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Abstract
The main objective of this study was to evaluate the identifi cation 
of microorganisms from positive blood cultures by using the Matrix 
Assisted Laser Desorption/Ionization Time of Flight Mass Spectrometry. 
In this prospective study, positive blood cultures were collected 
between March and November 2019 at the Prince Mohammed bin 
Nasser Hospital in Jazan. Rapid identifi cation by Matrix Assisted Laser 
Desorption/Ionization Time of Flight Mass Spectrometry was obtained 
the same day from blood agar plates after a shortened incubation 
period of a maximum of three hours. Two hundred ninety-three 
(73.6%) isolated micro-organisms were correctly identifi ed, of which 
198 (67.57%) were Gram-positive and 95 (32.42%) Gram-negative. 
Incorrectly identifi ed ones were obtained from young colonies where 
the Matrix-Assisted Laser Desorption/Ionization score was < 2 in 68 
bottles. A polymicrobial-blood stream infection was observed in 11 
(1.6%) cases only. Our data demonstrated a high rate of identifi cation 
of microorganisms within three hours of subculturing of positive blood 
culture bottles. 
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Introduction

Blood stream infections contribute considerably 
to mortality in Medical Care Units, and any delay 

in diagnosis and proper treatment increases the 
risk of death[1]. Microbiologists must identify blood 
cultures isolated correctly and as early as possible. 
Identifying pathogens quickly and accurately in the 
clinical laboratory is vital because this helps clinicians 
choose eff ective antimicrobial therapies and reduces 
the length of hospital stays[2]. Kumar et al.[2] showed 
that approximately 20% of patients with septic shock 

were initially given inadequate antimicrobial therapy, 
which was associated with a fi ve-fold reduction in 
survival. Matrix-assisted laser desorption/ionization 
time-of-fl ight mass spectrometry (MALDI-TOF MS) 
(Microfl ex LT, Bruker Bremen, Germany) enables the 
rapid identifi cation of organisms after isolation from 
clinical specimens. We evaluated whether MALDI-TOF 
MS correctly identifi es isolates from positive blood 
culture bottles subcultured on a blood agar plate after 
a 3-hour incubation period. It accurately identifi ed 
bacterial and yeast species and appeared to be an 
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alternative time-saving conventional testing method 
with a positive impact on patient outcomes when 
implemented correctly[3-7]. 

Method

Patients: the blood cultures BACTEC™ Plus Anaerobic/F 
Culture Vials (Becton, Dickinson and Co., Sparks, 
MD USA) were taken from inpatients at the Prince 
Mohammed bin Nasser Hospital in Jazan, Saudi Arabia 
between March and November 2019 for a prospective 
study. The processing of MALDI-TOF MS was conducted 
at the Microbiology Laboratory at CHU Saint-Etienne, 
France. All blood positive cultures that were detected 
during the workday of the technicians involved in the 
study were included. Samples were limited to a single 
vial per puncture site per patient per day to increase 
the probability of detection. The inclusion criteria were 
all cases that presented clinical pictures of septicemia. 
The exclusion criteria were patient samples with no 
symptoms or signs of septicemia, samples with HIV, 
viral hepatitis, debilitating diseases and/or cancer.

Microbiological procedures: bottles received at 
the Microbiology Laboratory of the Prince Mohammed 
bin Nasser Hospital were incubated in automated 
BACTEC™ 9240 blood culture instruments (Becton, 
Dickinson and Co., Sparks, MD USA) at 37°C. Positive 
blood culture bottles detected by the instrument 
were processed in the laboratory using Gram 
staining and were subcultured on blood agar plates, 
which were incubated under aerobic and anaerobic 
conditions until growth was noticed. The Granada agar 
plate  (GAP;  Biomedics  SL,  Madrid,  Spain) incubated 
under appropriate conditions were read after three 
hours of incubation. Colonies observed on agar plates 
within three hours were identifi ed using MALDI-
TOF MS and MALDi Biotyper v3.0 software (Bruker 
Daltonik GmbH, Bremen, Germany) combined with the 
3573-spectrum database. Briefl y, colonies observed 
on agar plates were picked up using tips, smeared 
onto the target, and dried at room temperature. 
Then, they recovered with 1.2 uL of HCCA α-cyano-
4-hydroxycinnamic acid-based matrix (Bruker 
Daltonik GmbH, Bremen, Germany) and dried at room 
temperature prior to MALDI-TOF MS analysis. 

Matrix-assisted laser desorption/ionization time-
of-fl ight mass spectrometry identifi cation after short 
incubation-period: MALDI Biotyper scores of ≥ 2 were 

used to identify organisms at the species level. Scores 
under 2 were rejected. 

Data of the patients was collected according to the 
ethical approval at KAUH; which was obtained from 
KAUH Ethical and Technical Committee (No. 1316-13). 

 Ethical considerations were followed in agreement 
with the Declaration of Helsinki throughout this study 
and it was approved by the Research Committee / 
Jazan Hospital IRB (H-10-Z-068), Kingdom of Saudi 
Arabia (Reference No. 2005). 

All patients provided written informed consent 
and were assured about the confi dentiality of their 
personal information.  

MedCalc Statistical Software version  13.1.2 
(MedCalc Software, Ostend,  Belgium) was used to 
conduct statistical analyses.

