried for 5 minutes, 1 μL of matrix was added. The scoring criteria of the two MALDI-TOF MS 

systems were the same as those used with the SepsiTyper kit.

Conventional identification
When a microbial growth signal was identified by the BACT/ALERT VIRTUO Microbial Detection 

System, the sample was subcultured on blood agar and MacConkey agar. Microbial identification using the 

VITEK MS (bioMérieux) was conducted after 14–48 hours of incubation. The result was approved if the 

confidence level was 90% or higher and there was identification issue.

Statistical analysis
The McNcemar chi-squared test was used to evaluate the results of the two systems. The identification of 

some species within Enterobacter cloacae complex, such as Enterobacter cloacae, Enterobacter hormaechei, 

Enterobacter bugandensis and Enterobacter kobei, is not accurate when the commercial MALDI-TOF MS 

system is employed [11]. As a result, if Enterobacter species are identified, regardless of the specific species 

within the Enterobacter cloacae complex, it was considered an accurate identification at the genus level.

RESULTS

SepsiTyper kit vs. SepsiPrep kit
Using the MALDI Biotyper Sirius, the SepsiTyper kit and SepsiPrep kit allowed accurate identification 

at the species/genus level (including polymicrobial samples in which accurate identification of one or more 

bacteria was possible at the species/genus level) in 45 (90.0%) and 38 (76.0%) out of 50 total samples, 

respectively, compared with the conventional identification method (Table 1). The SepsiTyper kit and the 

SepsiPrep kit both had accurate identification rates at the species level of 78.0% and 58.0%, respectively.
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Gram-negative bacteria had greater identification rates at the species/genus levels (100% and 83.3%, 

SepsiTyper and SepsiPrep kits, respectively) than Gram-positive bacteria (81.8% and 63.6%) and yeasts 

(100% and 50%), albeit not significantly so (Table 2).

Table 1. Accurate identification rates

Level (n = 50)*
MALDI Biotyper Sirius VITEK MS PRIME

SepsiTyper  
No. (%)

SepsiPrep 
No. (%) 

SepsiTyper 
No. (%)

SepsiPrep 
No. (%)

Species/Genus 45 (90.0) 35 (70.0) 38 (76.0) 32 (64.0)
Species 39 (78.0) 29 (58.0) 34 (68.0) 29 (58.0)
*Including polymicrobial samples in which accurate identification of one or more bacteria was possible at each 
level.

Table 2. Accurate identification rate according to Gram type among 44 monomicrobial isolates

Gram stain (n)
MALDI Biotyper Sirius VITEK MS PRIME

SepsiTyper 
No. (%) 

SepsiPrep 
No. (%)

SepsiTyper
No. (%)

SepsiPrep 
No. (%)

Gram-negative (18)
Species/Genus level 18 (100.0) 15 (83.3) 16 (88.9) 14 (77.8)
Species level 15 (83.3) 12 (66.7) 15 (83.3) 13 (72.2)

Gram-positive (22)
Species/Genus level 18 (81.8) 14 (63.6) 15 (68.2) 13 (59.1)
Species level 18 (81.8) 14 (63.6) 15 (68.2) 13 (59.1)

Yeast (4)
Species/Genus level   4 (100.0) 2 (50.0) 2 (50.0) 2 (50.0)
Species level   4 (100.0) 2 (50.0) 2 (50.0) 2 (50.0)

Total (50)
Species/Genus level 45 (90.0) 35 (70.0) 38 (76.0) 32 (64.0)
Species level 39 (78.0) 29 (58.0) 34 (68.0) 29 (58.0)

In comparison to the traditional identification method, direct identification with the SepsiTyper kit and 

SepsiPrep kit allowed the accurate identification of 38 (76.0%) and 32 (64.0%) of 50 isolates at the species/

genus levels, respectively. The accurate identification rate at the species level was 68.0% and 58.0% employing 

the SepsiTyper kit and SepsiPrep kit, respectively (Table 1). Gram-negative bacteria (88.9% and 77.8% with 

the Sepsityper and SepsiPrep kits, respectively) had a higher identification rate at the species/genus level than 

Gram-positive bacteria (68.2% and 59.1%), and yeasts (50% and 50%) (Table 2). The SepsiTyper kit was 

substantially more accurate than the SepsiPrep kit with both MALDI-TOF MS systems (Fig. 1).

Monomicrobial vs. polymicrobial cases
The direct identification outcomes of monomicrobial and polymicrobial cases are listed in Table 3. For 

monomicrobial and polymicrobial cases, there was no discernible variation in the genus-level correct 

identification rate.

The identification results of the six polymicrobial cases are provided in Table 4. The SepsiTyper kit enabled 

the accurate identification of five of the six (83.3%) polymicrobial cases at the species/genus level using both 

MALDI-TOF MS systems (Table 3,4). Polymicrobial cases (66.7% and 50.0%, using MALDI Biotyper 

Sirius and VITEK MS PRIME, respectively) exhibited a lower identification rate at the species/genus levels 

than monomicrobial cases (70.5% and 65.9%) with the SepsiPrep kit.
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Fig. 1. Accurate identification rates for each combination of reagent kit and MALDI-TOF MS system at 
the species (A) and genus (B) levels. MALDI-TOF MS, matrix-assisted laser desorption/ionization time-
of-flight mass spectrometry.

Table 3. Accurate identification rates of monomicrobial and polymicrobial cases

Gram stain (n)
MALDI Biotyper Sirius VITEK MS PRIME

SepsiTyper 
No. (%) 

SepsiPrep 
No. (%)

SepsiTyper 
No. (%)

SepsiPrep 
No. (%)

Monomicrobial cases (44)
Species/Genus level 40 (90.9) 31 (70.5) 33 (75.0) 29 (65.9)
Species level 37 (84.1) 28 (63.6) 32 (72.7) 28 (63.6)

Polymicrobial cases (6)
More than 1 species/genus level   5 (83.3)   4 (66.7)   5 (83.3)   3 (50.0)
More than 1 species level   2 (33.3)   1 (16.7)   2 (33.3)   1 (16.7)
2 species level   1 (16.7)   0 (0.0)   0 (0.0)   0 (0.0)

Total (50)
Species/Genus level 45 (90.0) 35 (70.0) 38 (76.0) 32 (64.0)
Species level 39 (78.0) 29 (58.0) 34 (68.0) 29 (58.0)

Table 4. Six cases of polymicrobial infection have been directly identified

Case 
Gram stain MALDI Biotyper Sirius VITEK MS PRIME

Conventional method
1st 2nd SepsiTyper SepsiPrep SepsiTyper SepsiPrep

1 (-) B (+) C, chain Enterobacter cloacae 
complex

Enterobacter cloacae 
complex

Enterobacter cloacae 
complex

No ID 1. Enterobacter cloacae complex
2. Enterococcus faecium

3. Streptococcus parasanguinis
2 (-) B (+) C, chain 1. Klebsiella pneumoniae

2. Enterococcus avium
Enterococcus avium Klebsiella pneumoniae No ID Proteus mirabilis (covered plate)

3* (-) B (+) C, cluster 1. Klebsiella pneumoniae
2. Staphylococcus 

epidermidis

Staphylococcus epidermidis Klebsiella pneumoniae Klebsiella pneumoniae 1. Klebsiella pneumoniae
2. Staphylococcus epidermidis

4 (-) B (+) C, chain Enterobacter cloacae 
complex

Enterobacter cloacae 
complex

Enterobacter cloacae 
complex

Enterobacter cloacae 
complex

1. Enterobacter cloacae complex
2. Staphylococcus epidermidis

5 (-) B (+) C, chain Klebsiella pneumoniae No ID Klebsiella pneumoniae No ID 1. Klebsiella pneumoniae
2. Streptococcus salivarius ssp. 