Results

In this study, the BACTEC™ 9240 instrument identifi ed 
 as positive blood culture bottles from 8,390 patients. 
Of 670 clinical isolates, 272 (40.6%) could not be tested 
because the laboratory was not open around the clock. 
The remaining 398 (59.4%) were tested using MALDI-TOF 
MS on the same day after three hours of incubation. Of 
these, 293 (73.6%) had a positive monomicrobial score 
of ≥ 2, of which 198 (67.57%) were correctly identifi ed 
as Gram-positive and 95 (32.42%) as Gram-negative 
species (Table 1). Direct identifi cation showed that the 
dominant microorganisms were Staphylococcus aureus 
(76, or 25.9%), Staphylococcus epidermidis (73, or 24.9%), 
and Escherichia coli (64, or 21.8%). Young colonies with 
MALDI scores of < 2 occurred in 68 bottles. Of these, 20 
(29.4%) were incorrectly identifi ed as Staphylococcus 
epidermidis (Table 1). 

Of the 398 bottles tested, 37 (9.29%) showed 
no colonies after three hours of incubation. These 
were identifi ed after overnight incubation under 
appropriate conditions according to manufacturer 
recommendations. Species in these bottles included 
Escherichia coli (8), Staphylococcus aureus (4), 
Corynebacterium amycolatum (4), Staphylococcus 
epidermidis (4), Candida albicans (3), Staphylococcus 
warneri (3), Staphylococcus capitis, Streptococcus 
pneumoniae, Peptoniphilus harei, Candida krusei, 
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Table 1. All pathogens detected in positive blood culture bottles which were identifi ed after a three-hour incubation of 

subculture agars with a score of ≥ 2 or <2

Acinetobacter ursingii, Klebsiella pneumoniae, 
Pseudomonas aeruginosa, Staphylococcus pettenkoferi, 
Streptococcus gordonii, Lactobacillus rhamnosus, and 
Lactobacillus fusarium. In 11 bottles, a polymicrobial-
blood stream infection with two microorganisms was 
identifi ed.

Discussion 

To guide appropriate treatment for patients with 
septicemia, it is necessary to identify microorganisms 
in a short period of time. In addition, it is important 
to avoid blood culture contamination, which leads 
to unnecessary antimicrobial treatment and a 
prolonged hospital stay[8]. In total, this study had a rate 
of success of 73.6% after a single run of MALDI-TOF 
MS within three hours of subculture. The causative 
microorganisms were successfully identifi ed and 
validated by a microbiologist without the need for 
additional phenotypic galleries. This was in line with 
a previous study reported by Zabbe et al.[9] in 2015, in 
which 77% of positive blood bottles were correctly 
identifi ed using MALDT-TOF MS after three hours of 
incubation. Other studies have reported the correct 
identifi cation of isolates from positive blood bottles 
using MALDT-TOF MS after fi ve hours of incubation of 

subculture plates[10,11]. We excluded 11 bottles yielding 
a co-infection in which two microorganisms were 
identifi ed. This is often due to contaminant pathogens 
when more than one organism is present.

Matrix-assisted laser desorption/ionization time-
of-fl ight mass spectrometry has changed the process 
of bacterial identifi cation, as it allows a quicker delivery 
of more precise results than conventional methods[12,13]. 
In many publications, MALDI-TOF MS technology has 
been shown to be superior to conventional methods 
for acceptable identifi cation at the genus and species 
levels for isolated causative microorganisms[14-17]. 
However, it has limitations with the identifi cation of 
certain bacteria, like alpha-hemolytic streptococci 
(i.e., the Streptococcus mitis group and Streptococcus 
pneuomniae) and Listeria spp, which are regularly 
misidentifi ed by mass spectrometry[18-20]. In our 
agreement percentages, Staphylococcus aureus and 
Staphylococcus epidermidis were most seen after the 
fi rst day of incubation.

In conclusion, the identifi cation of isolated 
microorganisms from positive blood culture bottles 
after a short-term incubation of subcultured blood 
agar plates is possible by using MALDI-TOF MS. In 

Micro-organism Identification 
Score > 2 No. Score < 2 No. 

Staphylococcus aureus 76 Staphylococcus epidermidis 20 
Staphylococcus epidermidis 73 Staphylococcus aureus 8 
Escherichia coli 64 Gemella spp 4 
Klebsiella pneumoniae 21 Streptococcus pneumoniae 4 
Streptococcus pneumoniae 11 Lactobacillus kefiri 4 
Enterococcus faecalis 10 Abiotrophia defectiva 4 
Staphylococcus hominis 4 Enterococcus faecium 3 
Enterobacter cloacae complex 4 Escherichia coli 3 
Staphylococcus capitis 3 Staphylococcus capitis 3 
Staphylococcus haemolyticus 3 Enterococcus faecalis 2 
Clostridium difficile 3 Streptococcus mutans 2 
Serratia marcescens 3 Staphylococcus equorum 2 
Streptococcus gallolyticus 2 Streptococcus constellatus 2 
Streptococcus parasanguinis 2 Streptococcus gallolyticus 1 
Enterococcus faecium 2 Klebsiella pneumoniae 1 
Enterococcus gallinarum 2 Staphylococcus massiliensis 1 
Listeria monocytogenes 2 Propionibacterium 1 
Propionibacterium 2 Haemophilus influenza 1 
Enterobacter ludwigii 2 Corynebacterium amycolatum 1 
Staphylococcus caprae 1 Staphylococcus lugdunensis 1 
Staphylococcus warneri 1   
Streptococcus mitis/oralis 1   
Proteus mirabilis 1   
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this study, 73.6% of bacteria were correctly identifi ed 
at the species level after three hours of incubation of 
subcultured agar plates.
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