Salivarius
6 (+) B (+) C, chain Streptococcus mutans Streptococcus mutans Streptococcus mutans Streptococcus mutans Streptococcus gordonii

*Six polymicrobial cases were examined, and only one of them used the MALDI Biotyper Sirius and SepsiTyper kit to correctly identify both bacteria.
Abbreviations: (-), negative; (+), positive; B, bacillus; C, coccus; ID, identification.
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DISCUSSION
Several risk factors affect the mortality rate of BSIs, which is significant despite empirical antibiotic 

treatment [1,12–14]. In Japan, age > 65 years, nosocomial infection, qSOFA, SOFA score, Charlson 

comorbidity index, catheter-related BSI, and urinary tract infection are correlated with the 30-day mortality 

rate [1]. The varieties of causing bacteria have an impact on BSI death rates as well. Consequently, it is crucial 

to identify the pathogen responsible for a BSI quickly and accurately. Commercial kits for rapid pathogen 

identification directly from blood culture bottles by MALDI-TOF MS have been introduced. Their recults 

vary depending on the commercial kit/protocol utilized, the MALDI-TOF MS equipment, and automated 

blood culture equipment [10].

The manufacturers of the two commercial kits recommend using each manufacturer’s MALDI-TOF MS 

system, but there was also a performance testing using different manufacturer’s MALDI-TOF MS system. 

According to a previous study by Chen et al. [15], the SepsiTyper kit was examined using VITEK MS (old 

bioMérieux MALDI-TOF MS system) and Bruker Microflex LT (old Bruker Daltonics MALDI-TOF MS 

system). That study demonstrated that the VITEK MS had a substantially lower identification rate than the 

Bruker Microflex LT (92.3% and 97.8%, respectively). No study to date has examined the SepsiPrep kit with 

a MALDI-TOF MS system other than the MicroIDSys Elite (ASTA Corp., Suwon, Korea). In this research, 

the accurate identification rate of the combination of the SepsiTyper kit and VITEK MS PRIME was 76.0% 

at the species/genus level, which was lower than the previous report. When utilizing the SepsiPrep kit, the 

identification rate at the species/genus level was 70.0% in combination with MALDI Biotyper and 64.0% 

in combination with VITEK MS PRIME. This was the study’s lowest identification rate out of the four kit 

combinations and MALDI-TOF MS system employed.

In this study, we observed accurate identification rates of 64%-90% using the two preparation kits with the 

two MALDI-TOF MS systems, similar to previous reports, and the highest identification rate was with the 

MALDI Biotyper Sirius with the SepsiTyper kit [6,16,17].

With the MALDI Biotyper Sirius, the SepsiTyper kit performed noticeably better than the SepsiPrep kit. 

The difference was likely a result of various preparation methods. Unlike the SepsiPrep kit, the protocol of 

the SepsiTyper kit included a formic acid extraction step, improving intracellular protein extraction. The 

SepsiTyper protocol involved the transfer of the supernatant to the target plate post-extraction, possibly 

explaining its more consistent results than the SepsiPrep protocol, which involved the spreading of pellets on 

the target plate. When compared to the SepsiPrep methodology, which only took 10 minutes to complete a 

test, the SepsiTyper protocol took over 30 minutes [5]. All components of the SepsiPrep kit were provided 

lyophilized, simplifying the process.

The combination of the SepsiTyper kit with the MALDI Biotyper Sirius revealed significantly superior 

performance to the VITEK MS PRIME. The SepsiTyper kit is made by the same company that makes 

the MALDI Biotyper Sirius, which is one of the main causes of these variations. Additionally, VITEK MS 

PRIME does not have a separate database and algorithms for the direct identification of pathogens, such as 

the MBT-SepsiTyper module of the MALDI Biotyper Sirius. To minimize these performance variations, 

direct identification reagents created for VITEK MS PRIME and soft software updates are required.
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The reported identification rates of Gram-negative bacteria are 31.4%-100%, and those of Gram-positive 

bacteria are 54.5%-92.9% [4,10,15–18]. In this study, the identification rates were 59.1%-81.8% for Gram-

positive bacteria and 77.8%-100% for Gram-negative bacteria. This might be because Gram-positive bacteria 

have a thick peptidoglycan layer, which makes it challenging to detect intracellular proteins [4]. The low 

identification rate of yeast may be described similarly.

At least one organism was identified in 50% of the polymicrobial cases using both MALDI-TOF MS 

systems with the SepsiTyper kit. In a previous study, one organism was identified from all polymicrobial 

samples, which could be enhanced by software updates [19]. Of the six polymicrobial samples in this study, 

both strains were identified in one sample using the MALDI Biotyper Sirius with the SepsiTyper kit (Table 3, 

case No. 3). In case 2, Gram-positive cocci in chains and Gram-negative bacilli were observed, and Proteus 

mirabilis covered the agar surface by swarming. Therefore, bacteria with Gram-positive cocci chains and 

Gram-negative bacilli could not be identified by the conventional method.

This study had several drawbacks. First, we had a small number of specimens, especially of yeasts and 

anaerobic bacteria. The identification rate of yeast using the MBT-SepsiTyper module was lower than that 

of Gram-positive and -negative bacteria (65.4% and 78.9%, respectively), while that of anaerobic bacteria 

was lower than that of aerobic bacteria (76.2% and 61.9%, respectively) [6]. Second, we could not utilize 

the MALDI-TOF MS system from ASTA Corp. However, the identification rate using the SepsiPrep kit 

and MicroIDSys Elite was 96.5% and 98.5% for Gram-positive and -negative isolates, respectively [5]. 

Third, we could not use the VITEK MS Blood culture kit (bioMérieux, Marcy l'Etoile, France), which, in 

conjunction with the VITEK MS, has an identification rate of 73% [9]. Because the protocol involves lysis-

filtration, additional facilities are needed [9]. Fourth and finally, we could not conduct a direct antimicrobial 

susceptibility test (AST) study with automated AST instruments. Some commercial, automated AST 

instruments yielded AST results associated with those of conventional AST using pellets derived from 

subcultured colonies [5].

This study is the first to examine two preparation kits with two MALDI-TOF MS systems in clinical 

laboratories in Korea. The SepsiTyper kit with MALDI Biotyper Sirius revealed the best performance. 

Currently, since bioMérieux's preparation kit is not readily available in Korea, clinical laboratories using VITEK 

MS PRIME may consider using the SepsiTyper kit or SepsiPrep kit. However, given the clear performance 

differences found in this study, it is important to have a enough understanding of their limitations for direct 

identification.

요약
배경: 혈류감염은 사망률이 30%에 이르는 치명적인 응급상황이다. MALDI-TOF MS (matrix-

assisted laser desorption/ionization time-of-flight mass spectrometry) 시스템을 이용하여 이러한 BSI 의
심환자의 혈액배양병에서 직접 병원균을 동정할 수 있다. 대한민국에서는 이를 위해, SepsiTyper 

(Bruker Daltonics, Germany)와 SepsiPrep (ASTA Corp., Korea), 두가지의 상업적 전처리 시약의 사
용이 가능하다. 우리는 이 두가지 전처리 시약의 성능을 MALDI Biotyper Sirius (Bruker Daltonics, 

Germany)와 VITEK MS PRIME (bioMérieux, France)을 이용하여 평가하고자 한다.
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방법: 배양 결과가 양성인 47개의 혈액 배양과 3개의 담즙 배양을 이용하였다. 모든 검체는 Bact/

ALERT 호기성과 혐기성 배양병에 채집하였고, VIRTUO (bioMérieux, France) 시스템을 이용하여 배
양하였다. SepsiTyper와 SepsiPrep 시약을 이용한 전처리는 제조사의 프로토콜에 따라 시행하였다.

결과: SepsiTyper시약은 MALDI Biotyper Sirius에서 SepsiPrep 시약에 비해 유의하게 정확한 동정을 

하였다(P = 0.0044). SepsiTyper 시약을 사용하는 경우, MALDI Biotyper Sirius 시스템은 VITEK MS 

PRIME 시스템에 비해 더욱 정확한 동정을 하였다(P = 0.0736). 특히 SepsiTyper 시약을 이용하여, 6

개의 다중미생물이 확인된 검체 중 5개의 검체에서 정확한 동정이 가능하였다.

결론: 혈액배양병에서 직접 병원균 동정을 시행하는 경우, SepsiTyper 시약과 MALDI Biotyper 

Sirius 시스템의 조합이 가장 우수한 성적을 보였다. VITEK MS PRIME을 사용하는 임상 검사실에
서 혈액배양병 직접 동정을 위해 SepsiTyper나 SepsiPrep의 사용을 고려한다면, 성능의 한계를 충분
히 이해하는 것이 중요하다.
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